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1.0 Scope

The purpose of this master drainage report is to present a conceptual drainage plan for
the proposed master planned development known as Rancho Cabrillo. This report was
prepared in accordance with the drainage design manuals of the Flood Control District
of Maricopa County “FCDMC”, (Ref. 1 & 2).

2.0 Location

The project site (Fig. 1) is located in an unincorporated area of Maricopa County,
Arizona. It is bounded by the street alignments of Dysart Road on the east, Litchfield
Road on the west, Jomax Road on the north and the McMicken Dam Outlet Channel

on the south.

The project site is located within portions of sections 3 and 10, Township 4 North,
Range 1 West, Gila and Salt River Base and Meridian, Maricopa County, Arizona.

3.0 Site Description

The project site is currently an undeveloped desert land (Fig. 2) with a natural ground
slope of approximately 0.7% from the northwest to the southeast (Fig. 3). Braided
washes and arroyos are the predominant drainage features in the vicinity of the site.
Padelford wash, a major natural wash, runs adjacent to the western boundary of the
project site and crosses the project’s southwest corner in a southeasterly direction.
Beardsley Canal, an irrigation structure, runs across the middle of the site in a
southwesterly direction. The canal interrupts the natural flow pattern of storm water
runoff across the site. Storm water runoff ponds along the north side of Beardsley
Canal then flows westerly toward Padelford wash where it crosses the canal over a
siphon. Additionally, there is an existing levee that extends approximately 4200 feet
northeasterly from the intersection of Padelford Wash and Beardsley Canal (Fig. 3). A
portion of this levee extends into the project site. The levee appears to have been built
to cut some of the storm water runoff flowing toward the north side of Beardsley
Canal and divert this flow along the levee toward Padelford wash. Padelford wash
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4.1

4.2

discharges into the McMicken Dam Outlet Channel that runs easterly parallel to the
project’s south boundary (Figure 3).

4.0 Flood Zone Classification

CLASSIFICATION BY THE WITTMANN ADMS

The project site falls within the watershed boundaries of Wittmann Area Drainage
Master Study (ADMS), (Ref. 3). Included in the Wittmann ADMS is a flood plain
delineation for Padelford Wash and adjacent areas north and south of Beardsley Canal.
The floodplain delineation along Padelford Wash was based on an HEC-2 analysis that
starts at the outlet of the Wash into the McMickan Dam Outlet Channel. No specific
flood hazard zone classification was shown along the Padelford Wash on the
corresponding map of the ADMS, map no. MC-26, included here as Figure 4A. The
flood plain delineation for the adjacent area was based on approximate methods. The
floodplain delineation north of Beardsley Canal was based on ponding at the upsteam
side of an existing siphon where Padelford Wash crosses the Beardsley Canal. The
flood plain delineation south of Beardsley Canal, according to discussion with the
FCDMC, appears to be based on potential flow overtopping or breaching the
Beardsley Canal. This area south of Beardsley Canal was classified as Flood Hazard
Zone A (Figure 4A).

CLASSIFICATION BY THE FIRM

The Maricopa County, Arizona and Incorporated Areas Flood Insurance Rate Map
(FIRM) Panel Number 040131155 F, panel 1155 of 4350, dated December 3, 1993,
shows that the project site is located within flood hazard Zones “X” (shaded) and “A”

(Fig. 4B).
Zone “X” (shaded) is defined by FEMA as:

Areas of 500-year flood; Areas of 100-year flood with average depths of less than 1
foot or with drainage areas less than 1 square mile; and area protected by levees from
100-year flood.

Zone “A” is defined by FEMA as:




Special flood hazard areas inundated by 100-year flood, no base flood elevation

determined.

It has been noticed that the subject Zone A on the FIRM represents the outer
boundary of the floodplain delineation of Padelford Wash and the areas on both sides
of Beardsley Canal. There is no distinction in the FIRM between the reverine flooding
along the Padelford wash and ponding or sheet flow flooding in the areas north and

south of Beardsley Canal.

5.0 Proposed Development

The project site, approximately 608 gross acres, is proposed to be developed into a
master-planned community composed of several parcels (Fig. 5). The project is
proposed to be developed in several phases, each encompassing one or more parcels.
Most of these parcels are proposed to be developed into single family residential units,
some are proposed to be developed into multi-family units and commercial areas.

Open space will be provided throughout the project site.

Access to the project site is proposed to be provided through the construction of
Happy Valley Road from the project site easterly toward El Mirage Road alignment

(Fig. 2).

It is proposed in conjunction with this project to remove flood zone A from the
impacted portions of the project site. A separate application will be prepared, in
coordination with the FCDMC, and submitted to FEMA to request a Conditional
Letter of Map Revision “CLOMR” and ultimately a Letter of Map Revision “LOMR”.

All but a small portion of the area of the project site that lies within flood zone A is
located south of Beardsley Canal. The basis of removing flood zone A from the
impacted portion of the project site South of Beardsley Canal will be providing a
drainage channel along the south side of Beardsley Canal to intercept potential flow
that may overtop the canal and to convey this flow westerly toward Padelford Wash
then southerly within the wash toward the McMicken Dam Outlet Channel. The
proposed channel along the south side of Beardsley Canal was sized for a peak flow
that assumes both the Beardsley Canal and the existing levee, are breached; i.e., worst

case scenario. Calculation sheets are included in Appendix B.




The basis of removing flood Zone A from the small impacted portion of the project
site north of Beardsley Canal will be providing a stormwater storage basin that will
accommodate the estimated flood volume from the removed area of Zone A. Detailed
location and calculations for the storage basin will be provided in subsequent drainage

reports.

6.0 Pre-development Drainage Conditions

6.1 OFFSITE & ONSITE DRAINAGE

The project site falls within the watershed of Wittman Area Drainage Master Study
(ADMS), (Ref. 3). A separate drainage report was prepared to address the pre-
development drainage conditions for the project site by Robert L. Ward, P.E. (Ref. 5)
as a subconsultant to Stantec Consulting Inc. That report contains a thorough analysis
on the derivation of the peak flows that enter and leave the project site in the pre-
development conditions. That report was based on the Wittmann ADMS. A complete
copy of that report is included in Appendix Al.

7.0 Lake Bonita

Lake Bonita is located adjacent to Padelford Wash, along Bullard Avenue alignment,
approximately 1500 north of Jomax Road (Fig. 3). According to Wittmann ADMS,
part B (Ref. 4), the dam at this lake was constructed without the Arizona Department
of Water Resources (ADWR) permission or supervision and is currently considered to
be in violation of ADWR Dam safety regulations. A separate Dam-Break analysis
report was prepared by Mr. Robert L. Ward, P.E. (Ref. 6), as a subconsultant to
Stantec Consulting, Inc., to address the impact of such potential Dam Break on the
proposed development of Rancho Cabrillo. A complete copy of this report is included

in Appendix A2.
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8.2

8.3

8.0 Post-development Drainage Conditions

OFFSITE DRAINAGE

It is proposed in the post-development conditions to convey the offsite flow entering
the project site into the same pre-development discharge locations through the open
space provided along the existing natural washes or through proposed onsite channels
(Fig. 6). As discussed in section 5.0 of this report, a channel is also proposed along
the south side of the Beardsley Canal to intercept any storm runoff that may
potentially break over the canal to the south. The normal-depth method will be used
to estimate the hydraulic parameters along these washes and channels. Supporting

preliminary calculations are included in Appendix B.

ONSITE DRAINAGE

Onsite storm water runoff will be collected in local streets and conveyed into several
proposed retention basins throughout the project site. Onsite peak flows will be
estimated using the Rational Method. Local streets will be designed to conform to the
FCDMC drainage design manuals (Ref. 1 & 2). Onsite peak flow and hydraulic

calculations will be provided as a final site plan for each parcel is prepared.
POST-DEVELOPMENT HYDROLOGIC MODEL

The offsite peak flows shown on Figure 6, which were discussed in Section 8.1 above,
were derived from the HEC-hydraulic model of the Wittmann ADMS (Ref. 3). That
HE1-1 model was based on the 100-year, 24-hour storm event. Onsite retention was
provided for the onsite 100-year, 2-hour design storm. To address the impact of the
onsite 100-year, 2-hour retention requirements on the 100-year, 24-hour storm, a
post-development HEC-1 hydrologic model was prepared. This model is based on the
100-year, 24-hour pre-development model but it incorporates the retention
requirements and flow diversions within the proposed developments. Hydrologic
characteristics such as the curve number and the percentage of imperviousness were
selected based on the proposed land use in each parcel. Weighted average was used as

appropriate.

Comparison of peak flows in the pre and post development models indicate that the
post-development peak flows are less than the pre-development ones. The 100-year,
24-hour peak flows leaving the retention basins will be accommodated in the
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8.5

ultimate/emergency overflow system at each basin. Where an open space or a channel
is provided to convey the pre-development offsite flows entering the project site, any
additional post-development onsite peak flow will be accommodated in the freeboard
provided. The post-development hydrologic model, along with supporting
calculations, are included in Appendix E.

HAPPY VALLEY ROAD CROSSINGS

As indicated in section 5.0 of this report, it is proposed, in conjunction with this
project, to construct Happy Valley Road from the project site easterly toward El
Mirage Road (Fig. 2). Major peak flows for the roadway flow crossings were
estimated separately by Mr. Robert L. Ward, utilizing a revision to the HEC-1
hydrologic model used in the Wittmann ADMS. Excerpts from Mr. Robert L. Ward’s
analysis are included in Appendix A3. Preliminary calculations for the roadway
crossings are included in Appendix B, preliminary crossing structures are shown on

Figure 2.
EROSION SETBACK

Erosion setback requirements were estimated, as applicable, in accordance with the
Arizona Department of Water Resources (ADWR) (Ref. 7), which is the current
criteria adopted by the FCDMC. Three locations were identified where erosion
setback requirements may apply. They are at the two washes labeled Wash 2 and
Wash 3 (Fig. 6) and at Padelford Wash, south of Beardsley Canal. None of the
contributing areas to these washes is more than 30 square miles which indicate that

level one of said criteria apply.

At Wash 2 and Wash 3, the observed sandy bottom of the wash is not more than 5 feet
wide, with a relatively shallow depth. As part of the open space provided throughout
the project site, a minimum of 50 feet is provided on each side of the sandy bottom at
these two washes. The corresponding flow is estimated to pass through the open
space at a depth of less than 2 feet and a velocity in the range of 3.0 fps. (App. O).
Under these conditions it was assumed that the erosion set back requirements at these
two washes, 20 feet each side at each of Wash 1 and Wash 2 (App. C), will be
accommodated in the open space provided along each wash. At Padelford Wash, the
erosion setback limits, according to ADWR criteria, should be measured from the
floodway line. The floodway can typically be established by equal encroachment on
each side of an existing floodplain such that the increase in the base flood elevation is




no more than one foot. In this application, instead of trying to establish a floodway,
the required erosion setback width, approximately 53 feet (App. C), was set inside the
floodplain limits, measured from the flood plain line. These erosion setback limits
were coded as encroachment stations in the Padelford Wash HEC-2 run, established in
the Wittmann ADMS, to evaluate the impact on the increase in the base flood
elevations. Comparing the outputs of the original and modified HEC-2 runs (App. C),
it was observed that the impact is insignificant and therefore estimating the erosion
setback limits in this fashion is conservative. Additionally these erosion setback limits
were observed against the physical limits of the wash as shown on the aerial
photography (Fig. 2) and found to be reasonable and outside the main conveyance
section of the wash. FErosion setback requirement calculations are included in
Appendix C. The erosion setback limits along padelford wash are shown on Figure 6.

9.0 Retention Requirements

Onsite storm water storage basins will be provided in each parcel (Fig. 6) to
accommodate the retention requirements of the 100-year, 2-hour storm in accordance
with the FCDMC criteria. The retention basins will be designed to drain within 36
hours through outlet pipes into the adjacent washes or though percolation and
drywells. Development phasing will be accommodated by providing temporary
measures to store or reroute flows from upstream parcels until such parcels are
improved and self retention are provided. In this master drainage report, retention
requirements were estimated based on the proposed land use in each parcel. Final
retention requirements will be revised as a complete site plan for each parcel is
prepared. The retention basin in Parcels C and P will also be sized to accommodate
the estimated flood volume of Zone A in this area. This portion of flood zone A is
proposed to be removed as discussed in Section 5.0. Preliminary retention calculations

are included in Appendix D.
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RK 2360 .0069 .05 TRAP 40 10
*

KK 121B2 CP

KH COMBINE SUB 121B & CP 121B1
HC 2

*

KK 121C1 CP

KM ROUTE CP 121B2 TO CP 121C1
RM 1.0 .048 .2

*

KK 121C SUB

KH RUNOFF FROM SUB 121C

BA .0759

LS 77

UK 250  .011 A1 100
RK 1200 .0071 .05 TRAP 0 10
*

KK 121C2 CP

KH COMBINE SUB 121C & CP 121C1
HC 2

*

KK 121C3 CP

KH COMBINE CP 121.1 & 121C3

HC 2

*

KK 122C1 CP

KN ROUTE CP 121C3 TO CP 122C1




R 4.0  .200 )
*

KK 1224 SUB

KH RUNOFF FROM SUB 122A

BA .1818

LS 77

UK 200 .011 A1 100

RK 2650 .0071 .05 TRAP 40
*

KK 122C2 CP

KH ROUTE SUB 1222 TO CP 122C2

RH 1.3 .067 o2

*

KK 122C SUB

KH RUNOFF FROM SUB 122C

BA .2216

LS 77

UK 200 .011 Al 100

RK 1350 .0077 .05 TRAP 0
*

KK 122C3 CP

KM COMBINE SUB 122C, CP 122C1 & 122C2

HC 3
*

KK 122B SUB

KH RUNOFF FROM SUB 122B

BA .2159

LS 77

UK 200 .011 Al 100
RK 2950 .0071 .05 TRAP 40
*

KK 122C4 CP

KH ROUTE SUB 122B TO CP 122C4
RM 1.7  .083 .2

*

KK 122C5 cp

KH COMBINE CP 122C3 & 122C4
HC 2

*

KK 122E1 CP

KH ROUTE CP 122C5 TO CP 122E1
RH 3.8 .189 .2

*

KK 122D SUB

KH RUNOFF FROM SUB 122D

BA .0775

LS 77

UK 200 .011 A1 100
RK 1400 .0071 .05 TRAP 30
*

KK 122E2 CpP

KN ROUTE SUB 122D TO CP 122E2
R 4.2 .21 2

*

10

15

10

10




KK 122E SUB
KM RUNOFF FROM SUB 122E

BA .3888

LS 77

UK 200 .011 .11 100

RK 5200 .0063 .05 TRAP 0 10

*

KK 12283  CP

KM COMBINE SUB 122E, CP 122E1 & 122E2

B 3

*

*

* END OF APRIL 2000 RANCHO CABRILLO REVISIONS
*

%

KK €132

KH  ROUTE FLOW AT CP 1223 TO C132 (USE ORIGINAL WLB ROUTING DATA)
R 1 .44 .2



John Hathaway - FCDX

From: Aouad, Ghassan [GAouad @stantec.com]
Sent: Friday, September 21, 2001 10:18 AM
To: ‘joh@mail.maricopa.gov’

Subject: STANTEC/RANCHO CABRILLO

Hi John.

On September 19 Stantec submitted a revised copy of the master drainage
report for Rancho Cabrillo to the FCDMC. Included in the report are two
disks that contain the electronic Hec-1 files for the pre and
post-development conditions. | have noticed that the name of the files were
inadvertently typed the same on the label of both disks. please note that

the disk with the label date may 11,2001 contain the pre-development Hec-1
files RC1.241 & RC1.240.

If you have any question please call me at 602-438-2200

Sincerely

Ghassan Aouad , P.E
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RANCHO CABRILLO

DMP #200005
ZONING #Z2000183

ZONE CHANGE

TAC COMMENTS AND RESPONSES
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MARICOPA COUNTY
PLANNING AND DEVELOPMENT
DEPARTMENT
TO: Scott Homes / Stantec Consulting
FROM: Maricopa County Flood Control District

David Boggs, Richard Harris, John Hathaway
2801 W. Durango
Phoenix, AZ 85009

SUBJECT: Drainage TAC Comments — July 24, 2001, August 28, 2001, September 10, 2001,
September 12, 2001

The following are Planning and Zoning comments on this project: The responses incorporate
discussion with Mr. Boggs, Mr. Harris, Mr. Hathaway or the Maricopa County Flood Control
District (MCFCD).

July 24", 2001

1. Per the last paragraph of section 5, page 4 of the main report text, “The basis of removing Flood Zone A from
the small impacted portion of the project site north of Beardsley Canal will be providing stormwater storage
basin that will accommodate the estimated flood volume from the removed area of Zone A”. The current
submittal does not contain a volumetric analysis to determine such a design; it does contain conveyance
channel design of sections 4A and SA within Appendix B. These features apparently are meant to capture
flows impacting the north side of Beardsley Canal to direct them to the Padelford Wash siphon. However,
such a design may be in violation of the Drainage Regulation for Maricopa County by altering the character of
historic flow patterns (concentrating flow). If the Consultant believes that this is the historic flow pattern, then
they will be required to provide hydraulic analysis/verification along with a statement to this effect within the
report text, for clarification. If this is not the historic flow pattern, then this design would require that a
drainage easement be obtained from the property owner (State of Arizona) of the land located north of the
canal, between the subject development site and Padelford wash.

RESPONSE: A volumetric analysis and corresponding details in support of the proposed concept to remove
Flood Zone A from the impacted portion of the project site will be prepared along with the CLOMR
application of which the MCFCD will receive a copy of before submitting to FEMA.

In the pre-development conditions, storm water runoff from the contributing watershed north of Beardsley
Canal is collected along the north side of the canal’s dike and conveyed westerly, along the dike, into
Padelford Wash. Appendix A contains a pre-development drainage analysis, which supports this flow pattern. |
Therefore the proposed drainage concept along the north side of Beardsley Canal is consistent with pre- |
development conditions and no drainage easement would be required from adjacent properties.

2. The labels of proposed hydraulic features on Figure 6, Onsite Drainage Map are too dim. This is also true of
many of the section sketches within Appendix B of the Drainage Report.
RESPONSE: Figure 6 has been revised accordingly.

K:\81500770-Rancho\Reports\tac comments\TAC-9-10-01 MCFCD.doc 2
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A post-development hydrologic model on diskette must be submitted to the District prior to zoning approval of
this project. The model must include design criteria set forth in the Drainage Design Manual for Maricopa
County. These criteria include modeling the 100-year, 6-hour (or 24-hour, if this is the current model) runoff
event, minus the onsite runoff retention for the 100-year, 2-hour storm event. Given the proposed
development density, the model must include some percentage of imperviousness, not zero percent
imperviousness as shown on page six of Appendix Al.

RESPONSE: A post-development hydrologic model has been prepared and is included in Appendix E of the
revised drainage report. This model uses the 100-year, 24-hour storm and incorporates the 100-year, 2-hour
storm water storage requirements and incorporates imperviousness percentages per proposed land use.

As shown in the hydraulic analysis, water surfaces in sections 1, 2, and 3 extended vertically above the
endpoints. This suggests that the needed Tract widths may be wider than currently estimated, if these Natural
Area Open Spaces (Tract G on the Development Plan) are to not have any improvements to increase flow
capacity.

RESPONSE: Cross-sections 1,2 & 3 have been revised. Please refer to Appendix B of the revised drainage
report.

Section widths for sections 4A and 5A do not include designed freeboard. Also, the tract width on the
Development Plan for the location where section 4A will be is only 60°-70" wide, while the capacity
calculation is for a channel 110°.

RESPONSE: Cross-section 44. & 5A. has been revised. Please refer to Figure 6 and Appendix B of the
revised drainage report.

The capacity calculation for section 4A is for only 262-CFS, while the Plate 5 value for that location is closer
to 465-CFS. Also, the flow velocity is shown to be less than 2 fps, which could lead to sediment accumulation
and capacity loss. The District’s Drainage Design Manual sets forth design calculations for improved channel
flow, requiring designs that provide minimum flow velocities of at least 2-3 fps.

RESPONSE: The peak flows shown on plate 5 are for pre-development conditions. 262-CFS is the offsite flow
being conveyed across cross-section 44. A minimum of 1.0 feet of freeboard has been provided to
accommodate flows in excess of the onsite design storm of 100-year, 2-hour.

The low velocities associated with Section 4A. is due to the fact that the existing conveyance area on the north
side of Beardsley Canal is relatively flat. This area is within the Beardsley Canal ROW/Easement, outside the
project boundary. Therefore flow velocities are anticipated to remain low within this area, as in the pre-
development conditions.

To expedite and economize the future drainage feature designs for this development, I suggest that the
engineer use box culvert designs currently provided in ADOT’s standard details.
RESPONSE: We take this as a suggestion. Thank you.

Per the HEC-1 Routing Schematic Plate 5, the existing levee that crosses parcels A and B is considered a
permanent feature. Therefore, Tract F should be expanded and realigned such that the modeled flow
discharges can be carried within it, along the upstream side of the levee. The stability of the levee should be
described in the report, and modeled accordingly.

RESPONSE: The subject tract has been revised as shown on Figure 6 of the revised drainage report. The flow
along the existing levee will remain consistent with the pre-development conditions.

Cross-section 12 along the south side of the Beardsley Canal (Fig. 6) was analyzed for a peak flow that
incorporates the flows along the north side of this levee, i.e., assuming the levee failed. Therefore, because
failure of the levee is assumed, (worst case scenario), there is no need to analyze the stability of the levee for
the purpose of this proposed development.

K:\81500770-Rancho\Reports\tac comments\TAC-9-10-01 MCFCD.doc 3




10.

14.

15.

The word “Beardsely” on Figure 6 is misspelled.
RESPONSE: OK. It has been corrected.

The Tract G portion located just east of El Granada Boulevard could provide much more flow in a natural state
if the Boulevard were to be shifted west to a ridgeline, there.
RESPONSE: We take this as a suggestion. Thank you.

The spelling of the word “monumentation” on sheet 3 of 5 should be checked.
RESPONSE: OK. It has been corrected.

If the intent is to intercept flows along the north boundaries of the development and direct them to the tracts
shown, then expansion of adjoining tracts, or additional tracts, will be needed to provide this infrastructure and
must be shown on the DMP.

RESPONSE: The proposed tracks for offsite drainage has been revised. Please see Figure 6 of the revised
drainage report.

Is mass grading on some parcels intended for this development? If not, additional drainage tracts should be
added for parcels K, L, M, O, G, and Q (per aerial photo stream traces). Many of the parcels located south of
Beardsley Canal have different ID’s on Figure 6 when compared to the Development Plan sheet 4.
RESPONSE: The subject stream traces reflect conditions prior to the Beardsley Canal existence. The canal
cut off offsite flow into these streams. No tracts are necessary. The parcel ID’s on Figure 6 of the drainage
report have been revised to correspond to those on the development plan sheet.

Please describe how the cross-section geometric data for the hydraulic feature analyses was obtained, in the
report. Also, please reference the survey and survey notes on the Onsite Drainage Map. The map will need to
be stamped by an RLS.

RESPONSE: The cross-section geometric data for the hydraulic feature analyses was obtained from the recent
topography generated as part of the project development. It was agreed that adding a note on the drainage
exhibit to indicate that it is an integral part of the drainage report, which must be sealed by a professional
engineer, should satisfy the demands raised in this comment. Such note has been added to Figure 6 of the
drainage report.

Before approval of the GDP, the MWCD should be contacted and a copy of an approval letter to use part of
their ROW must be sent to the District.

RESPONSE: The alignment of the proposed drainage channel along the south side of Beardsley Canal has
been revised. The channel is proposed to be constructed solely within the project boundary. Please see the
typical channel section in Appendix B of the revised drainage report. Therefore, as no part of the MWCD
ROW is used, no approval letter is needed.

Before zoning approval of the GDP, calculations and a revised onsite Drainage Map will be needed to show
that retention basin sizes are relative to required volume calculations given in the report. The report should
include typical basin dimension drawings to show embankment side-slopes and ponding depths. The basin
locations should be shown where future drainage improvements could be minimally sized for conveyance
towards them.

RESPONSE: It was agreed that it is early at this stage of the development plan to provide detailed information
of the required retention basins. Such information will be provided in subsequent stages. Figure 6 of the
drainage report include conceptual locations of the anticipated retention basins.

K:\81500770-Rancho\Reports\tac comments\TAC-9-10-01 MCFCD.doc 4




17;

18.

19.

To substantiate the proposed drainage infrastructure locations, a composite map of the proposed zoning and
onsite drainage map should be provided. The plan should be sealed by an Arizona Registered Professional
Civil Engineer.

RESPONSE: It was agreed that such composite map is not needed.

The address and site description in the P&D cover letter for this project, listed under “Subject”, is not for this
project.
RESPONSE: It was agreed that this comment was listed by error and should be ignored.

A conceptual design and cost estimate for the channel proposed along the south edge of the Beardsley Canal,
must be submitted and approved by the District prior to zoning approval. The questions of by whom and when
this channel will be built should be addressed within the report. A stipulation should be made that prior to
zoning approval, the developer must provide proof of financial responsibility towards constructing the channel.
Prior to approval of any Preliminary plats, a CLOMR must be prepared and submitted to FEMA.

RESPONSE: The timing of submitting a CLOMR in relation to MCFCD approval of any preliminary/final
plat has been discussed several times with the county. It was concluded, supported by a letter from the county
dated May 22, 2001, that the approval of the final plat, not the preliminary plat should be tied to submitting
the CLOMR. It was also concluded that the drainage report should be adequate for the preliminary plat
approval process.

Per the report, it appears that the dam-break analysis was for a 100-year, 24-hour event. It would seem that
this analysis provides better floodplain delineation information than the previous mapping for the area south of
the Beardsley Canal. Therefore, it should be shown on the Development Master Plan as a “Potential
Floodplain”, with a note referencing the study from which the boundary was taken.

RESPONSE: It was agreed that the material submitted in Appendix A2 of the drainage report satisfactorily
addressed this comment.

August 28, 2001

Mr. Robson to post a surety bond to cover costs of the proposed interception swale which would play
a role in eliminating the existing floodplain. Ms. Thomas pointed out that not only FEMA, but also
the County has a mandate to regulate development within a floodplain. This A Zone floodplain is
based upon an approximate study, and no base flow elevations are available.

RESPONSE: Please see comment no. 24.

Mr. Robson noted that the other option was to allow the flood flows to pass through the subdivision in
easements, tracts, and as sheet flow, elevating building pads above the BFE.
RESPONSE: Please see comment no. 24.

K:\81500770-Rancho\Reports\tac comments\TAC-9-10-01 MCFCD.doc 5




23.

24.

Mr. Robson would instruct their engineers to undertake detailed mapping in the watershed and
prepare a detained floodplain delineation to ascertain BFEs, in conjunction with geotechnical
investigations of the canal and berms currently partially obstructing floodwater flows. These studies
should be completed before preliminary plat approval, as a decision of which drainage approach--
swale or sheetflow would need to be made to configure lots and drainage easements.

RESPONSE: Please see comment no. 24.

It was noted that volume compensation would be required for the sheetflow approach. The District
agreed to withdraw the requirement for bonding, awaiting study results, to be submitted before
preliminary plat approval.

RESPONSE: This response incorporates comments number 21 through 24. The drainage concept
considered along the south side of Beardsley Canal provides an emergency channel to convey
emergency storm water flows into Padelford Wash, as discussed in the drainage report. The surety
bond is to be discussed between the client and the MCFCD.

September 10, 2001

25.

26.

27.

28.

Geotechnical investigations/report on canal.

RESPONSE: Please see comment no. 27.

Analysis of “worst case” of canal break.
RESPONSE: Please see comment no. 27.

Concept design for modeling of flows overtopping Beardsley Canal (diffuse or concentrated).
RESPONSE: This response incorporates comments no. 25 through 27. The proposed emergency
channel along the south side of Beardsley Canal is designed for a peak flow that accommodates the
entire flow along the north side of the canal and the flow along the north/west side of the existing
levee crossing parcels A&B; i.e., as a worst case conditions, it was assumed that both the levee and
the canal dike failed. Therefore, there is no need for a geotechnical investigation on the canal.

Post-development hydrology.
RESPONSE: A post-development hydrologic model has been prepared. It is included in Appendix E
of the revised drainage report.

September 12, 2001

29.

The geotechnical analysis would not be needed if it was if it was assumed that the Beardsley Canal would
indeed fail and that the failure would occur at the “worst case” location, i.e., at the eastern end of the Zone A
north of the canal. It would only be needed if the intent were to demonstrate that overtopping of the canal

would occur at (a) discrete location(s).
RESPONSE: Please see comment no. 27

Per David, the consensus of the August 28 meeting included an assessment of what impacts the Zone A south
of canal has on the proposed development. The information we are requiring is simply what is needed to

determine those impacts.

