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Figure 1: BH/GC Project Area and Segments

1.1 Purpose of Project
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The Flood Control District of Maricopa County (FCDMC), in cooperation with the cities

of Phoenix and Glendale, began the Bethany Home/Grand Canal Flood Control Project

(BH/GC FCP) in June 1999 to mitigate flooding along the Grand Canal between the Loop

101 Freeway at Bethany Home Road and the Sunset Detention Basin south of Indian

School Road. The entire project spans approximately 5~ miles and was divided into 9

segments to better analyze, design, manage, and construct the project. Figure 1 below

shows the limits of the BH/GC FCP and the project segments.

~~ ~~
I'- « Glendale <D «

Design and construction of Segments 1 through 6 have been completed. The next

segment to be designed is Segment 7, also called the Bethany Home Outfall Channel

Reach D (BHOC-D). This segment is at the upstream end of the overall project, and

extends along the northern bank of the Grand Canal from west of 67th Avenue to south of

Indian School Road at the Sunset Detention Basin, within the City of Phoenix.

The purpose of the BH/GC FCP is to minimize flooding adjacent to and north of the

Grand Canal between the Loop 101 Freeway at Bethany Home Road and the Sunset

Detention Basin south of Indian School Road. The Grand Canal is a large man-made

O\.OLSSON 1 September 2008
AS S oc tAr E S

Final Design Report

1.0 INTRODUCTION

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



1.2 Location of Project

The BHOC-D Project is located within a portion of Section 24 of Township 2 North,

Range I East, and Sections 19 and 30 of Township 2 North, Range 2 East, of the Gila and

Salt River Meridian, Maricopa County, Arizona. The reach runs from 6ih Avenue to

Indian School, entirely within the City of Phoenix. Figure 3 provides a Project Vicinity

Map, while Figure 4 shows a more detailed location of the site.

The BHOC-D project will construct approximately 2,600 linear feet of stonn drain from

Sunset Detention Basin just south of Indian School Road to the recently constructed

Maryvale Detention Basin just west of 67th Avenue. This will eliminate the lOa-year

floodplain and local flooding along the reach, as well as upgrade the Sunset Detention

Basin to a 100-year level of protection from the current level of protection that is

estimated to be approximately the 1a-year.

irrigation channel with elevated banks at various locations along its 22.5-mile reach.

During large storm events, water ponds along the north and east banks of the canal and

floods adjacent homes and businesses. The Federal Emergency Management Agency

(FEMA) has designated a floodplain containing approximately 598 structures along the

north side of the Grand Canal between Camelback Road and 6ih Avenue (See Figure 2

for the FEMA Flood Insurance Rate Map (FIRM). The BH/GC FCP proposes a drainage

system consisting of channels, retention basins, and box culverts along the north and east

side of the Grand Canal to capture stormwater along the project limit and convey it to the

ultimate outfall at New River. This will mitigate flooding and eliminate the floodplain,

allowing owners of affected structures to stop paying flood insurance. Once the BH/GC

project is completed and a Letter of Map Revision (LOMR) is submitted and approved by

FEMA, the 598 structures along the north side of the Grand Canal between Camelback

Road and 6ih Avenue will be removed from the floodplain.
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Figure 3: Project Vicinity Map
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1.3.2 Basis of Hydraulics

1.4 Design Criteria

1.3.1 Basis of Hydrology

The basis for the hydraulics for this project is the HEC-RAS model that was received

from the District on April 18,2007. This model is named BHOC_VE2.prj and is the

most current model that was updated for the Reach B design, and is different than the

model that was submitted for the CLOMR.
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• The storm drain will be designed for the 100-year flow.

• The design will maintain the ADOT lOA discharge of 2,200 cfs into the
BHOC, Phase I at the Agua Fria Freeway.

1.3 Basis of Design

The basis for the hydrology for this project is the HEC-l model that was received from

the District on April 18, 2007. This model, named BHOCOOC7.dat, is the most current

that was updated for the Reach B design, and is different than the model that was

submitted for the CLOMR.

The basis of design for this project will be the Bethany Home/Grand Canal Flood

Control Project Pre-Design Study (DMJM, September 2000), along with refinements

made during design and construction of Segments 1 through 6 from the Loop 101

Freeway to 67th Avenue. Additionally, the design of this project will comply with the

intent set forth in the Conditional Letter of Map Revision (CLOMR) that was completed

in October 2003.

The BHOC-D Project is located entirely within the City of Phoenix. Therefore, the intent

is for the design of the proposed storm drain to meet the standards and criteria set forth in

the City of Phoenix's Storm Water Policies and Standards, unless otherwise noted.

These criteria are supplemented with design standards and procedures established in the

FCDMC's Drainage Design Manual, Volume 1 (Hydrology), and Volume 2

(Hydraulics). The following summarizes the design criteria for the project:

ASSOCIATES
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• A one-foot freeboard to the finished floor elevations of adjacent structures
will be maintained.

• The hydraulic routing through the proposed stonn drain system was
detennined using a constant 1DO-year water surface elevation downstream at
the Maryvale Detention Basin.
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2.2 Datum

NAVG 88 datum = City of Phoenix datum + 1.679'

To be consistent with the designs from the previous segments, the District requested that

the design for the BHOC-D project use the same datum as the previous Reach B segment.

The controls from the Reach B design use the City of Phoenix datum, which is based on

the NGVD 29 datum. The survey data was converted from NAVD 88 datum to City of

Phoenix datum, using the following conversion factor:

The Scope of Work calls for the survey to be tied into the Maricopa County Department

of Transportation Geodetic Densification and Cadastral Survey (GDACS) network

control. This system is based on the North American Vertical Datum of 1988 (NAVD

88), whereas the Pre-Design Study and CLOMR survey data were based on the National

Geodetic Vertical Datum of 1929 (NGVD 29). The elevation difference between the two

datum is typically 1.8' to 2.2' within Central Arizona.
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The base aerial mapping for the BH/GC FCP was originally flown by Kenney Aerial

Mapping in September, 2000. This project will use this mapping as the base for areas

adjacent to the project, and will supplement this with ground survey to update the project

corridor areas. Specifically, the entire Sunset Detention Basin was surveyed to verify the

basin capacity, as well as cross sections along the proposed alignment and a portion of

the Maryvale Detention Basin. The survey scope of work also included verifying the

right-of-way limits and drainage easements within the project corridor. Finally, a video

survey of the backyards along the alleyway was conducted to document existing

conditions and ascertain potential constructability issues.

2.1 Scope

Final Design Report

2.0 SURVEY

Survey data is provided in Appendix D.
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3.1.1 Existing Conditions

3.1.2 Revisions to Hydrology Model

The HEC-I model indicates four hydrographs combine at Sunset Detention Basin: one

from the north (SIS4S), one from the west (S59HW), one from the southeast (D59), and

one from the sub-basin area (30-22). These four hydrographs combine to produce a peak

flow of 782 cfs at the basin (C3022N). This flow is routed through the basin, which

results in 55 cfs flowing into the existing storm drain along Indian School Road and 344

cfs going into the proposed storm drain.

The regional hydrology for the BH/GC FCP is based on the Maryvale Area Drainage

Master Study (ADMS) that was completed by WoodlPatel Associates, Inc. and CH2M

Hill for the FCDMC under Contract No. FCD 93-29. Refinements to the hydrologic

model from this study were made as design of the various reaches progressed. The latest

HEC-l model, from the Reach B Design (FCD Project No. 2004C021 ), was obtained

from the FCDMC (BHGCOOC7.dat) and was used as the basis of the BHOC-D project.

The model was renamed BHGCOOD7.dat.

September 2008
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The routing through Sunset Detention Basin (SDB) was updated using the survey results

and the hydraulic design of the storm drain for this project. A revised stage-storage table

was computed using updated volumes determined from the survey data. As a check, the

as-built plans for the SDB was obtained and the basin volumes were hand-calculated.

The volumes determined from the survey were similar to the volumes hand-calculated

from the as-built plans, but substantially higher than the values used in the Reach B

model. Table 1 compares the storage volumes from the different sources.

Final Design Report

3.1 Regional Hydrology

3.0 HYDROLOGY
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HEC-l STAGE
VOLUME FROM VOLUME FROM VOLUME FROM

(NGYD 29) SURVEY AS-BUILT PLAN REACH B HEC-l
(AC-FT) (AC-FT) MODEL (AC-FT)

1085.00 0.0 0 0

1086.00 0.8 1.5 0.5

1086.50 1.8 3.0 l.l

1087.30 4.3 5.7 2.9

1089.60 13.8 15.5 10.6

1092.40 28.0 29.6 22.8

1092.50 28.6 30.2 23.3

1094.80 42.3 43.7 35.8

1095.22 45.0 46.4 38.5

1098.00 64.9 -- 56.7

The stage-discharge rating table was also revised, based on the proposed inlet hydraulic

design. The weir equation was used to compute the discharge for the various weir

configurations at each stage. The original stage-discharge rating table diverts a

maximum of 55 cfs into the existing stonn drain along Indian School Road, even as the

stage increased. In order to maintain consistency, the revised stage-discharge rating table

also assumed this behavior, even though the stonn drain will, in reality, pass more than

the 55 cfs at maximum stage. The Reach B HEC-I model shows 399 cfs routed through

Sunset Detention Basin, with 55 cfs diverted into the existing stonn drain along Indian

School Road and 344 cfs going into the new stonn drain. This is based on hydraulics for

an 8'x7' concrete box culvert. The project team evaluated different storm drain sections

and weir configurations, and updated the rating table based on the hydraulic of each

alternative. Table 2 compares the discharge through SDB and at various concentration

points downstream for various design alternatives (stonn drain size, weir length).

Appendix A contains the HEC-l output of the revised portions of the model. See Section

4.0 for a discussion of the detailed hydraulic analysis.

Bethany Home Outfall Channel - Reach D
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Table 2: Discharge Summary for Various Storm Drain Configurations

Discharge HEC-I Output for Different Location

Discharge into Exist Discharge into Water Down Stream of Sunset Basin
Storm Prop Storm Surface Elev

Config.
Configuration

From Sunset
Drain on Drain from at Sunset

o. Basin
Indian Sunset Basin Basin ew River Agua Fria Maryvale

IPA63 I School Rd ID63) Iftl Confluence Freeway Basin Inflow

ID63S1 IC8-2IWI ICBHAFj IC@DC21

I
Original Reach B

399 55 344 1096.43 4,485 4,430 1,598
Model

Original Reach B

2
Model with Updated

370 55 315 1095.96 4,485 4,430 1,563
Volume

from Survey

3
Weir Length = 22'

266 55 211 1096.69 4,485 4,430 1,422
Pipe Dia = 96"

4
Weir Length = 20'

262 55 207 1097.50 4,485 4,430 1,426
Pipe Dia = 90"

5
Weir Length = 20'

270 55 215 1097.08 4,485 4,430 1,439
Pipe Dia = 96"

Based on revIew comments received from the 40% Submittal, the concrete box

alternative was not evaluated due to cost, traffic impact, and construction requirements,

and therefore not shown. The preferred configuration is the 96" diameter pipe with weir

length of 22 feet. This alternative results in a water surface elevation of 1096.69' at

Sunset Basin, which provides the l' minimum freeboard required (outfall elevation at

Sunset Basin is 1097.83'). The flow routed through Sunset Basin in the preferred

alternative is 266 cfs, with 55 cfs going through the existing storm drain in Indian School

Road and 211 cfs going through the new storm drain.

The flow routed through Sunset Basin is less than the original Reach B Model. However,

the flow at the downstream concentration points (New River Confluence & Agua Fria

Freeway) is not impacted and remains the same. This is because the actual capacity of

Sunset Basin is higher than originally modeled (see Table 1 for a comparison of the

surveyed capacity vs. the original model capacity). The basin attenuates more flow,

which results in a later time to peak for the preferred alternative than the original model

(14.17hrvs.13.83).

I
I
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The watershed upstream of the Reach D project area is mostly urbanized consisting

mostly of residential homes. Water flows in a southwesterly direction with a gradient of

approximately 0.35%. Since the contributing drainage area was less than 160 acres, the

Rational Method, using the Rational module of the FCDMC's Drainage Design

Management System for Windows software (DDMSW), was utilized to compute the peak

discharge for the various frequency stonns. The 10-, 50-, and 100-year runoff for each

sub-basin are tabulated in Table 3 below.

Area Discharge [efs)
Sub-Basin ill

lac) QIO Qso QIOO

A-I 4.6 15 26 30

A-2 17.9 29 53 64

A-3 25.2 57 102 123

A-4 1.3 2 4 4

A-5 48.5 98 179 214

A-6 11.2 30 53 63
A-7 5.7 19 33 39

A-8 7 21 37 43

A-9 5.5 13 23 27

A-I0 0.7 1 2 2

TOTAL 127.6 285 512 609

A hydrologic analysis was perfonned to detennine the local flows that contribute to the

Reach D project area. The Project Team agreed that the southwest l;.I of Section 19, T2N,

R2E is acceptable for this analysis. This area is bounded by Campbell Avenue to the

north, 63 rd Avenue to the east, Indian School Road to the south, and the Grand Canal and

6ih Avenue. One-foot contour mapping of the surrounding area was received from the

District to help delineate the drainage sub-basins. This mapping is from the Maryvale

ADMS study that was flown in March 1994. It was supplemented with current mapping

and infonnation from the County Assessor, as well as field reconnaissance observations.

Please refer to Plate 1 for the Local Area Drainage Map.

3.2 Local Hydrology
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Table 3: Local Hydrology Discharge Summary
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During large storm events, the local storm drain system along 66th Drive will be

overwhelmed. Water will break out at the low point north of the canal and flow west

across 67th Avenue into the Maryvale Basin. Area inlets are proposed along the alleyway

to handle any remaining nuisance flows. A discussion on the area drain hydraulics is

included in Section 4.3.

Mapping data indicate low spots along Indian School Road just east of the Grand Canal,

along 67th Avenue north of the Grand Canal, and along 66th Drive northeast of the Grand

Canal. Street capacity calculations were performed for Indian School Road and the local

streets, and are included in Appendix B. The capacity of Indian School Road at this

location is computed to be approximately 20 cfs, due to the flat grade. The capacity of

the local streets ranges from 22 cfs to 38 cfs. At Indian School Road, water will tend to

break south into the large spillway at the east side of Sunset Basin, as finished grade at

the church property is higher than the low spot elevation. The project team agreed during

the December 3, 2007 progress meeting that the area inlet at the southwest corner of the

church property should be designed for the local flow from the church property (Area

A-9). The agreed design Q for the area inlet is QlOo=35 cfs.
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A transition structure is proposed north of Indian School Road to transition the 3-60" dia.

pipes to a single 96" dia. pipe, which continues to Maryvale Basin. To avoid conflict

with the Qwest duct bank at 67th Avenue, the project team relocated the weir structure

from the inlet location at Sunset Basin to the crossing of the new stonn drain and duct

banks. The ducts would be slurry-encased and protected inside the weir structure. The

The design of the proposed stonn drain was driven in large by the project team's desire to

avoid conflict with the existing Qwest telephone ducts along 6ih Avenue and Indian

School Road. Communication with Qwest early in the design process revealed that there

are 4" transite conduits in 12-duct and 14-duct configurations along 6ih Avenue and

Indian School Road, respectively. Qwest indicated that relocating these duct banks

would be an expensive and time-consuming process that could add cost and time delays

to the project. The proposed stonn drain was revised to meet this additional objective,

while still meeting the drainage design criteria of the project.

To avoid conflict with the duct bank at Indian School Road, three 60" dia. pipes are

proposed for the segment between Sunset Basin and Indian School Road. The invert at

Sunset Basin was dropped 3.9' to the bottom of the basin (from 1088.9' to 1085.0') and

the pipe slope was reversed to drain towards Sunset Basin. The justification for this

design is that water does not enter the new stonn drain until the water surface elevation in

Sunset Basin rises above the tailwater elevation of 1092.45. A weir had been proposed at

the inlet with a crest elevation of 1092.45 to perfonn this function. Water below 1092.45

would drain into the existing stonn drain in Indian School Road through the existing inlet

structure at the bottom of Sunset Basin. Consequently, the concept from the original

drainage design is still maintained.
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4.1 Storm Drain

4.1.1 Design Constraints

4.1.1.1 Owest Telephone Ducts
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4.1.1.2 SRP Irrigation Pipes

4.1.2 Storm Drain Analysis

weir structure would be within an outer structure, which the project team agreed would

be rectangular in shape to facilitate constructability. The project team also agreed that a

length of 5 feet before and after the weir would be sufficient to maintain its hydraulic

function.

The BHOC-D storm drain system was analyzed as two systems, one upstream of the weir

structure and one downstream of the weir structure. A procedure was set up to analyze

the storm drain hydraulics. A detailed discussion of this procedure is provided in Section

B.l of Appendix B. The general procedure consists of determining the flow over the

September 2008
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SRP irrigation has an existing 48" dia. lateral along the west side of 6ih Avenue and an

existing 24" dia. drain along the east side of 6ih Avenue, both of which are in conflict

with the proposed 96" pipe. A pre-design meeting with SRP was held on June 26, 2008,

to discuss the relocation design options of the irrigation lateral and drain. SRP proposed

a conflict structure at each of the crossings that will pass the irrigation pipe through the

BHOC-D storm drain. The 48" lateral would be reduced to 36" with the invert just above

the storm drain hydraulic grade line (HGL), while approximately 1/3 of the 24" pipe

would be submerged into the storm drain HGL. A detailed hydraulic analysis was

performed to evaluate the impact of the conflict structures on the BHOC-D storm drain.

This evaluation was submitted to the District in a memorandum on July 15,2008, a copy

of which is included in Appendix B.l.

The evaluation of the SRP conflict structures indicated that the conflict structure for the

48" lateral resulted in minimal impact to the BHOC-D stonn drain, as the structure is

located downstream of the weir and is mostly above the stonn drain HGL. The conflict

structure for the 24" drain, however, increased the water surface elevation at Sunset

Basin and decreased the freeboard at Sunset Basin to less than the I-foot requirement.

The project team presented to the evaluation results to SRP, who ultimately agreed to go

with a siphon for the 24" drain.

Final Design Report
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Table 4: Summary of Storm Drain Hydraulics

The results of the storm drain hydraulic analysis also indicate that the portion of the

storm drain upstream of the weir is under pressure flow, while the portion downstream of

weir using the broad-crested weir equation, using different weir lengths and the HEC-l

SE elevations to determine the head over the weir. The discharge was also evaluated

using the orifice equation, but it was determined that the weir equation was the

The 96" dia. pipe and 22-foot weir length combination results in a water surface elevation

of 1096.69 at Sunset Basin, which provides 1.14' of freeboard. This combination meets

the freeboard criterion and therefore is the recommended configuration for the proposed

storm drain.
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A storm drain model was set up in StormCAD, using the

Routed Q Q through WSEat Freeboard
Storm Drain through Exist SD on Q through

Sunset at Sunset
Indian NewSDConfig. Sunset
School (cfs)

Basin Basin
(cfs)

(cfs)
(ft) (ft)

90" Oia. Pipe

Weir L=20' 262 55 207 1097.50 0.33

96" Oia. Pipe

Weir L=20' 270 55 215 1097.08 0.75

Weir L=22' 266 55 211 1096.69 1.14

controlling condition.

calculated discharge as the Q in the system and the elevation over the weir as the

tailwater elevation for the storm drain model. Losses at the inlet, transition structure,

weir structure, and outlet were also included. The StormCAD model provided the

hydraulic grade of the stann drain system. This analysis was performed using different

weir length and storm drain size combinations until one was found that met the I-foot

minimum freeboard requirement at Sunset Basin. Table 4 summarizes the results of this

evaluation.
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4.3 Area Inlets

Table 5: Structure Head Loss Coefficients

4.2 Structures

the weir is under open channel flow. An evaluation was perfonned to detennine if the

downstream segment can be reduced to an 84" dia. pipe, based on comments received

from the 70% submittal. While the evaluation showed that an 84" dia. pipe can be used

for the downstream segment, it was decided to keep the pipe at 96" for this segment

because of other project considerations (see Appendix B.l for a copy of the evaluation).
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Bethany Home Outfall Channel - Reach D

16

Structure Head Loss
Coefficient

Inlet 0.2

Transition 1.05

Weir 1.00

Outlet 0.05

Four structures are proposed for this project: the inlet structure at Sunset Basin, the

transition structure, the weir structure, and the outlet structure at Maryvale Basin. The

weir structure houses the 22' long by 5' wide broad-crested weir, which controls the

stonn drain hydraulics as well as protects the Qwest 12-duct conduits. An evaluation was

perfonned to detennine the head losses through these structures. A detailed discussion of

the procedure to calculate the head loss coefficient for each structure is provided in

Section B.I of Appendix B. Table 5 below summarizes the head loss coefficients used in

the StonnCAD model.

As discussed earlier in Section 3.2, area inlets are proposed along the alleyway to handle

nuisance flows, as well as a double-grate inlet at the southwest comer of the church

parking lot for flows from the church property. The capacity of the area drains was

calculated, using both weir and orifice flow conditions, for a range of head values. These

calculations are included in Appendix B. The capacity was also calculated for the

unclogged condition and a 50% clogged condition. Each of the area drain along the

Final Design Report
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alleyway has a capacity of 8.2 cfs (unclogged) to 6.5 cfs (50% clogged) under an

assumed head of 6 inches.

The project team agreed that the design Q for the area inlet at the southwest comer of the

church property is QlOo=35 cfs. A double-grate MAG 535 inlet is proposed at this

location, which has a capacity of39.4 cfs (unclogged) to 26.7 cfs (50% clogged) under an

assumed 12" of head.
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Because of the above constructability issues along the alleyway, the geotechnical report

recommends a soil retention system during construction of the storm drain. The report

recommends three systems, which are summarized below:

Five soil borings were performed by Ninyo & Moore to investigate subsurface soil

conditions and characteristics. The soil boring locations, as well as boring logs and the

Geotechnical Report, are provided in Appendix C.

The District is currently working with SRP on a Joint Trench Use Agreement to allow

moving the storm drain inside SRP's right-of-way. This will eliminate the need for a soil

retention system as well as the need to relocate the existing 8" sewer line along the

• Soil Nail Wall - This method consists of vertically excavating the wall in 4- to 5
foot lifts. The wall is grouted/shotcreted after each lift, then soil nails are drilled
at an angle at regular intervals to hold the wall in place. This method is prevalent
in Arizona and used by ADOT regularly, and is the most flexible. Temporary
Construction Easements from the homeowners will be required if the soil nails
extend into their properties. The cost of this method is approximately $30/sf plus
easement costs.
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• Soldier Pile Wood Lagging System - This method consists of drilling piles at 10
to IS-foot spacing down to approximately two times the wall height. As the
excavation in front of the wall proceeds, wood lagging is installed between the
soldier piles in lifts. This method costs approximately $75/sf.

• Sheeting - This method consists of driving steel sheets, usually in a "Z" shape, to
create a continuous steel wall. The sheets are interlocked and driven with pile
hammers or vibratory devices to approximately two times the wall height. This
method costs approximately $120/sf.

Preliminary results indicate that that the soil within the project area is mostly sand, with

low blow counts. No bedrock was encountered. Based on the boring data, an excavation

slope of 1.5 to 1 is recommended. Within the 20-foot right-of-way along the alleyway,

this would require removing the existing block walls, replacing impacted hardscapes

(pools, gazebos, built-in bbq's, etc.), replacing landscaping, temporary fencing, and

security for the existing homes.

Final Design Report
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alleyway. SRP has indicated that they may construct a 69kV line along their right-of

way in the future. If this occurs, the construction of the power poles will use a crane that

will place a heavy load near the stonn drain. Therefore, for the reach along the canal, a

Class V pipe is recommended in the event SRP constructs the future 69kV power line.
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There is an existing 48" storm drain along 6ih Avenue that is in conflict with the

proposed storm drain. To resolve this conflict, the portion of the 48" pipe that is in

conflict will be replaced with a 15" pipe. This will eliminate the conflict and also allow

low flows to continue through the storm drain. A 48" pipe at the junction will also

connect to the BHOC-D storm drain to take any overflow from the existing storm drain.

Potholes were performed by TBE Group, Inc. to locate the existing utilities at the

projected crossing with the proposed storm drain. Please see Appendix E for the pothole

location maps and the pothole results.

The Qwest telephone ducts along Indian School Road and 6ih Avenue will reqUIre

special consideration. Qwest has indicated that relocation of the duct banks along these

streets will be expensive and time consuming. Therefore, the Project Team has revised

the storm drain design to avoid conflict with the duct banks. A meeting was held with

Qwest personnel on March 14, 2008 to present the revised storm drain design. Qwest

was agreeable with the concept of encasing the duct bank in slurry at 6ih Avenue. Qwest

also indicated they did not have minimum vertical clearance requirements at the crossing.

Utilities within the project area were identified using as-built maps, quarter section maps,

and facility maps obtained from the utility companies. The utilities identified within the

project area include: water, sewer, storm drain, traffic signals, irrigation, cable TV,

telephone ducts, fiber optics, gas, and underground and overhead power. Water, sewer,

and storm drain relocations will be designed and constructed as part of this project. The

SRP irrigation relocation design will be included as an appendix in the special provisions

and will be constructed with this project. Other utility relocations will be designed and

completed by the respective utility owner prior to construction of this project. A utility

coordination meeting was held after the 40% Submittal to begin the utility coordination

process. Another meeting was held after the 70% to finalize the relocation design of the

impacted utilities.
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A calculation was performed to determine the flow through the existing 48" storm drain,

using survey and as-built information of the storm drain and assuming an HGL of 6"

below the curb elevation. This calculation showed a peak flow of 73.68 cfs in the

existing storm drain, most of which will be draining into the BHOC-D storm drain during

a large storm event. It was determined that this additional flow into the BHOC-D storm

drain will not adversely impact the overall storm drain system, because the additional

flow is added downstream of the weir, where this portion of the storm drain is under open

channel flow. Additionally, the time to peak of this flow is much earlier (13.17 hr) than

the time to peak of the flow in the BHOC-D storm drain (14.17 hr). The peak flow from

the existing storm drain will have come and gone by the time the peak flow from the

BHOC-D storm drain arrives.
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7.1 Future Pedestrian Underpass

7.2 Lighting Around Sunset Detention Basin

Besides the constructability and telephone relocation issues discussed in the previous

sections, the Project Team also considered the following issues during the design process.

A meeting with the P&RD was held on August 28, 2007. At this meeting, the Project

Team presented the underpass layout and preliminary cost estimate for the underpass

project. On September 24, 2007, Jarod Rogers from the P&RD informed the team that

they did not have the money to fund the future underpass project. Therefore, the

proposed storm drain for this project will be designed to minimize cost without

consideration for the future underpass.
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At the beginning of the project, Olsson Associates was informed that the City of Phoenix

Parks and Recreation Department (P&RD) was considering constructing a pedestrian

underpass along the Grand Canal alignment at 6ih Avenue and Indian School Road in

the future. Since this would be in the immediate vicinity of the BHOC-D storm drain, the

Project Team thought it would be economical to consider these future underpasses in the

utility relocations as well. An alignment for the future underpasses was laid out, and a

cost estimate was prepared to determine the extra cost that the Parks Department would

need to pay to relocate the utilities past the underpass limits.

On October 8, 2007, Olsson Associates was informed by Mike Bornhoeft from the City

of Phoenix Engineering and Architectural Services Department that they were

constructing lighting around the perimeter of Sunset Detention Basin. The project is at

the 90% design stage, with construction scheduled to begin in mid-2008. OA obtained the

90% Lighting Plans, which showed that a light pole at the northwest comer of the basin

will be in conflict with the proposed storm drain. The Project Team is currently under

discussion with the Parks Department to coordinate these two projects.

O\OLSSON
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• The basis for hydraulics is the latest HEC-RAS model from the Reach B project. The

HEC-RAS model was not revised for this project.

• The weir structure at the Qwest duct bank crossing at 6ih Avenue contains a 22' long

by 5' wide weir that controls the stonn drain hydraulics as well as protecting the

• The local hydrology was evaluated using the Rational Method. The area inlet at the

southwest comer of the property was designed for a QlOo=35 cfs. Area drains are

proposed along the alleyway to handle nuisance flows.

• The proposed stonn drain consists of 3-60" dia. pIpes from Sunset Basin to a

transition structure north of Indian School Road, where it transitions to a single 96"

dia. pipe from the transition structure to Maryvale Basin.
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• The design basis for this project is the Bethany Home/Grand Canal Flood Control

Project Pre-Design Study (DMJM, September 2000), along with refinements made

during design and construction of Segments 1 through 6 from the Loop 101 Freeway

to 6ib Avenue. The design will maintain the ADOT IGA discharge of 2,200 cfs into

the BHOC, Phase I at the Agua Fria Freeway.

