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FLOOD CONTROL DISTRICT
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DRAINAGE DESIGN MANUAL
DOCUMENTATION NOTEBOOK

The purpose of this document is to provide a general tracki\ng'and background of the

changes to the 1995 edition of the Drainage Design Manual for Maricopa County. This -

document is organized into two volumes. Volume | contains correspondence and is the
key for understanding the changes to the manuals. The Correspondence Volume
includes meeting m.inutes, m_emorandums' and letters documénting discussions and
dec_isions'made regard'ing new methodologies, procédures and techniques for both the
-Hydrb/ogy and Hydraulics Manuals as well as data tables, figures and examples.
Initially, a manual was to be prepared for the City of Phoeenix only. Hydrologic anbd toa
certain extent hydraulic methodologies and procedures for this new manual would have

deviated somewhat significantly from the methodologies and procedures for _t_he',FIood‘

Control District of Maricopa County. Much of the correspondence prior to 1998 dealing
primarily with hydrologic issues was specific to new methodologies and procedures
proposed for the City of Phoenix. After preparation of the manual began, the City of
Phoenix and the Flood Control District of Maricopa County entered into an agreement
that resulted .in the City of Phoenix adopting the current Flood Control District of
Maricopa County manuals with agreed upon revisions. This intergovernmental
agreement primaﬁly impacted the Hydrology Manual. The City of Phoenix agreed to
adopt the current Flood Control.District of Maricopa County hydrologic methodologies
with improved/simplified procedures with additional focus on methodologies for the
development of design discharges for more frequent flooding events. Correspondence
prior to this agreement is provided primarily for an overall pefspective on the project.

The second section of Volume 1 is the documentation for the Hydraulics Manual.
Documentation for the Hydraulics Manual consists of copies of references used in the
development of new methodologies, proced_ures, techniques and data. Only feferences
considered not commonly available are provided in this volume.
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. Volume Il is the documentaﬁon for the Hydrology Manual. Documentation of the
Hydrology Manual is organized into two sections; technical analyses and testing/
verification. The technical analyses section includes source data: and analyses used in
the development of the methodologies, procedures and techniques presented in the new
chapters. The testing and verification section is further divided into two subsections.
The first subsection docdments analyses conducted of current Cityr of Phoenix
hydrologic procedures in comparison to the current FCDMC hydrologic procedures. The
second subsection presents the data and results for the testing of the multiple frequency
modeling procedures. '
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To: Distribution
From: George Sabol
Date: 8 September 1997

Reference: PHOENIX STORM DRAINAGE DESIGN MANUAL
NEW PRECIPITATION ANALYSIS FOR PHOENIX
FILE: 28900040

The source of design rainfall information was, and still is, the NOAA Atlas 2 for Arizona along with a few
supplemental publications by other Federal government agencies. However, the need for a revised rainfall
analysis of depth-duration-frequency statistics and other rainfall design information for Arizona has been
recognized since the mid-1980s. At the time that the Flood Control District of Maricopa County (FCDMC)
and the Arizona Department of Transportation (ADOT) were producing its hydrology manuals (from 1986
through about 1992), there was an effort to bring about a reanalysis of rainfall data. That process culminated
in an agreement by NOAA to undertake a regional study of rainfall data. Various entities, such as ADOT,
FCDMC and other state and county agencies within the region cooperated in financing the NOAA study. That
study was initiated in October 1991 and was to have been completed in three years. The document to be
produced is NOAA Atlas 14 (semi-arid region precipitation study) and that atlas will cover all or parts of
about six states. :

I was involved in the initial contacts with NOAA and have had some minor involvement in staying informed
about the study since 1991. Over the past few weeks, I have discussed the project with several persons in
order to determine the status of that study. The best source of information is the NOAA Project Manager, Dr.
Lesley Julian. The status of the study is as follows.

Isohyetal Maps

] Draft isohyetal maps for 2- and 100-year frequency, 1-, 6- and 24-hour duration have been prepared.
Those drafts are being sent to Mr. Larry Scofield (Arizona Transportation Research Center) on 27
August 1997.

] I contacted Larry Scofield and requested a copy of those maps and any previous study reports that

may be useful to us. He will provide those to me.

" Those maps are apparently in English units and there is a question of whether the final product will be
English or metric units. The Phoenix manual is to be in English units, but many of the project
sponsors (such as ADOT) will require metric unit products. With the Federal initiative for conversion
to metric, I anticipate a metric unit product. Therefore, there may be the need for us to perform a
conversion or otherwise repackage those maps. This is presently unknown.
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Rainfall Area Reduction Factors

This is a topic of great interest and need. FCDMC adopted a Corps of Engineers criteria for the 6-
hour storm based on historic storms in Arizona, and another criteria for 24-hour storms. ADOT uses
the criteria in NOAA Atlas 2 which was originally developed by the National Weather Service
(NWS) based on midwest storms.

NOAA is presently working on this topic, but preliminary results probably will be not available until
about mid-December.

Temporal Storm Distributions

Again, this is a topic of great interest and need. FCDMC developed a 6-hour design storm and
adopted an SCS 24-hour storm, ADOT uses a hypothetical 24-hour storm.

NOAA has developed temporal distributions for 12-, 24- and 72-hour storms. They have also looked
at seasonal rainfall patterns for "severe" and "garden variety" storms.

I will obtain and review what has been produced in this regard.

Lesley was very interested in our plan to produce an electronic version of our manual. In that regard, I sent
her a copy of the PREFRE program that is used in conjunction with rainfall statistics from the NOAA Atlas to
produce tables of rainfall depth-duration-frequency and intensity-duration-frequency. She will evaluate the
use or modification of that program with the new NOAA Atlas.

At this point, my work plan is as follows:

1.

2.

Obtain all information that is available from NOAA concerning its new study.
Perform a preliminary review of that information.
Review the draft report that presumably will be available in mid-December.

Within a month of obtaining the draft report, provide an assessment of information that will be available
with the new NOAA atlas.

Finalize a work plan and schedule for the rainfall section of the manual. This will probably result in some
rescheduling of some of the work products because of the delays in obtaining information for the NOAA

study.

I'will report on this topic at our next meeting, which is scheduled for 12 September.
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George V. Sabol, PhD, PE
Senior Associate

Attachment

Distribution; Robert Gofonia, City of Phoenix
Gary Benton, City of Phoenix
Ralph Goodall, City of Phoenix
Ken Lewis, KVL Consultants
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7 November 1997
File: 28900042

NOAA/NWS W/OH2
1325 East-West Highway
Silver Springs, MD 20910

Attention:  Lesley T. Julian, PhD

Dear Lesley:
Reference: PHOENIX STORM DRAINAGE DESIGN MANUAL

Since our phone conversation on 22 August 1997, I have been in communication with and
obtained information from Larry Scofield (ATRC), V. Ottozawa-Chatupron (ASLD), Joe Warren
(ADOT) and Steve Waters (FCDMC). I have obtained the following concerning the Semi-Arid
Precipitation Frequency Study (SA Study):

Draft isopluvial maps dated 27 August 1997 for the following:
A. 2-year, 1-hour

2-year, 6-hour

100-year, 1-hour

100-year, 6-hour

NOTE: Those maps were obtained by plotting files from a diskette provided by Larry
Scofield.

B. Minutes for five Semi-Annual Meetings:
5 December 1991

10 June 1992

7 December 1992




NOAA/NWS W/OH2
Lesley T. Julian, PhD

7 November 1997

9 September 1993
7 November 1994

Sixteen Quarterly Progress Reports for the Period February 1992 through November
1995

I am in the processing of reviewing that information for our client, the City of Phoenix, in regard
to using the results from the SA Study in a new Phoenix Storm Drainage Design Manual. At this

time, I have the following questions:

1.

Considering the information that I have indicated herein, do I have all of the relevant and
"best" available information for reviewing the status and work product for the SA Study?

As I understand, the SA Study is also to provide information concerning the spatial and
temporal distribution of storms. Such depth-area-duration and depth-area relations are
needed for Phoenix (and Arizona) due to the questionable applicability of some existing
relations that are currently being used. Is the SA Study still proceeding along those lines?
What is presently available, and/or when will those results be available?

Orographic factors in the Phoenix meteorologic/hydrologic area probably significantly
influence precipitation. The Phoenix area appears to be very complex in this regard with
mountain ranges nearly encircling the City. Observation by myself and others seems to
indicated preferred storm paths or storm hot-spots. Those may be influenced by
orographic factors and possibly by urbanization in the Valley. Do orographic features
play a role in the development of the isopluvial maps? To what extent? Is there an
accounting for urban influences or storm tracks, etc.? In this regard, are more "detailed"
or larger scale maps of the Phoenix meteorologic/hydrologic area available that may
provide better detail of the spatial depth-duration-frequency relations (isopluvial maps)
for this area?

Have comparisons been made, formally or informally, of the difference between the
NOAA Atlas 2 isopluvials and those from the SA Study for the Phoenix area? If so, I
would be interested in the results.

Over the next few weeks, I will be assessing the presently available SA Study results in regard to
depth-duration-frequency for use in Phoenix. I will send you the comparisons that I compile and
will ask you to review my work. I do not want to make an error or draw the wrong inference
from the information that I have. Your assistance will be greatly appreciated.
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NOAA/NWS W/OH2
Lesley T. Julian, PhD

7 November 1997

The SA Study has great interest to me. Incidentally, I made the initial contact with John Vogel
concerning the need for that study back in 1989 or 1990. Please keep me informed of your
results. I would like to receive any future reports and to attend review meetings. I understand
that you made presentations on this project recently in both San Diego and Laughlin.
Regrettably, I could not attend either meeting. If you had publications or presentation handouts,
I would appreciate copies. It has been some time since the last review meeting. For my part, I
would find such a project meeting useful. Do you have plans for a review meeting sometime in
the near future?

Thank you for your assistance. Please keep me informed and I will do likewise.

Sincerely,

STANTECH CONSULTING INC.

George V. Sabol, PhD, PE
Senior Associate

cc: Mr. Robert Gofonia, City of Phoenix
Mr. Ralph Goodall, City of Phoenix
Mr. Gary Benton, City of Phoenix
Mr. Ray Acuna, City of Phoenix
Mr. Larry Scofield, ATRC
Mr. Joe Warren, ADOT
Mr. V. Ottozawa-Chatupron, ASLD
Mr. Steve Waters, FCDMC
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To: Distribution
From: George V. Sabol
Date: 12 January 1998

Reference: DESIGN RAINFALL DESIGN MANUAL
FILE: 28900042

The purpose of this memorandum is the following:

1. Present existing design rainfall criteria that are presently in common use for drainage design
in the Phoenix metropolitan area.

2. Provide a discussion of certain items relative to adopting a design rainfall criteria for
Phoenix.

3. Provide recommendations for the Phoenix design rainfall criteria.

Existing Design Rainfall Criteria

There are two rainfall criteria that are in common use for stormwater drainage design; that by the
Flood Control District of Maricopa County (the Maricopa County method), and that by ADOT.
Those two methods are presented in the respective manuals, and copies of those rainfall sections
are provided in Attachments 1 and 2, respectively.

Maricopa County Method (1992)
The Maricopa County Manual addresses the following design storms;

1. 100-year, 2-hour storm for determining the volume of runoff for retention/detention facilities,
shown in Figure 2.15.

2. 100-year, 6-hour distribution for drainage areas, generally less than 100 square miles, shown
in Figure 2.16.

The 6-hour storm is based on the Corps of Engineers analysis of the 19 August 1954 Queen
Creek storm with adjustment so that the Pattern No. 1 mass curve is the equivalent
hypothetical distribution.

3. A general storm for drainage areas larger than 100 square miles. The District has been using
the SCS Type II distribution for the general storm in recent studies.

1of3




The corresponding depth-area reduction factors are:
1. For the 2-hour storm, no depth-area reduction.

2. For the 6-hour storm, the depth-area reduction curve shown in Figure 2.14 is to be used. That
curve is based on the historic 19 August 1954 Queen Creek storm.

3. For the general storm, a site-specific curve is to be chosen or developed. In genetal, the
depth-area reduction factors from the NOAA Atlas 2 are used.

The Maricopa County manual provides a general discussion of storm occurrence and types of
flood producing storms in Maricopa County. That manual is information as well as directive as
to design rainfall criteria. Isopluvial maps are provided for the Maricopa County area, and those
maps are based on information in the NOAA Atlas 2.

ADOT Method
The ADOT manual defines two design storms;

1. The 6-hour storm for drainage areas less than or equal to 1.0 square mile.
2. The 24-hour storm for drainage areas larger than 1 square mile.

In both cases, the temporal distribution is by the hypothetical distribution. The ratios of rainfall
for durations less than 1-hour are from Arkell and Richards (1986) and not from the NOAA Atlas
2.

The ADOT method for depth-area reduction is by curves in NOAA Atlas 2. Those point rainfall
area reduction curves are not reproduced in the manual and the depth-area reduction is made
automatically by use of the PH record when using the prescribed HEC-1 procedure.

The ADOT manual is more instructive than the Maricopa County manual, but there is little
presentation of background information. The isopluvial maps are provided in the appendices and
show the entire state. They are based on information in the NOAA Atlas 2, and the isopluvial
lines are in color.

Discussion Items Relative to Design Rainfall Criteria Duration and Frequency of
Design Storm

Duration & Frequency of Design Storm

Maricopa County uses a 6-hour design storm,
ADOT generally uses a 24-hour storm (except for
drainage areas smaller than 1 square mile for
which the 6-hour storm is used). Mixing storm
durations (and frequencies) within a multi-
jurisdictional project presents technical problems
as well as administrative ones. Within the
Phoenix metropolitan area, the 24-hour ADOT
criteria is generally more severe than criteria by
others within the metropolitan areas. The Phoenix
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design storm(s) duration and frequency need to be selected with due consideration of:
1. Potential multi-jurisdictional impacts,

2. existing City of Phoenix policy and practices, and

3. construction cost for facilities.

Temporal Distribution of the Design Storm

Maricopa County uses a design criteria based on an historical storm. There is a certain
hydrologic appeal to this approach which is also used by the Corps of Engineers. The District
has need to be consistent with Corps practices, but that is generally not the case for the City of
Phoenix. The Maricopa County method may excel in regard to hydrologic “accuracy” but is
deficient in regard to “practicality.” ADOT uses the hypothetical distribution which is very easy
to implement with HEC-1. In general, both the Maricopa County and the ADOT distributions
are quite similar for smaller drainage areas, which will generally by the case for drainage studies

in the City of Phoenix.

Depth-Area Reduction Factors

Maricopa County uses a point rainfall depth area-reduction curve that is specific to its historic 6-
hour storm. It should not be used except for that specific criteria. ADOT adopted the curves in
NOAA Atlas 2, and those are considered by many (including NOAA) to be inappropriate for the
southwest. The NOAA Atlas 2 curves generally result in larger rainfall depths for larger storm
area than actually occurs. Depth-area reduction curves for Arizona are available through NOAA
(Arkell and Richards, 1984) that should be considered for use in Phoenix. That curve is shown
in Attachment 3 along with a copy of the NOAA Atlas 2 curves. A comparison of point rainfall
reduction factors by those two methods is also provided in Attachment 3.

Recommendation
‘1. Use the hypothetical distribution.

2. Tentatively adopt the depth-area reduction curves in Arkell & Richards.

3. Use the test watersheds to compare results from the recommended method (with duration and
frequency to be selected) to results by both the ADOT method and the Maricopa County
method.
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George V. Sabol, PhD, PE
Senior Associate
Water Resources Division

Attachment

cc: Ralph Goodall, COP |
Gary Benton, COP
Ray Acuna, COP

Garry Jaggers, COP
Ken Lewis, KVL Consultants
Ruth Franklin, Bay City Engineers

fwt/p:\28900042\correspondence\memos\phx dd manual memo 1-12.doc

Scot Schlund, SCI

Pat Ellison, SCI
Chuck Gopperton, SCI
Scott Ogden, SCI
Mike Gerlach, SCI
Carlos Carriaga, SCI

4 of 3




o &4

Memo

Stantech )
Consulting - ———— '
To: Ralph Goodall, City of Phoenix
Gary Benton, City of Phoenix
Ray Acuna, City of Phoenix
Ed Raleigh, FCDMC
Amir Motamedi, FCDMC
Ken Lewis, KVL, Inc.
Scot Schlund, Stantech
From: George Sabol
Date: 26 August 1998

Reference: City of Phoenix/Maricopa County

Stormwater Drainage Design Manual
FILE: 28900042

The following is prepared in preparation for our meeting on 2 September 1998 at 2:00 at the

. Stantech office. :

Contents of Joint Manual

1.

It has been generally agreed that the technical content of the joint County/City manual
should be identical. Each agency would have a separate, stand-alone volume for drainage
policy. It may be desired to also have standards contained in that separate volume. This
could occur, for example, if each agency has different standards for storm sewer design
frequency, culvert/roadway overtopping criteria, etc. Alternatively, if the standards are
the same for both the City and County, they could be contained in the technical manual.
This may need to be determined as work on the manual progresses.

Stantech is working with the City in regard to the review and drafting of drainage
ordinances. That effort will continue independently of the District.

The City manual is to address regulations also. That section is to define federal, state and
county regulations over and above the City drainage ordinances. Those regulations are the
same for both the City and the County; therefore, they could be in the “technical” manual,
which is common to both agencies, or they could be included in the “policy” manual and
only provided in the City version. Regulations seem to fit better with policy than
technical procedures. Regardless of whether the District wants that section in the manual,
it is still intended to be produced for the City. The regulations section could also refer to
Volume III of the County manual, and any related construction and permitting processes.
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A section on drainage planning is desired by the City, but is not presently provided in the
County manual. That topic probably should be in the technical manual. As with
regulations, the District will need to decide if such a section is desired.

Hydrology is presently provided in the County manual, Volume I. The following are the
specific recommendations in regard to that topic:

a. The District wants to maintain the presently defined 6-hour design storm. That
procedure is arguably the most scientifically defensible rainfall design storm
available and it probably has the highest level of “accuracy.” However, the
procedure is troublesome for “new” users and its complexity, especially when used
with the JD record option of HEC-1, can lead to undetected errors even by
experienced users and reviewers. Therefore, if that procedure is to be adopted by
the City, certain “improvements” to implementation and review procedures should
be undertaken. This is an area that the District may be able to contribute service.

b. It is generally acknowledged that the County’s hydrologic procedure probably
consistently overestimates flood magnitudes for frequencies of 2- to 10-years. At
the time of manual development, this was recognized, but the need for appropriate
estimation of those flood magnitudes was not fully appreciated by the authors. This
is a major deterrent to the City’s acceptance of that method. It is recommended that
an addendum to the present County method be prepared that provides appropriate
estimation of 2- to 10-year design peak discharges. That procedure should be
prepared by Stantech with review and approval by both the City and the District.

C. The County manual has little guidance in regard to modeling technique, general
guidelines, modeler’s/reviewer’s checklist, and detailed instructions. The ADOT
manual contains that type of information. The City desires more explicit guidance
to be added to the County’s procedures. It is recommended that such information
be added to the County manual, and that this would be done by Stantech.

d. The County manual does not provide indirect methods for discharge verification,
but the ADOT manual does contain some useful information in that regard. It is
recommended that Stantech review applicable methods and data from the ADOT
(state-wide) manual and include that information that is applicable to Maricopa
County.

Hydraulics is presently presented in the County manual, Volume II. That manual can be
adopted with mutually agreed wupon

additions, overall review and updating.
The following are some specific comments
in regard to the hydraulics chapters:

a. Street Drainage is covered in
Chapter 3. The City would review
that chapter. Modifications, if any,
would be provided by Stantech with
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review and approvai by both the City and District.

Storm Drains are covered in Chapter 4. That chapter would be reviewed and, if
necessary, modified with joint approval.

Culverts are covered in Chapter 5. ‘Again, the review and modifications would be
as previously described.

Bridges are covered, but only very broadly and generally, in Chapter 5. Is this
adequate for the City’s purposes? Is there a need to expand this section?

Open-Channels are covered in depth in Chapter 6. That chapter would be reviewed
and modified, if necessary, as previously described. |

Hydraulic Structures are covered in Chapter 7. That section is limited to channel
drop structures, conduit outlet structures, and some special channel topics.
Additional topics and needs may be identified. That chapter would be reviewed,
modified, and possibly expanded, if needed.

Detention/Retention Basins are covered in Chapter 8. Some of that material is of a
regulatory nature and could be presented elsewhere. Again, review and
modifications would be as previously described.

Pump Stations are briefly discussed in Chapter 9. Stantech has drafted a more
comprehensive section on that topic for the City. Both Chapter 9 and the Stantech
draft could be reviewed by both the City and the District to reach agreement on the
desired level of presentation.

Sedimentation and related topics are discussed in various chapters throughout the
County manual. The City wants some level of coverage of this topic. There may
be the desire to consolidate information that is presently provided and to enhance
that topic in a separate chapter. There are other topics related to non-structural
flood management and drainage planning that may need to be added. The District
should indicate its desires in this regard.

Floodplains are only briefly discussed within the context of open-channels. The
City wants a more comprehensive treatment of this topic — particularly in regard to
land development, drainage improvements, and the overall regulatory process. The

District should indicate its desire in

this regard.

7. Stantech’s contract with the City also
provides for an electronic manual along
with computerized computation procedures
for certain hydraulics procedures. That
service is being provided by Ken Lewis.
The District has indicated its interest in that
topic. That service could be expanded to
include hydrology including the rainfall
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isopluvial maps, soil maps (with Green & Ampt parameters), land use maps, etc. Much of

that information may be available in the District’s HIS database. It is suggested that this |
scope expansion be discussed. It may be reasonable to have the District provide the |
databases along with coded calculation procedures and Ken Lewis could integrate the

databases and procedures (MCUHP) into a comprehensive HEC-1 loader program. The

District may want to consider this suggestion.

4 of 4




Recommendations
The following are specific recommendations for proceeding with a joint County/City manual.

1.

The City and District need to agree upon the contents of the hydraulics portion of the
manual, and the extent of modifications to the hydrology portion of the manual.

2. Upon completion of item 1 above, Stantech would prepare a scope of work, schedule and
fee estimate. That would be submitted to both the City and District for approval.

3. The City and District would each be individually responsible for its “policy” volume with
whatever unique sections, such as ordinances, that it wants.

4, The City and District would enter into a joint agreement.

5. The District needs to investigate funding or cost sharing approaches with the City.
Depending on the scope of work, this could include “service-in-kind” for certain tasks.

6. Stantech would submit a contract change order to the City of Phoenix.

7. It is anticipated that the agreed upon scope of work will not increase the presently

- approved fee to the City. Any additional cost, which is contingent upon the scope of

work, is anticipated to be a “modest” amount, and presumably could be borne by the
District.

Schedule

The following is a recommended time schedule:

1.
2.

S » bW

Mutual agreement upon hydrology and hydraulics content of manual. 30 Sept 98

Stantech to submit scope of work, schedule, and fee estimate to City and 12 Oct 98
District.

City and District to enter into joint agreement. 30 Oct 98
Stantech to submit change order request to City. 30 ch 98
Executed change order to Stantech. 13 Nov 98
Completion of manual and contract. 13 Nov 99
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George V. Sabol, PhD, PE
Senior Associate
Water Resources Division
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. CITY OF PHOENIX/MARICOPA COUNTY
STORM DRAINAGE DESIGN MANUAL

Meeting Minutes
8 April 1999 at Stantec Consulting Inc.

Attendance: Affiliation:
Ed Raleigh FCDMC
Amir Motamedi FCDMC
Gary Benton City of Phoenix
Ralph Goodall City of Phoenix
Ken Lewis KVL Consultants, Inc.
Dave Burris Stantec
George Sabol Stantec
1. The meeting minutes for 4 March were accepted without comment.
2. The Action Items from the last meeting were reviewed. Unresolved Action Items are

. noted below.
. 3.

The final draft of the Storm Drain Chapter was reviewed. Pat Ellison could not attend the
meeting, but he prepared a memo (8 April) indicating changes to the chapter and the
status regarding unresolved issues. Sabol reviewed the memo and each item was
discussed. The following are relevant comments:

a. Concerning the COP material that is contained in the chapter appendix:

. FCDMC should review that material and advise Stantec as to its opinion
for inclusion in the Chapter.

. Its inclusion directly as an appendix is not desired.
. Some of that material should be considered for the Policy section.
. Some of that material is not legible.
b. Regarding various minor loss equations:
. Certain equations, for example 16.7 and 16.8, are incorrectly shown. They

should be absolute value of velocity head differentials.

. Richard Harris and Pat had coordinated certain subjects. It is unknown if
. all concerns have been resolved. Ed provided a review copy from Richard
that Pat needs to address.

P:28900042\Correspondence\Meetings\SDDM, MM 040899.doc Page 1 Of 4




c. Regarding standards (Table 16-5):

. The City and County need to resolve differences and adopt uniform
standards, if possible. That should be accomplished in the next 2 weeks
and resolution conveyed to Pat.

d. Pages 16-26 and 16-27 are in error and need corrected:
. Design is based on RCP.
. Pipe size needs to be upsized 6 inches if either CMP or CIP pipe are used
. Concrete lined CMP is allowed for mainline pipes.

. Unlined CMP is OK for connector pipes.

. Table in appendix is illegible (alternate materials)
. Material at bottom of Pages 16-26 appears to be based on old City of
Phoenix information. AP13 is not applicable. For mainline CMP, only
Type F is allowed, etc.
e. The City and FCDMC are to perform a careful review and respond to Pat with
comments within 2 weeks. Stantec is to have a corrected final draft by the next
meeting.

4, Dave Burris presented the 1" draft of the Open Channel Chapter. That material was
reordered and modified. A reconfigured chapter table of contents was provided.

a. Dave noted that Toe Protection and Grade Control sections are shown as deleted,
but that material is to remain in the chapter.

b. Ed tabled the USGS report on Manning’s coefficients for use with natural
channels in Maricopa County. The City wants that included in the manual. It can
be readily scanned for inclusion on the CD, but would add considerable cost for
hardcopy. It needs to be referenced in the Manning’s coefficient section.

5. The hydraulics Structures Chapter was discussed relative to scope and content.
a. The following additional topics are recommended:
. Flow-Splitter structures (several types)
. Channel junctions
. Stair-stepped drop structures (Wood-Patel and maybe ADOT have recent
experience.)
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. An additional structure for transitions from conduits to channels.
b. Stantec will collect references on these topics to be presented at the next meeting.

C. The chapter, in general, is in good shape and is not expected to require revision
other than additions.

6. Ken Lewis presented the electronic manual with a status report and discussion.

a. The scope and content of each chapter to undergo computerization (computation
methods) will be decided as each chapter nears completion.

b. A work session to agree on computerization for the Street Drainage and Storm
Drain Chapters is set for 21 April at 11:30 at Stantec. Lunch will be provided.

C. Ken will work on a simple standard step procedure to be used for simple
applications where HEC-2/HEC-RAS is not needed and where the user can apply
the procedure without expertise in those more detailed methods. This is intended
for use by consultants with limited computational software and/or expertise.

7. Mike Cusimano will be attending for Ray Acuna (Development Services). He is to
receive all submittals. Keep Ray informed of meetings and correspondence. Cindy
White is replacing Ray as Floodplain Manager. She should receive all submittals and
correspondence.

8. The next meeting was not scheduled.
9.  Action Items — The following is a summary of action items:

STANTEC

+  Pat Ellison to coordinate with FCDMC and City so as to issue a revised final draft of
Storm Drains by 29 April and distribute that final draft.

+  Prepare a 2" draft of Open Channels, and distribute by 29 April.
+  Collect reference material for new Hydraulic Structures topics.

+ Participate in work session for computation methods on 21 April, 11:30 am at
Stantec.

CITY OF PHOENIX
+  Coordinate with FCDMC regarding uniform standards for storm drains (Table 16-5).

+  Review the Storm Drain chapter and coordinate, as necessary, with Pat Ellison by 23
April.

«  Review the 1" draft Open Channel Chapter and be prepared for discussion at the next
meeting.

P:\28900042\Correspondence\Meetings\SDDM, MM 040899.doc P age 3 Of 4




. FCDMC

+ Participate in work session for computation methods on 21 April, 11:30 am at
Stantec.

+ Review Storm Drain appendix material and respond to Pat Ellison regarding
comments.

+  Coordinate with City regarding uniform standards for storm drains (Table 16-5).

+  Review the Storm Drain chapter and coordinate, as necessary, with Pat Ellison by 23
April.
+  Review the 1* draft Open Channel Chapter and be prepared for discussion at the next
meeting.
KVL

+ Participate in work session for computation methods on 21 April, 11:30 am at
Stantec.
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Stantec Consuiting Inc.
CITY OF PHOENIX/MARICOPA COUNTY
STORM DRAINAGE DESIGN MANUAL
Meeting Minutes

13 May 1999 at Stantec Consulting, Inc.

Attendance: Affiliation:

Ed Raleigh FCDMC

Bing Zhao FCDMC

Gary Benton City of Phoenix
Cindy White City of Phoenix
Mike Cusimano City of Phoenix
Dave Burris Stantec

Pat Ellison Stantec

George Sabol Stantec

1. The meeting minutes for 8 April were accepted without comment.

2. The Action Items from the last meeting were reviewed. Unresolved Action Items are noted

in item #9.

. Storm Drain Chapter

Pat Ellison provided an overview of the revised final draft of the chapter. Items to be
resolved are:
a. City and FCDMC to coordinate and reach agreement on storm drain criteria (Table 16-
5).

b. Pat to coordinate with Richard Harris on inclusion of pipe friction in connector pipe
analysis.

c. A workgroup will meet to finalize material provided by the City (previous appendix
information). Much of this is of policy nature. The workgroup consists of Pat Ellison,
Scot Schlund, Gary Benton and Mike Cusimano. Ed Raleigh will be advised of the
meeting and FCDMC can participate as desired.

Pat sent information to KVL concerning the spreadsheet calculation form and related
AutoCAD conversion that will be part of the plan set. :

Gary will send a set of special catch basin mylars to Pat.

. Open Channels

Dave Burris provided a description of how we arrived at the present draft of the chapter.
There was considerable discussion of what is desired in the chapter and how to get there.
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The integration of various open channel topics into the Open Channel chapter and the
Floodplain chapter was discussed. It was agreed that the Open Channel chapter must be
applicable to both “engineered” channels and “natural” channels, and this will be undertaken.
The Open Channel chapter will contain three general sections:

1. Open channel hydraulics fundamentals which are applicable to both engineered
and natural channels

2. Hydraulic analysis considerations which are generally applicable to both
engineered and natural channels, but some will be specific to engineered
channels.

3. Design guidelines for various types of engineered channels.

The next draft for the chapter will be prepared to present the proposed chapter. Design
guidelines will be generally as shown in the present county manual. In addition, all material
that is deleted or rewritten from the county manual will be presented in a reference package.
Much of that material will be recaptured in the Floodplain chapter.

The Floodplain chapter will focus on FEMA requirements and ADWR State Standards. It
will cross reference the open channel chapter for technical principles and methodology.

The Floodplain chapter will commence production so that both the Open Channel and
Floodplain chapters can undergo parallel development. This is to facilitate integration of the
two chapters and avoid loss of pertinent information in the process of preparing two chapters.

Hydraulic Structures

The recommended reference material for topics to be added was distributed. This is to be
reviewed and discussed at the next meeting. The reference material for stair-stepped drop
structures was not received from the USBR. That will be provided when received.

Interviews with City Maintenance Personnel
Dave Burris met with City Streets and Parks maintenance staff. Dave provided presentation
of major maintenance issues. These are:

o 404 permits

« Access into channels

« Trashracks and access barriers

« Fencing and related safety issues
« Use of riprap lined channels

Scot Schlund and Dave will prepare a memo on these topics and will breakout
recommended policy and technical topics that should be addressed in Volume 2.