RESPONSE: As discussed in the drainage report, it is proposed to remove this Zone A through a

CLOMR/LOMR.
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Stantec Consulting Inc.
8211 South 48th Street
Phoenix AZ 85044

Tel: (602) 438-2200 Fax: (602) 431-9562

stantec.com

VA

Stantec

September 19, 2001
File Number: 81500770-32

John Hathaway, P. E, FLOOD CONTROL DISTRICT
Maricopa County Flood Control District RECEIVED
Hydrology " ,
2810 West Durango Street _ SEP 1973

Phoenix, Arizona 85009 —
602-506-4973

T\ g R~
—~ o s FRACE

=Tu) I jlamds

RE: RANCHO CABRILLO -‘;‘:*W ! ;&:
Revised Drainage Report / Pre-Post Analysis :—f . “'"
Dear John Hathaway; S "\‘f;\. s

Enclosed you will find:
1. Two (2) copies of the revised PRELIMINARY MASTER DRAINAGE REPORT FOR

RANCHO CABRILLO.
2. Two (2) copies of the written ZONE CHANGE TAC COMMENTS AND RESPONSES,

responding to the current MCFCD comments.
Please review both of these as soon as possible. As you know Scott Homes is anxious to remain
on the October 4, 2001 agenda for the Planning and Zoning Commission hearing. It is our

understanding that MCFCD review of these documents is critical to this agenda.

Please contact Bob Murphy or Ghassan Aquad if you have any questions regarding the content of
these documents. 602-438-2200

Thank you for your cooperation in this matter. As always, we look forward to working with you.

Best regards,
Stantec Consulting Inc.

7 Penny Milton, AICP
Urban Land Division, Associate

COPIED: A copy of the above has been sent to Charles Hart of Maricopa County Planning
ENCLOSURES: Drainage Report and written TAC Comment Responses.

K:\81500770-Rancho\communications\letters\9-19-MCFCD-del Drain Rpt.doc
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Electronic files for Appendix A-1 are
included on disk. Disks are located

at end of report.
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Pre-development Drainage




HYDROLOGY ANALYSIS
Pre-Development
Rancho Cabrillo

Maricopa County, Arizona

prepared for:

Stantec Consulting, Inc.
8211 South 48th Street
Phoenix, Arizona 85044-5355

prepared by:

Robert L. Ward, P.E.
Consulting Engineer
5345 East McLellan Road, #112
Mesa, Arizona 85205
(480) 924-5962

May 11, 2000
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1 PURPOSE OF STUDY

The purpose of this report is to present the results of a pre-development hydrology analysis for a
proposed master-planned community known as Rancho Cabrillo. This property, which is located
in portions of Sections 3 and 10, T4N, R1W, contains approximately 579 acres. A vicinity map,
showing the property location, is enclosed as Figure 1.1.

A pre-development hydrology model was created to establish a baseline condition to: 1) measure
inflows along the upstream property boundaries; 2) provide the basis for creating a concept to
pass the offsite flows through the property; and 3) provide a comparison to discharges associated
with a post-development hydrologic model so that any required drainage mitigation measures can

be identified.

This area has previously been modeled as part of the Wittman Area Drainage Master Study
(ADMS) that was prepared by The WLB Group, Inc. in 1988 for the Flood Control District of
Maricopa County (FCDMC). Based on coordination meetings with FCDMC staff on January 13,
2000 and March 6, 2000, it was agreed that the Wittman ADMS HEC-1 model would be the
basis for measuring any post-development hydrologic impacts associated with the proposed
development. Accordingly, a fourth objective of this study is to present the changes that were
made to the Wittman ADMS in order to receive FCDMC approval in using the revised HEC-1
model as the basis for initiating the drainage study for Rancho Cabrillo.

FCDMC provided an electronic copy of HEC-1 file WITM100YR, which is the WLB file for the
100-year, 24-hour storm for the Wittman ADMS. Due to the large size of the sub-basins in this
model, it was agreed that those sub-basins draining into the boundaries of Rancho Cabrillo would
be sub-divided into smaller areas in order to more accurately identify the rates of runoff that will
enter specific locations along the property boundaries.

The following sections of this report discuss the modifications that were made to the WLB HEC-
1 model in order to establish the pre-development hydrologic condition for Rancho Cabrillo.

A post-development hydrology model will eventually be prepared to identify any post-
development increase in peak discharge at the downstream property boundaries. The final
subdivision plans will include mitigation measures that will reduce the post-development
discharges to flow rates that are at, or below, those associated with pre-development conditions.

2 HYDROLOGY PARAMETERS & REVISIONS

A computerized rainfall/runoff model was developed for the project watershed using the U.S.
Army corps of Engineers Flood Hydrograph Package (HEC-1). HEC-1 uses numerical
parameters to describe the amount and temporal distribution of rainfall, the runoff characteristics
of the watershed, and the hydraulic properties of channels that collect and convey runoff to
concentration points. The computer output provides a runoff hydrograph at user-selected
locations.
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2.1 HEC-1 Program Version

The original WLB HEC-1 model was run under a 1985 version of HEC-1 that was distributed
by Haestad Methods as Version 3.1a. This program version included a modification by
Haestad -Methods that allowed 900 time ordinates to be calculated for each hydrograph,
compared to only 300 ordinates allowed in the 1985 program version distributed by the Corps

of Engineers.

For unknown reasons, the 1985 Heastad version of HEC-1 would not execute the revised
HEC-1 file that was created for Rancho Cabrillo. Accordingly, a joint decision was made
with FCDMC to use the June 1992 version (4.0.3E) of HEC-1 for this analysis. This 1992
program version is proposed for both the pre- and post-development hydrologic models that
will be developed for Rancho Cabrillo. The pre-development model is included in this report.

2.2 Drainage Area Delineations

The Rancho Cabrillo boundaries were superimposed onto both the USGS quadrangle map
that was used by WLB to delineate sub-basin boundaries for the Wittman ADMS, as well as
onto the HEC-1 routing schematic that was developed by WLB. Plate 1 is a copy of the
original WLB HEC-1 routing schematic that also shows the location of the Rancho Cabrillo
property boundaries. As shown in Plate 1, the Rancho Cabrillo boundaries encompass
portions of WLB Sub-Basins 121, 122, 123 and 125. Accordingly, these sub-basins will
require more detailed subdividing in order to provide the hydrologic detail needed along the
Rancho Cabrillo boundaries.

Plate 2 is a USGS quadrangle map that illustrates the revisions that were made to the WLB
sub-basins for the offsite drainage areas that surround Rancho Cabrillo. The accompanying
HEC-1 routing schematic is shown on Plate 3.

Onsite drainage boundaries are shown on Plate 4, while Plate 5 shows the HEC-1 routing
schematic for the onsite sub-basins. For reference purposes, the tie-in to the offsite sub-
basins are also shown on Plate 5. Accordingly, the reader can look at both Plates 3 and 5 to
view the transition from the offsite to the onsite drainage pattern.

As a matter of interest, it should be noted that some of the WLB sub-basin boundaries have
been incorrectly drawn on the USGS quadrangle map that was included in the Wittman
ADMS report. It is not known whether the sub-basins were originally delineated incorrectly,
or, whether there was a drafting error involved when the sub-basin boundary maps were
prepared for the final report. All sub-basins that impact the Rancho Cabrillo site have been
re-drawn and independently measured as part of this current study.

Sub-basin 121 was divided into Sub-Basins 121A, 121B, and 121C. Sub-Basins 121B and
121C extend slightly further to the east than does the original east WLB boundary for Sub-
Basin 121. Sub-Basins 121, 121B, and 121C were traced onto a 1” = 2000’ map. That
portion of new Sub-Basins 121B and 121C that overlapped into the original Sub-Basin 121
was planimetered, and subsequently deducted from the original WLB area for Sub-Basin 121.




The resulting sub-basin area was designated 121A. The areas of Sub-Basins 121B and 121C
were planimetered from a new 1” =400’ topographic map (see Plate 4).

WLB Sub-Basin 122 was sub-divided into Sub-Basins 122A, 122B, 122C, 122D, and 122E.
The total planimetered area for these five sub-basins was 1.0856 square miles, which
compares favorably with WLB’s area of 1.10 square miles for Sub-Basin 122.

A problem was noted with Sub-Basin 123. The WLB HEC-1 file lists Sub-Basins 123, 123A,
123B, and 123C. However, the WLB HEC-1 routing schematic map only shows Sub-Basin
123. FCDMC staff was unable to find any additional WLB maps that would indicate where
Sub-Basins 123A, B, and C were located. Accordingly, new sub-basin delineations were
prepared and measured for Sub-Basin 123, as shown on the WLB routing schematic map.

WLB Sub-Basin 123 was subdivided into Sub-Basins 123A through N, which have a
combined drainage area of 4.8683 square miles. The combined drainage area for WLB basins
123 and 123A-C was 5.42 square miles. There was no way to account for the 0.5517 square
mile difference between the WLB area and the new area measured for this study.

As a matter of technical interest, the WLB HEC-1 input file also lists Sub-Basins 124, 124A,
and 124B. However, only Sub-Basin 124 is shown on the HEC-1 routing schematic prepared
by WLB. FCDMC staff could find no information to explain this discrepancy. No changes
were made to the 124 series sub-basins as part of this current study for Rancho Cabrillo.

A small portion of WLB Sub-Basin 125 lies in the northeast corner of Rancho Cabrillo.
Accordingly, Sub-Basin 125B was delineated to address this small area. WLB Sub-Basin
125 was then renamed Sub-Basin 125A, and had its drainage area decreased by the amount
assigned to Sub-Basin 125B.

The total drainage area in the original WLB model for the Wittman ADMS was 322.99
square miles at Concentration Point C134. With the Rancho Cabrillo sub-basin modifications
in-place, the total drainage area at C134 was 322.80 square miles.

2.3 Curve Numbers

The WLB model used the SCS curve number methodology to model rainfall losses within the
Wittman ADMS watershed. For consistency, this same method was used for the Rancho

Cabrillo revisions presented in this study.

As a matter of technical interest, it should be noted that the Hydrologic Soil Group (HSG)
map that was published as part of the WLB report for the Wittman ADMS contains a major
typographical error. The Legend for this map has reversed the symbols for HSG B and C,
i.e., those areas on the map designated as B soils are really C soils, while the designated C
soils are B soils. This error was verified by checking the SCS soil maps from the Soil Survey
of Aguila-Carefree Area, Parts of Maricopa and Pinal Counties, Arizona, April 1986,
Soil Conservation Service, USDA, and Soil Survey of Maricopa County, Arizona, Central
Part, September 1977, Soil Conservation Service, USDA.




New curve numbers were computed for all sub-divided sub-basins used in the Rancho
Cabrillo analysis. The new sub-basin delineations were overlaid on the SCS soil maps. The
percentage of each HSG within each sub-basin was then recorded and a weighted curve
number was calculated. All curve number calculations were based on desert land-use in
“POOR” hydrologic condition, which is consistent with the WLB assumptions for this region
of the Wittman ADMS watershed. No impervious cover was used for any of the updated sub-
basins. Existing development in this area is extremely sparse.

Table 2.1 lists the curve number calculations for the revised sub-basins used in the Rancho
Cabrillo analysis.

2.4 Kinematic Wave Overland Flow Parameters (UK Record)

The original WLB Sub-Basins 121, 122, 123, and 125 were modeled with kinematic wave
procedures. With three exceptions, the same WLB values for overland flow lengths, slope,
and roughness were assigned to the new sub-divided sub-basins that were located within the
original, parent WLB sub-basin. For example, Sub-Basins 121A, 121B, and 121C were
assigned the same length, slope, and roughness values that were used in WLB Sub-Basin 121.

The three exceptions occurred where the slope and roughness were slightly modified to
reflect some mountainous terrain in Sub-Basins 123G, 123H, and 125B.

2.5 Kinematic Wave Channel Routing Parameters (RK Record)

For the new sub-basins delineated for this study, kinematic wave channel parameters (lengths
and slopes) were measured from both USGS quadrangle maps and new 1-foot contour
interval mapping (Plate 4) that was prepared for Rancho Cabrillo. Channel bottomwidths,
side-slopes, and roughness were estimated on the basis of engineering judgement, site
inspection observations, and topographic mapping.

The original WLB RK record from Sub-Basin 123 was used for new Sub-Basin 123A.

2.6 Muskingum Channel Routing Parameters (RM Record)

The WLB model used Muskingum routing procedures to route hydrographs between
concentration points. For consistency, Muskingum procedures were also used for the routing
operations between the new sub-basins that were created for the Rancho Cabrillo study.

The WLB model used a constant Muskingum “X” coefficient of 0.2 for all routing operations
in the Wittman ADMS. For consistency, an “X” of 0.2 was also used for all new routing
operations for the Rancho Cabrillo modifications. The “X” coefficient affects the amount of
hydrograph attenuation through a routing reach. An “X” of zero would cause maximum
attenuation in the peak discharge, while an “X” of 0.5 would result in pure translation of the
peak discharge, with no attenuation.

The Muskingum “K” coefficient represents travel time through the routing reach and was
computed as “length + velocity” (hours). The number of routing steps (variable NSTPS) was




Table 2.1

Summary of Curve Number Calculations

Rancho Cabrillo

Maricopa County, Arizona

Percentage Of HSG In Sub-Basin
A Assigned
HSG A B C D Composite Percent
Sub-Basin CN 63 ¥i 85 88 CN Impervious

121A 0 100 0 0 71.0 0
121B 0 100 0 0 77.0 0
121C 0 100 0 0 77.0 0
122A 0 100 0 0 77.0 0
122B 0 100 0 0 77.0 0
122C 0 100 0 0 77.0 0
122D 0 100 0 0 77.0 0
122E 0 100 0 0 77.0 0
123A 0 90 0 10 78.1 0
123B 0 100 0 0 77.0 0
123C 0 100 0 0 77.0 0
123D 0 88 0 12 78.3 0
123E 0 100 0 0 77.0 0
123F 0 50 0 50 82.5 0
123G 0 55 0 45 82.0 0
123H 0 50 10 40 82.2 0
1231 0 100 0 0 77.0 0
123] 0 100 0 0 77.0 0
123K 0 100 0 0 77.0 0
123L 0 100 0 0 77.0 0
123M 0 100 0 0 77.0 0
123N 0 100 0 0 77.0 0
125B 0 5 30 65 86.6 0

CN based on "Desert Shrub" in "POOR" hydrologic condition.




computed as “length + velocity + At”, where At (computation interval) was set at 3 minutes to
match that used by WLB. The computed value of “K” was checked against the recommended
minimum and maximum limits prescribed in the HEC-1 Users Manual.

Table 2.2 summarizes the Muskingum routing parameters that were used for the Rancho
Cabrillo routing modifications.

2.7 Levee Breach

At the present time, an earthen levee extends in a northeasterly direction from the intersection
of Padelford Wash and the Beardsley Canal. This levee, which is approximately 4,200-feet
long, includes a small channel along the northwest side of the levee.

These breach locations are located in Sub-Basins 1231 and 123K. In order to acknowledge
these levee breaches, two divert operations have been included in the model to allow water
flowing along the levee to pass through the levee at Concentration Points 12313 and 123K2.
For the purpose of this study, the divert ratios at these two points were set at 50/50, i.e., 50%
of the flow will continue flowing southwest along the levee while the remaining 50% will
pass through the levee. Different diversion ratios could be evaluated during final design in
order to define a best and worst-case condition.

These levee breach locations were not modeled in the Wittman ADMS. Any water that flows
through the existing breach locations will be intercepted by the Beardsley Canal embankment
and directed southwest to Padelford Wash, which is the same location that the non-diverted
flows are routed to.

3 SUMMARY OF RESULTS

As stated previously, the original WLB model for the Wittman ADMS was run under a 1985
Haestad Methods version of HEC-1. Due to unresolvable programming errors in this Haestad
Methods version, this updated model for Rancho Cabrillo was run under the June 1992 version
(4.0.3E) of HEC-1. This updated program version, along with the Rancho Cabrillo modeling

' A site inspection of this levee revealed four locations where the levee had been breached.

' update, was used to establish a new pre-development hydrologic baseline for the Wittman
' ADMS.

For comparison purposes, Table 3.1 presents a hydrologic summary of peak discharges at major

' concentration points. This table compares data from: 1) the original WLB model run under the
1985 Haestads Methods HEC-1 version; 2) the original WLB model run under the 1992 HEC-1
version; and 3) the Rancho Cabrillo update run under the 1992 HEC-1 version.

f l A magnetic disk, containing the HEC-1 input and output files RC1.24I and RC1.240 for the pre-
development land-use condition with the Rancho Cabrillo sub-basins in-place, is enclosed with
! ' this report. It is recommended that the discharges associated with this updated model (RC1, run
under the 1992 version 4.0.3E of HEC-1) be used as the baseline condition to measure any post-

i development increases in discharge that might result from the proposed Rancho Cabrillo
' development.

7
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Table2.2

Summary of Muskingum Channel Routing Data
Rancho Cabrillo

Pre-Development Conditions

Muskingum X = 0.2
Computation Interval (NMIN) = 3
Travel Time No. Routing Steps Limit Check
Muskingum "K" (NSTPS)
Length Velocity Routing (AMSKK) 1 AMSKK * 60 1 AMSKK
Routing Operation ) (fps) Environment (hrs) Computed Used 2(1-X) (NMIN * NSTPS) 2X Limit Status
54.1 - 123A1 23,500 5 Desert 1.306 26.1 26.1 0.625 1.000 2.500 OK
123D - 123Kl 1,100 5 Desert 0.061 1.2 1.2 0.625 1.019 2.500 OK
123K2A - 12301 675 5 Levee 0.038 0.8 0.8 0.625 0.938 2.500 OK
123C1 - 12312 1,560 5 Desert 0.087 1.7 1.7 0.625 1.020 2.500 OK
12313A - 12311 425 5 Levee 0.024 0.5 0.5 0.625 0.944 2.500 ) OK
123C2 - 12372 1,250 5 Desert 0.069 1.4 1.4 0.625 0.992 2.500 OK
123J3 - 123B1 350 5 Levee 0.019 0.4 0.4 0.625 0.972 2.500 OK
123B2 - 123A3 2,000 5 Levee 0.111 22 22 0.625 1.010 2.500 OK
123H - 123NI 2,150 5 Desert 0.119 24 24 0.625 0.995 2.500 OK
Canal
123N2 - 123N3 1,400 2 Embankment 0.1%4 39 39 0.625 0.997 2.500 OK
123FG - 123N4 2,250 5 Desert 0.125 25 25 0.625 1.000 2.500 OK
Canal
123N5 - 123M1 850 2 Embankment 0.118 24 2.4 0.625 0.984 2.500 OK
123E - 123M2 2,450 5 Desert 0.136 27 27 0.625 1.008 2.500 OK
Canal
123M4 - 123L1 1,330 2 Embankment 0.185 37 37 0.625 0.998 2.500 OK
123IK - 123L2 1,950 5 Desert 0.108 22 22 0.625 0.985 2.500 OK
Canal
123L3 - 123A3 2,800 2 Embankment 0.389 78 78 0.625 0.997 2.500 OK
123A4 - 121B1 2,360 7 Padelford Wash 0.094 1.9 1.9 0.625 0.986 2.500 OK
121B2 - 121C1 1,200 7 Padelford Wash 0.048 1.0 1.0 0.625 0.952 2.500 OK
McMicken
121C4 - 122C1 3,600 5 Channel 0.200 4.0 4.0 0.625 1.000 2.500 OK
122A - 122C2 1,200 5 Desert 0.067 13 1.3 0.625 1.026 2.500 OK
122B - 122C4 1,500 S Desert 0.083 1.7 1.7 0.625 0.980 2.500 OK
McMicken
122C5 - 122E1 3,400 5 Channel 0.189 38 38 0.625 0.994 2.500 OK
122D - 122E2 3,800 5 Desert 0.211 42 42 0.625 1.005 2.500 OK
122E3 - CP132 10,800 y | Agqua Fria 0.429 8.6 8.6 0.625 0.997 2.500 OK
Desert/ Canal
125B - 125B1 2,500 3 Embk 0231 4.6 4.6 0.625 1.006 2.500 OK

File: Rancho Cabrillo HEC-1 Data.xis




Table 3.1
Summary Of Peak Discharge Comparison
Wittman ADMS & Rancho Cabrillo Revisions

i
i
i
I
100-Year, 24-Hour Storm

' SCS Type 2 Rainfall Distribution
i
_ Peak Discharge (cfs)
. Drainage 1992 HEC-1 Version 4.0.3E 1985 Haestads Methods

HEC-1 Area
l Concentration Point (sq. miles) RC1 WTMI100YR WTMI100YR
' C124 3.07 1,633 1,633 1,448
l 123A5 9.04 3,027 n/a n/a
' C123 9.34 n/a 3,090 2,718
' 121C3 303.64 5,122 n/a n/a
. Ci21 303.82 n/a 5,160 5,064
' 122E3 304.73 5,173 n/a n/a
: l C122 304.92 n/a 5,188 . 5,087
C134 322.8 7,522 n/a n/a
' :
: C134 322.99 n/a 6,875 6,522
1
; See Plates 3 & 5 for concentration points for model RC1.
l See WLB HEC-1 output file for concentration points for WTM100YR.
i
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1 PURPOSE OF STUDY

The purpose of this report is to document the engineering analysis that was performed to provide
insight into the downstream impact of a possible dam breach in the earth embankment that
creates the Lake Bonita reservoir. This dam, which appears to be a stock-pond, is located in the
southwest quarter of Section 33, T5N, R1W. The Lake Bonita reservoir intercepts runoff from
the Padelford Wash watershed. Due to the ephemeral nature of this wash, the reservoir is

frequently dry.

A portion of Padelford Wash passes about 700-feet west of the west boundary of the proposed
Rancho Cabrillo development. Rancho Cabrillo is located in portions of Sections 3 and 10, T4N,
R1W. The proximity of Padelford wash to Rancho Cabrillo has raised concerns (from the Flood
Control District of Maricopa County) about the possible impact of a dam-break in the Lake
Bonita embankment. Accordingly, this study was undertaken to provide an assessment of the
potential impact that a dam-break might have on the western boundary of Rancho Cabrillo.

The dam-break analysis was performed with both the National Weather Service Simplified Dam-
Break Flood Forecasting Model (SPMDBK), and, the Dam-Breach Simulation option in the
Corps of Engineers Flood Hydrograph Package (HEC-1).

The following sections discuss the modeling assumptions and results of this analysis.

2 EXISTING DAM CONFIGURATION

As stated previously, Lake Bonita is an earth dam. It is not known if any design drawings and
specifications were ever prepared for this dam.

Stantec Consulting, Inc. performed a ground survey of the dam embankment during August 2000.
This survey information was used to develop a topographic contour map for a portion of the
embankment. Spot elevations from this survey indicate a low point in the main embankment at
approximately elevation 1415.76. The embankment toe elevation at this same location was
1401.39. Accordingly, the embankment height at this location is 14.37-feet.

Based on topographic information from a 4-foot vertical contour map (see Plate 1) presented in
the Wittman Area Drainage Master Study (ADMS), The WLB Group, Inc. 1998, there appears
to be an embankment spillway located about 1300-feet north of the southeast corner of the dam.
The spot elevation at this spillway location is 1411.0-feet MSL. The WLB HEC-1 reservoir
routing operation for Lake Bonita indicates that the dam begins to discharge when the reservoir.
water levels exceed elevation 1411.0. This would indicate the presence of a spillway at this

location.

The WLB HEC-1 model assumed that Lake Bonita was full to the spillway elevation of 1411.0-ft
MSL prior to routing the 100-year, 24-hour storm through the reservoir. The maximum pool
elevation achieved during this routing operation was approximately 1413-feet MSL.
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Based on the results from the WLB HEC-1 model, the dam-break analyses presented in this
report evaluated an embankment breach that could occur with a reservoir pool elevation of 1413-
feet MSL. Since the reservoir was assumed to be full to the spillway invert elevation (1411-feet
MSL) at the beginning of the storm, a pool elevation of 1413-feet MSL would simulate the
occurrence of “back-to-back” 100-year, 24-hour storms.

3 DAM BREACH MODELS & FAILURE ASSUMPTIONS

The following sub-sections discuss the models and dam-break parameters that were used for both

‘the SMPDBK and HEC-1 methods.

3.1 NWS Simplified Dam-Break Model

The following input data is required for the NWS SMPDBK analysis:

1.
2.

3,
6.

7.

Reservoir flood-pool elevation when breaching begins
Final breach bottom elevation

Reservoir storage volume

Reservoir surface area

Final breach width

Time required for breach formation

Distance and cross-section geometry for downstream flood wave routing.

3.2 HEC-1 Dam-Break Model

The Lake Bonita watershed was previously modeled as part of the Wittman ADMS that was
prepared by The WLB Group, Inc. in 1988 for the Flood Control District of Maricopa County
(FCDMC). Based on coordination meetings with FCDMC staff on January 13, 2000 and
March 6, 2000, it was agreed that the Wittman ADMS HEC-1 model would be the basis for
measuring any post-development hydrologic impacts associated with the proposed
development of Rancho Cabrillo.

The WLB HEC-1 model includes a reservoir routing operation for Lake Bonita. The dam
breach option in HEC-1 was activated in this existing model by inserting an “SB” record into
the reservoir routing data input file. The SB record requires the following input data:

1. Final breach bottom elevation

2. Width at the bottom of the breach

3. Side-slope of breach section, e.g., 0.5H:1V




4. Time required for breach formation
5. Reservoir flood-pool elevation when breach begins

HEC-1 does not require any data on the surface area of the flood-pool at the elevation at
which the breach begins. Reservoir storage volume information is included on the SV/SE
records, which are a standard part of the reservoir routing input data.

3.3 Failure Assumptions

In the absence of detailed geotechnical studies, and/or physical model simulations, the failure
scenario (failure time and geometry) for the Lake Bonita dam embankment is a matter of
engineering judgement. However, NWS publishes default values for earth dams that are a
function of the breach height (H). These default values, which are listed in Table 3.1, are

defined as follows:
Breach Width (B;) = 3H
Breach Failure Time (tf) = H/3

Dam-break scenarios were evaluated for these default failure parameters, as well as for
different failure times and breach widths. Failure times of 3, 3.87 and 5-minutes were
combined with average breach widths of 34.83 and 60.0-feet.

The breach parameters associated with a failure elevation of 1413-ft MSL are summarized in
Table 3.1. The reservoir storage volumes in Table 3.1 were taken from the elevation-storage
relationship in the WLB HEC-1 model. The surface areas were measured from the 17 = 400’
topographic maps presented in the Wittman ADMS.

As discussed in Section 2, the failure elevation of 1413-ft MSL was chosen for this study
because that is approximately the maximum reservoir pool elevation that is achieved during
the reservoir routing analysis for the 100-year, 24-hour storm, with no dam-break. As stated
previously, this Lake Bonita reservoir routing operation is from the HEC-1 model that was
previously prepared for the Flood Control District by The WLB Group as part of the Wittman
ADMS. The maximum pool elevation predicted by the WLB model is about 1413.2-ft MSL,
with an accompanying spillway discharge of approximately 1,454 cfs.

HEC-1 will not initiate a dam-break analysis until the reservoir pool elevation reaches the
specified failure elevation. Accordingly, the dam-break option would not be triggered if the
failure elevation were to be set above approximately 1413.2. As a result, the failure elevation
was set at 1413, thus insuring that the model would initiate an embankment failure.

As a matter of technical interest, it should be noted that the HEC-1 model also simulates
spillway flows that would occur if the dam fails during passage of the 100-year, 24-hour
storm. Accordingly, the HEC-1 “with spillway flow” scenarios represent the cumulative
discharge of flow through both the dam breach and the spillway. Conversely, the SMPDBK
model only represents flow that would pass through the dam breach.
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Table 3.1
Summary Of Dam Breach Parameters
Lake Bonita

SMPDBK Default Values
(H)
Reservoir Pool Elevation Final Elevation At Breach Reservoir Reservoir Average Breach
At Beginning Of Dam Failure Bottom Of Breach Height Volume Surface Area Breach Width (Br) Failure Time (t;)
(ft, MSL) (ft, MSL) (ft) (AF) (acres) (ft) (minutes)
1413.00 1401.39 11.61 545.81 72.10 34.83 . 3.87

Note: Br=3H, t;=H/3




In order to analyze the impact of the spillway flows in the HEC-1 dam-break analysis, the
WLB discharge record (SQ) was temporarily deleted from the reservoir routing operation.
The model was then re-run and the results compared to the “with spillway flow” scenarios.

Figure 3.1 provides a graphical comparison of the SMPDBK versus HEC-1 dam-break
results. HEC-1 results are plotted with and without spillway flows being added onto the dam-
break discharge. When the spillway flows are removed from the HEC-1 model, the results
compare very favorably with the SMPDBK discharges. . '

For comparison to the dam breach discharges, the natural spillway discharge from Lake
Bonita is 1454 cfs during the 100-year, 24-hour storm. This discharge represents non-breach
conditions as originally modeled by WLB in the Wittman ADMS.

The discharges plotted in Figure 3.1 are at the dam breach location. Accordingly, they do not
reflect attenuation that would occur during routing through the downstream floodplain. The
data used to plot Figure 3.1 is presented in Tables 4.1 and 4.2.

4 DOWNSTREAM ROUTING GEOMETRY

Downstream watercourse geometry is required to model the flood wave attenuation and hydraulic
characteristics for areas located downstream from the dam-break. A breach of the eastern portion
of the Lake Bonita embankment would direct a flood-wave towards Rancho Cabrillo. Flows
through an east embankment breach would enter the Padelford Wash floodplain, which is a wide,

braided ephemeral watercourse.

No analysis was made of a breach on the south embankment of Lake Bonita. A south
embankment breach would present a less severe downstream impact to Rancho Cabrillo.

Due to the relatively flat nature of the topography below Lake Bonita, it would be logical to
assume that a flood-wave associated with a dam-break would rapidly spread out into a wide area
of shallow sheetflow. The following sections discuss the downstream routing operations for both

the SMPDBK and HEC-1 dam-break methods.