• The basis of hydrology is the latest HEC-l model from the BH/GC Reach B project,

which is based on the regional hydrology from the Maryvale Area Drainage Master

Study (ADMS) that was completed by Wood/Patel Associates, Inc. and CH2M Hill

for the FCDMC under Contract No. FCD 93-29.

• This project will construct a stonn drain from the Maryvale Detention Basin west of

67th Avenue to the Sunset Detention Basin at Indian School Road to mitigate flooding

along the Grand Canal. The stonn drain will be designed for the 100-year flow.

• The stonn drain hydraulics was analyzed assuming that the beginning tailwater

elevation in the stonn drain is equal to the water surface elevation (WSE) at the

Maryvale Detention Basin (MDB). This elevation is 1092.45 as detennined from the

HEC-RAS model.

AS SOC IAT E S
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Qwest duct banle The flow over the weir was computed using the broad-crested weir

equation for a 5-foot wide weir and a crest elevation of 1092.45'.

• The storm drain hydraulics was analyzed using StormCAD to determine the hydraulic

grade line through the storm drain and the water surface elevation at Sunset Basin.

The outfall elevation at the basin is 1097.83, based on survey data.

• The proposed storm drain configuration consists of an inlet structure at Sunset Basin,

3-60" dia. pipes to a transition structure, 96" dia. pipe to a weir structure containing a

22' long by 5' wide weir inside, 96' dia. pipe to an SRP conflict structure, and 96"

dia. pipe to an outlet structure at Maryvale Basin. This configuration results in a

WSE elevation of 1096.69' at Sunset Basin, which provides a freeboard of 1.14'. The

total flow routed through the basin for this design is 266 cfs, with 55 cfs going into

the existing storm drain on Indian School Road and 211 cfs going into the new storm

drain. The flows downstream at the New River Confluence and Agua Fria

concentration points are not affected by this design.

I
I
I
I
I
I
I

i I

I
I
I
I
I
I
I
I
I
I
I

Final Design Report

O\OLSSON
AS SOCIAl E S

24

Bethany Home Outfall Channel- Reach D

September 2008



1. Drainage Design Manual for Maricopa County, Arizona, Volume 1 - Hydrology,

Flood Control District of Maricopa County, November 2003 (Draft).

2. Drainage Design Manual for Maricopa County, Arizona, Volume 2 - Hydraulics,

Flood Control District of Maricopa County, September 2003 (Draft).

3. Storm Water Policies and Standards, City of Phoenix, March 2004.

4. Bethany Home/Grand Canal Flood Control Project, Pre-Design Study, Vol. I, DMJM

for Flood Control District of Maricopa County, FCD No. 98-46,2000.

5. Bethany Home Outfall Channel, Technical Data Notebook Conditional Letter ofMap

Revision (CLOMR) Vol. J (TDN) , DMJM+HARRIS for Flood Control District of

Maricopa County, FCD No. 98-46,2003.
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Plate 1

Local Hydrology Drainage Map
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Titles

BHOC
Maricopa County, AZ

Hydrology

10-Year, 6 Hour Rainfall 2.00

Flood Control District of Maricopa County
FCD # 2006C027 - BHOC

Rational Method Project Defaults
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Bethany Home Outfall Channel Reach "D"

Olsson Associates (ratnproj)
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Flood Control District of Maricopa County

FCD # 2006C027 - Bethany Home Outfall Channel

Sub Basin Data - Rational Method

Page 1
7/23/2007

Sub Basin Parameters Return Period (Years)

Sub Basin Area Length Slope Kb 2 5 10 25
(acres) (ft) (ft/ft)

50 100

A-1 4.60 500 0.0020 0.036 Q (efs) 9 12 15 21 26 30

A-2 17.90 1,215 0.0008 0.032 Q (efs) 15 23 29 41 53 64

A-3 25.20 2.685 0.0032 0.031 Q (efs) 30 45 57 79 102 123

A·4 1.30 100 0.0100 0.039 Q (efs) 2 2 3 4 4

A-5 48.50 3.325 0.0026 0.029 Q (cfs) 51 80 98 141 179 214

A-6 11.20 1.240 0.0024 0.033 Q (efs) 16 24 30 42 53 63

A-7 5.70 735 0.0041 0.035 Q (efs) 11 15 19 26 33 39

A-8 7.00 1,060 0.0038 0.035 Q (efs) 12 17 21 29 37 43

A-9 5.50 755 0.0013 0.035 Q (efs) 7 11 13 18 23 27

A-10 0.70 450 0.0022 0.041 Q (efs) 2 2 2

Olsson Associates • Non default value
(ralnarea)
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Flood Control District of Maricopa County

FCD # 2006C027 - Bethany Home Outfall Channel

Land Use Data Rational Method
Page 1 7/23/2007

Sub Basin Land Use Code Area Area Pct C10 Kb Kb
10 (%) Value Type

A-1 M.D.A. 4.630 100.0 0.75
,

Min' 0.04

A-2 PARK 17.960 100.0 0.56
,

Min' 0.03

A-3 M.D.A. 25.150 100.0 0.75
,

Min' 0.03

A-4 OPEN 1.300 100.0 0.30
,

Min 0.04

A-5 M.D. A. 48.540 100.0 0.75
,

Min' 0.03

A-6 M.D.R. 11.230 100.0 0.75
,

Min' 0.03

A-7 M.D.R. 5.700 100.0 0.75
,

Min' 0.04

A-8 M.D.A. 6.960 100.0 0.75
,

Min' 0.04

A-9 COMM 5.470 100.0 0.65
,

Min 0.04

A-10 OPEN 0.700 100.0 0.40
,

Min 0.04

Olsson Associates , Custom Value (not default value) (Iandratn)

----------------------- ~--



Rational Method

Table 3.2
C Coefficients for Use with the Rational Method

Note: Values of C for 25, 50 and 100 Year were derived using frequency adjustment
factors of 1.10, 1.20, and 1.25, respectively, with an upper limit of 0.95 for C for
the 2-10 Year values..

3-5

Return Period
Land,Use 2-10 Year 25 Year 50 Year 100 Year

Streets and Roads \ ,

Paved Roads 0.75 -0.85 0.83 - 0.94 0.90 -0.95 0.94 -0.95
Gravei Roadw~ys & Shoulders 0.60 - 0.70 .. 0.66- 0.77 0.72-0.84 0.75 -0.88

Industrial Areas
Heavy 0.70 -0.80 0.77 -0.88 0.84-0.95 0.88 - 0.95

.. Lioht 0.60 -0.70 0.66-0.77 0.72 -0.84 0.75 -0.88
Business Areas

Downtown 0.75 -0.85 0.83-0.94 0.90 - 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 0.50 - 0.61 0.54-0.66 0.56 -0.69
Multi-Unit 0.50 - 0.60 0.55 - 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/Cemeteries 0.10-0.25 0.1"1 - 0.28 0.12 - 0.30 0.13 - 0.31._.-
:f.®~.2!Jn.ds 0.40 -0.50 0.44-0.55 0.48 - 0.60 .0.50 - 0.63
Agricultural Areas 0.10 -0.20 0.11 7'" 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%) . 0.60 -0.80 0.66 - 0.88 0.72 - 0.95 0.75 -0.95

. June 1, 1992
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Rational Method

Table 3.1
Equation for Estimating Kb In the Tc Equation

Kb =m log A + b

1-'
Where A Is drainage area, In .acres

Equation
Typical Parameters

Type Descrlptlon Applications m b

A Minimal roughness: Relatively smooth and/or Commercial/ -o.OOS25 0.04
well graded and uniform land surfaces. industrial areas
Surface runoff is sheet flow. Residential area

Parks and golf
courses

B Moderately!ow roughness: Land surfaces Agricultural fields -0.01375 0.08
have irregularly spaced roughness elements Pastures
that protrude from the surface but the overall Desert rangelands
character of the surface is relatively uniform. Undeveloped
Surface runoff is predominately sheet flow urban lands

.. around the rouQhness elements.
C Moderately high roughness: Land surfaces Hillslopes -0.025 0.15

that have significant large- to medium-sized Brushy alluvial

I
roughness elements and/or poorly graded fans

I land surfaces that cause the flow to be Hilly rangeland

I
diverted around the roughness elements, Disturbed land,
Surface runoff is sheet flow for short distances mining, etc.
draining into meandering drainage paths. Forests with

underbrush
.'-

D Maximum roughness: Rough land surfaces Mountains -0.030 0.20
with torturous flow paths. Surface runoff is Some wetlands
concentrated in numerous short flow paths
thatare often oblique to the main flow
direction.

It'!!!!lMJi Application of the Rational Equation requires consideration of the following:

1. The peak discharge rate corresponding to a given intensity would occur only
if the rainfall duration is at least equal to the time of concentration.

I Assumptions

2. The calculated runoff is directly proportionalto the rainfall intensity.

3. The frequency of occurrence for the peak discharge is the same as the frequency
for the rainfall producing that event.

4, The runoff coefficient increases as storm frequency decreases...

June 1,1992 3-3
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1···········***····#···*******···****··***. .
FLOOD HYDROGRAPH PACKAGE (HEC-1)

JUN 1998
VERSION 4.1

RUN DATE 01JUL08 TIME 11,40,10

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

U. S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER

609 SECOND STREET
DAVIS, CALIFORNITA 95616

(916) 756-1104

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKX- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS, READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE, GREEN AND AMPT INFILTRATION
KINEMATIC WAVE, NEW FINITE DIFFERENCE ALGORITHM

I
I
I
I
I
I
I
I
I
I
I
I

LINE

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

HEC-1 INPUT

ID 1 2 3 4 5 6 7 8 9 10

ID =============================================================================
10 '" "' .. '" "'.,"* '* '"' 11" 1< * '" '" 1< 1\""* '" '" '" "" "" 1< "" .. I< '" * '" '" '" '" * * '* * * '" '" '" "' .. * * 1< "'.,. I< '" * .. "" It '" '" '" * "',., I< I< '" '" '" '" '" '" * * '" *:/1 * '" * '" * *
10 Model revised by Olsson Associates for the Bethany Home Outfall Channel Proje
1D Model revised for Reach D Final Design
1D Model revised for Sunset Detention Basin refinements
ID File, BHGCOOD7.dat
ID July 2007
10 * * * * * .. '" ,..,.. *.,. '" '" ... "'" '" *., * ... * ... '" 1<"* '" '" '" ".. '" '" 1\' "',.. "' .. "' It '" '" "" * '" '/It "' "',..,.. '" '" 1< I< '* '* '* * '" '" "'.,. '" "' .... ** '" '" '" * '" "' ... '" 1< '" *
ID =============================================================================
10 '" '" "' .. '" * * *,..,..,..,..,..,.. 10 ,..,.. '" ,.. '" '*,..,..,..,..,... ,..,.. '" '" '" ,.. '" ,...10 '* '*. ,.. '" '" ,... '" '*. '" '" '" '" Ir "',. *,.. '" '* '" '" '* •• ,.. '" * '" '" * * *. * '" * '* 10

tD Model revised by Wood Patel for the Bethany Home Outfall Channel Project
ID Model revised for Reach C value Engineering
tD Model revised for Maryvale Detention Basin refinements - Outlet Culvert
tD File: BHGCOOc7.dat
ID March 2006
tD ... *. '* * I< * * • * * '* * 10 '" '" * * * '" * * * '" '* '" '" '" * * .. " '" '" "" ,. ".. '" *,.. .... 10 .. * '" ... " '" "''' * * * *.10 "'. '" " .... '" /Ie. /Ie '" "',. /Ie .. '" '" /Ie

ID =============================================================================
to 0: "' •• '" "'. ;, '" '" '" '" '" ••• '" '" '" '" ••• ;, '" '" '" '" '" '" •• '" '" '" "'" .. '" '" "" "" '" "' ... ,. "'" '" ." "''''' * "',. '" .. ,. •• '" • "' •• * '* *. " .......
ID Model revised by DMJM for the Bethany Home-Grand Canal Flood Control project
10 Model revised for Reach B & C Final Designs
tD Model revised for Maryvale Detention Basin refinements
ID File, BHGCOOc6.dat
ID November 2004
tD /Ie "' ...... '* "'" '*. '*. "'" •••••••••• '" ••••• '" ."". "'. '*. '* •• " •• '" •• '* '* '" '" '* '" '*. '" '" .. '" '" '" * '" '" '* '" ... '" " • '* '" '" Jl ..

ID =============================================================================
ID "'. '" '" '" '" "'. '" "'. '" '" '" '" '" '" '" '" '" '" '" '" '" '" '*,.. '" '" '" • '" * '" *. '" '" * '" "'"* '" *,..,.. * '" * * * *,.. *,.. * * * *. * •• * ••• "'.1< •• * .......
ID Model revised by DMJM+HARRIS to reflect proposed upper hydrologic changes
10 Model changed to reflect proposed Coyote Arena and TSA/Cardinals Stadium site
to Model Updated for Land Use Changes and Retention in Sub-basin 9-21E
ID File, BGGCstad.dat - 100 YEAR EVENT
ID April 2003
to •••• "'.*0:***.".*.*"".*"'.""""""""'*"'.**"**".*.* •• "'** •• * •• ....... "'."' •••• "'*." ... "'."'*.
10 =============================================================================

10 == == ========== ==== === ================== ============================= =========
10 .. ,. .... "' ••• "'. * '" * .. '" •• '" •••. * ........ '" * '" '" * /I • "' •• '" * '" "''' • '" •• '" '" •••• I< "'. '" "'. /I ... "'. '" ••••• '" '" •••• '" '" •

ID Model revised by OMJM for the Bethany Home-Grand Canal Flood Control project
10 Model Updated for Land Use - Development Changes - 19 AUG 99
10 Model Split for Improved Performance - Middle Portion (Glendale - Thomas)
to Model includes Camelback Road Storm Drain System (10 Year Interception)
ID Model revised to incorporate revised Agua Fria Freeway Alignment
10 Model revised to include connection with the Sunset Detention Basin
10 Model revised for 60% Design and 9Ist Ave. Detention Basin refinements
10 Model revised for 90% Design and 9Ist Ave. Detention Basin refinements
10 Model revised for 90% Design, CLOMR and Detention Basin refinements
ID File, BHGC_100.dat - 100 YEAR - 24 HOUR EVENT
ID January 2003
ID • '" '" "' .. I< '" '" • '" "' ..... * * '" *. '* •• "'. * '" '" '" •• '" * .. * * .. '" '" '" '" • '" ........ * * * * * '" * .. * * .. *." ••• "." ••• * * * * * * * * *
ID ===================== ========================================================
10 MARYVALE ADMS - FCO#93-29: CH2M HILL & vlood/Patel & Associates
10 Model for Entire Study Area (Approximately 100 square miles)
ID Existing Condi tions
10 100vr-24Hr Event
1D Clark Unit Hydrograph
10 24-Hour SCS TYPE II Rainfall Pattern was used to determine TC & R

HEC-1 INPUT

PAGE

PAGE

10 Green-Ampt precipitation Losses
ID Model Prepared and Checked by David Dust and Jim Geisbush
ID MV100-24 (BASE79), SWW\132586\HEC-1I

I

LINE

55
56
57

ID. ... 1. .. 2 3 4 5 6 7 . .. 8. . . . .9 10

1



1D January 1997
ID
ID =============================================================================
ID File GC002e. ih1 Wood/Patel by David T. Phelps 25-SEP-97
ID OPTIONS MODELED 100-yr 24-hr storm
ID GRAND CANAL DIVERSIONS
10 GeDC flows (lOO%) diverted West from 67th AVE to New River
10 - Flow arriving at Grand canal west of 67th Avenue diverted northwest
10 along the Grand Canal.
10 Splits at SBH7W, DBH91, and DBH99 revised
10 RES9 & RESIO Removed
10 - USE SECOND SET OF RESULTS for GCDC Flows.
1D - Splits along Gene provide influance of GCDC on DiS areas
ID - On-Line Detention Basin (67th - 73rd Ave) modeled at GCDC1
10 Using 2-6'x3' Box Culverts and 4:1 sides unlined basin (LEVEL II)
ID PROPOSED AGUA FRIA FREEWAY INTERCEPTOR DIVERSIONS
10 proposed AQua Fria Freeway Alingment modeled (Along 99th AVE)
10 proposed AQua Fria Channel modeled - 1st cut Routing Geometry (RX & RY)
1D Proposed Bethany Home Outfall Channel Modeled (RES9 & RESaS Removed)
10 - operation S99AS revised (All flow to South)
10 ADOT OETENTION BASIN MODELING -- NONE
ID ADMS multiple use of Diversion 10 D2631N fixed
10 * * * ***** * * *** * *** * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * ** * * * * * ... * * * * * * * •• * * * * * * * ... * *
ID
10 Revisions made by OMJM for BH-GC Flood Control project:
ID
10 - Inclusion of Bethany Home Road Storm Drain System (from BHSD002b. ihl)
10 - Revision of Sub-Basins for Updated Land Use Information
10 - Revision and Addition of Retention for updated Development Information
10 - Revision to detention facilities at SOB, MDB, and 9Ist Avenue
10 - Revision to include channel routings for "Recommended Alternative"
ID
1D ******* ** * *** ****** **** * ******* * ***,," *** ** ********************* * * * * *** ** *****
ID
ID =============================================================================
ID
10 Revisions made by OMJM for BH-GC Flood Control project (Phase I - 30% Design)
ID
10 - Revision to detention facilities at MDB and 9Ist Avenue
10 - Revision to include channel routings for preliminary design refinements
ID
ID =============================================================================
ID
10 * * * *** * ** ** '" * *** ** **** .***. *i4* ****** 'Jr***** * ******* **** ** **** i4 * ****************
ID HEC-1 ELEMENT NOMENCLATURE
ID SUB-BASIN HYDROGRAPH,
ID Example: "17-32N": the sub-basin is Section 17, T3N, R2E
ID
ID SUB-BASIN DIVERSION:
10 Example: "01732S": is the southerly component of divert in Section 17
ID
10 SUB-BASIN ROUTE:

Example: "R17 32S": is the southerly flow route through Sec. 17, T3N, R2E

STREET CAPACITY DIVERSION,
Example: "SPA1S": first diversion from Peoria Avenue to the south

SUB-BASIN COMBINE,
Example: "C17-32": corresponds to sub-basin combine in Sec. 17, T3N, R2E

2

PAGE

.. 10.6 7 8 9.

HEC-1 INPUT

"NULL" COMBINE,
Example: "NULL2": dummy hydrograph combine used to free up a HEC-I

computational path. Hence, hydrograph is meaningless.

STREET INTERSECTION DIVERSION:
Example: "RPA67": flow component along Peoria Avenue from diversion at

Peoria Avenue and 67 th Avenue
Example: "R67PA": flow component along 67th Avenue from diversion at

Peoria Avenue and 67th Avenue

STREET ROUTE,
Example: "RPAl": first route for Peoria Avenue
Example" "R67C": third route for 67th Avenue

SUB-BASIN RESERVOIR ROUTE OR SURGE BASIN DIVERT,
Example: "RESl7": corresponds to a reservoir rou te or surge basin divert

in sub-basin 17-##

RETENTION BASIN DIVERT,
Example: "RET17": corresponds to retention basin divert in

Sub-Basin 17-##

STREET INTERSECTION COMBINE,
Example: "CPA67": hydrograph combine at the intersection of Peoria Avenue

and 67th Avenue

STREET COMBINE:
Example: "CPA2": second hydrograph combine along Peoria Avenue

STREET NAME CODES
Thunderbird Road TB
Cactus Road CR
Peoria Avenue PA
Olive Avenue OA
Northern Avenue NA

ID 1 2 3 4 5.

ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID

I
58

I 59
60
61
62
63
64

I 65
66
67
68
69
70

I 71
72
73
74
75
76

I 77
78
79
80
81

I
82
83
84
85
86
87

I
88
89
90
91
92
93

I
94
95
96
97
98
99

I
100
101
102
103
104
105

I
106
107
108
109

I
LINE

110
111
112
113

I
114
115
116
117
118
119

I
120
121
122
123
124
125

I
126
127
128
129
130
131

I
132
133
134
135
136
137

I
138
139
140
141
142
143

I
144
145
146
147
148
149

I
150
151
152
153

I



I

ID.. . . 1. ...... 2 ....... 3 .... ... 4 ....... 5. ...... 6 .... ... 7 ....... 8 ....... 9 ...... 10

10 5
IN 15

The following is the FCDMC 100-yr 24-hr Storm
JD 3.69 0.01
PC .000 .002 .005 .008 .011 .014 .017 .020 .023 .026
PC .029 .032 .035 .038 .041 .044 .048 .052 .056 .060
PC .064 .068 .072 .076 .080 .085 .090 .095 .100 .105
PC .110 .115 .120 .126 .133 .140 .147 .155 .163 .172
PC .181 .191 .203 .218 .236 .257 .283 .387 .663 .707
PC .735 .758 .776 .791 .804 .815 _825 .834 .842 .849
PC .856 .863 .869 .875 .881 .887 .893 .898 .903 .908
PC .913 .918 .922 .926 .930 .934 .938 .942 .946 .950
PC .953 .956 .959 .962 .965 .968 .971 .974 .977 .980
PC .983 .986 .989 .992 .995 .998 1.000
JD 3.47 10.00
JD 3.32 30.00
JD 3.17 60.00
JD 3.12 90.00
JD 3.08 120.00
JD 3.04 150.00
JD 2.95 300.00
JD 2.88 500.00

• ",,1<*** *********** **,. _*** _* * _'" "'. ** **. * ** * **** * _** __ * ***;-. *** _ I< * *** **,. .... '" "' ... ***.

Preserved *' ••• '*

Bethany Home/Grand Canal Flood Control project - IOO-Year, 24-Hour

PAGE
1000
HEC-l INPUT

Glendale Avenue GA
Be thany Home Road BH
Camelback Road CB
Indian School Road= IS
Thomas Road TR
McDowell Road MD

* DDM

ID
ID
ID
ID
ID
ID
ID
ID
ID DDM MCUHPl
• DIAGRAM
IT

154
155
156
157
158
159
160
161
162

164
165

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

163

LINE

I

I
I

I
I

I

I

I
185
186

KK NULL4
BI 22

• BETHANY HOME ROAD COMPUTATION PATH

R FOR THIS BASIN
I
I
I

.. DDM Updated

187 KK 11-22
188 KM SUB-BASIN 11-22
189 KM 24-HOUR SCS TYPE II RAINFALL WAS USED TO FIND TC &

190 KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .994
191 KM L = 1.48 Kb= .064 Adj. Slope 14.0
192 BA 1. 006
193 LG .220 .260 5.200 .290 38.000
194 UC 1. 429 .750
195 UA 0 5 16 30 65 77
196 UA 100

I< DDM Preserved

84 90 94 97

I
I
I
I
I
I
I

3



I
I LINE ID 1. ... 2. .. 3.

HEC-1 INPUT

. .4 5. . .6 ......• 7 ..•.... 8 9 10

PAGE115

Revised to Avoid Error Message - Extrapolated Values Above Elevation 1098

REVISED BY DMJM ---> SUNSET DETENTION BASIN @ INDIAN SCHOOL AND 67TH AVE.
Revised also for Tailwater Conditions and 8'x6'RCB(L=2330 ft.)

DATA BASED ON HEC-1 BY HOSKINS ENGINEERING CONSULTANTS (8-99) FOR COP
Detention basin sized for the IO-year event.
BASIN DRAIN INTO AN EXISTING STORM DRAIN SYSTEM IN INDIAN SCHOOL

1 STOR -1

I
I

4564 KK
KO

* KM
* KM
* KM
* KM

KM
* KM
* KM
* RS

PA63
3

STORAGE ROUTING AT SUNSET BASIN

I
I
I
I

4565
4566
4567
4568
4569
4570
4571
4572

4573
4574
4575
4576
4577
4578

* SV 0 O. 50 1.10 .90 10. 60 22.8 23 .3 35.8 38.5 56
* SV 74.9

* SO 0 10 20 30 40 40. 313 371

Revised by DMJM+HARRIS for 8' x7' (L=2520 lin. ft. ) RCB Outlet

* SO 0 10 20 30 40 40. 289 325
* SO 665
* SE 1085 1086 .0 1086.5 1087.3 1089.6 1092.4 1092. 1094.8 1095.22 10
* SE1100.8

KM ======= == == === = === == == ======= ============== ========================== ==== ====
KM REVISED BY Olsson Associates--> SUNSET DETENTION BASIN: storage volume (SV)
KM is based on new survey data and storage Discharge (SQ) based on the proposed
KM weir length at the outlet of the Sunset Basin.
KM =============================================================================
KM Proposed weir is broad-crested with L=22' & 8=5'
KM Detention basin sized for the IOO-year event.
RS 1 STOR -1

* SV a 0.50 1. 10 2.90 10.60 22 .8 23. 35. 38.5 56

* SV 74 .9
SV a o. 2.1 4.8 15.3 30. 31. 62. 69. 71.
SV 86. 8
SO 0 10 20 30 40. 40. 294. 333. 380.
SO 630.4
SE 1085 1086. 1086.5 1087.3 1089.6 1092.40 1092.50 1097.27 1098.14 1098.38
SE 1100.3

* DDM Preserved *****

I
I

* KK
* KM
* KM
* KM
* DT
* DI
*00

D63
100% FLOW DIVERTED SOUTH
COMPUTATION PATH WEST ALONG NORTH SIDE OF GRAND CANAL IS TERMINATED
COMPUTATION PATH TO WEST IS COLLECTED @ THOMAS & 67 INTERSECTION COMBINE
D63S

O. 10000.
O. 10000.

Diversion 063 modified from 60 to 55 cfs for 30" drain pipe in Sunset Basin
HEC-1 INPUT PAGE116

REVISED BY DMJM --> PROVIDE 55 CFS DIVERSION FOR THE SUNSET BASIN OUTLET INTO
THE INDIAN SCHOOL ROAD STORM DRAIN.

D63

D63S 55.0
0, 10000.
O. 10000.

I
I

LINE

4579
4580
4581
4582
4583
4584
4585
4586

ID....... 1. .

KK
KM
KM
KM
KM
DT
DI

00

. 2. ... 3 4 5 6 7. . . 8 . .. 9 . .10

I
I
I
I
I
I

4587
4588
4589
4590
4591
4592
4593
4594

KK DC1B
KM === == ============= === ============ == ===== == ====== ======= ====== == === == ====== ===
KM REVISED BY DMJM --> DIVERT REMAINING FLOWS FROM SUNSET BASIN FOR FUTURE
KM RETRIEVAL.
KM ======== == === ============ === == ======= === ===== ========================== ======
DT GCDC1B
DI a 100 1000
00 0 100 1000

MAIN THOMAS ROAD (SOUTH OF GRAND CANAL) COMPUTATIONAL PATH

DDM *~*** Preserved ** .. **

4



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF
FLOW PEAK

AVERAGE FLOW FOR MAXIMUM PERIOD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

OPERATION

HYDROGRAPH AT

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

3 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

STATION

NULL4

11-22

D1122W

D1122S

SGA1S

R1122S

C11-22

SD31AS

SD31A

SBH1W

SBH1E

RBH1

D27GA

R27C

12-22

D1222R

RET120

CBH27

D27BH

DBH27

D35GA

R35E

D1122W

C35C

R35F

SBH1W

RBH2

SGA2S

R1022S

10-22

C10-22

3714.

558.

117.

441.

1140.

1136.

1537.

147.

1390.

695.

695.

693.

231.

223.

205.

14.

191.

963.

963.

o.

79.

78.

117.

178.

175.

695.

691.

412.

408.

526.

902.

13.17

12.58

12.58

12.58

12.67

12.83

12.83

12.00

12.83

12.83

12.83

12.92

12.58

12.83

12.33

12.33

12.33

12.92

12.92

.00

12.92

13 .17

12.58

12.92

13.08

12.83

12.92

12.67

12.83

12.58

12.75

6-HOUR

1695.

169.

35.

133.

307.

306.

436.

126.

310.

155.

155.

155.

63.

63.

47.

3.

44.

245.

245.

o.

35.

35.

35.

70.

70.

155.

155.

149.

148.

157.

302.

24-HOUR

519.

53.

11.

42.

94.

94.

135.

57.

78.

39.

39.

39.

20.

20.

15.

1.

14.

68.

68.

o.

12.

12.

11.

23.

23.

39.

39.

48.

48.

48.

95.

72-HOUR

176.

18.

4.

14.

31.

31.

45.

19.

26.

13.

13.

13.

7.

7.

5.

o.

5.

23.

23.

o.

4.

4.

4.

8.

8.

13.

13.

16.

16.

16.

32.