. Manual Style

George noted that there is no agreement as to manual style, but manual production is
advancing to where it is desired to set a style for typesetting. The pros and cons of paragraph
numbering as opposed to a more open format were discussed. George will redistribute the
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previously recommended manual style memo. The Open Channel chapter will be prepared in
that fashion to illustrate the recommended format.

8. Next Meeting — 23 June at 10:00.
(NOTE: I suggest that the meeting start at 1:00 since the meetings are generally taking 3
hours or longer . I will distribute an e-mail noting this change).

9. Action Items:

Stantec
« Pat to coordinate with Richard Harris concerning questions of pipe friction in connector
pipe analysis.

«  Workgroup meeting to finalize Storm Drain chapter.

o  Prepare the Open Channel chapter draft.

»  Begin scoping the Floodplain chapter.

+  Obtain and distribute reference material for stair-stepped drops.

+ Prepare a memo on maintenance interviews with recommendations for policy and
technical considerations.

«  Resubmit manual style recommendation.

City

« Coordinate with FCDMC to reach agreement on storm drain criteria.
« Workgroup meeting to finalize Storm Drain chapter.

+ Review Open Channel draft (to be provided).

Review Hydraulic Structures reference material.

Gary to send a set of special catch basin mylars to Pat.

FCDMC

« Coordinate with City to reach agreement on storm drain criteria.
» Workgroup meeting to finalize Storm Drain chapter.

« Review Open Channel draft (to be provided).

» Review Hydraulic Structures reference material.
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Stantec Consulting Inc.

CITY OF PHOENIX/MARICOPA COUNTY
DRAINAGE DESIGN MANUAL

Meeting Minutes

13 September 1999 at Stantec Consulting, Inc.

Attendance: Affiliation:
Ed Raleigh FCDMC
Amir Motamedi FCDMC
Tim Murphy FCDMC
Ralph Goodall City of Phoenix
Cindy White City of Phoenix
Scot Schlund Stantec
Pat Deschamps Stantec
Pat Fllison Stantec
Ruth Franklin Stantec
George Sabol Stantec
1. The meeting minutes for 13 May were accepted without comment.
2. The Action items from the last meeting were reviewed. There were no unresolved Action
Items.
3. Storm Drain Chapter

a. The calculation spreadsheet to be provided by KVL needs to be included and
instructions for its use prepared.

b. Ralph Goodall noted that the “Storm Drain Appendix” needs updating. That
material is mainly policy and will need to be addressed by the policy “committee”
for inclusion in that section of Volume Zero.

C. Ralph requested that standard n values be specified for design rather than a range
for n.

d. Ralph noted the need for editorial rewrite and reordering of the section.

e. The City and District provided their red-line review copy (to be copied and

returned to each).

4. Open Channel Chapter

Pat Deschamps provided an overview of the submittal. The following are noted:

a. The basic content and organization of the chapter is accepted.

b. Pat will proceed to prepare a complete first draft.
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Floodplains and Regulations Chapter

Scot Schlund presented a scoping outline of the Floodplain Chapter, and Ruth Franklin
provided a similar presentation regarding regulations. It was originally conceived that
Floodplains would be a chapter in Volume 2 and Regulations would be a chapter in
Volume Zero. It was decided that those topics would be combined and contained in
Volume Zero. Stantec will prepare a detailed chapter outline for discussion at the next
meeting. That chapter will be specific to the City of Phoenix. A courtesy review by the
District will be requested.

Hydraulic Structures Chapter

George Sabol reviewed that status of scoping for that chapter. Basically, the existing
County chapter will be preserved with the addition of five topics. Background material
on those topics was previously submitted.

Hydrology (Volume I)

a. -Stantec and the District met in June to discuss methodology for the 2-year to 10-
year addendum. The District has rainfall-runoff data for “small events” that is
available to assist with that task.

b. The NOAA precipitation study is “unresolved.” NOAA plans to release the
revised maps this year, but not the corresponding supplemental rainfall criteria.
Use of that new criteria is uncertain. There is concern in the hydrologic
community over its acceptance. Impact of using “old” criteria once “new” criteria
are available presents potential liability issues. We have not been successful in
getting NOAA to respond to a request (by users in Arizona) to meet to discuss
concerns, etc. ‘

c. A report on the electronic manual for hydrology will be scheduled for October.

Other Business
a. Manual Style
. Use limited numbering system along with subheading designation.

. Color will be used in the electronic manual but the hardcopy will be black
and white. Color copies can be printed from the CD by users.

. Copies will be back-to-back.
. Blank pages will be so noted, as “Blank.”

. Stantec will develop a recommended style and use it in future chapter
drafts.
b. The interview memos by Dave Burris were compiled by Scot and distributed.

Some of that information may need incorporation into policy. Authors of
chapters will be provided the interview comments and requested to incorporate
technical items into the chapter.
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10.

C. Management Presentation — A presentation for use by City and District staff will
be discussed at the October electronic manual meeting.

d. Project Schedule — The project completion data was extended to June 2000. The
City has received requests as to status and availability of the manual. Stantec is
committed to meeting the June schedule. It is imperative that departmental users
at the City and District participate in meetings and reviews to achieve a successful
product.

Next Meetings

a. Electronic Manual — 7 October @ 1:30

b. Review Meeting — 18 October @ 1:30

Note: The 7 October meeting is not acceptable to some and a mutually agreeable .
time will be determined.

Action Items

Stantec

a.

Review Storm Drain comments. Prepare documentation necessary regarding
revisions/completion requirements.

b. Open Channel Chapter — Prepare first draft.

c. Regulations (Floodplains) Chapter — Prepare detailed scoping outline.

d. Hydraulic Structures Chapter — Begin chapter expansion for new topics.

e. Develop style per agreement.

f. Arrange meeting on electronic manual.

g. Distribute submittals (Open Channel & Regulations Chapters) by 4 October.

KVL

a. Prepare for presentation on electronic manual at a “special” meeting in October
(time to be arranged).

b. Coordinate with Stantec and City in regard to a Management Presentation.

City

a. Update desired policy in the Storm Drain Chapter.

b. Review submittals prior to 18 October meeting.

District

a. Review submittals prior to 18 October meeting.
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Stantec Consulting Inc.

CITY OF PHOENIX/MARICOPA COUNTY
DRAINAGE DESIGN MANUAL
Meeting Minutes
18 October 1999 at Stantec Consulting, Inc.

Attendance: Affiliation:

Ed Raleigh FCDMC

Amir Motamedi FCDMC

Tim Murphy FCDMC

Ralph Goodall City of Phoenix
Cindy White City of Phoenix
Gary Benton City of Phoenix
Hasan Mushtaq City of Phoenix
Scot Schlund Stantec

Pat Deschamps Stantec

Pat Ellison Stantec

Robin Wade Stantec

The meeting minutes for 13 September meeting were accepted without comment.

Action items from 13 September were reviewed. Outstanding action items included
"special" meeting for the electronic manual and coordination of the Management
Presentation. All other action items completed.

Open Channel Chapter

Pat Deschamps went over the "draft" of the Open Channel Chapter that included:

a. Enhanced discussion of Momentum and Specific Force applications.

b. Enhanced discussion on resistance to flow and Ménning‘s “n” values. Basically
additional information is provided.

C. Enhanced discussion of Control Sections that included:

>

*

How control sections can move depending on depth or flow regime.

Classic water surface profiles will be provided in the chapter such as M1,
M2, S1, 82, etc.

Amir asked if Stantec required comments. Pat D., responded in the
affirmative.

Amir asked how we will keep track of new changes? Pat D., stated that
we will use the chapter outline and annotate it.

Amir delivered Kofi Awuma's comments on the chapter.
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Storm Drain Chapter

Pat Ellison reported on corrections to the Storm Drain Chapter.

a.

Pat E. report that he and George Sabol had discussed comments and had
divided these into three areas: technical, editorial, and policy. Only technical will
be discussed at this time. Editorial will be addressed by George at a later time.
Policy will be moved to Volume "0".

Pat E. developed three new figures for various storm drain junction types that
supplement Figure 15.6 of the old manual. A handout was provided. Ralph
stated that this will help clarify that section.

Pat E. reported that format and equation numbers will be added.

The Manning’s "n" value table is revised and a handout was provided. Ralph
requested that concrete lined CMP (used as mainlines in City) and HDPE (used
as mainline and laterals in City) pipe be added to the table. As a note, unlined
CMP is used for laterals only in City. HDPE is used only as connector in County

Manual Style

Robin Wade prepared a handout sample of the proposed Manual Style and provided a
brief explanation. Input regarding the style is as follows:

a.

b.

C.

Highlights column on right margin is well liked by all.

Ralph suggested that we put numbering in highlight text along with chapter
name. He also suggested that we put highlights closer to right edge of the page
and move left margin fo the right to provide more space for 3-hole punch.

Ralph likes the spacing and font as presented.

Electronic Manual Meeting

A teleconference was conducted with Ken Lewis and a meeting for the Electronic
Manual was scheduled for 26 October 1:30 p.m. at Stantec.

Management Presentation

During the teleconference with Ken Lewis, discussion of a Management Presentation
ensued. The following general topics for the presentation were agreed to:

a.

It will be a joint meeting and presentation to City of Phoenix and Flood Control
District upper level management.

The presentation will focus on benefits of the manuals to the City, District and
community.

It will be a maximum of 20 to 30 minutes.
It will stress the cost savings of a "joint" manual approach.

It will present where can we go and what can we do in the future.
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The City and District staff will participate in the presentation along with Stantec
and KVL. No more than four speakers.

Web deployment needs to be completed before the presentation. Most likely
date for presentation will be late January to early February 2000.

Ken would like to merge the two software packages together. He will present this
further at the special meeting on the electronic manual.

8. Regulations/Floodplain Chapter

Scot S. provided a handout and discussed the "fleshed out" concept of the Regulations
Chapter. Ralph stated that this was what he had in mind and liked the concept. Stantec
can proceed with this approach. Some general comments regarding the content are as
follows:

a.
b.

Permit/application form references using dates are to be deleted.

Ralph would like all Nationwide 404 permit numbers listed along with form
numbers as applicable

Ralph stated that we can contact Angela Brooks at City of Phoenix for status of
404 training.

Ralph stated that we need to clarify that this chapter is for design consuitants and
development not intra-City work. The ongoing Logan Simpson Design training
program is handling intra-city 404 Permit issues.

9. Next meeting: 18 November 1999 at 1':30 p.m. at Stantec.

10. Action ltems

Stantec

oo T oo

&

Continue work to final draft Storm Drain Chapter.

Continue work to final draft of Open Channel Chapter.

Provide Cindy White and Hasan Mushtaq completed draft chapters.
Continue developing draft of Regulations Chapter.

a. Conduct presentation for Electronic Manual on 26 October at 1:30 p.m.

City

a. Comments on Open Channel Chapter

b. Review submittals prior to 18 November meeting.

District

a. Comments on Open Channel Chapter

b. Review submittals prior to 18 November meeting.
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Stantec Consulting Inc.

CITY OF PHOENIX/MARICOPA COUNTY
DRAINAGE DESIGN MANUAL

Meeting Minutes

19 January 2000 at Stantec Consulting, Inc.

-Attendance: Affiliation:

Ed Raleigh FCDMC

Tim Murphy FCDMC

Amir Motamedi FCDMC

Kofi Awumah FCDMC

Ralph Goodall City of Phoenix
Gary Benton City of Phoenix
Ken Lewis KVL

Scot Schlund Stantec

Sandy Steichen Stantec

Pat Ellison Stantec
George Sabol Stantec

The meeting minutes for 18 November meeting were accepted without comment.
Action items from 18 November were reviewed. All Action ltems are satisfactory.
Regulations Chapter

The draft of the Regulations Chapter was discussed by Scot. It is noted that this chapter
if for Volume Zero of the City manual. The County may adopt portions of that chapter for
its use.

Scot will edit the chapter in regard to:

a. Deleting and/or condensing certain Nationwide Permit discussions.
b. Reorganizing by function, with each function subtitled Federal, State, County and
Local.

Detention/Retention Basins

Sandy provided an overview of the changes made to the County manual for that chapter.
Several items were discussed with resolutions, as noted:

a. The multi-use discussion that was added to that chapter will remain there. A
similar multi-use discussion is needed for the Open Channel Chapter. Multi-use
will also be addressed in the Planning chapter.

b. The Simplified Method (from the State Standard) had been added, but can be
deleted since that method is the procedure that is currently provided in the
County chapter.

c. The chapter will be revised to indicate that routing methods are also acceptable
to determine volume, particularly for larger, regional basins.
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d. The sediment discussion will be deleted and covered in the new Sediment
Chapter.

e. Table 8.2 will be deleted and treated more comprehensively in the Hydraulic
Structures Chapter.

Section 8.8 will be deleted in its entirety.
The example will be deieted and no example is needed for this chapter.

> a =

The chapter will be titied “Stormwater Storage.”

George recommended deletion of certain sections that briefly (but inadequately
address geotechnical considerations, in his opinion) from the manual. The
existing section (8.3.3.3) will be revised to indicate the requirement for
appropriate geotechnical considerations and reporting. Section 8.3.3.6 was
recommended for deletion. Ed will investigate the “source” of that information.
Final decision on the disposition of that topic will be made at the next meeting.

j- KVL does not need to include storage routing in its computation package since
the use of HEC-1 is expected.

Open Channels

Sandy will be producing a complete first draft for submittal by the next meeting. She
received comments from Kofi and George. Others with comments should convey those
to Sandy.

Storm Drains

That chapter was not discussed due to lack of time. Pat received comments from Ed.
KVL has completed its computational spreadsheet and that can be appropriately treated
in the chapter.

Electronic Manual

Ken distributed an example spreadsheet analysis that is produced via his software.
Testing is required. Ken will provide a copy of the software for initial testing by Stantec
and District staff.

Subsequently, he will install the software to City computers for its testing.
Other Business

Volume Zero will contain Planning, Regulations, Standards and Policies.

b. Upon acceptance of the second draft of each chapter, it will be provided to KVL
for loading to the electronic manual.

c. The Regulations Chapter was submitted according to the recommended style
and there are not suggestions to modify that style.

The following chapters will be converted to that style and delivered to KVL.:

Pump Stations
Street Drainage
Storm Drains
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10.

d. Stantec has increased its staffing of this project and expects to complete the
manual this summer. The next 6 months are expected to be rather busy in this
regard to both Stantec and the City and District reviewers.

Next Meeting
The next meeting is scheduled for 8 March 2000, 1:30 pm at Stantec

Action ltems

Stantec

a. Second draft of Regulations Chapter

b. Second draft of Stormwater Storage Chapter

C. First draft of complete Open Channel Chapter

d. Conversion of previously completed chapters to new style

KVL

a. Installation of software on Stantec and District computers. Followed by testing of
the software.

District

a. Testing of software.

b. Investigation of source of information on geotechnical considerations in the

Stormwater Storage Chapter.
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Meeting Notes

Stantec

FILE: 82000042

Date: 8 March 2000
Place/Time: Stantec/1:30 pm
Next Meeting: 12 April 2000 @ Stantec, 1:00 pm
Attendees: City of Phoenix  Gary Benton, Ralph Goodall, Jesse Gonzales
FCDMC Kofi Awumah, Amir Motamedi, Chris Perry,
Ed Raleigh, Tim Murphy
Stantec George Sabol, Sandy Steichen, Frank Thomas

KVL Consultants Ken Lewis
Distribution: Attendees/Absentees

. {tem:

No comments were received on the 19 January 2000 meeting minutes and they
were so approved.

A. Review Previous Action Items
Stantec
1. The second draft of Reguilations Chapter is on hold pending release

of final 404 nationwide permit rules.

2. The second draft of Stormwater Storage Chapter was distributed for
review in early February.

3. The first draft of the complete Open Channel Chapter was providéd to
the group March 1%.

4, Conversion of previously completed chapters to new format has been
on-going. The Pump Station Chapter was distributed in this final
format.

5. The street drainage and storm drain chapters are close to completion

pending software testing.

1. Installation of software on Stantec & District computers has been
. undertaken. This will be followed by software testing.




MEETING NOTES
8 March 2000
Page 2 of 2

Reference: Drainage Design Manual

District

1. Testing of software is on-going.

2. The investigation into the source of information on geotechnical
considerations in Stormwater Storage Chapter concluded that it
stemmed from the original McLaughlin version.

B. Discussion on Open Channel Chapter first draft comments:

1. Chapter status was overviewed, identifying the changes since the
chapter was last visited last October.

2. The viability of shotcrete as a channel lining was discussed given the

propensity for failure. The concern of using shotcrete in a supercritical
channel was also raised. It was concluded that if properly specified
and construction, it would be as durable as concrete. However, it was
identified that the chapter as written did not have tight enough
specifications. The ADOT specification was identified as being
appropriate, however, past experience seems to suggest that
engineers use the MAG standard which is inadequate. The C.O.P.
will look into having the standard changed at MAG. The issue of

. construction inspection, which is outside the venue of the drainage
manual, was also identified as a presumed problem with privately
constructed drainage channels. The FCDMC is to coordinate with its
maintenance department to ascertain if shotcrete has greater
maintenance issues than concrete as a channel lining. If not, the
chapter will be amended to strengthen the specifications for shotcrete
lined channels.

3. A discussion ensued regarding minimum design velocity in that the
minimum needed to be identified and tied to a specific return
frequency such as 2ft/s at 25% of Q100. The issue here is one of
sedimentation. It was concluded that no minimum would be set due
to potential conflicts between the minimum and maximum design
velocities and that the sedimentation issue would be addressed in
that chapter. A discussion in the minimum velocity section would
identify the issue as a sedimentation problem and make reference to
that particular chapter. It was also concluded that for concrete (or
shotcrete if applicable) lined channels, minimum siope would be set to
0.0015 ft/ft. This would be identified as a subset to the chapter.

4, There was a discussion about safety issues associated with concrete
channels and channels in general. Ladders in supercritical channels |
pose there own problems in terms of impacts to flow regime. This |
Stantec issue was tabled to later as it will be addressed in its own chapter or ‘
at the introduction of the Hydraulics Manual. |

. C. Discussion on Stormwater Storage 2™ Draft Comments
1. Chapter status was overviewed.




Stantec

MEETING NOTES

8 March 2000
Page 3 of 3

Reference: Drainage Design Manual

A preliminary discussion on the potential conflict between the use of a
6 hour storm for channel design (off-site) and the 2 hour storm for on-
site retention was deferred to another meeting.

A concern with the introductory text that promoted regional facilities
yet the majority of new development over the last 10+ years has
focused on localized retention. Given the nuances of design for
detention facilities that are dependent upon hydrograph shape, a
regional approach is apparent. However, for land development, it is
more cost effective to locate retention basins where street capacity
starts to exceed standards for gutter flow. Since retention is the
preferred form of stormwater storage in practice here in the Valley, it
appears that regional facilities appropriate for watershed basins that
have existing flood problems or were primarily developed before
retention regulations or to accommodate run-off in excess of the 2
hour 100 year storm for watershed subject to recent development. It
was agreed to modify the text accordingly.

it was agreed to add low flow outlets for retention basins as a
mechanism to drain retention basins with the intent that outlet flow
would be significantly less than existing peak discharge and it drains
in 36 hours cumulatively. For maintenance purposes, the minimum
size of pipe was set to 18 with orifice plates reduce flow as
necessary.

The discussion on safety fences was to be moved with the other
safety issues as discussed above.

A discussion on the basis for separation of off-site flows from on-site
flows was held. It was concluded that separation is preferred as the
rising limb of the off-site hydrograph tends to fill the on-site storage
prior to the on-site peak discharge. However, the text would be
modified to allow exceptions on a case by case basis since there
were valid situations where combination of off-site and on-site is
justified.

It was agreed that the geotechnical discussion would be modified to
identify that geotechnical considerations were necessary for each
embankment situation, although it would be up to the design engineer
to properly apply geotechnical analysis relative to the significance of
the project. References for geotechnical guidance would be given in
the chapter. Providing geotechnical guidance was determined to be
beyond the intent of the manual.

It was agreed to identify that sedimentation wouid need to be
accommodated in the design of stormwater storage facilities with
referral to the Sedimentation Chapter




Stantec

MEETING NOTES

8 March 2000
Page 4 of 4

Reference: Drainage Design Manual

D. Scoping For Hydraulic Structures

1.

Reference was made to the 712 May 99 memo and attachments. The
following recommendations were made and approved for inclusion
into the first draft:

Flow Splitters (Bifurcations)

. Burris write-up with edits included in Special Channel
Structures as sub-section 7.5.1.1

Channel Junctibns

. For subcritical flow, 12 degree max angle of departure, 3 times
topwidth minimum centerline radius, same depth design flow
tributary & main channel. For supercritical flow regime,
momentum analysis would be required. The text would
reference the Corps document.

Stair Stepped Drop Structures

. Augment 7.3.4.5 (pg. 7-48) to identify minimal dissipation of
energy at design flows.... channel drop structures, require 2:1
slope of drop, horizontal steps, 30" max per drop and require
stilling basin /riprap length based on conventional smooth
sloping drop analysis.

Transitions from conduits to channels

. It was agreed to exclude this issue as it was determined to be
not necessary.

Access Ramps

. Burris write-up to be addended and placed in Special Channel
Structures as sub-section 7.5.3

Side channel spillways

. The FCDMC address this issue frequently. A subsection of
the chapter will be established with a note indicating awaiting
guidelines. The FCDMC wili develop guidelines.

Trash Racks

. It was agreed to move the trash rack discussion from the
Culverts Chapter to the Hydraulic Structures Chapter and add
a discussion on energy loss computations.

E. Scoping For Bridges & Culverts

Discussion ltems and Recommendations for Culverts & Bridges Chapters

1.

Due to minimal design guidelines offered for bridges, culverts and
bridges to be covered in one chapter. Detailed bridge hydraulics are
to indicated as beyond the scope of the manual.




Stantec

MEETING NOTES

8 March 2000
Page 5 of 5

Reference: Drainage Design Manual

2. Access barriers are to be eliminated from this chapter and addressed
in the safety section.

3. The storm sewer interaction with culverts portion of 5.3 Entrances and
Outlets for Culverts and Storm Drains will be compared with
discussions in the Storm Drain Chapter (and included if appropriate)
and eliminated from the Culvert chapter.

4. Section 5.3.3, Estimating Erosion at Culvert Outlets, will be shown as
a strike out in the first draft as it is questionable if professionals
routinely perform this analysis for culvert design in the valley.

5. The riprap apron design procedures are to remain as the FCDMC
requires consultants to design to these guidelines.

6. Culvert design with drop inlets (pages 5-15, Section 5.2.2.14, and 5-
27) needs clarification...is this referring to drops located immediately
upstream of culvert entrance or catch basin tying into the culvert. The
group is to review these passages to determine their intent.

7. The storage routing discussion will be shown as strike-out as the
procedures for routing are included in Volume 1. Hydrology. A
discussion of stage — discharge is to remain.

F. Other Business

1. Standards are to be relocated to “Volume Zero”. The new format will
be used to reference the standards in the margin (i.e. See Std. 5-1).
Global standards should have their own prefix.

2. Safety: Safety issues from each chapter are to be consolidated into
the introduction of Volume

3. The revised schedule was overviewed.

4, The timing and planning for presentations to senior management at
C.0.P. and FCDMC was discussed. A date certain will be set for the
presentation during the next meeting in April.

5. The DDMS-W is ready for release now. It was agreed that there was
no reason to hold off on its release.

6. Future agendas will try to separate hydrology issues from hydraulic
issues to be more efficient with the group’s time.

G. New Action ltems
Stantec

1. Finish first draft Planning for Volume 0

2. Finish Regulations second draft

3. Prepare first draft Standards for Volume O




MEETING NOTES

8 March 2000
Page 6 of 6

Reference: Drainage Design Manual

4, Start Hydrology Volume
5. Finish figures for Street Drainage, Storm Drains, Pump Station
6. Prepare second draft Open Channels
7. Prepare first draft Hydraulic Structures
8. Prepare First draft Culverts & Bridges
9. Finish Stormwater Storage
10. Prepafe recommendations for sedimentation
City of Phoenix
1. Review Planning, Regulations, Standards
2. Initiate internal policy review
3. The C.O.P. will look into having the shotcrete standard changed at
MAG.
FCDMC
1. The FCDMC is to coordinate with its maintenance department to
ascertain if shotcrete has greater maintenance issues than concrete
as a channel lining.
2. The FCDMC will develop guidelines for side channel spillways.
Interagency
1. Review Open Channels, Hydraulic Structures, and Culverts & Bridges

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer

immediately.

STANTEC CONSULTING INC.

Frank Thomas, PE
Project Manager

fwt p:\28900042\correspondence\meetingsisddm, mm 030800.doc




Meeting Notes

FILE: 82000042

Date: 16 May 2000
Place/Time: Stantec/1:00 pm
Next Meeting: 21 June 2000 @ Stantec, 1:00 pm
Attendees: City of Phoenix  Gary Benton, Ralph Goodall, Ray Acuna (late)*
FCDMC Kofi Awumah, Tim Murphy, Ed Raleigh,
Stantec Timberly Marek, Frank Thomas, George Sabol,
Scot Schlund*

KVL Consultants Ken Lewis*
* early departure

. Distribution: Attendees/Absentees

ltem:
A. Meeting Minutes Approval

No comments were received on the 12 April 2000 meeting minutes and they were so
approved.

B. Review Previous Action ltems

Stantec

1. A draft Powerpoint presentation has been prepared (as discussed below).
2. Stantec has investigated PageMaker vs. Word (as discussed below).

3. Final comments on the Street Drainage, Storm Drain, and Stormwater Storage
Chapters have been completed, figures are still in progress, and format is to be
finalized.

4. The Regulations Chapter of Volume 0 was distributed 5/15 with updated 404
regs.

5. Hydraulics Chapter- trash rack headloss write-up was completed.
6. An outline for the Sedimentation was developed and distributed 5/15.

KVL
. 1. - The software testing for the storm sewer software is starting to hold Ken back.
He recommended Chris Perry at FCDMC assist in the review of the software in
coordination with Pat Ellison. Ed Raleigh approved Chris’s involvement, with the
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task identified as taking the first round of detailed review. The City and Stantec
would undertake further review after the initial refinements were completed.

C. Presentation to C.0O.P. senior management

The draft C.O.P. Powerpoint presentation was shown to the attendees.
George Sabol provided an overview of the direction Stantec had taken for the first
portion of the presentation. More work is needed to integrate the presentation slides
from Stantec and the City to look more uniform. The manual maintenance slide
requires a title change so it will not be confused with maintenance of stormwater
facilities. A slide for stormwater facility maintenance needs to be added. A list of
C.O.P. internal invitees has been completed and will be amended to include Chuck
Williams at MCDOT and Mike Ellegood at FCDMC.

The schedule for the Presentation Sub-committee is as follows:

a. Meeting June 1, 10 AM at Stantec to further prepare presentation
b. Meeting June 8, 10 AM at Stantec to finish presentation if needed.
¢. Final graphics to be done by 6/7
d

Dry run presentation during week of 6/12 (2 days prior to
presentation).

e. Presentation week of 6/12 (Ralph Goodall is to identify date).

D. Discussion on Volume/Chapter Format

Volumes 1 & 2 are to retain the same titles as the existing documents. [t will
be up to each entity to title “Volume 0” as they see fit. The first page of Volumes 1&2
will have a list of agencies and municipalities that have formally adopted these
manuals.

Frank Thomas provided commentary on the use of PageMaker instead of
Word, which included a hand-out of relevant questions and answers prepared by
Timberely Marek. The benefit of PageMaker is that it is inherently more stable than
Word (i.e. less likely to crash), is less troublesome in terms of formatting for
equations and insertion of figures and tables, and it can handle much larger files.
The primary concern was the future availability of PageMaker and the availability of
trained personnel to use the software. On the other hand, staying with Word would
expose future revisions to formatting problems. Since PageMaker is provided by
Adobe and presently available to the City of Phoenix staff for use, the City’s position
was to use PageMaker. The cost for converting from Word to PageMaker was
estimated at $2000 (likely to be sub-contracted). The cost for software itself was
identified in the range of $300-$400. It was agreed by C.O.P. and FCDMC to use
PageMaker.
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E. Community acceptance of manuals

Ray Acuna indicated the need to start identifying the various controversial
issues associated with the manual, particularly the changes to policies and
standards. Elimination of on-lot retention was identified as an example of an issue
that could hinder acceptance of the manual. Frank Thomas is to provide Mr. Goodall
and Mr. Acuna with a list of items potentially controversial.

F. Culverts & Bridges

The culvert scour analysis section of the chapter is to be removed. Dr.
Awumah provided a simplified approach for checking headwall toe wall depth. It was
agreed to incorporate this analysis into the chapter pending receipt of reference
information.

G. Open Channel

The freeboard section is to be modified to identify FEMA freeboard
requirements for levees. Chemical interaction between soils and gabion basket
material is to be investigated by Stantec and FCDMC, with the gabion write-up
modified appropriately. Text is to be added recommending inspection of gabions
after major flow events. There were no additional comments offered for the Open
Channel Chapter. Mr. Goodall, shall finish his review and provide comments prior to
the next meeting.

H. Hydraulic Structures

Stantec has completed refinements to the trash rack headioss analysis and
incorporated them into the 2™ draft. Review of the first draft was deferred to the next
meeting.

l. Sedimentation

George Sabol overviewed the outline for the Sedimentation Chapter. He
explained the intent of the chapter as an introduction to the topic. The chapter will
provide references for further investigation, but it will not be a tool to dictate or guide
sediment transport analysis. The chapter is not going to be guidelines for sediment
transport modeling. The chapter is to provide application guidance for toe down (for
bank stabilization projects) and pier scour analysis. Pictures of representative
problems here in Maricopa County will be incorporated into the chapter. All are to
provide pictures for consideration for inclusion into the chapter.
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I. Introduction to Volume 2

Mr. Thomas identified the changes to the introduction chapter relative to the
first edition of the manual. Review of this chapter was deferred to the next meeting.

J. Other Business
No other business was identified.
K. New Action ltems
Stantec
Incorporate culvert toe down analysis into Culverts and Bridges 2™ draft.
Incorporate responses/comments to Regulations first draft.
Pat Ellison is to overview storm drain testing with Chris Perry (FCDMC) after June 1.
Prepare PowerPoint presentation.

Prepare list of potentially controversial issues associated with the proposed policies
and standards.

Move forward with conversion to PageMaker.

Investigate gabion material interaction with soils.

Finalize Open Channel Chapter pending receipt of comments from City & FCDMC.
Move forward with Hydrology tasks.

Incorporate figures into chapters.

City of Phoenix
Review Planning, Regulations, Policies, and Standards

Provide Stantec with changes to Policies and Standards prior to initiating internal
policy review

The C.O.P. will look into having the shotcrete standard changed at MAG.
Prepare PowerPoint presentation
Provide Stantec with its comments on Open Channel Chapter prior to next meeting.

Review first draft Hydraulic Structures Chapter

Review first draft of Volume 2 Introduction
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FCDMC
The FCDMC will develop guidelines for side channel spillways.
The FCDMC is to assist in the first level of software testing.

The FCDMC is to review issues associated with gabion basket chemical interaction
with soils and their ensuing longevity.

KVL
Prepare PowerPoint presentation.

Interagency

Review Volume Il Introduction, Open Channels, Hydraulic Structures, and Culverts &
Bridges

Provide representative pictures of sediment transport issues/problems for inclusion
into the Sediment Transport Chapter.