4.1 SMPDBK Flood Wave Routing

Four cross-sections were used to model the flood-wave characteristics below Lake Bonita for
the SMPDBK analysis. Geometric data for XSECs 2, 3, and 4 were taken from the 17= 400’
topographic maps presented in the Wittman ADMS. Plate 1 is an excerpt from the Wittman
ADMS, which shows the original WLB HEC-2 cross-sections, as well as the four cross-
sections that were used for the SMPDBK flood routing.

The SMPDBK cross-sections were centered on Padelford Wash. Conservative boundaries
were placed on each cross-section to confine the extent of horizontal spreading, i.e.,
maximum widths of 870°, 1550, and 1674’ were used for XSECs 2, 3, and 4 respectively.
XSEC 1 is located just beyond the downstream face of the dam breach. A 60-foot wide
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rectangular section was used for this cross-section. The total distance from Lake Bonita to
XSEC 4 is 1.2 miles.

It should be noted that the required format for entering cross-sectional geometry into the
SMPDBK model creates a very simple representation of the actual watercourse geometry.
Instead of using a detailed elevation/station format as in HEC-2, SMPDBK simply requires
that a channel width versus elevation table be used to describe a cross-section. SMPDBK
also ignores backwater effects created by downstream flow obstructions.

Table 4.1 summarizes the results of the SMPDBK dam-break and routing analysis. Due to
the “crudeness” of the downstream cross-sectional geometry used in'the SMPDBK model, an
HEC-RAS model was created to provide a more accurate picture of the downstream
floodplain characteristics than that depicted in Table 4.1. The HEC-RAS model is discussed

in Section 5 of this report.

4.2 HEC-1 Flood Wave Routing

The HEC-1 dam-break model used the original Muskingum routing operation from the
Wittman ADMS to route the flood-wave from Lake Bonita (C124) to the Beardsley Canal.
The downstream end of this routing operation is Concentration Point C123 in the WLB
model, which is at the Beardsley Canal siphon crossing of Padelford Wash. The siphon
crossing is near the west boundary of Rancho Cabrillo, and, approximately 1900-feet south of
XSEC 4 that was used in the SMPDBK model (see Plate 1).

The results of the HEC-1 dam-break and downstream routing analysis are presented in Table
4.2. Separate columns are used in Table 4.2 to list the discharges that occur with and without

spillway flows being added to the dam-break flow.

5 DOWNSTREAM FLOODPLAIN IMPACTS

As stated in Section 4, the downstream cross-sectional geometry used in the SMPDBK flood
wave routing analysis is a very simplified representation of the actual watercourse geometry. In
an effort to improve the accuracy of the hydraulic (floodplain) analysis that would be associated
with a dam-break flood-wave reaching the west boundary of Rancho Cabrillo, a decision was
made to use the Wittman ADMS HEC-2 model for Padelford wash. This model is published as
part of the previously referenced 1988 WLB report. The Padelford Wash 100-year floodplain
boundaries from the Wittman ADMS are shown on Plate 1.

The WLB HEC-2 model lists peak 100-year discharges in the 1400 to 2800 cfs range for the
segment of Padelford Wash that lies between Lake Bonita and the McMicken Dam Outlet
Channel (XSECs 0.000 to 2.021). These discharges are much lower than those associated with a

dam breach of Lake Bonita.




Table 4.1
Summary of SMPDBK Dam Break Analysis
Lake Bonita Dam - Padelford Wash

Rancho Cabrillo
Maricopa County, Arizona

Dam Failure Occurs at Elevation 1413.00

River Mile Average
XSEC (Below Lake Bonita) Breach Width Failure Time Discharge Flow Depth Dambreak
No. (miles) ) (minutes) (cfs) (ft) File

1 0.00 34.83 3 4214 5.51 LB13
2 0.45 34.83 3 4053 2.84

3 0.84 34.83 3 4028 2.47

4 1.20 34.83 3 4011 1.79

1 0.00 34.83 3.87 4198 5.51 LB14
2 0.45 34.83 3.87 4028 2.85

3 0.84 34.83 3.87 4012 249

e 1.20 34.83 3.87 3997 1.79

1 0.00 34.83 5 4177 5.50 LB15
2 0.45 34.83 5 3999 2.86

2! 0.84 34.83 5 3992 2.49

4 1.20 34.83 5 3978 1.78

1 0.00 60 3 7190 7.65 LB16
2 0.45 60 3 6739 345

3 0.84 60 3 6714 3.00

4 1.20 60 3 6385 2.10

1 0.00 60 3.87 7142 7.62 LB17
2 0.45 60 3.87 6683 3467

3 0.84 60 3.87 6668 3.01

4 1.20 60 3.87 6346 2.10

1 0.00 60 5 7080 7.58 LBI18
2 0.45 60 5 6617 347

3 0.84 60 5 6609 3.02

4 1.20 60 5 6297 2.10




-l Table 4.2
Summary of HEC-1 Dam Break Analysis
l Lake Bonita Dam - Padelford Wash
Rancho Cabrillo
Maricopa County, Arizona
' HEC-1, Dam Failure Occurs at Elevation 1413.00
l Discharge (cfs)
River Mile Average »
HEC-1 (Below Lake Bonita) Breach Width Failure Time With Without HEC-1
l CP (miles) () (minutes) Spillway Flow Spillway Flow File
I Cl124 0.00 34.83 3 5118 4107 RC2.241/240
Ci123 1.42 34.83 3 2966 2705
ll C124 0.00 34.83 3.87 4891 4042
C123 1.42 34.83 3.87 2931 2689
‘ Cl124 0.00 34.83 5 4981 4082
C123 1.42 34.83 5 2939 2700
|
|
|
' Cl124 0.00 60 3 8040 7116
‘ . C123 1.42 60 3 3975 3661
‘ Cl124 0.00 60 3.87 7521 6876
F C123 1.42 60 3.87 3895 3602
' Cl124 0.00 60 5 7718 6989
C123 1.42 60 5 3908 3619

Note: Q100 from Lake Bonita with no dam-break is 1,454 cfs.
Note: C123 is located at the Beardsley Canal
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Table 5.1 presents a summary of the peak dam-break discharges along Padelford wash, between
Lake Bonita and the McMicken Dam Outlet channel. The HEC-RAS cross-sections assigned to
each concentration point are listed in Table 5.1. For comparison purposes, the 100-year, 24-hour
discharges (no dam-break) are also listed in this table.

The HEC-1 concentration points in Table 5.1 correspond to the modified Wittman ADMS HEC-1
model that was previously published in Hydrology Analysis, Pre-Development, Rancho
Cabrillo, Maricopa County, Arizona, May 11, 2000, Robert L. Ward, P.E. As part of this
previous report, revisions were made to the Wittman ADMS HEC-1 model to provide smaller
sub-basin delineations into and through the Rancho Cabrillo boundaries. These revisions did not
impact the Lake Bonita portion of the watershed. ’

For general reference purposes, the “123” series of concentration points in Table 5.1 are located
on Padelford Wash at the Beardsley Canal. CP 121B2 is approximately halfway between the
Beardsley Canal and the McMicken Dam Outlet channel, while CP 121C2 is at the McMicken
Dam Outlet channel. CP “123A2 + 123A3” represents the flow in Padelford Wash immediately
upstream of the influence of flows being routed along the Beardsley Canal embankment from the
east to the canal siphon crossing at Padelford Wash.

A preliminary run of the WLB HEC-2 model, with dam-break discharges, revealed several
locations where the dam failure scenarios generated water surface elevations that exceeded the
end-point elevations of the WLB cross-sections. Accordingly, the WLB cross-sections were
extended to accommodate the wider flow widths that would be expected to accompany a dam-
break flood-wave. In order to provide better graphics representation of the model results, the
HEC-2 file was converted into an HEC-RAS format.

In the interest of brevity, only two of the dam-break scenarios were evaluated with the HEC-RAS
model. These scenarios, which are listed below, represent the worst-case and most-probable
scenarios for the HEC-1 dam-break model. These two scenarios assume that the dam will breach
during the 100-year, 24-hour storm. Accordingly, the downstream discharges include both

breach flow and normal spillway flow.

1. Most probable HEC-1 model, with spillway flow, for default failure parameters (Br =
34.83’, ty= 3.87 minutes) — (HEC-RAS Profile 1)

2. Worst-case HEC-1 model, with spillway flow, for Br = 60’ and t; = 3 minutes (HEC-
RAS Profile 2) *

Based on a visual review of the 1 = 400’ topographic map, and iterative executions of the HEC-
RAS models for each profile, encroachment stations were established for each cross-section to
reflect the probable effective flow boundaries that would accompany each discharge profile along
Padelford Wash. The following list summarizes the changes that were made to the original WLB

HEC-2 cross-sections.
e XSEC 0.000 - None

e XSEC0.203 - None
10




Table 5.1
Summary of HEC-1 Dam-Break Discharges
Downstream of Lake Bonita, Padelford Wash Floodplain

100-Year, 24-Hour Storm

Discharge (cfs)
Breach Width, Br=34.83' Breach Width, Br =60'
Failure Time, t; (minutes) Failure Time, t; (minutes) HEC-1 File: RC1
HEC-1 HEC-RAS No Dam
Concentration Point XSEC 3 3.87 5 3 3.87 5 Break
C124 (at Lake Bonita) | 2.0Z1 through 1.818 5118 4891 4981 8040 7521 7718 1454
123 2966 2931 2939 3975 3895 3908 1432
123A2 1.621 through 1.011 4344 4305 4312 5362 5278 5291 2630
123A5 0.614 4493 4454 4459 5517 5433 5443 3027
123BC 0.608 through 0.000 4482 4442 4448 5488 5408 ‘ 5417 2754
121B2 4476 4437 4443 5465 5386 5395 2760
121C2 4477 4438 4444 5463 5384 ' 5392 2764
123A2 + 123A3 0.884 through 0.741 n/a 4329 n/a 5386 n/a n/a n/a




e XSEC0.371 - None

e XSEC 0.523 - Encroachment stations were set to simulate the effective flow expansion
out of the Beardsley Canal siphon crossing. Flow was allowed to cross the expansion
boundaries if the water surface elevation was 6-inches above the ground elevations at the
encroachment stations. Mannings “n” was set to 0.125 beyond the encroachment stations
to prevent large transfers of water from moving to the right or left of the flow expansion

boundaries.
e XSEC 0.608 - None (siphon crossing).
e XSEC 0.614 - None (siphon crossing).
e XSEC 0.741 - Extend right end of WLB XSEC to GR station 5810.

e XSEC 0.884 - Extend right end of WLB XSEC to GR station 5860. Set right
encroachment station at 5650. Revise GR data on left end to more accurately reflect

existing diversion berm and channel.

e XSEC 1.011 - Extend left and right ends. Set left encroachment station at 3905 and right
encroachment at 5340.

e XSEC 1.136 - Extend left and right ends. Set right encroachment station at 5600.
e XSEC 1.273 - Extend left and right ends. Set right encroachment station at 5150
e XSEC 1.453 - Extend left and right ends. Set left encroachment station at 3656.

e XSEC 1.621 - Extend left and right ends. Set left encroachment station at 3925. -
e XSEC 1.818 - Extend left and right ends. Set left encroachment station at 4560.
e XSEC2.021 - Extend left and right ends. Set left encroachment station at 4780.

Based on a meeting with representatives from Stantec Consulting, Inc., a decision was made to
set an encroachment station along the left (east) side of the 100-year floodplain boundary
between the Beardsley Canal and the McMicken Dam Outlet channel (XSECs 0.000 through
0.523). At the present time, specific development plans for this portion of Rancho Cabrillo have
not been completed. By setting an encroachment boundary at the edge of the existing 100-year
floodplain, Stantec will be provided with water surface profiles which treat the area outside the
encroachment boundary as non-effective flow areas. This approach provides Stantec with
flexible options to develop this area without being concerned about possible impacts that the

development might have on effective flow areas.

The water surface profile summaries, and cross-section plots, for the downstream floodplain
(from Lake Bonita to the McMicken Dam Outlet channel) are presented in Appendix A. The
floodplain boundaries for each profile are plotted on Plate 2. For comparison purposes, the
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original WLB 100-year floodplain delineation (from Plate 1) has been traced onto Plate 2. The
100-year floodplain data is also included as Profile 3 in the HEC-RAS summary Table A1, and,

on the cross-section plots in Appendix A.

6 CONCLUSIONS

The downstream floodplain modeling that was performed with the revised WLB HEC-2 model
indicates that the worst-case dam-break scenario will probably cause some minor breakouts at the
left (east) end of XSEC 1.818 (see Plate 2). The water surface profile at this location overtops
the natural ground elevation at the left encroachment station by a few inches. The flow from this
minor breakout would be captured by adjacent washs and continue southeasterly towards the

west boundary of Rancho Cabrillo.

Ignoring this breakout location, the remaining downstream cross-sections will contain the worst-
case flood wave as shown on Plate 2, with the exception of the right (west) end of XSEC 0.741.
The worst-case scenario overtops this location by about 2-feet. However, this breakout would
immediately become part of the floodplain created by the Beardsley Canal embankment.

Referring to Plate 2, there is very little difference between any of the three floodplain boundaries
below the Beardsley Canal.

The most-probable dam-break scenario appears to be naturally contained at all locations except
for XSEC 0.741. As with the worst-case scenario, this profile also overtops the right (east end)
of this cross-section. However, the overtopping depth is about 1-foot, instead of the 2-feet

associated with the worst-case scenario.

In conclusion, it would appear that a dam-break at Lake Bonita would cause relatively
widespread, shallow flooding in the overbank areas of the Padelford wash floodplain. At some
locations, floodplain widths could be expected in excess of one-quarter mile, although there
would high (non-flooded) areas, between washs, within the floodplain. In reviewing the
floodplain boundaries on Plate 2, it can be seen that the dam-break floodplains are substantially
wider than the 100-year floodplain in some locations, while only minor deviations from the 100-
year floodplain are occurring at other locations. The hydraulic summary table and cross-section
plots in Appendix A provide specific information on the variation in flow depths and velocities at

each floodplain cross-section.

Depending upon the type of drainage plan to be developed by Stantec for the Rancho Cabrillo
development, it would seem that the shallow, low velocity flow that would impact the west
boundary of Rancho Cabrillo (above the Beardsley Canal) could easily be controlled with
diversion berms along the west boundary of Rancho Cabrillo. Below the Beardsley Canal,
Stantec has been provided with water surface profiles that reflect an effective flow boundary that
coincides with the edge of the existing 100-year floodplain. Accordingly, development plans can
proceed in this area without concern as to possible impacts on effective flow areas.
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Summary of HEC-RAS Modeling

Table A1

Padelford Wash

Maricopa County, Arizona

_'c Profile
0
0
0203
0203

Q Total Min ChEl WS.Elev  MaxChlDpth  VelLeft VelChnl  VelRight  Top Width ~ LeftSaEff  RghtStaEf  MennWidTotal CumChLen  SWS.LR  SaW.S.Rgt
(cfs) ®) () ) (fUs) (fvs) (fvs) ) () () ) ®) (&)

PF1 4442 1317.00 1319.26 226 237 1 125 175232 3764.47 6442.20 0.070 3764.47 6442.20

PF2 5438 1317.00 1319.47 247 252 1.83 138 1898.16 3764.47 651338 0.070 3764.47 651338

PF3 2714 1317.00 1318.35 1.85 205 1.50 0.96 1457.13 3764.47 6298.13 0.070 3764.47 6298.13

PF1 4442 1324.00 1326.47 247 196 222 232 1539.15 4531.66 6070.81 0.070 1070.00 4531.66 6070.81

PF2 5488 1324.00 1326.65 265 2.16 241 2.49 1544.03 453166 _._. 6075.69 0.070 1070.00 4531.66 6075.69

. PF3 2714 1324.00 1326.12 212 1.54 1.84 197 1529.85 4531.66 6061.51 0.070 1070.00 4531.66 6061.51

.71 PF1 4442 1330.00 1332.97 297 1.58 265 133 1657.05 4672.90 6333.51 0,070 1960.00 4672.90 6333.51

371 PF2 5488 1330.00 1333.16 3.16 1.80 282 1.54 1682.84 4672.90 6355.74 0.070 1960.00 4672.90 6355.74

0371 PF3 2714 1330.00 1332.60 2.60 1.07 226 0.85 1574.41 4674.03 6290.47 - 0.070 1960.00 4674.03 6290.47

23 PF 1 4442 1335.00 1337.68 268 172 288 1.50 1595.21 4277.25 5903.89 0.103 2660.00 4277.25 5903.89

23 PF2 5488 1335.00 1337.90 2.90 1.89 31 1.63 1633.03 427225 5915.01 0.103 2660.00 427225 5915.01

0523 PF3 2714 1335.00 133721 221 487 6.94 3.59 543.19 4660.00 5280.00 0.070 2660.00 4660.00 5280.00

8 PF1 4442 1337.00 1341.39 4.89 11.26 10137 4951.19 5052.57 0,050 3110.00 4951.19 5052.57

3 PF2 5438 1337.00 1342.56 5.56 1182 107.04 4948.62 5055.66 0.050 3110.00 4948.62 5055.66

M08 PF3 2714 1337.00 1342.63 563 575 107.66 494834 5056.00 0.050 3110.00 494834 5056.00

14 PF1 4454 1337.00 1343.66 6.66 759 115.00 4945.00 5060.00 0.050 3140.00 4945.00 5060.00

14 PF2 5517 1337.00 1344.37 737 8.24 115.00 4945.00 5060.00 0.050 3140.00 4945.00 5060.00

14 PF3 2815 1337.00 1342.79 579 576 108.98 4947.74 5056.72 0.050 3140.00 494774 5056.72

0.741 PF1 4329 1340.00 1345.65 5.65 1.10 1.81 035 1220.00 4590.00 5810.00 0.057 3810.00 4590.00 5810.00

41 PF2 5386 1340.00 134635 635 1.09 177 0.90 1220.00 4590.00 5810.00 0.057 3810.00 4590.00 5810.00

41 PF3 2567 1340.00 1344.57 457 1.09 175 0.66 1156.58 4593.12 5810.00 0,054 3810.00 4593.12 5810.00

0.884 PF1 4329 1346.00 1349.42 3.42 228 6.41 378 1129.73 4429.98 5559.71 0.060 4570.00 4429.98 5559.71

384 PF2 5386 1346.00 1349.57 3.57 274 6.83 4.00 115391 4429.11 5583.02 0.060 4570.00 4429.11 5583.02

[ 384 PF3 2567 1346.00 1349.00 3.00 482 594 355 T24.74 443238 5495.59 0.059 4570.00 4432.38 5495.59
|

1011 PF1 4305 1350.50 1355.49 499 1.66 4.56 1.40 1324.76 3918.11 5323.14 0.064 5310.00 3918.11 5323.14

| 1011 PF2 5362 1350.50 1355.78 528 1.78 4.80 1.60 1416.12 3910.75 5332.61 0.064 5310.00 3910.75 5332.61

| 011 PF3 2493 1350.50 1354.91 441 132 381 131 1106.52 3933.26 5303.67 0,062 5310.00 3933.26 5303.67
|

PF 1L 4305 1354.00 1359.20 520 247 847 3.19 900.07 3835.67 5264.10 0.063 5970.00 3835.67 5264.10

PF2 5362 1354.00 1359.50 550 261 8.64 330 1038.23 3826.01 5287.02 0.063 5970.00 3826.01 5287.02

PF3 2493 1354.00 1358.36 436 2.83 3.02 2.86 464.60 4609.92 5199.77 0.060 5970.00 4609.92 5199.77

PF1 4305 1359.00 1364.49 5.49 1.77 5.02 0.58 1258.93 3469.64 5074.48 0.061 6680.00 3469.64 5074.48

PF2 5362 1359.00 1364.74 574 195 533 0.77 1336.70 3460.43 5086.76 0.062 6630.00 3460.43 5086.76

PF3 2493 1359.00 1363.83 4.83 1.67 428 805.52 3543.11 5048.69 0.059 6680.00 3543.11 5048.69

PF1 4308 1366.00 1369.50 3.50 1.95 431 282 134630 3837.44 5183.74 0.062 7630.00 3837.44 5183.74

PF2 5362 1366.00 1369.72 3n 215 454 2.89 1380.06 381135 5191.41 0.063 7630.00 381135 519141

PF3 2493 1366.00 1369.04 3.04 1.58 3.77 265 1160.24 3894.16 5167.04 0.061 763000 3894.16 $167.04

PF1 4305 1373.00 1376.58 3.58 241 448 130 1287.51 3964.35 5268.56 0.066 8520.00 3964.35 5268.56

PF2 5362 1373.00 1376.77 377 2.64 483 144 1341.20 3946.66 5287.36 0.066 520,00 3946.66 5287.86

PF3 2493 1373.00 1376.18 3.18 1.89 k) L1l 1157.43 4000.98 522857 0.065 8520.00 4000.98 5228.57

PF1 4891 1381.00 1385.02 4,02 2.65 401 3.87 817.22 4580.92 5398.15 0.057 9560.00 4580.92 5398.15

PF2 8040 1381.00 1385.62 462 3.25 498 457 860.69 4560.00 5420.69 0.057 9560.00 4560.00 5420.69

PF3 2420 1381.00 138435 335 2.03 3.00 3.18 763.22 4609.87 5373.09 0.056 9560.00 4609.87 5373.09

PF1 4891 1388.00 1392.30 430 332 151 1034.62 4822.15 601132 0050 10630.00 4822.15 6011.32

PF2 8040 1388.00 1392.97 497 3.68 223 123621 4782.00 6025.54 0.050 10630.00 4782.00 6025.54

PF3 1409 1388.00 1391.31 331 2.06 695.64 4867.58 5563.22 0,050 10630.00 4867.58 5563.22

File: Padelford Wash, HEC-RAS Summary.xis

F1 = HEC-1 Most Probable Dam-Break, Br = 34.83', t;, = 3.87 minutes, with spillway flow
F2 = HEC-1 Worst-Case Dam-Break, Br = 60', tr = 3 minutes, with spillway flow
F3 = WLB 100-Year Event, No Dam-Break
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APPENDIX A3
Happy Valley Road Hyrology




Memorandum

To: Ghassan Aouad, P.E.
Stantec Consulting, Inc.

From: Robert L. Ward, P.E.
Date: 08/28/00
Re:  Rancho Cabrillo, Culvert Hydrology For Happy Valley Road

Dear Ghassan,

I have re-configured the WLB HEC-1 model to provide a peak discharge at the proposed culvert on
Happy Valley Road. The culvert location is about 1750-feet west of El Mirage Road.

The HEC-1 modification required a revision to the original WLB Sub-Basin 132, as well as a
change to the routing operation that routed flows through Sub-Basin 132 from the Beardsley Canal
siphon crossing. The routing operation revision was required to reflect the shortened routing length

through the revised sub-basin.

Figure 1 is enclosed which illustrates the revised HEC-1 routing schematic for the culvert location.
The culvert is located at CP 132A1. The peak 100-year, 24-hour discharge at the culvert is 4,488

cfs.

A copy of the USGS quadrangle map, showing the drainage boundaries for Sub-Basin 1324, is also
enclosed, along with my worksheet that shows the changes I made to the WLB model.

Please call if you have any questions.

(}\D

Enclosures: Figure |
USGS Quadrangle
Worksheet
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APPENDIX B

Hydraulic Calculations
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Cross Section

Cross Section for Irregular Channel

Project Description

Worksheet

SEC-1

CECErola | A ¢l nse Z I

Flow Element Irregular Chanr PARS R 1. 4 4 £ '
Method Manning's Forr
Solve For Channel Depth
Section Data
Mannings Coefficier 0.045
Slope 0.006700 fi/ft
Water Surface Elev: 1,355.75 ft
Elevation Range  54.50 to 1,356.30
Discharge 262.00 cfs

1,356.40 &

1,355.20 N - —

1,354.40 =

9+80.00 10+00.00

k:\drainage\flimster\mchcab\rnchcab.fm2

09/16/01 11:54:02 AM  © Haestad Methods, Inc.

10+20.00 10+40.00 10+60.00 10+80.00

Stantech Consuiting Inc
37 Brookside Road Waterbury, CT 06708 USA

11+00.00 11+20.00

vi5.0[\
H1

NTS

Project Engineer: Stantec Consulting, Inc.

(203) 755-1666

FlowMaster v6.0 [614b]
Page 1 of 1



RANCHO CABRILLO

Worksheet for Irregular Channel

Project Description

Worksheet SEC-1

Flow Element Irregular Chant
Method Manning's Forr
Solve For Channel Depth
Input Data

Slope 006700 fifft
Discharge 262.00 cfs

Options

Current Roughness Methc >ved Lotter's Method
Open Channel Weighting |sved Lotter's Method
Closed Channel Weighting Horton's Method

Results

Mannings Coefficier 0.045
Water Surface Elev: 135575 #
Elevation Range  34.50 to 1,356.30
Flow Area 985 f?
Wetted Perimeter 100.84 ft
Top Width 100.64 ft
Actual Depth 125 #t
Critical Elevation 1,355.36 ft
Critical Slope 0.034883 fi/fft
Velocity 266 fi/s
Velocity Head 0.11 ft
Specific Energy 1,355.86 ft
Froude Number 0.47
Flow Type Subcritical

Roughness Segments

Start End Mannings
Station Station  Coefficient
9+9750 11+02.50 0.045

Natural Channel Points

Station Elevation
(ft) (ft)

9+9750 1,356.30
10+02.70 1,355.00
10+20.00 1,354.60
10+4000 1,354.80
10+50.00 1,354.50
10+97.30 1,355.00
11+0250 1,356.30

k:\drainage\fimster\rnchcab\rnchcab.fm2
09/16/01 11:54:10 AM  © Haestad Methods, Inc.

Stantech Consulting Inc
37 Brookside Road Waterbury, CT 06708 USA

%>

Project Engineer: Stantec Consulting, Inc.
FlowMaster v6.0 [614b]
(203) 755-1666 Page 1 of 1




Project Description

Cross Section
Cross Section for Irregular Channel

Worksheet SEC-2 Lo ~ . !
Flow Element Irregular Chant j eC J7 U\ / s /1CkYSs ASAC L Z
Method Manning's Forr
Solve For Channel Depth
Section Data
Mannings Coefficier 0.045
Slope 0.006700 fift
Water Surface Elev: 1,356.83 ft
Elevation Range  55.20to 1,357.20
Discharge 388.00 cfs
1,357.50 5 X W =
_ N\, |
1,356.00 \ | —
1,355.00 | i '
10+00.00 10+20.00 10+40.00 10+60.00 10+80.00 11+00.00 11+20.00 11+40.00
vs.o[N\
H:A1
NTS

k:\drainage\fimster\rnchcab\rnchcab.fm2

09/16/01 11:38:44 AM © Haestad Methods, Inc.

Stantech Consulting Inc

37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666

Project Engineer: Stantec Consulting, Inc.
FlowMaster v6.0 [614b]
Page 1 of 1




Project Description

Worksheet SEC-2

Flow Element Irregular Chant
Method Manning's Forr
Solve For Channel Depth
Input Data

Slope 006700 ft/ft
Dischargt 388.00 cfs

RANCHO CABRILLO

Worksheet for Irregular Channel

Options

Current Roughness Methc sved Lotter's Method
Open Channel Weighting >ved Lotter's Method

Closed Channel Weighting Horton's Method
Results
Mannings Coefficier 0.045
Water Surface Elev: 1,356.83 ft
Elevation Range 35.20to 1,357.20
Flow Area 125.3 fi2
Wetted Perimeter 102.27 ft
Top Width 10196 f
Actual Depth 163 f
Critical Elevation 1,356.35 ft
Critical Slope 0.032048 fifft
Velocity 3.10 /s
Velocity Head 0.15 ft
Specific Energy 1,356.98 ft
Froude Number 0.49
Flow Type Subcritical
Roughness Segments
Start End Mannings

Station = Station Coefficient

10+17.00 11+22.00 0.045

Natural Channel Points

Station Elevation

() ()

10+17.00 1,357.20
10+25.00 1,355.20
10+30.00 1,355.20
10+45.00 1,355.40
10+65.00 1,355.20
11+00.00 1,356.00
11+17.00 1,356.00
1142200 1,357.20

k:\drainage\fimster\rnchcab\rnchcab.fm2

09/16/01 11:39:00 AM @ Haestad Methods, Inc.

Stantech Consulting Inc

37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer: Stantec Consulting, Inc.
FlowMaster v6.0 [614b]
Page 1 of 1




Cross Section
Cross Section for Irregular Channel

. . ge ".,‘/ ' ) //) ‘
Project Description 2 F7 1N > Y, /+Chuss \A/1 g P
Worksheet SEC-3
Flow Element Irregular Chant
Method Manning's Forr
Solve For Channel Depth
Section Data
Mannings Coefficier 0.045
Slope 0.006400 fi/ft
Water Surface Elev: 1,359.29 ft
Elevation Range 57.70to 1,360.20
Discharge 303.00 cfs
»

1,360.50 Q\ /)

1,359.50 \ . /

1,358.50 N — P

1,357.50

10+00.00 10+20.00 10+40.00 10+60.00 10+80.00 11+00.00 11+20.00
vso[\
H:1

k:\drainage\flmster\rnchcab\rnchcab.fm2

09/16/01 12:03:02 PM © Haestad Methods, Inc.