BASIN
AREA

1.00

1.01

1. 01

1. 01

2.54

2.54

3.50

3.50

3.50

3.50

3.50

3.50

.36

.36

.25

.25

.25

21. 30

21. 30

21.30

2.10

2.10

1. 01

3.10

3.10

3.50

3.50

4.68

4.68

.99

5.70

MAXIMUM
STAGE

TIME OF
MAX STAGE

5



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

DIVERSION TO

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

4 COMBINED AT

DIVERS ION TO

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

3 COMBINED AT

DIVERS ION TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

SD39AS

SD39A

D1022w

D1022E

CBH35

D35BH

DBH35

D43GA

R43F

D1022W

C43D

S43DW

S43DS

R43G

CBH43

D43BH

DBH43

RBH3

SGA3S

R922S

9-22

S43DW

R922W

C9-22

D922W

D922S

CBH1

SBH2S

SBH2W

RBH4

D51GA

R51H

D922W

164.

738.

436.

303.

1143.

1143.

O.

328.

325.

436.

736.

363.

373.

371.

371.

233.

138.

135.

545.

533.

609.

363.

351.

1278.

435.

844.

978.

705.

273.

270.

278.

275.

435.

12.00

12.75

12.75

12.75

12.92

12.92

. 00

12.83

13.00

12.75

12.92

12.92

12.92

13.00

13.00

13.00

13.00

13.25

13.08

13.33

12.58

12.92

13.25

13.25

13.25

13.25

13.25

13.25

13 .25

13.42

13.33

13.42

13.25

127.

176.

104.

72.

294.

294.

O•

139.

139.

104.

243.

87.

155.

155.

155.

119.

36.

36.

166.

166.

180.

87.

87.

425.

144.

280.

316.

227.

90.

90.

102.

102.

144.

51.

44.

26.

18.

79.

79.

O.

49.

49.

26.

75.

22.

53.

53.

53.

44.

9.

9.

45.

45.

56.

22.

22.

121.

41.

80.

89.

63.

26.

26.

33.

33.

41.

17 .

15.

9.

6.

26.

26.

O.

16.

16.

9.

25.

7.

18.

18.

18.

15.

3.

3.

15.

15.

19.

7.

7.

40.

14.

27.

30.

21.

9.

9.

11.

11.

14.

5.70

5.70

5.70

5.70

7.10

7.10

7.10

4.68

4.68

5.70

5.70

5.70

5.70

5.70

5.70

5.70

5.70

5.70

8.07

8.07

.99

5.70

5.70

10.10

10.10

10.10

10.10

10.10

10.10

10.10

8.07

8.07

10.10

6



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

HYDROGRAPH AT

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

3 COMBINED AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

C51D

S51EW

S51ES

R51I

CBH51

D51BH

DBH51

D822ES

D822E1

S51EW

R822EW

C822E1

CBH51b

SBH51

SBH51

R822WW

8-22W

D822WW

D822ws

C8-22W

SBH3S

SBH3W

RBH5

D822ww

S59EW

S59ES

R591

CBH59

D59BH

DBH59

RBH6

SGA5S

R722S

695.

259.

436.

433.

703.

310.

393.

355.

108.

259.

251.

579.

946.

826.

120.

120.

807.

169.

637.

725.

162.

563.

545.

169.

78.

91.

74.

609.

133.

476.

469.

440.

420.

13.33

13.33

13.33

13.50

13.42

13.42

13.25

12.67

12.25

13.33

13.58

13.58

13.58

13.58

11.67

12.25

12.08

12.08

12.08

12.08

12.08

12.08

12.25

12.08

12.08

12.08

12.33

12.25

12.25

12.25

12.33

14.42

14.92

246.

45.

200.

200.

290.

53.

237.

201.

11.

45.

45.

253.

477.

358.

119.

119.

98.

21.

78.

188.

9.

180.

179.

21.

5.

15.

15.

193.

8.

186.

186.

111.

110.

73.

11.

62.

62.

88.

13.

75.

65.

3.

11.

11.

78.

148.

90.

59.

59.

32.

7.

26.

83.

2.

81.

81.

7.

1.

5.

5.

86.

2.

84.

84.

28.

28.

25.

4.

21.

21.

29.

4.

25.

22.

1.

4.

4.

26.

50.

30.

20.

20.

11.

2.

9.

28.

1.

27.

27.

2.

o.

2.

2.

29.

1.

29.

29.

9.

9.

10.10

10.10

10.10

10.10

10.10

10.10

10.10

12.60

.52

10.10

10.10

14.60

24.70

24.70

24.70

24.70

.49

.49

.49

15.10

15.10

15.10

15.10

.49

.49

.49

.49

15.10

15.10

15.10

15.10

17.90

17.90

7



I
I
I
I
I
I
I
I
I
I
I
I
I
I
,I
I
I
I
I

HYDROGRAPH AT

ROUTED TO

3 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

3 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

7-22

S59EW

R722w

C7-22

D722W

D722S

CBH2

SBH4S

SBH4W

RBH7

D67GA

R67J

D722W

C67E

S67FW

S67FS

R67K

CBH67

D67BH

DBH67

RBH8

SGA6S

R1221S

12-21

D1221R

RET12

S67FW

R1221W

C12-21

D1221W

D1221S

CBH3

SBH5S

SBH5W

532.

78.

37.

548.

197.

351.

756.

202.

553.

552.

180.

175.

197.

347.

164.

183.

177 .

654.

90.

564.

563.

182.

177.

733.

44.

689.

164.

144.

700.

246.

402.

959.

115.

843.

12.58

12.08

12.75

12.67

12.67

12.67

12.50

12.50

12.50

12.58

14.58

14.75

12.67

14.83

14.83

14.83

15.08

12.75

12.75

12.75

12.83

14.75

15.08

12.50

12.50

12.50

14.83

15.25

13.00

13.00

13.00

13.00

13.00

13.00

166.

5.

5.

266.

96.

171.

349.

22.

326.

326.

52.

52.

96.

147.

64.

82.

82.

410.

17.

394.

393.

83.

81.

178.

8.

170.

64.

64.

315.

108.

176.

560.

24.

536.

52.

1.

1.

77 .

28.

50.

131.

6.

125.

125.

13.

13.

28.

41.

16.

25.

25.

150.

4.

146.

146.

21.

21.

49.

2.

47.

16.

16.

86.

30.

48.

In.

6.

185.

17.

o.

o.

26.

9.

17.

44.

2.

42.

42.

4.

4.

9.

14.

5.

8.

8.

51.

1.

49.

49.

7.

7.

16.

1.

16.

5.

5.

29.

10.

16.

64.

2.

62.

.97

.49

.49

19.30

19.30

19.30

25.80

25.80

25.80

25.80

17.90

17.90

19.30

19.30

19.30

19.30

19.30

21. 30

21. 30

21. 30

21. 30

27.66

27.66

1. 00

1.00

1.00

19.30

19.30

31. 35

31. 35

31. 35

31. 35

31. 35

31. 35
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I
I
I
I
I
I
I
I
I
I,
I
I
I
I
I
I
I

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROORAPH AT

ROUTED TO

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

3 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

2 COMBINED AT

DIVERS ION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

RBH9

D75GA

R75K
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R922S
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S43DW

R922W
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D922w

D922S

CBH1

SBH2S

SBH2W

RBH4

D51GA

R51H

D922W

C51D

S51EW

S51ES

R51I

CBH51

D51BH

DBH51

D822ES

D822E1

S51EW

R822EW

C822E1

CBH51b

SBH51

371.

233.

138.

135.

545.

533.

609.

363.

351.

1278.

435.

844.

978.

705.

273.

270.

278.

275.

435.

695.

259.

436.

433.

703.

310.

393.

355.

108.

259.

251.

579.

946.

826.

13.00

13.00

13.00

13.25

13.08

13.33

12.58

12.92

13.25

13.25

13.25

13.25

13.25

13.25

13.25

13.42

13.33

13.42

13.25

13.33

13.33

13.33

13.50

13.42

13.42

13.25

12.67

12.25

13.33

13.58

13.58

13.58

13.58

155.

119.

36.

36.

166.

166.

180.

87.
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425.

144.

280.

316.

227.

90.

90.

102.

102.

144.

246.

45.

200.

200.

290.

53.

237.

201.

11.

45.

45.

253.

477 .

358.

53.

44.

9.
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45.

45.

56.

22.

22.
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41.

80.
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41.
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11.

62.
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13.
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65.
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11.
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18.

15.
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19.

7.
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14.

27.

30.

21.

9.
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11.
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14.

25.

4.

21.

21.

29.

4.

25.

22.
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4.
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26.
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30.

5.70

5.70
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8.07
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8.07

8.07
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10.10
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12.60
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14.60

24.70

24.70
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C8-22W
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S59EW
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R59I

CBH59

D59BH

DBH59

RBH6

SGA5S

R722S

7-22

s59EW

R722W

C7-22

D722W

D722S

CBH2

SBH4S

SBH4W

RBH7

D67GA

R67J

D722W

C67E

120.

120.

807.

169.

637.

725.

162.

563.

545.

169.

78.

91.

74.

609.

133.

476.

469.

440.

420.

532.

78.

37.

548.

197.

351.

756.

202.

553.

552.

180.

175.

197.

347.

11.67

12.25

12.08

12.08

12.08

12.08

12.08

12.08

12.25

12.08

12.08

12.08

12.33

12.25

12.25

12.25

12.33

14.42

14.92

12.58

12.08

12.75

12.67

12.67

12.67

12.50

12.50

12.50

12.58

14.58

14.75

12.67

14.83

119.

119.

98.

21.

78.

188.

9.

180.

179.

21.

5.

15.

15.

193.

8.

186.

186.

111.

110.

166.

5.

5.

266.

96.

171.

349.

22.

326.

326.

52.

52.

96.

147.

59.

59.

32.

7.

26.

83.

2.

81.

81.

7.

1.

5.

5.

86.

2.

84.

84.

28.

28.

52.

1.

1.

77.

28.

50.

131.

6.

125.

125.

13.

13.

28.

41.

20.

20.

11.

2.

9.

28.

1.

27.

27.

2.

o.

2.

2.

29.

1.

29.

29.

9.

9.

17.

o.

o.

26.

9.

17.

44.

2.

42.

42.

4.

4.

9.

14.

24.70

24.70

.49

.49

.49

15.10

15.10

15.10

15.10

.49

.49

.49

.49

15.10

15.10
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15.10

17.90

17.90
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25.80
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25.80
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19.30
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12-21

Dl221R

RET12

S67FW

R1221W

C12-21

D1221W

D1221S

CBH3

SBH5S

SBH5W

RBH9

D75GA

R75K

Dl221W

C75E

S75GW

S75GS

R75L

CBH75

D75BH

DBH75

RBH10

SGA7S

R1121S

164.

183.

177 .

654.

90.

564.

563.

182.

177.

733.

44.

689.

164.

144.

700.

246.

402.

959.

115.

843.

841.

459.

453.

246.

550.

173.

378.

375.

1183.

145.

1038.

1036.

231.

227.

14.83

14.83

15.08

12.75

12.75

12.75

12.83

14.75

15.08

12.50

12.50

12.50

14.83

15.25

13.00

13.00

13.00

13.00

13.00

13.00

13.08

14.83

15.00

13.00

15.08

15.08

15.08

15.25

13.08

13 .08

13.08

13 .17

14.08

14.42

64.

82.

82.

410.

17 .

394.

393.

83.

81.

178.

8.

170.

64.

64.

315.

108.

176.

560.

24.

536.

536.

238.

237.

108.

333.

102.

231.

230.

763.

43.

720.

720.

140.

138.

16.

25.

25.

150.

4.

146.

146.

21.

21.

49.

2.

47.

16.

16.

86.

30.

48.

191.

6.

185.

185.

70.

70.

30.

97.

27.

71.

71.

253.

11.

242.

242.

35.

35.

5.

8.

8.

51.

1.

49.

49.

7.

7.

16.

1.

16.

5.

5.

29.

10.

16.

64.

2.

62.

62.

24.

24.

10.

34.

9.

25.

25.

87.

4.

84.

84.

12.

12.

19.30

19.30

19.30

21.30

21.30

21. 30

21. 30

27.66

27.66

1. 00

1. 00

1. 00

19.30

19.30

31. 35

31. 35

31. 35

31. 35

31. 35

31. 35

31. 35

27.66

27.66

31. 35

31. 35

31. 35

31. 35

31. 35

31. 35

31. 35

31. 35

31. 35

30.20

30.20
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11-21

D1121R

RET11

S75GW

R1121W

Cl1-21

D1121W

D1121S

CBH4

SBH6S

SBH6W

RBH11

D83GA

R83J

D1121W

C83E

S83FW

S83FS

R83K

CBH83

RDC1B

RDC1B

RDC1

C@DC1

RGCDC2

C@DC2

GCDCo

RDC2-3

RDC3A

C@DC3A

RDC3B

C@DC3B

RDC3-4

635.

178.

457.

173.

170.

634.

190.

444.

1467.

133.

1334.

1334.

91.

81.

190.

264.

83.

181.

180.

1498.

211.

210.

667.

807.

687.

1422.

1024.

1024.

470.

1315.

127.

1428.

1427.

12.58

12.58

12.58

15.08

15.33

13.33

13.33

13.33

13 .17

13 .17

13 .17

13.25

13.00

14.50

13.33

13.25

13.25

13.25

13.42

13.33

14 .17

14.17

13.67

13.75

13.25

13.67

14.33

14.33

13.33

13.58

13.33

13.50

13.58

150.

28.

123.

102.

101.

332.

100.

233.

943.

44.

899.

898.

30.

30.

100.

128.

39.

88.

88.

978.

73.

73.

226.

292.

299.

587.

588.

587.

183.

749.

40.

785.

785.

41.

7.

34.

27.

27.

90.

27.

63.

303.

11.

291.

291.

8.

8.

27.

34.

10.

24.

24.

313 .

18.

18.

63.

80.

93.

171.

171.

171.

50.

216.

10.

225.

225.

14.

2.

11.

9.

9.

30.

9.

21.

104.

4.

100.

100.

3.

3.

9.

11.

3.

8.

8.

107.

6.

6.

21.

27.

31.

57.

57.

57.

17 .

72.

3.

75.

75.

.99

.99

.99

31. 35

31. 35

34.87

34.87

34.87

34.87

34.87

34.87

34.87

30.20

30.20

34.87

34.87

34.87

34.87

34.87

37.34

34.80

34.80

40.90

43.25

37.08

43.25

43.25

43.25

41.03

50.96

41. 03

50.96

50.96
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42



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

ROUTED TO

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

3 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDRQGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

3 COMBINED AT

DIVERSION TO

HYDRQGRAPH AT

DIVERSION TO

HYDRQGRAPH AT

ROUTED TO

HYDRQGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

C@OC4

D83BH

DBH83

RBH12A

RBH12B

RBH12C

SGA8S

R1021S

10-21

D1021R

RET10

S83FW

R1021W

C10-21

D1021W

D1021S

D91det

D91GA

R91G

D1021W

C91D

S91DW

S91DS

R91H

CBH5

SBH7S

SBH7W

D91BH

DBH91

RBH13A

9-21S4

CBH5-1

RBH13B

2855.

o.
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176.
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327.
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o.
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13.33
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13.33

13.50

13.58
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13.33
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13.25
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13.33
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43.32

43.32

43.32

43.32

34.46

34.46
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43.32
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CBH6

D99BH

DBH99

RBH14

8-21E

S99AW

226.

o.

226.

3080.

3073.

222.

o.

222.

3084.

o.

o.

417.

205.

212.

180.

177.

212.

1316.

1312.

1466.

1465.

112.

1469.

4430.

31.

31.

o.

o.

4430.

o.

4429.

4422.

216.

31.

12.17

.00

12.17

13.75

13.75

12.08

. 00

12.08

13.75

.00

.00

12.25

12.25

12.25

13.33

13.58

13.50

13.33

13.42

13.42

13.50

12.08

13.50

13.67

12.83

12.83

12.42

12.92

13.67

. 00

13.67

13.67

12.58

12.83

41.

o.

41.

1865.

1864.

33.

o.

33.

1873.

o.

o.

82.

38.

46.

85.

85.

122.

824.

823.

907.

906.

14.

909.

2750.

13.

13.

o.

o.

2750.

o.

2749.

2749.

55.

13.

14.

o.

14.

580.

580.

12.

o.

12.

589.

o.

o.

26.

11.

15.

21.

21.

35.

317 .

317.

341.

341.

5.

343.

907.

4.

4.

o.

o.

907.

o.

907.

907.

14.

4.

5.

o.

5.

197.

197.

4.

o.

4.

200.

o.

o.

9.

4.

5.

7.

7.

12.

127.

127.

136.

136.

2.

137.

335.

1.

1.

o.

o.

335.

o.

334.

334.

5.

1.

.15

.15

.15

57.39

57.39

.12

.12

.12

57.51

35.26

35.26

.45

.45

.45

43.32

43.32

44.56

35.26

35.26

45.82

45.82

.06

45.88
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59.01

59.01

59.01

59.01

.51

.11
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ROUTED TO
R821EW 30. 13.25 13. 4. 1. .11

2 COMBINED AT
C8-2lE 216. 12.58 66. 17. 6. 46.01

DIVERSION TO
D821EW 105. 12.67 32. 8. 3. 46.01

HYDROGRAPH AT
D82lES 82. 12.67 25. 6. 2. 46.01

2 COMBINED AT
CBH7 4461. 13.67 2764. 912. 336. 59.51

HYDROGRAPH AT
8-21W 173. 12.42 34. 9. 3. .27

2 COMBINED AT
CB-21W 4485. 13.67 2778. 919. 338. 59.79 NEW RIVER CONFLUENCE

HYDROGRAPH AT
D821EW 105. 12.67 32. 8. 3. 46.01

ROUTED TO
RES8N O. 19.08 O. O. O. 46.01

3 COMBINED AT
NULLS 8835. 13.58 5166. 1634. 583. 1.00

2 COMBINED AT
NULL5A 9803. 13.58 5724. 1791. 635. 1. 00

/<*:11 NORMAL END OF HEC-l ***

45



•

•

•



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Appendix B

Hydraulic Calculations
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B.I Discharge through Storm Drain
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Figure 1 Schematic Diagram of Proposed Storm Drain System for SHOe Reach D

Step: 1 Flow over the weir

Storm Drain Hydraulics

Calculation Procedure: (Storm Drain System Upstream of the weir using 96" Concrete pipe)

(1 )
3 / 2

Q=CLH

L =Length of the weir, in ft

H =Head over the weir crest, in ft

The BHOC Reach D storm drain system was analyzed as two systems, one upstream of the

weir structure used to determine the head over the weir and one downstream of the weir

structure to determine the depth of the submerged weir. Different combinations of weir lengths,

pipe sizes, and pipe types were used for the hydraulic analysis.

The proposed storm drain system hydraulically connects Sunset Basin with Maryvale Basin.

The system comprises of four components: Inlet, transition, weir, and outlet structures

connected with concrete pipes. Figure 1 below provides the schematic diagram of the proposed

storm drain system for the BHOC Reach D project.

Where,

Q =Flow over weir, in cfs

C =Weir coefficient, based on weir width and weir head

The flow over the weir was computed using the Broad-crested Weir Equation for various weir

lengths of 14, 18, 20, and 22 ft. The equation for a broad-crested weir is

The total energy head above the weir crest is the combination of potential energy (H) and the

approaching velocity head (Hv).

£J D 0 CCJ LJ
Sunset Basin Transition Weir Maryvale Basin
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The flow over the weir was analyzed assuming the crest elevation of the weir is equal to the

water surface elevation (WSE) at the Maryvale Detention Basin (MDB). This WSE was

obtained from the latest HEC-RAS model received from the FCDMC for the Reach B Design.

The model indicated a WSE of 1092.45 at the MDB. The weir coefficient 'C' is a function of the

crest breadth and head and was obtained from a hydraulic manual.

(a) Elevation from HEC- 1 model

(b) Head over weir elevation of 1092.45
(c) Velocity head at the weir

(d) Total Head Col. (2)+Col.(3)

(e) Weir coefficient based on head and crest width

(f) Length of weir

(g) Flow over broad-crested weir based on Q=CLH1
.
5

(h) Total Q at Sunset Basin, adding 55 cfs to Q in (g)

(i) Upstream HGL elevation from StormCAD, using elev. from (a) as tailwater

The elevation from the HEC-1 rating table (SE Card) for the sunset basin routing was used to

determine the head over the weir. Column (a) SE Elevation in Table 1 shows the elevations

from the HEC-1 model used for head calculation over the weir. Column (b) is the elevation

head over the weir and is computed by subtracting 1092.45 from column (a). Equation (1) was

used to compute the discharge, which was used in StormCAD to determine the approaching

velocity at the weir. Equation (2b) above was then used to calculate the velocity head in column

(c). Column (d) is the total head over the weir including elevation head and velocity head.

(2a)

(2b)

H Total = H + H V

Table: 1

Weir Crest: 1092.45 ft

(a) (b) (c) (d) (e) (f) (g) (h) (i)

SE
Velocity Total Weir

Qweir

Elevation
H (tt) Head Head C Length

(cts)
Total Q USHGL

(ft) (ft) L (ft)

1092.50 0.05 0.00 0.05 2.37 22 0.6 55.6 1092.5

1094.64 2.19 0.16 2.35 2.67 22 210.9 265.9 1096.70 (interpolated)

1094.80 2.35 0.20 2.55 2.67 22 239.2 294.2 1097.27

1095.00 2.55 0.27 2.82 2.67 22 278.2 333.2 1098.14

1095.22 2.77 0.37 3.14 2.66 22 325.6 380.6 1098.38

1095.80 3.35 1.15 4.50 2.74 22 575.4 630.4 1100.25

I
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Step: 2 Water surface elevation determination at Sunset Basin.

The hydraulic grade line was determined from the weir location back to the Sunset Basin using

StormCAD. Setting column (a) SE Elevation from the above table as the tailwater depth for the

model, the hydraulic grade line at Sunset Basin was determined for each corresponding flow

from column (g) through the storm drain system, shown in column (i) in Table 1.

The HEC-1 rating table (Sa Card) and (SE card) was revised using Column (h) a and

Column 0) US HGL from Table 1 and the model was run to determine the routing through the

basin. The result shows a total of 266 cfs routed through Sunset Basin, with 55 cfs going into

the existing storm drain along Indian School Rd and 211 cfs flowing into the new storm drain.

The water surface elevation at the Sunset Basin was interpolated from Table 1 to be 1096.70 for

a discharge of 266 cfs. The SE elevation in column (a) was interpolated to be 1094.64 for a

weir flow of 211 cfs. This corresponds to a head of 2.19' over the weir. The StormCAD model

was ran again using a discharge of 211 cfs and 1094.64 as the tailwater elevation. This

resulted in a hydraulic grade line of 1096.57 at Sunset Basin, which is in agreement with the

1096.70 interpolated values. When the 0.12' loss through the trash rack was added, the final

WSE at Sunset Basin was computed to be 1096.69. The outfall elevation at Sunset basin was

determined to be 1097.83 based on survey data. This results in 1.14' of freeboard at the Sunset

Basin. This process was repeated for weir lengths of 18' and 20'.

Step: 3 Storm Drain System Downstream of the weir using 96" Concrete Pipe

The downstream storm drain system is from the weir structure to the Maryvale Basin. The

hydraulic grade line for the downstream storm drain system was determined using StormCAD.

The proposed conflict structure for the 36" irrigation lateral was also considered during storm

drain analysis. A junction was placed at the location where the 36" irrigation lateral crosses the

storm drain to account for the losses through the structure.

The StormCAD model was ran using a discharge of 211 cfs and 1092.45 as the tailwater

elevation. This resulted in an HGL of 1092.79 at the upstream end of the storm drain system (at

the weir structure). The submerged ratio for the broad-crested weir was computed (head

downstream/head upstream =0.34/2.19 =0.15) and determined to be below the threshold limit

of 0.66 to 0.85. This indicates the downstream storm drain segment with the conflict structure

will not adversely impact the WSE of the upstream storm drain system.



(1) Elevation from HEC- 1 model

(2) Head over weir elevation of 1092.45

(3) Velocity head at the weir

(4) Total Head Col. (2)+Col.(3)

(5) Weir coefficient based on head and crest width

(6) Length of weir

(7) Flow over broad-crested weir based on Q=CLH,·5

(8) Total Q at Sunset Basin, adding 55 cfs to Q in (7)

(9) Upstream HGL elevation from StormCAD, using elev. from (1) as tailwater

(1 ) (2) (3) (4) (5) (6) (7) (8) (9)

SE Elevation H (ft)
Velocity Total

C L (ft) Qweir(cfs) Total Q US HGL
Head (ft) Head (ft)

1092.50 0.05 0.00 0.05 2.37 22 0.6 55.6 1092.5

1094.64 2.19 0.16 2.35 2.67 22 210.9 265.9 1096.70 (

1094.80 2.35 0.20 2.55 2.67 22 239.2 294.2 1097.27

1095.00 2.55 0.27 2.82 2.67 22 278.2 333.2 1098.14

1095.22 2.77 0.37 3.14 2.66 22 325.6 380.6 1098.38

1095.80 3.35 1.15 4.50 2.74 22 575.4 630.4 1100.25

I
I
I
I
I
I
I
I
I

Strom Drain Size: 96"
Weir Crest: 1092.45 ft

BETHANY HOME OUTFALL CHANNEL-REACH D DESIGN
FCD PROJECT NO. 2006C027

Hydraulic Calculations

L .. 'l..z, /.

interpolated)

I
I
I

HEC-1 Rating Table for Sunset Basin

SV 0 0.93 2.05 4.79 15.29 30.43 31.05 62.09 69.2 71.3 86.8

SQ 0 6 10 20 30 40 40.4 294.2 333.2 380.6 630.4

SE 1085 1086 1086.5 1087.3 1089.6 1092.4 1092.5 1097.27 1098.14 1098.38 1100.25

HEC-1 Results

I
I

Basin ID
PA63
D63S
D63

Q
266
55

211

Comments
Route through Sunset Basin
Divert to existing Storm Drain at Indian School RD
Flow in new Storm Drain

I
I
I
I

WSE at Q=266 cfs:

Velocity head through trash rack (50% clogged)

WSE at Sunset Basin

Outfall Elevation of Sunset Basin:

Freeboard at Sunset Basin:

1096.57 ft (from StormCAD)

0.12

1096.69

1097.83 ft
1.14 ft

I
F:\Projects\007-1 033\CALCS\Hydraulics\Weir Calc.xls9/17/2008
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BETHANY HOME OUTFALL CHANNEL-REACH D DESIGN
FCD PROJECT NO. 2006C027

Hydraulic Calculations

(1) Elevation from HEC model
(2) Head over weir elevation of 1092.45
(3) Velocity head at the weir
(4) Total Head Col. (2)+Col.(3)
(5) Weir coefficient based on head and crest width
(6) Length of weir
(7) Flow over broad-crested weir based on Q=CLH,·5
(8) Total Q at Sunset Basin, adding 55 cfs to Q in (5)
(9) Upstream HGL elevation from StormCAD, using elev. from (1) as tailwater

(1 ) (2) (3) (4) (5) (6) (7) (8) (9)

SE Elevation
Elevation Velocity Total

C L (ft) Qwelr(cfs) Total Q US HGL
Head (ft) Head (ft) Head (ft)

1092.50 0.05 0.00 0.05 2.37 20 0.5 1092.5

1094.80 2.35 0.13 2.48 2.66 20 207.8 262.8 1097.11

1094.79 2.34 0.16 2.50 2.67 20 207.0 262.0 1097.43 (
1095.22 2.77 0.21 2.98 2.66 20 273.7 328.7 1098.52

1098.00 5.55 1.98 7.53 2.88 20 1190.2 1245.2 1107.75

1100.80 8.35 6.76 15.11 2.88 20 3383.1 3438.1 1176.74

I
I
I
I
I
I
I

Weir Crest: 1092.45 ft

Interpolated)

I
I
I

HEC-1 Rating Table for Sunset Basin

SV 0 0.8 1.8 4.3 13.8 28 28.6 58.13 69.5 83.3 85.0

SQ 0 6 10 20 30 40 40.4 262.8 328.7 1245 3438

SE 1085 1086 1086.5 1087.3 1089.6 1092.4 1092.5 1097.11 1098.52 1107.75 1176.74

HEC-1 Results

I
I

Basin ID
PA63
063S
063

g
262
55

207

Comments
Route through Sunset Basin
Divert to existing Storm Drain at Indian School RD
Flow in new Storm Drain

I
I
I
I

WSE at Q=270 cfs:

Velocity head through trash rack (50% clogged)

WSE at Sunset Basin

Outfall Elevation of Sunset Basin:

Freeboard at Sunset Basin:

1097.38 ft (from StormCAD)

0.12

1097.50

1097.83 ft

0.33 ft

I
F:\Projects\007-1 033\CALCS\Hydraulics\Weir Calc.xls9/17/2008
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BETHANY HOME OUTFALL CHANNEL-REACH D DESIGN
FCD PROJECT NO. 2006C027

Hydraulic Calculations

(1) Elevation from HEC model
(2) Head over weir elevation of 1092.45
(3) Velocity head at the weir
(4) Total Head Col. (2)+Col.(3)
(5) Weir coefficient based on head and crest width
(6) Length of weir
(7) Flow over broad-crested weir based on Q=CLH1.5
(8) Total a at Sunset Basin, adding 55 cfs to a in (5)
(9) Upstream HGL elevation from StonmCAD. using elev. from (1) as tailwater

(1 ) (2) (3) (4) (5) (6) (7) (8) (9)

SE Elevation
Elevation Velocity Total

C L (tt) Qwe;, (ets) Total Q US HGL
Head (tt) Head (tt) Head (tt)

1092.50 0.05 0.00 0.05 2.37 20 0.5 1092.5

1094.80 2.35 0.13 2.48 2.66 20 207.8 262.8 1096.77

1094.85 2.40 0.16 2.56 2.67 20 215.0 270.0 1096.94 (

1095.22 2.77 0.21 2.98 2.66 20 273.7 328.7 1098.52

1098.00 5.55 1.98 7.53 2.88 20 1190.2 1245.2 1107.75

1100.80 8.35 6.76 15.11 2.88 20 3383.1 3438.1 1176.74

I
I
I
I
I
I
I

Weir Crest: 1092.45 ft L ... '2,0'

Interpolated)

I
I
I

HEC-1 Rating Table for Sunset Basin

SV 0 0.8 1.8 4.3 13.8 28 28.6 55.59 69.5 83.3 85.0

SO 0 6 10 20 30 40 40.4 262.8 328.7 1245 3438

SE 1085 1086 1086.5 1087.3 1089.6 1092.4 1092.5 1096.77 1098.52 1107.75 1176.74

HEC-1 Results

I
I

Basin 10
PA63
0635
063

g
270
55

215

Comments
Route through Sunset Basin
Divert to existing Storm Drain at Indian School RD
Flow in new Storm Drain

I
I
I
I

WSE at 0=270 cfs:

Velocity head through trash rack (50% clogged)

WSE at Sunset Basin

Outfall Elevation of Sunset Basin:

Freeboard at Sunset Basin:

1096.96 It (from StormCAD)

0.12

1097.08

1097.83 It

0.75 It

I
F:\Projects\007-1 033\CALCS\Hydraulics\Weir Calc.xJs9/17/2008



Broad-Crested Weir

Q = C LH L5
BCW

Cal trans
Fish Passage Design for Road Crossings

Where: Q =discharge in cfs

CCBW = broad-crested weir coefficient (2.34 - 3.32)

L =broad-crested weir length in ft

H =head above weir crest in ft

See Table F-2 for C Values as a function of weir crest breadth and head.