Prepare PowerPoint presentation

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer
immediately. )

STANTEC CONSULTING INC.

Frank Thomas, PE
Project Manager
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Date: »21 June 2000
Place/Time: Stantec/1:00 pm
Next Meeting: 26 July 2000 @ Stantec, 1:00 pm
Attendees: City of Phoenix  Gary Benton, Ralph Goodall
FCDMC Kofi Awumah, Tim Murphy, Ed Raleigh,
Stantec Frank Thomas
Distribution: Attendees/Absentees

. - ltem:

A. Meeting Minutes Approval

No comments were received on the 16 May 2000 meeting minutes and they were so
approved.

B. Review Previous Action ltems
Stantec
1. A Powerpoint presentation was made to City of Phoenix management 6/15.

2. Ken Lewis, Pat Ellison, and Chris Perry were meeting on 6/22 to go through
software testing. Ken Lewis decided not to change the web page format.

3. List of controversial issues provided to Ralph & Ray.

4. The Regulations Chapter of Volume 0 was distributed 5/15 with updated 404
regulations. The first round comments were addressed with a revised edition
distributed 5/22.

5. Culverts & Bridges Chapter- Culvert scour was evaluated as discussed further
beiow.

6. First draft of Sedimentation Chapter is 80% done. The completed first draft will
be distributed to the team by the end of July.

7. The first draft of the introduction to the City of Phoenix Policies and Standards
was completed and submitted (not previously identified as an action item).

. 8. The foreword preambles for the Hydrology and Hydraulics Manuals were edited
to incorporate an adoption page and accommodate third edition items (not
previously identified as an action item).
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9. Digital copies of the Hydraulic Manual chapters were provided to the City of
Denver’s representative, as the City is in the process of updating its drainage
manual.

C. Culverts & Bridges

The issue of scour analysis was not resolved. Frank Thomas presented
sensitivity analysis results that showed the Veronese equation yielding inconsistent
and questionable estimates of scour depth. Ed Raliegh and Kofi Awumah desire an
equation to estimate scour downstream of culverts. Stantec and Tim Murphy of the
FCDMC will do further investigation and evaluation to try to find a suitable equation.
Limits, such as minimum applicable velocity or minimum culvert size, may be
required for the selected equation. This chapter is complete pending resolution of
culvert scour.

D. Open Channel Chapter

Second draft comments were received from the City of Phoenix. Stantec will

now incorporate these comments and finalize that chapter. City of Phoenix will
pursue getting the MAG standard revised for shotcrete.

E. Hydraulic Structures Chapter

The trash rack hydraulic analysis methodology was modified to permit
evaluation of ponded conditions expected at detention facilities. The analysis for
cuiverts was reliant upon angle of approach and approach velocity which made the
original methodology difficult to apply in ponded situations. The FCDMC is still

evaluating side channel spillways. Stantec is to revise the second draft to put a place

holder in the chapter for side channel spillways, incorporating references to be
supplied by FCDMC. If the FCDMC does not develop or find a methodology to its

satisfaction, then the issue will be handied by referring the designer to specific
references.

The FCDMC requested additional work on the weir section. Specifically,
definitions for sharp and broad crested weirs are to be incorporated. In addition, “C”
values for roadways as broad crested weirs are to be identified. The State standards
for stormwater basins are to be reviewed by Stantec for applicable discussions on
outflow from basins.

The channel access portion of the chapter is to be edited to eliminate
reference to 6:1 or flatter side slopes as not needing access ramps.

First round comments are pending from the City of Phoenix.

F. Introduction Chapter to Hydraulics Manual

Stantec corrected reference to drop height as 2.5’ maximum instead of 3.
Kofi Awumah provided his first round comments on the chapter. Comments on are
needed from the rest of the team. Review of this chapter was deferred to the next

meeting.
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G. Hydraulics Manual Chapter 2- Hydrology

A marked up hard copy of this chapter was provided to the attendees for
review and comment during the meeting. Stantec will incorporate the comments
received into the second draft for further review and comment at the next meeting.

H. Forewards/Preambles to Hydrology and Hydraulic Manuals

A marked up hard copy of the foreward portions of the Hydrology and
Hydraulic manuals was provided to the attendees with extra copies provided to
FCDMC for internal dispersal. Stantec recommended changes to make these pages
consistent for both manuals. Specifically, an adoption page was added to both, the
acknowledgement sections were streamlined, and the revision pages for the
Hydrology Manual were proposed fo be relegated to the introduction chapter.
Reference to Volumes | and 1l are to be eliminated to avoid further confusion.
Volume | is to be referred/labeled as Hydrology Manual. Volume llis to
referred/labeled as Hydraulics Manual.

The issue of dating versions of the manual was discussed as it was not
known whether a date should be on the front title page. Frank Thomas identified
verbage in the foreword that indicated that the manual(s) were to be posted on the
web and continually updated. The issue of updating and archiving the manual is to
be discussed at the next meeting with specific input sought from Ken Lewis and
Timberly Marek. Framemaker is to be investigated to see what options it may have
for tracking changes.

Stantec was given permission to proceed with the edits in strike-out format for
review by the team.

l. Sedimentation
Pictures of representative problems here in Maricopa County were provided
by Tim Murphy. These are to be returned to FCDMC.

J. Other Business

Stantec is to provide a copy of the most recent versions of all chapters in the
Hydraulics Manual to the team along with status of each chapter.

No other business was identified.
K. New Action items
Stantec

Identify suitable equation with FCDMC and incorporate culvert toe down/scour
analysis into Culverts and Bridges 2™ draft.

Modify first draft of Chapter 2 Hydrology of the Hydraulics Manual.
Finalize Open Channel Chapter by incorporating City of Phoenix comments.

Incorporate responses/comments to Regulations and Planning first drafts pending
receipt from City. Assist City of Phoenix in facilitating review of draft policies.




Stantec

MEETING NOTES
21 June 2000
Page 4 of 4

Reference: Drainage Design Manual

Modify side channel spillway section in Hydraulic Structures Chapter to include
FCDMC supplied references. Stantec will modify the discussion on weirs and
channel access ramps.

Provide team with first draft of Sedimentation Chapter by end of July.
Modify Preambles to Hydrology & Hydraulic Manuals

Move forward with conversion to PageMaker.

Incorporate figures into chapters.

Stantec is to provide a copy of the most recent versions of all chapters in the
Hydraulics Manual to the team along with status of each chapter.

City of Phoenix

Review Planning and Regulations. Provide Stantec with changes to Policies and
Standards prior to initiating internal policy review

Facilitate internal review of Policies, and Standards

The C.O.P. will look into having the shotcrete standard changed at MAG.
Provide Stantec with its comments on Hydraulic Structures Chapter prior to next
meeting.

FCDMC

The FCDMC will develop guidelines for side channel spillways.

The FCDMC is to assist in the first level of software testing.

The FCDMC will assist Stantec in identifying an appropriate scour equation for use in
estimating culvert toe wall/rip-rap requirements.

Interagency

Review & comment on Hydraulics Manual Introduction and Forewords/Preambles to
Hydrology and Hydraulic Manuals

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer
immediately.

STANTEC CONSULTING INC.
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Frank Thomas, PE
Project Manager
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Date: 26 July 2000

Place/Time: Stantec/1:00 PM

Next Meeting: 06 September 2000 @ Stantec, 1:00 PM

Aftendees: City of Phoenix  Ray Dovalina (part-time) , Ralph Goodall

FCDMC Kofi Awumah, Ed Raleigh,
Stantec Carlos Carriaga (part time), Frank Thomas

Distribution: Attendees/Absentees

Item:

A. Meeting Minutes Approval

No comments were received on the 21 June 2000 meeting minutes and they were so
approved.

B. Review Previous Action Iltems

Due to the reduced agenda items, previous action items were addressed within the
context of each agenda item.

C. Hydrology Manual Update and Overview of Hydraulic Manual

Frank Thomas gave a brief overview of the issues presently being addressed in the
Hydrology Manual. The focus is presently on the ADOT (indirect method) regression
equations and whether these needed updating for 10 more years of record and the
addition of 80 more gages. There has been on-going discussion as to the extent of
the data base to be included, i.e. limit the gage data to Maricopa County or the entire
State. It was concluded to include gages outside the county as they provide useful
information in hydrologically similar basins. George Sabol, Mike Gerlach, and Amir
Motemedi have been coordinating on these issues. A more thorough overview of the

Hydrology Manual status will be provided at the next meeting.

Frank Thomas gave a chapter by chapter status for the Hydraulics Manual as
identified previously in an email to the team. An updated manual with the latest
versions of each chapter was provided to the team 7/21/00. It was identified that the
adoption of the Hydraulics Manual would be carried out by the City Council and
sponsored by Streets.




MEETING NOTES
21 June 2000
Page 2 of 2

Reference: Drainage Design Manual

D. Culverts & Bridges Chapter

A sensitivity analysis of the HEC-14 scour equation for cohessionless material (0.2
mm sand & 2.0 mm sand) was provided for discussion. Here, the assumptions in the
analysis were identified. It was agreed to utilize both equations presented. Stantec
is to revise that portion of the chapter and re-distribute. '

Kofi Awumah suggested that a minimum toe-down depth be identified. Frank
Thomas indicated that standards were to be specified in “Volume Zero”. A reference
to the standards for toe-down is to be incorporated into the Chapter 5 text. Finally, it
was determined that a safety factor need not be applied to the results of the scour
equation based upon recommendations identified in “Municipal Storm Water
Management” by Debo & Reese.

E. Manual Preamble/Foreword

Ed Raleigh suggested that the Foreword include a section on Revisions that
discussed in general terms the changes that have occurred on a chapter by chapter
basis. The C.O.P. was subsequently satisfied with the Foreword

Frank Thomas related a conversation he had with Ken Lewis regarding the
documentation of manual revisions. Here, the two issues seem to be the
documentation needed for some future retrieval of archived versions to support legal
proceedings and the documentation of changes that would be helpfui those
designers in the middle of a project at the time of a change. Ken Lewis suggested a
separate on-line document to track/list changes in detail. The only change to the
manual itself would be a change in the date on the front cover (“Last Updated...”).

Further comments on the Preamble/Foreword were deferred, pending review by Tim
Murphy at FCDMC.

F. Introduction Chapter to Hydraulics Manual

Discussion of this chapter was deferred until the next meeting.

G. Hydraulics Manual Chapter 2- Hydrology

The first draft changes were accepted. Stantec is to revise and submit the second
draft for the team to review.

H. Chapter 7 — Hydraulic Structures

The drop structure section requires review of maximum height and minimum step
length to strike dimensions in conflict with those in the Chapter 1, Safety Section.
Here, the maximum height desired is 2.5’ with a minimum step length of 6.

Frank Thomas identified that he had updated definitions for sharp and broad crested
and identified “C” values for roadways as broad crested weirs.
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The discussion on low flow check structures is to be re-written as a discussion on
grade control structures. In addition, a new section is to be added to discuss
groins/dikes. One reference to be reviewed for guidance is the “Highways & Riverine
Environments” by FHWA.

Ed Raleigh indicated that he expected their internal evaluation/review of side channel
spillways to be complete within the next couple of weeks. This document would
identify FCDMC’s preferred method(s). He would provide a copy to Stantec.

I. Other Business

No other business was identified.

K. New Action Items

Stantec

Incorporate culvert toe down/scour analysis into Culverts and Bridges 2™ draft,
Distribute second draft of Chapter 2 Hydrology of the Hydraulics Manual.

Incorporate responses/comments to Regulations and Planning first drafts pending
receipt from City. Assist City of Phoenix in facilitating review of draft policies.

Review side channel spillway document from FCDMC.

Modify Preamble/Foreword to Hydraulic Manuals pursuant to comments to be
received from Tim Murphy. Stantec is to summarize changes to the chapters (briefly)

Modify Hydraulic Structures Chapter to include discussions on groins and guide
dikes. Modify low flow check structures to grade control structures. Review drop
structure discussion for references to maximum height and minimum step length.
Review and incorporate changes provided by FCDMC

Move forward with conversion to PageMaker.
incorporate figures into chapters.

City of Phoenix

Review Planning and Regulations. Provide Stantec with changes to Policies and
Standards prior to initiating internal policy review

Facilitate internal review of Policies, and Standards
Look into having the shotcrete standard changed at MAG.

FCDMC
Complete guidelines for side channel spillways.

Assist in the first level of software testing.
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Interagency

Review & comment on Hydraulics Manual Introduction, 2™ draft of Chapter 2, Toe-
down/scour equation portion of Chapter 5, and 2" draft of Hydraulics Structures
Chapter.

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer
immediately.

STANTEC CONSULTING INC.

Frank Thomas, PE
Project Manager
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Date: 06 September 2000

Place/Time: Stantec/1:00 PM
Next Meeting: 11 October 2000 @ Stantec, 1:00 PM
Attendees: City of Phoenix  Ray Acuna, Gary Benton, Ralph Goodall, Jason
' Turnbaugh
FCDMC Kofi Awumah, Amir Motamedi, Ed Raleigh,
Stantec Mike Gerlach (part time), George Sabol, Scot

Schiund (part time), Frank Thomas

Distribution: Attendees/Absentees

Item:
A. Meeting Minutes Approval

No comments were rece:ved on the 26 July 2000 meeting minutes and they were so _
approved.

B. Review Previous Action ltems
Stantec undertook the following:
Distributed Sedimentation Chapter.

Incorporated culvert toe down/scour analysis into Culverts and Bridges 2™ draft and
distributed.

Distributed second draft of Chapter 2 Hydrology of the Hydraulics Manual.

Modified Hydraulic Structures Chapter to include discussions on groins, guide dikes,
and grade control structures. Reviewed and modified drop structure discussion for
references to maximum height and minimum step length. Reviewed and
incorporated changes provided by FCDMC. Distributed to team.

C. Hydrology Manual Update

Mike Gerlach gave an overview of the issues presently being addressed in the |
Hydrology Manual. The focus is presently on the two indirect verification methods, as
presented in the ADOT Manual, that employ regression equations and whether
these need updating for 10 more years of record and the addition of more gages.
There has been on-going discussion as to the extent of the data base to be included,
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i.e. limit the gage data to Maricopa County or the entire State. Stantec will not be
undertaking statistical analysis of the new gage data as it applies to the USGS
regional regression equations (Method 3 of the ADOT Manual). Stantec is still
working on the applications for more frequently occurring storm events.

There was an in depth discussion as to eliminate Chapter 7 and incorporate
examples into each chapter since many users apparently do not utilize this chapter.
The FCDMC desires a consolidated example that steps through the major topics of
each chapter. The issue was left unresolved.

Amir Motamedi asked the City of Phoenix if they were satisfied with the evolution of
the Hydrology Manual, citing past concerns with the complexity of previous edition.
Ralph Goodall indicated his acceptance of the technology and that the new version
was indeed becoming more user friendly. He suggested that the manual be peer
reviewed. George Sabol asked if the City had a project that could be design via the
existing methods and the revised methods as a test. The mechanism for peer review
was left for further consideration.

Ed Raleigh brought up the issues pertaining to the time of concentration calculations. .
George Sabol reiterated the intent of the original edition that was to promote
hydrological methods that were accurate, reproducible, and practical. He
acknowledged that the method for time of concentration may have leaned more
towards accuracy than practicality, but this parameter was of utmost importance. The
FCDMC is evaluating those issues and will get back to the team.

Stantec is to assume that the reader has knowledge and basic understanding of
HEC-1 as it updates the chapters.
D. Introduction Chapter to Hydraulics Manual

Ali references to Volume | and Volume Il are to be changed as appropriate (this is to
be done for all chapters). Stantec will incorporate the FCDMC comments and finalize
the chapter. '
E. Chapter 2 Hydrology

Chapter 2 was accepted. Stantec is to finalize this chapter.
F. Culverts & Bridges Chapter ,
Stantec revised the scour analysis portion of the chapter. The changes were

accepted.

G. Chapter 7 - Hydraulic_ Structures

The drop structure section was revised for maximum height and minimum step length
to strike dimensions in conflict with those in the Chapter 1, Safety Section. Here, the
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maximum height desired is 2.5” with a minimum step length of 6. Groins, guide
dikes, and grade control structures were added. Low flow check dams were
removed. Pending resolution of side channel spillways by the FCDMC and
incorporation of comments, Chapter 7 is complete. Stantec is to finalize the- chapter
and leave a place holder for side channel spillways.

H. Chapter 10 Sedimentation

Two issues were discussed. First was a general discussion pertaining to the overall
approach to the chapter. Stantec understood that the chapter was to be an
introduction to the topic to enlighten the uninitiated such that the user would have
knowledge of the terms and processes associated with sedimentation. Kofi Awumah
suggested a format that took the reader from a qualitative approach to a quantitative
approach in a three tier process. The FCDMC will evaluate its desires for the chapter -
and get back to the team.

l. Other Business

There was a discussion pertaining to the beta testing of the Chapter 4 software
reflecting the City of Phoenix’s appreciation of the FCDMC'’s efforts. Ed Raliegh is to
send Stantec their scope/schedule for this testing.

Stantec is o complete summaries of the changes made to each chapter for inclusion
in to the Preamble/Foreword.

K. New Action Items
Stantec

Finish first draft of Chapters 2 through 6 and 8 of the Hydrology Manual and
distribute.

Review side channel spillway document from FCDMC,

Finish modifying Preamble/Foreword to Hydraulic Manuals to summarize changes to
the chapters (briefly) and distribute.

For all chapters, all references to Volume | and Volume Il are to be changed as
appropriate.

Stantec will incorporate the FCDMC comments and finalize Chapter 1.

Stantec is to finalize Chapter 2.
Stantec is to finalize Chapter 5.

Stantec is to finalize Chapter 7, leaving a place holder for side channel spillways
which is to be provided by FCDMC.
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Move forward with conversion to PageMaker.
Incorporate figures into chapters.

City of Phoenix
Facilitate internal review of Policies, and Standards

FCDMC

Evaluate needs for Sedimentation Chapter relative to the first draft.
Resolve time of concentration issues for the Hydrology Manual.
Look into having the shotcrete standard changed at MAG.
Complete guidelines for side channel spillways.

Assist in the first level of software testing.

Interagency
Review Hydraulics Manual Preambie/Foreword.

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer
immediately.

STANTEC CONSULTING INC.

Frank Thomas, PE
Project Manager
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Date: 11 October 2000

Place/Time: Stantec/1:00 PM

Next Meeting: 08 November 2000 @ Stantec, 1:00 PM

Attendees: City of Phoenix  Gary Benton, Ralph Goodall (late)

FCDMC Kofi Awumah, Ed Raleigh, Tim Murphy
Stantec George Sabol (late), Frank Thomas

Distribution: Attendees/Absentees

item:

A. Meeting Minutes Approval

. No comments were received on the 06 September 2000 meeting minutes and they

were so approved.
B. Review Previous Action Items

Stantec undertook the following:

e Finished first draft of Chapter 2 and distributed at the meeting along with a hand
calculation example.

¢ Reviewed side channel spillway document from FCDMC.

Distributed modified Preamble/Foreword to Hydraulics Manual that summarized
changes to the chapters.

* Removed all references to Volume | and Volume Il from Hydraulics Manual.
Incorporated final comments on second drafts for Chapters 1, 2, 5, & 7 (left a
placeholder for side channel spillways).

Acquired Framemaker software.
¢ Modified Policy chapter to include water quality policy statement.

C. Schedule Update

Frank Thomas overviewed schedule as follows:

e Framemaker conversion of Hydraulics Manual targeted to be completed in
early December for Chapters 1-9, with Chapter 10 completion pending
outcome of 10/11/00 meeting.

* To expedite the Hydrology Manual, Stantec will not let meeting schedule

. dictate submittals, but rather, will send out chapters upon completion and will
allow 10 days review prior to starting the next draft. Stantec will target
completion of 2™ draft by end of December.
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e With 3 of the 7 meetings completed for the C.O.P. Policies & Standards
Manual, it appears that first round of internal facilitation will not be completed
by mid-December as hoped.

D. Discuss Preamble/Foreword

Minor written comments were received from Kofi Awumah. No other comments were
received.

E. Geotechnical Engineering Studies and Other Areas of Expertise

Chapter 8 contained verbage identifying requirements for geotechnical engineering
expertise. This section was previously flagged for further discussion. The issue at
hand was the need to identify other areas of expertise that may reasonably be
expected in some drainage projects. It was decided to utilize much of the verbage in
Chapter 8 in a stand alone section of the introduction chapter to highlight some of the
other disciplines utilized in drainage design and stormwater management. The
application of structural and environmental engineering shall be included in this
section.

In addition, the discussion in Chapter 8 was to be clarified for embankments over 2.5’
of hydraulic height, with hydraulic height defined.

F. Chapter 4: Storm Sewer Chapter revisited

In lieu of examples based upon the forthcoming storm sewer software, it was
accepted that Stantec would provide “hand” calculations that would exemplify the key
points of the chapter. Stantec recommended, and it was accepted, that the freeboard
depicted in the hydraulic grade line figure would not depict a set distance as this
would be relegated to the standards of a particular jurisdictional entity.

G. Chapter 10 Sedimentation

The FCDMC identified that it accepted the chapter content but requested that an
outline of the sedimentation analysis process be included analogous to the one
provided in the open channel chapter. Labeling levels of analysis was not necessary.
The steps in the analysis process would include links to other relevant
chapters/sections in the manual. This outline would include the caveat that the
checklist was not inclusive. The chapter will provide additional references to be cited. |

The erosion setback discussion was satisfactory as is.
The sand & gravel mining section was to provide references only, (3 from FCDMC,

and one from George Sabol) as the analysis required for these facilities is beyond the
scope of the chapter.

H. Other Business
Stantec is to include the hydrology figures in its distribution of draft chapters.
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I. New Action ltems

Stantec

Complete and distribute remaining 1% drafts of Hydrology Manual Chapters
Finalize Preamble/Foreword, incorporating FCDMC comments.

Modify geotechnical text in Chapter 8, Add Section 1.5 (additional prof. resources)
Finish examples for Chapter 4, Storm Sewers

Prepare & distribute 2™ draft of Chapter 10, Sedimentation

Move forward with conversion to FrameMaker.

Incorporate figures into chapters.

City of Phoenix
Facilitate internal participation & review of Policies and Standards Manual

FCDMC

Resolve time of concentration issues for the Hydrology Manual.
Look into having the shotcrete standard changed at MAG.
Complete guidelines for side channel spillways.

Assist in the first level of software testing.

Interagency
Review Hydrology Manual chapters as they become available.
Review 2™ draft Chapter 10, Sedimentation

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer
immediately. STANTEC CONSULTING INC.

Frank Thomas, PE
Project Manager

fwt p:\28900042\correspondence\meetings\sddm, mm 101100.doc
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Date: 13 December 2000

Place/Time: Stantec/1:00 PM
Next Meeting: 18 January 2001 @ Stantec, 1:00 PM
Attendees: City of Phoenix

FCDMC Amir Motamedi, Tim Murphy. Joe Rumann, Kofi
Awumah
Stantec Frank Thomas, George Sabol, Mike Gerlach

Distribution: Attendees/Absentees

, ltem:
. A. Meeting Minutes Approval

No comments were received on the 08 November 2000 meeting minutes and they
were so approved.

B. Identify Modifications to Chapter 10, Sedimentation, discuss 3 tier approach
& establish schedule to finalize

George Sabol gave an overview of the changes made to the chapter. Several
sections were re-written to eliminate copy right issues. These sections were not
done in strike-out format since the substance of the sections remained
unchanged. The reference list was expanded to include additional documents for
the interested reader.

The section entitied “Approach To Sedimentation Analysis” was discussed in
length as to clarifying procedures. Stantec shall make the revisions and distribute
to FCDMC for review (completed12/15/00).

Stantec received photos from FCDMC for the Sedlmentatlon chapter that it shall
review and insert as appropriate.

The schedule for completion of this chapter was set to the second week in
January.

C. Chapter 2 Hydrology Manual

. The depth area reduction factors for the 6 and 24 hour storms were discussed
with the intent of making them the same for the applicable overlap areas. This
chapter is ready to be finalized.
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D. Chapter 6 (Routing) Hydrology Manual

The Muskingum-Cunge routing method was discussed in terms of its validity of
results and applicability to the watercourses in Maricopa County. It was
concluded that while its results may be questionable for most watercourses in
Maricopa County, it is an acceptable method for large rivers and therefore, should
stay in the manual. The FCDMC does not use this method on its projects and its
use should be cautioned. '

Chapter 6 is ready for finalization.

E. Chapter 4 (Rainfall Losses) Hydrology
The procedure outlined in the chapter needs to be checked with that in DDMS-W.

A footnote should be added to explain that the assumption of soil horizon
saturation by irrigation is not valid for large drainage areas since irrigation delivery
schedules preclude coverage over large areas at one time. The FCDMC will
provide comments within two weeks. ‘

The three soil reports for Maricopa County not previously summarized within the
Manual should be included at the FCDMC'’s discretion.

‘Upon completion of the first two items, Chapter 4 is ready for finalization.

F. Chapter 5 (Unit Hydrograph Procedures)
This chapter was tabled until the next meeting.

G. Chapter 3

The IDF from PREFRE was accepted to replace the present Phoenix Airport

. information. The lower limit for the time of concentration was suggested to be 10
minutes instead of 5 minutes with the understanding that little harm would come
with this change and that the 5 minute minimum would result in over designing
infrastructure. The FCDMC will verify its position on this matter. A note is to be
added to the text indicating that the 10 minute minimum should not be used for
the design of roof drainage.

This chapter is on hold until Ken Lewis is done with his model development.
H. Chapter 8 — Iindirect Methods

Methods 1 & 3 have been reviewed with minimal changes. Stantec is still
grappling with determining which database is the most applicable to use for
Method 2.

The issue of using the existing methodology for more frequent storms is still
under consideration by Stantec. The FDCMC is going to assess more frequent
storms as a percentage of the 100 year for certain gauged basins.
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I. New Business

Stantec reported that it was almost finished incorporating revisions to Chapter 4,
Storm Sewers (Hydraulics Manual) as requested by FCDMC. Only one change

remained which is to be resolved in the near term.
J. New Action items
Stantec
Provide KVL and FCDMC with Chapter 4 Storm Sewer example calculations
Finalize Chapters 2, 4, and 6 of the Hydrology Manual
Address questions pertaining to Chapter 4 example.
Finalize Chapter 10, Sedimentation of the Hydraulics Manual, incorporate photos
Finalize Chapter 4 of the Hydraulics Manual '
Move forward with conversion to FrameMakér & incorporate figures into chapters.

City of Phoenix
Facilitate internal participation & review of Policies and Standards Manual

FCDMC

Resolve minimum time of concentration issues for the Hydrology Manual.
Look into having the shotcrete standard changed at MAG.

Complete guidelines for side channel spillways.

Assist in the first level of software testing.

Interagency

Review Hydrology Manual chapters as they become available and provide Stantec

with comments.

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer
immediately. STANTEC CONSULTING INC.

Frank Thomas, PE
Project Manager
mg p:\28900042\correspondence\meetings\sddm, mm 121300.doc




FLOOD CONTROL DISTRICT
of
Maricopa County

Interoffice Memorandum

Date: - December 21, 2000
TO: Bi1Z
VIA: MAL

FROM: RPH

SUBJECT: Drainage Design Manual for Maricopa County Volume II, Hydraulics, Storm

Drains Design Section, Example Problem Review Comments

I have reviewed the subject materials and offer the following comments:

. General

D)

2)

3)

4)

In order to illustrate the application of flow depth in the junction loss equation, the example
problem should include a pipe segment and junction for which partial flow conditions
prevail. Please address._Reply. We acknowledge that the above approach would illustrate
calculation of junction losses under partial flow, but feel that typical application/design

would not call for partial flow (i.e. we design our system to flow full under design conditions

in order to minimize cost)

For junctions where the two in-line pipes are the same size, the transition loss element of the
junction loss equation should be replaced with equation 4.10 (currently the manhole loss
equation), since the feature is better considered a manhole, than a contraction or expansion.
Reply: We use the manhole equation when there is not a third pipe . When there is a third
pipe, we use junction loss equation.

For junctions where the two in-line pipes are not the same size, the transition loss element of
the junction loss equation should include absolute value brackets around the velocity heads,
and either a contraction or expansion coefficient, K. Please revise accordingly._Reply:
Revised as requested.

The signs (+/-) of the “Z” elements in the junction loss equation should be reversed. Please
address. Reply: These equations have been checked.
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. 5)

6)

7)

Given comment number 2, above, the manhole loss calculated in section 4.4.2 Would be
redundant. Please address. Reply: See item 2 response.

In order to illustrate a method to determine the most cost effective designed connector pipes,
I suggest that the example problem include the following approach.

Given the catch basin inlet elevation and the current design constraint that there should be at
least 1’ difference between that elevation and the catch basin HGL elevation, an allowable
head loss (AHL) for the connector pipe would be: AHL=(CB inlet elevation-1’)-(trunkline
HGL elevation). Then the following equation could be solved by iteration:

AHL=V2/2XG(1+K6+(5.3 9xN/R*’Y’xL).
Where:

V=pipe full flow velocity of selected pipe
G=gravitational acceleration

K =entrance loss coefficient
N=Manning’s roughness coefficient
R=hydraulic radius of selected pipe
L=pipe length

When the results of the right-hand side are slightly below the left-hand side, the designer
should stop iterations and select the next largest sized pipe. For application towards the
example problem, I recommend that one of the catch basins be large, such as a P1569 M-2,
L=17’, which has a total opening width of 37°. Then the equation above could be applied to
determine best pipe size. Reply. Alternatively, don’t most designers use ground slope as an
approximation of energy slope and design pipe by trial and error? Is the above method more
efficient or easier? Please provide further guidance.

By reducing the number of pages and/or inferring some calculations to avoid redundancy, a
shorter example problem may promote designer interest. Twenty-six pages seems like too
many. Please address. Reply: Yes, there is an opportunity to reduce the number of pages by
using independent/unrelated examples to illustrate the equations/methodologies highlighted
in the chapter. However, we thought that the analysis of a complete system would be more
illustrative for the uninitiated.

Page 1

1) The example problem schematic labels should be enlarged to improve legibility. In addition,
catch basin inlet elevations should be shown instead of top-of-curb, since they are more

important in determining the most efficient design. Please revise accordingly. Reply: The labels
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will be enlarged. We felt that since the "V depth is called out in the standards as from the top
of curb, that top of curb was more appropriate than gutter elevation.

Page 2

1) Under “Given, Item 10, the listed feature J010020 could not be found on the SD schematic.
Please check. Reply: This has been corrected.

2) Since 21” pipe is not commonly available commercially, the problem may be improved by
using a 24” pipe instead.

3) Anadded “Given” item should be a design constraint target for the catch basin HGL
elevation to be at least 1° below the catch basin inlet elevation. Please address. Reply. This
has been corrected,

Page 3

s

4) As described in item 2.2.2, the location of the invert is not clear. I was given the initial
impression that the location was at the retention basin, not the up-pipe invert. A better
description is needed. Reply: This has been corrected.

Page 5

1) Initem 2.6.3, first line, the word “form” should be changed to “form”. Please address._
Reply: This has been corrected,

2) The catch basin ID’s listed on this page should begin with a zero to be consistent. Please
address. Reply: This has been corrected.

Page 6

1) Contrary to what is described in section 2.10.1, the Tc for the system flows at the lower end
of the listed pipes (ending at 010030) will be longer due to travel times. Therefore the peak
design flows will be less (this approach is applied further on in section 3.2). Please revise
accordingly. Reply. Technically, you are correct, but we designed the system for the peak
discharge entering the storm drain. Since there were not any additional inflows from
laterals, we used the peak flow into the storm drain. In addition, there is not enough storage

in the storm drain to justify routing down the peak, so we would suggest leaving the problem

as is.