Stantech Consuliting Inc

37 Brookside Road Waterbury, CT 06708 USA

NTS

Project Engineer: Stantec Consulting, Inc.
FlowMaster v6.0 [614b]

(203) 755-1666 Page 1 of 1



Project Description

Worksheet SEC-3

Flow Element Irregular Chant
Method Manning's Forr
Solve For Channel Depth
Input Data

Slope 006400 fifft
Dischargt 303.00 cfs

RANCHO CABRILLO

Worksheet for Irregular Channel

Options

Current Roughness Methc>ved Lotter's Method
Open Channel Weighting |>ved Lotter's Method

Closed Channel Weighting

Horton's Method

Results
Mannings Coefficier 0.045
Water Surface Elev: 1,359.29 ft
Elevation Range  57.70 to 1,360.20
Flow Area 107.7 f?
Wetted Perimeter 9795
Top Width 97.69 ft
Actual Depth 159 f#
Critical Elevation 1,358.84 ft
Critical Slope 0.033531 fifit
Velocity 281 ft/s
Velocity Head 0.12 ft
Specific Energy 1,359.41 it
Froude Number 0.47
Flow Type Subcritical
Roughness Segments
Start End Mannings

Station Station Coefficient

10+07.00 11+12.00 0.045

Natural Channel Points

Station Elevation
(ft) (ft)
10+07.00 1,360.20
10+13.40 1,358.60
10+4000 1,357.90
10+4500 1,358.10
10+55.00 1,357.70
10+70.00 1,358.40
10+85.00 1,358.00
11+04.40 1,358.30
11+1200 1,360.20

k:\drainage\fimster\rnchcab\rnchcab.fm2

09/16/01 12:03:15 PM @ Haestad Methods, Inc.

Stantech Consuliting Inc
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Project Description

Cross Section )/Z
Cross Section for Irregular Channel

Worksheet SEC-3A ¢ 2 L E o /] Al Fn' |
Flow Element Irregular Chant 2 ¢ 7 0w % /f //’ Ay /5 C AL
Method Manning's Forr i '
Solve For Channel Depth £ £ F 7} e C (/ ;2 71
LEVeC |, Afley Spiir Fluiws

Section Data
Mannings Coefficier 0.045
Slope 0.003600 fi/ft
Water Surface Elev: 1,355.69 ft
Elevation Range  53.80 to 1,356.50
Discharge 151.50 cfs

1,356.503 : ) D

|

1,356.00 ﬂ‘ T ,/

1,355.50 ]

1,355.00 \\ /“"‘"’/

1,354.50 "

1,354.00

1,353.50

10+00.00 10+10.00 10+20.00 10+30.00 10+40.00 10+50.00 10+60.00
V5 .OB
H:1

k:\drainage\fimster\rnchcab\rnchcab.fm2

09/17/01 09:50:17 AM  © Haestad Methods, Inc.

NTS

Project Engineer: Stantec Consulting, Inc.
FlowMaster v6.0 [614b]
Page 1 of 1
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RANCHO CABRILLO
Worksheet for Irregular Channel

Project Description

Worksheet SEC-3A

Flow Element Irregular Chant
Method Manning's Forr
Solve For Channel Depth
Input Data

Slope 003600 fifit
Dischargt 151.50 cfs

Options

Current Roughness Methcved Lotter's Method
Open Channel Weighting |>ved Lotter's Method
Closed Channel Weighting Horton's Method

Results

Mannings Coefficier 0.045
Water Surface Elev: 1,355.69 ft
Elevation Range  33.80to 1,356.50
Flow Area 66.8 fi?
Wetted Perimeter 54.49 ft
Top Width 5419 ft
Actual Depth 1.89 ft
Critical Elevation 1,354.96 ft
Critical Slope 0.032271 ftft
Velocity 227 /s
Velocity Head 0.08 ft
Specific Energy 1,355.77
Froude Number 0.36
Flow Type Subcritical

Roughness Segments

Start End Mannings
Station Station  Coefficient
10+00.00 10+60.00 0.045

Natural Channel Points

Station Elevation

) ®

10+00.00 1,356.50
10+05.00 1,355.00
10+10.00 1,354.00
10+20.00 1,353.80
10+30.00 1,354.00
10+45.00 1,355.00
10+55.00 1,355.20
10+60.00 1,356.50

k:\drainage\fimster\rnchcab\rnchcab.fm2 Stantech Consulting Inc
09/17/01 09:50:08 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Stantec Consulting, Inc.
FlowMaster v6.0 [614b]
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Cross Section
Cross Section for Irregular Channel

Project Description 2 [ . a1 1" / f ;
Worksheet SEC-4A 2 ¢ }’ o L—/ A/ /T ) VF: o it
Flow Element Irregular Chant ]
Method Manning's Forr £ / 5 ( L » 7 ]
Solve For Channel Depth = o > f > L i/
Section Data
Mannings Coefficier 0.050
Slope 0.001000 fifft
Water Surface Elev: 1,34554 ft
Elevation Range 43.70to 1,346.55
Discharge 262.00 cfs
|
B%x‘rf//jf’;f‘ (c,';n,&»w.’ 1D Ve ¢ Thec r '
174 74
o Ty St ; - . /
i i ;
el
1,347.00, 4 - e
1,345.50 ’\*\ /{:'/
1,344.50 SN v
1,343.50
10+00 10+20 10+40 10+60 10+80 11+00 11+20 11+40 11+60
V:5 .Ob
H:1
NTS

k:\drainage\fimster\rnchcab\rmchcab.fm2
09/14/01 03:44:02 PM  © Haestad Methods, Inc.

Project Engineer: Stantec Consulting, Inc.
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RANCHO CABRILLO
Worksheet for Irregular Channel

Z/Z

Project Description

Dischargt 262.00 cfs

Worksheet SEC-4A

Flow Element Irregutar Chant
Method Manning's Forr
Solve For Channel Depth
Input Data

Slope 001000 fi/ft

Options

Closed Channel Weighting

Current Roughness Methcved Lotter's Method
Open Channel Weighting |>ved Lotter's Method

Horton's Method

l Results
Mannings Coefficier 0.050
Water Surface Elev: 1,34554 ft
Elevation Range 43.70to 1,346.55
Flow Area 205.0 f?
Wetted Perimeter 12929 ft
‘ Top Width 128.98 ft
l Actual Depth 1.84 ft
Critical Elevation 1,34433 ft
Critical Slope 0.044288 fifft
Velocity 1.28 fils
l Velocity Head 0.03 ft
Specific Energy 1,34557 ft
Froude Number 0.18
l Flow Type Subcritical
Roughness Segments
l Start End Mannings
Station Station  Coefficient
10+00 11+55 0.050
. Natural Channel Points
Station  Elevation
' (/) (/)
10+00 1,346.50
10+14  1,346.00
10+31 1,345.00
l 10437 1,344.00
10+48  1,343.92
10+78 1,343.70
' 10+98  1,343.70
11+43  1,343.70
11+55 1,346.55
Project Engineer: Stantec Consulting, Inc.
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Cross Section
Cross Section for Irregular Channel

Project Description ’ }' P y
£ L [ a1
Worksheet SEC-5A A Y Alo ;7
Flow Element Irregular Chant 7 . /
ing' ! o 17 R | { f.plind |
Method Manning's Forr Sie / £ . /§ Celrc v y {
Solve For Channel Depth {
Section Data
Mannings Coefficier 0.050
Slope 0.001000 fi/ft
Water Surface Elev: 1,34451 ft
Elevation Range 42.10to 1,345.50
Discharge 650.00 cfs
v T / rf
dhredsfel ; i i i .
?f"ﬁ“ i B - hanne [ Segme bowithih | Dainare
g o ks g Pupcel p (Puy ) | co 4y
| Euseinen b ceusemen |
Z s | |
" 7 ! ‘,
v by’ | 507 Y 54 T
| |
1,345.50G 2
1 1,342.00
10+00 10+50 11+00 11+50 12+00 12+50 13+00
’ v5.0[\
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RANCHO CABRILLO ‘4/ 4
Worksheet for Irregular Channel

Project Description

Worksheet SEC-5A

Flow Element Irregular Chant
Method Manning's Forr
Solve For Channel Depth
Input Data

Slope 001000 ftft
Dischargt 650.00 cfs

Options

Current Roughness Methcved Lotter's Method
Open Channel Weighting |>ved Lotter's Method
Closed Channel Weighting Horton's Method

Results

Mannings Coefficier 0.050
Water Surface Elev: 1,34451 ft
Elevation Range 42.10to 1,345.50
Flow Area 4503 f?
Wetted Perimeter 23661 ft
Top Width 236.22 ft
Actual Depth 241 ft
Critical Elevation 1,343.12 ft
Critical Slope 0.041886 fift
Velocity 1.44 it/s
Velocity Head 0.03 ft
Specific Energy 1,34454 ft
Froude Number 0.18
Flow Type Subcritical

Roughness Segments

Start End Mannings
Station Station  Coefficient
10+00 12455 0.050

Natural Channel Points

Station Elevation
(ft) )
10+00 1,345.50
10+03 1,345.00
10+27 1,344.00
10+32 1,343.00
10+35 1,342.70
10+50 1,342.10
11+00 1,342.50
12+43  1,342.50
12455 1,345.50

Project Engineer: Stantec Consulting, Inc.
k:\drainage\fimster\rnchcab\mchcab.fm2 Stantech Consulting Inc FlowMaster v6.0 [614b]
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TRAPEZOIDAL CHANNEL ANALYSIS
NORMAL DEPTH COMPUTATION

September 25, 2000

PROGRAM INPUT DATA:

DESCRIPTION VALUE
Flow Rate (cubic feet per second)........ i e B 35.0
Channel Bottom Slope (feet per foot)......ccovvvvuninenn 0.0049
Manning's Roughness Coefficient (n-value)............... 0.0300
Channel Side Slope - Left Side (horizontal/vertical).... 4,00
Channel Side Slope - Right Side (horizontal/vertical)... 4,00
Channel Bottom Width (feet).iiviivssviverivviinisiinsses 5.0
PROGRAM RESULTS:

DESCRIPTION VALUE
Bormal Depth (£68t) v e s snns swmio ssimn sinimie swins sisisis o 0inis wivio 1.20
Flow Velocity (feet per second)............ S 2.97
Froude Number (Flow is Sub-Critical)......ceevvevuvnnnn, 0.582
Velocity Head (feet).isssssssswisinssvnppornssasininsas 0.14
Ehergy Head (feel). ... vsessmuvsesmosomusmnvonisenis sisssas 1.34
Cross-Sectional Area of Flow (square feet)......ovevunss 11.80
Top Width of FI0W (£e88) . csis vnns soniwsinnimin vuwssns s 14.62

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 (c) 1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. A manual with equations & flow chart is available.
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TRAPEZOIDAL CHANNEL ANALYSIS ¢
NORMAL DEPTH COMPUTATION i
September 25, 2000
PROGRAM INPUT DATA:
DESCRIPTION VALUE
Flow Rate (cubic feet per second).............. O 340 — 7 ?A
Channel Bottom Slope (feet per foot)......cvvvevvneniiss 0.0046
Manning‘s Roughness Coefficient (n-value)........coeeees 0.0300
Channel Side Slope - Left Side (horizontal/vertical).... 4.00
Channel Side Slope - Right Side (horizontal/vertical)... 4,00
Channel Bottom Width (feet)..evvrrerrnereniernninnennnes 20.0
PROGRAM RESULTS:
DESCRIPTION VALUE
Normal Depth (feet)....cevvvniivnennne 8 RTEA SN B e 2.26
Flow Velocity (feet per second)....ceevsiieeenniirnnnens 4.78
Froude Number (Flow is Sub-Critical).....eeeevsssersaens 0.642
Velocity Head (feet)....sssiesinsonissssssasnssssvassons 0.35
Energy Head (feelt).vvusvuvenrerieriirneiieiiinieninnnns 2.62
Cross-Sectional Area of Flow (square feet).....ieuevuvss 65.68
Top Width of Flow (I88t)...cisevmanisssmussvmsnsmannssnn 38.09
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 (c) 1986

Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. A manual with equations & flow chart is available.
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TRAPEZOIDAL CHANNEL ANALYSIS
NORMAL DEPTH COMPUTATION

September 25, 2000

PROGRAM INPUT DATA:

DESCRIPTION VALUE
Flow Rate (cubic feet per second).....eeeevreveneennnnas 38.0
Channel Bottom Slope (feet per foot)........cevvurianns 0.0046
Manning‘s Roughness Coefficient (n-value)............... 0.0300
Channel Side Slope - Left Side (horizontal/vertical).... 4.00
Channel Side Slope - Right Side (horizontal/vertical)... 4,00
Channel Bottom Width (feet).....ovvviiievniiiinniinnnn, 5.0
PROGRAM RESULTS:

DESCRIPTION VALUE
Normal Depth {feet)..covsevnvnersorsmnssonrossussnonmass 1.27
Flow Velocity (feet per second)......evveverevevnnnanees 2.96
Froude Number (Flow is Sub-Critical)......... R 0.568
Velocity Beal (Lo8h):sus suis inns sssssmvssonusonsven anses 0.14
Enerqy Bead) (£60L . siuian emmrsanmssanmisnas swswsmasmatssamine 1.41
Cross-Sectional Area of Flow (square feet).............. 12.83
Top Width of Flow (feet)...cvvvuiervunns, O 15.17

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 (c) 1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069

(713) 440-3787. A manual with equations & flow chart

is available.
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TRAPEZOIDAL CHANNEL ANALYSIS
NORMAL DEPTH COMPUTATION

September 25, 2000

PROGRAM INPUT DATA:

DESCRIPTION VALUE
Flow Rate (cubic feet per second).........evvvvvvnnnnnns 15.0
Channel Bottom Slope (feet per foot).....vvvevvrnnenns, 0.0010
Manning‘s Roughness Coefficient (n-value)............... 0.0300
Channel Side Slope - Left Side (horizontal/vertical).... 4,00
Channel Side Slope - Right Side (horizontal/vertical)... 4,00
Channel Bottom Width (feet).....vvvriierunierniinnnnnn, 5.0
PROGRAM RESULTS:

DESCRIPTION VALUE
Normal Depth (feet).viererrsirionernseenieniernsnnsnnnns 1.17
Flow Velocity (feet per second).....eeeveeeeveereennnns 1.32
Froude Number (Flow is Sub-Critical)....eeeveviveennasns 0.262
Velocity Head (£odt).osisssesinssvnssmmnusmansns vsnsins 0.03
Energy Head (feet)uveesoresnononsssssssssionsvnsssanosan 1.20
Cross-Sectional Area of Flow (square feet).............. 11.36
Top Width of Flow (feet).....cvvvevunss RO 14.38

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 (c) 1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. A manual with equations & flow chart is available.
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TRAPEZOIDAL CHANNEL ANALYSIS
NORMAL DEPTH COMPUTATION
September 25, 2000
___________ >€( }"l 0y / D
PROGRAM INPUT DATA:
DESCRIPTION VALUE
Flow Rate (cubic feet per second)......eveervnseienneens 5.0
Channel Bottom Slope (feet per foot)......cvevvernvnenn, 0.0029
Manning's Roughness Coefficient (n-value)............... 0.0300
Channel Side Slope - Left Side (horizontal/vertical).... 4,00
Channel Side Slope - Right Side (horizontal/vertical)... 4,00
Channel Bottom Width (feet)...evvviriiiiiiiriiinnnnnnnnns 5.0
PROGRAM RESULTS:
DESCRIPTION VALUE
Normal Depth (feet)...cswvsssuosenseosrsovsnsonansseoss 0.50
Flow Velocity (feet per second)...ceeevvvsvnniierennnnns 1.41
Froude Number (Flow is Sub-Critical).......ieeeveveannns 0.399
Velocity Head (feet)..vvuveiivrunisereniisreenninennnnns 0.03
Energy Head (feet)..vueosescssossscessrssessssnenssssess 0.53
Cross-Sectional Area of Flow (square feet).............. 3.53
Top Width of Flow (feet)e:conssvsssumssvnnsswnsvmnesmnss 9.03

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 (c) 1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. A manual with equations & flow chart is available.
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TRAPEZOIDAL CHANNEL ANALYSIS
NORMAL DEPTH COMPUTATION

September 25, 2000

PROGRAM INPUT DATA:

DESCRIPTION VALUE
Flow Rate (cubic feet per second).......cevvviernnnennns 53.0
Channel Bottom Slope (feet per foot)......ccevvenininnen, 0.0062
Manning‘s Roughness Coefficient (n-value)............... 0.0300
Channel Side Slope - Left Side (horizontal/vertical)... 4.00
Channel Side Slope - Right Side (horizontal/vertical)... 4,00
Channel Bottom Width (feet)......ovvviviviiiviiinninnnen 5.0
PROGRAM RESULTS:

DESCRIPTION VALUE
Normal Depth (£eet).. . vesssneswnsssmenmnomensoneswosssss 1.39
Flow Velocity (feet per second)..... Sa s R e S 3.61
Froude Number (Flow is Sub-Critical)...eeseevseeenseenss 0.667
Yelocity Bead (feel)..icssisiconnssnsesinssssisaninsaoss 0.20
Enerqy Head (£EBL). .ensnussnsnrnnssvasnsrnsnnsnsonsnens 1.59
Cross-Sectional Area of Flow (square £E0L) cuioio wisiarm siwivn v 14.68
Top Width of Flow {feet)esisessvinswossnievnssovsssvsesn 16.12

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 (c) 1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069

(713) 440-3787. A manual with equations & flow chart

is available.
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TRAPEZOIDAL CHANNEL ANALYSIS
NORMAL DEPTH COMPUTATION

September 16, 2001 Seclip T /Z

PROGRAM INPUT DATA

DESCRIPTION VALUE
ELOW RAESG: [ICESY) o o er s ia e mw s oimusis o n o o siieis s o by 50 aiis 8 19/ @65 = o1 wurmse ) v a: s 1wt 1,3175.0
Channel Bottom S1ope {LE/EL) ¢ cveenncmcncooennesesoessnnsssss 0.0005
Manning's Roughness Coefficient (n-value)............ .0 0.03
Channel Left Side Slope (horizontal/vertical)............... 4.0
Channel Right Side Slope (horizontal/vertical).............. 4.0
Channel Bottom WidEh (FE) ceewsamonsionesssioseinesees seayesss s 100.0
COMPUTATION RESULTS =

DESCRIPTION VALUE
Normal Depth (ff) -crrerseromeeeeeetnerettttesctenneeneeens 3.99
Flow Velocity (fps)s-crersrerrretrettentente et 2.54
Froude Nu_[nber ............................................... 0.239
Velocity Head (ft) ..... AT I T R R 0.1
Energy Head (L) - recvrevsssmrennereecantitnttennetenens 4.09
Cross—-Sectional Area of Flow (sq ft)esesssessensscnmmaisioins 462.17
Top Width of FLow (fL)--csrercerecerrt ittt 131.89

HYDROCALC Hydraulics for Windows, Version 1l.2a Copyright (c) 1996
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069
Phone: (281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com

All Rights Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

October 4, 2000

PROGRAM INPUT DATA:

DESCRIPTION 524" Jyngigv VALUE
Culvert Diameter (feet)..eueevierrerireneensenssnonnanes 3.00
FHWA Chart Number (1,2 OF 3)ueevceernrncrocrennonenonnss 1
Scale Number on Chart (Type of Culvert Entrance)........ 1
Manning‘s Roughness Coefficient (n-value)............ . 0.0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Culvert Length (feet)......... areie Bioress aseinie isinie STaieTs HER. e VAT 50.0
Culvert Slope (feet per foot).....cvvvivvivivnnnnn &b aiwieie 0.0070

PROGRAM RESULTS:
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

52.4 3.00 4.20 4.19 2.20 2.35 2.20 9.42

PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.
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PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE ( / ! Y
»3\,7 \/,‘ ¢

October 4, 2000

PROGRAM INPUT DATA: »
DESCRIPTION / o g 6 ’/ }Q (‘/7 VALUE

Culvert Diameter (feet)...ceeerverecierrncrercnorecanens 3.00
FHWA Chart Number (1,2 OF 3)evueverncnsnnenrannnes wesias 1
Scale Number on Chart (Type of Culvert Entrance)........ 1
Hanning*s Roughness Coefficient (n-valu€).eseevsverenses 0,0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Culvert Length (feet)iiseiisswaisnisinessmosvaios swiovmas 50.0
Culvert Slope (feet per foot)....uvvevreriiiiiniennnenns 0.0070

PROGRAM RESULTS:
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

!'”'{"/ ,/.\’!

(”v' /) PIPE CULVERT ANALYSIS COMPUTER PROGRAH Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.

' E\)(?‘) = 35.0 3.00 2,99 3.34 1.64 1.92 3.00 4.95
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culve # 3

PIPE CULVERT ANALYSIS
COHPUTATION OF CULVERT PERFORMANCE CURVE

October 4, 2000

PROGRAM INPUT DATA:

DESCRIPTION C : VALUE
G437 Rep
Culvert Diameter (feet)...vvvrernsrvernrrnirnnincnnnnns 3.00
FHWA Chart Number (1,2 OF 3)iveerenivnienenninnnnnnnnnnss 1
Scale Number on Chart (Type of Culvert Entrance)........ 1
Hanning's Roughness Coefficient (n-value)......eeueeuns 0.0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Culvert Length. (£e6t)iu v.ove somus vuws sswnsns s swss sioe erniis 5 50.0
Culvert Slope (feet per £0Ot).vvevrievrrrerreenernenenns 0.0070

PROGRAM RESULTS:
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet  COutlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

. . 45 3.65 1.8 2.12 . :
- 42.3 3.00 3 5 3.00 5.98

PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.
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BOX CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
October 4, 2000
PROGRAM INPUT DATA: P
DESCRIPTION 2-]o x¢ ﬂ(ECWWE
Culvert Span (Width of Opening) (feet).................. 10.00
Culvert Rise (Height of Opening) (feet)......vvevvevnnss 3.00
FEWA Chart Number (8,9,10,11,12 or 13)...ccevvvneccnnnnnn 8
Scale Number on Chart (Type of Culvert Entrance)........ i
Manning's Roughness Coefficient (n-value)............... 0.0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Culvert Length (£Eet).eeevveenreeneernneenneenns ereeas 50.0
Culvert Slope (feet per f0Ot).ceveerreensrnreneeniennnns 0.0010

PROGRAM RESULTS: 4
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

157.0 2,00 3.19 3.15 2.74 1.97 2.74 5.73

BOX CULVERT ANALYSIS COMPUTER PROGRAM Version 1.6 Copyright (c) 1986
| Dodson & Associates, Inc., 5629 PM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
October 4, 2000

PROGRAM INPUT DATA:

4 % A
DESCRIPTION P ? 6 ”~ }? ]/, VALUE
culvert Diameter (feeh)..isiesivawosuis swvnssnes sonivensn 3.00
FHWA Chart Number (1,2 OF 3)eececscresocsesesasonssonnes 1
Scale Number on Chart (Type of Culvert Entrance)........ 1
Hanning‘s Roughness Coefficient (n-value).....eevseessss 0.0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Cuivert: Length. {feel)is..ni csnssmmasmissssasnasssasssas 50.0
Culvert Slope (feet per foot)....cvevvviiririenaniennnens 0.0070

PROGRAM RESULTS:
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

Vs 26.5 3.00 2.47 3.04 1.39 1.66 3.00 3.75

| PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.
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PIPE CULVERT ANALYSIS (| { Vo H é
COMPUTATION OF CULVERT PERFORMANCE CURVE Al ‘

October 4, 2000

PROGRAM INPUT DATA:

DESCRIPTION 2-36 Ry VAUE
Culvert Diameter (feet)...ceveeerrerrerenerenernnenaess 3.00
FHWA Chart Number (1,2 OF 3)eveineeeersesesnnacesnsnsnas 1
Scale Number on Chart (Type of Culvert Entrance)........ 1
Hanning's Roughness Coefficient (n-value).esvseevseenss ‘ 0.0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Culvert Length. (£eet)ees ceevsveesssssionsnmssoms sums snsas 50.0
Culvert Slope (feet per foot)....eevvvierverisnirannenens 0.0070

PROGRAM RESULTS:
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

26.5 3.00 2.47 3.04 1.39 1.66 3.00 3.75

PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.
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BOX CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

October 4, 2000

PROGRAM INPUT DATA:

s 7

DESCRIPTION 2 =10 X 3 WLRS VALUE
Culvert Span (Width of Opening) (feet)......vvvreiennnnn. 10.00
Culvert Rise (Height of Opening) (feet)........ T 3.00
FHWA Chart Number (8,9,10,11,12 0r 13).vviuienenrncannes 8
Scale Number on Chart (Type of Culvert Entrance)........ 1
Manning‘s Roughness Coefficient (n-value)...eevvvrsvvnss 0.0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Culvert Length (feet)....eveeuiieniiieiinennninniinnnens 25.0
Culvert Slope (feet per f0ot)...cvveerriernnsnniennenns 0.0070

PROGRAM RESULTS:
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft)  (fps)

151.5 2.00 3.11 2,92 1.38 1.92 1.38  10.94

{

| BOX CULVERT ANALYSIS COMPUTER PROGRAM Version 1.6 Copyright (c) 1986
. Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
\ (713) 440-3787. All Rights Reserved.
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BOX CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

October 4, 2000

PROGRAM INPUT DATA:

DESCRIPTION G 10" x 2 Repe MO
Culvert Span (Width of Opening) (feet)......cvveveernnns 10.00
Culvert Rise (Height of Opening) (feet).......cevvvveens 3.00
FHWA Chart Number (8,9,10,11,12 0F 13)..uuerenvenennens. 8
Scale Number on Chart (Type of Culvert Entrance)........ 1
Manning's Roughness Coefficient (n-value).....eeeeesssss 0.0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Culvert Length (feet)isecsscss s sonsonisenss NS W FR 50.0
Culvert Slope (feet per foot)..c.uveervnnieiennnacennnns 0.0010

PROGRAM RESULTS:
Floy Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

184.3 3.00 3.63 3.93 3.00 2.19 3.00 6.14

BOX CULVERT ANALYSIS COMPUTER PROGRAM Version 1.6 Copyright (c) 1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

September 20, 2000

PROGRAM INPUT DATA:

7 .
DESCRIPEION 534 Rep
Culvert Diameter (feet)..eeeveecceurrrerrnosiccnnnscnnas 3.00
FHWA Chart Number (1,2 OF 3)eesssvevossascssvnnoronesaes 1
Scale Number on Chart (Type of Culvert Entrance)........ 1
Manning's Roughness Coefficient (n-value)esssvsvesserses 0,0120
Entrance Loss Coefficient of Culvert Opening......eceuss = 0,50
Culvert Length (feet)......covviieenens earee venearsonees 50.0

Culvert Slope (feet per foot)...coceaniinieiiiennenness 10.0070

PROGRAM RESULTS:
Flow Tailvater Headwater (ft) Normal Critical Depth at Outlet
Rate  Depth Inlet  Outlet Depth  Depth Outlet Velocity
{cfs) (ft) Control Control  (ft) (ft) (£t)  (fps)

62.4 3.00 5.11 4.84 2.57 2.54 2.57 9.69

PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

September 20, 2000

PROGRAM INPUT DATA:

DESCRIPTION 3-247 Rep e
Culvert Diameter (feet)..icvvvveeeeecessrsarerierscccens 3.00
FHWA Chart Number {1,2 OF 3)seiveearossncranase creersaas 1
Scale Number on Chart (Type of Culvert Entrance)........ 1
Manning‘s Roughness Coefficient (n-value)yevesssveeerses 0.0120
Entrance Loss Coefficient of Culvert Openinge..eovesves. 0.50

Culvert Length (feet)...covvvniviiiiiniiivineciinnanies 50.0
Culvert Slope {(feet per foot)....covvennnvivecerieinnne 0.0070

PROGRAM RESULTS: ,
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft)  (fps)

32.3 3.00 2.83 3.24 1.56 1.84 3.00 4.57

PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069

(713) 440-3787. All Rights Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

September 20, 2000

PROGRAM INPUT DATA:
DESCRIPFION | 2-347 Rep VALUE

Culvert Diameter (feet)....;......‘..................... 3.00
FHWA Chart Number (1,2 Or 3)oocoocoonoooooobotoctoootooo c 1 .
Scale Number on Chart (Type of Culvert Entrance)..... ves 1

Manning‘s Roughness Coefficient (n-value}ec.eecevvsisnes 0.0120
Entrance Loss Coefficient of Culvert Opeming......vesses 0.50
Culvert Length (feet)..... ceeserranans cerverrians ceeenes 50.0

Culvert Slope (feet per foot)..cvvirvanrvnennnnneniinnns 0.0070

PROGRAM RESULTS:
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft)  (fps)

v30.3 3.00 2,71 3.17 150 1.78 3,00 4,29

PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.




Rancho Cabytllo;
Happy vulley Roued
Cmg:'k;g Npe §

PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

September 20, 2000

PROGRAM INPUT DATA:
DESCRIPTION 3-3¢ 4 Re W

Culvert Diameter (feet)...veereersransisesoservnnnnsees 3.00
FEWA Chart Number (1,2 0F 3)eeivvrcsscrnrorsavnrsnnnaans 1
Scale Number on Chart (Type of Culvert Entrance)........ 1

Hanning's Roughness Coefficient (n-value).seseescosveens 0.0120
Entrance Loss Coefficient of Culvert Opeming.........c.. 0.50
Culvert Length (feet).............e. bessussesenrersesaes 50.0

Culvert Slope (feet per foot).svvveeicociniuneaaneriones 0.0070

PROGRAM RESULTS:
Flow Tailvater Headwater (ft) Normal Critical Depth at - Outlet

Rate  Depth Inlet  Outlet Depth  Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft)  (fps)

30.3 3.00 2.71 3.17 1.50 1.78 3.00 4.29

PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. A1l Rights Reserved.