Broad-Crested Weir Coefficient C Values as a Function of Weir Crest

Page F-S

Broad-Crested Weir Coefficient C Values as a function of Weir Crest Breadth and Head
(coefficient has units of ft°.5/sec).

Head Breadth of Crest of Weir (ft)
(ft) 0.50 0.75 1.00 1.50 2.00 2.50 3.00 4.00 5.00 10.00 15.00
0.2 2.80 2.75 2.69 2.62 2.54 2.48 2.44 2.38 2.34 2.49 2.68
0.4 2.92 2.80 2.72 2.64 2.61 2.60 2.58 2.54 2.50 2.56 2.70
0.6 3.08 2.89 2.75 2.64 2.61 2.60 2.68 2.69 2.70 2.70 2.70
0.8 3.30 3.04 2.85 2.68 5.60 2.60 2.678 2.68 2.68 2.69 2.64
1.0 3.32 3.14 2.98 2.75 2.66 2.64 2.65 2.67 2.68 2.68 2.63
1.2 3.32 3.20 3.08 2.86 2.70 2.65 2.64 2.67 2.66 2.69 2.64
1.4 3.32 3.26 3.20 2.92 2.77 2.68 2.64 2.65 2.65 2.67 2.64
1.6 3.32 3.29 3.28 3.07 2.89 2.75 0.68 2.66 2.65 2.64 2.63
1.8 3.32 3.32 3.31 3.07 2.88 2.74 2.68 2.66 2.65 2.64 2.63
2.0 3.32 3.31 3.30 3.03 2.85 2.76 2.72 2.68 2.65 2.64 2.63
2.5 3.32 3.32 3.31 3.28 3.07 2.89 2.81 2.72 2.67 2.64 2.63
3.0 3.32 3.32 3.32 3.32 3.20 3.05 2.92 2.73 2.66 2.64 2.63
3.5 3.32 3.32 3.32 3.32 3.32 3.19 2.97 2.76 2.68 2.64 2.63
4.0 3.32 3.32 3.32 3.32 3.32 3.32 3.07 2.79 2.70 2.64 2.63
4.5 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.74 2.64 2.63
5.0 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.07 2.79 2.64 2.63
5.5 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.64 2.63
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Rajaratnam, N. 1989. Hydraulics of culvert fishways III: slotted-weir culvert fishways.
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Shoemaker, R.H.. 1956. Hydraulics of box culverts with fish-ladder baffles. Proceedings of the
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- - - - - - - - - - - - - - - - - - -
Scenario: BHOC-D Storm Drain- Down Stream With SRP Structure (K=O.4)

Title: BHOC-D (PCN 620 03 32)
f:\...\hydraulics\stormcad final\bhoc-d srp-ds.stm
09/11/08 02:10:56 PM

0-1 ~aryvale

.~, .A0

~
J-1 SRP36

.A0
'?

1-1 Weir

Olsson Associates
© Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Due
StormCAD v5.5 [5.5003)

Page 1 of 1
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Calculation Results Summary

Scenario: BHOC-D Storm Drain- Down Stream With SRP Structure (K=0.4)

»» Info: Subsurface Network Rooted by: 0-1 Maryvale
»» Info: Subsurface Analysis iterations: 1
»» Info: Convergence was achieved.

CALCULATION SUMMARY FOR SURFACE NETWORKS

I Label Inlet Inlet Total Total Capture Gutter Gutter
I Type Intercepted Bypassed Efficiency Spread Depth
1 I I I Flow I Flow 1 (%) 1 (ft) 1 (ft) 1
1 1 I 1 (cfs) I (cfs) I 1 1 1
1----------1---------------1----------------------1-------------1----------1------------1--------1--------1
1 I-I Weir 1 Generic Inlet 1 Generic Default 100% 1 0.00 1 0.00 I 100.0 1 0.00 I 0.00 1

CALCULATION SUMMARY FOR SUBSURFACE NETWORK WITH ROOT: 0-1 Maryvale

Label Number Section Section Length Total Average Hydraulic I Hydraulic
of Size Shape (ft) System Velocity Grade I Grade

1 1 Sections 1 1 I 1 Flow 1 (ft/s) 1 Upstream I Downstream 1
I I 1 1 1 1 (cfs) I 1 (ft) I (ft) 1
1-------1----------1---------1----------1--------1--------1----------1-----------1------------1
1 P-2 1 1 I 96 inch I Circular I 58.00 I 211.00 1 5.38 I 1,092.50 I 1,092.45 I
1 P-1 1 1 I 96 inch 1 Circular 1 142.00 I 211.00 1 5.85 1 1,092.79 1 1,092.70 1

I Label Total Ground Hydraulic Hydraulic
I System Elevation Grade Grade
1 1 Flow 1 (ft) I Line In I Line Out 1
1 1 (cfs) 1 I (ft) 1 (ft) 1
1--------------1--------1-----------1-----------1-----------1
10-1 Maryvale I 211.00 I 1,097.00 1 1,092.45 1 1,092.45 1
1 J-1 SRP36 1211.001 1,097.50 I 1,092.70 I 1,092.501
1 I-I Weir 1 211.00 1 1,098.00 1 1,092.89 I 1,092.79 1

=================================================================
Completed: 09/11/2008 02:01:01 PM

I
I

Tille: BHOC-D (PCN 620 03 32)
f:\...\hydraulics\stormcad final\bhoc-d srp-ds.stm
09/11/08 02:02:38 PM © Haestad Methods, Inc.

Olsson Associates
37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Duc
StormCAD v5.5 [5.5003]

Page 1 of 1



- - - - ----------Scenario: BHOC-D Storm Drain- Down Stream With SRP Structure (K=O.4)

Pipe Report

- - - -
Label Upstream Downstream Total Length Constructed Section Mannings Velocity Full Upstream Downstream Upstream Downstream Upstream Downstream Hydraulic Hydraulic

Node Node System (ft) Slope Size n Out Capacity Invert Invert Ground Ground Cover Cover Grade Grade
Flow (Nft) (Ns) (cfs) Elevation Elevation Elevation Elevation (ft) (ft) Line In Line Out
(cfs) (ft) (ft) (ft) (ft) (ft) (ft)

P-1 1-1 Weir J-1 SRP36 211.00 142.00 0.000845 96 inch 0.013 5.44 265.13 1,087.05 1,086.93 1,098.00 1,097.50 2.95 2.57 1,092.79 1,092.70

P-2 J-1 SRP3 0-1 Maryval 211.00 58.00 0.000690 96 inch 0.013 5.66 239.51 1,086.93 1,086.89 1,097.50 1,097.00 2.57 2.11 1,092.50 1,092.45

Tille: BHOC-D (PCN 620 03 32)
f:\ ... \hydraulics\stormcad final\bhoc-d srp-ds.stm
09/12/08 12:41:16 PM

Olsson Associates
© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Duc
StormCAD v5.5 [5.5003]

Page 1 of 2



- - - - - - - - - - - - - - - - - - - •
Scenario: BHOC-D Storm Drain Upstream Structure

"

'\O~\WEIR
'.' J-2 WEIR STRUCTURE

P96-2' ~

:.

'--:~~: )-1 SUNSET

'",-

"'-",

Title: BHOC-D (PCN 620 03 32)
f:\",\hydraulics\stormcad final\bhoc-d sd-us.stm
09/12/08 12:42:47 PM

Olsson Associates
© Haestad Methods, Inc, 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Due
SlormCAD v5.5 [5.5003]

Page 1 of 1



I Calculation Results Summary

I
=================================================================
Scenario: BHOC-D Storm Drain Upstream Structure

I
»» Info: Subsurface Network Rooted by: 0-1 WEIR
»» Info: Subsurface Analysis iterations: 1
»» Info: Convergence was achieved.

I
CALCULATION SUMMARY FOR SURFACE NETWORKS

Gutter
Depth

(ft)

Label Inlet Inlet Total Total Capture Gutter 1

Type Intercepted Bypassed Efficiency Spread 1

1 I 1 I Flow I Flow 1 (%) 1 (ft) 1
1 1 1 I (cfs) 1 (cfs) I I I
1------------1---------------1----------------------1-------------1----------1------------1--------1--------
I I-I SUNSET 1 Generic Inlet 1 Generic Default 100% 1 0.00 1 0.00 I 100.0 I 0.00 1 0.00

I
I
I

CALCULATION SUMMARY FOR SUBSURFACE NETWORK WITH ROOT: 0-1 WEIR

I
I

Label Number Section Section Length Total Average Hydraulic Hydraulic 1

of Size Shape (ft) System Velocity Grade Grade 1

I 1 Sections I 1 1 1 Flow 1 (ft/s) 1 Upstream 1 Downstream 1
I 1 1 1 1 1 (cfs) 1 1 (ft) I (ft) I
1-------1----------1---------1----------1----------1--------1----------1-----------1------------1
1 P96-2 1 1 1 96 inch I Circular I 1.00 1211.00 1 4.20 I 1,094.64 1 1,094.64 1
I P96-1 I 1 1 96 inch I Circular I 1,894.00 1211.00 I 4.20 I 1,095.91 I 1,094.90 I
I P3-60 I 3 1 60 inch I Circular I 453.00 1 211.00 I 3.58 I 1,096.53 I 1,096.20 I

I
I
I

Label Total Ground 1 Hydraulic Hydraulic
System Elevation 1 Grade Grade

1 1 Flow 1 (ft) 1 Line In 1 Line Out I
1 I (cfs) I I (ft) I (ft) 1
1--------------------1--------1-----------1-----------1-----------1
10-1 WEIR 1211.001 1,098.00 I 1,094.64 1 1,094.64 I
1 J-2 WEIR STRUCTURE I 211.00 1 1,098.00 I 1,094.90 1 1,094.64 1
1 J-1 TRANSITION I 211.00 1 1,097.50 1 1,096.20 1 1,095.91 I
1 1-1 SUNSET I 211.00 1 1,100.00 1 1,096.57 1 1,096.53 I

I
I

Completed: 09/14/2008 04:14:42 PM

I
I
I
I
I

Title: BHOC-D (PCN 620 03 32)
f:\... \hydraulics\stormcad final\bhoc-d sd-us.stm Olsson Associates
09/14/08 04:14:51 PM © Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Due
StormCAD v5.5 [5.5003]
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- - - - - - -------Scenario: BHOC-D Storm Drain Upstream Structure

Pipe Report

- - - - -
Label Upstream Downstream Total Length Constructed Section Mannings Velocity Full Upstream Downstream Upstream Downstream Upstream Downstrearr Hydraulic Hydraulic

Node Node System (ft) Slope Size n Out Capacity Invert Invert Ground Ground Cover Cover Grade Grade
Flow (Nft) (Ns) (cfs) Elevation Elevation Elevation Elevation (ft) (ft) Line In Line Out
(cfs) (ft) (ft) (ft) (ft) (ft) (ft)

P3-60 1-1 SUNS J-1 TRANSI 211.00 453.00 -0.000508 60 inch 0.013 3.58 -176.05 1,085.00 1,085.23 1,100.00 1,097.50 10.00 7.27 1,096.53 1,096.20

P96-1 J-1 TRAN J-2 WEIR S 211.00 894.00 -0.000950 96 inch 0.013 4.21 -281.16 1,085.23 1,087.03 1,097.50 1,098.00 4.27 2.97 1,095.91 1,094.90

P96-2 J-2 WEIR 0-1 WEIR 211.00 1.00 0.000000 96 inch 0.013 4.27 0.00 1,087.03 1,087.03 1,098.00 1,098.00 2.97 2.97 1,094.64 1,094.64

Title: BHOC-D (PCN 620 03 32)
f:\...\hydraulics\stormcad final\bhoc-d sd-us.stm
09/14/08 04:15:09 PM

Olsson Associates
© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Due
StormCAD v5.5 [5.5003]

Page 1 of 2
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Head loss through the storm drain system

The head losses in the storm drain system were computed for three different structures, namely

the inlet, transition, and weir structure. Methods for determining the head losses were

selected from the FCDMC's Drainage Design Manual Volume /I and the FHWA's HEC-22

Manual. Friction loss in the storm drain pipe was considered in the StormCAD model with

Manning's roughness coefficient of n =0.013.

Inlet Structure:

A beveled edge inlet type was designed as an inlet structure for the storm drain system. Adding

bevels to the square-edged inlet increases capacity by 5 to 20 percent. Thus, an entrance loss

coefficient of 0.2 is considered for the beveled edge inlet structure based on Table 5.3 of the

Drainage Design Manual Volume /I.

Transition Structure:

A storm drain transition is a structure of varying cross-section designed to provide smooth flow

between two conduits. A transition is usually required to change conduit size, to change type of

conduit, or to avoid obstructions. The transition structure for the SHOC Reach D storm drain

system has three 60-inch concrete pipes transitioning into a 96-inch concrete pipe as shown in

Figure 2 below. Three different types of losses were computed at the transition structure,

including, A. Exit loss, S. Transition loss, and C. Entrance loss.

=====::::::::-

I
I
I

I I

80)8
Figure 2: Transition Structure

Sample calculations for transition loss are computed below:



TABLE 5.1

ENTRANCE Loss COEFFICIENTS

OUTLET CONTROL, FULL OR PARTLY FULL ENTRANCE HEAD Loss

(USDOT, FHWA, HDS-5, 1985)

Type of Structure and Design of Entrance Coefficient, Ke

Pipe, Concrete

Projecting from fill, socket end (grove-end) 0.2

Projecting from fill, square cut end 0.5

Headwall or headwall and wingwalls

Socket end of pipe (grove-end) 0.2

Square-edge 0.5

Rounded (radius =1/12 D) 0.2

Mitered to conform to fill slope 0.7

End-Section conforming to fill slope 0.5

Beveled edges, 33.7° or 45° bevels 0.2

Side-or slope-tapered inlet 0.2

Pipe, or Pipe-Arch, Corrugated Metal

Projecting from fill (no headwall) 0.9

Headwall or headwall and wingwalls square-edge 0.5

Mitered to conform to fill slope, paved or unpaved slope 0.7

End-Section conforming to fill slope 0.5

Beveled edges, 33.7° or 45° bevels 0.2

Side- or slope-tapered inlet 0.2

Box, Reinforced Concrete

Headwall parallel to embankment (no wingwalls)

Square-edged on 3 edges 0.5

Rounded on 3 edges to radius of 1/12 barrel dimension, or beveled on 0.2
sides

Wingwalls at 30° to 75° to barrel

Square-edged at crown 0.4

Crown edge rounded to radius of 1/12 barrel dimension, or beveled top 0.2
edge

Wingwalls at 10° to 25° to barrel

Square-edged at crown 0.5

Wingwalls parallel (extension of sides)

Square-edged at crown 0.7

Side- or slope-tapered inlet 0.2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Drainage Design Manual for Maricopa County Hydraulics: Culverts & Bridges

I
I

5-28 March 11, 2004 (Draft)
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A) Exit Loss: The exit loss is a function of the change in velocity at the outlet of the pipe.

The exit loss is expressed as:

H =(V/ -V/J
o 2g 2g

Where,
VA =average velocity in ftlsec

VB =channel velocity downstream of outlet in ftlsec

Please refer to the calculation sheet attached:
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- - - - - - - - - - - - - - - - - - -
Scenario: BHOC-D Storm Drain Upstre.am Structure

Pipe Report

label Upstream Downstream Total Length Constructed Seetbn Mannin<Js Velocity Full UJpstream Downstream Upstream Downstream Upstream Downstre aI Hydraulic Hydraulic
NIXIe Node 3/stem (tt) Slope Size n Out GalPacily Invert Invert GroUt"ll GlOum Cover Gover Grade Grade

Flow (lt1tt) (ftfs) (cfs) [Elevation Elevation Elevation Elevation (tt) (ttl Line In Line Out
(cfs) (tt) (tt) (fl) (fl) (fll (fl)

P3·60 1·1 SUNS J-l TRANSI 211.00 453.00 -0.000508 60 inch 0.013 3.58 ·176.05 1,085.00 1,085.23 1,100:00 1,097.50 10.00 7.27 1,096.38 1,096.05

P96-1 J·l TRAN J-2WEIR S 211.00 894.00 -0.000950 96 inch 0.013 4.21 ·281.16 1,085.23 1,087.03 1,097.50 1,098.00 4.27 2.97 ,OlT .!f1 1,094.90
P96-2 J·2WEIR 0-1 WEIR 211.00 1.00 0.000000 96 inch 0.013 4.27 0.00 1,087.03 1,087.03 1,098.00 1,09S.00 2.97 2.97 1,094.64 1,094.64

P3- 00 P'16-1
I---f--------------.....:;>-=-----i o-lt\Jtlr

J- 1
Trans i FoV\

1\1 o+e :.. GN"cuLoJ..j ()l/l, 00 ne,

Title: BH.OC·D (PCN 620 03 32)
f:\. ..\hydraulics\stormcad final\bhoe-d sd-us.stm
09114108 02:59:07 PM

Olsson Associnl9s
CO Haestad MElthods, Inc. 37 Brookside Road Walerbury, CT 06708 USA +1·203-755-1666

Project Engineer: Duc
StormCAD v5.5 [5.5003]

Puge 1 of 2
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B) Transition Loss: A transition is a location where a conduit changes size. Transition

includes expansion, contraction, or both. For gradual contractions, it has been observed

that Kc=O.5Ke. Typical values of Ke for gradual expansion are shown in the tables below.

The angle of cone that forms the transition is defined in Figure 3 below.

I
I Figure 3: Angle of cone for pipe diameter changes

I
Ke =expansion coefficient
Kc =contraction coefficient

I Table 7-4a. Typical Values for K. for Gradual Enlargement of Pipes in
Non-Pressure Flow.

I
I
I
I
I

Angle of Cone
DiD, 10° 20° 45° 60° 90" 120° 1800

1.5 0.17 0.40 1.06 1.21 1.14 1.07 1.00

3 0.17 0.40 .86 1.02 1.06 1.04 1.00

Table 7-4b. Typical Values of Kc for Sudden Pipe Contractions.

O2 /0, Kc
0.2 0.5

0.4 0.4

0.6 0.3

0.8 0:1

1.0 0.0

O2 /0, =Ratio of diameter of smaller pipe to
large pipe. (Source: Reference 8)

Table 7-4d Values of K for Determining Loss of Head due to Gradual Enlargement in Pipes

DID,
Angle of Cone

2" 6" 10' 15" 20" 25" 30° 35° 40" 50" 60"
'l.1 0.01 0.01 0.03 0.05 0.10 0.13 0.16 0.18 0.19 0.21 0.23

1.2 0.02 0.02 0.04 0.09 0.16 0.2'\ 0.25 0.29 0.31 0.35 0.37

1.4 0.02 0.03 0.06 0.12 0.23 0.30 0.36 0.41 0.44 0.50 0.53

1.6 0.03 0.04 0.07 0.14 0.26 0.35 0.42 0.47 0.51 0.57 0.61

1.8 0.03 0.04 0.07 0.15 0.28 0.37 0.44 0.50 0.54 0.61 0.65

2.0 0.03 0.04 0.07 0.16 0.29 0.38 0.46 0.52 0.56 0.63 0.68

2.5 0.03 0.04 0.08 0.16 0.30 0.39 0.48 0.54 0.58 0.65 0.70

3.0 0.03 0.04 0.08 0.16 0.31 0.40 0.48 0.55 0.59 0.66 0.71

inf 0.03 0.05 0.08 0.16 0.31 0.40 0.49 0.46 0.60 0.67 0.72

DjD, - ratio of diameter of larger gipe to diameter of smaller pipe
(Source: Reference 8)Anq!e of cone is the an~le in de~rees etween the sides of the taperin~ section

I
I

I

I
I

I





I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

C) Entrance Loss: A beveled edge was designed at the face of the 96" storm drain pipe at
the transition structure, thus the entrance loss coefficient of 0.2 was considered.

Weir Structure:

Exit loss is the major loss that takes place at the weir structure. Please refer to the hand
calculations for detail.
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B.2 Storm Drain Replacement at 67th Avenue

- ::::



Storm Drain Replacement 67th Avenue

I
I
I
I
I
I
I

Figure: A

96" Proposed SO

96" Pro osed SO

143 LF 48" Existin SO
@ Slope = 0.00264

Pro osed Manhole

As shown in Figure A above, the existing 48" storm drain (SD) conflicts with the proposed 96"

SD at 67th Avenue. Under pressure flow condition, the capacity of the existing 48" SD was

calculated to be approximately 74 cfs. To eliminate the conflict, a 15" diameter storm drain pipe

is proposed to replace the existing 48" SD pipe segment in conflict, as shown in Figure B. The

15" pipe will convey low flows, with a capacity of 3.32 cfs. Flows in excess of 3.32 cfs will be

conveyed to the 96" pipe through a 48" pipe connection to the BHOC-D storm drain, as shown in

Figure C. Please refer to following Storm CAD results for the existing and the proposed

conditions layout, and for the pipe reports.

66 LF 48" Existin SO
@ Slope = 0.00264

66 LF 48" Existin SO
@ Slope = 0.00264

Proposed Manhole

55 LF 15" Pro osed SO
@ Slope = 0.00264ure: C

, 3 LF 48~ Pro osed SD
C Slope - O.007·/tt

96" Proposed SO

I
I
I
I
I
I
I
I
I
I
I
I



- - - - - - -- - - - -- - - -- - -
Scenario: 67th Avenue Storm Drain Replacement

Existing Condition: 48" StormOrain Pipe

0-1 P-1 1-1
6~---------<:'«:f----------------jD

Length: 143 ft @ S = 0.00264

Proposed Condition Pipe Layout

0- 1

P- 3

p- 2 1- 2

P-2
«

P -'\
1- 1

66 LF 48" SO @ Slope = 0.00264 ft/ft

1-2
__---EI

&-
0-1 55 LF 15" SO @ Slope = 0.00264 fUft

Proposed 96" SD

13 LF 48" SO @ S10 Pe = 0.007 fUft

I - 2
p- '\

I -1

c:\...\desktop\miscellaneous\storm cad\70 sd.stm
03/31/08 11 :23:35 AM

Olsson Associates
© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Frank Gu
StormCAD v5.5 [5.5003]

Page 1 of 1



- - - - - - ------Scenario: Existing Condition with 48"50

Pipe Report

- - - - - -
Label Upstream Downstream Total Length ~onstructecSection Mannings Velocity Full Upstream Downstream Upstream Downstream Upstream1J0wnstrearr Hydraulic Hydraulic

Node Node System (tt) Slope Size n Out Capacity Invert Invert Ground Ground Cover Cover Grade Grade
Flow (ftltt) (ftls) (cis) Elevation Elevation Elevation Elevation (tt) (tt) Line In Line Out
(cis) (tt) (tt) (tt) (tt) (tt) (tt)

P-1 1-1 0-1 74.00 143.10 0.002655 48 inch 0.013 5.89 74.02 1,083.69 1,083.31 1,097.93 1,097.55 10.24 10.24 1,097.43 1,097.05

c:\...\storm cad\existing 48 inch pipe.stm
03/31/08 08:53:19 AM

Olsson Associates
© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Frank Gu
StormCAD v5.5 [5.5003]

Page 1 of 1



- - - - - - ------Scenario: Proposed Condition Pipe Layout

Pipe Report

- - - - - -
Label Upstream Downstream Total Length ~onstructecSection Mannings Velocity Full Upstream Downstream Upstream Downstream Upstrearrpownstrean Hydraulic Hydraulic

Node Node System (tt) Slope Size n Out Capacity Invert Invert Ground Ground Cover Cover Grade Grade
Flow (ftltt) (ftls) (cfs) Elevation Elevation Elevation Elevation (tt) (tt) Line In Line Out
(cfs) (tt) (tt) (tt) (tt) (tt) (tt)

P-2 1-2 0-1 3.32 55.00 0.002727 15 inch 0.013 2.71 3.37 1,083.52 1,083.37 1,097.80 1,097.90 13.03 13.28 1,097.26 1,097.11

c:\...\miscellaneous\storm cad\revised 15 sd.stm
03/31/08 11 :24:11 AM

Olsson Associates
© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Frank Gu
StormCAD v5.5 [5.5003]

Page 1 of 1



- - - - - - ------Scenario: Proposed Condition Pipe Layout

Pipe Report

- - - - - -
Label Upstream Downstream Total Length ~onst ru cte ( Section Mannings Velocity Fuil Upstream Downstream Upstream Downstream Upstrearrpownstrearr Hydraulic Hydraulic

Node Node System (tt) Slope Size n Out Capacity Invert Invert Ground Ground Cover Cover Grade Grade
Flow (Ntt) (fVs) (cfs) Elevation Elevation Elevation Elevation (tt) (tt) Line In Line Out
(cIs) (tt) (tt) (tt) (tt) (tt) (tt)

P-1 1-1 1-2 372.55 65.00 0.002154 48 inch 0.013 29.65 66.66 1,083.69 1,083.55 1,097.93 1,097.80 10.24 10.25 1,097.43 1,093.05

P-3 1-2 0-2 372.55 13.00 0.007692 48 inch 0.013 29.66 125.98 1,087.60 1,087.50 1,097.80 1,097.90 6.20 6.40 1,092.37 1,091.49

c:\...\desktop\miscellaneous\storm cad\69 sd.stm
03/31/08 11 :24:47 AM

Olsson Associates
© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Frank Gu
StormCAD v5.5 [5.5003]
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B.3 Street Capacity Calculations



I
I Worksheet for Indian School Rd

I
I
I
I
I
I
I
I
I

Project Description

Friction Method

Solve For

Input Data

Channel Slope

Discharge

Section Definitions

Station (tt)

Roughness Segment Definitions

Start Station

Manning Formula

Normal Depth

0+05

0+10

0+10

0+42

0+74

0+74

0+79

0.00120 ftIft

26.00 ft3/s

Elevation (ft)

100.07

100.00

99.50

100.14

99.50

100.00

100.07

Ending Station Roughness Coefficient

I
(0+05,100.07) (0+79,100.07) 0.015

Results

Normal Depth 0.60 ft

Elevation Range 99.50 to 100.14 ft

Flow Area 18.52 ft2

Wetted Perimeter 70.89 ft

Top Width 69.82 ft

Normal Depth 0.60 ft

Critical Depth 0.44 ft

Critical Slope 0.00557 ftIft

Velocity 1.40 ftIs

Velocity Head 0.03 ft

Specific Energy 0.63 ft

I
I
I
I
I
I
I

11/5/20073:30:21 PM
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 1 of 2
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Results

Froude Number

Flow Type

GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

11/5/20073:30:21 PM

Worksheet for Indian School Rd

0.48

Subcritical

0.00 ft

0.00 ft

o

0.00 ft

0.00 ft

Infinity fUs

Infinity fUs

0.60 ft

0.44 ft

0.00120 fUft

0.00557 fUft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



I
I Cross Section for Indian School Rd

I
I

Project Description

Friction Method

Solve For

Input Data

Manning Formula

Normal Depth

I
Channel Slope

Normal Depth

Discharge

0.00120 tuft

0.60 ft

26.00 ft'/s

I
Cross Section Image

10030

100.20..