Page 9
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. 1) Based upon the description in section 4.2.1, shouldn’t the starting HGL listed in section 4.2.4
be equal to 1270.59°. Please check and revise all subsequent results accordingly._Reply: We
used the water surface in the retention basin at the time of peak discharge.

Page 10

1) The units of S, should be listed as in ft/ft. Please address. Reply: This has been corrected. |

Page 14

1) Aslisted in section 4.6.2, figure 4.8 and equation 4.10 are not numbered the same. Please
check/explain._Reply: Figure 4.8 and equation 4.10 are from Chapter 4, Storm Drains, of
the Hydraulics Manual. We assumed that the reader would know that since the example is
part of Chapter 4. Perhaps, we need clarification of vour concern.

Page 25

1) Table E-4 should be revised to include a column that shows depth of flow in the pipe. Please
add. Reply: Table E-4 shows crown elevation and HGL. We presumed that flow depth, if
partial, could be inferred from that information....again, the premise we were under was that
the example reflect typical design situations, including full flow for cost effectiveness.

. Page 26

1) Table E-5 should be revised to include columns for catch basin inlet elevations, catch basin
HGL elevations, and the difference between the two, to prove that design criteria are met.

Reply: This has been corrected,
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Meeting Notes

FILE: 82000042

Date: 8 February, 2001

" Place/Time: Stantec/1:00 PM
Next Meeting: 21 March, 2001 @ Stantec, 1:00 PM
Attendees: City of Phoenix  Ralph Goodall, Gary Benton

FCDMC Amir Motamedi, Tim Murphy. Joe Rumann, Kofi
Awumah .
Stantec Frank Thomas, George Sabol, Mike Gerlach
KVL Ken Lewis

Distribution: Attendees/Absentees

Item:

1. Meeting Minutes Approval

No comments were received on the previous meeting minutes and they were so
approved. '

2. DDMSW Procedures

Mike Gerlach discussed differences between computational procedures presented in
the Manual and the computerization of those procedures as implemented in
DDMSW, specifically in regard to the computation of rainfall losses and the Clark unit
hydrograph. The discussion of these differences was focused on the original intent of
the procedures in the Manual and the process of following the procedures from a
user prospective. Specific items addressed were the input and selection of the Kb
parameter, vegetative cover percentage and surface retention parameter as they
relate to land use and soils.

Ken Lewis provided input and background as to why Kb, vegetative cover and
surface retention are only input options relating to land use and offered several
suggestions to resolve the procedural differences. Amir Motamedi, Kofi Awumah and
Joe Rumann provided input as to the appropriateness of where those input data
should be entered. Amir Motamedi concluded the discussion by pointing out that the
procedural differences were not fatal flaws with the program and that specific testing
of DDMSW would be appropriate following the procedures as outlined in the Manual.
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Ken Lewis suggested that he and Mlke Gerlach should meet to work through an
example together.

3. Hydrology Manual Status

Mike Gerlach stated that comments regarding the Chapters submitted for review at
the previous meeting (Introduction, Chapter 1, Chapter 2, Chapter 4, Chapter 5 and
Chapter 6) have been incorporated into a final version with the exception of Chapter
5. Amir Motamedi stated that the FCDMC had no comments other than purely
editorial on Chapter 5. Amir Motamedi also stated that there are no current plans to
revise the Tc equation at this time. Chapter 5 is ready to be finalized.

Comments on the first draft of Chapter 3 were provided by all attendees from the
FCDMC. The comments focused primarily on the limitations of the application of the
Rational Method, particularly in regard to the drainage area and routing limitation. It
was suggested that the wording of the routing limitation be taken from the Hydraulics
Manual. Amir Motamedi provided a table of runoff coefficients (taken from existing
publications) that should be considered as a replacement of the current table. The
values in the new fable would be based on dwelling units per acre and could be
extended to all jurisdictional zoning. Frank Thomas suggested that the runoff
coefficient table be moved to the policies and standards manual. Stantec was
directed to prepare an example using values recommended by the City of Phoenix
and values recommended by the FCDMC. Joe Rumann pointed out that a minimum
value for Tc of 10-minutes was agreed upon at the previous meeting and that that
limitation was not incorporated into the first draft.

Mike Gerlach provided an overview of the contents of Chapter 8. Also discussed was
an analysis of gage data as it relates to Indirect Method 2. Mike Gerlach stated that
the results of the gage data analysis indicated that adoption of the data as presented
in the ADOT Manual and the State Standards is appropriate. Comments on the first
draft of Chapter 8 were provided by all attendees from the FCDMC. Kofi Awumah

‘suggested that the word “verification” is inappropriate and should be changed. Kofi

Awumah also suggested that the maximum discharge data set and regression
equation for Method 2 is not a particularly important “verification” tool and should be
eliminated. Amir Modamedi suggested that somef/all data points shown on the
figures for Method 2 be eliminated as it is difficult to use. Removal of the maximum
discharge points would help in this regard. It was also suggested by many to provide
the data digitally so that data points of interest could be selected for plotting and that
this data could be incorporated into DDMSW. Amir Motamedi also suggested that
elimination of curves G, H and possibly C from the data set for Method 1 would
provide a maximum discharge data set only, this would then support removal of the
maximum discharge data set from Method 2.
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4, 2- and 5-Year Storm Procedures

Mike Gerlach provided a discussion of a method for modeling of the more frequent
storm events. The proposed method would apply a factor to the 100-year runoff
hydrograph. The factor would be based on an analysis of gage data. A table
presenting a summary of simple statistical analyses of various subsets of the overall
data set was distributed. Included on the table were factors from three independent
sources. George Sabol added a discussion as to the need and reason for the
development of a procedure for modeling more frequent runoff events. A lively
discussion ensued with comments, concerns and questions offered by all attendees.
Amir Motamedi summarized and concluded the discussion by stating that this issue
can be resolved by answering three questions:

1. Is there a need to have a specific procedure other than simply changing the
rainfall depth and rerunning DDMSW,

2. If so, what are the sensitive parameters, i.e. rainfall, rainfall losses, routing,
etc., and

3. What changes to these parameters would be necessary to achieve
reasonable results for the more frequent events.

George Sabol requested that Stantec begin testing of existing studies to answer
those questions. Amir Motamedi directed Stantec to begin the testing.

5. New Action Iltems
Stantec will finalize Chapters 3, 5 and 8 and begin testing on select watersheds.
6. Next Meeting

The next meeting is scheduled for 21 March, 2001.

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer
immediately. STANTEC CONSULTING INC.

Mike Gerlach, PE
Project Engineer
mg p:128900042\correspondence\meetings\sddm, mm 020701.doc
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Date: 25 September, 2001
Place/Time: Flood Control District/1:00 PM
Next Meeting: 23 October, 2001
Attendees: FCDMC Amir Motamedi, Tim Murphy, Tom Loomis
Stantec Frank Thomas, George Sabol, Mike Gerlach
Distribution: Attendees/Absentees

George Sabol began by providing Tom Loomis with a general history and
background of the project since its inception. Key items discussed were

Intent of the original contract under the City of Phoenix and the needs for a
manual from that perspective,

Inclusion of the Flood Control District in the decision making processes and
the general adoption of current Flood Control District methodologies with the
recognition that certain procedural and methodological updates were
necessary, and

General layout and organization of the manual as a finished product.

Frank Thomas continued by providing Mr. Loomis with an overview, current status
and general content of the Policies and Standards Manual as well as the Hydraulics
Manual. Key items discussed were:

Mike Gerlach concluded the meeting by providing Mr. Loomis with an overview,
current status and general content of the Hydrology Manual. Key items discussed

were:

Status of each chapter as well as the general nature of the changes proposed
for each chapter,

Discussion of the level of effort and general analyses conducted in regard to a
new chapter on indirect methods of verification of modeling resuits, and

Brief presentation of a proposed approach for modeling of the more frequent
storm events. This discussion was concluded with a request for a working
meeting with Flood Control District staff to further explain analyses conducted
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in this regard and to explore and to provide an opportunity for open discussion
on this topic. This meeting is tentatively scheduled for 23 October 2001.

The foregoing is considered to be a true and accurate record of all items discussed.
If any discrepancies or inconsistencies are noted, please contact the writer
immediately. STANTEC CONSULTING INC.

Mike Gerlach, PE
Project Engineer
mg p:\28900042\correspondence\meetings\sddm, mm 092501.doc







Fioop ConrroL DistriCT

of

Maricopa County BOARD OF DIRECTORS

Jan Brewer
Fulton Brock
Andrew Kunasek
Don Stapley
Mary Rose Garrido Wilcox

2801 West Durango Street © Phoenix, Arizona 85009-6399
Telephone (602) 506-1501
Fax (602) 506-4601
TT (602) 506-5897

Mr. R. Michael Gerlach, PE
Stantec Consulting Inc.
8211 South 48th Street
Phoenix, AZ 85044

Dear Mike:

The purpose of this letter is to address your request for guidance on several of the tables
and figures in the Hydrology Manual. Iam also providing example watershed data for
use in testing the frequent storm ratio procedures discussed at our last meeting. I have
enclosed quite a bit of information, organized as attachments, and offer the following
descriptions and guidance for use of this information. Please contact me as soon as
possible if you or Dr. Sabol disagree with any of the recommended revisions.

Attachment 1: Depth-Area Reduction Factors for 24-Hour Duration Rainfall. I also
found differences between a plot of the tabular data and the original Hydro-40 curve.
There are two 11x17 copies in the attachment. One is a Xerox enlargement of the figure
from Hydro-40. The other shows the 1995 tabular data and a plot of my recommended
data. I have also included copies of historical correspondence regarding the source of the
original tabular data. The first two pages show the recommended data table and figure
for use in the 2002 manual. The third and fourth pages show comparisons of the original
- data with the new data, and comparisons of data used in the current version of MCUHP
and the recommended replacement data. See Excel spreadsheet

“Hydro 40 24hr Reduction.xls” on the CD-ROM.

Attachment 2: Depth-Area Reduction Factors for 6-Hour Duration Rainfall. I also
agree that the data for this curve is acceptable. However, I found discrepancies in the
way this curve was implemented in MCUPH. Therefore, the first two pages of the
attachment are a table and figure showing the data I would like presented in the 2002 -
manual. I have included additional data points in the table at the break points for the
rainfall distribution patterns. I would like to see the data at the pattern break points
shaded as shown or identified in another manner. I have also included the reduction
curve data recommended for coding in MCUHP (I’'ll take care of this). This.data could
also be included in the manual. We decided to limit the watershed area defined by HEC-
1 JD records to 100 square miles. If a user needs to model a watershed for the 6-hour
storm that is larger than 100 square miles, special coding will be necessary. The
recommended table uses the maximum number of JD records allowed, and better
simulates the reduction curve. The last two pages show comparisons of the original data
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with the proposed, so you can see why we are making this change. See Excel spreadsheet
“6hr Depth-Area Reduction.xls” on the CD-ROM.

Attachment 3: 2-Hour Storm Distribution for Retention Design. This was the most
interesting problem, but probably the most insignificant from a practical standpoint. I
used the latitude and longitude for the original Sky Harbor Airport Weather Gage to
obtain NOAA Atlas 2 point precipitation values for that location. I then used that data to
run PREFRE, and used the PREFRE output to code the PH record in a simple test HEC-1
model. Tthen used the 2-hour storm rainfall distribution computed by HEC-1 for my
comparisons with the original data in the manual, MCUHP, and the data you sent me
from the documentation manual. Iran different versions of the HEC-1 model using time
intervals of 2-, 5- and 15-minutes. The results are included in Attachment 3. The
original tabular data in the manual matches the HEC-1 rainfall distribution computed
using a 15-minute time interval. The figure in the manual didn’t check against anything I
tried, and I can only conclude that it was not created using the available data. Since a 15-
minute interval is too large for use with a 2-hour storm, we want to use the 5-minute
curve shown on the first two pages of the attachment. We will also have to recode this
curve in MCUHP. See Excel spreadsheet “2-hour storm distribution.xls” on the CD-
ROM.

Attachment 4: SCS Type II 24-Hour Storm Rainfall Distribution. Wouldn’t it be
nice if we could agree on a standard naming convention? We use different wording for
each storm in the tables and figures. I have included a table and figure for the data used
in MCUHP. I would like this information included in the manual for consistency. I have
also included a copy of the original SCS table, which matches the recommended data.
Interestingly, even this curve has an associated puzzle. The data is coded in MCUHP
using a 5-minute time interval, and output using a 15-minute interval. I have no idea
where the 5-minute data came from, but it plots a very smooth curve, and includes the
original SCS data. The figure included on page two is based on the 5-minute data. See
Excel spreadsheet “24-hour storm distribution.xls” on the CD-ROM.

Attachment 5: Slope Adjustment for Steep Watercourses. Bing Zhao has performed a
regression analysis on data scaled from the figure in the Hydrology Manual. A table and
figure based on the resulting polynomial is included. We want to add a table in the
Hydrology Manual that includes the equation, and use the revised figure with background
gridlines. The supporting data is included. The equation will be implemented in WMS
and DDMSW. See Excel spreadsheet “Slope Adjustment for Tc.xls” on the CD-ROM.

Attachment 6: Excerpt from Maryvale Area Drainage Master Stud. For use in
evaluating the ratio method for more frequent storms. This is an example of a heavily
urbanized watershed with multiple diversions. I suggest using sub basins 2-31, 11-31,
12-31, 14-31, 13-31, and 7-32. Input files, spreadsheets, DDMSW files, and key exhibits
in TIF format are on the CD-ROM.

Attachment 7: Excerpt from Cudia City Wash To 10™ Street Wash Watershed
Hydrology Report. For use in evaluating the ratio method for more frequent storms.
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This is an example ofa partially urbanized watershed with rain gage and flow gage data
available. Stream and precipitation gage data, HEC-1 input files, spreadsheets,
DDMSW files, and key exhibits in TIF format are on the CD-ROM.

Attachment 8: Excerpt from White Tanks/Agua Fria Area Drainage Master Study,
Part A: Flood Study Technical Data Notebook. For use in evaluating the ratio method
for more frequent storms. This is an example of an agricultural watershed. No rain gage
and flow gage data is available. The HEC-1 input files and the watershed exhibit in TIF
format are on the CD-ROM.

Hope you make sense out of all of this. Please give me call with any questions.

Sincerely,

Thomas R. Loawdis, PE, RLS

Special Projects Branch Manager




SUMMARY OF REVIEW OF TABLES AND FIGURES, AND CHANGES TO BE MADE.

Table | Figure Title MCUHP1 Array | MCUHP2 Array Comments
New table and figure for manual. DDMSW may need to be revised.
MCUHP1 and MCUHP2 source code revised 01/02/02 and 1/03/02.
MCUHP1 and MCUHP2 do not create JD records using these
factors. They shouid be revised similar to method used for the 6-
2.1a 2.1a |Depth-Area Reduction Factors for 24-Hour Duration Rainfall RFC and DAR |{RFC and DAR lhour.
Currently input o HEC-1 using Pattern breaks only. MCUHP1 and
MCUHP2 need to be expanded to include all values in Table 2.2 up i
Hard-coded, Line {Hard-coded, Line|100 square miles. Don't include areas greater than 100 sm in P1 and
2.2 2.14 [Depth-Area Curve for Maricopa County 6-Hour Storm 502 8912 P2.
New table and figure for manual. MCUHP1 and MCUHP2 source
2.3 2.15 |2-Hour Storm Distribution for Retention Design Q4 Q4 code revised 01/02/02.
2.4 2.16 {6-Hour Distribution Pattern 1, 0.0 <= 0.5 sm [e]] Q1 Agreement between Manual and MCUHP1 and MCUHP2.
2.4 2.16 16-Hour Distribution Pattern 2, 2.8 sm Q2 Q2 Agreement between Manual and MCUHP1 and MCUHP2.
2.4 2.16 |6-Hour Distribution Pattern 3, 16.0 sm Q3 Q3 Agreement between Manual and MCUHP1 and MCUHP2.
2.4 2.16 _|6-Hour Distribution Pattern 4, 90.0 sm Q8 Q8 Agreement between Manual and MCUHP1 and MCUHP2.
2.4 2.16  |6-Hour Distribution Pattern 5, 500 sm Q9 Q9 Agreement between Manual and MCUHP1 and MCUHP2.
None 5.4 |Slope Adjustment for Steep Watercourses in Natural Watersheds Not included Not included New table for manual. New equation for DDMSW.
5.2 None {Synthetic Dimensionless Time-Area Relations - Urban 19) U Agreement between Manual and MCUHP1 and MCUHP2.
5.2 None [Synthetic Dimensionless Time-Area Relations - Natural IN IN Agreement between Manual and MCUHP1 and MCUHP2.
5.3 5.9 |Phoenix Valley S-Graph n/a TTABLE(##,1) |Agreement between Manual and MCUHP2.
5.3 5.10 _{Phoenix Mountain S-Graph n/a TTABLE(##,2) |Agreement between Manual and MCUHP2.
5.3 5.11 |Agricultural S-Graph n/a TTABLE(##,3) [Agreement between Manual and MCUHP2.
5.3 5.12 |Desert/Rangeland S-Graph n/a TTABLE(##,4) |Agreement between Manual and MCUHP2.
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Table 2.1a

. Depth-Area Reduction Factors for 24-Hour Duration Rainfall
Area, square miles Ratio to Point Rainfall
0 1.000
10 0.950
20 0.918
30 0.900
40 0.887
50 0.877
60 0.870
70 0.863
80 0.857
90 0.852
100 0.848
110 ' 0.845
120 0.841
130 0.838
140 0.835
150 0.832
200 0.820
250 0.812
300 0.806
400 0.796
500 0.783

Hydro 40 24hr Reduction.xls 1/3/2002
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Figure 2.1a
24-Hour Rainfall Depth-Area Adjustment Curve

{———— Rainfall Depth-Area Adjustment Curﬂ




HYDRO-40 24-hour Depth-Area Ratios for Central Arizona

1995 Manual 2002 Manual 1995 Manual 2002 MCUHP
Area, sm Ratio Area, sm| Ratio | Area,sm| Ratio Area, sm Ratio
0 1.000 0 1.000} 0 1.000 0 1.000
10 0.940 10 0.950f - 10 0.940 10 0.950
20 0.910 20 0.918 30 0.900 20 0.918
30 0.900 30 0.900 60 0.860 40 0.887
40 0.880 40 0.887 90 0.846 60 0.870
50 0.870 50 0.877 120 0.834 100 0.848
60 0.860 60 0.870 150 0.825 150 0.832
70 0.856 70 0.863 300 0.800 200 0.820
80 0.855 80 0.857 500 0.780 500 0.783
90 0.846 90 0.852
100 0.842 100 0.848
110 0.838 110 0.845
120 0.834 120 0.841
130 0.833 130 0.838
140 0.829 140 0.835
150 0.825 150 0.832
200 0.817 200 0.820}
300 0.800 250 0.812
400 0.790 300 0.806
500 0.780 400 0.796
500 0.783
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. MEMORANDUM

‘Date: .' March 10, .199‘3

From: 'Jorgé R’. Garré

To: Watershed Management Branch

Subject: Depth-Area Ratioé for 24-hour Durantion Rainfall

Since most of you already know, these ratios are found in the NOAA Teehnical
Memorandum NWS HYDRO-40 and since the copy available in our branch is not the
best, I took the initiative to find a better copy and try to generate a table of values.
Having a table will diminish the discrepancies among different individuals, making
the selection of the pomt ramfall reduction coefﬁc1ent more consistent.

In order to be as accurate as posible, I used an engineering scale in cent1meters (sorry
for those offended). Where the curve between two consecutive points was almost
linear, I decided not to generate intermediate values because one can just 1nterpolate
between the extreme values. The most noticeable change in the curve’s slope is
encountered for watershed areas rangmg from 0-70 square miles, and the least is
after 300 square miles.

Please, contact me if you have any questions or revisions.

Jorge R Garré
Hydrologist I




Depth-Area Reduction Factors

for 24-Hour Duration Rainfall

Area - Ratio to
[ Mi?] Point Rainfall
0 1
10 0.94
20 0.91
30 0.90
40 ©0.88
50 0.87
60 0.86
70 0.856
80 0.855
90 0.846
100 T 0.842
110 0.838
120 0.834
130 0.833
140 0.829
150 -~ 0.825
200 0.817
300 0.80
400 . 0.79
500 " 0.78




MEMORANDUM

. Date: LV April 1, 1993
| | From: | Jorge R. Garré.'
To: Wétershed Management Branch
‘Subject: | Depth-Area Ratios for 24-hour Rainfall Duration

This is in response-to concerns raised by Amir Motamedi on March 26, 1993, with
-regard to my prevmus memorandum dated March 10th on the above-referenced
subject. -

The request was classiﬁed in two diﬁ'erént items as follows:

1. Contact the N atlonal Oceanic and Atmospheric Administration (NOAA) to'
find out if there is any support data on the HYDRO 40.

2. F1nd out 1f there has been d1screpanc1es in the reduction factor’s value,
- selected by different consultants in previous hydrologic studies.

ANSWER 1:°

. On March 26th I spoke with Mr. Marshall Hansen who is ChJef of the Water
-Management Information Division at the National Weather Service Office in
Silver Spring, Maryland. Mr. Hansen stated that the authors of the Technical
Memorandum NWS HYDRO-40 are not longer working at the agency and that
unfortunately there is no support data for this report. He volunteered to
develop a tabular set of values from the curves, so that I could compare the
- results with mine. I also requested a copy from Mr. Hansen of the HYDRO-40
. for WSBM’s use since the reproductlon we have available is a blt d13torted

ANSWER 2:

I reviewed some of the most accessible reports and found that each of them has
a different reduction factor value selected for the 100-year, 24-hour event.
Although they all are coming from the same data source, each individual’s
interpretation was different. - This fact puts more weight on what I was
mentioning before in my previous memorandum, that we need to generate a
table of values to diminish the discrepancies among different individuals,
therefore, making the selection of the reduction factor more consistent. -

. CONCLUSION:

After reviewing Mr. Hansen’s values I found that they coincide with the values

<
. 4 ‘
. . N




that [ have déveloped. The WSMB can feel comfortable using these numbers,
however, talking with Amir I noticed that Mr. Sabol is looking at the accuracy
of the HYDRO-40 and evaluating whether it is outdated or not. - '

‘Enclosed please find Mr. Hansen’s letter and keep it for future reference, 50
that anybody still using the HYDRO-40 will not question this support data.

Do not hesitate to contact me if you have any questions or revisions |

S
Jorge R. Garré
Hydrologist I

e




U.S. DEPARTMENT OF COMMERGE

National Oceanic and Atmospheric Administration
NATIONAL WEATHER SERVICE . '
Silver Spring, Md. 20910

- _ “ March 29, 1993 I
. . = t :.i".‘ "i

APR

. W/OH1:EMH

11993

70}
- At
. LI
| . TRE
Mr. George Jarre _ _ ' ‘ [ e
Maricopa County Flood o frs
Control District ' - ‘ - L*M I
2801 West Durango Street ' '

Phoenix, AZ 85009 ' ' |

. Dear Mr. Jarre:

I have enclosed a copy of NOAA Technical Memorandum, NWS HYDRO -
#40 (1984), as you requested. As I discussed with you over the
telephone, the background worksheets for this report are no
longer available in this office and therefore I can offer no
clarification for the relations presented in Figure 15 of the

report. .
If it is of any help to you, I have gridded the figure in my
. report and read off information that may be used to reconstruct

such a set of curves. As such, these gridded values are also

enclosed and may represent an independent-interpretaticn of the
figure. - ' ' ' ’

Please call me if you have further questions regarding this

information.
_ E. Marshall Hansen
- Chief, Water Management
. Information Division
Enclosures




1.000

o
wf“’
4

0.950 -

0.900 -

i /;r
I

-0.850

0.800

i

0.750

0.700

0.650

T

HNOTE: The 2002 visually adjusted curve was created by overlaying plotted data

onto the a blow-up of the original figure from NOAA HYDRO-40, and adjusting the
data points by trial and error until a good fit was found.

0.600

0.550

0.500

0.450

0.400

100 200 300

F — ~ 1995 Manual —— 2002 Manual Visually Adjusted

400

500




A-REA M2
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Eigare 15.——Same as figure 14, but for central Arizona.

“be attributed to a mixture of storm types, but still differeﬁt'from these found

~in the central Plains.
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Table 2.2: No Change

. Point Values used in MCUHP1 and MCUHP2:
Table 2.2 MCUHP1(2)
Area Factor Area Factor
0.00 1.0000 0.00 1.0000

300.00 0.6600 MCUHP will only add JD records for up to 100 sm.

Pattern break point per Figure 2.17

6-hr Depth-Area Reduction.xls 1/3/2002




Ration to Point Rainfall
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. Table 2.2 2000 MCUHP1

Area Factor Area Factor
0.00 1.000 0.00 1.0000
1.00 0.987 0.01 1.0000
5.00 0.960 0.50 0.9935

10.00 0.940 2.80 0.9800
20.00 0.910 16.00 0.922
30.00 0.890 90.00 0.810
40.00 0.870 500.00 0.570

50.00 0.860
100.00 0.800
200.00 0.720
300.00 0.660
400.00 0.610
500.00 0.570
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Table 2.3
2-Hour Storm Distribution for Retention Design

Time (minutes) | % Rainfall Depth | Time (minutes) | % Rainfall Depth

0 0.00

5 0.70 65 68.77
10 1.40 70 79.30
15 2.11 75 85.26
20 2.81 80 89.12
25 3.86 85 92.28
30 4.91 20 95.09
35 7.72 95 96.14
40 10.88 100 97.19
45 14.39 105 97.89
50 19.65 110 98.60
55 26.67 115 99.30
60 41.75 120 100.00
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Figure 2.15

2-Hour Mass Curve for Retention Design

Mass curve for 5-minute time interval I
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Figure 2.15

2-Hour Mass Curve for Retention Design
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1995 Manual 2-minute HEC-1 Main Time Interval
Rainfall
Time, min | Dimensioniess Time, min | Incremental Cumulative | Dimensionless

0 0.0 0 0 0.00 Q.00
5 1.1 2 0.01 0.01 0.35
10 1.8 4 0.01 0.02 0.70
15 2.3 6 0.01 0.03 1.05
20 2.8 8 0.01 0.04 1.39
25 3.2 10 0.01 0.05 1.74
30 4.6 12 0.01 0.08 2.09
35 7.1 14 0.01 0.07 2.44
40 10.0 16 0.01 0.08 2.79
45 13.7 18 0.01 0.09 3.14
50 17.6 20 0.01 0.10 3.48
55 23.2 22 0.01 0.11 3.83
60 32.7 24 0.01 0.12 4.18
65 60.1 26 0.01 0.13 4,53
70 74.3 28 0.01 0.14 4.88
75 86.3 30 0.01 0.15 5.23
80 90.1 32 0.03 0.18 6.27
85 93.0 34 0.03 0.21 7.32
90 95.4 36 0.03 0.24 8.36
95 96.2 38 0.03 0.27 9.41

100 97.0 40 0.04 0.31 10.80

105 97.7 42 0.04 0.35 12.20

110 98.2 44 0.04 0.39 13.59

115 99.2 46 0.05 0.44 15.33

120 100.0 48 0.06 0.50 17.42

50 0.07 0.57 19.86

52 0.07 0.64 22.30

54 0.1 0.74 25.78

56 0.13 0.87 30.31

58 0.18 1.05 36.59

60 0.31 1.36 47.39

62 0.31 1.67 58.19

64 0.25 1.92 66.90

66 0.16 2.08 72.47

68 0.12 2.20 76.66

70 0.08 2.28 79.44

72 0.07 2.35 81.88

74 0.06 2.41 83.97

76 0.06 2,47 86.06

78 0.04 2.51 87.46

80 0.04 2.55 88.85

82 0.04 2.59 90.24

84 0.04 2.63 91.64

86 0.03 2.66 92.68

88 0.03 2.69 93.73

Sky Harbor Airport Gage Location:
112 1 38.0832
33 26 9.46399

112.64530
33.16036

Prefre Input Data from WEB Site:

" http://www.nws.noaa.gov/oh/hdsc/noaaatlas2.htm

2-yr 6-hr 1.17
2-yr 24-hr 1.39
100-yr 6-hr 3.39
100-yr 24-hr 4.15
2-yr 1-hr 0.9167
100-yr i-hr  2.58473
2-yr 2-hr 1.00308
100-yr 2-hr  2.85933



5-minute HEC-1 Main Time Interval 15-minute HEC-1 Main Time Interval
Rainfall Rainfall
Time, min Incremental Cumulative | Dimensionless Time, min Incremental | Cumulative | Dimensionless

0 0 0 0 0 0 0 0

5 0.02 0.02 0.70 15 0.06 0.06 2.11
10 0.02 0.04 1.40 30 0.07 0.13 4,56
15 0.02 0.06 2.11 45 0.24 0.37 12.98
20 0.02 0.08 2.81 60 0.52 0.89 31.23
25 0.03 0.11 3.86 75 1.51 2.4 84.21
30 0.03 0.14 4.91 90 0.3 2.7 94.74
35 0.08 0.22 7.72 105 0.09 2.79 97.89
40 0.09 0.31 10.88 120 0.06 2.85 100.00
45 0.1 0.41 14.39

50 0.15 0.56 19.65

55 0.2 0.76 26.67

60 0.43 1.19 41.75

65 0.77 1.96 68.77

70 0.3 2.26 79.30

75 0.17 2.43 85.26

80 0.11 2.54 89.12

85 0.09 2.63 92.28

90 0.08 2.71 95.09

95 0.03 2.74 96.14
100 0.03 2.77 97.19
105 0.02 2.79 97.89
110 0.02 2.81 98.60
115 0.02 2.83 99.30
120 0.02 2.85 100.00
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‘Rai'nfall

2. Calculate the point rainfall depth, or the areally-averaged point rainfall depth, from

Figures 2.2 through 2.7 depending on the desired rainfall frequency.
3. Use either Figure 2.14 or Table 2.2 to determine the depth-area reduction factor.

4. Multiply the point rainfall depth by the appropriate depth-area reduction factor. This
is the equivalent uniform depth of rainfall that is to be applied to the entire watershed.

Design Storm Distributions

2.4.1

According to Table 2.1, three types of design storm distributions are to be used in
Maricopa County. This Manual contains information for two of those design storm
distributions; the 2-hour storm for the design of retention/detention basins, and the 6-hour
local storm. Information for the SCS Type II 24-hour storm-has been encoded in the
MCUHP programs. Otherwise data regarding the SCS 24-hour storm is generally
available elsewhere. Distributions for other general storms for larger watersheds will need
to be developed on a case-by-case basis based on approprlate meteorologic and hydrologic
factors.

2-hour Storm Distribution

The 2-hour storm distribution is to be used for the design of retention/detention basins
(see Table 2.1). The 2-hour distribution shown in Figure 2.15 and Table 2.3 is a
dimensionless form of the 2-hour hypothetical distribution for the Phoenix Sky Harbor
Airport location. This distribution can be .applied throughout Maricopa County for the
design of retention/detention facilities.