APPENDIX C

Erosion Setback Analysis
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28AUG00 08:43:41 PAGE 1

THIS RUN EXECUTED 28AUGO0  08:43:41
Khkkakkkkkiikkikkkkkhkkhkkkdikikk

HEC-2 WATER SURFACE PROFILES

S -.E =R &

Oviginul  HEC-2 R Foy
Puclel foyd wos ho Frona
WITTMANN ADMS

! ,
lg HEC-2 FLOODPLAIN AWALYSIS (100 YEAR EVENT) Wi Hwungr ADMS

PADELFORD WASH

Version 4.6.2; May 1991
*************k***********************

' 1 ICHECK INQ NINV IDIR STRT METRIC  HVINS Q WSEL FQ

. .0064 5 2714 1322

.2 NPROF IPLOT PRFVS ISECY XSECH . EN ALLDC TB# CENIH  ITRACE

-1 - | | 15

J3 VARIABLE CODES FOR SUMMARY PRINTOUT

l 38 43 1 53 21 22 54 51 4 8
42 5 26
C .07 07 .07 1 3
1 000 12 4825 5300 ,
CR 1320 3620 1317.1 3975 1317.1 4390 1320 4720 1320 4825
R 1317 5000 1318 5060 1320 5300 1320 5650 1320 5850
‘R 1318 - 6000 1320 6700
1 .203 10 4930 5590 1030 1010 1070
iR 1326.5 4505 1324.5 4640 1326 4790 1325 4930 1324 5000
GR 1325 5150 1325 5210 1326 5690 1324 6005 1327 6085
1 371 17 4840 5575 940 %0 890
tR 1333 4630 1332 4740 1332 4840 1331 4880 1330 5000
GR 1332 5300 1331 5420 1332 5575 1333 5630 1332 - 5680
R 1332.5 5800 1332 5890 1332.5 5960 1332 6040 1332.5 6120
‘R 1332 6220 . 134 6455
NC .3 5
1 523 21 4965 5035 750 630 - 700
2 2640 ’
13 10
R 1338 4270 1336 4315 1335.5 4390 1335.5 4500 1336 4570
tR 1337 4660 1336 4770 1335.2 4830 1336 4870 1337 4905
GR 1336 4965 1335 5000 1336 5035 1338 5100 1336 5230

GR 1337 5280 1336 5320 1335.5 5425 1335.1 5595 1336 5820

liR 1338 5920




' 28AUG00 08:43:41

07
.608
1343.5

614
2815
1343.5

741
2567
1345.1
1340.5

.884
1349.2
1346
1350

1.011
1355.8
1354.5

1.136
1359

1.273
2493
1364
1360

1.453
1369.5
1368.5

1366

1.621
2420
1378
1376

07
1.818
1385.5
1384
1382.5

2.021
1409
10
1393
1390

07
5
4945

5
1342.15
4945

10

4590
5000

11
4815
5000
5650

4615
5290

4720

4460
5020

13
4225
4850
5090

3940
4945

.05
13
4560
4890
5300

10

4780
5275

05

4945

1337
4945

1337

4620

1340
1344

4815
1349
1348

4955
1352

1356

4975
1356

4950

1362
1364

4850
1368
1368
1368

4945

1376
1373

.05
4950
1384
1384
1384

4780

1392
1391

5060
4970

5060

4970

5040

4620
5040

5095
4815
5020

5025
4955
5340

5020
4975

5050

4715
5050

5050 -

4440
4905
5130

5060

4040

5000

5195
4625
4950
5360

5740

4840
5400

440
1337

30
1337

.3
560

1340
1342.5

900
1349
1349

840
1350.5

660
1354

720

1362
1366

750
1368.5
1366
1371.5

900
1375
1376

1040
1382
1381
1388

1100

1388
1390.5

460
5000

30

5000

800

4660
5110

650
4815
5095

650
5000

660
5000

700

4950
5150

910
4590
5000
5255

380
4300
5060

1050
4780
5000
5510

1040

5000
5520

450
1337

30

1337

670

1343
1344

760

1349
1348

740
1352

660
1356

710

1360

950
1368
1368

890
1374
1377

1040
1382
1384

1070

1391
1392

5030

5030

4770

5375

4815

5220

5025

5020

4980

4650
5020

4590
5110

4780
5040

5070

-5600

1343.5

1343.5

1342
1345.1

1348

1348

1355

1360

1359

1368.5

1368.5

1376

1382
1383

1390.5
1393

PAGE

5060

5060

4950

5460

4955
5340

5140

5325

5000

4780

5050

4820

4780
5195

5200
5740

2




28AUG00

07
2,159
1400
1396

2.333
1408

08:43:41

‘07

4600
5130

4920

.05
4835
1396
1400

4920
1404

5130
4715
5490

5060
4975

800
139

290
1404

640
4765

870
5010

730
1397

920
1408

4835

5060

1395.5

PAGE

5000

3




l 28AUG00 08:43:41 PAGE 4
SECNO DEPTH CWSEL CRINS WSELK EG 4 HL OLOSS L-BANK ELEV
0 " "QLOB QCH QROB ALOB - ACH AROB VoL THa R-BANK ELEV
TIME VLOB VCH VROB L XNCH IR WIN - ELMIN SSTA
SLOPE XLOBL {LCH XLOBR ITRIAL  IDC ICONT CORAR TOPWID  ENDST

.PROF 1

tﬂw 100 CEHV= 300
ECHO 000

lzss DIVIDED FLOW

000 1.82 1318.82 .00 1322.00 1318.88 .06 .00 .00 1320.00
2714,0  2262.3 = 318.7 133.0  1063.1 216.1 142.8 .0 .0 1320.00
' .00 2.13 1.47 .93 070 070 070 000 1317.00 3764.47
.006320 0. 0. 0. 0 0 6 00  1434.20  6286.94
lLOW DISTRIBUTION FOR SECNO= .00 CWSEL= - 1318.82
| TA= 3764,  3975.  4390. 4586. 5300,  6000.  6287.
| PER Q= 10.2 63.7 9.5 11.7 9 4.0
= 181.0 713.7 168.3  216.1 25.2 - 117.6
VEL= 1.5 2.4 1.5 1.5 9 9
'DEPTH= 9 1.7 9 8 0 .4
*SECNO  .203
l .203 2,10 1326.10 .00 .00 1326.16 .05 7.27 .00 1325.00
2714.0 471.9  1206.6  1035.5 299.9 649.4 517.7 34.4 35.3  1326.00
.15 1.57 1.86 2.00 070 070 070 .000 1324.00 4531.66
. 007829 1030. 1070. 1010. 5 0 0 .00 1529.48 6061.14
imw DISTRIBUTION FOR SECNO= .20 CWSEL=  1326.10
TA= 4532, 4640,  4790.  4930.  5590.  6005.  6061.
PER 0= 5.2 8.0 4.2 4.5 - 33.9 4.2
AREA= 87.0  128.3 84.7  649.4  458.6 59.1
~ VEL= 1.6 1.7 1.3 1.9 2.0 1.9
DEPTH= .8 9 .6 1.0 1.1 1.1
lSECNO 371
3265 DIVIDED FLOW
371 2.61 1332.61 .00 .00 1332.68 07 6.52 .00 1332.00
2714.0 91.4  2421.3 201.3 81.5  1085.8 235.8 - 64.5 68,3 1332.00
.28 1.12 2.23 .85 070 070 .070 .000 1330.00 4672.90
l .006558 940. 890, 960, 5 0 0 .00 1577.82 6291.67




' 2840600 08:43:41 | PAGE
SECNO  DEPTH  CWSEL  CRIWS  WSEIK 6 v HL  OL0SS  L-BANK ELEV
l Q QOB OCH OROB  ALOB  ACH AROB VOL WA R-BANK ELEV
TIME VLB VCH VROB AL WCE  XNR TN EMIN  SSTA
SIOPE  MOBL  XLCH  XLOBR  ITRIAL  IDC ICONT  CORAR  TOPWID  ENDST
lmw DISTRIBUTION FOR SECNO= .37 CWSEL=  1332.61
™= 4673, 4740, 4840,  5575.  5609.  5680.  5800.  5890. 5960, 6040,  6120. 6220, 6292,
PER (= 6 2.8 89.2 3 3 L4 1.0 .8 .9 9 1.2 .6
MR- 0.5  6L0 1085.8 102 93 432 324 2.2 2.8 288 360 219
VEL= 8 12 2.2 .8 .8 .9 .9 .9 9 .9 .9 .3
DEPTH= .3 6 1.5 3 1 A A A 4 4 y 3
= .300 CEV= - .500
SECNO 523
3265 DIVIDED FLOW
523 1.89 133689 .00 00 133694 05 4.26 01 1336.00
26100  96L.2  195.4 1483.4  569.5  96.9  78L.7  87.0  OL7 1336.00
38 160 202 L9 .07 .07 .07  .000 1335.00 4295.10
. 005850 750, 700, 630. 4 0 0 .00 141591 5864.23

"LOW DISTRIBUTION FOR SECHO= .52 CWSEL=  1336.89
STA= 4295,  4390. 4500,  4570.  4830. 4870,  4965.  5035.  5425.  5595. 5820. 5864,

l PERQ= 6.0 1.6 53 &4 37 13 7.4 10.6 225 224 7
AREA=  93.0 152.3  79.4 1553  5l.4  37.2 96,9 1925 269.4 300.3  19.6
VE. L7 20 1.8 14 L9 9 20 L5 22 20 .9

l DEPTE= 1.0 14 L1 613 4 14 S L6 13 4
SECNO 608 | |

I1645 INT SEC ADDED BY RAISING SEC .61, -1.333 FT AND MULTIPLYING BY ~ .836

5




iOl HV CHANGED MORE THAN HVINS

85 20 TRIALS ATTEMPTED WSEL,CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
20 CRITICAL DEPTH ASSUMED

1.010 3.98 1339.65 1339.65 .00 1341.30 1.65 1.61 .80 1342,17
2640.0 .0 2640.0 .0 0 255.8 .0 -90.0 94.2  1342,17
.38 .00 10.32 .00 .000 - 050 000 .000 1335.67 4953.10
025356 147, 150. 153, 20 17 0 .00 78.33  5031.43




28A0G00 08:43:41

SECNO DEPTH CWSEL CRIWS WSELK EG L\ HL 0LOSS L-BANK ELEV

0 QLB OCH OROB  ALOB  ACH AROB  VOL THA R-BANK ELEV
TIHE VOB VCH VROB XML WCE  XMR WIN ELMIN  SSTA
SIOPE  YIOBL  NLCH  XIOBR  ITRIAL IDC  ICONT  CORAR  TOPWID  ENDST
!ow DISTRIBUTION FOR SECNO=  1.01 CWSEL=  1339.65
'A= 4953, 5041,
PER 0=  100.0
AREA=  255.8
VEL=  10.3
DEPTH= 3.3

, i45 INT SEC ADDED BY RAISING SEC 1.01,  .667 FT AND MULTIPLYING BY 1.098

PAGE

6




iOl HV CHANGED MORE THAN HVINS

3302 WARNING: CONVEYANCE CHANGE QUISIDE OF ACCEPTABLE RANGE, KRATIO = 2.43

l 1.020 6.16  1342.50 .00
" 2640.0 .0 2640.0 0
.39 .00 5.43 .00

.004284 147. 150. 153.

low DISTRIBUTION FOR SECNO=  1.02

STA= 4946,  5051.

PER Q=  100.0
AREA=  486.6
VEL= 5.4

II DEPTH= 4,7

1645 INT SEC ADDED BY RAISING SEC 1.02,

.00 1342,95 .46
.0 486.6 .0
000~ .050 .000
3 0 0

CWSEL=  1342.50

.667 FT AND MULTIPLYING BY

1.29
91.2
»000

.00

1.089

.36
94.6
1336.33
102.93

1342.83
1342.83
4946.20
5049.13




.608
2640.0
.40
.003578

6.18
0
.00
147,

1343.18
2640.0
4,97
150,

.00
0
.00
153.

.00
0
.000
1

1343.56
531.2
.050

0

.38
0
.000
0

.59
93.0
.000

.00

.02
9.9
1337.00
112.20

1343.50
1343.50
4946.27
5058.47




28AUG00 08:43:41 _ PaGE 7

SECNO  DEPTH  CWSEL  CRINS  WSELK EG w HL 0L0SS  L-BANK ELEV
0 QLOB  OCH QRB ALOB  ACH AROB VOL THA R-BANK ELEV
TINE VOB VCH VROB XL WCE IR WIN EMIN  SSTA
" SIOPE  YLOBL  XLCH  ¥IOBR  TTRIAL IDC ICONT  CORAR  TOPWID  ENDST
.fLow DISTRIBUTION FOR SECNO= 61 CWSEL=  1343.18
Ta= 4946,  5060. |
PER 0=  100.0
AREA=  531.2
V- 5.0
DEPTH= 4.7
4SECH0 614 : |
I 61 6.27 133,27 00 1342.15 1343.69 42 AL .02 1343.50
2815.0 0 2815.0 0 0 5427 0 934 95.0 1343.50
40 00 5.19 00 .00 .050  .000  .000 1337.00 4945.88
l 003828 30. 30. 0. 2 0 0 00 113.06  5058.94
'FLOW DISTRIBUTION FOR SECNO= 61 OWSEl= 13837
STA= 4946,  5060.
PER 0=  100.0
AREA=  542.7
VEL= 5.2
DEPTH= 4.8

CHV= 100 CEHV= »300
*SECNO 741

l3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.00

.741 4,74 1344.74 .00 .00 1344.78' 04 1.06 04 1340.00
l 2567.0 69.9 2098.3 398.8 66.2 1225.1 522.0 112.2 102.9  1344.00
52 1.06 1.7 .76 .070 .050 .070 000  1340.00 4592.09
,000797 560, 670. 800. 4 0 0 .00 840.42 5432.51
' | 1
FLOW DISTRIBUTION FOR SECNO= - .74 CWSEL=  1344.74 |

STA= 4592, 4620,  5040. 5110,  5375. . 5433,

PER (= 2.7 81.7 3.2 12.1 3
AREA= 66.2 1225.1 104.6 396.0  21.4
l VEL= 1.1 1.7 .8 .8 3
DEPTH= 2.4 29 1.5 1.5 A4




l 2840600 08:43:41
SECNO DEPTH  CWSEL  CRIWS  WSELK  EG il HL
' QLOB OCH QROB ALOB  ACH AROB VoL
TINE VL.OB VCH VROB L XNCH MR WIN
- SLOPE YLOBL  XLCH ILOBR  ITRIAL  IIC ICONT  CORAR
'SECNO .884 _
85 20 TRIALS ATTEMPTED WSEL,CWSEL
‘93 PROBABLE MINIMUM SPECIFIC ENERGY
20 CRITICAL DEPTH ASSUMED
.884 3,05 1349.05 1349.05 00 1349.47 42 1.83
2567.0 0 1503.6  1063.4 0 250.4 278.6  131.7
.56 .00 6.01 3.82 .000 .050 070 .000
047438 900, . 760. ,  650. 20 17 0 .00
'mw DISTRIBUTION FOR SECNO= .88 CWSEL=  1349.05
A= 4815,  5095. 5220,  5340. 5502,
PER =  58.6 8.2 2.3 9.9
AREA=  250.4 68,3 1255  84.8
VEL= 6.0 3.1 4.8 3.0
DEPTH= .9 .5 1.0 .5

*SECNO 1.011

'302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 3.80

1.011 4,85 1355.35 .00 .00 1355.51 .16 6.02
2567.0 852.9  1245.6 468.5 498.0 286.0 310.8 145.5
.63 1.71 4.35 1,51 070 050 070 .000
l 003290 840. 740, 650, 4 0 0 .00
FLOW DISTRIBUTION FOR SECNO= 1.01 CWSEL=  1355.35
TA= 4656,  4955.  5025.  5140.  5290.  5318.
PER Q= 33.2 48.5 15.0 2.9 .3
AREA=  498.0  286.0  211.2 88.0 11.7
VEL= 1.7 4.4 1.8 9 i
DEPTH= 1.7 4.1 1.8 © .6 .4
lSECNO 1.136
3302 WARNING‘ CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .58
1.136 4.65 1358.65 .00 .00 1359.04 .38 3.46
2667.0 754.3  1136.0 676.7 299.6 164.5 268.7 159.3
.67 2.52 6.91 2.52 070 +050 070 .000
' 009643 660. 660. 660. 2 0 0 .00

0LOSS
TWA
ELMIH
TOPWID

011

115.2
1346.00
687,13

.03
126.3
1350.50
661.40

07
134.9
1354.00
473.12

L-BANK ELEV
R-BANK ELEV
SSTA

ENDST

1349.20
1349.00
4815.00
5502.13

1352.00
1352.00
4656.48
5317.88

1356.00
1356.00
4749.32
5222.45

PAGE
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28AUG00 08:43:41

SECNO DEPTH
Q QLOB .
TIME VLOB
* SLOPE XLOBL

!.ON DISTRIBUTION FOR SECNO=

A= 4749,  4975.  5020.

PER Q= 29.4
AREA=  299.6

VEL= 2.5
II DEPTH= - 1.3

ASECNO 1.273
1.273 4.73
2493.0  1139.3

.73 1.91
I .005047 720.

‘:M DISTRIBUTION FOR SECNO=
A= 4495, 4715, 4950,

PER Q=  10.4
l AREA=  189.8
VEL= 1.4
DEPTH= 9
BCNO 1.453
1453  3.17
293.0  760.6
' 82 1.65

.007783 750,

lLOW DISTRIBUTION FOR SECNO=

PER Q= 5.2
AREA= 99.3
1.3

6

lTA= 4271, 4440,

VEL= .

l DEPTH= .
*SECHO 1.621

l 1621 3.06

20200 1792.9

92 2.0

l 007525 900,

CWSEL CRIWS WSELK EG i\ HL 0LOSS L~BANK ELEV
QCH QROB ALOB ACH ARCB VoL WA R-BANK ELEV
VCH VROB XL XNCH INR WIN ELHIN SSTA
XLCH XLOBR ITRIAL  IDC - ICONT CORAR TOPRID  ENDST
1.14 CWSEL=  1358.65
5222,
44.3 26.4
164.5  268.7
6.9 2.5
3.9 1.3
1363.73 00 00 1363.92 19 4.86 02 1362.00
1353.7 .0 595,3 302.8 0 172.7 143.3  1364.00
4.47 .00 070 .050 000 .000 1359.00 4494.99
710, 700. 3 0 0 .00  552.95 5047.94
.27 CWSEl= 1363.73
5050.
35.3 54.3
405.5  302.8
2.2 4.5
1.7 3.1
1369.17 .00 .00 1369.31 14 5.39 .01 1368.50
1202.8 529.6 462.0 329.2 188.9 190.6 156.8  1368.50
3.65 2.80 .070 .050 070 .000 1366.00 4271.26
950. 910. 5 0 0 .00  900.78 5172.04
1.45 CWSEL= .1369.17
4590, 4650, 4780,  4850.  5050.  50%0.  5130.  5172.
9.9 40 8.6 2.7 48.2 9.0 11.0 1.3
139.1 55.6  120.5 47.4  329.2 77.1 87.1 24.7
1.8 1.8 1.8 1.4 3.7 2.9 3.1 1.3
9 9 9 7 1.6 1.9 2.2 .6
1376.06 .00 .00 1376.16 10 6.84 .00 1376.00
627.1 .0 857.0 180.4 1 211.4 176.6  1376.00
3.48 .19 070 050 070 .000 1373.00 4036.58
890, 880, 3 0 0 .00 1026.84 5063.42

PAGE
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2840600 08:43:41 -

SECNO DEPTH CWSEL CRIWS WSELK EG B HL
Q QLOB QCH QROB ALOB ACH ARCB VOL
TIME VLOB VCH VROB XNL XNCH INR WIN

" SLOPE XLOBL XLCH XLOBR ITRIAL  IDC ICONT CORAR

IFLOW DISTRIBUTION FOR SECNO= 1.62 CWSEL=  1376.06
rTEF 4037. 4300,  4590. 4820, 4945, 5060,  5063.
PER Q= 7.7 46.7 19.5 N 5.9 0
AREA=  147.9  454.8  245.7 8.5 180.4 .1
VEL= 1.3 2.5 1.9 3 3.5 .2
DEPTH= .6 1.6 1.1 1 1.6 0
*SECNO 1.818 . .
1.818 3.29  1384.29 00 .00 1384.42 13 8.25

I

2420.0 804.7 851.9 763.4 362.0 284.2 226.1 234.2
- 1.02 2.22 3.00 3.38 070 050 050 000
.008356 1040. 1040. 1050. 6 0 0 .00

LOW DISTRIBUTION FOR SECNO=  1.82 CWSEL=  1384.29

0L0SS
THA
ELHIN
TOPWID

01
197.9
1381.00
758.65

- Wema= 4612, 4625,  4780.  4890. 4950,  5195. 5300,  5360.  5371.

PIR (= 0 190 135 6 3.2 243 7.2 1
WME= 1.9 2004 1422 17.6 2842 162.0  62.6 1.6
. VEs 5 23 23 9 3.0 3.6 2.8 .3
DEPTH= 1 L3 L3 3 L2 1.5 1.0 1
I:sncuo 2.021
.7495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 1393.00 EIREA=  1393.00
2.0 3.34 1391.34 00 .00 1391.41 06 6.9
1409.0 0 1409.0 .0 0 723 .0 2536
1.17 00 2.01 00 .00 050  .000  .000
004521 1100.  1070. 1040, 3 0 0 .00
lmow DISTRIBUTION FOR SECNO=  2.02 CWSEL=  1391.34
oTA= 4867, 5740, - |
PER Q=  100.0
AREA= 7023
VEL. 2.0
DEPTH= 1.0

01
215.9
1388.00
698.04

PAGE

L-BANK ELEV
R~BANK ELEV
SSTA
ENDST

1384.00
1383.00
4612.32
5370.97

1393.00
1393.00
4866.55
5564 .60

10




l 2840600 08:43:41

CRIWS

SECNO DEPTH CWSEL WSELK
Q QLOB ocH QROB ALOB
TIME VL.OB VCH VROB XL

" SLOPE XLOBL 3LCH SLOBR ITRIAL

*SECNO 2.159

EG
ACH
XNCH
1.6

i\
_ARCB

XNR

ICONT

HL
VOL
WIN
CORAR

'302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .52

2.159 1.51  1397.01 .00 .00 1397.20 .19 5.75
l 1409.0 228,3  1100.5 80.1 100.8 289.1 45,9 263.1
1.23 2.27 3.8 1.75 070 050 070 .000
016863 800. 730, 640. 3 0 0 00
lLOW DISTRIBUTION FOR SECNO= 2.16 CWSEL=  1397.01
TA= 4686, 4715, 4765,  4835.  5130.  5221.
PER 0= 1.8 9.9 4.5 78.1 5.7
ARFA= 14.7 50.5 35.7  289.1 45,9
VEL= 1.7 2.8 1.8 3.8 1.7
DEPTH= 5 1.0 5 1.0 5

‘SECNO 2.333
302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1,41

. 2.333 3.61 1407.61 00
1409.0 0 1409.0 .0
1.28 .00 4.74 .00

. 008454 990. 920. 870.

‘LOW DISTRIBUTION FOR SECNO= 2.33

5060.

TA= 4925,
PER Q=  100.0
AREA=  297.1
VEL= 4.7

DEPTH= 2.3

.00 1407.96 .35 10.71
.0 297.1 .0 270.9
,000 .050 000 .000
5 0 0 .00
CWSEL=  1407.61

‘0LOSS
TWa
ELMIN
TOPWID

04
226.2
1395.50
534.88

.05
233.3
1404.00
129.71

" L-BANK ELEV

R-BANK ELEV

- SSTA

ENDST

1397.00
1396.00
4685.98
5220.86

1408.00
1408.00
4925.39
5085.10-

PAGE = 11




iROFILE FOR STREAM PADELFORD WASH

.LOTTED POINTS (BY PRIORITY) E-ENERGY,W-WATER SURFACE,I-INVERT,C-CRITICAL W.5. ,L-LEFT BANK,R-RIGHT BANK,M-LOWER END STA

'LEVATION 1317,
SECNO  CUMDIS

.00

.20

‘37

.74

.88

0.
100.
200,
300,
400.
500.
600.
700.
800.
900.

1000.
1100.
1200.
1300,
1400.
1500.
1600.
1700,
1800.
1900.
2000,
2100,
2200,
2300.
2400.
2500,
2600.
2700.
2800.
2900,
3000.
3100,
3200.
3300.
3400.
3500.
3600.
3700.
3800.
3900.
4000.
4100.
4200,
4300.
4400,
4500,
4600.

1327,

IEL

CILER- .

CI EL
CIER

C1I
I

ez R e Rz Re e Rz ke ke ke ke e Kz K e Er R Ee el e N N e ]

e Br e Rr R e R Rz e Er e Er e e e N1

E
ER
I
ILE .
IM.
ILE .
ILE.

. ILEM
ILE
ILE

ILE
IL
I
I

e o » e e

.

1337,

M

B
LE .
WE .
I .
ILE .
ILE .
I .
ILE .
IWE.
ILEH.
ILEM

ILEM

ILEM

1347,

I. WEM .

L.
Il
I

- - -

I

.I

.

I
I

WEL .
WE .
E .
WE .
WE .
WE .
LE .
LE .
L E .
L §E.
I RE.
I EM
I RE
ILWE
ILE

I LRE

I LE

I.E

1357.

1367.

*« o o o e » o

1377,

1387.

1397,

1407,




1.01

1.14

1.27

1.45

1.62

1.82

4700,

4800.
4900,
5000.
5100,
5200.
5300.
5400.
5500.
5600.
5700.
5800.
5900.
6000.
6100.
6200.
6300.
6400,
6500.
6600,
6700.
6800.
6900.
7000.
7100.
7200.
. 7300,
7400,
7500.
7600.
7700.
7800.
7900.
8000,
8100.
8200,
8300.
8400,
8500.
8600.
8700.
8800.
8900.
9000,
9100.
9200.
9300.
9400.
9500.
9600.
9700.
9800,
9900.
10000.
10100.
10200.
10300,
10400.
10500,
10600,

OQOQOOOOQQOOG()QQOOOOOOQQGQQOGQOQOOGOQOQ()OOOOOQGOOQQQOOOGOOOO

IRE .
I LE .
JILE .
J HE .
LILWE o
IL EM .
. IL E.
. IL WE
. IL E
. IL WE
. IL E
IL WE
. IL.E
. IL E
. ILW
I.L
. I.L
IL
. I
I
. o I

E . .
E . . .
RE . . .
LEH . .
LE .
LE . . .
I LBM. . .
I LE. .
I L. . .
I LE . \
I LRE . .
I IE .
I LE . .
I LEM .
ILE .
LB . .
IIE .
JIE . .
I IE . :
JIOE
I B . .
. I WM. .
IIE . .
. 1 B .
I B .
I M .
. I REM .
. I .HE .
. L. .
. IREM .
. JREH .
. I LM,
. . I RWEM .
. IREM .
. . IREM.
. . IREM
. . I REM
. . 1 EM
. S
. .1 .M
. . I .ELH
. , I. EL
. I, B
I ERL
. . I ELM

e o o o e




2.02 10700, € . . . . . JEL . . :
10800. C . . . . . . .1 BRL . . .
10900. ¢ . . . . . . . 1 EM. . .
11000, C . . . . . . . T EM . .
11100, ¢ . . . . C . IWEM . .
11200, ¢ . . . . . . . TELM .
11300, € . . . G . . IRE. H . .

2.16 11400. ¢ . . . . . . IEH . .
11500, C . . . . . . IRE B . .
11600. € . . Co . . . IVEH . .
11700. € . . . . . .o JWEH .
11800, ¢ . . .o . . . JIREM . .
11900, € . . . . . . . LI OM
12000. C . . . . . . .1 M.