......... .. i ~ l .

0+10'0+20'0+30'0+40'0+50'0+50'0+70' ,
Station

99.50

99.90

99.4G

99.3c.

99.60

100.10 !----!-~-~-/'r---!'-......"'!---;

1CoO.OG

c
o
~
§i99.80
w

I

I
I
I

I

I
I
I
I
I
I
I

11/5/2007 3:30:30 PM
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 1 of 1
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Olsson Associates

Street Capacity Computations

Description:

Date:

References:

Known Values:
Depth of Flow =

Cross Slope =
Street Width (F/C to F/C) =

Manning's "n" Value=

6" Vertical Curb

Calculation of Street Flow Conveyance Capacity - 100 year storm

11/05/07

Federal Highway Administration, Hydraulic Engineering Circular No. 12,
"Drainage of Highway Pavements", March 1984

0.5 ft
0.02 ft/It

28 ft
0.015

I
I
I
I
I
I
I
I
I
I
I
I
I

Calculated Values:
Referenced Equations:
Q =0.56' (S."57) • (SO.5) • (T2

.
57) 1n for flow below crown (FHWA Procedure)

Q =1.486 • A' (Ro.57) • (So 5) 1n for flow above crown (Manning's equation)
where Q = flow rate, cfs T =width of flow, ft

Sx = cross slope, ft/ft A = conveyance area, sq ft
S = longitudinal slope, ft/ft R =hydraulic radius, ft

Longitudinal Slope Conveyance Area Velocity
Hydraulic Half-Street

(ftIft) (ft2) (fps)
Capacity Hydraulic Capacity

(cfs) (cfs)

0.0023 to.08 2.3t 23 14
0.0028 10.08 2.56 26 15
0.0033 10.08 2.78 28 17
0.0038 10.08 2.99 30 18
0.0043 10.08 3.18 32 19
0.0048 10.08 3.36 34 20
0.0053 10.08 3.54 36 21
0.0058 10.08 3.70 37 22
0.0063 10.08 3.86 39 23
0.0068 10.08 4.01 40 24
0.0073 10.08 4.15 42 25
0.0078 10.08 4.30 43 26
0.0083 10.08 4.43 45 27
0.0088 10.08 4.56 46 27
0.0093 10.08 4.69 47 28
0.0098 10.08 4.82 49 29
0.0103 10.08 4.94 50 30
0.0108 10.08 5.06 51 30
0.0113 10.08 5.18 52 31
0.0118 10.08 5.29 53 32
0.0123 10.08 5.40 54 32
0.0128 10.08 5.51 56 33
0.0133 10.08 5.62 57 34

0.0138 10.08 5.72 58 34
0.0143 10.08 5.82 59 35
0.0148 10.08 5.93 60 36
0.0153 10.08 6.03 61 36

64 th Drive 0.0020 10.08 2.18 22 13
63 rd Drive 0.0020 10.08 2.18 22 13
66th Drive 0.0050 10.08 3.45 35 21
Devonshire Drive 0.0040 10.08 3.09 31 19
Glenrosa Avenue 0.0057 10.08 3.68 37 22
Roma Avenue 0.0060 10.08 3.78 38 23

F:\Projects\007-1 033\CALCS\Street hydraulics\Street Hydraulics.xls 11/5/2007
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I Worksheet for 64th Drive
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Project Description

Friction Method

Solve For

Input Data

Channel Slope

Discharge

Section Definitions

Station (tt)

Roughness Segment Definitions

Start Station

Manning Formula

Normal Depth

0+00

0+03

0+03

0+17

0+31

0+31

0+34

0.00200 Nft

43.00 tP/s

Elevation (tt)

100.00

100.00

99.50

99.78

99.50

100.00

100.00

Ending Station Roughness Coefficient

I
(0+00,100.00) (0+34,100.00) 0.015

Results

Normal Depth 0.68 ft

Elevation Range 99.50 to 100.00 ft

Flow Area 16.28 ft2

Wetted Perimeter 35.37 ft

Top Width 34.00 ft

Normal Depth 0.68 ft

Critical Depth 0.57 ft

Critical Slope 0.00478 Nft

Velocity 2.64 Ns

Velocity Head 0.11 ft

Specific Energy 0.79 ft

I
I
I
I
I
I

11/5/20073:26:47 PM
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 1 ot 2
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Results

Froude Number

Flow Type

GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

11/5/20073:26:47 PM

Worksheet for 64th Drive

0.67

Subcrilical

0.00 ft

0.00 ft

o

0.00 ft

0.00 ft

Infinity fUs

Infinity fUs

0.68 ft

0.57 ft

0.00200 fUft

0.00478 fUft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 2 of 2



I
I Cross Section for 64th Drive

I
Project Description

Friction Method

Solve For

Manning Formula

Normal Depth

I
I

Input Data

Channel Slope

Normal Depth

Discharge

0.00200 tUft

0.68 ft

43.00 ftJ/s

I
Cross Section Image

99.9D0····1 "j".. ······:···········"(·········r········ ; ..
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I Worksheet for 63rd Drive

I
I
I
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Project Description

Friction Method

Solve For

Input Data

Channel Slope

Discharge

Section Definitions

Station (tt)

Roughness Segment Definitions

Start Station

Manning Formula

Normal Depth

0+00

0+03

0+03

0+17

0+31

0+31

0+34

0.00200 tUft

39.00 ft3 /s

Elevation (tt)

100.00

100.00

99.50

99.78

99.50

100.00

100.00

Ending Station Roughness Coefficient

I
(0+00,100.00) (0+34, 100.00) 0.015

Results

Normal Depth 0.65 ft

Elevation Range 99.50 to 100.00 ft

Flow Area 15.35 ft2

Wetted Perimeter 35.32 ft

Top Width 34.00 ft

Normal Depth 0.65 ft

Critical Depth 0.55 ft

Critical Slope 0.00488 tUft

Velocity 2.54 tUs

Velocity Head 0.10 ft

Specific Energy 0.76 ft

I
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I
I
I
I
I

1115120073:27:30 PM
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203-755·1666 Page 1 of 2
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Results

Froude Number

Flow Type

GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

11/5/20073:27:30 PM

Worksheet for 63rd Drive

0.67

Subcritical

0.00 ft

0.00 ft

o

0.00 ft

0.00 ft

Infinity tus

Infinity tus

0.65 ft

0.55 ft

0.00200 tuft

0.00488 tuft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 2 of 2



I
I Cross Section for 63rd Drive

I
I
I

Project Description

Friction Method

Solve For

Input Data

Channel Slope

Normal Depth

Discharge

Manning Formula

Normal Depth

0.00200 ftIft

0.65 ft

39.00 ft'/s

I
I

Cross Section Image
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Worksheet for 66th Drive
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Project Description

Friction Method

Solve For

Input Data

Channel Slope

Discharge

Section Definitions

Station (tt)

Roughness Segment Definitions

Start Station

Manning Formula

Normal Depth

0+00

0+03

0+03

0+17

0+31

0+31

0+34

0.00500 tuft

30.00 ft3/S

Elevation (tt)

100.00

100.00

99.50

99.78

99.50

100.00

100.00

Ending Station Roughness Coefficient

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 1 of 2

Results

Normal Depth 0.47 tt

Elevation Range 99.50 to 100.00 ft

Flow Area 9.20 ft2

Wetted Perimeter 28.94 ft

Top Width 28.00 ft

Normal Depth 0.47 ft

Critical Depth 0.47 ft

Critical Slope 0.00496 ft/ft

Velocity 3.26 ft/s

Velocity Head 0.17 ft

Specific Energy 0.63 ft

I
I
I
II

I
I
I
I

(0+00, 100.00)

11/5/20073:27:55 PM

(0+34,100.00) 0.015
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Results

Froude Number

Flow Type

GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

11/5/2007 3:27:55 PM

Worksheet for 66th Drive

1.00

Supercritical

0.00 ft

0.00 ft

o

0.00 ft

0.00 ft

Infinity ftls

Infinity ftls

0.47 ft

0.47 ft

0.00500 ftlft

0.00496 ftlft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)

27 Slemons Company Drive Sulle 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 2 of 2



I
Cross Section for 66th DriveI

I
Project Description

Friction Method

Solve For

Manning Formula

Normal Depth

I
I

Input Data

Channel Slope

Normal Depth

Discharge

0.00500 Nft

0.47 ft

30.00 ft3/s
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I Worksheet for Devonshire Avenue
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Project Description

Friction Method

Solve For

Input Data

Channel Slope

Discharge

Section Definitions

Stalion (tt)

Roughness Segment Definitions

Start Station

Manning Formula

Normal Depth

0+00

0+03

0+03

0+17

0+31

0+31

0+34

0.00400 ftlfl

63.00 fl'/s

Elevation (tt)

100.00

100.00

99.50

99.78

99.50

100.00

100.00

Ending Station Roughness Coefficient

I
(0+00,100.00) (0+34,100.00) 0.015

Hesults

Normal Depth 0.69 fl

Elevation Range 99.50 to 100.00 fl

Flow Area 16.63 ft2

Wetted Perimeter 35.39 fl

Top Width 34.00 fl

Normal Depth 0.69 fl

Critical Depth 0.68 fl

Critical Slope 0.00443 ftlfl

Velocity 3.79 ftls

Velocity Head 0.22 fl

Specific Energy 0.92 fl

I
I
I
I
I
I
I
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Results

Froude Number

Flow Type

GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

11/5/2007 3:28:19 PM

Worksheet for Devonshire Avenue

0.95

Subcritical

0.00 ft

0.00 ft

o

0.00 ft

0.00 ft

Infinity ftls

Infinity ftIs

0.69 ft

0.68 ft

0.00400 ftIft

0.00443 ftIft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 2 of 2



Cross Section for Devonshire Avenue

I
I
I
I
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Project Description

Friction Method

Solve For

Input Data

Channel Slope

Normal Depth

Discharge

Cross Section Image

Manning Formula

Normal Depth

0.00400 ftlfl

0.69 fl

63.00 fl3/s
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Worksheet for Glenrosa Ave

I
I
I
I
I
I
I
I
I
I
I

Project Description

Friction Method

Solve For

Input Data

Channel Slope

Discharge

Section Definitions

StaUon (ft)

Roughness Segment Definitions

Start Station

Manning Formula

Normal Depth

0+00

0+03

0+03

0+17

0+31

0+31

0+34

0.00600 ft/fl

214.00 ft'/s

Elevation (ft)

100.00

100.00

99.50

99.78

99.50

100.00

100.00

Ending Station Roughness Coefficient

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 1 of 2

Results

Normal Depth 1.11 ft

Elevation Range 99.50 to 100.00 fl

Flow Area 30.97 ft2

Wetted Perimeter 36.23 ft

Top Width 34.00 ft

Normal Depth 1.11 ft

Critical Depth 1.28 ft

Critical Slope 0.00353 ft/fl

Velocity 6.91 ft/s

Velocity Head 0.74 fl

Specific Energy 1.86 ft

I
I
I
I
I
I
I
I

(0+00, 100.00)

11/5/20073:29:19 PM

(0+34, 100.00) 0.015
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Results

Froude Number

Flow Type

GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

11/5/20073:29:19 PM

Worksheet for Glenrosa Ave

1.28

Supercritical

0.00 ft

0.00 ft

o

0.00 ft

0.00 ft

Infinity ftls

Infinity flIs

1.11 ft

1.28 ft

0.00600 flIft

0.00353 ftlft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 2 of 2



I
Cross Section for Glenrosa AveI

I
Project Description

Friction Method

Solve For

Manning Formula

Normal Depth

I
I

Input Data

Channel Slope

Normal Depth

Discharge

0.00600 ftlfl

1.11 ft

214.00 ft3/S

Cross Section Image
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Worksheet for Roma Avenue
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Project Description

Friction Method

Solve For

Input Data

Channel Slope

Discharge

Section Definitions

Station (tt)

Roughness Segment Definitions

Start Station

Manning Formula

Normal Depth

0+00

0+03

0+03

0+17

0+31

0+31

0+34

0.00600 ft/ft

123.00 ft3 /s

Elevation (ft)

100.00

100.00

99.50

99.78

99.50

100.00

100.00

Ending Station Roughness Coefficient

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 1 of 2

Results

Normal Depth 0.85 ft

Elevation Range 99.50 to 100.00 ft

Flow Area 22.08 fF

Wetted Perimeter 35.71 ft

Top Width 34.00 ft

Normal Depth 0.85 ft

Critical Depth 0.94 ft

Critical Slope 0.00389 ft/fl

Velocity 5.57 ft/s

Velocity Head 0.48 fl

Specific Energy 1.34 ft

I
I
I
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I
I
I

(0+00,100.00)

11/5/2007 3:29:49 PM

(0+34, 100.00) 0.015
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Results

Froude Number

Flow Type

GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

11/5/20073:29:49 PM

Worksheet for Roma Avenue

1.22

Supercritical

0.00 ft

0.00 ft

o

0.00 ft

0.00 ft

Infinity ft/s

Infinity ft/s

0.85 ft

0.94 ft

0.00600 tUfl

0.00389 ft/fl

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 2 of 2



Cross Section for Roma Avenue
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Project Description

Friction Method

Solve For

Input Data

Channel Slope

Normal Depth

Discharge

Cross Section Image
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I
I Olsson Associates

Street Capacity Computations of Indian School Road

I Description: Calculation of Street Flow Conveyance Capacity - 100 year storm

6" Vertical Curb

I
I
I

Date:

References:

Known Values:
Depth of Flow =

Cross Slope =
Street Width (F/C to FIG) =

Manning's "n" Value=
Longitudinal Slope =

11/05/07

Federal Highway Administration, Hydraulic Engineering Circular No. 12,
'Drainage of Highway Pavements", March 1984

0.5 ft
0.02 tuft

64 ft
0.015

0.0012 ftllt

I
I
I
I
I
I
I
I
I
I
I
I
I

Calculated Values:
Referenced Equations:
Q = 0.56' (S/67). (SO.5). (T2

.
67) I n for flow below crown (FHWA Procedure)

Q = 1.486 • A • (RO.67) • (SO.5) 1n for flow above crown (Manning's equation)
where Q = flow rate, cfs T = width of flow, It

S. = cross slope, ftllt A = conveyance area, sq It
S = longitudinal slope, ftllt R = hydraulic radius, It

Longitudinal Slope Conveyance Area Velocity
Hydraulic Hall-Street

(ftIft) (If) (Ips)
Capacity Hydraulic Capacity

{cIs} (cIs)

0.0023 12.50 2.23 26 14
0.0026 12.50 2.46 31 15
0.0033 12.50 2.66 33 17
0.0036 12.50 2.67 36 16
0.0043 12.50 3.06 36 19
0.0048 12.50 3.23 40 20
0.0053 12.50 3.40 43 21
0.0058 12.50 3.56 44 22
0.0063 12.50 3.71 46 23
0.0066 12.50 3.86 48 24
0.0073 12.50 4.00 50 25
0.0078 12.50 4.13 52 26
0.0083 12.50 4.26 53 27
0.0088 12.50 4.39 55 27
0.0093 12.50 4.51 56 26
0.0098 12.50 4.63 56 29
0.0103 12.50 4.75 59 30
0.0106 12.50 4.87 61 30
0.0113 12.50 4.96 62 31
0.0118 12.50 5.09 64 32
0.0123 12.50 5.19 65 32
0.0126 12.50 5.30 66 33
0.0133 12.50 5.40 68 34
0.0136 12.50 5.50 69 34
0.0143 12.50 5.60 70 35
0.0146 12.50 5.70 71 36
0.0153 12.50 5.80 72 36

Indian School Ad 0.0012 12.50 1.63 20 10

F:\Projects\007-1 033\CALCS\Street hydraulics\Street Hydraulics.xls 11/5/2007
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NOTES:
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AT THE DISCRETION OF THE STREET TRANSPORTATION DEPARTMENT OR DEVELOpMENT SERVICES ElEetRTMENT,

2. ADDITIONAL RIGHT-OF-WAY MAY BE REQUIRED FOR DRAINAGE, UTILITIES, SLOPE RIGHTS, IRRIGATION FAcIttHE: OR TRAILS.**
3. CROSS SECTION "c" HAS A 14' TWO WAY LEFT TURN LANE.

CROSS SECTION C-M HAS A 14' RAISED MEDIAN.
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REQUIRED ON CROSS SECTIONS A,B,C,D,E,F, & G. ALL DIMENSIONS ARE TO

THE FACE OF CURB.
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B.4 Area Inlet Calculations
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Orifice: Q = Crl AJ2t:/h

I
I
I

Weir: Q= CLIlY:

BETHANY HOME OUTFALL CHANNEL

REACH D DESIGN

AREA DRAIN CALCULATIONS

C = 3.33

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Single Inlet (MAG Det. 535)

h (tt) L(tt) (50%
A (sf) Owei' (cfs) Oorifice (cfs)

L (tt) A (sf) (50% Owei' (cfs) (50% Oorifice (cfs) (50%
clogged)

clogged) clogged) clogged)

0.05 8.42 6.71 5.54 2.77 0.31 0.25 5.96 2.98

0.10 8.42 6.71 5.54 2.77 0.89 0.71 8.44 4.22

0.15 8.42 6.71 5.54 2.77 1.63 1.30 10.33 5.17

0.20 8.42 6.71 5.54 2.77 2.51 2.00 11.93 5.96

0.25 8.42 6.71 5.54 2.77 3.50 2.79 13.34 6.67

0.30 8.42 6.71 5.54 2.77 4.61 3.67 14.61 7.31

0.35 8.42 6.71 5.54 2.77 5.81 4.63 15.78 7.89

0.40 8.42 6.71 5.54 2.77 7.09 5.65 16.87 8.44

0.45 8.42 6.71 5.54 2.77 8.46 6.75 17.89 8.95

0.50 8.42 6.71 5.54 2.77 9.91 7.90 18.86 9.43

0.55 8.42 6.71 5.54 2.77 11.44 9.11 19.78 9.89

0.60 8.42 6.71 5.54 2.77 13.03 10.38 20.66 10.33

0.65 8.42 6.71 5.54 2.77 14.69 11.71 21.51 10.75

0.70 8.42 6.71 5.54 2.77 16.42 13.09 22.32 11.16

0.75 8.42 6.71 5.54 2.77 18.21 14.51 23.10 11.55

0.80 8.42 6.71 5.54 2.77 20.06 15.99 23.86 11.93

0.85 8.42 6.71 5.54 2.77 21.97 17.51 24.59 12.30

0.90 8.42 6.71 5.54 2.77 23.94 19.08 25.31 12.65

0.95 8.42 6.71 5.54 2.77 25.96 20.69 26.00 13.00

1.00 8.42 6.71 5.54 2.77 28.04 22.34 26.67 13.34

Double Inlet (MAG Det. 535)

h (tt) L(tt) (50%
A (sf) Owei' (cfs) Oo'ifice (cfs)

L(tt)
clogged)

A (sf) (50% Owei' (cfs) (50% Oo'ifice (cfs) (50%
clogged) clogged) clogged)

0.05 11.83 8.42 11.08 5.54 0.44 0.31 11.93 5.96

0.10 11.83 8.42 11.08 5.54 1.25 0.89 16.87 8.44

0.15 11.83 8.42 11.08 5.54 2.29 1.63 20.66 10.33

0.20 11.83 8.42 11.08 5.54 3.52 2.51 23.86 11.93

0.25 11.83 8.42 11.08 5.54 4.92 3.50 26.67 13.34

0.30 11.83 8.42 11.08 5.54 6.47 4.61 29.22 14.61

0.35 11.83 8.42 11.08 5.54 8.16 5.81 31.56 15.78

0.40 11.83 8.42 11.08 5.54 9.97 7.09 33.74 16.87

0.45 11.83 8.42 11.08 5.54 11.89 8.46 35.79 17.89

0.50 11.83 8.42 11.08 5.54 13.93 9.91 37.72 18.86

0.55 11.83 8.42 11.08 5.54 16.07 11.44 39.57 19.78

0.60 11.83 8.42 11.08 5.54 18.31 13.03 41.32 20.66

0.65 11.83 8.42 11.08 5.54 20.64 14.69 43.01 21.51

0.70 11.83 8.42 11.08 5.54 23.07 16.42 44.64 22.32

0.75 11.83 8.42 11.08 5.54 25.59 18.21 46.20 23.10

0.80 11.83 8.42 11.08 5.54 28.19 20.06 47.72 23.86

0.85 11.83 8.42 11.08 5.54 30.87 21.97 49.19 24.59

0.90 11.83 8.42 11.08 5.54 33.64 23.94 50.61 25.31

0.95 11.83 8.42 11.08 5.54 36.48 25.96 52.00 26.00
1.00 11.83 8.42 11.08 5.54 39.39 28.04 53.35 26.67
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Weir:

BETHANY HOME OUTFALL CHANNEL

REACH D DESIGN

AREA DRAIN CALCULATIONS

C= 3.33
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Single Inlet (ADOT Det. (-15.80)

h (ft) L(ft) (50% A (sf) (50%
Owei' (cfs) Oc'ifice (cfs)

L(ft)
clogged)

A (sf)
clogged)

Owei' (cfs) (50% Ocrilice (cfs) (50%

clogged) clogged)

0.05 7.00 5.5 4.9 2.45 0.26 0.20 5.28 2.64
0.10 7.00 5.5 4.9 2.45 0.74 0.58 7.46 3.73
0.15 7.00 5.5 4.9 2.45 1.35 1.06 9.14 4.57

0.20 7.00 5.5 4.9 2.45 2.08 1.64 10.55 5.28
0.25 7.00 5.5 4.9 2.45 2.91 2.29 11.80 5.90

0.30 7.00 5.5 4.9 2.45 3.83 3.01 12.92 6.46
0.35 7.00 5.5 4.9 2.45 4.83 3.79 13.96 6.98
0.40 7.00 5.5 4.9 2.45 5.90 4.63 14.92 7.46

0.45 7.00 5.5 4.9 2.45 7.04 5.53 15.83 7.91

0.50 7.00 5.5 4.9 2.45 8.24 6.48 16.68 8.34

0.55 7.00 5.5 4.9 2.45 9.51 7.47 17.50 8.75

0.60 7.00 5.5 4.9 2.45 10.83 8.51 18.28 9.14

0.65 7.00 5.5 4.9 2.45 12.22 9.60 19.02 9.51

0.70 7.00 5.5 4.9 2.45 13.65 10.73 19.74 9.87
0.75 7.00 5.5 4.9 2.45 15.14 11.90 20.43 10.22
0.80 7.00 5.5 4.9 2.45 16.68 13.11 21.10 10.55

0.85 7.00 5.5 4.9 2.45 18.27 14.35 21.75 10.88
0.90 7.00 5.5 4.9 2.45 19.90 15.64 22.38 11.19
0.95 7.00 5.5 4.9 2.45 21.58 16.96 23.00 11.50
1.00 7.00 5.5 5.54 2.45 23.31 18.32 26.67 11.80
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B.5 Drainage Memos



ASSOCIATES

BACKGROUND:

www.oaconsulting.com
TEL 602.748.1000
FAX 602.748.1001

Scott Vogel, Project Manager

Steven Tucker

Jeff Ford

Evaluation of Feasibility of Reducing Pipe Size from 96" to 84" Between
Maryvale Basin and Weir Structure

July 8,2008

Bethany Home Outfall Channel - Reach D Design
6th Avenue to Indian School Road - PCN 620 03 32

007-1033

TO:

CC:

FROM:

RE:

DATE:

PROJECT:

PROJECT#:

PURPOSE:

The purpose of this memo is to address Steven Tucker's comment from the 70% Submittal of

the BHOC-D Project to evaluate the feasibility of reducing the size of the storm drain pipe from

96" to 84" between the Maryvale Basin and the weir structure (Sta 251 +53.83 to Sta

253+54.53).

The proposed BHOC-D storm drain runs from the Sunset Basin south of Indian School Road to

the Maryvale Basin just east of 6th Avenue. The design of the storm drain from the 70%

Submittal consists of three (3) segments:

1. Segment 1 runs from Sunset Basin to a transition structure just north of Indian School

Road. This segment consists of 453 LF of 3-60" diameter pipes. The profile was

lowered to avoid the Qwest duct bank and was sloped towards the Sunset Basin.

Positive drainage during low flow is provided by the existing 30" storm drain that flows

into the Indian School Road storm drain system.

2. The second segment consists of approximately 1894 LF of 96" diameter pipe that runs

from the transition structure to a weir structure located at the Qwest duct bank at 67th

Avenue. A broad-crested weir (22' long and 5' wide) will completely encase the duct

7250 North 16th Street, Suite 210
Phoenix, AZ 85020-5282
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ASSOCIATES

EVALUATION:

\

Page 2

bank to protect it, eliminating the need to relocate the utility, which Owest has indicated

will be an expensive and time consuming effort. The crest of the weir was set at

1092.45' to match the tailwater elevation at the Maryvale Basin. This segment also

drains towards the Sunset Basin.

3. Segment 3 runs from the weir structure to Maryvale Basin and is the subject of this

evaluation. The segment consists of approximately 200 LF of 96" diameter pipe that

flows from the weir structure to the basin at a slope of approximately O.OOOB'/ft.

The hydraulics of the storm drain was analyzed as two systems: one upstream of the weir and

one downstream of the weir, using the program StormCAD to determine the hydraulic grade

line (HGL) through the storm drain system. The analysis procedure, including calculations of

the loss coefficients through the different structures, are documented in detail in the 70%

Design Report. The results of the storm drain hydraulic analysis are summarized below.

The total 1OO-yr flow routed through Sunset Basin is 274 cfs, with 55 cfs going into the existing

Indian School Road storm drain system and 218 cfs flowing through the new BHOC-D storm

drain. The resulting water surface elevation (WSE) at Sunset Basin is 1096.83, which provides

l' of freeboard. The WSE upstream of the weir is 1094.66, which is 2.21 feet of head over the

weir crest elevation of 1092.45. The WSE just downstream of the weir is 1092.72, based on a

96" diameter pipe for Segment 3. The storm drain is under pressure flow condition upstream of

the weir (Segments 1 and 2) and is under open flow condition downstream of the weir

(Segment 3).

The storm drain was analyzed for an 84" diameter pipe for Segment 3. The StormCAD model

maintains the 1092.45 tailwater elevation condition at Maryvale Basin. The resulting WSE

upstream of Segment 3 (or just downstream of the weir) is raised 0.13' to 1092.85. This does

not affect the water surface elevation upstream at Sunset Basin, because even though the weir

is submerged downstream, the submergence ratio (head downstream I head upstream =
0.40'/2.21' =0.18) is still below the threshold limit of 0.66 to 0.85 found in various literatures.

DRAINAGE MEMO
BETHANY HOME OUTFALL CHANNEL - REACH D DESIGN
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Therefore, based on the above factors, it is recommended that the pipe size in Segment 3

remain at 96".

Page 3

The broad-crested equation, Q=CLH3/2
, remains valid until the submergence ratio becomes

larger than 0.66 to 0.85. Therefore, the storm drain is not affected hydraulically if the pipe

diameter in Segment 3 is changed to 84".