Table 2.3 '
2-Hour Storm Distribution for Retention Design

Time (minutes) | % Rainfall Depth | Time (minutes) | % Rainfall Depth

0 0.0 '

5 . 1.1 B85 60.1
10 1.8 70 - 74.3
15 2.3 75| 8.3
20 2.8 80 90.1
25 3.2 85 93.0
30 4.6 90 . ' 95.4
35 7.1 95 96.2
40 100 100 - ' 97.0
45 ’ 13.7 105 97.7
50 17.6 110 98.2
55 23.2 115 99.2
60 . 32.7 120 100.0

January1 TE5E ‘ 2 R 5755




Des'ign_ Storm Distributions
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_ - Figure 2.15
2-Hour Mass Curve for Retention Design

6-hour Storm Distribution

The 6-hour storm distributions are used for flood studies in Maricopa County of drainage
areas less than 20 square miles, except for on-site retention/detention facilities (see Table
2.1). These distributions would 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 watersheds 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 NOAA Atlas for the Western United States, Arizona ( Miller and others, 1973 )

“January 1, 1995
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¥**%* QO UTPUT DATA ***
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR Sky Harbor Airport
PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 8

LATITUDE 33.16N LONGITUDE 112.65W

POINT VALUES

RETURN PERIOD

DURATION 2-YR 5-YR 10-YR 25-YR 50-YR  100-YR 500~YR
5-MIN .31 .43 .50 .61 .69 .78 .97 5-MIN
10-MIN .47 .65 .17 .93 1.06 1.19 1.48 10-MIN
15-MIN .57 .81 .97 1.19 1.36 1.52 1.91 15-MIN
30~-MIN .75 1.08 1.30 1.60 1.84 2.07 2.60 30-MIN
1-HR .92 1.34 1.62 2.00 2.29 2.58 3.26 1-HR
2-HR 1.00 1.47 1.78 2.21 2.53 2.86 3.61 2-HR
3-HR 1.06 1.56 1.89 2.35 2.70 3.04 3.84 3-HR
6-HR 1.17 1.73 2.10 2.61 3.00 3.39 4.29 6-HR
12-HR 1.28 1.91 2.33 2.90 3.34 3.77 4.78 12-HR
24-HR 1.39 2.09 2.55 3.18 3.67 4.15 5.26 24-~-HR

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:
DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAME=Sky Harbor Airport

ZONE= 7 SHORT-DURATION ZONE= 8

LATITUDE= 33.16 LONGITUDE= 112.65 ELEVATION= 0
2-YR, 6-HR PCPN= 1.17 100-YR, 6-HR PCPN= 3.39

2-YR, 24-HR PCPN= 1.39 100-YR, 24-HR PCPN= 4.15

*# « * *x END OF RUN * * % %
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* *
*  FLOOD HYDROGRAPH PACKAGE (HEC-1)  *
* SEPTEMBER 1990 *
* VERSION 4.0 *
* *
* RUN DATE 12/28/2001 TIME 09:09:45 *
« M
E ARk kAR AR KRR AR AR KRR kR Rk

THIS PROGRAM REPLACES ALL PREVIQUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73),

THE DEFINITIONS OF VARIABLES

R R T e R R R E TR R R R d

*
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
* *

kKK Rk kkhk ke Rk kR Rk Rk k kA kk ok

HECL1GS, HEC1DB, AND HECLKW.

~RTIMP- AND -RTIOR~ HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK QUTFLOW SUBMERGENCE ,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHEM

SINGLE EVENT DAMAGE CALCULATION,
LOSS RATE:GREEN AND AMPT INFILTRATION

DSS:WRITE STAGE FREQUENCY,

PAGE 1

94 97

1 HEC-1 INPUT
LINE ID....... looa.... 20004003 . 4.l Seiinenn 6. 7

1 D Sky Harbor Airport

2 IDp 100-yr 2-hour Storm using dummy sub-basin input data

3 iT 2 300

4 I0 1

5 KK SKYH2.IH1

6 KM SUB-BASIN SKY

7 KM THIS IS A DUMMY MODEL FOR A 100-YR 2-HR STORM AT SKY HARBOR AIRPORT
8 KM  2-Minute Main Time Interval

S XM

10 KM Model used to calculate a 100-yr 2-hr Rainfall Distribution using
11 XM the hypothetical distribution.

12 M

13 KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000

14 BA 1.000

15 PH 4] 0.78 1.52 2.58 2.86

16 LG .250 -340 5.000 .200 .000
17 uc 1.067 .397

18 UA Y 5 16 30 65 77 84 90
19 UA 100
20 22

R T Y]

*

FLOOD HYDROGRAPH PACKAGE (HEC-1) *
* SEPTEMBER 1990 *
* VERSION 4.0 *
* *
* RUN DATE 12/28/2001 TIME 09:09:45 *
* *
S A LR AR LT T R R g P s

Sky Harbor Airport
100-yr 2-hour Storm using dummy sub-basin input data

4 I0 OUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
iT HYDROGRAPH TIME DATA
NMIN 2 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 300 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 1 0 ENDING DATE
NDTIME 0958 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL
TOTAL TIME BASE

ENGLISH UNITS
DRAINAGE AREA

SKYH2.0H1.doc

.03 HOURS
9.97 HOURS

SQUARE MILES

2-Minute Time Interval

FH KA KA KA KA KRR RR IR AR LR AR kew ke hdeon ko

* *
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
* *

I A AR IR S T R T A
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kkk KkE kkk

14

15

16

18

KX

BA

PH

LG

uc

UA

PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-~FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FABRENHEIT

dHK kkk KEA kKK KKK FAE KR A kkk kkk kokk kkk KN KRN kKA AAK Ktk khkk kkk

Ak kR kR R A AN KA

+ *
* SKYH2 * .IH1
* *

HRARRRRK R R KAk

SUB-BASIN SKY
THIS IS A DUMMY MODEL FOR A 100-YR 2-HR STORM AT SXY HARBOR AIRPORT
2-Minute Main Time Interval

Model used to calculate a 100-yr 2-hr Rainfall Distribution using
the hypothetical distribution.

THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000
SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS

TAREA 1.00 SUBBASIN AREA
PRECIPITATION DATA
DEPTHS FOR 0~PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... ferreteenieeees TP=40 Lol cieeeeeenay TP-49 Ll
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6~HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY
.78 1.52 2.58 2.86 .00 .00 .00 .00 .00 .00 .00 .00
STORM AREA = 1.00
GREEN AND AMPT LOSS RATE
STRTL .25 STARTING LOSS
DTH .34 MOISTURE DEFICIT
PSIF 5.00 WETTING FRONT SUCTION
KKSAT .20 HYDRAULIC CONDUCTIVITY
RTIMP .00 PERCENT IMPERVIOUS AREA
CLARK UNITGRAPH
TC 1.07 TIME OF CONCENTRATION
R .40 STORAGE COEFFICIENT
ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0
100.0
hk
UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.07 HR, R= .40 HR
SNYDER TP= .48 HR, CP= .56
UNIT HYDROGRAPH
78 END~-OF-PERIOD ORDINATES
12. 36. 57. 89. 132. 175. 219. 267. 313. 377.
486. 617. 727. 772. 768, 765. 750. 723. 699. 675.
650. 627, 603. 576. 549. 523. 497. 472. 448. 427.
407. 389. 365. 336. 309. 284. 2861. 240. 221. 203.
186. 171. 158. 145. 133. 122. 113. 104. 95. 88.
80. 74. 68. 63. 58. 53. 49. 45. 41. 38.
35. 32. 29. 27. 25. 23. 21. 19. 18. 16.
15. 14. 13. 12, 11. 10. 9. 8.

RhE KKK kwk kkk KAk kkA Kkk ok kk Kkk KRk kw¥

97.0

’ ek
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HYDROGRAPH AT STATION SKYH2

R R R L R L R R I I T T Iy

DA MON HRMN

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

SKYH2.0Hl.doc

*

ORD RAIN  LOSS EXCESS comp @ * DA MON HRMN ORD  RAIN LOSS EXCESS
N

0000 1 .00 .00 .00 0. * 1 0500 151 .00 .00 .00
0002 2 .01 .01 .00 0. * 1 0502 152 .00 .00 .00
0004 3 .01 .01 .00 0. * 1 0504 153 .00 .00 .00
0006 4 .01 .01 .00 0. * 1 0506 154 .00 .00 .00
0008 5 .01 .01 .00 0. * 1 0508 155 .00 .00 .00
0010 6 .01 .01 .00 0. * 1 0510 156 .00 .00 .00
0012 7 .01 .01 .00 0. * 1 0512 157 .00 .00 .00
0014 8 .01 .01 .00 0. * 1 0514 158 .00 .00 .00
0016 9 .01 .01 .00 0. * 1 0516 159 .00 .00 .00
0018 10 .01 .01 .00 0. * 1 0518 160 .00 .00 .00
0020 11 .01 .01 .00 0. * 1 0520 161 .00 .00 .00
0022 12 .01 .01 .00 0. * 1 0522 162 .00 .00 .00
0024 13 .01 .01 .00 0. * 1 0524 163 .00 .00 .00
0026 14 .01 .01 .00 0. * 1 0526 164 .00 .00 .00
0028 15 .01 .01 .00 0. * 1 0528 165 .00 .00 .00

2-Minute Time Interval

coMp Q
0.
0.

0.
0.

0.
0
0
0.
0.
0
0
0
0
0

0.
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0030
0032
0034
0036
0038
0040
0042
0044
0046
0048
0050
0052
0054
0056
0058
0100
0102
0104
0106
0108
0110
0112
0114
0116
0118
0120
0122
0124
0126
0128
0130
0132
0134
0136
0138
0140
0142
0144
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0148
0150
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0154
0156
0158
0200
0202
0204
0206
0208
0210
0212
0214
0216
0218
0220
0222
0224
0226
0228
0230
0232
0234
0236
0238
0240
0242
0244
0246
0248
0250
0252
0254
0256
0258
0300
0302
0304
0306
0308
0310
0312
0314
0316
0318
0320
0322
0324
0326
0328
0330
0332
0334
0336
0338
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0540
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2-Minute Time Interval
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1 0340 111 .00 .00 .00 6. * 1 0840 261 .00 .00 .00 0.
1 0342 112 .00 .00 .00 4. * 1 0842z 262 .00 .00 .00 0.
1 0344 113 .00 .00 .00 3. * 1 0844 263 .00 .00 .00 0.
1 0346 114 .00 .00 .00 2. * 1 0846 264 .00 .00 .00 0.
1 0348 115 .00 .00 .00 2. * 1 0848 265 .00 .00 .00 0.
1 0350 116 .00 .00 .00 1. * 1 0850 266 .00 .00 .00 0.
1 0352 117 .00 .00 .00 1. * 1 0852 267 .00 .00 .00 0.
1 0354 118 .00 .00 .00 1. * 1 0854 268 .00 .00 .00 0.
1 0356 119 .00 .00 .00 1. * 1 0856 269 .00 .00 .00 0.
1 0358 120 .00 .00 .00 0. * 1 0858 270 .00 .00 .00 0.
1 0400 121 .00 .00 .00 0. * 1 0900 271 .00 .00 .00 0.
1 0402 122 .00 .00 .00 0. * 1 0902 272 .00 .00 .00 0.
1 0404 123 .00 .00 .00 0. * 1 0904 273 .00 .00 .00 0.
1 0406 124 .00 .00 .00 0. * 1 0906 274 .00 .00 .00 Q.
1 0408 125 .00 .00 .00 0. * 1 0908 275 .00 .00 .00 0.
1 0410 126 -00 .00 .00 0. * 1 0910 276 .00 .00 .00 0.
1 0412 127 -00 .00 .00 0. * 1 0812 277 .00 .00 .00 0.
1 0414 128 .00 .00 .00 0. * 1 0914 278 .00 .00 .00 0.
i 0416 129 .00 .00 .00 0. * 1 0916 279 .00 .00 .00 Q.
1 0418 130 .00 .00 .00 0. * 1 0918 280 .00 .00 .00 0.
1 0420 131 .00 .00 .00 0. * 1 0920 281 -00 .00 .Q0 0.
1 0422 132 .00 .00 .00 0. * 1 0922 282 .00 .00 .00 0.
1 0424 133 .00 .00 .00 0, * 1 0924 283 .00 .00 .00 0.
1 0426 134 .00 .00 .00 0. * 1 0926 284 .00 .00 .00 0.
1 0428 135 .00 .00 -00 0. * 1 0928 285 .00 .00 .00 0.
1 0430 136 .00 .00 .00 0. * 1 0930 286 .00 .00 .00 0.
1 0432 137 .00 .00 .00 0. * 1 0932 287 .00 .00 .00 0.
1 0434 138 .00 .00 .00 0. * 1 0934 288 .00 .00 .00 0.
1 0436 139 .00 .00 .00 0. * 1 0936 289 .00 .00 .00 0.
1 0438 140 .00 .00 .00 0. * 1 0938 290 .00 .00 .00 0.
1 0440 141 .00 .00 .00 0 * 1 0940 291 .00 .00 .00 0.
1 0442 142 .00 .00 .00 0 * 1 0942 292 .00 .00 .00 0.
1 0444 143 .00 .00 .00 0. * 1 0944 293 .00 .00 .00 0.
1 0446 144 .00 -00 .00 0 * 1 0946 294 .00 .00 .00 0.
1 0448 145 .00 .00 .00 0. * 1 0948 295 .00 .00 .00 0.
1 0450 146 .00 .00 .00 0. * i 0950 296 .00 .00 .00 0.
1 0452 147 .00 .00 .00 0. * 1 0952 297 .00 .00 .00 0.
1 0454 148 .00 -00 .00 0 * 1 0954 298 .00 .00 .00 0.
i 0456 149 .00 .00 .00 0 * 1 0956 299 .00 .00 .00 0.
1 0458 150 .00 .00 .00 0. * 1 0958 300 .00 .00 .00 0.

*
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TOTAL RAINFALL = 2.85, TOTAL LOSS = 1.23, TOTAL EXCESS = 1.62
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24~-HR 72-HR 9.97-HR
+ {CFS) (HR)
(CFS)
+ 1105. 1.57 174. 105. 105. 105.
{ INCHES) 1.615 1.615 1.615 1.8615
{AC-FT) 86. 86. 86. 86.
CUMULATIVE AREA = 1.00 sQ MI
1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
+ 6-HOUR 24-HOUR 72~HOUR
HYDROGRAPH AT
+ SKYH2 1105. 1.57 174. 105. 105. 1.00

*** NORMAL END OF HEC-1 ***

SKYH2.0H1.doc 2-Minute Time Interval Page 4 of 4




R

FILLOOD HYDROGRAPH PACKAGE

SEPTEMBER 1990

VERSION 4

«
x
«
* RUN DATE 12/28/2001 TIME 09:10:05
N
*

I R R R R R s R TR Ry T T T

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73),

THE DEFINITIONS OF VARIABLES

.0

(HEC-1)

*
* *
* *
* *
* *
* *
* *
* *

X X XEXXAXX KXXXX X
X X X X X XX
X X X X X
XXAXKRX  KXXXX X KXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

R T T T2

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER

.
.
*
609 SECOND STREET M
DAVIS, CALIFORNIA 95616 *
(916) 756-1104 *

*

*

[ R AR R R A R A R R R R R S T

HEC1GS, HEC1DB, AND HECLRW.

~RTIMP~ AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LINE

W N

R e e L R T T

*

SEPTEMBER
VERSION 4

*
*
*
*
*
*
*

iT

EEPCDBEEEEERR 8

o
9]

uva
vaA
ZZ

FLOOD EYDROGRAPH PACKAGE

1890
.0

RUN DATE 12/28/2001 TIME 09:10:05

B L R D )

HEC-1 INPUT

Sky Harbor Airport

100-yr 2-hour Storm using dunmy sub-basin input data
5 300
1

SKYH5.TH1

SUB-BASIN SKY

THIS IS A DUMMY MODEL FOR A 100-YR 2-HR STORM AT SKY HARBOR AIRPORT
5-Minute Main Time Interval

Model used to calculate a 100-yr 2-hr Rainfall Distribution using
the hypothetical distribution.

THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000

1.000
0 0.78 1.52 2.58 2.86
.250 L340 5.000 .200 .000
1.067 .397
0 5 16 30 65 77 84 90
100

(KEC-1})

* *
* *
* *
* *
* *
* *
* *

Sky Harbor Airport
100-yxr 2-hour Storm using dummy sub-basin input data

4 I0 OUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
’ NMIN S MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 300 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 0 ENDING DATE
NDTIME 0055 ENDING TIME
ICENT 1% CENTURY MARK
COMPUTATION INTERVAL .08 HOURS

ENGLISH UNITS
DRAINAGE

SKYH5.O0H1.doc

TOTAL TIME BASE 24.%2 EOURS

AREA

SQUARE MILES

5-Minute Time Interval

94

, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
LOSS RATE:GREEN AND AMPT INFILTRATION

PAGE 1

97

I L L R R

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER

*
*
*
609 SECOND STREET *
DAVIS, CALIFORNIA 95616 *
(916) 756-1104 *

*

«

ER K AR AR AR R A AT R AR R A ke R kN TR AT AN R RRA
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PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT

Kk kkk kwkk kK KRR KAK HkK ¥KK XK ARE KRk kAR kkk khkk kkk KRR kXA KKK KKK AKX kkk Kkk KKk Kwk kkk kkFk kkk kkk kk¥ REK Kkk Axkx kkx

KR KKK IR E IR KK

* *
5 KX * SKYH5 * .IHL
* *

R

SUB-BASIN SKY
THIS IS A DUMMY MODEL FOR A 100-YR 2-HR STORM AT SKY HARBOR AIRPORT
5-Minute Main Time Interval

Model used to calculate a 100-yr 2-hr Rainfall Distribution using
the hypothetical distribution.

THIS BASIN USED RAINFALL REDUCTION FACTCR OF 1.000
SUBBASIN RUNOFF DATA

14 BA SUBBASIN CHARACTERISTICS
‘TAREA 1.00 SUBBASIN AREA

PRECIPITATION DATA

15 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... ferereaeaaraeas TP=40 Ll chreieeeaes TP-49 LLllll....
5-MIN 15-MIN 60-MIN 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DA
.78 1.52 2.58 .00 .00 .00 .00 .00 .00 .00 .00
STORM AREA = 1.00
16 LG GREEN AND AMPT LOSS RATE
STRTL .25 STARTING LOSS
DTH .34 MOISTURE DEFICIT
PSIF 5.00 WETTING FRONT SUCTION
XKRSAT .20 HYDRAULIC CONDUCTIVITY
RTIMP .00 PERCENT IMPERVIOUS AREA
17 UC CLARK UNITGRAPH
TC 1.07 TIME OF CONCENTRATION
R .40 STORAGE COEFFICIENT
18 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0
100.0
*xx
UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.07 HR, R= .40 HR
SNYDER TP= .50 HR, CP= .58
UNIT HYDROGRAPH
32 END-OF-PERIOD ORDINATES
29. 106. 210. 340. 576. 753. 747. 695. 635. 572.
505. 445. 391. 331. 268. 217. 176. 142, 115. 93.
76. 61. 50. 40. 33. 26. 21. 17. 14. 1.
9. 7.

B R L L R R R R L R R S L R T S e R TR s 2

HYDROGRAPH AT STATION SKYH5

P R R L R R R R R R R L R e R A s R R L T L e

*

DA MON HRMN ORD  RAIN  LOSS EXCESS comMp @ * DA MON HRMN ORD  RAIN  LOSS EXCESS comp ©
*
1 0000 1 .00 .00 .00 0. * 1 1230 151 .00 .00 .00 0.
1 0005 2 .02 .02 .00 0. * 1 1235 152 .00 .00 .00 0.
1 0010 3 .02 .02 .00 0. * 1 1240 153 .00 .00 .00 0.
1 0015 4 .02 .02 .00 0. * 1 1245 154 .00 .00 .00 0.
1 0020 5 .02 .02 .00 0. * 1 1250 155 .00 .00 .00 0.
1 0025 6 .03 .03 .00 0. * 1 1255 156 .00 .00 .00 0.
1 0030 7 .03 .03 .00 0. * 1 1300 157 .00 .00 .00 0.
1. 0035 8 .08 .08 .00 0. * 1 1305 158 .00 .00 .00 0.
1 0040 9 .09 .09 .00 0. * 1 1310 159 .00 .00 .00 0.
1 0045 10 .10 .10 .00 0. * 1 1315 160 .00 .00 .00 0.
1 0050 11 .15 .14 .01 0. * 1 1320 161 .00 .00 .00 0.
1 0055 12 .20 .10 .10 4. * 1 1325 162 .00 .00 .00 0.
1 0100 13 .43 .08 .35 23. * 1 1330 163 .00 .00 .00 0.
1 0105 14 .77 .07 .70 81. * 1 1335 164 .00 .00 .00 0.
1 0110 15 .30 .07 .24 193. * 1 1340 165 .00 .00 .00 0.
1 0115 16 .17 .06 .11 358, * 1 1345 166 .00 .00 .00 0.
1 0120 17 .11 .06 .05 583. * 1 1350 167 .00 .00 .00 0.
1 0125 18 .09 .05 .04 857, * 1 1355 168 .00 .00 .00 0.
1 0130 19 .08 .05 .03 1052. * 1 1400 169 .00 .00 .00 0.
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1 0930 115 .00 .00 .00 c. * 1 2200 265 .00 .00 .00 0.
i 0935 116 .00 .00 .00 g, * 1 2205 266 .00 .00 .00 c.
1 0940 117 .00 .00 .00 0. * 1 2210 267 .00 .00 .00 0.
1 0945 118 .00 .00 .00 Q. * 1 2215 268 .00 .00 .00 0.
1 0950 119 .00 .00 .00 0. * 1 2220 269 .00 .00 .00 0.
1 0955 120 .00 .00 .00 0. * 1 2225 270 .00 .00 .00 0.
1 1000 121 .00 .00 .00 0. * 1 2230 271 .00 .00 .00 0.
1 1005 122 .00 .00 .00 0. * 1 2235 272 .00 .00 .00 0.
1 1010 123 .00 .00 .00 0. * 1 2240 273 .00 .00 .00 0.
1 1015 124 .00 .00 .00 0. * 1 2245 274 .00 .00 .00 0.
1 1020 125 .00 .00 .00 0. * 1 2250 275 .00 .00 .00 G.
1 1025 126 .00 .00 .00 0. * 1 2255 276 .00 .00 .00 0.
1 1030 127 .00 .00 .00 0. * 1 2300 277 .00 .00 .00 0.
1 1035 128 .00 .00 .00 0. * i 2305 278 .00 .00 .00 0.
1 1040 129 .00 .00 .00 0. * 1 2310 279 .00 .00 .00 0.
1 1045 130 .00 .00 .00 0. * 1 2315 280 .00 .00 .00 0.
1 1050 131 .00 .00 .00 0. * 1 2320 281 .00 .00 000 0.
1 1055 132 .00 .00 .00 0. * 1 2325 282 .00 .00 .00 0.
1 1100 133 -00 .00 .00 0. * i 2330 283 .00 .00 .00 0.
1 1105 134 .00 .00 .00 0. * 1 2335 284 .00 .00 .00 0.
1 1110 135 .00 .00 .00 0. * 1 2340 285 .00 .00 .00 0.
1 1115 136 .00 .00 .00 0. * 1 2345 286 .00 .00 .00 0.
1 1120 137 .00 .00 .00 0. * 1 2350 287 .00 .00 .00 0.
1 1125 . 138 .00 .00 .00 0. * 1 2355 288 .00 .00 .00 0.
1 1130 139 .00 .00 .00 0. * 2 0000 289 .00 .00 .00 0.
1 1135 140 .00 .00 .00 0. * 2 0005 290 .00 .00 .00 0.
1 1140 141 .00 .00 .00 0. * 2 0010 291 .00 .00 .00 0.
1. 1145 142 .00 .00 .00 0. * 2 0015 292 .00 .00 .00 0.
1 1150 143 .00 .00 .00 0. * 2 0020 293 .00 .00 .00 0.
1 1155 144 .00 .00 .00 0. * 2 0025 294 .00 00 .00 0.
1 1200 145 .00 .00 .00 0. * 2 0030 295 .00 .00 .00 0.
1 1205 146 .00 .00 .00 0. * 2 0035 296 .00 .00 .00 0.
1 1210 147 .00 .00 .00 0. * 2 0040 297 .00 .00 .00 0.
1 1215 148 .00 .00 .00 0. * 2 0045 298 .00 .00 .00 0.
1 1220 149 .00 .00 .00 0. * 2 0050 299 .00 .00 .00 0.
1 1225 150 .00 .00 .00 0. * 2 0055 300 .00 .00 .00 0.

*
B R T T

TOTAL RAINFALL = 2.85, TOTAL LOSS = 1.23, TOTAL EXCESS = 1.62
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-BR 24-HR 72-HR 24.92-HR
+  (CFS) (HR)
(CF8)
+ 1103. 1.58 174. 43. 42. 42.
( INCHES) 1.614 1.614 1.614 1.614
(AC-FT) 86. 26. 86. 86.
CUMULATIVE AREA = 1.00 SQ MI
1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
+ 6~HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT
+ SKYHS 1103. 1.58 174. 43. 42. 1.00

*** NORMAL END OF HEC-1 ***
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*
*  FLOOD HYDROGRAPH PACKAGE (HEC-1)  *
* SEPTEMBER 1990 *
* VERSION 4.0 *
N *
* RUN DATE 12/28/2001 TIME 09:10:05 *
* *
* *

R T

X X XXXXXXX KXXEX X
X X X X X XX
X X X X X
p.0.5.0.6.0. D 6.4 X KXXXX X
X X X X X
X X X X X X
X X XXXZXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIQUS VERSIONS OF HEC-1 KNOWN AS HEC1l (JAN 73),

e L s S A AR R LR L T

*
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 603 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
* *

R L T Y

HEC1GS, HEC1DB, AND HECLEW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND ~RTIOR~ HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE,
THE DEFINITION OF -AMSKK~ ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION,

DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INPUT PAGE 1
LINE ID....... ) Ziiiin. P 4. Seveian. [ J Tovaannn 8... P 10

1 ID Sky Harbor Airport

2 ID 100-yr 2-hour Storm using dummy sub-basin input data

3 IT 5 300

4 I0 1

5 KK SKYH5.IH1

6 KM SUB-BASIN SKY

7 KM THIS IS A DUMMY MODEL FOR A 100-YR 2-HR STORM AT SKY HARBOR AIRPORT

8 KM  5-Minute Main Time Interval

9 KM

10 KM  Model used to calculate a 100-yr 2-hr Rainfall Distribution using

11 KM the hypothetical distribution.

12 KM

13 KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000

14 BA 1000
15 PH 0 0.78 1.52 2.58 2.86
16 LG .250 .340 5.000 .200 .000

17 uc 1.067 .397

18 UA 0 5 16 30 85 77 84 90 94 97
19 vA 100
20 22

R L e T Ty
*
FLOOD HYDROGRAPH PACKAGE (HEC-1)
SEPTEMBER 1990
VERSION 4.0

RUN DATE 12/28/2001 TIME 09:10:05

*
* *
* *
* *
* *
* *
* *
* *

D L L R R L L Y

Sky Harbor Airport
100-yr 2-hour Storm using dummy sub-basin input data

4 IO OUTPUT CONTRCL VARIABLES

IPRNT 1 PRINT CONTROL

IPLOT 0 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE

IT HYDROGRAPH TIME DATA

NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE

ITIME 0000 STARTING TIME

NO 300 NUMBER OF HYDROGRAPH ORDINATES

NDDATE 2 0 ENDING DATE

NDTIME 0055 ENDING TIME

ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .08 HOURS

TOTAL TIME BASE 24.82 HOURS

ENGLISH UNITS
DRAINAGE AREA

SKYH15.0H1.doc

SQUARE MILES

15-Minute Time Interval

Y s 22 22 R A R TR T

* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
. -

R T F 2 Y

Page 1 of 4



PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT

kkr kkk kK kkk kkk Wkh KxE KkEk Akk kkk khkdk kkk Kkx HAE KAK KKK KRE kK KkK Akdk Kkk KAkX XAk Rkk KkX KAk kkx kkk KKk kkk kxk KXk kwk

dhk R kT KRR K KR

* *
5 KK * SKYHS  * L.IH1
* ®

Kk R AR AR R E A AR
SUB-BASIN SKY
THIS IS A DUMMY MODEL FOR A 100-YR 2-HR STORM AT SKY HARBOR AIRPORT
S5-Minute Main Time Interval

Model used to calculate a 1006-yr 2-hr Rainfall Distribution using
the hypothetical distribution.

THIS BASIN USED RAINFALL REDUCTION FACTOR OF 1.000
SUBBASIN RUNOFF DATA

14 BA SUBBASIN CHARACTERISTICS
TAREA 1.00 SUBBASIN AREA

PRECIPITATION DATA

15 PH DEPTHS FOR 0~-PERCENT HYPOTHETICAL STORM
«.... HYDRO-35 ...... veraaes Ceraesen TP-40 tvvivnnncnncons T 4 S
S5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10~-DAY
.78 1.52 2.58 2.86 .00 .00 .00 .00 .00 .00 .00 .00
STORM AREA = 1.00
16 LG GREEN AND AMPT LOSS RATE
STRTL .25 STARTING LOSS
DTH .34 MOISTURE DEFICIT
PSIF 5.00 WETTING FRONT SUCTION
XKSAT .20 HYDRAULIC CONDUCTIVITY
RTIMP .00 PERCENT IMPERVIOUS AREA
17 UC CLARK UNITGRAPH
TC 1.07 TIME OF CONCENTRATION
R -40 STORAGE COEFFICIENT
18 Ua ACCUMULATED-AREA VS. TIME, 11 QRDINATES
.0 5.0 16.0 30.0 65.0 77.0 84.0 $0.0 94.0 97.0
100.0

UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.07 HR, R= .40 HR
SNYDER TP= .50 HR, Cp= .58

UNIT HYDROGRAPH
32 END-OF-PERIOD ORDINATES

29. 106. 210. 340. 576. 753. 747. 695. 635. 572.

505. 445. 391. 331. 268. 217. 176. 142. 115. 93.

76. 61. 50. 40. 33. 26. 21. 17. 14. 11.
9. 7.