12100. ¢ . . . . . . . . 1 B .
12200, € . . . o . . . I WE .
2.33 12300, € . . C . . . . I .E .
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THIS RUN EXECUTED 28AUGOO  08:43:41
khkdckkkkikkikk ik dkhihkbihikkkkickkkkk

HEC-2 WATER SURFACE PROFILES

Version 4.6.2; May 1991
D T Y LTI T

'NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

PADELFORD WASH

lUHMARY PRINTOUT

SECNO Q CHSEL SSTA STCHL STCHR ENDST  DIFWSX  TOPWID DEPTH ELMIN 10#KS VCH
,000 2714,00 1318.82 3764,47 4825.00 5300.00 6286.94 00 1434.20 1.82  1317.00 63.20 1.47
,203  2714.00 1326.10 4531.66 4930.00 5590.00 6061.14 7.28  1529.48 2,10 1324,00 .73.29 1.86
371 2714.00  1332.61  4672.90 4840.00 5575.00  6291.67 6.56 1577.82 2.61  1330,00 65.58 2.23
523 2640.00 1336.89 4295.10 4965.00 5035.00 5864.23 4,28 1415.91 1.89  1335.00 58.50 2.02
608  2640.00  1343.18  4946.27 -4945.00  5060.00 5058.47 .68 112,20 6.18 1337.00 35.78 4.97
614 2815.00 1343.27 4945.88 4945.00 5060.00 5058.94 09 113.06 6.27 1337.00 38.28 5.19
741 2567.00 1344.74  4592.09 4620.00 5040.00 5432.51 1.47  840.42 4.74  1340.00 '7.97 1.71
.884  2567.00 1349.05 4815.00 4815.00 50§5.00 5502.13 4.30 687.13 3.05 1346.00  474.38 6.01

1.011 2567.00 1355.35 4656.48 4955.00 5025.00 5317.88 6.30  661.40 4.85  1350.50 32.90 4.35

U 1.273 2493.00  1363.73  4494.99  4950.00 5050.00 5047.94 5.07 552.95 . 1359.06 50.47 4.47
1.453  2493.00 1369.17 4271.26  4850.00 5050.00 5172.04 5.45 900.78 ~ 3.17 1366.00 77.83 3.65
1.621 2420.00 1376.06 ~4036.58 4945.00 5060.00 5063.42 6.89 1026.84 3.06 1373.00 75.25 3.48
1.818  2420.00 1384.29 4612.32 4950.00 5195.00 5370.97 8.23  758.65 3.29  1381.00 83.56 3.00
2,021 .1409.00 1391.34 4866.55 4780.00 5740.00 5564.60 7.05 698,04 3.34  1388.00 45,21 2.01
2,159 1409.00 1397.01 4685.98 4835.00 5130.00 5220.86 5.66  534.88 1.51  1395.50 . 168.63 3.8l

2,333 1400.00 1407.61 4925.39 4920,00 5060.00 5055.10 10.60  129.71 3,61 1404.00 84,54 4.74

i'l
*
' 1.136 2567.00 1358.65 4749.32 4975.00 5020.00 5222.45 3.31 v4v73.12 4,65 1354.00 96.43 6.91




l 28AUG00 08:43:41 PAGE 13

lJMHARY OF ERRORS AND SPECIAL NOTES

.!TION SECNO= .608 PROFILE= 1 INTERPOLATED X-SECTIONS USED

EMNG SECHO= 741 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
TION SECNO= .884 PROFILE= 1 CRITICAL DEPTH ASSUMED

CAUTION SECNO= .884 PROFILE= 1 PROBABLE MINIMUM SPECIFIC ENERGY
TON SECNO= .884 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

WARNING SECHO= 1.011 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
IRNING SECNO= 1.136 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

i ﬂING SECNO= 2.159 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE k

‘ BRNING SECNO= 2.333 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
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fekkikkkkkkdkkkkkrihkhkkkkkhkkiddkidik

'EC-Z WATER SURFACE PROFILES

Version 4.6.2; Hay 1991
i***********************************

T1

T4

VITDGNN DS Fz?\r Fros/om 56/’;4{/11'/‘{

HEC~2 FLOODPLAIN ANALYSIS (100 YEAR EVENT)
PADELFORD WASH r
/4’ 1 { ‘f §1¢

REVISED RUN. SEE TEXT ABOVE FIRST X1 CARD

iICHECK INQ NINV IDIR STRT METRIC  HVINS Q

.0064 : 5 2714

I NPROF  IPLOT PRFVS XSECV YSECH N ALLDC IBW

-1

! VARTABLE CODES FOR SUMMARY PRINTOUT
l 38
42

X
lG

29 1 W

-l

43 1 53 21 22 54
5 26

.07 Y 07 1 3

This run has been modified for the purpose of establishing an erosion
setback line for Rancho Cabrillio project.

Erosion setback lines are typically set from the floodway

boundary in a natural conveyance system. Floodways can be established at
a flood boundary that woud raise the base flood elevation no more than
one foot. For this application,there was no attemept to establish any
floodway boundaries, instead emcroachments stations,that at a nininun
coinsided with the required erosion setback width,was incorporated into
the original HEC-1 model. The output indicated that the increase in the
WSEL is minimal. Tt can be safely assumed that the erosion setback lines
establiesd per the encroachment stations coded would be coservative if
compared to the erosion setback line based on the actual limits of the
floodway boundaries.

This revised model was prepared by Stantec Conulting Inc. on 8-28-2000
Revised model name; <<<<PADLWSH1.H2I>>>>

************************************************************************i****

.000 12 4825 5300
' 3818 :
1320 3620 1317.1 3975 1317.1 4390 1320

1317 5000 1318 5060 1320 . 5300 1320
1318 6000 1320 6700 .

THIS RUN EXECUTED 030CT00

i”"if a/,fﬁﬁcfj M E¢ -2 R

WSEL FQ
1322
CHNIM ITRACE
15
51 4 8
4720 1320
5650 1320

PAGE

08:35:31

4825
5850

1




030CT00

.203

1326.5
1325

37

1333
1332
1332.5
1332

523
2640

10
1338
1337
1336
1337
1338

.07
.608

1343.5

.614
2815
1343.5

.741
2567
1345.1
1340.5

.884

1349.2 -

1346
1350

1.011
1355.8
1354.5

1359

08:35:31

10

4505
5150

17

4630
5300
5800
6220

21

4270
4660
4965
5280
5920

07
5

4945

5
1342.15
4945
10

4590
5000

11
4815
5000
5650

4615
5290

4720

4930

1324.5
1325

4840
1332
1331

1332
1334

4965

1336
1336
1335
1336

.05
4945
1337
4945

1337

4620

1340
1344

4815
1349
1348

4955
1352
1356

4975
1356

5590
4585
4640

5210 .

5575
4726
4740
5420
5890
6455

o3
5035

4348
4315
4770

50600
5320

5060

4970

5060

4970

1

5040

4620
5040

5095
4815
5020

5025
4955
5340

5020
4975

1030

1326
1326

940
1332

1332
1332.5

.5
750

1335.5
1335.2

1336
1335.5

440
1337
30
1337
3
560

1340
1342.5

900
1349
1349

840
1350.5

660
1354

1010

4790
5590

260

4840
5575

5960

630

4390
4830
5035
5425

460
5000
30

5000

800

4660

5110

650
4815
5095

650
5000

660
5000

1070

1325
1324

890
1331

1333
1332

700

1335.5
1336
1338

1335.1

450
1337
30

1337

670

1343

1344

760
1349
1348

740
1382

660
1356

4930
6005

4880
5630

6040

4500
4870
5100
5595

5030

5030

4770
5375

4815

5220

5025

5020

1324
1327

1330
1332

- 1332.5

1336
1337
1336
1336

1343.5

1343.5

1342

1345.1

1348
1348

1355

1360

PAGE

5000
6085

5000
5680
6120

4570
4905
5230
5820

5060

5060

4950
5460

4955
5340

5140

5325

2




030CT00

1,273
2493
1364
1360

1.453
1369.5
1368.5

1366

1.621
2420
1378
1376

07
1,818
1385.5
1384
1382.5

= SRV - - .

1409

10
1393
1390

.07
2.159
1400
1396

2,333
1408

- O N N S S e e

2.001

08:35:31

4460
5020

13
4225
4850
5090

3940
4945

05
13
4560
4890
5300
10
4780
5275
.07
4600
5130

4920

4950

1362
1364

4850
1368
1368
1368

4945

1376
1373

.05
4950
1384
1384
1384

4780

1392
1391

.05
4835
1396
1400

4920
1404

5050

4715
5050

5050
4440
4905
5130

5060

4040
5000

5195
4625
4950
5360

5740

4840
5400

5130
4715
5490

5060
4975

720

1362
1366

750
1368.5
1366
1371.5

900

1375
1376

1040
1382
1381
1388

1100

1388

1390.5

800
1396

990
1404

700

4950
5150

910
4590
5000
5255

880
4300
5060

1050
4780
5000
5510

1040

5000
5520

640
4765

870
5010

710
1360
950
1368
1368
890
1374

1377

1040
1382
1384

1070

1391
1392

730
1397

920
1408

4980

4650
5020

4590
5110

4780
5040

5070
5600

4835

5060

1359

1368.5
1368.5

1376

1382
1383

1390.5
1393

1395.5

PAGE

5000

" 4780

5050

4820

4780
5195

5200
5740

5000 -

3




l 030CT00 08:35:31

SECHO DEPTH CWSEL CRIWS WSELK EG i\

Q QLOB QCH QROB ALOB ACH AROB

TIME VLOB VCH VROB L XNCH INR

~ SLOPE ¥LOBL XLCH SLOBR ITRIAL  IIC ICONT

*PROF 1

CHV= 100 CEHV= .300
SECKO .000

.265 DIVIDED FLOW

470 ENCROACHMENT STATIONS= 3818.0  6700,0 TIPE= 1 TARGET=
.000 1.81  1318.81 00 1322.00 1318.88 07
2714.0  2269.0 315.2 129.8 - 1045.4 214.0 140.1
.00 2.17 1,47 .93 070 070 .070
l .006336 0. 0. 0. 0 0 6
ILOW DISTRIBUTION FOR SECNO= »00 CWSEL= 1318.81
STA= 3818,  3975.  4300. 4585,  5300.  6000.  6284.
PER Q= 10.9 63.3 9.4 11.6 .8 3.9
AREA= - 168.1  710.5  166.8  214.0 24.7 115.4
VEL= 1.8 2.4 1.5 1.5 I
DEPTH= 1.1 1.7 9 .8 0 N
SECNO - 203

.203 2.10  1326.10 .00 .00 1326.16

l3470 ENCROACHMENT STATIONS=  4585.0  6085.0 TVPE= 1 TARGET=

006

. 2714.0 469.7  1207.8  1036.5 279.1 649.9 518.1

.15 1.68 1.86 2,00 070 070 .
I .007823 1030. 1070. 1010. 5 0
: lPLOW DISTRIBUTION FOR SECﬁ0= .20 CWSEL=  1326.10
STA= 4585,  4640.  4790.  4930. 5590.  6005. 6061 .
PER 0= 5.1 8.0 4.2 4.5  34.0 .2
AREA= 65.9  128.4 84.8  649.9 - 459.0 59.1
VEL= 2.1 1.7 1.3 1.9 2.0 1.9
DEPTH= 1.2 9 .6 1.1 1.1

1.0

070
0

H 0L0SS

VoL WA
WIN  ELHIN
CORAR  TOPWID

-3818,000
.00 .00
.0 .0
.000  1317.00
.00 1375.06

-4585.000
7.28 .00
33.9 33.9
.000 1324.00
.00 1476.16

L-BANK ELEV
R-BANK ELEV
SSTA

ENDST

1320.00
1320.00
3818.00
6284.20

1325.00
1326.00
4585.00
6061.16

PAGE
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l 030CT00 08:35:31
SECKO DEPTH | CHSEL CRINS WSELK EG il
g - QLOB QCH QROB ALOB ACH AROB
- TIHE VL.OB VCH VROB INL XNCH IR
l SLOPE XLOBL XLCH XLOBR ITRIAL  IDC ICONT
*SECNO .37

l65 DIVIDED FLOW

HL 0LOSS
VOL TWA
WIN ELMIN
CORAR TOPWID
-4726,000
6.52 .00
63.7 65.8

.000  1330.00
00 1525.05

PAGE

L-BANK ELEV
R-BANK ELEV
SSTA

ENDST

1332.00
1332.00
4726.00
6291.85

STA= 4726, 4740,  4840. 5575,  5609.  5680.  5800.  5890.  5960. 6040, v6120.> 6220, 6292,.

70 ENCROACHMENT STATIONS= 4726.0  6455.0 TYPE= 1 TARGET=
371 2,61 1332.61 .00 .00 1332.68 07
2714.0 84.4  2426.8 202.8 68.8  1086.9 236.8
27 0 1.2 2.23 .86 070 070 070
006566 940. 890. 960. 5 0 0
')OW DISTRIBUTION FOR SECNO= .37 CWSEL=  1332.61
PER Q= .3 2.8 89.4 3 J 14 1.0
AREA= 7.9 61.1 1086.9 10.3 9.3 43.4 32.5
VEL= 1.1 1.2 2.2 .8 .8 9 .9
!DEPTH= .5 .6 1.5 .3 .1 4 4
CHV= .300 CEHV= +500
*SECNO .523

.265 DIVIDED FLOW

'470 ENCROACHMENT STATIONS= 4348.0  5920.0 TYPE=

1 TARGET=
v 523 1.90 1336.90 .00 .00 1336.96 .05
2640.0 922.7 199.6  1517.7 536.6 28.0 792.4
I .38 1.72 2.04 1.92 070 070 070
.005889 750. 700. 630. 4 0 -0
'LOW DISTRIBUTION FOR SECNO= b2 CWSEL=  1336.90
TA= 4348,  4390.  4500.  4570. 4830,  4870.  4965.
PER Q= 3.7 11.9 5.4 8.7 3.8 1.4 7.6
= 52.9  153.9 80.5  158.9 52.0 38.4 98.0
VEL= 1.9 2.0 1.8 1.4 1.9 1.0 2.0
' DEPTH= 1.3 1.4 1.1 6 1.3 A4 1.4

.8 9
25.3 28.9
9 9
4 4
~4348.000
4,27 01
85.9 88.3
000  1335.00
.00 1371.00

10.9 23.0
196.6  271.9
2.2
1.6

.

1.5

05

9 L2 6
28,9 361 22,0
.9 9 .8
A 4 3
1336.00
1336.00
4348.00
5364.98

5035, 5425,  5595. 5820, 5865,

22.9 g
303.6 20.2
2.0 1.0
1.3 4




l 030CT00 08:35:31 _ ‘ . PAGE 6
SECHO DEPTH CHSEL  CRINS WSELK EG i\ HL 0L0SS L-BANK ELEV
0 QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV
- TIME VIOB VCH VROB XL ANCH INR WIN ELHIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL  IDC ICONT CORAR TOPWID - ENDST
*SECNO  .608

lOl HV CHANGED MORE THAN HVINS

loz VARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .53
608 3.8 1340.81 .00 00 134210 129 4.52 62 1343.50
2640.0 0 2640.0 .0 0 289.6 0 94.8 959 1343.50
l .39 00 9.12 00 .00 .05  .000 000 1337.00 4955.36
020716 440. 450, 460, 4 0 0 00 92.20 5047.56
low DISTRIBUTION FOR SECNO= .61 CWSEL=  1340.81
A= 4955,  5060. ’
PER 0=  100.0
AREA=  289.6
VEL= 9.1
- QP 31
|
*SECNO 614

02 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.54

614 4.84 1341.84 00 1342.15  1342.65 .81 .41 14 1343.50
2815.0 .0 2815.0 0 0 389.1 .0 95.0 96.0 1343.50
.39 .00 7.24 .00 .000 .050 000 .000 1337.00 4951.40
' .009951 30. 30, 30. 4 0 0 W00 100.92 5052.32
FLOW DISTRIBUTION FOR SECNO= .61 CWSEL= "~ 1341.84 -
lT = 4951.  5060.
PER 0=  100.0
AREA=  389.1
VEL= 7.2
DEPTH= 3.9

Icav= .100 CEV= 300




' 030CT00 08:35:31

SECNO  DEPTH  CWSEL
Q QLOB  OCH
TIE VLB VCH
SIOPE  YLOBL  XLCH
*SECHO 741

CRIWS
QROB
VROB
YLOBR

; l301 HV CHANGED MORE THAN HVINS

WSELK EG v HL
ALOB ACH AROB YOL
INL . XNCH MR WIN
ITRIAL  IXC ICONT - CORAR

'302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.69

741 4,48 1344.48 ,00 .00 1344.53 .05 1.81
| 2567.0 72.0.  2150.6 3443 59.2  1116.3 422.9 110.9
‘ ' .50 1.22 1.93 .81 070 .050 .070 .000
| 001142 560. 670. 800. 3 0 0 .00
1
! lLOW DISTRIBUTION FOR SECNO= .74 - CWSEL=  1344.48
TA= 4594,  4620. 5040,  5110.  5375.  5413.
PER Q= 2.8 83.8 2.8 105 1
AREA= 59.2 1116.3 86.5  327.4 9.1
VEL= 1.2 L9 .8 .8 3
l DEPIH= 2.2 2.7 1.2 1.2 2
*SECNO ,884
E685 20 TRIALS ATTEMPTED WSEL,CWSEL
693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED :
884 3.07 1349.07 1349.07 00 1349.47 40 2.48
l 2567.0 © .0 1500.4  1066.6 0 256.3 287.2 128.7
.54 .00 5.85 3. .000 050 070 - .000
' .043720 900 760, 650, 20 18 0 .00
FLOW DISTRIBUTION FOR SECNO= .88 CWSEL=  1349.07
lSTA-' 4815.  5095.  5220. 5340, 5505.
PER Q= 58.4 8.4 23.1 10.0
AREA=  256.3 706.9  128.0 88.2
l VEL= 5.9 3.0 4.6 2.9
- DEPTH= 9 .6 1.1 5

l*sr-:cuo 1,011

OLOSS
TWA
ELMIN
TOPWID

.08
103.6
1340.00
818.89

.10
115.8
1346.00
690.39

L-BANK ELEV
R-BANK ELEV

SSTA
ENDST

1340.00 -

1344.00
4593.62
5412.51

1349.20
1349.00
4815.00
5505.39

PAGE 7
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l 030CT00 08:35:31

SECNO
0
TIME
SLOPE

DEPTH
QLOB
VIOB
LOBL

CWSEL

QcH
VCH
XLCH

CRIWS
QROB
VROB
XLOBR

WSELK  EG iV HL

ALOB ACH AROB VOL
INL INCE - XNR - WIN
ITRIAL  IDC ICONT CORAR

302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 3.61

Ii 1.011

2567.0

Il .61
,003355

&LOW DISTRIBUTION FOR SECNO=

4.83
851.6
1.72
840.

1355.33

1250.6
4.39
7400

STA= 4658,  4955.  5025.
l PER ¢=  33.2 8.7
AREA=  493.8 285.1 2
VEL= 1.7 4.4
DEPTH= 1.7 4.1

*SECNO 1.136

.00 .00 1355.50 .17 6.00
464.8 493.8 285.1  306.7 142.5
1.52 070 .050 .070 .000
650, 4 0 0 .00
1.01 CWSEL=  1355.33
5140. 5290,  5317.
15.0 2.8 o3
09.6 85.9 11.3
1.8 8 g
1.8 6 4

l3302 WARNING: CONVEYANCE CHARGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .59

1.136
2567.0
.65
009495

FLOW DISTRIBUTION FOR SECNO=

STA= 4748
PER Q=
AREA=
VEL=
DEPIH=

*SECNO 1.273
1.273
2493,0
il
.005078

.

2
30

4,66 1358.66 .00
756.2  1132.5 678.3
2,50 6.87 2.50
660, 660, 660.
1.14
4975,  5020. 5223,
9.5 4.1 26.4
1.9  164.9  270.8
2.5 6.9 2.5
1.3 3.7 1.3
4,71 1363.71 .00
1137.7  1385.3 .0
1.92 4.48 .00
710. 700.

720.

.00 1359.04 .38 3.48
301.9 164.9 270.8 156.3
070 .050 .070 .000
2 0 0 .00

CWSEL=  1358.66

.00 1363.91 .20 4.85
593.5 302.4 0 169.7
070 050 000 .000
2 0 0o - .00

0LOSS
WA
ELMIN
TOPWID

.02
126.9
1350.50
659.68

06
135.5
1354.00
474.76

.02
143.9
1359.00
552.41

L-BANK ELEV
R-BANK ELEV
SSTA
ENDST

1352.00
1352.00
4657.74
5317.41

1356.00
1356.00
4748.46
5223.22

1362.00
1364.00
4495.50
5047.91

PAGE
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I 030CT00 08:35:31
SECNO  DEPTH  CWSEL  CRIWS  WSELRK  EG i}
0 QLOB QCH QROB ALOB ACH AROB
 TIME VLOB VCH VROB 1NL ANCH NR
SLOPE  ¥LOBL  XLCH SLOBR  ITRIAL  INC TCONT
FLOW DISTRIBUTION FOR SECNO= 1.27 CWSEL=  1363.71
IA= 4496. 4715, 4950, 5050,
PERQ=  10.4 353  54.4
AREA= - 188.9  404.6  302.4
l VEL= 1.4 2.2 45
DEPTH= .9 1.7 3.1
ECNO 1.453
1.453 3.17  1369.17 .00 00 1369.31 14
2493.0  761.2  1202.4  520.4  462.7  329.4  189.1
.79 1.65 3,65 2.80 .070 ,050 .070
' .007759 750. 950, 910. 5 0 0
lmw DISTRIBUTION FOR SECNO= 145 CWSEL=  1369.17
STA= 4271, 4440. 4500,  4650. 4780,  4850.  5050.
PER Q= 5,2 9.9 4.0 8.6 2.8 8.2 9,
AREA=  99.5 139.3  55.7 1207  47.5 320.4 77
VEL= 1,3 1.8 1.8 1.8 1.4 3.6 2.
DEPTH= .6 .9 .9 .9 7 1.6 1.
'szc’no 1.621
1.621 3,06 1376.06 .00 .00 1376.16 .10
2420.0  1792.7 6273 L0 85.1  180.2 1
89 2.00 3.48 .19 .070 .050 ,070
.007544 900, 890. 880, 3 0 0
lmw DISTRIBUTION FOR SECNO= 1.62 | CWSEL=  1376.06
Th= 4037, 4300, 4590, 4820, 4945,  5060. 5063,
PER Q= 7.7 46,7 195 17 25,9 .0
AREA=  147.6 4545  245.5 8.4  180.2 1
VEL= 1.3 2.5 1.9 .3 3.5 .2
DEPTH= 6 1.6 1.1 1 1.6 .0
SECNO 1.818 »
1.818 3,29 1384.29 .00 00 1384.42 13
2420.0  804.7  851.9  763.3  362.2  284.4  226.3
1.00 2.22 3.00 3.37 .070 ,050 .050
1050, 6 0 0

1040.

' 008337 1040,

5090.

HL OLOSS L-BANK ELEV
VoL TWh  R-BANK ELEV
WIN ELMIN SSTA
CORAR TOPWID  ENDST
5.40 .01  1368.50
187.7 157.3  1368.50
.000 1366.00 4271.09
.00 901,00 5172.09
5130.  5172.
11.0 1.3
87.1 24.8
3l 1.3
2.2 6
6.84 .00 1376,00
208.4  -177.2 1376.00
.000 1373.00 4036.63
.00 1026.74  5063.37
8.26 01 1384.00
231.3 198.5 1383.00
.000 1381.00 4612.28
00 758,72 5371.00

PAGE
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@ 030CT00  08:35:31 | PAGE 10
N | |

SECNO  DEPTH  CWSEL  CRIWS  WSELK G i HL 0L0SS  L-BANK ELEV

Q OG0B CE QB MOB A ARB VoL WA R-BANK ELEV

- TIME VLOB VCH VROB XL XNCH INR WIN ELMIN SSTA
SLOPE XLOBL XLCE ILOBR ITRIAL  IIC ICONT CORAR TOPWID  ENDST

FLOW DISTRIBUTION FOR SECNO= 1.82 CWSEL=  1384.29
TA=  4612. 4625,  4780. 4890,  4950.  5195.  5300.  5360. 5371,
PER Q= .0 19.1 13.5 6 35.2 24.3 7.2 1
AREA= 1.9 200.5 142.3 17.6  284.4  162.1 62.6 1.6
VEL= 5 2.3 2.3 9 3.0 3.6 2.8 .8
DEPTH= 1 1.3 1.3 3 1.2 1.5 1.0 .1

SECNO 2.021

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 1393.00 ELREA= 1393.00

l 2,021 3.34  1391.34 .00 00 1391.40 .06 6.97 .01 1393.00
1409.0 0 1409.0 .0 .0 - 70L.8 0 250.6 216.5  1393.00
1.14 .00 2.01 .00 - .000 050 .000 .000 1388.00 4866.58 ‘
l .004531 1100, 1070. 1040. 3 0 0 .00 - 697.98 5564.56 ‘
i
(LOW DISTRIBUTION FOR SECNC= 2,02 CWSEL=  1391.34 i
|
TA= 4867,  5740. |
PER 0=  100.0
AREA= - 701.8
VEL= 2.0
DEPTH= 1.0

l«sxacuo 2.159

3302 WARNING: - CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .52

I 2,159 1.51 1397.01 .00 .00 1397.20 .19 5.76 .04 1397.00
1409.0 228.4  1100.4 80.2 100.9 289.3 45.9 260.2 226.8 1396.00
' 1.20 2.26 3.80 1.7% 070 .050 .070 .000 1395.50 4685.95

.016810 800. 730, 640. 3 0 ] .00 - 534.98 5220.93
lFLOW DISTRIBUTION FOR SECNO= 2.16 CWSEL=  1397.01
STA= 4686, 4715, 4765, 4835,  5130.  522L.
PER Q= 1.8 9.9 4.5 78.1 5.7
AREA= 14.7 50.5 35,7  289.3 5.9
VEL= 1-7 208 1.8 : 3.8 1'7
5 1.0 .5 1.0 5 N

. DEPTH= .




030CT00 08:35:31 ' ) PAGE 11
SECNO DEPTH CWSEL CRIWS WSELK EG BV HL 0LOSS L~BANK ELEV
' Q QLOB QCH QROB = ALOB ACH ARCB VOL TwaA R-BANK ELEV
~ TIME VLOB vCH VROB XNL XNCH R WIN ELMIN SSTA
SLOPE $LOBL YLCH XLOBR ITRIAL  IDC ICONT - CORAR TOPWID - ENDST

*SECHO 2,333

.3302 'WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.41

2,333 3.61 1407.61 00 .00 1407.96 .35 10.711 .05 1408.00

. 1409.0 0 1409.0° .0 0 296.9 0 268.0 233:9  1408.00

1.26 .00 4.75 00,000 050 +000 .000 1404.00 4925.41

....008470 990. 920. 8§70, 5 0 0 .00 129.67 5055.08
IFLOW DISTRIBUTION -FOR SECNO= 2.33 CWSEL=  1407.61

lsm; 4925. 5060,
PER Q= 100.0
AREA=  296.9

VL= &7
DEPTH= 2.3




| 'FILE FOR STREAM PADELFORD WASH

lEVATION 1317,

SECNO  CUMDIS

.00

.20

.37

.52

.61
.61

074

0.
100,
200.
300.
400.
500.
600,
700,

800.

900.
1000,
1100.
1200.
1300.
1400.
1500,
1600.
1700,
1800.
1900.
2000.
2100.
2200.
2300,

2400.

2500.
2600,
2700.
2800.
2900,
3000.
3100.
3200.
3300,
3400,
3500,
3600.
3700,
3800.
3900.
4000.
4100,
4200.
4300,
4400.
4500.
4600.

1347,

1327. 1337, 1357,
IEL . .
CIWER . . .
(I EL . . .
CIER . . .
CIE . . .
CIR . . .
¢ I . . .
¢ ILEM. .
¢ IM. . .
C ILEM, .
¢ ILEH .
¢ ILEM . .
C ILEM
C I LEH . .
C ILEM . .
¢ ILEM . .
C I LEM . .
¢ JWEH
¢ LIEH .
¢ G . .
(8 . I LEM .
c . TEH. .
c ILEM. .
¢ . I WEM. .
c . ILEH. .
Y . ILEM .
¢ . ILEM .
C ILEM .
¢ . 1.
¢ . I. BM .
C . I. B .
C . 1 WEL .
c . I WEL .
¢ . I WEL .
¢ . I WER .
¢ . J LER .
¢ . g LER .
c . +.ILWE .
¢ . LIL M.
¢ . . I WE.
¢ . I EM,
Y . . I RE
C . ., ILEH
C . . ILE
C . . I LRE
¢ . . ILE
. . . I. E

1367.

1377,

1387,

¢« o s e

.

1397.

1407,

« e e e e

I)TTED POINTS (BY PRIORITY) E-ENERGY,W-WATER SURFACE,I-INVERT ,C-CRITICAL W.S,,L-LEFT BANK,R-RIGHT BANK,M-LOWER END STA

e & o o e




1.01

1.14

1.27

1.45

1.62

1.82

4700.
4800.
4900.
5000
5100.
5200.
5300
5400.
5500.
5600
5700.
5800.
5900.
6000.
6100.
6200.
6300.
6400.
6500.
6600.
6700
6800.
6900.
7000.
7100.
7200
7300
7400.
7500.
7600.
7700
7800.
7900.
8000.
8100.
8200.
8300.
8400.
8500,
8600.
8700.
8800.
8900.
9000.
9100.
9200.
9300.
9400.
9500,
9600.
9700.
9800.
9900.
10000.
10100.
10200.
10300.
10400
10500,
10600.

I RE . . . .
I IE . R .
JILE . . .
Jd IWE . . . .
.ILWE . S . .
. IL EM. .
. IL E. . .
» IL WE. . . .
. IL E . . .
. IL WE . . .
. IL E . . .
. IL WE . .
. IL.E . . .
. IL.E . . .
. ILWE . . .
. I.LE . . .
. +LE . . =
. ILRE . .
. JOLEM . .
. ILE . . .
. .I LE . . .
. . I LEM. .
. I LE. .
. . 1 LWE. . .
I LE .
. I LRE .
. . I LE . .
. . I ILE . .
. . I LEM . .
. I.LE .
. . I. KM .
. . ILE . .
. . I LE . .
. . I LE . .
. . I B .
. . . I M. .
. . I M. .
. . ILE. .
. . . I EM .
. . . I M .
. . . I B .
. . . I REM
. . I.WE .
. . I. Ed .
. . . I REM .
. . JIREH-
. . . I LER .
. . . . I RWEM .
. . . . IREH .
. . . . IREM
. . . . I REM.
. ' . I REM
. . I EIH
. . . I ™
. . . . I .EM
. . . I .ELM
. . . . I. EL
. . . , I, EL
. . . . I ERL
. . . I EIM

* e e e

* o e e




2,02 10700. -

10800.
-10900.
11000,
11100,
11200,

- 11300.
2.16 11400.
11500.
11600.
11700.
11800.
11900.
12000.
12100.
12200.