However, even though an 84" diameter pipe is hydraulically feasible for Segment 3, there are

other factors to consider besides the hydraulic performance criteria. First, the FCDMC's

Drainage Design Manual for Maricopa County, Hydraulics, limits the size a downstream pipe

may be reduced. Section 4.3.1 states that "For slopes of 0.0025 ft/ft (0.25 percent) or less,

only conduits 78 inches and greater may be decreased in size a maximum of 6 inches." (Page

4-8). Base on this guideline, the pipe in Segment 3 can be reduced to 90 inches. Second, the

proposed storm drain is accepting water from the existing 48" storm drain in 6ih Avenue. The

flow in the 48" storm drain is unknown, but could be over 74 cfs for a larger storm event. The

larger pipe size provides a safety factor for this additional unknown flow. Finally, there is the

economic factor to consider. Reducing the pipe size from 96" to 84" will not significantly reduce

the overall project cost. Typically, there is a set up fee for each pipe size that is produced. For

the small quantity of pipe (200 LF), the additional set up fee to change the pipe size is at best a

wash in the overall project cost.

DRAINAGE MEMO
BETHANY HOME OUTFALL CHANNEL - REACH D DESIGN
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Broad-Crested Weir

Q = CBcw LHJ.5

Caltrans
Fish Passage Design for Road Crossings

Where: Q =discharge in cfs

CCBW =broad-crested weir coefficient (2.34 - 3.32)

L =broad-crested weir length in ft

H =head above weir crest in ft

See Table F-2 for C Values as a function of weir crest breadth and head.

Broad-Crested Weir Coefficient C Values as a Function of Weir Crest

Page F-5

Broad-Crested Weir Coefficient C Values as a function of Weir Crest Breadth and Head
(coefficient has units of fto,s/sec).

Head Breadth of Crest of Weir (ft)
(ft) 0.50 0.75 1.00 1.50 2.00 2.50 3.00 4.00 5.00 10.00 15.00
0.2 2.80 2.75 2.69 2.62 2.54 2.48 2.44 2.38 2.34 2.49 2.68
0.4 2.92 2.80 2.72 2.64 2.61 2.60 2.58 2.54 2.50 2.56 2.70
0.6 3.08 2.89 2.75 2.64 2.61 2.60 2.68 2.69 2.70 2.70 2.70
0.8 3.30 3.04 2.85 2.68 5.60 2.60 2.678 2.68 2.68 2.69 2.64
1.0 3.32 3.14 2.98 2.75 2.66 2.64 2.65 2.67 2.68 2.68 2.63
1.2 3.32 3.20 3.08 2.86 2.70 2.65 2.64 2.67 2.66 2.69 2.64
1.4 3.32 3.26 3.20 2.92 2.77 2.68 2.64 2.65 2.65 2.67 2.64
1.6 3.32 3.29 3.28 3.07 2.89 2.75 0.68 2.66 2.65 2.64 2.63
1.8 3.32 3.32 3.31 3.07 2.88 2.74 2.68 2.66 2.65 2.64 2.63
2.0 3.32 3.31 3.30 3.03 2.85 2.76 2.72 2.68 2.65 2.64 2.63
2.5 3.32 3.32 3.31 3.28 3.07 2.89 2.81 2.72 2.67 2.64 2.63
3.0 3.32 3.32 3.32 3.32 3.20 3.05 2.92 2.73 2.66 2.64 2.63
3.5 3.32 3.32 3.32 3.32 3.32 3.19 2.97 2.76 2.68 2.64 2.63
4.0 3.32 3.32 3.32 3.32 3.32 3.32 3.07 2.79 2.70 2.64 2.63
4.5 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.74 2.64 2.63
5.0 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.07 2.79 2.64 2.63
5.5 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.64 2.63

F.2. References

Rajaratnam, N. 1989. Hydraulics of culvert fishways III: slotted-weir culvert fishways.
Canadian Journal of Civil Engineering. 16:3:375-383.

Rajaratnam, N. and C. Katopodis. 1990. Hydraulics of culvert fishways III: weir baffle culvert
fishways. Canadian Journal of Civil Engineering. Vol. 17: 4:558-568.

Shoemaker, R.H.. 1956. Hydraulics of box culverts with fish-ladder baffles. Proceedings of the
35th Annual Meeting, Highway Research Board, Engineering Experiment Station,
Oregon State College. Report No. 53.

WDFW (Washington Department of Fish and Wildlife). 2003. Design of Road Culverts for
Fish Passage. May 2003.

Appendix F - Hydraulics of Baffles
May 2007
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I 10 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

Figure 7.-<:oefficients of discharge for full width, broad-c,ested weirs with downstream slope ~ 1:1
and various upstream slopes.

Round-crested weirs are defined as weirs
with crests that are smooth single-curved
(cylindrical) surfaces. The longitudinal pro-

o

1.0
h
L

0.80.6

file of the crest generally is not a circular arc,
as the name may imply; often it is a complex
curve which cannot be described in simple
geometric terms. The crests of overfill spill
ways of most modern high dams, which have
the form of the lower surface of the nappe from
a full-width thin-plate weir, are special examples
of round-crested weirs. These are commonly
called ogee or design-head dams.

The profile geometry of round-crested weirs
shows that they are in a class intermediate be
tween thin-plate weirs and broad-crested weirs.

he crest is long enough (in the direction of
flow) to provide support for the nappe through
the control section, but it is short enough that
he flow over the crest is markedly curvilinear.
he fixed lower boundary of the nappe is

t efore subject to much variation in pressure;
f any given head the pressure may vary

nsiderably from point to point, and at any
'ven point the pressure varies appreciably with

--~ ~__..~e head.
The geometry and flow pattern for a simple

round-crested weir are illustrated on figure 8.
The intersection of the curvilinear crest and
the vertical (or inclined) face of the weir is

0.40.2
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Side contractions (abutments) reduce the
effective length of the weir crest. This effect
is accounted for by multiplying the value of
o determined by the procedures given above
by a correction factor, lec. If the abutment
corners are square, use the factor obtained
from figure 3. If the abutment corners are
round and r/b>0.12, assume that le= 1.00.
For lesser values of rIb, interpolate between these
two val

~-......~
ubmerged broad-crested weirs

The degree of submergence of a broad-crested
weir is defined by the ratio of Ule downstream
static head h, to the upstream static head, h.
Submergence has no effect on the discharge
coefficient if the submergence ratio h,/h is less
than 0.85. At larger ratios submergence has
an appreciable effect, but test data to quanti
tatively define the effect are not available,
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EXIST 24"
DRAIN

www.oaconsulting".com
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Cf 67TH AVE
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TEL 602.748.1000
FAX 602.748.1001

Scott Vogel, Project Manager

Jeff Ford

Evaluation of Hydraulic Impact of Proposed SRP Irrigation Relocation
Design on the BHOC-D Storm Drain Design

july 15, 2008

Bethany Home Outfall Channel - Reach D Design
6th Avenue to Indian School Road - peN 620 03 32

007-1033

EXIST 48"
LATERAL

96" DIA. BHOC-D
STORM DRAIN

ASSOCIATES

TO:

CC:

FROM:

RE:

DATE:

PROJECT:

PROJECT#:

PURPOSE:

The purpose of this memo is to evaluate the hydraulic impact of SRP's proposed pass-through

structures on the BHOC-D storm drain.

BACKGROUND:

The BHOC-D Storm Drain Design proposes a 96" dia. pipe that crosses 6th Avenue. SRP

Irrigation has an existing 48" dia. lateral along the west side of 6th Avenue and an existing 24"

dia. drain along the east side of 67th Avenue, both of which will be in conflict with the proposed

96" pipe, as shown below:

7250 North 16th Street, Suite 210
Phoenix, AZ 85020-5282
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ASSOCIATES

A Pre-Design Meeting with SRP was held on June 26, 2008, to discuss the relocation design

options of the irrigation lateral and drain. SRP indicated that a siphon is not a preferred

alternative, as this option would require a maintenance agreement with the City of Phoenix to

maintain the siphon. SRP's preferred option is to go through the storm drain with a pass

through structure. The 48" lateral would be reduced to 36" and the invert would be set as high

as possible to minimize the impact to the flow. The 24" drain would be replaced with a 24"

drain and also set as high as possible to minimize impact to the flow. SRP suggested taking

the 24" drain into the BHOC-D storm drain or existing 48" storm drain on 6ih Avenue as an

option, but the City of Phoenix is not agreeable to this due to water quality concerns. The

proposed SRP irrigation relocation design is shown below:

DRAINAGE MEMO - SRP RELOCATION EVALUATION
BETHANY HOME OUTFALL CHANNEL - REACH D DESIGN
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EVALUATION:

Losses through this structure were calculated as three parts: the structure loss, contraction

loss, and expansion loss. The parameters used for this structure are:

Page 3
~.

\

The StormCAD model was revised to add the conflict junction structure to pass through the 36"

irrigation pipe inside of a 54" casing. Based on the above calculations, a head loss coefficient

of 0.40 was used through the junction structure. In the original model without the junction

structure, the HGL for the pipe at the upstream end was 1092.72. With the junction added with

k=0.40, the HGL was raised 0.17' to 1092.89. The submergence ratio for the broad-crested

weir (head downstream / head upstream = 0.44' / 2.21' = 0.20) is still below the threshold limit

of 0.66 to 0.85. Therefore, the proposed conflict structure to pass through the 36" irrigation

pipe will not affect the upstream WSE of the BHOC-D storm drain.

Structure loss, k=0.05
Contraction loss, k=0.12
Expansion loss, k =0.23

36" Lateral:

The proposed pass-through structure for the 36" irrigation lateral is within the open flow

segment of the BHOC-D storm drain system and is located downstream of the weir. The HGL

at this crossing is 1092.63, with the invert of the new 36" lateral at 1092.88. Additionally, a 54

inch casing will be provided with a bottom outside elevation of 1092.29. This results in the

carrier pipe approximately 0.34 feet into the flow.

The BHOC-D storm drain system has been analyzed as two systems, one upstream of the weir

structure used to determine the head over the weir and one downstream of the weir structure

to determine the depth of the submerged weir. The segment upstream of the weir is under

pressure flow, while the segment downstream of the weir has a free surface.

24" Drain:

The proposed pass-through structure for the 24" irrigation lateral is within the pressure flow

segment of the BHOC-D storm drain system and is located upstream of the weir. The HGL at

this crossing is 1094.91, with the invert of the new 24" lateral at 1094.20. Additionally, a 42"

DRAINAGE MEMO - SRP RELOCATION EVALUATION
BETHANY HOME OUTFALL CHANNEL - REACH D DESIGN
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Additional Pipe Storage Volume

Losses through this structure were calculated as three parts, the structure loss, contraction

loss, and expansion loss. The parameters used for this structure are:

The additional volume was added to the surveyed volume, and the routing rating table was

updated as shown below:

Page 4
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ADDITIONAL
ELEVATION VOLUME

(ac-ft)

1086.00 0.13

1086.50 0.25

1087.30 0.49

1089.60 1.49

1092.40 2.43

1092.50 2.45

1094.80 2.79

1095.00 2.80

1095.22 2.80

1095.80 2.80

ASSOCIATES

casing will be provided with a bottom outside elevation of 1093.66. This results in the carrier

pipe approximately 1.25' feet into the flow.

Structure loss, k=0.05
Contraction loss, k=0.18
Expansion loss, k =0.35

The StormCAD model was revised to add the conflict junction structure to pass through the 24"

irrigation pipe inside of a 42" casing. Based on the above calculations, a head loss coefficient

of 0.58 through the junction structure was used. In the original model without the junction

structure, the HGL within Sunset Basin was 1096.82. With the junction added with k=0.58, the

HGL was raised 0.17' to 1096.99. This results in a freeboard within Sunset Basin of 0.84'.

The model was refined to include the storage capacity in the storm drain pipes to increase the

storage values of the SV card in the HEC-1 model. The volume in the pipe was computed at

each SE card elevation, and the resulting rating table for the additional volume is shown below:

DRAINAGE MEMO - SRP RELOCATION EVALUATION
BETHANY HOME OUTFALL CHANNEL - REACH D DESIGN

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Updated Routing Rating Table

SV 0 0.93 2.05 4.79 15.29 30.43 31.05 62.09 69.2 71.3 86.8

SQ 0 6 10 20 30 40 40.4 294.2 333.2 380.6 630.4

SE 1085 1086 1086.5 1087.3 1089.6 1092.4 1092.5 1097.27 1098.14 1098.38 1100.25

The updated routing rating table reduced the flow through the BHOC-D storm drain from 218

cfs to 211 cfs and extended the peak time from 14.08 to 14.17 hour. Using Q=211 cfs in the

StormCAD model results in a WSE of 1096.73 at Sunset Basin. When the loss through the

trash rack was added, the final WSE at Sunset Basin is 1096.85. This provides 0.98' of

freeboard at Sunset Basin.

Page 5
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ASSOCIATES

SUMMARY & RECOMMENDATION:

It should be noted that the 0.98' of freeboard is to the outfall to the Grand Canal, and l' of

freeboard will be maintained to all structures.

Page 6

The addition of the conflict structure to pass through the 36" irrigation pipe does not raise the

HGL at the Sunset Basin.

For the storm drain segment upstream of the weir structure, the addition of the conflict

structure to pass through the 24" irrigation pipe will raise the WSE 0.17' at Sunset Basin,

reducing the freeboard to 0.84'. The routing rating table was revised to add the storage

volume available in the storm drain pipes. This reduced the Q being routed through the storm

drain from 218 cfs to 211 cfs. The reduced Q resulted in a WSE of 1096.85 at Sunset Basin

for a freeboard of 0.98'.

DRAINAGE MEMO - SRP RELOCATION EVALUATION
BETHANY HOME OUTFALL CHANNEL - REACH D DESIGN
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Under pressure flow conditions, the headloss due to contraction and expansion of flow can be
expressed as:

The values for the transition coefficient, ke, for gradual enlargements are given in Table 4.3a. For

sudden enlargements, values for the transition coefficients are listed Table 4.3b. Values for the
transition loss coefficient, kc' for sudden contractions can be found in Table 4.4.

Angle of Cone, degrees

O2 /01 2 4 6 8 10 15 20 25 30 35 40 45 50 60

1.1 .01 .01 .01 .02 .03 .05 .10 .13 .16 .18 .19 .20 .21 .23

1.2 .02 .02 .02 .03 .04 .09 .16 .21 .25 .29 .31 .33 .35 .37

1.4 .02 .03 .03 .04 .06 .12 .23 .30 .36 .41 .44 .47 .50 .53

1.6 .03 .03 .04 .05 .07 .14 .26 .35 .42 .47 .51 .54 .57 .61

1.8 .03 .04 .04 .05 .07 .15 .28 .37 .44 .50 .54 .58 .61 .65

2.0 .03 .04 .04 .05 .07 .16 .29 .38 .46 .52 .56 .60 .63 .68

2.5 .03 .04 .04 .05 .08 .16 .30 .39 .48 .54 .58 .62 .65 ..70

3.0 .03 .04 .04 .05 .08 .16 .31 .40 .48 .55 .59 .63 .66 .71

. .03 .04 .05 .06 .08 .16 .31 .40 .49 .56 .60 .64 .67 .72

September 2003 (Draft)

(4.9)

Hydraulics: Storm Drains

= Headloss due to a contraction or expansion, fth

k = Coefficient for contraction (kc ) or coefficient for expansion (ke ), see below.

V = Velocity of flow in the smallest diameter pipe, fUsec

Table 4.3a
COEFFICIENT ke FOR GRADUAL ENLARGEMENT UNDER PRESSURE FLOW CONDITIONS

(AISI, 1990)

Drainage Design Manual for Maricopa County

where:

V
h = k

2g
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I Calculation Results Summary

l?H-Dc.- 'l> slbli.M
~v..l J-,) .sl'R~

Scenario: Base

»» Info: Subsurface Network Rooted by: 0-1
»» Info: Subsurface Analysis iterations: 1
»» Info: Convergence was achieved.

I
I
I CALCULATION SUMMft~Y FOR SURFACE NETWORKS

InletInlet
Type

Label Total Total Capture Gutter I Gutter
Intercepted Bypassed Efficiency Spread 1 Depth

Flow Flow (%) (ft) I (ft)
1 I 1 1 (cfs) I (cfs) 1 1 I 1
1-------1---------------1----------------------1-------------1----------1------------1--------1--------1
1 I-I I Generic Inlet 1 Generic Default 100% I 0.001 0.00 I 100.01 0.001 0.001I

I

I CALCULATION SUMMARY FOR SUBSURFACE NETWORK WITH ROOT: 0-1

I
I

Label Number Section Section Length Total Average Hydraulic Hydraulic
of Size Shape (ft) System Velocity Grade Grade

Sections Flow (ft/s) Upstream Downstream
1 1 I 1 1 1 (cfs) 1 1 (ft) 1 (ft) I
1-------1----------1---------1----------1--------1--------1----------1-----------1------------1
1 P-1 1 1196 inch I Circular I 199.00 1 218.00 I 5.77 I 1,092.621 1,092.451

I
I

Label Total Ground Hydraulic Hydraulic
System Elevation Grade Grade

Flow (ft) Line In Line Out
1 1 (cfs) I 1 (ft) 1 (ft) 1
I-------I--------I-----------I------~----I-----------I

10-1 I 218.00 1 1,097.00 1 1,092.45 1 1,092.45 I
1 I-I 1 218.00 I 1,098.00 I 1,092.72 1 1,09Z.62 I

I =================================================================

I
Completed: 07/01/2008 04:58:11 PM

I
I
I
I
I
I

Title: BHOC-D (PCN 620 03 32)
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I
Calculation Results Summary

I
I

»» Info: Subsurface Network Rooted by: 0-1 Maryvale
»» Info: Subsurface Analysis iterations: 1
»» Info: Convergence was achieved.

I
CALCULATION SUMMARY FOR SURFACE NETWORKS

InletInlet
Type

Label Total Total Capture Gutter Gutter
Intercepted Bypassed Efficiency Spread Depth

Flow Flow (%) (ft) (ft)
1 1 1 1 (cfs) 1 (cfs) 1 1 I I
1----------1---------------1----------------------1-------------1----------1------------1--------1--------1
1 I-I Weir I Generic Inlet 1 Generic Default 100% 1 0.00 1 0.00 I 100.0 I 0.00 1 0.00 1

I
I

I
I
I

CALCULATION SUMMARY FOR SUBSURFACE NETWORK WITH ROOT: 0-1 Maryvale

Label Number Section Section Length Total Average Hydraulic Hydraulic
of Size Shape (ft) System Velocity Grade Grade

Sections Flow (ft/s) Upstream Downstream
1 I 1 I I I (cfs) 1 1 (ft) I (ft) 1

1-------1----------1---------1----------1--------1--------1----------1-----------1------------1
1 P-2 I 1 1 96 inch 1 Circular I 58.00 1 211.00 1 5.38 I 1,092.50 1 1,092.45 I
1 P-l I 1 1 96 inch 1 Circular 1 142.00 I 211.00 1 5.85 I 1,092.79 1 1,092.70 1

I
I
I

Label Total Ground Hydraulic Hydraulic
System Elevation Grade Grade

Flow (ft) Line In Line Out
1 1 (cfs) I 1 (ft) 1 (ft) I
1--------------1--------1-----------1-----------1-----------1
1 0-1 Maryvale I 211.00 1 1,097.00 1 1,092.45 I 1,092.45 1

1 J-1 SRP36 1 211.00 1 1,097.50 1 1,092.70 I 1,092.50 I
I I-I Weir 1 211.00 1 1,098.00 1 1,092.89 1 1,092.79 I

I
Completed: 07/15/2008 06:14:31 PM

I
I
I
I
I
I

Title: BHOC-D (PCN 620 03 32)
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Depth
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Completed: 07/13/2008 08:48:58 PM
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Calculation Results Summary

Scenario: Base 't?+tDG -V ,;;>ibR-M 't>~lr-J

IjPS,KC:f\M See:.M~T wi 0 }\.lNc....~rJ
»» Info: Subsurface Network Rooted by: 0-1 WEIR Q
»» Info: Subsurface Analysis iterations: 1 :::: R l g c%
»» Info: Convergence was achieved.

CALCULATION SUMMARY FOR SURFACE NETWORKS

I Label Inlet Inlet Total Total Capture Gutter
1 Type Intercepted Bypassed Efficiency Spread
I Flow Flow (%) (ft)

1 1 1 1 (cfs) I (cfs) I 1 1

1------------1---------------1----------------------1-------------1----------1------------1--------1--------
1 I-I SUNSET 1 Generic Inlet I Generic Default 100% I 0.00 1 0.00 I 100.0 1 0.00 1 0.00

CALCULATION SU~~RY FOR SUBSURFACE NETWORK WITH ROOT: 0-1 WEIR

Label Number Section Section Length Total Average Hydraulic Hydraulic
of Size Shape (ft) System Velocity Grade Grade

Sections Flow (ft/s) Upstream Downstream
I 1 1 1 1 I (cfs) I I (ft) I (ft) 1

1-------1----------1---------1----------1----------1--------1----------1-----------1------------1
1 P96-2 I 1 1 96 inch 1 Circular I 1.00 I 218.00 I 4.34 1 1,094.64 1 1,094.64 1

1 P96-1 1 1 1 96 inch I Circular 1 1,894.00 1 218.00 I 4.34 I 1,095.99 1 1,094.91 1
I P3-60 I 3 1 60 inch I Circular I 453.00 I 218.00 I 3.70 I 1,096.65 I 1,096.30 1

Label Total Ground Hydraulic Hydraulic
System Elevation Grade Grade

Flow (ft) Line In Line Out
I 1 (cfs) 1 I (ft) I (ft) 1

1--------------------1--------1-----------1-----------1-----------1
I 0-1 WEIR 1 218.00 I 1,098.00 I 1,094.64 I 1,094.64 I
1 J-2 WEIR STRUCTURE I 218.00 1 1,098.00 1 1,094.91 1 1,094.64 1
1 J-1 TRANSITION I 218.00 I 1,097.50 I 1,096.30 I 1,095.99 I
1 I-I SUNSET 1 218.00 I 1,100.00 1 1,096.70 I 1,096.65 I

-T O. \'2.. Fu~ ~~-\\

================================================1~t~==========

OUTfAU- = 91. 85
1. 0 \

Title: BHOC-D (PCN 620 03 32) Project Engineer: Due
c:\... \documenls\bhoc stormcad\bhoc-d sd-us.stm CAIHE Academic Site. Exton StormCAD v5.6 [05.06.014.00)
07/13/08 08:49:12 P@l Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA' +1-203-755-1666 Page 1 of 1



I Calculation Results Summary

=~===============================================================

I
Scenario: Base

I
»» Info: Subsurface Network Rooted by: 0-1 WEIR
»» Info: Subsurface Analysis iterations: 1
»» Info: Convergence was achieved.

I
CALCULATION SUMMARY FOR SURFACE NETWORKS

InletInlet
Type

Label Total Total Capture Gutter Gutter
Intercepted Bypassed Efficiency Spread Depth

Flovi Flow (%) (ft) (ft)
I I I I (cfs) I (cfs) I I I I
1------------1---------------1----------------------1-------------1----------1------------1--------1--------I
I I-I SUNSET I Generic Inlet I Generic Default 100% I 0.00 I 0.00 I 100.0 I 0.00 1 0.00 1

I
I
I
I
I

CALCULATION SUMMARY FOR SUBSURFACE NETWORK WITH ROOT: 0-1 WEIR

Label Number Section Section Length Total Average Hydraulic Hydraulic
of Size Shape (ft) System Velocity Grade Grade

Sections Flow (ft/s) Upstream Downstream
I 1 I I I I (cfs) I I (ft) 1 (ft) I
1-------1----------1---------1----------1----------1--------1----------1-----------1------------1
I P96-2 I 1 I 96 inch I Circular 1 1.00 1 218.00 I 4.34 I 1,094.64 1 1,094.64 I
I P-4 I 1 1 96 inch I Circular I 27.00 I 218.00 I 4.34 I 1,094.93 I 1,094.91 I
I P-3 I 1 I 96 inch I Circular I 1,867.00 I 218.00 I 4.34 I 1/096.17 I 1,095.10 I
I P3-60 I 3 I 60 inch I Circular I 453.00 I 218.00 I 3.70 1 1,096.83 I 1,096.47 I

I
I
I
I

Label Total Ground Hydraulic Hydraulic
System Elevation Grade Grade

Flow (ftl Line In Line Out
I I (cfs) I I (it) 1 (ft) I
1--------------------1--------1-----------1-----------1-----------1
I 0-1 WEIR I 218.00 I 1,098.00 I 1,094.64 I 1,094.64 1

I J-2 WEIR STRUCTURE I 218.00 I 1,098.00 I 1,094.91 I 1,094.64 1

1 J-3 SRP I 218.00 I 1,097.50 1 1,095.10 I 1,094.93 I
I J-1 TRANSITION I 218.00 I 1,097.50 1 1,096.47 I 1,096.17 I
I I-I SUNSET I 218.00 I 1,100.00 I 1,096.87 I 1,096.83 I

+- D.l7..

I
I

Completed: 07/15/2008 05:31:57 PM

I
I
I
I

Title: BHOC-D (PCN 620 03 32)
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Calculation Results Summary

»» Info: Subsurface Network Rooted by: 0-1 WEIR
»» Info: Subsurface Analysis iterations: 1
»» Info: Convergence was achieved.

~================================================================

Scenario: Base

I
I
I

CALCULATION SUMMARY FOR SURFACE NETWORKS

InletInlet
Type

Label Total Total Capture 1 Gutter Gutter
Intercepted Bypassed Efficiency 1 Spread Depth

Flow Flow (%) I (ft) (ft)
I 1 1 1 (cfs) 1 (ets) 1 I 1 1
1------------1---------------1----------------------1-------------1----------1------------1--------1--------I
I I-I SUNSET 1 Generic Inlet 1 Generic Default 100% I 0.00 1 0.00 1 100.0 1 0.00 I 0.00 1

I
I

I

I
I
I

CALCULATION SUMMARY FOR SUBSURFACE NETWORK WITH ROOT: 0-1 WEIR

Label Number Section Section Length Total Average Hydraulic Hydraulic
of Size Shape (ft) System Velocity Grade Grade

Sections Flow (ft/s) Upstream Downstream
1 1 1 1 I 1 (cfs) 1 1 (ft) I (ft) 1
1-------1----------1---------1----------1----------1--------1----------1-----------1------------1
1 P96-2 1 1 I 96 inch I Circular 1 1.00 I 211.00 I 4.20 I 1,094.64 I 1,094.64 1
1 P-4 1 1 1 96 inch 1 Circular 1 27.00 I 211.00 1 4.20 1 1,094.91 1 1,094.90 1
1 P-3 1 1 1 96 inch 1 Circular 1 1,867.00 1 211.00 1 4.20 1 1,096.07 1 1,095.07 1
1 P3-60 1 3 I 60 inch 1 Circular I 453.00 1 211.00 I 3.58 I 1,096.69 1 1,096.36 1

I
I
I
I

Label Total Ground Hydraulic Hydraulic
System Elevation Grade Grade

Flow (ft) Line In Line Out
1 1 (cfs) I I (ft) I (ft) I
1--------------------1--------1-----------1-----------1-----------1
1 0-1 WEIR 1 211.00 1 1,098.00 1 1,094.64 I 1,094.64 1

1 J-2 WEIR STRUCTURE I 211.00 1 1,098.00 1 1,094.90 1 1,094.64 1
1 J-3 SRP 1 211.00 I 1,097.50 1 1,095.07 1 1,094.91 1
1 J-1 TRANSITION 1 211.00 I 1,097.50 1 1,096.36 I 1,096.07 I
1 I-I SUNSET 1 211.00 1 1,100.00 1 1,096.73 1 1,096.69 1

I
I

=================================================================
Completed: 07/15/2008 05:26:18 PM

I
I
I
I
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Appendix C

Geotechnical Investigation Report
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3001 S. 35th Street· Suite 6 • Phoenix, Arizona 85034 • Phone (602) 243-1600 • Fax (602) 243-2699

March 26, 2008
(Revised September 16, 2008)

Project No. 601850001

Geotechnical Evaluation
Bethany Home Outfall Channel Reach D
Phoenix, Arizona

San Diego • Irvine • Rancho Cucamonga • Los Angeles • Oakland • Las Vegas • Phoenix • Denver • EI Paso

Mr. Jeff Ford, P.E.
Olsson Associates
7250 North 16th Street, Suite 210
Phoenix, Arizona 85020

Dear Mr. Ford:

Subject:

Respectfully submitted,
NINYO & MOORE

We appreciate the opportunity to be of service to you during this phase of the project. If you have
any questions or comments regarding this report, please call at your convenience.

In accordance with your request, Ninyo & Moore has revised our geotechnical evaluation for the
above-referenced site. The attached revised report presents our methodology, findings, conclu
sions, and recommendations regarding the geotechnical conditions at the project site.