B S LR R R e R R R R R E R R E T R s R R e e e e

HYDROGRAPH AT STATION SKYH5

P R R R R R R T R R e S e e e

*

DA MON HRMN ORD  RAIN  LOSS EXCESS comMP © * DA MON HRMN ORD  RAIN  LOSS EXCESS CcoMP Q
N
1 0000 1 .00 .00 .00 0. * 1 1230 151 .00 .00 .00 0.
1 0005 2 .02 .02 .00 0. * 1 1235 152 .00 .00 .00 0.
1 0010 3 .02 .02 .00 0. * 1 1240 153 .00 .00 .00 0.
1 0015 4 .02 .02 .00 0. * 1 1245 154 .00 .00 .00 0.
1 0020 5 .02 .02 .00 0. * 1 1250 155 .00 .00 .00 0.
1 0025 6 .03 .03 .00 0. * 1 1255 156 .00 .00 .00 0.
1 0030 7 .03 .03 .00 0. * 1 1300 157 .00 .00 .00 0.
1 0035 8 .08 .08 .00 0. * 1 1305 158 .00 .00 .00 0.
1 0040 9 .09 .09 .00 0. * 1 1310 159 .00 .00 .00 0.
1 0045 10 .10 .10 .00 0. * 1 1315 160 .00 .00 .00 0.
1 0050 11 .15 .14 .01 0. * 1 1320 161 .00 .00 .00 0.
1 0055 12 .20 .10 .10 4. * 1 1325 162 .00 .00 .00 0.
1 0100 13 .43 .08 .35 23. * 1 1330 163 .00 .00 .00 0.
1 0105 14 .77 .07 .70 81. * 1 1335 164 .00 .00 .00 0.
1 0110 15 .39 .07 .24 193. . 1 1340 165 .00 .00 .00 0.
1 0115 16 .17 .06 11 358. * 1 1345 166 .00 .00 .00 0.
1 0120 17 .11 .06 .05 583. * 1 1350 167 .00 .00 .00 0.
1 0125 18 .09 .05 .04 "857. * 1 1355 168 .00 .00 .00 0.
1 0130 19 .08 .05 .03 1052. * 1 1400 169 .00 .00 .00 0.
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0135
0140
0145
0150
0155
0200
0205
0210
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1 0930 115 .00 .00 .00 0. * 1 2200 265 .00 .00 .00 0.
1 0935 116 .00 .00 .00 0. * 1 2205 266 .00 .00 .00 0.
1 0940 117 .00 .00 .00 0. * 1 2210 267 .00 .00 .00 0.
1 0945 118 .00 .00 .00 0. * 1 2215 268 .00 .00 .00 Q.
1 0950 119 -00 .00 .00 0. * 1 2220 269 .00 .00 .00 0.
1 0955 120 .00 .00 .00 0. * 1 2225 270 .00 .00 .00 0.
1 1000 121 .00 .00 .00 0. * i 2230 271 .00 .00 .00 0.
1 1005 122 .00 .00 .00 0. * 1 2235 272 -00 .00 .00 0.
1 1010 123 .00 .00 .00 0. * 1 2240 273 .00 .00 .00 0.
1 1015 124 .00 .00 .00 0. * 1 2245 274 .00 .00 .00 0.
1 1020 125 .00 .00 .00 0. * 1 2250 275 .00 .00 .00 0.
1 1025 126 . .00 .00 .00 0. * 1 2255 276 .00 .00 .00 0.
i 1030 127 .00 .00 .00 0. * 1 2300 277 .00 .00 .00 0.
1 1035 128 .00 .00 .00 0. * 1 2305 278 .00 .00 .00 0.
1 1040 129 .00 .00 .00 0. * 1 2310 279 .00 .00 .00 0.
1 1045 130 .00 .00 .00 0. * 1 2315 280 .00 .00 .00 0.
1 1050 131 .00 .00 .00 0. * 1 2320 281 .00 .00 .00 0.
1 1055 132 .00 .00 .00 0. * 1 2325 282 .00 .00 .00 0.
1 1100 133 .00 .00 .00 Q. * 1 2330 283 .00 .00 .00 0.
1 1105 134 .00 .00 .00 0. * 1 2335 284 .00 .00 .00 0.
1 1110 135 .00 .00 .00 0. * 1 2340 285 .00 .00 .00 0.
1 1115 136 .00 .00 .00 0. * 1 2345 286 .00 .00 .00 a.
1 1120 137 .00 .00 .00 0. * 1 2350 287 .00 .00 .00 0.
1 1125 138 .00 .00 .00 0. * 1 2355 288 .00 .00 .00 0.
1 1130 139 .00 .00 .00 g. * 2 0000 289 .00 -00 .00 0.
1 1135 140 .00 .00 .00 0. * 2 0005 290 .00 .00 .00 0.
1 1140 141 .00 .00 .00 0. * 2 00310 291 .00 .00 .00 0.
1 1145 142 .00 .00 .00 0. * 2 0015 292 .00 .00 .00 0.
1 1150 143 .00 .00 .00 0. * 2 0020 293 .00 .00 .00 0.
1 1155 144 .00 .00 .00 0. * 2 0025 294 .00 .00 .00 0.
1 1200 145 .00 .00 .00 0. * 2 0030 295 .00 .00 .00 0.
1 1205 146 .00 .00 .00 0. * 2 0035 296 .00 .00 .00 0.
1 1210 147 .00 .00 .00 0. * 2 0040 297 .00 .00 .00 0.
1 1215 148 .00 .00 .00 0. * 2 0045 298 .00 .00 .00 0.
1 1220 149 .00 .00 .00 0. * 2 0050 299 -00 .00 .00 0.
1 1225 150 .00 .00 .00 0. * 2 0055 300 .00 .00 .00 [UN

*

B R R L e i R I s I I I ™

TOTAL RAINFALL = 2.85, TOTAL LOSS = 1.23, TOTAL EXCESS = 1.62
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+ (CFS} {HR)
(CFS)
+ 1103. 1.58 174. 43. 42. 42.
(INCHES) 1.614 1.614 1.614 1.614
(AC-FT) 86. 86. 86. 86.
CUMULATIVE AREA = 1.00 8Q MI
1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXTIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
+ 6-HOUR 24-HOUR 72-HOUR
|
HYDROGRAPH AT
+ SKYHS5 1103. 1.58 174. 43. 42. 1.00-

**%* NORMAL END OF HEC-1 *=**
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Table 2.5
SCS Type Il 24-hour Storm Rainfall Distribution

. Time (minutes) | % Rainfall Depth| Time (minutes) | % Rainfall Depth
0.00 0.00 12.25 70.70
0.25 0.20 12.50 73.50
0.50 0.50 12.75 75.80
0.75 0.80 13.00 77.60
1.00 1.10 13.25 79.10
1.25 1.40 13.50 80.40
1.50 1.70 13.75 81.50
1.75 2.00 14.00 82.50
2.00 2.30 14.25 83.40
2.25 2.60 14.50 84.20
2.50 2.90 14.75 84.90
2.75 3.20 15.00 85.60
3.00 3.50 15.25 86.30
3.25 3.80 15.50 86.90
3.50 4.10 15.75 87.50
3.75 4,40 16.00 88.10
4.00 4.80 16.25 88.70
4.25 5.20 16.50 89.30
4.50 5.60 16.75 89.80
4.75 6.00 17.00 90.30
5.00 6.40 17.25 90.80
5.25 6.80 17.50 91.30
5.50 7.20 17.75 91.80

. 575 7.60 18.00 92.20
6.00 8.00 18.25 92.60
6.25 8.50 18.50 93.00
6.50 9.00 18.75 93.40
6.75 9.50 19.00 93.80
7.00 10.00 19.25 94.20
7.25 10.50 19.50 94.60
7.50 11.00 19.75 95.00
7.75 11.50 20.00 95.30
8.00 12.00 20.25 95.60
8.25 12.60 20.50 95.90
8.50 13.30 20.75 96.20
8.75 14.00 21.00 96.50
9.00 14.70 21.25 96.80
9.25 15.50 21.50 97.10
9.50 16.30 21.75 97.40
9.75 17.20 22.00 97.70
10.00 18.10 22.25 98.00
10.25 19.10 22.50 98.30
10.50 20.30 22.75 98.60
10.75 21.80 23.00 98.90
11.00 23.60 23.25 99.20
11.25 25.70 23.50 99.50
11.50 28.30 23.75 99.80
11.75 38.70 24.00 100.00

. 12.00 66.30

24-hour storm distribution.xls 1/3/2002 1
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ENDTBL

' STANDARD SCS 24-HOUR, TYPE 1
CUMULATIVE RAINFALL

RAINFALL TABLE 2.

(REVISED'MAY'1982)

TABLE No, " TINE INCREMENT

3 RAINFL 2 0.2500

8 0.0 0.0020 040050
8 0.0140 0.0170 0.0200
8 0.0290 = g,0320 0.0350
8 0.0440 .  o,0480 - 0.0520
8 0.0640 0.0680 0.0720
8 0.0850 0.0900 0.0950
8 0.1100 " 0.11580 0.1200
8 0.1400 0.1470 0.1550
8 0.1810 041910 = g0,.2030
8 0.2570 . p.2830 ' 0.,3870
8 0.7350 0.7580 0.7760
8 : ' 0.8150 0.8250 0.8340
8 08560 . 0.8630 - 048690
8 - 0.8870 - 90,8930 0.8980
8 0.9130 0.9180 0.9220 -
8 0.9340 049380 0.9420
8 09530 0.9560 0.9590
8 0.9680 0.9710 . - 049740
8 0.9830 ‘09860 - 049890
8 0.9980 1.0000 1.0000
9 - .

On Executive Control use Rainfali Depth in inches

The format for this table is Form

#271, Page F-7,

I DISTRIBUTION
TABLE

0.0230

0.0%60
8.0760
0.1000
0.1260
0.1630
0.2180
De6630

0.7910
0.8420

0.8750
0.9030
0.9260

0.9460

0.9620
0.9770
0.9920

1.0000

6.0380

0.0110
0.0260
0.0410

0.0600

0.0800
0.1050
0.1330
0.1720
0.2360
0.7070
0.8040
0.8490

" 0.8810

0.9080

- 09300

0.9500
09650
0.9800
09950

1.0000

and Rainfall Duration of 1.0,
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Table 5.?
Slope Adjustment For Steep Watercourses

Slope, feet/mile

Unadjusted, S Adjusted, S, Unadjusted, S Adjusted, S,;

0 0 400 288
200 200 410 290
210 209 420 292
220 218 430 294
230 226 440 295
240 233 450 296
250 240 460 298
260 246 470 299
270 251 480 300
280 255 - 490 301
290 260 500 303
300 263 510 304
310 267 520 305
320 270 530 306
330 273 540 307
340 275 550 309
350 278 560 310
360 280 570 311
370 283 580 312
380 285 590 313
390 287 600 313

Equations for Data in Table 5.?

For 0<S<=200:
S.q=S
For 200<Slope<=600:
S,q=a0+a1S+a28°+a35%+a4s*+a55°+a65°+a7s’

al0= 6.725897827E+02
al= -1.634093666E+01
a2= 1.739404649E-01
a3= -8.902683621E-04
a4= 2.552852266E-06
ab= -4.203532411E-09
ab= 3.721179614E-12
a7= -1.374400319E-15

For S>600, S,4=313
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Figure 5.4
Slope Adjustment for Steep Watercourses in Natural Watersheds

|—-S|ope Adjustment Curve |
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Figure 5.4 Comparison Figure
Slope Adjustment for Steep Watercourses in Natural Watersheds

| ¥ Scaled ——7th Order Polynomial ]




Slope Adjustment Lookup Table Slope Adjustment Values
. For Steep Watercourses For Steep Watercourses
(Scaled from Figure 5.4)
S S adj (1-7th Order Polynomial) S Sadj
0 0 0.0 0.0

200 200 200.0 200.0
210 209 225.0 221.9
220 218 ' 250.0 240.0
230 226 275.0 254.0
240 2338 300.0 262.8
250 240 325.0 271.3
260 246 350.0 277.7
270 251 375.0 283.8
280 255 400.0 288.2
290 260 425.0 292.8
300 263 450.0 295.6
310 267 475.0 299.7
320 270 500.0 302.5
330 273 525.0 _ 305.7
340 275 550.0 308.8
350 278 575.0 311.3
360 280 600.0 312.6
370 283
380 285
390 287

. 400 288
410 290
420 292 1-7th Order Polynomial
430 294 Curve Fit Factors
440 295 For 0<S<=200:
450 296 S.q=S
460 - 298
2;8 ggg Sag=a0+a1S+a25%a35%+a4S+a58 +a6S +a78’
490 301 For 200<Slope<=600:
500 303 a0= 6.725897827E+02
510 304 al= -1.634093666E+01
520 305 a2= 1.739404649E-01
530 306 a3= -8.902683621E-04
540 307 a4= 2.552852266E-06
550 309 ab= -4.203532411E-09
560 310 ab= 3.721179614E-12
570 311 a7= -1.8374400319E-15
580 312 For $>600, S,=313
590 313
600 313
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WOOD/PATEL

CiviL ENGINEERS * HYDROLOGISTS * LAND SURVEYORS

arrel E. Wood, BE., R.LS. ,
.Ashok C.Pael, PR, RLS,  February 7,1997
James S. Campbell, PE. » : :
Gordon W, R, Wark, PE.
Jefftey J. Holzmeister, PE.
Thomas R. Gcttings; R.LS. -
Duane M. Hunn, PE. ~ Mr. Russ Miracle, P.E.
Scort A Nelson,RLS.  Flood Control District of Maricopa County
%‘;’&?;“Kz:‘;fs% Iljf;: 2801 West Durango Street
An[honyj‘ Regxs, PE. PhOCﬂiX, AZ 85009

Richard L. Hiner, RE.

Fredrick K. Schneider, RE. Re: ;
e: Maryvale ADM
William H. Thompson, RE. S

David E. Lucas, R.LS. - Hydrology
Timothy A. Huval, BE, FCD #93-29

WP #95154

‘Dear Mr. Miracle:
Enclosed please find four (4) sets of Final Hydrology Repo_rts for the Maryvale ADMS.

This submittal, prepared by the Wood/Patel-CH2M Hill team, covers hydrologic analyses for
the entire watershed within the ADMS. The HEC-1 model incorporated comments and
- suggestions from all of our previous submittals mcludmg the Pilot HEC-1 Study, Hydrologic
' Analysis First Phase Hydrologic Analys1s Entlre Watershed, Draft Final Report, and Pre-
. ‘ - Final Report. .

Please note that the report (each set) is prepared in two separate 3-ring binders. The first
binder is the main body of the report including drainage parameters, technical backup data,
spreadsheets, computer disks, and exhibits. The second binder includes hard printouts of the
results of our HEC- 1 analysxs

Per our discussion, addmonal copies of this report are also being submitted separately to the
following:

fuRay Acufia, P.E. - 2 sets
City of Phoenix

Daniel A. Sherwood, P.E. - 2 sets
City of Glendale

» Dan Nissen, P.E. - 2 sets
City of Peoria

This submittal concludes Phase I, Hydrology of our Scope of Work. We are now looking

forward to initiating Phase II, Area Drainage Master Plan (ADMP). The ADMP will require

site-specific flood mitigation study/solutions. We are ready to meet with the Cities of

Phoenix, Glendale and Peoria to coordinate the ADMP. I will be contacting you soon to
. . initiate the coordination meetings. -

Wood, Patel & Associates, Inc. 1550 East Missouri, Suite 203, Phoenix, Arizona 85014 (602) 234-1344 » Fax (602) 234- 1322
E-Mail: woodpatl@netzone com




Mr. Russ Miracle, P.E. L o | February 7, 1997
- Flood Control District of Maricopa County ' : Page 2
Maryvale ADMS ' .

Mr. Amir Motamedi and you provided critical technical support and decision-making
guidance throughout the study phase. These contributions represent a key role in the
successful completion of the hydrology phase. We sincerely enjoyed these relationships and
look forward to similar support through the ADMP phase.

Sincefely, .

WOOD, PATEL & ASSOCIATES, INC.
Ashok C. Patel, P.E., R.L.S.

Principal

ACP/djp

Enclosures

ce: Steve Walker, P.E., CH2M Hill
David Dust, P.E., CH2M. Hill

GENCOR\95 154A.F 12
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1. Introduction

1.1 Scope

Wood, Patel & Associates, Inc. has been contracted by the Flood Control District of
Maricopa County (District) to prepare the Maryvale Area Dralnage Master Study (ADMS).
CH2M HILL assisted Wood, Patel and Associates, Inc. by preparing the “existing
conditions” hydrologlc analyses for the approx1mately 100—square-rmle Maryvale ADMS
study area.

" “The primary purposes of this report are to:

» Document the methodologles and procedures used to develop the HEC-1 models for the
Maryvale ADMS study area, under existing conditions.

¢ Document the results of the hydrologic analyses.

1.2 Objéctive-s

To allow the identification and quantification of flood hazards within the study area, the

primary objectives of the hydrologic modeling component of the Maryvale ADMS project
were to develop HEC-1 models that:

. Prov1de runoff computations for a primarily urban drainage area, where sub-basm
drainage boundaries are not well defined and flow paths are very complex.

* Evaluate 10-year, 6-hour, 100-year, 6-hour; and 100-year, 24-hour rainfall events.
» Allow efficient evaluation of both existing and future storm drain systems.

* Providea cost-effective planning and analysis tool.

. Allow for efﬁcﬁent updating.

The HEC-1 modeling approach documented in this report meets these ob]ectlves and the.
criteria specified in the project’s scope of work. It is anticipated that the HEC-1 model
created for the Maryvale ADMS will be a useful and cost-effective planning tool.

1.3 Study Area Description

The study area for the Maryvale ADMS is approximately 100 square miles in size and
encompasses portions of the City of Peoria, the City of Glendale, the City of Avondale, the
City of Tolleson, the City of Phoenix, and un-incorporated Maricopa County. As indicated
in Figure 1-1, the study area is bounded on the north by the Arizona Canal Diversion

‘Channel (ACDC) and Skunk Creek, on the east by I-17, on the south by I-10, and on the

west by the Agua Fria River and the Agua Fria Freeway.
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The study area can be characterized as follows.

. . Sio-pe. The slope of the land is generally from the northeast to the southwest at
approximately 0.4 percent.

* Land Uses. The primary land use with the study area is single family residential.
However, essentially all of the study area had been agricultural land at some point in
the past. - :

* Primary Flooding Locatiens. During significant rainfall events, stormwater ponds at
_several locations along the upstream side of the Roosevelt Canal, the Grand Canal, and
Grand Avenue and/or the adjacent railroad embankment. However, flooding also
occurs at numerous intersections and along several major streets.

» Existing Channel Systems. The ACDC and Skunk Creek define the northern boundary
" of the study area. The ACDC and Skunk Creek are regional flood control facilities, with

design capacities greater than the 100-year event. Within the study area, two major
flood control channel systems were built and are maintained by the Arizona
Department of Transportation (ADOT), as illustrated in Figure 1-2. These channel
systems extend along the east side of the Agua Fria Freeway and along the north side of
I-10. The existing ADOT channel system along the east side of the Agua Fria Freeway
extends from approximately Greenway Road to Glendale Avenue. This channel system
outfalls at several locations into the New River and collects both surface and storm
drain flow. The ADOT channel system, along the north side of I-10, outfalls into the _
Agua Fria River and collects both surface and storm drain flow.

. » Existing Storm Drain Systems (Peoria and Glendale). There are three major storm
drain systems in the northern portion of the study area, as shown schematically in
Figure 1-2. The Cactus Road storm drain system currently extends from approximately
67th Avenue west to 83rd Avenue. The Cactus Road storm drain system will be
extended to the ADOT channel system along the east side of the Agua Fria Freeway,

- with an expected completion date of July 1997. The Olive Avenue storm drain system
extends from approximately 51st Avenue west to the ADOT channel system, along the
east side of the Agua Fria Freeway. The Olive Avenue storm drain system has two
surge basins located at approximately 71st Avenue and 83rd Avenue. The Olive
Avenue storm drain system has a 10-year event design capacity. The Peoria Avenue
storm drain system extends from approximately Grand Avenue to the Agua Fria
Freeway channel system. ' .

* Existing Storm Drain Systems (Phoenix). As shown in Figure 1-2, the City of Phoenix
has a complex system of storm drains that convey stormwater from as far north as
Northern Avenue south to the Salt River. Primary components of this system include
storm drains along 27th, 35th, 39th, 43rd, 51st, 67th, 75th, 83rd, and 91st Avenues. The
design capacities for these storm drain systems are generally estimated to be between
the 2- and 10-year events.
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' o Future Storm Drain Systems. Several future storm drain systems were included ini the
HEC-1 model for “existing conditions.” These future systems include storm drains
along Butler Drive, Northern Avenue, and Orangewood /Glendale Avenues, as
indicated in Figure 1-2. In addition, the Cactus Road storm drain system was assumed
to be complete and, therefore, extend to the Agua Fria Freeway channel.
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2. A Brief Chronology of Previous Studies

Reports of the flooding of agncultural fields and of ﬂows overtoppmg canal banks date
back to the 1940’s, when agriculture was essentially the only land use in the Maryvale
ADMS study area. Even as late as the 1960s, agriculture was still the primary land use
within the study area (FCDMC, 1962). In the 1960s, the U.S. Army Corps of Engineers
documented, in detail, the storm and flood event of August 16, 1963. During the 1963 storm
event, the Corps documented flooding of both residential and commercial properhes along
pnmanly the Grand Canal

Also in the early 1960s, the District prepared the “Flood Control Survey Report”(FCDMC,
1962) and the “Comprehensive Flood Control Program Report”(FCDMC, 1963). These
studies identified and documented the flood hazards along Grand Avenue and the canal
systems. The latter of these two studies documents plans for several regional flood control
facilities, including the ACDC, the New River Dam, and Adobe Dam. Many of the regional
flood control facilities identified in the 1963 study were designed and built in the 19705,
1980s, and the early 1990s.

In the late 1980s, the Arizona Department of Transportation evaluated flood -hazards and
drainage requirements for the future Outer Loop Highway (WLB, 1987), and future
highway improvements along Grand Avenue (Tudor, 1989). Also in the 1980s, the District
prepared the “Glendale-Peoria Area Drainage Master Plan”(Camp Dresser and McKee et.
al., 1987). This study evaluated flooding hazards and flood control alternatives for an area
located within the study area for the Maryvale ADMS. The flood control alternatives
evaluated in this study primarily involved networks of storm draln systems.

In the early 1990s, the District sponsored studies that evaluated various storm drain
alternatives along Cactus Road, Butler Drive, Northern Avenue, and

Orangewood /Glendale Avenue (SFC, 1992) and (WPA, 1995). In 1995, the Dlstnct had
flooding hazards and flood control alternatives evaluated for the flooding area along the
Grand Canal, between approximately 35th and 67th Avenues (CVL, 1995). This study
evaluated storm drain and retention basin alternatives for relieving flooding along the
north side of the canal.

The Maryvale ADMS is intended to address the drainage issues for a study area that
essentially encompasses the study areas of the previous studies. Within this study area,
there is a complex network of existing drainage facilities. In addition, there are several
future flood control systems at various levels of planning and design. Hence, an important
aspect of this study was to develop a hydrologic model that is flexible and adaptable
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3. Hydr’o-l-ogic Analyses

3.1 HEC-1 Modeling Approach

To meet the primary objectives of the hydrologlc modeling component of the Maryvale
ADMS project, it was essential to develop a HEC-1 modeling approach that is adaptable.
The HEC-1 modeling approach used in this study was developed by first evaluating the
drainage patterns within a 3.8-square-mile pilot study area.

The pilot study area selected appeared to be reasonably representative of the highly

‘urbanized portion of the total 100-square-mile study area. Detailed evaluation of the

detailed topographic mapping and site conditions for the pilot study area indicated that:

o Arterial streets are very important conveyors of storm water; however, the capacity of
the arterial streets will typically be exceeded during the 10-year event. Stormwater
flows will exit typical arterial streets as weir flow down side streets.

o Since the arterial streets are the primary conveyors of stormwater, it is logical to
consider the approximately 1-square-mile area bounded by arterial streets as a sub-
basin. However, it is important to recognize that stormwater can cross all four sides of
the essentially square sub-basin and that the sub-basin does not have a single
concentration point. Instead, each sub-basin has a concentration line that extends along

- the arterial streets along the downstream 51des of the essen‘aally square sub-basin.

* The flow patterns within a typical l-square-mlle sub-basin are very complex and can
vary significantly during the course of a rainfall event. However, the flow patterns
within the sub-basin are primarily controlled by residential and collector street patterns.

Figure 3-1 is a HEC-1 schematic diagram for a typical sub-basin. This figure illustrates the
key elements and structure of the HEC-1 modeling approach used in this study. As
indicated in Figure 3-1, the HEC-1 model for a typical sub-basin includes the following
standard elements:

e Hydrograph coﬁputaﬁoﬁs for the sub-basins per the District’s methodologies.
¢ Normal depth channel routings for the arterial streets.

+ Normal depth compos1te-channe1 routings for flow passing through a sub-basin along
multiple streets.

¢ In some cases, reservoir routings for pondmg areas and regional retention basin systems
within a sub-basm

 Hydrograph combines along streets and within sub-basins.
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However, the uniqueness of the proposed HEC-1 modeling approach lies in its structure
and the use of various categories of flow diversions. The ability to model flow diversions
flexibly was the key for developing a modeling approach for the study area that meets the
project objectives. As indicated in Figure 3-1, flow diversions are used in five distinctly
different ways:

1. Street Capacity Diversions. Street capacity diversions are used to compute the flow
being conveyed by a major/arterial street and the flow that exits the arterial street and
enters the adjacent sub-basin via both residential and collector streets. :

2. Street Intersection Diversions. Street intersection diversions are used to distribute the
flow passing through an intersection. Intersection diversion rating curves for arterial
streets are based on relative street capacities and the capacity of existing or future storm
drain systems.

3. Sub-basm Dlversmns. Sub-basin diversions are used to identify the southerly and
westerly components of runoff generated within a sub-basin and flow entering a sub-
basin from adjacent arterial streets. Rating curves for these diversions are primarily

-based on easily measured areas; however, some judgment is required.

4. Retention Basin Diversions. In cases where a portion of a sub-basin drains to a
retention basin or system of retention basins, flow diversions are used to divert the
volume of water corresponding to the measured capacities of the retention basins. The
percentage of the flow rate that can be diverted (i.e., the DQ-record information)
corresponds to the percentage of the sub-basin area that drains to the retention basin(s).

5. Surge Basin Diversions. The Olive Avenue, Northern Avenue, and
Orangewood/Glendale Avenue storm drain systems have surge basins, as indicated in
Figure 1-2. Flow d1ver31ons are used to simulate the dlverswn of flow from a storm
drain system into a surge basin.

The schematic for the Maryvale ADMS HEC-1 model is shown in Exhibit 1. The
computational sequence of the HEC-1 model has been set up to minimize the number of
hanging hydrographs and emphasize the east-west streets. Emphasizing or following east-
west streets simplifies the task of modifying the model to reflect storm drain alternatives
that may extend along the east-west streets. Yet, the structure of the model is such that the
computational path for the north-south streets is relatively easy to identify and follow.

- In addition, the structure of the HEC-1 modeling approach is such that :

» Flow can be routed into and out of a typical 1-square-mile sub-basin across essentially
all four sides of the sub-basin.

s Flow canbe routed along all four sides of a typical 1-square-mile sub-basin.

o Street intersection, street capacity, and sub-basin diversions can be modified to reflect
future or existing storm drain systems, along arterial and collector streets. '

. Retention basin dlversmns can be added and modlﬁed to reﬂect future retentlon -

-facilities.
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As indicated in Exhibit 1, the HEC-1 element names are based on section numbers and
street names. A detailed description of the element name nomenclature is provided in
" Appendix B and in the ID-records of the HEC-1 data sets.

3.2 HEC-1 Input Data Development

3.2.1 General

The input parameters for the Maryvale ADMS HEC-1 models have been measured from or
are primarily based on the following sources of data: '

e Detailed topographic mapping (i.e., 1”=200" with a contour interval of 1 or 2 feet)

prepared by Kenney Aerial Mapping, based on photography flown on March 28, 1994.

. 1990,/1991 land use data provided in GIS format 'by'the District.

* Soil type data, based on the Soil Survey of Maricopa County, Arizona: Central Part (SCS,
1977), as provided in GIS format by the District.

* NOAA Atlas II precipitation data as docﬁmented in Drainage Design Manual for Maricopa
- County: Volume I: Hydrology (FCDMC, Jan. 1995).

The following sections of this report describe the specific sources of data and the techniques
used to develop the HEC-1 input data. However, detailed documentation and computation
sheets for the various components of the HEC-1 model are provided in the appendix as

follows:

Appendix A:

Appendix B:

Appendix C:
Appendix D:

Appendix E:
Appendix F:

Appendix G:
Appendix H:

Appendix I:
Appendix J:
Appendix K:

Precipitation Data

Sub-basin Parameters

Sub-basin Diversions _

Arterial and Composite Street Routes

Retention Basin and Ponding Area Data

Street Capacity Diversions

Street Intersection Diversions

Storm Drain and Surge Basin Data

Cumulative Area Computations for Hydrograph Combines
I-10 Freeway Channel Analysis

HEC-1 Element Nomenclature, HEC-1 Output and Input Files

3.2.2 Rainfall Event Parameters

3.2.2.1 . Precipitation Data

Adjusted point rainfall depths for the 10-year, 6-hour; 100-year, 6-hour; and the 100-year,
24-hour events were computed for the study area. The point rainfall values were computed
using the District’'s DDMS/PREFRE software package and the isopluvial maps, as '
documented in the Drainage Design Manual for Maricopa County: Volume I Hydrology
(FCDMC, 1995). The point rainfall depth computations are documented in Appendix A.
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o 3.222. Ramfall Distributions . _ ‘
' ‘Rainfall events with 6- and 24-hour rainfall d1str1but10ns were evaluated for the study area.

e 6-Hour Rainfall Distributions. The dimensionless storm patterns documented in the
Drainage Design Manual for Maricopa County: Volume I Hydrology (FCDMC, 1995), were
used in this study.

e 24-Hour Rainfall Distribution. The SCS Type II distribution was used in this study to
model the 100-year, 24-hour event.

3.2.2.3 Multiple versus Single Storm Event

The District’'s DDMS software allows computation of sub-basin parameters (i.e. Clark Unit

Hydrograph Parameters “Tc” and “R”) for either “multiple” or “single” storm events.

When the single storm option is used, the HEC-1 model has a single point rainfall value and

a single rainfall distribution, that corresponds to a specified drainage area. Whereas, the
“multiple storm” HEC-1 model uses point rainfall values and rainfall distributions, from

the multiple point rainfall values and distributions listed in the HEC-1 data set, based on

the drainage area specified for each sub-basin.

The multiple storm option has been used to model the general “existing conditions.”
However, there may be applications of the basic Maryvale ADMS I—IEC 1 Model, where the
single storm option may be more appropriate.

. 3.2.3 Sub-basin Parameters

3.2.3.1 Sub-basin Boundaries

As indicated in Figure 1-1, the study area encompasses approx1mately 100 square miles. As
shown in Exhibits 1 and 2, the study area has been delineated into 141 sub-basins in a

manner consistent with the HEC-1 modeling approach described in Section 3.1 of this ,
report. The sub-basin parameter data collected for the study area is documented in detail in
Appendix B. : '

3.2.3.2 Land Use and Soil Data

The District provided land use and soil map data in GIS format. The land use and soil map
data are shown in Exhibits 3 and 4. GIS software was used to compute the sub-basin areas,
the area of each soil unit in each sub-basin, and the area of each land use "éategory in each
sub-basin. This information was used as input data for the DDMS software. The various
parameters assigned to each land use type are as given in Table 3-1. The percent
impervious specified for each land use (i.e. RTIMP) was assumed to be 100% effective.

3.2.3.3 Unit Hydrograph

The Clark Unit Hydrograph option in HEC-1 was used for all sub-basins. The HEC-1 input
parameters (UA and UC-records) were generated using the District’'s DDMS software. The
DDMS sub-basin parameter data for the study area are given in Appendix B
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3.2.3.4 Precipitation Losses

. The Green-Ampt precipitation loss option was used for all sub-basins. Green-Ampt
parameters for each sub-basin were computed using the DDMS software, based on the land
use and soil data. :

3.2.3.5 Time of Concentration Flow Paths

Time of concentration flow path data was determined for each sub-basin using the detailed
topographlc mapping. The time of concentration ﬂow paths for each sub-basin are shown
in Exhibit 2.

TABLE 3-1
Land Use Parameters .

Land Use Type DTHETA % Veg. RTIMP 1A Kn Kb
Condition  Cover  Percent inches . Roughness
, Type
Desert Dry 25 0 0.350 0.030 Low
Open Dry 10 0 0.200 0.020 - Min
VLDR Normal 30 5 0;300 0.050 . Hi .
LDR . Normal 50 15 0.300 0.050 Hi
MDR Normal 50 30 0.250 0.050 Hi
. . MFR - Normal 50 45 0.250 0.050 - . Hi
Ind Normal 60 55 0.150 0.030 Min
Comm Normal 75 50 0.100  0.020 Min
Park Normal 90 | 10 0,200> 0.100 Hi
Rowcrop Normal 85 0 -0.500 0.100 Hi

School Normal 80 45 0.290 0.050 Hi

3.2.4 Sub-basin Diversions

Within the study area, the slope of the land is generally from the northeast to the southwest
at approximately 0.4 percent. Hence, stormwater flowing within a typical sub-basin is
directed and conveyed to the arterial streets along the west and south sides of the sub-basin,
by residential and collector streets. That is, some of the stormwater is conveyed west to the
north-south arterial street, by residential and collector streets, while the remainder of the
stormwater is conveyed south to the east-west arterial street by residential and collector
streets.