2:33 '12300.

e R R Rz R Rz ke R iz ke R R Es K e I o M o]

JEL . .

.1 ERL . .

. I EIM.

. I EM .

. IWEM .
I EL.K .

. IRE. M .

. IE H

. IRE H .

. IWEM

. JWEHR

. . I REM

. . I B .

. . 1 Ht,

. I I
. . I WE
3 . I




|03OCT00 . 08:35:31 ’ PAGE 12

'. ' : THIS RUN EXECUTED 030CTO0  08:35:32
SkkkkkRkrhkhhikkxkikhkkrkkkokkkkiihrk

lmc-z WATER SURFACE PROFILES
Version 4.6.2; May 1991
'ﬂ**********************************

‘OTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NOMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

PADELFORD WASH

l'UHHARY PRINTOUT

l SECNO 0 CWSEL SSTA STCHL STCHR ENDST ~ DIFWSY  TOPWID DEPTH ELHIN 10%S .~ VCH
.000 2714.00 1318.#1 3818.00 4825.00 5300.00 6284.20 .00 1375.06 1.81  1317.00 63.36 1.47
.203 © 2714.00 1326.10‘ 4585.00 4930.00 5590.00 6061.16 7,29 1476.16 2,10  1324.00 78.23 1.86
71 2714.00  1332.61  4726.00 4840.00 5575.00 6291.85 6.51 1525.05 2,61 1330.00 65.66 2.23
523 2640.00 1336.90 4348,00 4965.00 5035.00 5864.98 4.29 1371.00 1,90 1335.00 58.89 2.04
-~ 608 2640.00 1340.31 4955.36  4945.00 5060.00 ~ 5047.56 3.90 92.20 3.81  1337,00  207.16 9;12
614 2815.00 1341.84 4951.40 4945.00 5060.00 5052.32 1.03  100.92 4.84 1337.00 99.51 7.24
‘.741 2567.00 1344.48 4593.62 4620.00 5040.00 5412.51 2.65  818.89 4.48  1340.00 11.42 1.93

884 2567.00 1349,07 4815.00 4815.00 5095.00 5505.39 4.58  690.39 3.07 1346.00  437.20 . 5.8
1.011 2567.00 1355.33 4657.74 4955.00 5025.00 5317.41 6.26  659.68 4.83  1350.50 33.55 4.39
1.136 2567.00 1358.66 4748.46 4975.00 5020.00 5223.22 3.3 474,76 4.66 1354.00 94.95 6.87
1.273  2493.00 1363.71 4{?5.50 4950.00 5050.00 5047.91 5.05 552,41 4,71 1359.00 50.78 4.48
1.453 2493.00 1369.17 4271.09 4850,00 5050.00 5172.09 | 5.46  901.00 3.17 1366.00 77.59 3.65
1.621  2420.00 | 1376,06  4036.63  4945.00 5060.00 5063.37 6.89 ‘1026.74 3.06 1373.00 75.44 3.48
1.818  2420.00 1384.29 4612.28 4950.00 5195.00 5371.00 8.23  758.72 3.29 1381.00 83.37 3.00
2,021 1409.00 1391.34 4866.58 4780.00 5740.00 5564.56 7.05  697.98  3.34 1388.00 45.31 2.01

2.1590 1409.00 1397.01 4685.95 4835.00 5130.00 5220.93 5.67 534.98 1.51 1395.50  168.10 3.80

(E - N G = G .G .

2.333  1409.00 1407.61 4925.41 4920.00 5060.00 5055.08 10,60 129.67 3.61 1404.00  84.70 4.75
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'SUHMARY OF ERRORS AND SPECIAL NOTES

IJARNING SECNO= 608 PROFILE= 1 CONVEYANCE CHANGE QUTSIDE ACCEPTABLE RANGE
ARNING SECNO= .614 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
ARNING SECHO= 741 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
AUTION SECNO= ,884 PROFILE= 1 CRITICAL DEPTH ASSUMED

UTION SECNO= ,884 PROFILE= 1 PROBABLE MINIMUH SPECIFIC ENERGY

CAUTION SECNO= ,884 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL
IWARNING SECNO= 1.011 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
- WARNING SECNO= 1.136 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

; WARNING SECHNO= 2.159 PROFvILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
| ,
'WARNING SECNO= 2,333 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

¢
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RANCHO CABRILLIO
I RETENTION REQUIREMENTS
. ¥ e
l Phase . Parcel Land*  Gross c P Vreq. | Max. Ve P ye- Jev’ A
Use Area » Density
(ac) (inch) (ac-ft) IMP : CA/
| L SR 2800 04 272 | 27| 20 28 77
M URNVL 3000 056 272 381 400 43 P
O  Utiity;SR  3.00 0.0 2.72 0.61 - 85 . o
l Total - 61.00 7.21
i F URA. 3500 083 272 5.00 600 54 P
G URM 4000 069 272 626 | 1200 82 e
H URL 4800 063 272 685 | 800 54 “
Q FigURM  0.70 0.0 2.72 0.14 - 85 ’
l Total 123.70 18.25
] J URNL 2600 056 272 330 400 43 ©
l X SR 300 044 272 | 3% 200 28 .
Total 61.00 6.79
l Y 1. URNL 4600 056 - 272 584 . 400 ey pz
‘ Total 46.00 5.84 )
l Vv D URL 6400 063 2.72 9.14 6.00 54 4
l ' Total 64.00 9.14
vi A URWVL 2000 056 2.72 368 { 400 43 4
: B - -URL €000 063 272 857 600 54 4
C SchURM. 1600 069 2.72 2.50 . 85 P
P Park 6.00 0.44 2.72 0.60 - 10 ¢
Total 111.00 . 1535 ¢ /VS: #
l Vil E URH 3100 06 272 | 48 | 2500 90 9.9 Fo Sub N
l Total 31.00 | 485 ' ¢ /V( NS
Vil N NC 1700 081 272 | 812 - 8 +?
. Total v 17.00 312
TOTAL 514.70 70.55
' * Land Use: - C,used
SR Suburban Residential-Single Family 0.44
UR Urban Residential-Single Family
l VL Very Low Density - 0.56
L Low Density 0.63
H High Density 0.60
M Mutti Family 0,69 -
l NC  Neighborhood Commercial 0.81
RCHCB-R2.xis
' ¥¥ See altu
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RIOW ROW R8W R7W R6W R5W R4W R3IW R2W RIW RIE R2E RJE

111
R4E RSE R6E R7E RBE RYE RI0E RNE RI2E .
29 30 34 B4

........

269728 29 30 30
fIn TIN gog RIOE RME R12E
s . 1 TiS
125 : C 125
1S ns (27 % 2 0 10 20 30 40 50
'R3E; R4E RSE R6E R7E | [ F— |__.___:J MILES
F45 27 . - : +
Rl SO RSOOSR, A WU U SRR EO T R R i S 33
158
. : MARICOPA COUNTY, /—\RlZONA
165 :
. ISOPLUVIALS 100—YR 2— HR : PRECIPITATION
17s “IN TENTH OF INCH
TBS. . Extrapolated From tsopluvials Figures 2— ~7 and 2-13 :
. of lhe Hydrologic Design Manual for Maricopa County. Figure 3.3
Arizona and Equationa In Section 2.4 Presentad Thareln
I9s + as Follows:
, Y100 =0.494 + 0.755(X 3 )(X3/X4)
1105 b 2—hr depth=0.341(6—hr) + 0.659(1~hr)
era:
30 R " 31 X Y00 =100~y 1—hour estimaled value;
RIOW R9W RS8W :R7W R6W RS5W R4W RIW R2wW RIW RIE X3 =100—y, 6-hr valua from precipltotion—
1 1 3 Do frequency maps,; .
. 1 1 2 X 4 =100y, 24~hr value from proclpltallon—1 1 1
frequancy mops;
6~hr=lgopluvial ‘values from figure 2.7; .
— e 1-he=Y (g volue as computed above. out



Rational metwnoa

Table 3.2
C Coefiicients for Use with the Rational Method
Return Period
Land Use 2-10 Year | 25 Year 50 Year 100 Year

Strests and Roads :

Paved Roads -10.75 - 0.85 {0.83-0.84 {0.90—-0.95 |0.94 —-0.95

Gravel Roadways & Shoulders  |0.60 - 0.70 {0.66 - 0.77 {0.72 -0.84 10.75 —0.88
Industrial Areas : .

Heavy . 10.70—-0.80 |0.77 - 0.88 10.84 —-0.95 |0.88 —-0.95

Light 0.60 - 0.70 10.66 - 0.77 |0.72-0.84 {0.75-0.88
Business Areas : 1

Downtown 0.75 — 0.85 [0.83 - 0.94 10.90— 0.95 [0.94 —0.95

Neighborhood 0.55 - 0.65 {0.61-0.72 {0.66 ~0.78 {0.69 —0.81
Residential Areas '

Lawns —Flat 0.10-0.25 |0.11 -0.28 [0.12-0.30 }0.13 - 0.31

—Steep 0.25 —0.40 0.28 - 0.44 |0.30 —0.48 |0.31 — 0.50

Suburban 0.30 - 0.40 |0.33-0.44 {0.36 —0.48 {0.38 - 0.50

Single Family 0.45-0.55 |10.50 - 0.61 {0.54 - 0.66 |{0.56 — 0.69

Multi-Unit 0.50 — 0.60 10.55—0.66 {0.60 —0.72 |0.63 —0.75

Apartments 0.60 — 0.70 |0.66 — 0.77 |0.72 —0.84 |0.75 —0.88
Parks/Cemetaries 0.10 - 0.25 {0.11-0.28 [0.12 —0.30 |0.13 — 0.31
Playgrounds 0.40-0.50 [0.44-0.55 |0.48 —0.60 |0.50 - 0.63

' | Agricultural Areas 0.10-0.20 |0.11-0.22 |0.12-0.24 [0.13-0.25

Bare Ground 0.20 - 0.30 {0.22 - 0.33 |0.24 —-0.36 {0.25 - 0.38
Undeveloped Desert 0.30 - 0.40 ]0.33 -0.44 [0.36 —0.48 {0.38 - 0.50
Mountain Terrain (Slopes > 10%) = 10.60 —0.80 }0.66 — 0.88 {0.72 —0.95 |0.75 ~ 0.95

Note: Values of C for 25, 50 and 100 Year were derived using frequency adjustment
factors of 1.10, 1.20, and 1 25 respectlvely, wuth an upper limit of 0. 95 for G for

the 2-10 Year values

June 1, 1992
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RANCHO CABRILLIO

RETENTION REQUIREMENTS

| L ¥t #
Phase  Parcel  Land* Gross c P Vreq. Max. Ve Ik Ye-Jev ¥x
Use . Area Density ‘
(ac) (inch) (ac-ft) IMP * CA/
i L SR 28.00 0.44 2.72 2.79 2.00 28 7—7
M URNML 3000 056 272 381 400 43 "
O Utility; SR 3.00 0.0 2.72 0.61 — 85 P
Total 61.00 7.21
] F URL 35.00 0.683 2,72 5.00 6.00 54 7
G URM 40.00 0.69 2.72 6.26 12.00 82 74
H URL 43.00 0.63 272 6.85 6.00 ‘54 174
Q Fire;URM  0.70 0.e0 2.72 0.14 -— 85 P
Total 123.70 18.25
" J  URNL 2600 056 272 330 400 43 P
K SR 35.00 0.44 2,72 3.49 200 28 %
Total 61.00 6.79
v | URNL 46.00 0.56 2.72 584 400 43 v
Total 46.00 5.84 -
Vv D UR/L 64.00 0.63 272 9.14 6.00 54 v
Total 64.00 .14
Vi A URAL 20.00 056 272 3.68 400 483 #
B URL 60.00 0.63 272 857 6.00 54 4
c Sch;URNVL 1600 0.69 2.72 250 - 85 L4
P Park 6.00 0.44 2.72 0.60 — 10 ¢
Total 111.00 1535 v ; #
0 Sub 1}
Vi E URH 3100 080 272 48 2500 0 299J ?0 / b | w";
Totl 31.00 485 =B
vill N NC 1700 081 272 342 - 8 7t
Total 17.00 3.12
TOTAL 514.70 7055
* Land Use: C,used
SR Suburban Residential-Single Family 0.44
UR Urban Residential-Single Family
Vi Very Low Density 0.56
L Low Density 0.63
H High Density- 0.89
M Mutti Famiiy 0.69
NC  Neighborhood Commercial 0.81
RCHCB-R2.xs
¥¥  See altucked ﬁ}g‘ va-lb o
o & 2 G s C Sunanal} ¥ S &g
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 FIGURE 2.2-16
Percent of Impervious Area ve, Dwelling Denshy
Bervalopod by Wiiar Fesources Kesoclxios, e, frem dilitia Table B2 6f TRASS, Urben Hydriegy Por Small Witksisheds, and frosm discursions with Soogsdal dty s,



Maricopa County, Arizona

Percentage Of HSG In Sub-ﬁasin v

o ' ’ . ‘ Assigned

_ HSG A B ) c D Composite Percent

Sub-Basin} CN © 63 77 85 88 CN Impervious

121A , 0 100 0 0 77.0 0
121B 0 100 0 0 77.0 -0
121C 0 100 0 0 77.0 0
122A o 100 0 0 77.0 0
122B 0 100 0 0 71.0 0
122C 0 100 o 0 77.0 0
122D | 0 100 0 0 77.0 0
12E | 0 100 0 0 770 0
123A 0 90 0 10 78.1 0
123B .0 100 0 0 770 0
123C 0 100 0 0 710 0
123D 0 88 0 12 783 | 0
123E ' 0 100 0 0 77.0 0
123F 0 50 0 50 825 0
123G 0 55 0 45 82.0 0
N 50 10 40 §2.2 0
1231 | 0 100 0 0 71.0 0
23 | 0 100 0 0 77.0 0
123K 0 100 0 0 710 0
123L 0 100 0 0 77.0 0
- 123M 0 100 - 0 0 77.0 0
123N : 0- 100 0 0 77.0 0
125B 0 5 30 65 86.6 0

] Copytdd F”OM App %’l A Fh's repart
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lm RANCHO CABRILLO DEVELOPMENT //

D {\ post-development conditions -septemper 2001 A A
ID PREPARED BY STANTEC CONSULTING INC. E /’/ 4 e"}f /-D f j
D

1 MODEL RNCHCAB.241

D e—

D THIS MODEL WAS PREPARED TO EVALUATE THE 100-YR,24-HR PEAK FLOWS IN THE
D POST DEVELOPMENT CONDITIONS, WITH INCORPORATING THE 100-YR,2-HR
D ONSITE STORMWATER STORAGE REQUIREMNTS.

ID-ewme- TEXT OF BASE MODEL FOLLOWS:

D RANCHO CABRILLO DEVELOPMENT
D PRE-DEVELOPMENT CONDITIONS - APRIL 2000
D PREPARED BY ROBERT L. WARD, P.E.

D MODEL RC1.241

D THIS MODEL IS BASED ON LOCALIZED REVISIONS TO THE WITTMAN ADMS MODEL
1D (WTH100YR) THAT WAS PREPARED BY THE WLB GROUP, INC. IN 1988,

D THESE REVISIONS WERE MADE TO ADD CONCENTRATION POINTS ALONG THE

ID ~ PERIMETER OF THE PROPOSED RANCHO CABRILLO DEVELOPMENT.

D
D : '
ID  THE FOLLOWING COMMENT RECORDS ARE FROM THE ORIGINAL WLB HEC-1 MODEL.
o
) ™IRIS 1S THE HEC-1 COMPUTER MODEL FOR THE WITTHANN AREA DRAINAGE MASTER
D STUDY. 'THIS STUDY IS PREPARED FOR THE FLOOD CONTROL DISTRICT OF
D MARTCOPA COUNTY BY THE WLB GROUP, INC."
D
D ™IRIS IS THE 100 YEAR MODEL FOR THE STUDY AREA AND INCLUDES STORAGE
D ROUTING AND DIVERSIONS ALONG THE A.T. & S.F. RAILROAD, THE CAP CANAL,
) AND THE BEARDSLEY CANAL."
D
D
D
l XDIAGRAM .
IT 3 26JAN87 1200 640
IN 15 26JANS7 1200
10 5
M 420 .00

PC .00 002 005 .008 .01l .014 017 .02 023 026
PC .02 .32 .03 .038 .04 .08 .08 052 .05 .060
PC 064 068 .072 .07 .08 085 .00 .09 .00 .10
PO .10 .15 .10 .12 133 140 147 155 .16 .72
PC 181 .191 .203 218 .23 .257 283 387 663 07
PO 735 758 .76 .91 604 815 (825 .834 842 849
PC .85 863 .869 .875 .81 .37  .893  .898  .903  .908
PO 913 .018 .02 .92 .930 .93 938 .42 946  .950
PC 953 .05 .050 .962 .965 .968 971 .974 977  .980
PC .083 .08 .089 .92 .95 .99 1.00 1.000 1.000 1.000
D47 10
D 400 50

l.m 393 100




3.82 350
1

JD

ﬂ RUNOFF FROM SUBWATERSHED 1. .
KM UNIT EYDROGRAPHS HAVE BEEN COMPUTED FOR EACH SUBWATERSHED USING THE
|

CORPS OF ENGINEERS S-GRAPH COMPUTATIONS FOR UNIT HYDROGRAPHS. THE
S~GRAPH PROGRAM HAS BEEN DEVELOPED FOR THE PHOENIX MOUNTAIN AND PHOENIX
VALLEY AREAS. THIS SHOULD GIVE A MORE RELIABLE UNIT HYDROGRAPH FOR THE

| IKBM HEC-1 PROGRAM TO UTILIZE WITHIN THE WITTMANN ADHS AREA.
| A .088 b

s 0 81 0
UK 200 .0160 A1 100
'RK 2900 .0132 .05 TRAP 0 15




KK 123D SUB

K RUNOFF FROM SUB 123D

BA .3444 ’

LS 78.3

UK 250 .01 A1 100

RK 7400 .0091 .05 TRAP 40 10
* :

KK 123K1 cp

K ROUTE SUB 123D TO CP 123K1
M 1.2 .08] 2

& :

KK123K2A DIV

i DIVERT FLOW THROUGH LEVEE BREACH

DT123K2B
DI 0 5000
| DQ 0 2500

| KK 12311 cp
| l 1} ROUTE NON-DIVERTED FLOW (CP 123K2A) ALONG LEVEE T0 CP 12311
| .8 .038 .2

KKPARC A
KH RUNOF FROM PARCEL A
BA .0453
LS 7 43

|I i .2
*
KK RHPA DIV
K DIVERT 100YR,2HR RET VOLUME REQ FROM THIS PARCEL
DT DVPA  3.68
pL 0 10000
D9 0 10000
%

... KK12312 (P :
KH COMBINE REMAINDER AT PARCEL A AND CP 12311

-|l HC - 2
*
KK 123¢ SUB
K RUNOFF FROM SUB 123C
BA .1205
LS 77
UK 250 .01 Al 100
RK 5000 .0089 .05 TRAP 30 10
%
KK 123C1 DIV
KM RATIO FLOW FROM SUB 123C TO SUB 1231
DT 123C2
DI 0 5000
DQ 0 2500
4 .
KK 12312 cp

‘' XM ROUTE DIV 123C1 T0 CP 12312

|I R 1.7 .087 2




KK 12313 cP
K COMBINE 123C1 & 12312
BC 2

*

KK12313 DIV
KH DIVERT FLOW THROUGH LEVEE BREACH

-DT12313B
DI 0 5000
l DQ 0 2500
%
KK 12301 CP
l Ki ROUTE NON-DIVERTED FLOW (CP 123I3A) ALONG LEVEE 70 CP 123J1
R .5 .02 2
*
KK 123C2 RET
R RETRIEVE REMAINING FLOW FROM SUB 123C
DR 123C2

%

' KK 12392 cp ,
KH ROUTE RET 123C2 TO CP 123J2
RE 1.4 .069 2

*
l KK 1237 SUB
KM RUNOFF FROM SUB 123J

BA .0163

l 18 77
K 250 .01 .11 100
RK 1250 .0081 .05 TRAP 30 10
*

l KK 1233 (P

KM COMBINE SUB 1230, CP 12301 & 12302

l K3
*
KK 12381  CP
KM ROUIE CP 12303 ALONG LEVEE T0 CP 123B1

' R .4 019 .2
%
KK 1238 SUB

' KH  RUNOFF FROM SUB 123B (RLW BASIN, NOT WLB)
BA .0033
18 77
K 250 .01 .11 100

' R 4300 .0074 .05 w25 10
*
KK 12382 CP

' R COMBINE SUB 123B & CP 123B1
B 2
*
RK 12343~ CP

l KN ROUTE CP 123B2 ALONG LEVEE TO CP 1233
RBo2.2 .10 .2
*

l KK 1238 SUB
KM RUNOP FROM SUB 123




BA .1220

LS 82.2

UK 250 .2250 15 100

RR 2700 .2250 .05 TRAP 35 10

%
| lm( 1230 CP
KM ROUTE SUB 123H T0 CP 123M1 -

'Rﬂ 2'4 0119 02
%

KKPARC E

KH RUNOF FROM PARCEL E
BA .0484

1S 79.9 90
w2

*

KK RPE DIV

KM DIVERT 100YR,2ER RET VOLUME REQ PROM THIS PARCEL
DT DVPE 4,85

DI 0 10000

g 0 10000

. KK 123N2 CP
i COMBINE SUB 123H & REMAINDER AT PARCEL E

2

iC
*

I KK123N3 CP
K ROUTE CP 123N2 T0 CP 123M3
M 3.9 194 .2
*

l KK 123¢  SUB

W RUNOFF FROM SUB 123G

BA .0803
LS 82
UK 250 .2250 .15 100
lm( 3200 .2250 .05 TRAP 35 10
% .
KK 123F  SUB
KM RUNOFF FROM SUB 123F
' BA 2808
LS 82.5
Uk 250 .011 A1 100
lRK 8400  .0092 .05 TRAP 40 10
* .
KR 123FG P
K COMBINE SUB 123F & 1236
lnc 2
* ) \
Rk 12E  SUB :
' KM RUNOFF FROM SUB 123
Ba .0488
LS 77 :
UK 250 .011 A1 100
l RK 5000 .,0092 .05 TRAP 20 10
®




RK123PGE  ~ CP

KH COMBINE SUB "123F & 123G" & 123F
HC 2

%

RK123N4 cp

KH ROUTE CP 123FGE TO CP 123N4
M 25 .125 o2
*

KKPARC D

KN RUNOF FROM PARCEL D

BA0.1000

LS 77 54

i .2

*

KK RMPD DIV

KH DIVERT 100YR,2HR RET VOLUME REQ FROM THIS PARCEL
DT DVPD 9.14

DI 0 10000

DQ 0 10000

%

RK123N5 cP

A COMBINE CP 123N3 & 123N4 & THE REMAINDER AT PARCEL D
i - 3

*

RK123H1 cpP

KH ROUTE CP 123N5 TO CP 123M1

R 2.4 118 2
*

KKPAR BC  SUB :
K RUNOFF FROM PARCELS B&C AND APORTION OF SUB 123H
BA .1339
IS 77 53.7
W 0.2
%
KK RMPBC DIV
KH DIVERT 100YR,2HR RET VOLUME REQ FROM THIS PARCEL
DT DVPBC  11.07
DI 0 10000
Il D) 0 10000
% .
RK123H4 P
KM COMBINE CP 123M1 & SUBS B&C +
% .
KK 12301 CP

KM ROUTE CP 123M4 T0 CP 123L1

RH 3.7 185 o2
*

KK 123L SUB

K RUNOFF FROM SUB 123L

BA .1956

LS 77

0K 250 .0l A1 00

RK 2150 .0081 .05 TRAP 40 20




*

123K2B RET
_ RETRIEVE FLOW THROUGH LEVEE BREACH AT CP 123K2
DR123K2B

mK123I3B RET

K RETRIEVE FLOW THROUGH LEVEE BREACH AT CP 12313
DR12313B :

B
lKK 123IK CP
KH COMBINE RET 123K2B & 123I3B
HC 2 25
*
RK 123L2 cp
K4 ROUTE CP 123IK T0 CP 12312

M 2.2 .108 2
%

KK 123L3 CP

K COMBINE SUB 123L, CP 123L1 & 12312
BC 3

*

RK 12334 cp

KH ROUTE CP 123L3 TO CP 123A4
M 7.8 .38 2

*
IKK 12345 cp
KH COMBINE CP 123A2, 12323 & 12324
KH THIS IS THE TOTAL INFLOW TO THE PADELFORD WASH CROSSING OF

4] THE BEARDSLEY CANAL SIPHON

HC 3
*
KK 123BC

K STORAGE ROUTE THROUGH 123BC. 58’ WIDE SIPHON ON THE BEARDSLEY CANAL.
RS 1  STOR 0 0
SV 0 34.78 148.48 190
S0 0 493 1392 8712
SE 1338 1340 1342 1343
%
KK 121B1 CP
l K ROUTE €123 TO CP 121B1

RM 1.9  .0% 2
%

KK 121B SUB

K RUNOFF FROM SUB 121B

BA .1406

LS 77 7

UK 250 .01 A1 100

RK 2360 ,0069 .05 TRAP 40 10

*
. KK 121BR DIV
KH DIVERT 100YR,2HR RET VOLUME REQ FROM THIS SUBBASIN

_ pri2ied 3.7
' DI 0 10000
Q0 10000




*
) li 12182 P
| COMBINE SUB 121B & CP 121B1
 HE 2

% 121C1 cP
ROUTE CP 121B2 TO CP 121C1

ﬂ 1.0 .048 2
121€ SUB
RUNOFF FROM SUB 121C

K
'A L0759
R 3 77

K 250 .01 A1 100

- i 1200 L0071 .05 TRAP 0 10
121C2 CP
KH COMBINE SUB 121C & CP 121C1
(G
KK 121C3 P

EM COMBINE CP 121.1 & 121C3

%

122C1 CP
ROUTE CP 121C3 TO CP 122C1

4.0  .200 2

1224 SuB
RUNOFF FROM SUB 1223

BA .1818

s 77 5l
K 200 .01 .11 100
2650 0071 .05 TRAP 40 10

*

lg{( 122 DIV
DIVERT 1001R,2HR RET VOLUME REQ FROM THIS SUBBASIN
DT 1224D 14.34
DL 0 10000
D 0 10000
*

RK 122c2  CP
KM ROUTE SUB 122A T CP 122C2

RM 1.3 .067 2

%

Rk 122C SUB

KM RUNOFF FROM SUB 122C

BA .2216

LS 77

UK 200 011 Al 100

RK 1350 .0077 .05 TRAP 0 15

*
'KK 122C3 cp
KM COMBINE SUB 122C, CP 1221 & 122C2




C 3

1228 sUB
KM RUNOFF FROM SUB 1228

tsss .2159 ‘
77 51

UK 200 .01l A1 100

ﬁ 2950 L0071 .05 TRAP 0 - 10
122BR b1V
KH DIVERT 100YR,2HR RET VOLUME REQ FROM THIS SUBBASIN
122BD 17.03 :
1 0 10000
L] 0 10000
*
122¢4 CP
KM ROUTE SUB 122B TO CP 122C4
IRH 1.7  .083 2
k
KK 122C5 CP
KH COMBINE CP 122C3 & 122C4
HC 2
*
KK 122F1 cp

KH ROUTE CP 1225 TO CP 122E1
RM 3.8 .189 2
%

KK 1220 SUB
KM RUNOFF FROM SUB 122D
BA .0775
LS 77 Bl
QUK 200 011 1 100
R 1400 0071 .05 TRAP 30 10
%
KK 1220R DIV

KM DIVERT 100VR,2HR RET VOLUME REQ FROM THIS SUBBASIN
DT 12200 6.1
DI 0 10000
.DQ 0 10000
®
RE 1282 CP

KM ROUTE SUB 122D TO CP 122E2
RM 4.2 211 .2
%

KK 122E suB

KH RUNOFF FROM SUB 122E

BA .3888

LS 77

UK 200 .011 A1 100

RK 5200 0063 .05 TRAP 40 10
*

RK 122E3 cp

KH COMBINE SUB 122E, CP 122E1 & 122E2

HC 3




*
%
* END OF APRIL 2000 RANCHO CABRILLO REVISIONS
*
l*
- B a3
XM ROUTE FLOW AT CP 12283 70 C132 (USE ORIGINAL WLB ROUTING DATA)
lRH 1 M2 -




3583 . . 123D
l . . v
. . v
3589 . . 123K1
13594 . . JRR— > 123K2B
3592 . . 123K2A
. * » v
. . y
|3597 , . .11
| 3600 . . . PARC &
3607 . . . R > DVPA
'3605 . . . RUPA
3610 . . 1231200 0000erones
3613 . . . 123C
'3621 . . . R > 123C2
3619 . . . 12301
l ) . . v
. L . V
3624 . . 12312
3627 . 123130 00ernnnens
I 3632 . . R > 123I3B
3630 . . 123134
l _ . . v
L] * v
, 3635 . . 12301
l 3640 . . . \(mmmmman 123C2
3638 . . . 123C2
» L] » V
’ 3641 . . . 12302
3644 . . . . 1233
' 3650 . 1233340 eeeeennneeconnnsosanss




. . V
l 3653 . .- 12381

|| 3656 . | . . 123B

3662 . . 123B2.0vvsousanes
B . . ) '
. . )
- 3665 . ' . 12343

3668 . . . 123K
3674 . . . 123M1
3677 . . . . ’ PARC E

3684 : . . J— > DVPE
3682 . . . X RHPE

3687 . . . 1230200 0vviunnnes
. . . )
. . . v

3690 , . . 1233

3693 .. X ) 1236
3699 X . ) X ) 123F
3705 ] L[] L] L] 123FG‘..'......‘.