KLP/SAH/SDNlzvs

Kevin 1. Porter, P.E.
Senior Engineer
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2. SCOPE OF SERVICES

• Coring the existing pavement at 67th Avenue and Indian School Road to evaluate the exist
ing pavement sections.

• Preparing this report presenting our findings, conclusions, and recommendations regarding
the design and construction of the project.

Revised September 16,2008
Project No. 601850001

Geotechnical Evaluation
Bethany Home Outfall Channel

1. INTRODUCTION

• Marking out the boring locations, obtaining needed permits, and notifying Arizona Blue
Stake of the boring locations prior to drilling.

In accordance with your authorization, we have performed a geotechnical evaluation for the pro

posed Bethany Home Outfall Channel Reach D project in Phoenix, Arizona. The purpose of our

evaluation was to assess the subsurface conditions at the project site in order to formulate geo

technical recommendations for design and construction. This report presents the results of our

evaluation and our geotechnical conclusions and recommendations regarding the proposed con

struction.

The scope of our services for the project generally included:

• Reviewing readily available aerial photographs and published geologic literature, including
maps and reports pertaining to the project site and vicinity.

• Drilling, logging, and sampling five small-diameter exploratory borings that extended ap
proximately 20 to 40 feet below ground surface (bgs). The boring logs are presented in
Appendix A.

• Performing laboratory tests of selected samples obtained from the borings to evaluate in-situ
moisture content and dry density, sieve analyses, Atterberg limits, maximum dry density and
optimum moisture content, and corrosivity characteristics (including pH, minimum electrical
resistivity, soluble sulfates, and chlorides). The results of the laboratory testing are presented
on the boring logs and in Appendix B.

Our scope of services did not include environmental consulting services, such as hazardous

waste sampling or analytical testing, at the site. A detailed scope of services and estimated fee for

such services can be provided upon request.

601850001 R BHoe revl
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4. PROPOSED CONSTRUCTION

According to the Fowler, Arizona 7.S-Minute United States Geological Survey (USGS) Topog

raphic Quadrangle Map (J 982), the site lies at an average elevation of roughly 1,100 feet

relative to mean sea level (MSL). Based on the information from the quadrangle map, the project

site generally slopes from the northeast to the southwest.

The project will generally consist of the design and construction of the Bethany Home Outfall

Channel from 67th Avenue to Indian School Road in Phoenix, Arizona. The planned outfall

channel is anticipated to be concrete pipe situated approximately 10 to 15 feet below existing

grade and generally sloping from southeast to northwest. The outfall channel will connect the

existing Sunset Retention Basin, located at the southeast end of the alignment, to the existing

Maryvale Basin, located at the northwest end of the alignment.
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3. SITE DESCRIPTION

The project site is located in Section 19 of Township 2 North, Range 2 East. The project is lo

cated within the City of Phoenix, Arizona, extending along the northern bank of the Grand Canal

from west of 67th Avenue to south of Indian School Road. The approximate location of the site is

depicted on the Site Location Map (Figure 1). At the time of our evaluation, the planned outfall

channel alignment was generally bounded by private and residential properties along the north

east, paralleled the existing SRP Grand Canal, which is located along the southwesterly side, and

crosses 67th Avenue and Indian School Road to the north and south, respectively.

Six aerial photographs from the Flood Control District of Maricopa County were reviewed for

this project. Aerial photographs from 1937, 1949, and 1959 depict the project site as a lined canal

cross cutting agricultural land. Scattered residential structures were noted near the site. A 1964

aerial photograph showed the agricultural land north of the Grand Canal as being developed with

residential structures and paved roadways. Aerial photographs from 1993 and 2007 depicted

residential development along the north side of the canal, and a commercial structure and park

ing lot along the south side of the canal, similar to its current condition.
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5. FIELD EXPLORATION AND LABORATORY TESTING

6. GEOLOGY AND SUBSURFACE CONDITIONS

The geology and subsurface conditions at the site are described in the following sections.
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We also understand there are existing utilities located within the proposed channel alignment

which may need to be relocated.

On August 14 and 20, 2007, Ninyo & Moore conducted a subsurface exploration, which con

sisted of the drilling, logging, and sampling of five small-diameter borings, along the proposed

storm drain alignment, as depicted on the Boring Location Map (Figure 2). The borings were

drilled using a CME-75 truck-mounted drill rig equipped with hollow-stem augers. The borings,

denoted as B-1 through B-5, extended approximately 20 to 40 feet bgs. Bulk and relatively un

disturbed soil samples were collected at selected intervals. Detailed descriptions of the soils

encountered at each boring location are presented on the boring logs in Appendix A.

Ninyo & Moore personnel logged the borings in general accordance with the Unified Soil Classi

fication System (USCS) and American Society for Testing and Materials (ASTM) D 2488) by

observing cuttings and drive samples. Collected ring samples were trimmed in the field, wrapped

in plastic bags, and placed in cylindrical plastic containers to retain in-place moisture conditions.

Similarly, the Standard Penetration Test and bulk samples were sealed in plastic bags to retain

their approximate in-place moisture.

The soil samples collected from our field activities were transported to the Ninyo & Moore labo

ratory in Phoenix, Arizona for geotechnical laboratory analysis. The laboratory testing included

evaluation of in-situ moisture content and dry density, grain-size distribution, Atterberg limits,

maximum dry density and optimum moisture, and corrosion characteristics (including pH, mini

mum electrical resistivity, soluble sulfates, and chlorides). The results of the laboratory tests are

presented on the boring logs in Appendix A and in Appendix B. Appendix B also describes in

detail each laboratory tests perfonned.

601850001 R BHoe revl

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



ago during the mid- to late-Tertiary. Extensional tectonics resulted in the fonnation of horsts

The basins and surrounding mountains were formed approximately 10 to 18 million years

6.2.1. Asphaltic Concrete and Aggregate Base

Asphaltic concrete (AC), which ranged in thickness from about 2 to 11 inches, was en

countered at the surface in borings B-1, B-4 and B-5. Aggregate base (AB) was

Revised September 16, 2008
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(mountains) and grabens (basins) with vertical displacement along high-angle normal faults.

Intermittent volcanic activity also occurred during this time. The surrounding basins filled

with alluvium from the erosion of the surrounding mountains as well as from deposition

from rivers. Coarser-grained alluvial material was deposited at the margins. of the basins

near the mountains.

6.1. Geologic Setting

The project site is located in the Sonoran Desert Section of the Basin and Range physi

ographic province, which is typified by broad alluvial valleys separated by steep,

discontinuous, subparallel mountain ranges. The mountain ranges generally trend north

south and northwest-southeast. The basin floors consist of alluviwn with thickness extending

to several thousands of feet.

The surficial geology of the site is generally described as being Holocene «10,000 years

old) alluvial terrace and fan deposits, generally consisting of well-sorted (poorly graded)

sand with silt. Very little soil development has occurred in this deposit. Stage I to Stage II

caliche cementation is common within this unit (Demsey, 1988).

6.2. Subsurface Conditions

Our knowledge of the subsurface conditions at the project site is based on our field explora

tion and laboratory testing, and our understanding of the general geology of the area. The

following sections provide a generalized description of the materials encountered. More de

tailed descriptions are presented on the boring logs in Appendix A.

Geotechnical Evaluation
Bethany Home Outfall Channel
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7. GEOLOGIC HAZARDS

encountered below the AC in these borings and typically consisted of silty gravel with

sand and ranged in truckness from about 3.5 to 8 inches.

The following sections describe regional geologic hazards, including land subsidence, earth fis

sures, and seismicity.
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6.2.3. Alluvium

Alluvium was encountered below the fill or AB and extended to the total depths ex

plored. The alluvium generally consisted of silty sand, sandy silt, clayey sand, sand,

sandy clay, and sandy gravel in our borings.

6.2.2. Fill

Fill soils were encountered at the ground surface in boring B-3 and below the AB mate

rial in borings B-1 and B-5. The fill generally consisted of clayey sand, sandy clay,

poorly graded sand, and sandy gravel in our borings.

6.2.4. Groundwater

Groundwater was not encountered in our exploratory borings. Based on well data from

the Arizona Department of Water Resources (ADWR), the approximate depth to re

gional groundwater has been estimated to be as shallow as 140 feet bgs. Groundwater

levels can fluctuate due to seasonal variations, potential seepage from the adjacent ca

nal, irrigation, groundwater withdrawal or injection, and other factors. In general,

groundwater is not expected to be a constraint to the construction of the project; how

ever, any cracks or flaws in the concrete lining of the adjacent canal could result in

seepage into any excavations below the canal water level.

Geotechnical Evaluation
Bethany Home Outfall Channel
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7.2. Faulting and Seismicity

The site lies within the Sonoran zone, which is a relatively stable tectonic region located in

southwestern Arizona, southeastern California, southern Nevada, and northern Mexico

(Euge et a!., 1992). This zone is characterized by sparse seismicity and few Quaternary

faults. Based on our field observations and on our review of readily available published geo-

In Arizona, earth fissures are generally associated with land subsidence and pose an on

going geologic hazard. Earth fissures generally form near the margins of geomorphic basins

where significant amounts of groundwater depletion have occurred. Reportedly, earth fis

sures have also formed due to tensional stress caused by differential subsidence of the

unconsolidated alluvial materials over buried bedrock ridges and irregular bedrock surfaces

(Schumann and Genualdi, 1986).

Based on our field reconnaissance and review of the referenced material, there are no known

earth-fissures underlying the subject site. Based on our research, the closest documented earth

fissure to this site is approximately 13 miles to the northwest. Therefore, land subsidence and

earth fissures are not expected to be a constraint to this project. However, continued ground

water withdrawal in the area may result in subsidence of the valley and the formation of new

fissures, or the extension of existing fissures, and the prediction of the location of new fis

sures or subsidence bowls can not accurately be predicted.
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7.1. Land Subsidence and Earth Fissures

Groundwater depletion, due to groundwater pumping, has caused land subsidence and earth

fissures in numerous alluvial basins in Arizona. It has been estimated that subsidence has af

fected more than 3,000 square miles and has caused damage to a variety of engineered

structures and agricultural land (Schumann and Genualdi, 1986). Since 1948, excessive

groundwater withdrawal has been documented in several alluvial valleys where groundwater

levels have been reportedly lowered by up to 500 feet. With such large depletions of

groundwater, the alluvium has undergone consolidation, resulting in large areas of land sub

sidence.

Geotechnical Evaluation
Bethany Home Outfall Channel
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8. CONCLUSIONS

Table 1 - Seismic Design Parameters

Based on the results of our subsurface evaluation, laboratory testing, and data analysis, it is our

opinion that the proposed construction is feasible from a geotechnical standpoint, provided that

Revised September 16, 2008
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Parameter Value 2003 IBC Reference
Site Coefficient, Fa 1.6 Table 1615.1.2(1)
Site Coefficient, Fy 2.4 Table 1615.1.2(2)

Site Class Definition D Table 1615.1.1

Based on a probabilistic seismic hazard assessment for the Western United States, issued by

the USGS (2000), the site is located in a zone where the peak ground accelerations that have

a 10 percent, and 2 percent probability of being exceeded in 50 years are 0.04g and 0.08g,

respectively. These ground motion values are calculated for "firm rock" sites, which corre

spond to a shear-wave velocity of approximately 2,500 feet per second in approximately the

top 100 feet bgs. Different soil or rock types may amplify or de-amplify these values. Seis

mic design parameters according to the 2003 International Building Code (mC) are

presented in Table 1.

logical maps and literature, there are no known active faults underlying the subject site or

adjacent areas. The closest Quaternary fault to the site is the Carefree fault zone, located ap

proximately 30 miles to the northeast of the site (Pearthree, 1998). Approximately 2 meters

of displacement has occurred along this fault within middle Pleistocene deposits «750,000

years), but the upper Pleistocene and Holocene deposits «250,000 years) are not displaced.

7.3. Liquefaction Potential

Considering the density and consistency of the soils encountered at the site during our sub

surface evaluation, the lack of near-surface water, and the low ground motion hazard

(relatively low peak ground accelerations), the likelihood or potential for liquefaction is con

sidered to be negligible, and, therefore, liquefaction is not a design consideration.

Geotechnical Evaluation
Bethany Home Outfall Channel
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9. RECOMMENDATIONS

• We estimate an earthwork (shrinkage) factor of15 to 20 percent for this project.

• New grade slabs, pavements and flatwork should also be founded in engineered fill soil.
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• Imported soils and soils generated from on-site excavation activities that exhibit low plastic
ity and very low to low expansion potential can generally be used as engineered fill.

Because the proposed below-grade structure is to be in close proximity to other existing
structures, a temporary earth retention system may be needed to maintain the stability and
integrity of the sides of the excavation during construction of the planned improvements.

• Due to interbedded layers of sandy material, possible vibrations near open excavations (due
to the adjacent roadway and construction activity), and the potential consequence of slope
instability, an Occupational Safety and Health Administration (OSHA) soil-type "C" should
be used for planning excavation side slopes.

the recommendations presented in this report are incorporated into the design and construction of

the proposed project, as appropriate. Geotechnical considerations include the following:

• The on-site soils should generally be excavatable to the proposed excavation depths, with
earth moving construction equipment in good working condition. However, some locations
of very dense materials were encountered in our borings, which could slow the rate of exca
vation.

• Corrosivity test results indicate that subgrade soils at the site may be corrosive to ferrous
metals, and the sulfate content of the soils present a negligible sulfate exposure to concrete.

• Groundwater was not observed in our exploratory borings. The static groundwater table at
the site is anticipated to be approximately 140 feet bgs or deeper. However, seepage from the
adjacent canal, if present, could cause perched groundwater conditions and/or wet soils and
should be anticipated.

• No known or documented geologic hazards are present underlying or immediately adjacent
to the site.

The following sections present our geotechnical recommendations for the proposed construction.

In general, the recommendations and guidelines outlined in the Maricopa Association of Gov

ernments (MAG) Standard Specifications and Details (2005) should be used except where

different in this report. If the proposed construction is changed from that discussed in this report,

Ninyo & Moore should be contacted for additional recommendations.
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9.1. Earthwork

The following sections provide our earthwork recommendations.

Soils generated from on-site excavation activities that exhibit relatively low plasticity

indices and very low to low expansion potential are generally suitable for reuse as engi

neered fill. Relatively low plasticity indices are defined as a Plasticity Index (by ASTM

9.1.1. Excavations

Our evaluation of the excavation characteristics of the on-site materials is based on the

results of our exploratory borings, our site observations, and our experience with similar

materials. In our opinion, excavation of the on-site materials, to the anticipated depths,

can generally be accomplished with excavation equipment in good operating condition.

However, some locations of very dense materials were encountered in our borings,

which could slow the rate of excavation.

Revised September 16, 2008
Project No. 601850001

9

9.1.2. Grading, Fill Placement, and Compaction

Demolition debris should be removed from the site and disposed of at a legal dumpsite.

In pavement and exterior flatwork areas, obstructions that extend below finish grade, if

present, should be removed and the resulting holes filled with compacted soil. Also in

these areas, the geotechnical consultant should carefully evaluate any areas of loose or

soft and wet soils prior to placement of grade-raise fill or other construction. Drying or

overexcavation of some materials may be appropriate, in addition to the earthwork

preparation recommendations presented below.

The contractor should provide a safely sloped excavation or an adequately constructed

and braced shoring system, in compliance with OSHA regulations, for employees work

ing in an excavation that may expose them to the danger of moving ground. If

construction or earth material is stored or equipment is operated near an excavation,

flatter slope geometry or stronger shoring should be used during construction. Discus

sions related to temporary sloped excavations and earth retention systems are presented

in Sections 9.2 and 9.3 of this report, respectively.

Geotechnical Evaluation
Bethany Home Outfall Channel
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4318) value of 20 or less. Very low to low expansion potential soils are defined as hav

ing an Expansion Index (by ASTM D 4829) of 50 or less. Our two Atterberg Limits

tests indicated plasticity indices ranging from 22 to 26. As such, some of the on-site

soils may not be suitable for re-use as engineered fill during construction.

In addition, fill soils should not include organic material (greater than about 4 percent

organic content), clay lumps, construction debris, rock particles, and other non-soil fill

materials larger than 6 inches in dimension. This material should be disposed of offsite

or in non-structural areas. An earthwork (shrinkage) factor of 15 to 20 percent for the

on-site soils is estimated.

In addition, we recommend that the new grade slabs, pavements and exterior flatwork

that are situated near the existing ground surface be supported on 1 foot or more of ade

quately moisture-conditioned and compacted structural fill. The fill thickness should be

measured from the bottom of the AB layer and should be compacted by appropriate me

chanical methods to 95 percent, or more, relative compaction in accordance with ASTM

D698 and at a moisture content slightly above its laboratory optimum. Acceptance crite

ria for imported fill materials were provided above.
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Due to the presence of relatively loose and/or soft supporting soils, the new outfall

structure should be founded on a zone of adequately moisture-conditioned and re

compacted engineered fill. This improved zone may be accomplished by overexcavating

to a depth of 1 foot and scarifying an additional I foot beneath the bearing elevation.

However, in areas where this creates a conflict with existing utilities, the improved zone

should extend to the top of the existing utility. The improved zone associated with this

structure should also extend horizontally by 2 feet or more beyond the foundation foot

print. The engineered fill should be placed in horizontal lifts no more than 9 inches in

loose thickness and compacted by appropriate mechanical methods to 95 percent, or

more, relative compaction in accordance with ASTM D698 and at a moisture content

slightly above its laboratory optimum.

Geotechnical Evaluation
Bethany Home Outfall Channel
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Backfill material used in excavations should be moisture conditioned to a moisture

9.2. Temporary Cut Slopes

Based on the infonnation we received from your office, we understand that temporary exca

vations will be needed for this project to construct the below-grade structure. Based on the

subsurface infonnation obtained from our exploratory borings and our experience with simi

lar projects, we recommend that cut slopes associated with temporary excavations be

slightly above its laboratory optimum moisture content. Backfill should be mechani

cally compacted to a relative compaction of 95 percent or more as evaluated by ASTM

D698. Lift thickness for backfill will be dependent on the type of compaction equip

ment utilized, but should generally be placed in unifonn lifts not exceeding 9 inches in

loose thickness. Special care should be exercised to avoid damaging the pipe or other

structures during the compaction of the backfill.
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9.1.3. Imported Fill Material

Imported fill, if utilized, should consist of granular material with low plasticity and a

very low to low expansion potential. Import material in contact with ferrous metals

should have low corrosion potential (minimum resistivity more than 2,000 ohm-em,

chloride content less than 25 parts per million (ppm)). Import material in contact with

concrete should have a soluble sulfate content of less than 0.1 percent. The geotechnical

consultant should evaluate such materials and details of their placement prior to impor

tation.

Following the overexcavation as described above, and prior to the placement of new

fill, the resulting exposed surface should be carefully evaluated by the geotechnical

consultant. This evaluation could consist of proof-rolling, soil probing, visual assess

ment and/or additional laboratory testing. Based on this evaluation, additional

remediation may be needed, which could include additional improvement of the ex

posed surface. This additional remediation (if needed) should be resolved by the

geotechnical consultant during the earthwork operations.

Geotechnical Evaluation
Bethany Home Outfall Channel
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Shoring systems such as soldier piles and lagging, sheet piles, or soil nails may be used to

support the sidewalls of the temporary excavations as needed along the perimeter of the pro

posed construction. In areas where sensitive structures are located close to the proposed

excavations, driven piles may not be a viable alternative due to the possible damage that

The shoring system should be designed for a minimum safety factor of 1.5, and the lateral

deformation of the ground surface should be managed by structural design in order to pro

tect the adjacent structures. The shoring should be designed to support the surcharge loads

from the adjacent structures in addition to the earth pressures exerted by the native backfill

soils. Recommended design values with respect to distribution of earth pressures on shoring

elements are presented below.

constructed at a slope ratio no steeper than 1.5: 1 (horizontal to vertical) up to a height of 20

feet. If the depth of excavation exceeds 20 feet, the cut slopes should be re-evaluated. These

cut slope recommendations assume that no groundwater is present and no surcharge loading

will be located adjacent to the top of the cut. If existing structures or utilities are located near

the proposed excavation, such that a sloped excavation would not be appropriate, we rec

ommend a temporary retention system be incorporated as an alternative to a sloped

excavation. Recommendations related to temporary retention systems are presented below.
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9.3. Temporary Earth Retention Systems

Based on our understanding of the proposed construction, temporary excavations up to an

average depth of approximately 10 feet below the existing grade may be needed to accom

modate the below-grade structure. Due to the proximity of the proposed construction to

existing structures (e.g., Grand canal, residences, various utilities), it may not be feasible to

perform the excavation at a stable slope ratio without causing loss of lateral support to the

adjacent improvements. For this reason, temporary shoring may be needed for some portions

of the proposed construction of the below-grade structure. The temporary shoring system

may be incorporated into a permanent retaining structure upon excavating down to the sub

grade elevation.

Geotechnical Evaluation
Bethany Home Outfall Channel
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-

concrete is cured, excavation of the site may begin. Care should be taken to ensure that the

lagging drops down as the excavation advances to lower elevations. Any gaps in the lagging

could cause undermining of the adjacent structures.

could occur to nearby structures while the piles are being driven or vibrated into place. In

comparison, soldier piles and lagging (wood or precast concrete) or soil nails are considered

to offer a more practical and safe method of shoring within the site.
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The excavations for the soldier piles should be observed by a representative of the project

geotechnical consultant to verify total embedment depths determined by the project struc

tural engineer. The drilled holes should be cleared of loose soil and/or construction debris

prior to pouring concrete. The excavation should be conducted with continuous monitoring

of the retained soil and all the adjacent structures for any signs of potential lateral and verti

cal movements. If any movement is observed, it should be brought to the immediate

attention of the project geotechnical engineer and the excavation suspended until appropriate

corrective measures are taken.

The soldier piles should be on the order of 24 inches in diameter. The final depth and spac

ing of the piles should be evaluated by the project structural engineer based on the estimated

total service (dead and live) and lateral loads. However, the piles should extend on the order

of 15 feet below the bottom of the excavation. Once the soldier piles are installed and the

For design of cantilever temporary shoring, the lateral earth pressures noted on Figure 3

should be used. For cantilever soldier piles, an active earth pressure of 35 pounds per square

foot (pst) per foot of depth may be considered for the backfill materials. It should be noted

that under this condition, movement of the soldier piles are not restrained so that the soil in

ternal strength can be fully developed. If the soldier piles or shoring system is braced using

struts or tie-backs, the lateral earth pressures in Figure 4 should be used. A passive earth

pressure increasing at a rate of 300 psf per foot of depth, to a value of 3,000 or more psf per

foot of depth, may be used to estimate lateral resistance for soldier piles. The passive resis

tance should be ignored for the upper one diameter of the soldier pile embedded below the

subgrade level.

Geotechnical Evaluation
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If seepage behind the soil nail wall is anticipated, a drainage system is provided along the

soil excavation face. This drainage system could consist of prefabricated drains. The drain

mats should be extended down the full height of the excavation, and discharge into a collec

tor pipe at the bottom of the excavation, suitably outletted.

The contractor performing the earth retention system work should have 5 or more years of

experience in temporary earth retention systems and provide evidence of similar projects.

Geotechnical information, including parameters for design, may be developed from the sub

surface information provided herein. Due to the sensitive nature of adjacent structures, we

Soil nail retaining walls are common in the Phoenix area. Soil nailing involves reinforcing

and strengthening the existing ground by installing closely-spaced steel bars, called "nails,"

into an excavation face as construction proceeds from the "top down." Soil nailed structures

behave like gravity walls and are typically installed in 5 foot excavation lifts.
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For a conventional soil nail wall face with horizontal ground behind the wall, the nail

lengths would be estimated to be 0.5 to 0.8 times the height of the wall. In some cases, the

nail lengths could be 70 to 100 percent of the wall height. The soil nail spacing could range

from about 3 to 6 feet, but is typically in the 5 to 6 foot range. The bars are usually installed

at a 10 to 20 degree angle below the horizontal plane. After installation, the space between

the bar and drill hole is grouted with cement grout. Reinforcement consisting of wire mesh

or walers composed of reinforcing bars, is then installed across the excavation face between

the nails. Typically a shotcrete face is then applied.

One advantage of soil nailed walls is their relative ease of construction and reduced con

struction time. Construction equipment is relatively small, mobile and quiet when compared

to soldier pile installations. Soil nail wall movements are typically higher than movements

from soldier piles and lagging. If soil nails are used, knowledge of easement rights and

avoidance of existing utilities and structures is imperative. Due to the lateral extent of the

soil nails into the adjacent ground, we do not recommend the use of soils nails if right-of

way or limited lateral space is a constraint.

Geotechnical Evaluation
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also recommend a monitoring program be developed. This monitoring program may be per

formed by the contractor or an independent representative of the Owner.

Precautions should be considered to avoid overstressing below-grade walls during backfill

ing. Temporary bracing of the walls during backfilling may be needed to help avoid this

problem.

9.5. Construction Dewatering

A shallow groundwater table is not anticipated along the alignment during construction.

However, as indicated above, seepage and surface run-off could be anticipated near the

Grand Canal or other drainage features. The need for dewatering should be considered along
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9.4. Below-Grade Walls

For below-grade structures that are rigidly restrained so as not to rotate sufficiently to reach

active earth pressure conditions, at-rest pressure conditions will exist. We anticipate below

grade walls will be in an at-rest state. For at-rest earth pressure conditions, an equivalent

fluid unit weight of 55 pcf should be used for the drained condition as depicted in Figure 5.

For passive resistance to lateral loads, we recommend that an equivalent fluid weight of

300 pcf be used up to a value of 3,000 psf. This value assumes that the ground is horizontal

for a distance of 10 feet or more behind the wall or three times the height generating the pas

sive pressure, whichever is greater. We recommend that the upper 12 inches of soil not

protected by pavement or a concrete slab be neglected when calculating passive resistance.

For frictional resistance to lateral loads, we recommend that a coefficient of friction of 0.40

be used between soil and concrete. If passive and frictional resistances are to be used in

combination, we recommend that the friction coefficient be reduced by two-thirds. The pas

sive resistance values may be increased by one-third when considering loads of short

duration such as wind or seismic forces.

Geotechnical Evaluation
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the alignment near these features. Surface run-off will vary seasonally depending on local

rainfall.

9.6. Corrosion

The corrosion potential of the on-site soil materials was analyzed to evaluate its potential ef

fect on the foundations and structures. Corrosion potential was evaluated using the results of

laboratory testing of a representative near-surface sample obtained during our subsurface

evaluation.

Laboratory testing consisted of pH, minimum electrical resistivity, and soluble sulfate and

chloride contents. The pH and minimum electrical resistivity tests were performed in general

accordance with Arizona Test 236b, while sulfate and chloride tests were performed in ac

cordance with Arizona Test 733 and 736, respectively. The results of the COITosivity tests are

presented in Appendix B.
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Given the low possibility of encountering significant seepage along the alignment, we an

ticipate that the excavations that do encounter nuisance seepage or surface run-off could be

dewatered by sumping the water from the bottom of the excavation. However, saturated

sands, if encountered, may need more aggressive means of dewatering such as well points. If

discharged water from the excavations is diverted to natural drainage channels, a special

permit may be needed.

The soil pH value of the samples tested ranged from 7.8 to 8.5, which is considered to repre

sent an alkaline environment. The minimum electrical resistivity measured in the laboratory

ranged from 752 ohm-em to 2,395 ohm-em, which is considered corrosive to ferrous metals.

The chloride content of the samples tested ranged from 43 ppm to 146 ppm, which is con

sidered to have a potential corrosive effect to ferrous metals. The soluble sulfate content of

the soil samples tested ranged from 0.001 percent to 0.006, which is considered to represent a

negligible corrosive effect on exposed concrete.
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Table 2 - UBC Requirements for Concrete Exposed to Sulfate-Containing Soil

Notwithstanding the sulfate test results and due to the limited number of chemical tests per

formed, as well as our experience with similar soil conditions and local practice, we

recommend the use ofType II cement for construction of concrete structures at this site.

9.7. Concrete

Laboratory chemical tests performed on an on-site soil samples indicated a sulfate content

ranging from 0.001 percent to 0.006 percent by weight. Based on the following UBC table,

the on-site soils should be considered to have a negligible sulfate exposure to concrete.

Revised September 16, 2008
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The results of the laboratory testing indicate that the on-site soils may be corrosive to ferrous

metals. Therefore, special consideration should be given to the use of heavy gauge, corro

sion protected, underground steel pipe, if any are planned. As an alternative, wrapped/plastic

pipe or reinforced concrete pipe should be considered. In addition, metallic elements used

for excavation support systems will need to be protected from potentially corrosive soils. A

corrosion specialist should be consulted for further recommendations.