Sub-basin diversions are used to separate or divide the hydrograph, for the stormwater

within a sub-basin, into a southerly and a westerly component. The hydrograph for the
stormwater within a sub-basin includes runoff generated within a sub-basin and typically
. the flow entering a sub-basin from the adjacent arterial streets.
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Sub-basin diversion data have been computed based on the drainage patterns within each
of the sub-basins. The drainage patterns within the sub-basins have been evaluated using
the topographic mapping for the study area and site observations. The sub-basin diversion
data computations are documented in Appendix C. ' -

3.2.5 Arterial and Sub-basin Street Routes

3.2.5.1 Arterial Street Routes

The Normal-Depth Channel Routing option in HEC-1 is used for arterial street routes. The
input data for arterial street routes are based on a typical arterial street section and
measured street slopes and reach lengths. Detailed documentation for each arterial street
route is provided in Appendix D.

3.2.5.2' Sub-basin Street Routes

The Normal-Depth Channel Routing option in HEC-1 is used for sub-basin street routes.
The input data for sub-basin street routes was based on a composite section and measured
street slopes and reach lengths. Detailed documentation for each sub-basin street route is

provided in Appendix D.

3.2.6 Retention Basin and Ponding Area Data

3.2.6.1 Retention Basin Data

In cases where a portion of a sub-basin drains to a retention basin or system of retention
basins, flow diversions are used to divert the volume of water corresponding to the
measured capacities of the retention basins. The percentage of the flow rate that can be
diverted (i.e., the DQ-record information) corresponds to the percentage of the sub-basin
area that drains to the retention basin(s). The retention basin computation sheets for each
sub-basin are given in Appendix E.. ‘

3.2.6.2 Ponding‘Area- Data

During significant rainfall events, stormwater ponds at several locations along the upstream
side of the Roosevelt Canal, the Grand Canal, and Grand Avenue and/or the adjacent
railroad embankment. Storage volume, ponding elevation, and outfall data were computed
based on the detailed topographic mapping and supplemental surveyed spot elevations.
The ponding area computation sheets are given in Appendix E.

3.2.6.3 Maryvale Mitigation Area

Within the Maryvale Mitigation Area study limits, the ponding areas have been modeled
based primarily on the data documented by CVL (1995) ; however, this data has been
revised to reflect preliminary analyses of the conveyance capacity along the north side of
the Grand Canal and additional storm drain capacity computations. The data used to
develop the HEC-1 input data for the ponding areas and corresponding diversions are
provided in Appendix E and Appendix H.

PHXISWW/132586/REPRT26.00C ' ' 13



3.2. 7 Street Capacxty Dlversxons

‘ Street capacity diversions are used to compute the flow being conveyed by arterial street
and the flow that exits the arterial street and enters the adjacent sub-basin via both
residential and collector streets. Two general cases of street capacity diversions have been
evaluated. The typical case (Case “1”) is when flow exits the arterial street as weir flow into
the side streets. Along most arterial streets, the side streets have been designed with a high
point or grade break near the intersection. This prevents stormwater flowing in the gutter
of the arterial from being directly conveyed into the side street. However, a special case,
that occurs at several locations, is when stormwater can-exit the arterial street directly into
‘the side street. In this case, normal depth calculations are use to develop rating data for
both the arterial and side street(s). As indicated in the detailed documentation given in
Appendix F, spreadsheets have been used to compute the rating curves for the street
capacity diversions based on easily measured physical parameters and future/ ex1stm° -
storm drain system capac:mes

3.2.8 Street Intersection Diversions

Street intersection diversions are used to distribute the flow passing through an
intersection.- Intersection diversion rating curves for arterial streets are based on relative
street capacities and the capacity of existing or future storm drain systems. Two general
types of street intersections have been evaluated. Type A--Arterial Street Intersections are the
typical type of arterial street intersections within the study area. The characteristics of a
Type A intersection are as follows:

. ¢ Continuous pavement crowns in both directions; that is, valley gutters are not used to
direct stormwater through the intersection. .

~ s Streetslopes in the vicinity of the intersection are relatively mild (i.e., less than 1%).
* Intersection is subject to low velocity inundation.

The special case or Type B--Arterial Street Intersections refers to the condition where the
pavement crown is continuous in only one direction throuah the intersection. In this case,
the intersection diversion is based on normal depth and weir flow computations. The
intersection diversion data collected for the study area are documented in detail in
Appendix G.

3.2.9 Storm Drain Systems

3.2.9.1 Existing Storm Drain Systems within the Cities of Peoria and Glendale

There are three major storm drain systems in the northern portion of the study area, as

shown schematically in Figure 1-2. The Cactus Road storm drain system currently extends

from approximately 67th Avenue west to 83rd Avenue. The Cactus Road storm drain

system will be extended to the ADOT channel system along the east side of the Agua Fria

Freeway, with an expected completion date of July 1997. The Olive Avenue storm drain

system extends from approximately 51st Avenue west to the ADOT channel system along

the east side of the Agua Fria Freeway. The Olive Avenue storm drain system has two i
g " surge basins located at approximately 71st Avenue and 83rd Avenue. The Olive Avenue =~
. storm drain system has a 10-year event design capacity. The Peoria Avenue storm drain
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system extends from approximately Grand Avenue to the Agua Fria Freeway channel
system.

The Peoria Avenue, Cactus Road, and Olive Avenue storm drain systems have been
incorporated into the HEC-1 model, by modification of the appropriate street intersection

- and street capacity diversion rating curves. The Cactus Road storm drain system has been
modeled assuming the system is complete and outfalls to the Agua Fria Freeway Channel.
Storm drain capacity data for these systems are based on the capacities given in the design

“reports for these storm drain systems. The storm drain capacity data and detailed
documentation describing how the storm drain systems are reflected in the HEC-1 model
are provided in Appendix H.

3.2.9.2 Existing Storm Drain Systems within the City of Phoenix

As shown schematically in Figure 1-2, the City of Phoenix has a complex system of storm
drains that convey stormwater from as far north as Northern Avenue south to the Salt
River. Primary-components of this system include storm drains along 27th, 35th, 39th, 43rd,
51st, 67th, 75th, 83rd, and 91st Avenues. The design capacities for these storm drain
systems are generally estimated to be between the 2- and 10-year event.

The capacities of the storm drain systems located within the City of Phoenix have been
estimated based on pipe slopes and diameters, assuming pipe full conditions. The capacity
computations for these storm drain systems are given in Appendix H.

3.2.9.3 Future Storm Drain Systems Included In “Existing Conditions”

Several future storm drain systems were included in the HEC-1 model for “existing
conditions.” These future systems include: :

o The storm drain systems evaluated and proposed in the “Northern /Orangewood Storm
Drain Project: Concept Routing Study FCD #94-12" by Wood, Patel & Associates(1996).
The study proposed systems along Butler Drive, Northern Avenue, and

- Orangewood/Glendale Avenues, as indicated in Figure 1-2. The storm drain capacity
data for these storm dram systems are given in Appendix H.

* Extension and completion of the Cactus Road storm drain system. The Cactus Road
storm drain system will be extended to the ADOT channel system along the east side of
the Agua Fria Freeway, with an expected completion date of July 1997.

3.2.10 Cumulative Area Computations for Hydrograph Combines

When hydrographs generated from diverts are combined, HEC-1 requires a drainage area
specified on the HC-record. This area is used to compute an interpolated hydrograph for
the “combined hydrograph,” based on the data given in the JD-records (HEC,1990).

For this study, areas have been computed for each combine node based on the total area of
all the sub-basins located upstream of the combine node. These “Cumulative Area
Computations,” given in Appendix I, list the areas and names for all of the upstream sub-
basins for each combine node. ‘
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, . The drainage area specified for each of the combine nodes represents the maximum
b drainage area that may contribute flow to the combine node. Itis recognized that a
; combine node may only receive a small fraction or none of the runoff hydrograph for some
of the upstream sub-basins. ' :

3.3 Data Management

The HEC-1 model for the Maryvale ADMS study area is composed of approximately 12,320
lines of data. The model includes approximately:

« 140 Sub-Basins.
* 400 Arterial Streethoutes.
e 330. Composite Street Routes. -
¢ 200 Street Capacity Diversions.
* 140 Sub-Basin Diversions.
* 90 Intersection Diversions.

. 30 Re’;ention Basin Diversions.

L 24 | Ponding Areas (i.e., reservoir routes).
. ¢ . 80 Miles of Storm Drain Syétems.

When possible, Excel spreadsheets have been used to compute and manipulate thé data

required to generate the input data for the HEC-1 model. As provided in the appendices,
listings of these spreadsheets have also been used to document the input data development.

As indicated in Exhibits 3 and 4, developing the sub-basin data for the HEC-1 model
involved the manipulation of a large amount of soil and land use data. GIS software, more

- specifically ArcInfo, was used to compute the total area for each Sub-Basin and the portions
thereof within each of the soil groups and land use categories.
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® 4. Evaluation of Study Results

4.1 Results of Hydrologic Modeling

The computed peak discharges for the 10-year, 6-hour and the 100-year, 6-hour events are
summarized in Exhibits 5 and 6, respectively. The computed peak discharges indicated in
Exhibits 5 and 6 represent surface and/or storm drain flows. The complete HEC-1 1nput

and output files are provided in Appendix K.

As illustrated in Exhibits 5 and 6, it is important to note that the HEC-1 models do not
concentrate extremely large flows in the arterial streets. That is, the structure of the HEC-1
model results in the computed runoff being distributed amongst the arterial streets , the
residential / collector streets, and storm drain systems. .Based on site observations and the
topographic mapping, the distribution of the runoff amongst the HEC-1 flow paths appears
to be consistent with the anticipated flooding patterns.

4.1.1 Flood Prone Areas Along 35th and 27th Avenues

It is apparent in Exhibit 1 that the typical sub-basin schematic, as illustrated in Figure 1-3, is
appropriate for the vast majority of the study area. However, some of the sub-basins
, located adjacent to 35th or 27th Avenues do not drain southwest, as implied in the typical

.  sub-basin schematic. North of Grand Avenue and South of Olive Avenue, grade breaks and
low lying areas cause 35th and 27th Avenues to collect and convey storm water directly
south. Along 35th and 27th Avenues, storm water is conveyed as surface and/or storm
drain flows. Review of the detailed topographic mapping indicates that the gutter '
elevations in 27th Avenue are higher than adjacent areas in several locations. This is
specifically the case along the west side of 27th Avenue from Maryland Avenue to Missouri
Avenue. The results of this study indicate that several low lying areas adjacent to 35th and
27th Avenues are prone to flooding.

4.1.2 1-10 Freeway Channel

The I-10 Freeway and drainage channel define the southern boundary of the study area.
The channel system along the north side of the freeway collects and conveys storm water
westerly to the Agua Fria River. The channel system collects surface flows and flows from
the City of Phoenix’s storm drain systems. :

The capacity of the I-10 Freeway channel has been assessed on a simple level. In Table 4-1,
estimated water surface elevations are compared with top-of-bank elevations at several
locations along the channel. Flow depths in the I-10 Freeway channel have been estimated
based on uniform flow computations; even though, backwater flow conditions are
anticipated in the channel, during major flood events. The results of the analyses,
summarized in Table 4-1, indicate that the I-10 Freeway Channel may not have capacity for
the 100-year event in the vicinity of 83rd and 91st Avenues.
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Table 4-1: Comparison of Computed Peak Discharges and Capacity of I-10 Freeway Channel

Summary: This table indicates that the [-10 Freeway Channel may not have capacity for the 100-Year event in the vicinity of 83rd and 91st Avenues.

ADOT: 1-10 Freeway Channel Configuration Dat g 10-Year, 6-Hour Event 100-Year, 6-Hour Event 100-Year, 24-Hour Event
Approx. |- gﬁ: rr::;' Approx; Approx. ﬁ.\r"g(z;' Est. Flow VE::ér ' Est. Flow |Est, Watet] Est. Flow |Est. Watet|
Location®” IE:]ee\/d Slope Vsl?j?:'gt ) SS':;JQ | Bank Q (cfs) D'-"Pg)' (4] Surface | @ (cfs) DePg)‘ (1)) Sgllface Q (cfs) Deﬁta')] L] Slé;face
: () | | S0P i gy, , Elev. ev. eV
43rdAve | 10554 | 0.00100 10 21 1070|1950 9.1 1065 | 4140 126 1068 3620 11.9 1067
5istAve | 1051.0 | 0.00056 10 2:1 1070 | 2620 11.8 1063 ] 5430 16.1 1067 5030 15.6 1067
 59thAve | 10380 | 0.00044 10 ] 21 1060_| 3080 13.3 1051 5770 17.4 1055 5520 174 1055
67thAve | 10340 | 0.00194 20 | 21 1050 | 3480 85 1043 | es60 | 115 1046 | 6390 114 1045
75th Ave | 10239 | o.00177 20 21 | 1044 | 4040 93 | 1033 | 7550 12,6 1037 7410 | 125 1036
83rd Ave®| 10135 | 0.00020 [~ 20 21 1032 | 4150 | 159 | 1020 7700 [ 21.0 7920 21.3 035°
YotstAve™| 10034 | o.00056 20 21 | w22 | 4590 16.2 1020 | es80 22.3 9070 228 |1026
99thAve | o990 | ooozta | 20 21 1016 | 4580 | 95 | 1009 | sos0 | 131 9540 | 135 | 1013
107thAve | 8905 | 0.00139 20 21 | 1010 | 4590 10.5 1001 9360 14.8 9920 15.2 1006
115thAve | 9815 | o.00071 60 211 996 4610 8.0 990 | o530 | 120 994 10120 12.4 994

Notes: }
(1) The channel conﬁguratiohs correspond to a location immediately downstream of the indicated road crossing.

(2) The channel configuration data ié based on topographic mapping (1°=200', 2' contour interval) flown in March 1994.

(3) The estimated flow depths are based on uniform flow computations; however, backwatér flow conditions are anticipated during major flood events.

(4) The results of this analysis indicate that overtopping of the channel banks may occur at this location.




b 4.1.3 Ponding Areas Along Grand Avenue And The Canals

A total of 24 ponding areas were assessed with the HEC-1 model in this study These
ponding areas are shown in Exhibits 5, 6 and A through S (Appendix L). The computed
peak discharges exiting from the ponding areas and the correspondmg high water
elevations are summarized in Table 4-2.

The ponding area delineations shown in Exhibits A through S are based strictly on the
results of the HEC-1 model. These ponding areas correspond to depressed areas that lack a
positive drainage outfall, as identified with the detailed topographic mapping(1”=200’, 2’
contour interval). There are also areas along the canals and Grand Avenue that are subject
to inundation by relatively slow moving stormwater flows. Within the study area, the
Flood Insurance Rate Maps (or FIRMS) illustrate flood hazard areas that correspond to a
combination of ponding areas and areas subject to relatively slow moving stormwater
flows. However, detailed evaluation of the flow depths in the areas subject to innundation
by stormwater flows is beyond the scope of the HEC-1 modeling in this study.

4.2 Comparison To Previous Studies

The results of this study have been compared to three drainage previous studies. The study
areas for these studies are encompassed by the Maryvale ADMS study area. These three
studies are:

o The “Off-site Drainage Concept Study for the Outer Loop Highway" prepared by
. WLB(1987) for the Arizona Department of Transportation.

o The “Northern/Orangewood Storm Drain Project, Concept Routing Study” prepared by
Wood, Patel & Associates(1996) for the District.

* The “Maryvale Area Flooding Mitigation Project, Phase I Pre-Deswn Report” prepared
by CVL(1996) for the District. _

4.2.1 Off—sxte Dramage Concept Study - Outer Loop Highway

The off-site hydrology report for the Outer Loop Highway between Buckeye Road and
Northern Avenue was prepared by the WLB Group(1987). The WLB Group was
subcontracted by DeLeuw, Cather and Company, the Outer Loop Management Consultant
for the Arizona Department of Transportation. The scope of the study was to evaluate the
off-site flows that will impact the Outer Loop and to investigate alternative conceptual
drainage designs. The WLB Group used HEC-1 to model the 78.3 square mile study area.
The hydrologic analysis was based on the SCS Dimensionless Unit Hydrograph and the 24
hour “Hypothetical Storm Distribution” (WLB,1987).

The Outer Loop Highway study has been selected for comparison purposes, since the study
area is very similar in extent to the study area for Maryvale ADMS. Computed peak
discharges from the Outer Loop Highway study are compared with the results of this study
in Table 4-3. As indicated in Table 4-3, the 100-year, 24-hour peak discharges computed as

- part of the Maryvale ADMS are primarily less than those documentéd in the Outer Loop
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Table 4-2: Summary of Computed Water Surface Elevations

—Eomputeﬁéak Discharge

Computed Water Surface

: from the Ponding Area (cfs) Elevation
Ponding Area | Ponding Area | Q100-Yr 6-Hr | Q100-Yr 24-Hr} Q100-Yr 6-Hr  Q100-Yr 24-Hr
Exhibit Name (cfs) (cfs) Event Event
A RESBN 401 488 £ 1053.1 1053.1
A RESBS 1042 1152 1055.5 1055.5
B PA55 121 124 1102.4 1102.8
B PA59 615 626 1101.1 11011
B PAS3 965 1042 10082 1098.3
c © PA43 1032 982 1108.4 11083 -
c PA47 373 368 - 1104.9 1104.9
c PA51 947 910 11057 1105.7
D RES14E 83 86 1087.6 1087.6
E RES36 2409 2305 1138.2° 1138.2
F RES33 - 0 0. 1123.0 1123.0
G RES6 2141 1681 1146.0 1145.8
H RES26T | 3104 2893 1113.2 1113.2
| RES29S 565 620 1021.7 1021.7
J RES2oW | 627 674 1018.4 1018.4
K RES10 994 1070 1068.7 1068.8
L RES32E 188 197 - 1021.1 1021.1
M 'RES22 473 379 1136.2 1136.2
N RES9 897 970 1058.5 1058.6
0 RES26S 1100 989 1138.6 1138.6
P RESS 458 369 11506 11505
Q RES26E 3033 2547 1099.4 1099.3
R RES24N 382 364 1097.5 1007.5
s RES26N 398 145 1141.8 11417




Table 4-3: Comparison To Outer Lbop Highway Study

Summary: This table indicates that the 100-year, 24 hour discharges computed as part of the Maryvale ADMS are p‘rir'narily
less than those documented in the Outer Loop Highway study by WLB(1987).

e T | o | G
Location ‘Q1 00-Yr 24-Hr| HEC-1 Node }Q100-Yr 24-Hr{ HEC-1.Node |Percent giffel’e.nce
(cfs) D - (cfs) 1D 7

_35th Ave & 110 Freeway Channel 2730 - CP1 ‘ 2370 - Di108 - 15%
43rd Ave & I-10 Freeway Channel | 5280 CP2 3620 bitoC -44%
51st Ave & I-10 Freeway Channel 7320 CP3 - 5030 DI10D - -46%
. 59th Ave & I-10 Freeway Channel 9380 ' CP4 ‘ 5520 DI10E -710%
67th Ave & I-10 Freeway Channel | 10110 |} CP§ | 6390 DI1oF -58%
75th Ave & I-10 Freeway Channel | 10530 | cps 7410 bi10G -42%
83rd Ave & I-10 Freeway Channel 10790 | CP7 - 7920 .DIT0H -36%

91st Ave & I-10 Freeway Channel 10880 cpPs 9070 ___Dhai -20%

Northern Avenue & Grand Avenue 2620 CP10 1020 C2631S 157%
Otive Avenue & Grand Avenug®”’ 1260 cP1t 2360 C622EA 47%

Glendale & 99th Avenues |~ 3360 | cp1s | 1210 | ceam | -17e%

Bethany Home Road & 99th Avenue ] 5790 CP14 910. | DBH - -646%
Camelback Road & 99th Avenue 790 CP15 530 ccB99 _ -49%

Indian School Road & 99th Avenue 2400 CPi6 | 80 _ Cisen -189%

' Thomas Road & 95th Avenue_ 8690 | CP17 . 580 CTR9 -536%

NOTES:
(1) The precise location of the concentration paint in the WLB study is not known; hence, this comparison is approximate.
' {2) The percent differences were computed as follows: '

Percent DIf. = [(Q Maryvale ADMS) - (G Outer Loop Hwy))/(Q Maryvale ADMS)




Highway study. In comparison, the Outer Loop Highway study is a “big picture” type of
hydrologic study and does not include detailed analysis of the ponding areas along the
canal and Grand Avenue. It would be expected that an analysis that does not evaluate
ponding storage along the canals and Grand Avenue would have higher computed peak

- discharges. Hence, the results of the comparison are consistent with the level of detail

associated with each of the two studies.

~ 4.2.2 Northern/Orangewood Storm Drain Project '

The Northern/Orangewood Storm Drain Project was prepared by Wood, Patel &
Associates(1996). This study evaluated various storm drain alternatives along Butler Drive,
Northern Avenue, Orangewood Avenue, and Glendale Avenue. The storm drain systems
proposed in the study have been included in the HEC-1 model for the Maryvale ADMS.

In Table 4-4, the results from hydrologic analysis for the Northern /Orangewood Storm
Drain Project are compared with computed discharges for the Maryvale ADMS study: As
indicated in Table 4-4, the results of these two studies are very similar. The levels of detail
and the basic hydrologic parameters for these two studies were very similar. Hence, the
results of the comparison are consistent with the level of detail associated with each of the
two studies; even though, the overall HEC-1 modeling approaches used in the two studies
are significantly different. !

4.2.3 Maryvale Area Flooding Mitigation Project

The Maryvale Area Flooding Mitigation Project was prepared by Coe & Van Leo
Consultants (CVL, 1996). This study evaluated flooding mitigation alternatives for the area
along the north side of the Grand Canal, between approximately 35th Avenue and 67th
Avenue. The flood control facilities proposed in the study have not been included in the
“existing conditions” HEC-1 model for the Maryvale ADMS.

In Table 4-5, the results from hydrologic analysis for the Maryvale Area Flooding Mitigation
Project are compared with computed discharges for the Maryvale ADMS study. As
indicated in Table 4-5, the results of these two studies are significantly different. The
differences are primarily due to the different approaches used to estimate the capacity for
flow along the north side of the Grand Canal. In the Maryvale ADMS study, a HEC-2
model was used to evaluate the capacity for flow along the north side of the Grand Canal
This analysis appears in a separate document entitled “Maryvale ADMS: Preliminary

- Grand Canal Floodplain Analysis.” The ponding area analyses in Appendix E, subsection

“Maryvale Mitigation Area” incorporate the results of this HEC-2 model.
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Table 4-4: Comparisoﬁ To Northern/Orangewood Storm Drain Project

Summary: This table indicates that the 10-year, 6 hour discharges computed as part of the Maryvale ADMS in this.study are
very similar to those documented in the Northern/Orangewood Storm Drain Project (WPA, 1996).

Northern/Orangewood Storm| Comparison of .

Drain Project{WPA, 1936) Maryvale ADMS Study Results .
Location Q10-Yr 6-Hr | HEC-1 Node ‘ Q10-Yr G-Hr HEC-1 Node |Percent Difference
(cts) _ D (cfs) ID "

Olive Avenue @ Grand Avenue 900 _116C 890 -] C622EA 1%
75th Avenue @ Giendale Avenue | 170 . 270C 140 CGA75 21%
83rd Avenue @ Glendale Avenue -390 290C _ 330 CGA83 -18%
91st Avenue @ Glendale Avenue 485 . 810G . 430 CGA9t -6%
99th Avenue @ Glendale Avenue 490 330C 440 CGA%9 1%

NOTES:
(1) The percent differences were computed as follows:
Percent Dif. = [(Q Maryvate ADMS) - (Q Northern/Orangewood SD Project))/(Q Maryvale ADMS)




. ’

Table 4-5: Comparison To Maryvale Area Flooding Mitigation Project

Summary: This table indicates that the 100-year, 6 hour discharges computed as pait of the Maryvale ADMS are significantly -
different than those documented in the Maryvale Area Flooding Mitigation Project (CVL, 1996). The differences are primarily
due to the different approaches used to estimate the capacity for flow along the North side of the Grand Canal. In this study,
a HEC-2 model was used to evaluate the capacity for flow along the North side of the Grand Canal.

Maryvale Area Flooding Comparison of
Mitigation Project Maryvale ADMS sty d" Rosults
: (CVL,1996) L ¥ udy Reaits
Location Q100-Yr 6-Hr {. HEC-1 Node § Q100-Yr 6-Hr | HEC-1 Node |Percent Difference
(cfs) D (cfs) D 0
Flow Along N. Side of Grand Canal in} o -
v Vicinity of 39th Ave 440 D39 €00 - D39 27%
Total Flow to South of Grand Canal in| ' ' o
Vicinity of 39th Ave 80 D39S 1080 D39s 93%
Flow Along N. Side of Grand Canal in e
Vicinity of 43rd Ave 960 | D43 200 D43 ~ -380%
Total Flow to South of Grand Canal in| o, ' .
Vicinity of 43rd Ave 30 » D43S 830 . D43S 96%
Flow Along N. Side of Grand Canal in|
Vicity of 47th Ave | 70 Da7 370 D47 -108%
Total Flow to South of Grand Canal in|
Vicinity of 47th Ave 550 D478 o | DS -
Flow Along N. Side of Grand Canal in
Vicinity of 51st Ave None - 20 o be .
Total Flow to South of Grand Canal in} ‘ ' ' .
Vicinily of 515t Ave 1080 D51S 930 | DsIS -16%
Flow Along N. Side of Grand Canal in] ' .
Vicinity of 58th Ave 500 ; D59 270 Ds9 ] -85%
Total Flow to South of Grand Canal in ' e
Vicinity of 59th Ave 460 D598 - 350 | D59S 31%
Total Flow to South of Grand Canal inf ‘ o
Vicinity of 63rd Ave 2020 $63 e PA63 -108%

NOTES:
{1) The percent differences were computed as follows:
Percent Dif. = [(Q Maryvale ADMS) - (Q Maryvale Mitigation Project))/(Q Maryvale ADMS)




5. Conclusions

The hydrologic modeling compbnent of the Maryvale ADMS project has five primary
objectives. As described below, it was necessary to develop a very flexible modeling
approach and an efficient data management approach, to meet the project’s objectives.

1) Objective: Develop HEC-1 models that provide runaff computations for a primarily urban
drainage area, where sub-basin drainage boundaries are not well defined and flow paths are
very complex. Thereby allowing identification and quantification of flood hazards within the
study area for existing conditions.

The ability to model flow diversions flexibly was the key for developing a
modeling approach that meets this project’s objective. The proposed HEC-1
modeling approach uses flow diversions (i.e. DT/DI/DQ Records) in five
distinctly different ways. Using physical parameters obtained from the
detailed topographic mapping, flow diversions are used to simulate
retention basins, surges basins associated with storm drain systems, and
complicated street flow conditions.

2) Objective: Develop HEC-1 models that evaluate the 10-year, 6-hour; IOO-year, 6-hour; and
100-year, 24-hour rainfall events.

Since the flow diversions and other aspects of the HEC-1 models are based
strictly on physical parameters measured from the detailed topographic
mapping, the model can be used to evaluate a wide range of storm events. In
other words, the model structure is not based on assumptlons which may
only be valid for certain magnitudes of storm events.

3). Ob]ectlve Develop HEC-1 models that allows efficient evaluation of both existing and
future storm drain systems.

The HEC-1 models prepared for this study take into account all of the major
storm drain systems documented by previous studies and the City of
Phoenix quarter section mapping. The HEC-1 models have been specifically
setup to allow the incorporation of various types of flood control
alternatives.

4) Objective: Develop HEC-1 models that provide a cost-effective planning and analysis tool.

Due to flexibility of the modeling approach, flood control alternatives
involving various combinations of storm drain systems and/or retention
basins can be easily incorporated into the HEC-1 models. DDMS can be used
to update sub-basin parameters, that can be re-incorporated into the models
without changing the computational structure. In addition, typical
1mprovements associated with subdivisions can also be simulated without

 requiring significant modification of the computational structure of the HEC-
" 1 models, where the computational structure of the models are illustrated in

Exhibit 1.
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5) Objective: Develop HEC-1 models that allow for efficient updating.

' . Updating the HEC-1 models to reflect future street improvements and/or

’ sub-divisions should only involve adjusting the elements of the model
directly impacted by the construction activities. The overall structure of the
model should riot require adjustment. o

The results of this study identify the locations and magnitudes of flood hazards, within the
study area. In conclusion, the modeling approach and the HEC-1 models developed for this
study meet the aforementioned objectives and the criteria specified in the project’s scope of
work. .
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1.0_SYNOPSIS

Kaminski-Hubbard Engineering, Inc. (KHE) was retained by the Flood Control District of Maricopa .
County (FCDMC) to prepare a comprehensive hydrologic analysis of the watérshed contributing to the
~Arizona Canal Diversion Channel (ACDC) from Cudia City Wash to 10th Street Wash for existing and
future conditions. This study area, as indicated in Pigure 1, is one of several subwatersheds analyzed
asa part of the ACDC Area Drainage Master Study (ADMS). This watershed drains the southern portion
of the Phoenix Mountains from the 10th Street Wash boundary to the Indian Bend Wash boundary.

Within the watershed, twelve sub-basin area groupings were defined to address the precipitation
depth/areal reduction issue for side inflow to the ACDC. The size of area groupings ranged between
0.25 square miles to 4.82 square miles.

There are seven existing detention basins within tﬁe watershed that collect runoff from the Phoenix
Mountains for flood control purposes. The largest of these detention basins is impounded behind the
Dreamy Draw Dam. These detention basins greatly reduce the amount of runoff reaching the ACDC
from the Phoenix Mountains. The only significant future condition improvement would be the extension

of the Squaw Peak Highway from Northern Avenue to Shea Boulevard.

This report presents the hydrologic analysis of the Cudia City Wash to 10th Street Wash watershed for
both existing and future conditions upstream of the ACDC. Table 1 summarizes the controlling peak
ciischarges for existing conditions at specific locations along the ACDC. Table 2 presents the controlling

peak discharges for future conditions.




. ' | TABLE1

Controlling Peak Discharge (Existing Conditions)

Cudia City Wash 482 | 589 | 2,512 | 5,411
Stanford Drive Wash | 117 131 | 551 | 1,329
Flynn Lane Wash | | 104]| 121 | 577 ] 1,114
Myrtle Avenue Wash | 0.80 | 137 | 535 | 1,115

| Dreamy Draw East 068 | 154 | 664 1,230
Dreamy Draw . 1.97 141 | 416 852
Northern Avenue 099 | 95 | 459 900

‘ . | TABLE 2

~ Controlling Peak Discharge (Future Conditions)

Cudia City Wash 4.82 726 | 2,899 ] 5750

Stanford Drive Wash 1.17 170 644 | 1,479
Flynn Lane Wash | 1.04 | 148| 608 1,152

‘Myrtle Avenue Wash | 080 | 141] 532 1,146

Dreamy Draw East ' 0.68 183  730| 1,358

Dreamy Draw . - 2.07 140 422 897

1| Northern Avenue 0.98 123 504 966




2.0 INTRODUCTION

A hydrologic analysis of the Cudia City Wash to 10th Street Wash watershed for both existing and future
conditions was developed by Kaminski-Hubbard Engineering, Inc. (KHE) for the Flood Control District
of Maricopa County (FCDMC) as part of the Arizona Canal Diversion Channel (ACDC) Area Drainage
Master Study (ADMS), Phase I. The majority of flows contributing to the ACDC originate from the
Phoenix Méuntains. The watershed is bounded by the Indian Bend Wash boundary to the east and the
10th Street Wash boundary to the west.