3708 . . . . . 123E

3714 . . : . 123FGE.....eeerns
. . . : v
- . . . v

3717 . . . . 13m

3720 . o . . . PARC D

. . . .
) . . .




3727
3725

3730

3733

3736

3743
3741

3746

3749

3752

3760
3758

3763
3761

3764

3767

3770

3773

3776

3781

3787

. 123“5 2080030400800 002 bab 00 LX)
. * V )
)

. 12311
. . . PAR BC
. . . ammEemes > DVPBC
. . . RMPBC
. 123H4 ..oevinnennn
. ’ V .

. ' . 123L

L] » .< ------- 123
. . . . 123K2B
’ * . * - .<
. . . 123138
. » * * 123IK *e IERE NN ENN]

. . 123L300oo.obocnouou-'oo‘uoonv

. )
)
12324

. .

12335, s 00sevrenosncsncsansses
)
v
123BC
)
v
121B1

12313B




3790

3798
379

3801

3804

3807

3813

3816

3819

3822

3830
3828

3833

3836

3842

3845

3853

3851

3856

3859

.

.

122C3

.
.

.

12205
v

. -

. 121BR

.

121B2.0vinvensnns
v
v

121€1

. 121¢

121C2. 0 c0nasensns

ssesgecsvncte

.
IEEEEEEERR IR




3862

3865

3873
3871

3876

3879

3885

3888

.

122E3.0.0l00'0000IOOQIOUQOQOO

v
)
(132

.

.

1228

.




-+ + + -+ -+ + -+~

-+

-+

-+

-+ + -+ -+

-+

- 4

-+

-+

HYDROGRAPH AT
ROUTED T0
DIVERSION TO
HYDROGRAPH AT
ROVIED 10
HYDROGRAPH AT
DIVERSION TO
HYDROGRAPH AT
2 COMBINED AT
HYDROGRAPH AT
DIVERSION TO
HYDROGRAPH AT

ROUTED TO

~ 2 COMBINED AT

DIVERSION TO
HYDROGRAPH AT
ROUTED TO

HYDROGRAPH AT

123D
123K1
123K2B
123K2A
12311
PARC A
DVPA
RIPA
12312
123¢C
123C2
123C1
12312
12313
12313B
123134

12341

123C2

303.

298.

149.

149,

148,

79‘

79.

42.

175,

107.

533“

53.
51.
226.
113.
113;

113.

. 53.

12.35

12.40

12.40

12.40

12.45

12.10

12,10

12.30

12,35

12.30

12.30

12.30

12.40

12,40

12.40

12.40

12.40

12.30

61.

61'

30.

30.

30.

11.

7l

360

20,

10. .

10.

10.

46.

23,

23.

23.

10.

19. 14,
19. 14,
9. 7.
9. 7.
9. 7.
4, 3
2 1.
2. 1.
11, 8.
6. - - 5.
3. 2
3 2
3. 2.
14, 11.
7. 5.
7 5
7. 5.
3 2.

0.34

0.34

0.34

0.34

0.34

0.05

0.05

0.05

0.39

0.12

0.12

0.12

0.12

0.51

0.51

0.51

0.51

0.12




BN GEN BN N N D AN AN N BN - EE .

+ -+ “+

e

G =R - = == .

ROUTED TO
HYDROGRAPH AT
3 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT
ROUTED TO

HYDROGRAPH AT
ROUTED TO

HYDROGRAPH AT
DIVERSION TO
HYDROGRAPH AT
2 COHEINED AT
ROUTED TO

HYDROGRAPH AT
HYDROGRAPH AT
2 COMBINED AT

HYDROGRAPH AT

12332

123J

12343

12381

123B

12382

12343

1231

12311

PARC E

DVPE

. RMPE

123N2

12383

1236

123F

123FG

123E

52.

20,

174,

174.

85,

255,

244,

262,

22.

109.

106.

100.

328.

260.

169.

276.

315,

38.

12.35

12.10

12.35

12.40

12.30

12.35

12.50

12.00

12.10

12.10

12.05

12.15

12.10

12.30

12.00

12.35

12.05

12.40

10.

3.

36.

36.

16.

51.

51,

25.

25/

15.

8'

9.

34,

34.

17.

60.

76.

80

3

1'

11.

11.

5l

16.

16.

8.

8.

5.

20

11,

11.

5'

19.

24,

20

80

8‘

120

12.

6.

80

8.

4,

14,

18.

2

0.12

0.02

0.53

0.53"

0.09
0.62
0.62
0.12
0.12
0.05
0.05
0.05
0.17

0.17

0.29

0.37

0.05




JER TR N -y =EE .

-+ -+ -+ -+ + -+ -+ -+ -+ -+ -+

-+

2 COMBINED AT
ROUTED TO
HYDROGRAPH AT
DIVERSION TO
HYDROGRAPH AT
3 COMBINED AT
ROUTED TO
HYDROGRAPH AT
DIVERSION TO
HYDROGRAPH AT
2 COMBINED AT
ROUTED 10
HYDRbGRAPH AT
HYDROGRAPH AT
HYDROGRAPH AT
2 COMBINED AT
ROUTED 70

3 COMBINED AT

123FGE

12384

PARC D

DVPD

RHPD

123N5

12381

PAR BC

DVPBC

RMPBC

12314

12311

123L

123K2B

12313B

1231K

12312

123L3

342,

338,

186.

186.

97.

681.

640,

249,

249,

199.

720,

685,

246.

149.

113.

262.

257,

994,

12.35

12.45

12.10

12.10

12,30

12.30

12.45

12.10

12.10

12,20

12.40

12.60

12.10

12.40

12.40

12.40

12.50

12.55

84.

84.

25.

16 ..‘

12.

130,

130,

3.

20.

19,

148,

148,

3.

30.

23.

53.

53.

234,

26.

26.

1.
41.
41.
11.

6.

6.
46.
46.
10.

9.

7.
17.
17.

73.

20.

20.

6.

3.

31

31,

9'

40

4.

35.

35.

8.

7.

13.

13.

55,

0.42

0.42

0.10

0.10

0.10

0.69

0.69

0.13

0.13

0.13 “

0.82

0.82

0.20

0.34

0.51

0.25

0.25

1.27




- .
+ -+ + -+ +

-+ -+ + “+

-+

-+

R N N EE I N G BN G BN B B B BN G EE e
”

-+

-+

-+

-

ROUTED T0
3 COMBINED AT
ROUTED 10
ROUTED T0
HYDROGRAPE AT
DIVERSION 10
HYDROGRAPH AT
2 COMBINED AT
ROUTED 10
HYDROGRAPH AT
2 COHBINED AT
2 COMBINED AT
ROUTED 10
HYDROGRAPE AT
DIVERSION 10
HYDROGRAPE AT
ROUTED 0

HYDROGRAPH AT

123M

12345

1238C

12181

1218

121BD

121BR

12182

121C1

121€

121C2

121C3

122C1

1224

1224D

122AR

122C2

122C

932.

2984.

2754,
2752
181,
181.
159,
2760,
2760.
107.
2764,
5122.
5120.
351,
351,
198.
150.

334.

12.95

13.05

15.55

15.65

12.10

12,10

12.20

15.65

15.70

12.05

15.70

15,30

15.55

12.05

12.05

12.25

12.35

12.05

234,

2546.

2455,

2452.

25.

7.

19,

2460.

2460,

13.

2464,

4958,

7.

44,

26,

24.

24,

38.

73.

1145.

1138,

1137.

8.

2.

6'

1143,

1142.

4'

1146.

3628.

3596.

15.

12.

55.
860,
854.

854,

1.

5.
858.
858,
3.
861.
2725,
2701,
1.
5.

6.

60

1.27
9.02
9.02
9.02
0.14
0.14
0.14
9.16
9.16
0.08
9.24

303.63

303.63
0.18
0.18
0.18
0.18

0.22




-+ -+ + -+ + -+ -+ -+ -+

-+

-+ T

-+

- .

3 COMBINED AT

'HYDROGRAPH AT

DIVERSION TO
HYDROGRAPH AT
ROUTED 70

2 COMBINED AT
ROUTED T0

HYDROGRAPH AT
DIVERSION TO
HYDROGRAPH AT
ROUTED TO

HYDROGRAPH AT
3 COﬁBINED AT

ROUTED TO

~
122C3

1228

1228D

122BR

122C4

122C5

- 122F1

122b

122DD

122DR

12282

122E

122E3

C132

5142,
409.
409.
223,
166,
5155,
5153.
164.
164.
87.
59.
389.

5177,

5152,

15.50

12.05

12.05

12.25

12.35

15.50

15,70

12.05

12.05

12.20

12.45

12,25

15.70

16.55

4975,
52.
3.
2?.
29,

4986,

4984,
19,
11,
11,
10.
66.

5004.

4983,

3612,

18,

9.

9,
3619.

3589,

3.

3.

20,
3609.

3537.

2713,
13.

60

7.
279,
269.
5,
2

3.

15.
2711,

2657,

304.03

0.22
0.22
0.22
0.22

304,24

304,24
0.08
0.08

0,08
0.08
0.39

304,71

304,71







\PRE-DEVELOPMENT CONDITIONS =~ APRIL 2000
PREPARED BY ROBERT L. WARD, P.E.

| ‘ RANCHO CABRILLO DEVELOPHENT /-, f Ycer }/ /L f |
D | _

D MODEL RC1.241

ID THIS MODEL IS BASED ON LOCALIZED REVISIONS TO THE WITTMAN ADMS MODEL
D (WTM100YR) THAT WAS PREPARED BY THE WLB GROUP, INC. IN 1988.

' ‘D THESE REVISIONS WERE MADE TO ADD CONCENTRATION POINTS ALONG THE
D PERIMETER OF THE PROPOSED RANCHO CABRILLO DEVELOPMENT,

D
D
D THE FOLLOWING COMMENT RECORDS ARE FROM THE ORIGINAL WLB HEC-1 HODEL.

D

D "PHIS IS THE HEC-1 COMPUTER MODEL POR THE WITTMANN AREA DRAINAGE MASTER
D STUDY. THIS STUDY IS PREPARED FOR THE FLOOD CONTROL DISTRICT OF

D MARICOPA COUNTY BY THE WLB GROUP, INC."

D

ED "PRIS IS THE 100 YEAR MODEL FOR THE STUDY AREA AND INCLUDES STORAGE
D ROUTING AND DIVERSIONS ALONG THE A.T. & S.F. RAILROAD, THE CAP CANAL,
ID AND THE BEARDSLEY CANAL."

DIAGRAN
T 3 26JAN87 1200 640
IN 15 26JAN87 1200

5
4,21 .001
000 .002 .005 © .008 .011 .04 017 .20 .023  .026
.02 .032 .05 .038 041 044 ,048 052 .05  .060
064 .068 .072 .076 .080 .085 .0%0 .09 .100 .105
J1100 .15 L1200 .12 1330 .40 L1470 1S5 .163 L1T2
181 .91 .203  .218 .23 .257  .283  .387  .663 .07
3% .758 L7796 .791  .804  .815  .825  .834  .842  .849
.85  .863 .869 .875 .88l  .887  .893  .898 903  .908
913 .918  .922  .926 930  .934  .938 .92 .96  .950
953 .95  .959  .962  .965  ,968  .971 - .974 .977  .980
983 .98  .989  .992  .995 .99 1,00 . 1.000 1.000 1.000

4.17 10

4.00 50

3.93 100

3.82 350
1

éﬁséég?xg%xgg%a

RUNOFF FROM SUBWATERSHED 1.

KM UNIT HYDROGRAPES HAVE BEEN COMPUTED FOR EACH SUBWATERSHED USING THE

¥ CORPS OF ENGINEERS S-GRAPH COMPUTATIONS FOR UNIT HYDROGRAPHS. THE
KM S-GRAPH PROGRAM HAS BEEN DEVELOPED FOR THE PHOENIX MOUNTAIN AND PHOENIX
RH VALLEY AREAS. THIS SHOULD GIVE A MORE RELIABLE UNIT HYDROGRAPH FOR THE
KM HEC-1 PROGRAM TO UTILIZE WITHIN THE WITTHANN ADMS AREA.

BA .088

LS 0 81 0

UK 200 .0160 A1 100

RK 2900 .0132 .05 TRAP 0 15




'KK 123D SUB
KH RUNOFF FROM SUB 123D

lBA 3444
Wis 78.3

K 250 .01 .1 100
lm( 7400 0091 .05 TRAP 40 10
*
KK 123K1 P
ROUTE SUB 123D TO CP 123K1

lRM 1.2 .06l .2

\

| KK 123K SUB

. RUNOFF FROM SUB 123K
BA 0293

77
UK 2% 011 .11 100
RK 1100 .0081 .05 TRAP 40 10
*
KK 123K2 CP
K COMBINE SUB 123K & CP 123Kl

iC 2

*

KK123K23 DIV

K DIVERT FLOW THROUGH LEVEE BREACH

DT123K2B
DI 0 5000
DY 0 2500
*
RK 12311 -CP
l KM ROUTE NON-DIVERTED FLOW (CP 123K23) ALONG LEVEE TO CP 12311
. 038 .2
KK 123¢ = SUB -
R RUNOFF FROM SUB 123C
BA 1205
] 77
UK 250 .011 A1 100

RK 5000 .0089 .05 TRAP 30 10

I KK 123C1 DIV
RATIO FLOW FROM SUB 123C TO SUB 1231

DT 123C2

DI 0 5000

DQ 0 2500

% .

RK 12312 cP

K ROUTE DIV 123C1 To CP 12312
R 1.7  .087 .2

*

Rk 1231 SUB

KK RUNOFF FROM SUB 1231
Bi .0324

77
' UK 250 .0l1 A1 100




RK 1560 .0081 - .05 TRAP 30 10

%
'KK 12313 cP |
KM COMBINE SUB 1231, CP 12311 & 12312
lnc 3
*
KK123I3A DIV
K DIVERT FLOW THROUGH LEVEE BREACH

' DT12313B
DI 0 5000
)] 0 2500

%
l KK 123J1 cp
K 'ROUTE NON-DIVERTED FLOW (CP 123I34) ALONG LEVEE TO CP 12371
M 5 .0 .2
* .
KK 123C2 RET
KH RETRIEVE REMAINING FLOW FROM SUB 123C
‘ l DR 123€C2
*

KK 12302 cP
KH ROUTE RET 123C2 T0 CP 12302

M 1.4  .069 o2
%

|
. m KK 1230 SUB
- B ke RUNOFF FROM SUB 123J
| BA .0163
1S 77
K 250 011 .1 100
RK 1250 .0081 .05 TRAP 30 10
®
KK 12333 P
K  COMBINE SUB 123J, CP 12301 & 12332
H 3

*
I KX 123B1 CP
KH ROUTE CP 123J3 ALONG LEVEE TO CP 123B1

M .4 019 .2

%
' RK 1238 SUB o
KM RUNOFF FROM SUB 123B (RLW BASIN, NOT WLB)

BA .0933
1S 7
K 250 .01 .11 100
'RK 4300 .0074 .05 TRAP 5 10
%
KK 12382 CP

KM COMBINE SUB 123B & CP 123B1

'nc 2
%

KK 12323 cp :

Kd ROUTE CP 123B2 ALONG LEVEE TO CP 12333
l M 2.2 L.l 2

*




-9, .0 ., .

1234 SUB
RUNOF FROM SUB 123H
A 1220
82.2

250  .2250 .15 100
2700 .2250 .05

123N1 cp
ROUTE SUB 123H TO CP 123Nl
2.4 119 2

123N SuB
RUNOFF FROM SUB 123N
BA .1880
77

250,011 A1 100
RK 2450 .0081 .05

*

l‘”(ﬂl; 123N2 cP
COMBINE SUB 123N & CP 123N1

HC 2
l*
KK 123N3 CP

k¥ ROUTE CP 123N2 T0 CP 123N3 -

*

KK 1236 SUB

K RUNOFF FROM SUB 1236

BA .0803

LS 82

Uk 250 .2250 .15 100
RK 3200 .2250 .05

*

KK 123F SUB

'RH 3.9 .19 .2

KM RUNOFF FROM SUB 123F
'BA .2898 '
LS

82.5
UK 250 - .0l A1 0 100
RR 8400 .0092 05
*

KK 123FG CP

KM COMBINE SUB 123F & 1236
lnc 2
%

KK 123N4 cP
KM ROUTE CP 123FG TO CP 123N4

W 25 a2 .2

*

RK 123N5 cp

KH COMBINE CP 123N3 & 123N4
HC 2 '

*
KK 1231 cp
| ROUTE CP 12385 TO CP 123H1

TRAP

TRAP

TRAP

TRAP

35

45

35

40

10

10

10

10




M 2.4 118 .2

*
lKK 1238 SUB
KH RUNOFF FROM SUB 123E

Bi 0488
LS 77
K 250 .011 JAl 100
IRK 5000  .0092 05 TRAP 20 10
%
KK 12342 P

ROUTE SUB 123 10 CP 12342
l R 2.7 136 .2

KK 1234 SuB

K RUNOFF FROM SUB 123M

BA .0935

LS 77

UK 250 - 0Ll A1 100

RK 2450 .0081 05 TRAP 25 10
*

KK 12344 CP

K COMBINE SUB 123M, CP 123M1 & 123M2
HC 3

*

RK 123L1 CP

] ROUTE CP 12344 TO CP 12311
3.7 .185 .2

%
lKK 1231 SUB
RUNOFF FROM SUB 123L

BA .1956
LS 77
K 250 .01 .11 100
i 2150 L0081 .05 TRAP 40 20
mzsm RET
RETRIEVE FLOW THROUGH LEVEE BREACH AT CP 123K2
DR123KZB
%
KK123I3B  RET
KM RETRIEVE FLOW THROUGH LEVEE BREACH AT CP 12313
DR123I3B »
*
KK 1231k CP
KM COMBINE RET 123KZB & 123I3B
' B 2 .5
KK 12312 CP

Ri ROUTE CP 123IK TO CP 12312
RH 2.2 .108 2

KK 12383
KH COHBINE SUB 123L, CP 123L1 & 12312
iC




IKK 12304
- ROUTE CP 12313 T0 CP 123A4
M 7.8 .389 2
%

lKK 12345 cp

' COMBINE CP 123A2, 123A3 & 123M

i THIS IS THE TOTAL INFLOW TO THE PADELFORD WASH CROSSING OF
'KK THE BEARDSLEY CANAL SIPHON ,

RK 123BC
lKM ~ STORAGE ROUTE THROUGH 123BC. 58 WIDE SIPHON ON THE BEARDSLEY CANAL.
RS 1 SIOR 0 0
sV 0 34.78 148.48 190
S0 0 493 1392 8712
SE 1338 1340 1342 1343

*
lKK 121B1 cP
ROUTE €123 TO CP 121B1

RE 1.9 .0% .2
*

~ @FK 121B SUB
KM RUNOFF FROM SUB 1218
g BA .1406
I8 77
K 250 011 .11 100
RR 2360 .0069 .05 TRAP 40 10

%
l KK 121B2 cp
K COMBINE SUB 121B & CP 121B1

HC
*

KK 121C1 cp

ROUTE CP 121B2 To CP 121C1
l RH 048 .2
KK 121C SUB
K RUNOFF FROM SUB 121C
Bi .0759
LS 77
DK 250 .011 Jl 100
RK 1200 = .0071 .05 TRAP 0 10
Co%
KK 121C2 cP
K COMBINE SUB 121C & CP 121C1
HC 2

*

l KK 121C3 P
KM COMBINE CP 121.1 & 121C3
2

* A
' RK 12201 CP
KM RODTE CP 121C3 10 CP 122€1




ﬁ 4.0 .200 .2
1224 SUB
K

RUNOFF FROM SUB 1223

A .1818
S 77
UK 200 011 A1 100
lRK 2650 .0071L .05 TRAP 0 - 10
%
KK 12202 cp

KM ROUTE SUB 1224 TO CP 122€2
IRH 1.3 067 .2
* .

KK 122¢  SUB
R RUNOFF FROM SUB 122C
BA .2216
IS 77
UK 200 011 L1 100
RK 1350 .0077 .05 TRAP 0 15
*
KK 122¢3 cP
4| COMBINE SUB 122C, CP 122C1 & 122C2
i 3
*
| KK 1228  SUB
| KM RUNOFF FROM SUB 122B
‘ BA .2159
LS 77
UK 200 011 .11 100
RK 2050 .0071 .05 TRAP 40 10

%

lKK 122¢4 P

KM ROUTE SUB 1228 70 CP 122C4
B 1.7 .083 .2
%
KK 12205 CP
KM - COMBINE CP 122C3 & 122C4
B 2 '

%
l KK 12281 CP |
KM ROUTE CP 122C5 TO CP 1221

RM 3.8 .189 2
. :

R 1220  SUB
KM RUNOFF FROM SUB 122D
BA .0775
1S 71
K200 .01 .1 100
R 1400 L0071 .05 RP 30 10
% B v _
RK 12282 (P
KM ROUTE SUB 122D T0 CP 122E2
l Mo42 .21 2
*




1228 SUB
RUNOFF FROM SUB 122E
A

.3888
IS 77
200 .01 .11 100 .
K 5200 .0063 .05 TRAP 40 10
*
(12283 CP
COMBINE SUB 122E, CP 122F1 & 122E2
3
END OF APRIL 2000 RANCHO CABRILLO REVISIONS
132 _
ROUTE FLOW AT CP 122E3 TO C132 (USE ORIGINAL WLB ROUTING DATA)
1 44 .2
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* v
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v §
12331 |
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. v
. v
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v




3643
3646
3652
3655
3655
3664
3667
3673
3676

3679

3685

3691

3694

3697

3700

3703

3709

3712

123B

XXX XN RN

1238
)
)
12381
. 123N
123“2'...0...0"'
)
)
123K3
. 1236
. . 123F
. 123FG"0.0..0".0
. v
. )
. 12344
123“5..."."...'
)
)
12341
. 123E
. v
. v
. 12312
. L3 123“




3ns

3721

3724

3732
3730

3735
3733

3736

3739

3742

3745

3748

3753

3759

3762

3768

3771

3774

3780

* e« & e e

12182'00000..0‘00

)
)
1211

.
.
»

.

121C2.cevveennnan

.

*

. )
* V
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1218

.
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esrseer v
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»
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)
v

12312

see
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3783

3786

" 3789

3795

3798

3804

3807

3813

3816

3819

3822

3828

3831

3837

3840

121C3|00.0.ao'000

v
)
122C1
. 1222
. v
. v
122C2
. . 122C

122C3uocooc»ootoooo-aoonaatoo

. 122B
. v
. v
. 122C4
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l (/ff”;{ (?‘ "’.-
HYDROGRAPH AT P @r1_ o, -
, . 123D 303, 12.35 61. 19. 14, 0.34 Rel-2i 0
ROUTED T0 :
' 123K1 298,  12.40 61. 19. 14, 0.34
- HYDROGRAPH AT
T 123K 9. 12.10 5, 2 1. 0.03
‘ l 2 COMBINED AT
o 123K2 313, 12.40 66. 2. 15. 0.37
l DIVERSION T0
¥ 123K2B 156, 12,40 13, 10. 3. 0,37
' HYDROGRAPH AT -
123K2A 156,  12.40 13, 10. 8. 0.37
l ROUTED TO :
12311 155. 12.40 33, 10. 8. 0.37
HYDROGRAPH AT
l ;3¢ 107, 12.30 2. 6. 5. 0.12
DIVERSION T0
' S 53, 12.30 10. 3. 2. 0.12
HYDROGRAPH AT : ,.
l 123¢1 5. 12.30 10. 3. 2. 012
ROUTED T0 _
'+ 12312 51, 12.40 10. 3. 2 0.12
HYDROGRAPH AT
¥ 1231 0. 12.10 6. 2 1. 0.03
' 3’ COMBINED AT
t 12313 224, 12.40 18. 15. 11, 0.53
' DIVERSION 10 .
¥ 123138 112, 12.40 2. 8. 6. 0.53
l HYDROGRAPH AT
+ 123133 12, 12.40 u, 8. . 6 0.53
ROUTED TO
g r 12301 12, 12.40 2, 8. 6. 0.53
HYDROGRAPH AT :
' + 1232 53, 12.30 10. 3, 2. 0.12
ROUTED 10 :
' + 1332 . 52, 12,35 - 10. 3. 2. 0.12




R TN N .

-+ T4 -+ -+ -+ -+ -+ -+ -+ -+

-+

HYDROGRAPH AT
3 COMBINED AT
R T0
HYDROGRAPE AT
2 COMBINED AT
ROUTED 10
HYDROGRAPH AT
ROUTED TO
ﬁmmmmAT
2 COMBINED AT
ROUTED 70
HYDROGRAPH AT
HYDROGRAPH AT
2 COMBINED AT
ROUTED 10

2 COMBINED AT

ROUTED 10

' EYDROGRAPH AT

123J

12343

12381

1238

12382

12343

1230

1238

123W
12382
12313
1236
123F
123G
12344

12385

123

123E

20.

173.

173.

85.

252.

247,

262,

232.

234.

465.

3%6.

169,

276.

315,

"303.

693,

667.

38.

12.10
12.40
;2.40
12.30
12.35
12.45
12.00
12.10
12,10
12,10
12.30
12.00
12.35
12.05
12.45
12.30
12.40

12.40

kY

37.

16.

53.

53.

25.

25.

32.

57.

57.

17.

60.

76.

76.

133,

133.

8’

12.

12.

16.

16.

80

8.

10.

18,

18.

19,

24,

24,

41.

41,

30'

1‘ P

40

12.

Y

6‘

13.

13.

4,

14.

18.

18.

3.

31.

2.

0.02

0.54

0.54

0.09

0.64

0.64

0.12

0.12

0.19

0.31

0.31

0.08

0.29

0.37

0.37

0.68

0.68

0.05
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-
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-
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-+

-+

-+

3

-+

<+

-+

3+

ROUTED T0
HYDROGRAPH AT

3 COMBINED AT

* ROUTED TO

HYDROGRAPH AT
HYDROGRAPH AT
HYDROGRAPH AT
2 COMBINED AT
ROUTED 10

3 COMBINED AT

ROUTED TO

3 COMBINED AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED 10

~ HYDROGRAPH AT

123M2
| 1234
12344
123L1

123L

123K2B .

123138

1231K

1i3L2
123L3
12304
12345

1238C

12181

121B

12182

121C1

—121C -

3.
112.
755.
723.

246.

- 156.

112,

269.

264,

1043,

985.
3027.
2755,
2753,

169.

2761.

2761.

107.

12.55
12.15
}2.40
12.60
12.10
12.40
12.40
12.40
12,50
12.55
12.95
13.05
15.55
15.65
12,10
15.65
15.70

12.05

8.
16,
157,
157.
33.
33.
24,
57.
57.
246.
246,
2554,
2461.
2458.
24,
2466,
2465,

13,

3.

49,

49.

10,

10,

8'

18.

18‘

77.

77.

1149.

1141,

1141.

7.

1148,

1147,

20

4.

37,

37.

8'

6.

130

13.

58.

58.

863.

857,

857.

6'

862.

862. .

3 . .

0.05

0.09

0.82

0.82

0.20

0.37

0.53

0.25

0.25

1.27

1'27

9.04

9.04

9.04

0.14

9'18

9.18

0.08
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-+

e

.

-+

-“+

-+

2 COMBINED AT

2 COMBINED AT

ROUTED 10

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

3 COMBINED AT

HYDROGRAPH AT

ROUTED TO

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

'ROUTED T0

HYDROGRAPH AT

3 COMBINED AT

ROUTED TO

121C2

121€3

122C1

1224

122C2

122¢

122C3

1228

122C4

122(5

122EL

122D

12282

1228

12283

C132

2765.

5122.

5120.

232.

216.

334,

5140.

268.

249.

5152.

5150.

111.

93.

389.

5173.

5148.

15.70
15.30
15.55
12.10
12.20
12.05
15.50
12.10
12,20
15.50
15.70
12.05
12.30
12.25
15.70

16.50

2470.
1559
4958,
31.
3.
38,
4975,
37.
37.
4984,
4983.
13.
13.
66.
5002.

4981,

1151,

- 3633,

3601.
10.
10.
12.

3619.
11.
11,

3629.

3598,

4'

20.
3619,

3547,

865.
2729,

2705.

90

2719,

9.
2726.
2703.

3.

3.

15.

2719.

2664,

9.2%
303.64
303.64

0.18

0.18

0.22
304.04.

0.22

0.22
304.26
304.26

0.08

0.08

0.39
304.73

304.73