The watershed contains seven existing detention basins that significantly affect the amount of runoff
reaching the ACDC. The largest detention basin is impounded by the Dreamy Draw Dam and was
‘modelled in the U.S. Army Corps of Engineers (COE) 1982 hydrology study (Ref. 16). However, the
other ‘detention basins were not included in the COE model which have necessitated a revision to this

hydfologic analysis.

Currently, the Squaw Peak Highway from Glendale Avenue to Northern Avenue has an impact on the
original flow patterns in the Dreamy Draw area. Associated with the highway improvements" was the
construction of the Myrtle Wash detention basin. For future considerations, the Sqﬁaw Peak Highway
will be extended _thrOu‘gh the Dreamy Draw area frofn Northern Avenue to Shea Boulevard. These
improvements will not greatly affect the flow patterns in the area.

This report presents the existing and future hydrologic analysis for the watershed contributing to the

ACDC from Cudia City Wash to 10th Street Wash. The hydrology was developed using the FCDMC’s

new design criteria and included detention basin modelling excluded from the previous COE report (Ref.
16).




3.0 STUDY PARAMETERS

3.1 Study Area

The watershed contributing storm runoff to the ACDC from Cudia City Wash to 10th Street Wash
contains approximately 13.1 square miles. The watershed is characterized by moderate to steep
mountains having moderate vegetation. The watershed is bounded by the Phoenix Mountains to the
nerth, the Indian Bend Wash boundary to the east, the ACDC and Camelback Mountain to the south, and
the 10th Street Wash boundary to the west. ‘

The watershed was divided into twelve sub-basin area groupings having concentration points at the
ACDC. The contributing areas at each concentration point range between 0.25 square miles to 4.82
square miles. The largest sub-basin area grouping is the subwatershed contributing to the Cudia City
Wash. The Cudia City Wash outlet is the beginning of the ACDC and drains approx1mate1y 4.8 square
miles.

The watershed contains seven detention basins which are included in the computer model. The largest
_ detention basin is Dreafny Draw Dam, which has a contributing area of 1.30 square miles. The Myrtle
Wash detention basin is located upstream of the Squaw Peak Parkway and provides detention storage for
- parkway drainage. Two detention basins are located within the Squaw Peak Park boundaries. The
remaining three detention basins are situated to collect runoff from the Phoenix Mountains to lessen its

effect on the downstream res1dent1a1 areas

The extension of the Outer Loop Highway (OLH) from Northern Avenue to Shea Boulevard will slightly
modify drainage patterns near the Dreamy Draw area for future conditions.

3.2 Mapping
The available mapping utilized in this study are as follows:

1. FCDMC Mapping: The watershed was flown as a part of this study for the purpose of obtaining
1 inch = 400 foot contour and aerial mapping. The contour interval is 2 feet. These maps were
flown between November 1990 and August 1991. These maps were used to establish the sub-basin
drainage delineation, flow patterns, and storage volume calculations for detention facilities. The
aerial maps were also utilized to provide land use information for existing conditions.

2. USGS Quadrangle Maps: Paradise Valley and Sunnyslope, Arizona, 7.5 minute series. The
horizontal scale is 1 inch = 2000 feet. The contour interval is 20 feet. These maps were photo
revised in 1982,




3.  City of Phoenix Storm Drain Maps: “These maps are at a scale of 1 inch = 400 feet and provide
a schematic locatwn of storm drains and culverts in the area. :

4. City of Phoenix Zoning Maps: These maps are at a scale of 1 inch = 400 feet and prov1de zoning
designations and boundaries in the area. _

5. Construction Plans: Construction plans for drainage structures . associated with Lincoln Drive,
McDonald Drive, Tatum Boulevard, Glendale Avenue, Northern Avenue, 16th Street, 32nd Street,
40th Street, and 44th Street were used for routing and sub-basin delineation purposes. Construction
plans for the following detention basins were utilized for reservoir routing purposes: Dreamy Draw

- Dam; Myrtle Wash detention basin; Squaw Peak Park Detention Basin Nos, 1 and 2; Detention
Basin Nos. 4 and 6; and the Biltmore Mountain Estates detention basin. Construction plans for the
ACDC were used to determine sub-area grouping concentration points. Construction plans for the
Squaw Peak Highway from Glendale Avenue to Shea Boulevard were used for drainage delineation

purposes.

6. General Plan for Phoenix: This general plan was used to determine the extent of future
-~ development. Areas of future parks, open-spaces, and traffic corridors were considered during the
future hydrologic analysis. |

7.  Field Reconnaissance: Field investigations were undertaken to verify hydrologic information

obtained from aerial and topographic mapping. Areas of new development or developments under

" construction and existing on-site retention areas were identified. All major drainage structures

within the watershed were identified. The flow paths of all major mile and half-mile strects were
identified. Some drainage patterns were documented for local streets.

3.3 Study Criteria . ,

The following criteria and guidelines were set forth by the FCDMC prior to and during the drainage
study:

1. Hydrology calculations will be completed for the 2-, 10-, and 100-year storms;

2. Storm durations of 6- and 24-hour will be evaluated for all three storms;

3. The U.S. Army Corps of Engmeers (COE) HEC-1 computer program will be used for
hydrograph computations;

Sub-basins will be limited to a maximum of five square miles in area;
The Clark Unit Hydrograph method will be utilized;

The Green-Ampt Loss Method will be utilized for estimation of precipitation losses;

Ny R

The Maricopa County Unit Hydrograph Procedure 1 (MCUHP1) computer program, as provided
by the FCDMC, will be used to compute times of concentration and storage coefficients for the
Clark Unit Hydrograph Method. , :

8.  Rainfall distributions and depth-area relations for the 6-hour storm duration will be based on NOAA
HYDRO-40 (Ref. 21) and COE (Ref. 15) data, as presented in the FCDMC’s Drainage Design
Manual (Ref,-6). This data is included in the MCUHP1 program to develop areal reduction for the
watershed.




10.
11,

The SCS Type II rainfall distribution will be used for the 24-hour storm, with corresponding depth-
area ratios based on NOAA HYDRO-40 (Ref. 21). This data is included in the MCUHP] program.

Existing and future flow rates are to be determined.

Transmission losses will be estimated based on existing field data or literature. Existing field data
or literature was not available to estimate infiltration losses. - Due to this study’s detailed
determination for the watershed roughness coefficient (Kb), the exclusion of transmission losses has
little impact on the flow peaks and volumes.




4.0 HYDROLOGY

4.1 General .

The existing and future hydrology for the Cudia City Wash to 10th Street Wash watershed was analyzed
for the 2-, 10-, and 100-year storms. The 6- and 24-hour storm durations were evaluated for all three
storms. The Cudia City Wash to 10th Street Wash -watershed was modeled using the COE HEC-1
computer program. The May, 1991, version of HEC-1 was used for this study. The Clark Unit Graph,
the Green-Ampt Loss Rate, and the Muskingum-Cunge Routing options were used in the HEC-1
computer model. The HEC-1 modeling also included allowances for routing hydrographs through
detention basins using the Modified Puls Method. This section describes the assumptions and
methodologles used to develop the HEC-1 computer model for existing and future condmons within the
Cudia City Wash to 10th Street Wash watershed

4.2 Prevnous Hydrologic Investigations

Previous hydrologic investigations of the watershed were reviewed for historical, as well as, hydrologic
information that could be used as part of our analysis for both existing and future conditions. Particular
attention was given to hydrologic modeling techniques, sub-basin delineation, storm frequency and
duration, reach routing methods, location of concentration points, treatment of detention basin areas, and
‘location of future drainage structures. A brief summary of previous investigations ﬁerfo_rmed for the
Cudia City Wash to 10th Street Wash watershed are presented below. |

Gila River Basin, New River and Phoenix City Streams, Arizona, Design Memorandum No. 2,

Hydrology Part 2 (Ref. 16) ,
In 1982, a hydrologic investigation was performed by the COE for flood control projects in the Phoenix

area. The COE procedure of watershed modelling is to determine the Standard Project Flood (SPF) that
| would result from the most severe combination of meteorologic and hydrologic conditions that are
considered reasonable for the area. The lesser storm frequency events are calculated as a percentage of
the SPF. As an example, the 100-year peak dxscharge is 45 percent of the SPF.

The Cudia City Wash to 10th Street Wash watershed was divided into seven sub-basins and evaluated for
future fully developed conditions. The COE uses local dimensionless S-graphs to produce hydrographs

from the rainfall excess.




Cudia City Wash Runoff Analysis (Ref. 23) _
. In 1986, a hydrologic investigation was performed by W.S. Gookin and Associates (WSG) for the Cudia |

" City Wash watershed. Cudia City Wash drains a 5.12 square mile watershed bounded by the eastern
slopes of the Phoenix Mountains, the southern slope of Mummy Mountain, and the west half of the
northern slope of Camelback Mountain.

The watershed was divided into fourteen sub-basins. The SCS Method was used to compute a
hydrograph of each sub-basin for the 100-year, 24-hour duration storm. A 100-year, 24-hour storm
precipitation depth of 3.8 inches was used in conjunction with a Type IIA rainfall distribution. A Lotus

spreadsheet was used to combine and route the sub-basin hydrographs.

The FCDMC perform a review of the WSG report for the Cudia City Wash watershed The following
concerns with the hydrologic model were discovered for the study area: mappropnate design rainfall
depth and distribution, too long a computation interval, in appropriate combining and routing of

hydrographs from various sub-basins, and suspect times of concentration. - |

. The FCDMC created a HEC-1 computer model for the watershed using the WSG modelling parameters.
The kinematic wave method was used for hydrograph routing. The HEC-1 model peak discharge results
from each sub-basin ranged between 19% - 51% lower than the WSG estimates. However, the final
routed and combined HEC-1 model result at the Arizona Canal was 13% greater than the WSG result.

The FCDMC developed their own independent HEC-1 model t_‘of the Cudia City Wash watershed. A
combination of the kinematic wave and SCS meihods were used to generate hydrographs from the study
area. The kinematic wave option was used on urbanized basins having moderately steep slopes. The
SCS method was used on two sub-basins having steep slopes. A 100-year, 24-hour storm depth of 4.04
inches and the City of Phoenix storm distribution was used.

Final Drainage Report, SR-51 Sguaw Peak Hwy., Glendale Avenue to Northern Avenue (Ref. 8)
The drainage design concept for the Squaw Peak Highway from Glendale Avenue to Northern Avenue -

was prepared by Howard Needles Tammen and Bergendoff (HNTB) for the Arizona Department of
Transportation (ADOT). The project area is located near the western boundary of the Phoenix Mountain

. Preserve and is characterized by numerous steep washes flowing westerly to the Squaw Peak Highway.




The study area was divided into ten “sub-basiﬁs, of .which, the area contributing to Myrtle Wash is the
largest. The two northernmost and southernmost sub-basins contribute directly to the Dreamy Draw East
Wash. The middle five areas flow into a detention basin and storm drain system located at the Pointe
development. The Dreamy Draw East Wash eventuaily discharges into Myrtle Wash, which outfalls into
the ACDC.

The Myrtle Wash detention basin was designed to provide 100-year detention storage for flows genérated

from the Squaw Peak Highway and a residential subdivision area east of the highway, This basin is

necessary to maintain the peak flow in Myrtle Wash downstream of the highway to pre-existing

conditions. The pavement drainage structures and storm drain systems were designed for the 10-year

return period. The cross drainage culverts at Myrtle Wash, Pleasant Drive, and Dreamy Draw Wash -
were design for the 100-year return period. All other cross drainage pipe culverts were designed for the

50-year return period. |

Final Drainage Report for Squaw Peak Hwy., Section 2, Northern Avenue to 29th Street (Ref. 11)
The drainage design concept report for the Squaw Peak Highway from Northern Avenue to 29th Street

-was prepared by Urban Engineering for the ADOT. The project area is located in the Dreamy Draw
watershed and is characterized by steep washes flowing southwesterly to the Squéw Peak Highway.
Dreamy Draw Dam is a major flood control structure constructed by the COE within the watershed.

The watershed is divided into two components, onsite and offsite areas. The onsite areas consist of
pavement and median areas associated with the Squaw Peak Highway. The rational method was used
 to determine onsite runoff for a 10-year return period. -The intensity factor was determined using a time
of concentration of 10 minutes. The offsite hydrology impacting the highway was developed by Baker
Engineers (Ref. 1). This report identiﬁéd twenty-two sub-basins within the Dreamy Draw watershed that
impact the project. Baker Engineers used ihe‘ COE HEC-1 program to determine the peak discharges for
50- and 100-year frequency storms using the SCS Method. Based on an evaluation of the watershed by
Urban Engineering, additional sub-basins were developed which directly impact the pfoject.

Final Drainage Report for Squaw Peak Hwy'. - SR-51, Section 3, 29th Street to Shea Boulevard (Ref. 4)
The drainage plan for the Squaw Peak Highway from 29th Street to Shea Boulevard was prepared by

Entranco Engineers for the ADOT. The project is located within the northern foothills of the Phoenix
Mountains, which is northeast of the Dreamy Draw Dam. The overland flow in the area is typically to
the north-northeast. However, an existing detention basin at 32nd Street and Mountain View Road is
drained to the Dreamy Draw Dam.

-10-




A General Plan Drainage Report was prepared by Baker Engineers for the Squaw Peak Highway (Ref.
1). The study area was found to have two main dfainage basins resulting from _é crest in the Squaw Peak
~ Highway at Station 173+30. West of the crest, drainage will flow to the southwest toward Dreamy
Draw Dam. East of the crest, drainage will flow north to the Indian Bend Wash. The trunk line that
drains the area west of the crest begins at the above mentioned detention basin and outfalls into the
Dreamy Draw Dam. Along the trunk line offsite and onsite pavement drainage enters the system.

East of the crest, the basin is drained by two trunk lines. Onsite pavement drainage from the Squaw Peak
Highway is collected an conveyed by one trunk line to a temporary detention basin south of Shea
Boulevard. In the future, this line will extend northward and discharge into the Indian Bend Wash near
Thunderbird Road. Offsite flows are collected and conveyed by the second trunk line to a detention basin
south of Shea Boulevard. In the future, this trunk line will connect with the existing 78-inch storm drain
in Shea Boulevard which outlets to the Indian Bend Wash.

4.3 Parameter Estimation

4.3.1 Drainage Area Boundaries

Existing Condition | .

The initial delineation of sub-basins for the Cudia City Wash to 10th Street Wash watershed was
developed using information presented in previous drainage reports (Ref. 1, 8, 16 & 23). Next,
this initial delineation was evaluated using the new 1-inch to 400 feet topographic and aerial maps
flown as a part of this study. Particular attention was given to the areas contributing to detention
basins and major roadway cross drainage structures. The initial delineation was also supplemented
by construction drawings of major collector streets and the Squaw Peak Highway. |

The initial delineation was then verified or revised based on field investigations. This field
investigation included driving major mile and half-mile streets to distinguish flow pattern. These
flow patterns were recorded and later referred to during time of concentration calculations for each
sub;basin. The field investigations also included the determination of onsite retention locations and
non-contributing areas within the watershed. The non-contributing areas were evaluated for each
storm frequency. A parcel area labeled as non-contributing for a two-year storm may be

contributing for a 10- and 100-year storm analysis.




The sub-basins were delineated so that concentration points were provided at major street
intersections, impoundment areas and stream confluences. Concentration points were also located
such that comparisons could be made with other hydrologic investigations. The major concentration
points alorig'the ACDC were chosen at major wash inlets to the channel based on sub-basin area
ngupings. The sub-basin delineations are presented in Plate 1 for existing conditions.

Future Condition v

The drainage delineation for future conditions were predominantly the same as presented for the
- v’existing conditions. However, a slight modification was made within the Dreamy Draw sub-basin
area grouping as a result of the Squaw Peak Highway extension from Northern Avenue to Shea
Boulevard. The modified delineations were taken from drainagé plans developed for ADOT by
various consultants (Ref. 4, 11, 12, & 13). Based on this information and other discussions with
the FCDMC, the sub-basin delineations are as shown in Plate 5.

4.3.2 Rainfall Parameters

Rainfall Distributions |

The rainfall distribution used for the 6-hour storm duration are as documented in the FCbMC’s
. Drainage Design Manual (Ref. 6) and contained in the MCUHPI program. The SCS Type II
distribution was used for the 24-hour storm. The rainfall distributions are presented in Tables 8
& 9 in Section I of the Appendix.

- Precipitation Data
The point precipitation values were obtained using the NOAA Atlas isopluvial maps for Maricopa
County, Arizona. The point precipitation values are presénted in Table 6 in Section I of the
Appendix. '

Areal Reduction Factors
The point precipitation values used for the various sub-basin area groupings were adjusted to
account for the reduction in precipitation depth over a spatial area. Reduction factors for the 6-hour

duration storms were obtained from the FCDMC’s Drainage Design Manual (Ref. 6). This
- information was also included in the FCDMC’s MCUHP1 program. The 24-hour storm reduction
factors were obtained from the NOAA Technical Memorandum NWS HYDRO-40 (Ref. 21). These
factors are presented in Table 7 in Section I of the Appendix.




4.3.3 | Physical Parameters

Loss Rate Estimation ,

The Green-Ampt loss rate method in HEC-1 was used to estimate rainfall losses for both existing
and future conditions. This method involves a two phase process in simulating rainfall losses. The
first phase involves no infiltration of rainfall until the accumulated rainfall equals the initial loss
(IA). Recommended IA values are presented in Table 4.1 in the Drainage Design Manual (Ref.
6). _ . :

The second phase is the infiltration of rainfall into the soil immediately after IA is completely
satisfied. The three Green-Ampt infiltration parameters as coded in HEC-1 are: hydraulic
cond_uctivity at naturai saturation (XKSAT); wetting front capillary suction (PSIF); and volumetric
soil moisture deficit at the start of rainfall (DTHETA).

The Green-Ampt parameters were determined using a spreadsheet -provided by the FCDMC,
‘Watershed Management Branch. The XKSAT values were determined by the FCDMC for all map
units contained in the SCS Soil Survey (Ref. 19) using log averaging of inajor and minor soil
XKSAT values. These map units along with their corresponding XKSAT and percent rock outcrop
values are presented in lookup tables within the Green-Ampt Spreadsheet.

The area of each soil unit-within each sub-basin was determined and used as input into the Green-
Ampt Loss Parameter spreadsheet. The soil units within each sub-basin are shown on Plate 3 for
existing conditions and Plate 7 for future conditions. These area calculations were determined using
ARC INFO GIS. The spreadsheet subsequently computed average sub-basin XKSAT values using
log averaging methods. Next, values for PSIF and each DTHETA condition (i.e. dry, normal, wet)
were interpolated using the computed XKSAT. These tables were contained within the spreadsheet
and were similar to Table 4.2 in Drainage Design Manual (Ref. 6).

The computed Green-Ampt parameters were based strictly on soil characteristics and adjustments
were necessary to account for vegetative cover and land use. These guidelines are presented in the
FCDMC’s Drainage Design Manual (Ref. 6) and are incorporated in the Green-Ampt Loss
Parameter Spreadsheet. The area of each land use within each sub-basin was also determined and
used as input into the spreadsheet. The various land uses categories within each sub-basin are
shown on Plate 2 for existing conditions and Plate 6 for future conditions. Again, these area
calculations were performed using ARC INFO GIS.
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The "percent impervious” for each sub-basin was computed as a function of both natural rock
outcrop and land use. The percentage of impervious rock outcrop within each sub-basin was
estimated from soil unit data provided in the SCS Soil Survey (Ref. 19). A factor of 0.6 was used -
to convert the "percentage of rock outcrops” to the "percent impervious” for each sub-basin.

Next, the impervious areas associated with various land use categories were determined for each
sub-basin. The City of Phoenix zoning designations were classified into land use categones based
on aerial mapping and are presented in Table 10 in Section I of the Appendix.

The total "percent impervious" value for each sub-basin was computed as a summation of the above
two "percent impervious" values. This computation was also incorporated into the Green-Ampt
Loss Parameter spreadsheet. The average Green-Ampt parameters for existing and future
conditions are presented in Tables 11 and 12, respectively in Section II of the Appendix.

Time Of Concentratlon
The Clark Unit Hydrograph method requires the estimation of the time of concentration, T,. The
following empirical equation was used to compute the time of concentration as a function of
watershed characteristics (Ref. 6):

T, = 11.4L105K,0525-031j:038

where: .
T, = time of concentration, in hours.
L = length of the flow path for T, in miles.
K, = representative watershed resistance coefficient.
S = watercourse slope, in feet/mile.
i = the average rainfall excess intensity, during the time T,, in inches/hour.

The length of the flow path for T, and its corresponding slope within each sub-basin were
determined using 1 inch to 400 feet topographic maps. Street flow patterns observed from the\ field
investigations were also used to determine the flow path for T, considerations. The MCUHP1
program, as provided by the FCDMC, was used to calculate the time of concentration, T,, and
storage coefficient, R, for each sub-basin.
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The watershed resistance coefficient, K,, necessary to determine T, was estimated using the
~ following equation (Ref. 6):

K, = mlogA+b
where: ‘ :
K, = watershed resistance coefficient.
A = drainagé area, in acres.
m&b = 'parameters dependent on land use and vegetation cover.

The watershed resistance coefficient, K, for each sub-basin was weighted to account for varying
roughness conditions associateq with mixed land use classifications. The land use classifications
within each sub-basin were categorized ihto roughness types using the descriptions presented in
Table 5.1 (Ref. 6). All vacant areas were placed imder the category of | moderately high roughness
(Type C). Low and very low density residential areas were labelled as having moderately low
roughness (Type B). Medium density and multi-family residential areas were placed under the
category of minimal roughness (Type A). ‘ .

The time of concentration flow paths for existing and future conditions are presented in Plate 4 and
8, respectively. The hydrologic sub-basin characteristics for éxisting conditions are presented in
Tables 13, 14 and 15 in Section III of the Appendix. The characteristics for future conditions are
presented in Tables 17, 18 and 19 in Section III of the Appendix.

4.3.4 Routing Parameters

“Channel Routing v v

For this study, the Muskingum-Cunge method was used to route a hydrograph through a
downstream sub-basin. Channel cross-section information, slopes, and Manning’s roughness
coefficients were estimated using topographic mapping and observations made during the field
investigation. Channel routing flow paths for existing and future conditions are presented in Plates
4 and 8, respectively. Channel routing work sheets are presented in Section IV of the Appendix.

Existing field data or literature was not available to estimate infiltration losses. Based on the
watershed topography and this study’s detail for the watershed resistance coefficient, not including

transmission losses has little impact on the flow peaks and volumes.




Reservoir Routing ,

The Modified Puls method was used for reservoir routing through a detention basin. A total of
seven detention basins were located within the Cudia City Wash to 10th Street Wash watershed.
The largest detention basin was impounded behind the Dreamy Draw Dam as a part of the COE
flood control plan for Phoenix. The reservoir routing parameters were obtained from the COE
report for Dreamy Draw Dam (Ref. 14), verified by KHE, and used in this study.

There are two detention basins, Nos. 1 and 2, located within the Squaw_Peak Park boundaries that
control the amount of runoff from the Phoenix Mountains. Both detention basins are drained by
24-inch diameter concrete pipes with parking lots functioning as overflow spillways. The storage
volumes were determined using 1 inch to 400 feet topographic maps. The overflow spillway

sections were surveyed for weir flow calculations.

The North Mountain Detention Basin No. 4 is located north of Northern Avenue between 18th
Street and fhe Squaw Peak Highway. This basin limits the amount of runoff from the Phoenix
Mountains that ultimately reach the ACDC south of Northern Avenue. This basin is drained by
a 27-inch concrete pipe having a 16-inch by 12-inch orifice inlet. The overflow spillway width is
approximately 80 feet. The storage volume was determined using 1 inch to 400 feet topographic
maps.

Detention Basin No. 6 is located west of the Squaw Peak Highway and north of Orangewood
Avenue within the Pointe development. This basin collects offsite runoff and conveys the low level
flows under the Dreamy Draw Condominiums through a 12-inch corrugated metal pipe. The
storage volumes were determined using 1 inch to 400 feet topographic maps.

The Myrtle Wash detention basin is located east of the Squaw Peak Highway and just north of
Myrtle Wash. This basin provides detention storage for flows generated from the Squaw Peak

Highway and a portion of the residential subdivision east of the basin. The reservoir routing
parameters were obtained from the HNTB report for the Myrtle Wash detgn'tion basin (Ref. 8).




\ The Biltmore Mountain Estates detention basin is located north of Lincoln Drive and east of
. - Arizona Biltmore Circle. Due to the relatively small capacity of the detention basin, the IOO-year
' peak discharge is not significantly impacted. Therefore, the basin is modelled in HEC-1 as a
diversion for the 100-year frequency storms. The diversion is such that the runoff volume, up to
‘the storage capacity of the basin, is diverted out of the watershed. However, the reservoir routing

parameters for the basin are used for the 2- and 10-year storm analysis.

The detention storage calculations for the above basins are presented in Section IV of the Appendix.
Section IV also contains discharge calculations for both low flow and overflow spillways. In some
cases, the pipe and weir flow parameters are also presented as input to the model.

4.4 Special Considerations
4.4.1 Storm Drain Pipes
There are very few storm drain pipes within this watershed. These storm drain systems do not
~ significantly affect the drainage patterns within the watershed, i.e., flows diverted out of the
watershed area or from one sub-basin to another. Therefore, all storm drain systems were ignored
® in the HEC-1 model. o

4.4.2 Onsite Retention ,

The City of Phoenix requires that all new developments retain the 100-year 2-hour duration storm
volume that falls onsite. Field investigations within the watershed found that a majority of lots had
no onsite retention or minimal retention at best. A few commercial and industrial sites constructed
in the last few yearé had complied with the onsite reten_tion requirements. Hov;'ever, there was no
detailed mapping available to accurately determine the retention volume for a given site, much less

whether they were 10- or 100-year volumes. Therefore, the retention volume for the parcels in
question were assumed to retain the 10-year 2-hour storm volume. The total estimated retention
volume for each sub-basin was subtracted from the bottom of the hydrograph by diverting the
estimated volume. These computations are presented in Section V of the Appendix.

Particular attention was placed on determining the non-contributing areas associated with a 2-year |

storm. Those areas that required onsite volume computations were automatically labeled as non-

contributing. Next, impervious area associated with land use were assumed to contribute 100% of

their areas. The remaining pervious areas were assumed to be non-contributing. These
. computations are presented in Section V of the Appendix.
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5.0 RESULTS AND CONCLUSIONS

The HEC-1 computer model was used to compute the 2-, 10-, and 100-year peak discharges for existing
and future conditions within the Cudia City Wash to 10th Street Wash watershed. The 6-hour and 24-
hour events were evaluated using the Clark Unit Hydrograph method for each storm frequency. The
hydrologic analysis for both existing and future conditions was developed through the consolidation of
previous hydrologic investigations and verifying or updating that information with new topographic
mapping and our own field investigations.

The existing peak discharge results for the Cudia City Wash to 10th Street Wash watershed are
summarized in Table 3. The future peak discharge results of this study are presented in Table 4.
Evaluation of the results indicate that larger peak discharges occur from a 6-hour duration storm for all

three (3) recurrence intervals.

The total watershed area contributing to the ACDC from Cudia City Wash to 10th Street Wash is
approximately 13.1 square miles. However, this study was interested only in side inflows to the ACDC
and not the combining and routing of flows within the ACDC. Therefore, sub-basin area groupings were
developed to determine the contributing areas at twelve inflow locations along the ACDC. These sub-
basin area groupings were also used for precipitation depth/areal reduction purposes.

Six of the seven detention basins within the watershed were found to have sufficient capacity to detain
the 100-year 24-hour duration storm runoff. These detention basins provide flood protection against
storm runoff from the Phoenix Mountains. Low level outflows from these basins were routed

downstream and did not significantly contribute to the downstream peak discharges.

The Biltmore Mountain Estates detention basin had insufficient storage to detain the 100-year 24-hour
storm runoff. This detention basin was modelled as a 5.4 acre-feet of storage volume diversion from its

corresponding sub-basin peak discharge. For the 2- and 10-year storm frequencies, the reservoir storage

parameters are included in the HEC-1 model.




A ‘comj)arison between this study’s 100-year 6-hour future peak discharge results and the results of
. previous investigations are presented in Table 5. The KHE peak discharge results are cbnsiderably lower
than the COE results at certain side inflow locations along the ACDC. The only detention basin modelled
by the COE was the impoundment area behind the Dreém'y Draw Dam. The difference in drainage areas
was attributed to the COE sub-basin delineation on 7 .5 minute quadrangle maps and this study’s 1 inch

to 400 feet topographic maps.
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TABLE 3 -

Existing Peak Discharges
At ACDC (CFS)

Cudia City Wash 107DC 589 | 571 2512 | 2336 | 5085 | 5411 12.3
Taward Wash 110DC 73 48 233 140 | 453 304 12.1
Stanford Drive Wash 112DC 131 72 551 380 1,329 1,083 12.1
Cunningham Wash 113DC 105 64 480 | - 264 853 - 516 12.1
Biltmore 115DC 68 40 289 158 | 1,048 612 121 |
Treatment Plant ) 116DC 205 106 478 241 757 430 12.0
Maryland Avenue 117DC 40 14 324 | 144 622 337 12.1
Flynn Lane Wash | 1ipc | 12 72 | s | 32 | 1,14 778 12.1
Myrtle Avenue Wash | 124pC 137 71 | s3s | 337 1,115 811 123
Dreamy Draw East 26pc | 154 | 93 664 407 1,230 822 2.1
Dreamy Draw ' 129pC | 141 119 at6 | 320 852 719 12.4
Northern Avenue | 131DC 5 | 60 459 306 900 659 12.1




TABLE 4

Future Peak Discharges
- At ACDC (CFS)

Cudia City Wash _|__1o7DC 76| 76 2,899 2,557 5,412 5,750 12.3
_Taward Wash 110DC 82 53 249 149 483 320 | 12.1°
Stanford Drive Wash 112DC 170 101 644 | 445 1,479 1,184 12.1
_Cunningham Wash 113DC 1 137 | ‘82 _ | 517 2719 914 551 | 12.1 "
Biltmore 115DC 116 69 519 1203 1,274 | 7138 12.1 "
Treatment Plant | 116DC 214 110 493 250 781 | 440 12.0°
Maryland Avenue __17DC 56 | 23 348 | 162 645 355 12.1
Flynn Lane Wash | 121DC 148 88 608 | 372 1,152 | - 811 2.1 |
Myrtle Avenue Wash 124DC 141 75 s32 | 338 | 1,146 825 23 |
Dreamy Draw East 126DC 3 | 14 730 432 | 1358 | o2 21 |
Dreamy Draw 129DC | 140 129 | 42 1330 897 | 759 123 "
Northern Avenue 131DC 123 . 79 - 504 331 966 699 | 12.1 “




TABLE 5

Comparison of 100-Year Peak Discharges
with Previous Studies

Cudia City Wash 4.8 5,750 4.91 6,800 4.91 6,540
| stanford Drive Wash 1.17. 1,479 1.38 2,400 —
" Flynn Lane Wash 1.04 1,152 1.10 1,900 — —
I Myrtle Avenue Wash 0.80 1,146 1.18 2,300 ——— ——

Dreamy Draw East 0.68 1,358 . — — — —

Dreamy Draw 2.07 897 3.08 1,300 . —

North;am Avenue 0.98 966 --;- — — ——
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