Water- ['c,

Soluble Water-
Normal-Weight

Sulfate Cementitious Materials
and

Sulfate
(S04) in Soil, Cement Type Ratio, by Weight,

Lightweight
Exposure

Percentage Normal-Weight
Aggregate Con-

by Aggregate Concrete l crete,
psi

Weight
x 0.00689 for MPa

Negligible 0.00 - 0.10 -- -- --
Moderate2 0.10-0.20

II, IP(MS), IS
0.50 or less 4,000 or more(MS)

Severe 0.20 - 2.00 V 0.45 or less 4,500 or more

Very severe Over 2.00
V plus poz-

0.45 or less 4,500 or morezolan3

1 A lower water-cementitious materials ratio or higher strength may be needed for low permeability or
for protection against corrosion of embedded items or freezing and thawing (Table 19-A-2).

2 Seawater.
3 Pozzolan that has been evaluated by test or service record to improve sulfate resistance when used in

concrete containing Type V cement.
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-

The AASHTO method was also used to evaluate the asphalt pavement thicknesses recom

mended below. Specifically, the recommendations were based on the following input

parameters:

9.8. Pavements

For the paved areas, we understand that AC pavement is considered for this project. The

pavement sections recommended below are assumed to bear on imported or on-site soils

with an average soil R-value of 30 or more.

The concrete should have a water-cementitious materials ratio no more than 0.45 by weight

for nonnal weight aggregate concrete. The structural engineer should ultimately select the

concrete design strength based on the project specific loading conditions. However, higher

strength concrete may be selected for increased durability, resistance to slab curling and

shrinkage cracking.

Revised September 16, 2008
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20 years
38,000
5%
5%
9,750,000
95 percent
0.45
18,000 psi
4.5
2.5
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Design Period:
Average Daily Traffic (2007)
Percent Trucks
Percent Growth
ESALs:
Reliability:
Overall Deviation:
Soil Resilient Modulus:
Initial Serviceability:
Terminal Serviceability:

An asphalt pavement section consisting of 6 or more inches of plant-mix asphalt (per MAG

Section 710) over 10 or more inches of graded AB can be considered for pavement replace

ment along Indian School or 67th Avenue. For light duty areas (parking lots, driveways, etc),

an asphalt pavement section consisting of 3 or more inches of plant-mix asphalt (per MAG

Section 710) over 6 or more inches of graded AB can be utilized.
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For asphalt pavement sections, we recommend the underlying subgrade soils be prepared as

described in Section 9.1.2 of this report. AB material should be compacted to a relative com

paction of 95 percent or more, as evaluated by ASTM D698, at a moisture content slightly

above its laboratory optimum.

9.9. Site Drainage

Surface drainage should be provided to divert water away from buildings and off of paved

surfaces. Surface water should not be pennitted to drain toward the structures or to pond ad

jacent to footings or on pavement areas. Positive drainage is defined as a slope of 2 percent

or more over a distance of 5 feet or more away from the structures.

9.10. Instrumentation and Documentation

Consideration should be given to implementing documentation and instrumentation pro

grams to evaluate design assumptions, existing conditions, and to monitor movements,

levels, and defonnations during construction. The monitoring programs may include the use

of inclinometers, convergence points, and an array of surface control points. The resulting

data should be reviewed and evaluated during construction. These programs should be in

place or conducted prior to the start of construction.

Revised September 16, 2008
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9.10.1. Documentation of Existing Conditions

We recommend that a pre-construction survey be perfonned prior to construction on

residences and structures within approximately 50 feet of the proposed trench excava

tions. The pre-construction survey should consist of photographic documentation of the

exterior portions of the buildings, including distress features, such as cracks ancl/or

separations that may be present. Consideration may be given to videotaping the survey.

In addition, interviews with owners should be conducted to provide knowledge of the

age and type of the buildings as well as maintenance history and utility problems.
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9.12. Construction Observation and Testing

During construction operations, we recommend that a qualified geotechnical consultant per

form observation and testing services for the project. These services should be performed to

Consideration should be given to placing survey monitoring points on nearby structures

to monitor the performance of the structures. In this way, a record of the performance of

the structure will be maintained and available. This information, in conjunction with

pre-construction surveys, is helpful in reducing potential claims and expediting and lim

iting settlement of legitimate claims.

9.11. Pre-Construction Conference

We recommend that a pre-construction conference be held. Representatives of the owner,

civil engineer, the geotechnical consultant, and the contractor should be in attendance to dis

cuss the project plans and schedule. Our office should be notified if the project description

included herein is incorrect, or if the project characteristics are significantly changed.

Revised September 16, 2008
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9.10.3. Ground Surface Settlement

We also recommend that an array of ground survey points be installed along the project

alignment to monitor settlement. The survey points should be installed as close as prac

tical to the excavation and incrementally away from the excavation. The contractor

should be responsible for maintaining the total settlement beneath adjacent buildings to

less than Yz-inch. If settlements reach ~-inch, we recommend that a review of the con

tractor's methods be performed and appropriate changes be made, if needed.

9.10.2. Lateral Movement of Shoring Support System

We recommend that inclinometers or survey points be established behind excavations

located in areas where structures are located above a 1: 1 (horizontal to vertical) plane

projected from the bottom of the proposed excavations. The inclinometers or survey

points should be monitored and evaluated daily during excavation activities to provide

an advanced warning system of potential problems.
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10. LIMITATIONS

This report is intended for design purposes only. It does not provide sufficient data to prepare an

accurate bid by contractors. It is suggested that the bidders and their geotechnical consultant per

form an independent evaluation of the subsurface conditions in the project areas. The

This document is intended to be used only in its entirety. No portion of the document, by itself, is

designed to completely represent any aspect of the project described herein. Ninyo & Moore

should be contacted if the reader requires additional information or has questions regarding the

content, interpretations presented, or completeness of this document.

Revised September 16, 2008
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Geotechnical Evaluation
Bethany Home Outfall Channel

evaluate exposed subgrade conditions, including the extent and depth of overexcavation, to

evaluate the suitability of proposed borrow materials for use as fill and to observe placement

and test compaction of fill soils. If another geotechnical consultant is selected to perform ob

servation and testing services for the project, we request that the selected consultant provide

a letter to the owner, with a copy to Ninyo & Moore, indicating that they fully understand

our recommendations and that they are in full agreement with the recommendations con

tained in this report. Qualified subcontractors utilizing appropriate techniques and

construction materials should perform construction of the proposed improvements.

The field evaluation, laboratory testing, and geotechnical analyses presented in this geotechnical

report have been conducted in general accordance with current practice and the standard of care

exercised by geotechnical consultants performing similar tasks in the project area. No warranty,

expressed or implied, is made regarding the conclusions, recommendations, and opinions pre

sented in this report. There is no evaluation detailed enough to reveal every subsurface condition.

Variations may exist and conditions not observed or described in this report may be encountered

during construction. Uncertainties relative to subsurface conditions can be reduced through addi

tional subsurface exploration. Additional subsurface evaluation will be performed upon request.

Please also note that our evaluation was limited to assessment of the geotechnical aspects of the

project, and did not include evaluation of structural issues, environmental concerns, or the pres

ence of hazardous materials.
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This report is intended exclusively for use by the client. Any use or reuse of the findings, conclu

sions, and/or recommendations of this report by parties other than the client is undertaken at said

parties' sole risk.

independent evaluations may include, but not be limited to, review of other geotechnical reports

prepared for the adjacent areas, site reconnaissance, and additional exploration and laboratory

testing.

Our conclusions, recommendations, and opinions are based on an analysis of the observed site

conditions. If geotechnical conditions different from those described in this report are encoun

tered, our office should be notified and additional recommendations, if warranted, will be

provided upon request. It should be understood that the conditions of a site could change with

time as a result of natural processes or the activities of man at the subject site or nearby sites. In

addition, changes to the applicable laws, regulations, codes, and standards of practice may occur

due to government action or the broadening of knowledge. The findings of this report may, there

fore, be invalidated over time, in part or in whole, by changes over which Ninyo & Moore has no

control.
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Field Procedure for the Collection of Relatively Undisturbed Samples
Relatively undisturbed soil samples were obtained in the field using the following method.

Field Procedure for the Collection of Disturbed Samples
Disturbed soil samples were obtained in the field using the following methods.

Bulk Samples
Bulk samples of representative earth materials were obtained from the exploratory borings.
The samples were bagged and transported to the laboratory for testing.

Revised September 16, 2008
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APPENDIX A

BORING LOGS

The Modified Split-Barrel Drive Sampler
The sampler, with an external diameter of 3.0 inches, was lined with I-inch long, thin brass
rings with inside diameters of approximately 2.4 inches. The sample barrel was driven into
the ground with a 140-pound hammer free-falling from a height of 30 inches in general ac
cordance with ASTM D 1586-99. The samples were removed from the sample barrel in the
brass rings, sealed, and transported to the laboratory for testing.

The Standard Penetration Test Spoon
Disturbed drive samples of earth materials were obtained by means of a Standard Penetra
tion Test spoon sampler. The sampler is composed of a split barrel with an external diameter
of 2 inches and an unlined internal diameter of 1-3/8 inches. The spoon was driven up to
18 inches into the ground with a 140-pound hammer free-falling from a height of 30 inches
in general accordance with ASTM D 1586-99. The blow counts were recorded for every
6 inches of penetration; the blow counts reported on the logs are those for the last 12 inches
of penetration. Soil samples were observed and removed from the spoon, bagged, sealed,
and transported to the laboratory for testing.
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I U.S.C.S. METHOD OF SOIL CLASSIFICATION

MAJOR DIVISIONS SYMBOL TYPICAL NAMES
Well graded gravels or gravel-sand mixtures,
little or no fines

Silty gravels, gravel-sand-silt mixtures

Well graded sands or gravelly sands, little or
no fines
Poorly graded sands or gravelly sands, little or
no fines

Clayey gravels, gravel-sand-c1ay mixtures

Silty sands, sand-silt mixtures

Clayey sands, sand-clay mixtures

SILTS & CLA YS
Liquid Limit <50

SILTS & CLA YS
Liquid Limit >50

SANDS
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fraction
<No.4 sieve size)
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GRAIN SIZE CHART

RANGE OF GRAIN SIZE

CLASSIFICATION
U.S, Standard Grain Size in

Sieve Size Millimeters

BOULDERS Above 12" Above 305

COBBLES 12" to 3" 305 to 76.2

GRAVEL 3" to No.4 76.2 to 4.76
Coarse 3" to 3/4" 76.2 to 19.1

Fine 3/4" to NO.4 19.1104.76

SAND NO.4 to No. 200 4.76 to 0.075
Coarse No.4 to No. 10 4.76 to 2.00

Medium No. 10 to No. 40 2.00 to 0.420
Fine No. 40 to No. 200 0.420 to 0.075

SILT&CLAY Below No. 200 Below 0.07~
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==u=I Bulk sample.

-I Modified split-barrel drive sampler.

-~ No recovery with modified split-barrel drive sampler.

-~ Sample retained by others.,
Standard Penetration Test (SPT).

5 -I-

~
No recovery with a SPT.

-[ XXlXX
Shelby tube sample. Distance pushed in inches/length of sample recovered
in inches.

-K No recovery with Shelby tube sampler.
'-- .....

Continuous Push Sample.
fL.I- ....

? Seepage.

10 f-,.- ¥ Groundwater encountered during drilling.

~ Groundwater measured after drilling.

--

8M ALLUVIUM:
-- Solid line denotes unit change.
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Attitudes: Strike/Dip
1-+- b: Bedding

c: Contact

15 1--.... j: Joint
f: Fracture
F: Fault

1--.... cs: Clay Seam
s: Shear

1--.... bss: Basal Slide Surface
sf: Shear Fracture

f--
sz: Shear Zone
sbs: Sheared Bedding Surface

The total depth Ime IS a solid Ime that is drawn at the bottom of the

?n
boring.

I(iRfJB&/(#Iore BORING LOG
EXPLANA TION OF BORING LOG SYMBOLS

PROJECT NO. I DATE I FIGURE
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2

30"

OF --=---

B-1

DROP

SHEET

BORING NO. ---_::.-.:_---08/14/07

SAMPLED BY DM LOGGED BY DM REVIEWED BY KJT
_""::"'::'-'--- DESCRIPTION/INTERPRETATION ----'..:::....:--

METHOD OF DRILLING CME-75 , 8" Diameter Hollow-Stem Auger (Enviro-Drillinc.)

DRIVE WEIGHT ~1....:.40:::....:..::Jb::::;s'...l;(A:..:.u::..:t~oma=n:;:·cL) _

GROUND ELEVATION ----------

DATE DRILLED
---~:"-"'::-'-----

AGGREGATE BASE: Approximately 7 inches thick.
Brown, damp, medium dense, fme to coarse GRAVEL with silt and sand.
FILL:
Brown, damp, medium dense, poorly graded GRAVEL with sand.

ASPHALT CONCRETE: Approximately 11 inches thick.

-

-

(I)
UJ
....J
c.. u:-
~

~
u z

~ t- e:. 0
Q) (I) 0 e.- i=
~

f-r- 0 UJ ~
....J <!cnu.. 0:: 0 U .

I
~

::> Ci5 CO -u
~

u. .
t- t- Z -(I)
c.. (I) UJ >- (I) .

c:: 0 (I) (fJ::>UJ
~.~ 6 0

0 ....J :5co .... co ~ >-
0 a:: u

0

o '-_J----+---+---I GP-GM

~. GP
;..:'.
"..
~ ••:1

28 ~."~"..
•• "to

- - - -- - - - - - - :.-.i.-- - S-P- - Brown,damp, dense-;-pooiTygraded sAl\lD; rew tillito-coarse graver. - - - - - - - -

I
I

I
I
I

I

I 5 - '-

22

22
I
I

__--+__+-__~ -----+---------------------------------11
. .. SW-SM ALLuvnJM:

Brown, damp, medium dense, well-graded SAND with silt and gravel.

I
I
I
I
I
I

5015" Very dense.

10 - -

--

--

I--

I-
14 2.6 114.6 Loose to medium dense.

15 -I-

1-1-

I
-I-

I
I
I

?O

PHOENIX, ARIZONA

f---;P"",,R::-::O'""'J""EC"-T;:";NU.O".--"-'--"D,,"",A"'T'O'"E---r-I---=FI"'G7.U=RE=---~I
. 601850001 9108 A-I



2

JUT

30"

OF
---'---

B-1

2

DROP --------

SHEET

BORING NO.

GROUND ELEVATION -- _

DATE DRILLED .:.:08::../1:...:4:....:/0...:...7 _

DRIVE WEIGHT -=--14:..:0...:.1b:.:s:.:....(~A:.:u:.::to:.:;ma=ti~c)~ _

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (Enviro-Drillinc.)

SAMPLED BY _-=D:..:.;M-=---_ LOGGED BY DM REVIEWED BY
DESCRIPTION/INTERPRETATION -----

Total Depth - 20 teet.
Groundwater not encountered during drilling.
Backfilled and asphalt patched on 08/14/07 promptly after completion of drilling.
Groundwater, though not encountered at the time of drilling, may rise to higher levels due
o seasonal variations in precipitation and several other factors as discussed in the report.

I (J)
W
....J
a.. G:'
~ ;R 0 z
<( I- a.. 0

I
Q) (J) 0 e....

....J f=g -- 0 w ~ 0 <{u:i
u. a:: o .

I
~

:::J Ci5 CO -0
~

u. .
l- I- Z -(J)
0- (J) W >- (J) .

W ~c: 0 0 0 (J) (J):J
0

_Ql ....J :s::3>

I CD -c CO ~ >-
0 a:: 0

0

I
2U

1--

I --

I --

BETHANY HOME OUTFALL CHANNEL REACH D
PHOENIX, ARlZONA

BORING LOG

f- -

I 25 - f- -

I I- -

I- -

I
f- -

I f- -

I
30 - r- -

- -

I - '-

I 1--

1--

I 35 - 1--

I 1--

I
- -

- -

I - -

I
Ill)

I
1(Jn9°&1(too~e

II . PROJECT NO.

601850001 I
DATE

9/08 I
FIGURE

A-2





I (/)
w DATE DRILLED 08114/07 BORING NO. B-2-l
a. u::-
:!:

~
0 Z

~
<{ l- e:. 0 GROUND ELEVATION SHEET 2 OF 3(/) 0 ~ i= --

I
-l ---

~
r-~ 0 w ~ 0 ~uj

u... 0:: o .
:r: U3 ::::> Ci.i CO -0 METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (Enviro-Drill Inc.):!: u... .
I- ~ I- Z -(/)
0. (/) W >- (/) .
UJ .,.,c 0 0 Cl (/) (/)::::>

DROP0
_0.> -l :5 DRIVE WEIGHT 140 Ibs. (Automatic) 30":J >

I
CO 'C co :!: >-

0 0:: 0
Cl SAMPLED BY DM LOGGED BY DM REVIEWED BY JUT

DESCRIPTION/INTERPRETATION

I
:w ML ALLUVIUM: (continued)

Brown, damp, dense, fine to medium sandy SILT; scattered caliche nodules.
,--

I -~

I
- - - - - -- - -- - -

I
32

25 +-f-

I I-f-

I
1--

I
I

- ~ -r-- - -I-- - - -

30-1-

--

I --

I
I

43

35 -I--- '--

Very dense; few fme to coarse gravel.

I --
--

I
I

--I-- - - - - - - - - - - .

-
74/11 "

- -SC- - ~rown,aamjJ," verydense~rayey Tille to coarseSAN-D;traceflnegraveI;scatterea - - 
caliche nodules.

BETHANY HOME OUTFALL CHANNEL REACH D
PHOENIX, ARIZONA

f-----;:P:;-;:R;-;:O;oJE;=;C"'T"'N:;;O".---r-I--"D:;-;;ATT;=-E---,rr---~FI"'G.,-;U""RE;:-------11
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3

KJT

30"

OF --=---

8-2

3

DROP ----'-----

SHEET

BORING NO. ------"----08/14/07

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (Enviro-Drill Inc.)

DATE DRILLED --_..:..::.-'--'-----

DRIVE WEIGHT 1:...:4:..::0-=.;lb::,::s.:.,:.(>:..A:.:u~to:.::m:::a:.::ti.:.<c),-- _

SAMPLED BY _-=D:..:.M~_ LOGGED BY DM REVIEWED BY
DESCRIPTION/INTERPRETAnON -----

GROUND ELEVATION -- _

Total Depth - 39.9 teet.
Groundwater not encountered during drilling.
Backfilled on 08/14/07 promptly after completion of drilling.
Groundwater, though not encountered at the time of drilling, may rise to higher levels due
to seasonal variations in precipitation and several other factors as discussed in the report.

I C/)
W
-J
a.. u:-
::!:

~
0 z

~
« ~

~
0

C/) 0 ~ i= .

I ~
1-- 0 ~

-J
W 0 «C/)

u. a:: o .
::c

~
::::> U5 CO -0

::!: u. .
~ ~ z >-

-C/)
a.. C/) w C/) .

c::: 0 C/) C/):::lw ~(l) 0 0
0 ::J > -J :s

I
CO ·C CO ::!: >-

0 a:: 0
0

I
4U

f--

I --

,

I
--

BETHANY HOME OUTFALL CHANNEL REACH D
PHOENIX, ARlZONA

BORING LOG

f-f-

I 45 - f- f-

I f- l-

f- -

I I- -

I f- -

I
50 - I- -

- -

I - -

I f-f-

f-I-

I 55 - f--

I f--

I
f--

--

I --

I
(,1)

I
IfJn9°&1ft°o~e

II PROJECT NO.

601850001 I
DATE

9/08 I
FIGURE

A-5



I en
w DATE DRILLED 08/20107 BORING NO. B-3...J
Q. ~
::2

~
0 z

« l- e:. 0 GROUND ELEVATION SHEET OF 3W en 0 i=

I ~ 0 w r: ...J «u)
LJ.. c:: 0 o .

J: en ::J U5 co -0 METHOD OF DRILLING CME-75 , 8" Diameter Hollow-Stem Auger (Enviro-Drill Inc.):E LJ.. .
I- ~ I- Z >- -en
Q. c en w en .
w :!:Q) 0 (5 Cl en en::J
Cl ::J> ...J ::i DRIVE WEIGHT 140 Ibs. (Automatic) DROP 30"

I
a:l ·C CO ::2 >-

Cl c:: 0
Cl SAMPLED BY JLS LOGGED BY JLS REVIEWED BY KJT

DESCRIPTION/INTERPRETATION

I 8C FILL:
Brown, damp, loose, clayey SAND.

I 19

I

I CL ALLUVTIJM:
Brown, damp, stiff, sandy CLAY.

9

I: 5

I
6 188 89.1 Moist; fIrm to stiff.

I Brown,damp, loose,siltYTille SANIJ. - - - - - - - - - - - - - - - - - - -
8M

I 4

I
10

I CL
Brown,-mOisT, flni1tostlft,CLAY~- - - - - - - - - - - - - - - - - - - -

1
I' 6

15

I
I
I 1/18" Very soft.

I
I

1(ID90 & 1(t.oo..e
BORING LOG

BETHANY HOME OUTFALL CHANNEL REACH 0
PHOENIX, ARlZONA

I PROJECT NO. DATE FIGURE

601850001 9/08 A-6



1-1-

I-f-

1--

50

15

.' .1,2..,f.0

.~

1-1-~ - - -I- - -I- - - - :,~I- -GP- -~rown,aamp, oense-;-pooiTygraaea GtD\.VELwiTh Scllw;coob1es-aoo possib1eooufCfers.-
~ ,

'~,:
i'~.......

;r;
" ,I-

1-1-

30 1-1-

II
I

II
II
Iii
III

~I

BETHANY HOME OUTFALL CHANNEL REACH D
PHOENIX, ARIZONA

BORING LOG

~
!

35 -f-
'i.~'

I
:."

~'I,~
~,'

'1 :

~
~"1-1- ,-

I
~.~
"....

1-- .; '';;

~
'It

r",

I
,',-

f-I- ,f

.;+-
~, " Very dense.

~
:- .,-, ',.

50/5" -:"-

I 40

( :.
Total Depth 39.4 feet.

~I 1(ID9°&1(toore
II . PROJECT NO.

601850001 I
DATE

9/08 I
FIGURE

A-7



I
(J)
w DATE DRILLED BORING NO.-J 08/20107 8-3
0.. u::-
::!E () z

z- ~ I- ~ 0.. 0 GROUND ELEVATION SHEET 3 OF 3
OJ (J) 0 e..... i= --

I ~
~~ 0 w ~

-J «(I)
---

u.. 0::: 0 () .
:I:

~
:::l U5 co -() METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (Enviro-Drilllnc.)::!E u.. .

l- I- Z -(J)
0.. c: (J) W >- (J) .

w '3 .~
0 (5 Cl (J) (/):::l

DROPCl -J :5 DRIVE WEIGHT 140 Ibs. (Automatic) 30"

I
co'" co ::!E >-

Cl 0::: ()
Cl SAMPLED BY JLS LOGGED BY JLS REVIEWED BY JUT

DESCRIPTION/INTERPRETATION

I
40 Groundwater not encountered dunng drilling.

Backfilled on 08/20107 promptly after completion of drilling.
f- Groundwater, though not encountered at the time of drilling, may rise to higher levels dm

to seasonal variations in precipitation and several other factors as discussed in the report.

BORING LOG
BETHANY HOME OUTFALL CHANNEL REACH D

PHOENIX, ARJZONA

I ~ l-

I
~ l-

f- ,....

I 45 f- '-

I I- -

I-f-

I ~I-

I I-f-

50 - ~,....

I
f-,....

I f--

I
1-1-

1-1-

I 55 - I-f-

I I-f-

-f-

I
-f-

I f-I-

I
Mil

I
1(Jn9°&1(too~e

II
PROJECT NO.

601850001 I
DATE

9/08 I
FIGURE

A-8



30"DROP --------

SHEET 1 OF 2--- ----

BORING NO. ~B-4-c-- _08/20107

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (Enviro-Drill Inc.)

DATE DRILLED
----==~~---

DRIVE WEIGHT ...:1...:.40.:...=lb.:.:s.~(A:..:.u::..:to.:.:ma=lJ:..:.·c!-) _

SAMPLED BY _-=D:...:.M~_ LOGGED BY DM REVIEWED BY _.......:.KJ=.T.:......-_
DESCRIPTION/INTERPRETATION

GROUND ELEVATION -- _

Very stiff.

ALLUVIUM:
Brown, damp, stiff, eLAY with sand.

ASPHALT CONCRETE: Approximately 2 inches thick.
AGGREGATE BASE: Approximately 3.5 inches thick.

l\Brown, damo, medium dense, fme to coarse GRAVEL with silt and sand.
GP-GM

CL

7

19

I-

~
~
~
~
~
~
~
~f-,- -5- -- - -~ - - - I- - ML- -13rown:aamp, loose,san<ly"SILT.- - - - - - - - - - - - - - - - - - - - --

I-

1-1-

5 -f-

en
w
...J
c.. u::-
::E

~
0 z

~ « l- e:- 0
Q) C/) 0 ~ i=g I-~ 0 W ~

...J «Wu.. a:: 0 o .
:I: (/) ::::l Ci5 co -0

::E u.. .
I- ~ I- Z -C/)
c.. c: C/) W >- C/) .

w ,d!f~
0 0 0 C/) C/)::::l

0 ...J :5~·c co ::E >-
0 a:: 0

0

u

I
I

I
I

I
I
I
I

I
I-

I-

1-1-

I I-

I
10 f-

1-1-

I 1-1-~ - - -I- - - - - - - Mi- -'Brown,aamp, loo"Se,san<ly" SILT.- - - - - - - - - - - - - - - - - - - - - -

I
1-1-

I
6

15 -1-1-

I 1-1-

I
f-f- ~ - - -I- - - - - - -

1-1-

I- - CL- -13rown,aamp, Stiff, sanayCLAY- - - - - - - - - - - - - - - - - - - - - -

~

I I-

7

BETHANY HOME OUTFALL CHANNEL REACH 0
PHOENIX, ARIZONA

r-----::P""R""O""'JE"'C"'T7N"'Oc-.-....,I-----;D:;-:;A~T"""E---,r----;:F"'"'IG=U=R""E,....----41
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METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (Enviro-Drill Inc.)

SAMPLED BY OM LOGGED BY DM REVIEWED BY JUT
---=.:.:.=..-- DESCRIPTIONIINTERPRETATION ---'--'--

Total Depth - 20 feet.
Groundwater not encountered during drilling.
lBackfilled on 08120/07 promptly after completion of drilling.
kJroundwater, though not encountered at the time of drilling, may rise to higher levels dm
o seasonal variations in orecipitation and several other factors as discussed in the report.

2

30"

OF --=--

8-4

2

DROP -----'----

SHEET

BORING NO. ---------

140 1bs. (Automatic)

DATE DRILLED .:::.:08::::.;/2:..:0::..;/0:.:.7 _

DRIVE WEIGHT ___--'..:....:..:~:.=.;=::..:c:..:c.!...- _

GROUND ELEVATION ----------
I

(J)
W
..J
0- u:-
:?: () z

~
~

.~ ~ ~
0

(J) 0 ~ 1=

I ~ 1-.- 0 W ~
..J

~u)
U. a:: 0 ().

::c U5 ::::> U5 co -()
:E u. .

~ ~ ~ z >-
-(J)

0- t: (J) W
(J) •

w
~.~

0 0 Cl (J) (J)::::>

Cl -' :5

I
co .... co :E >-

Cl a:: ()
Cl

20

I -f-

I j-I-

I
j-I-

BETHANY HOME OUTFALL CHANNEL REACH D
PHOENIX, ARIZONA

BORING LOG

I- l-

I' 25 - I- l-

I
1-1-

l- I-

I I-- l-

I l- I-

30 - l- I-

I l- I-

I 1--

I
I-- l-

I-- l-

I 35 - I-- l-

I I-I-

1-1-

I -I--

I I-- I-

40

I
I

If/nuo & 'V'oo-re
II

PROJECT NO.

601850001 I
DATE

9/08 I
FIGURE

A-iO



15 1-1-

I-f-f- - - -f- - -I- - - - ~f- - Cl- -~rown,aamp, sotttofirrn-;-sanoy CLAY. - - - - - - - - - - - - - - - - - - -

1-1 ~
to _>-"'- 3 ~

>->- I
1-1- - - - -"- - - - - - - % -SM- -~rown,aamp, 100se,siftYSANTI willi gravel. - - - - - - - - - - - - - - - - -

I-
3 14.4 96.9

30"

B-5

DROP ---.=..::-_--

SHEET 1 OF 2-- --=---

BORING NO. ---_:...::...._---

140 Ibs. (Automatic)

08120/07

SAMPLED BY _--=D:...:cM",--_ LOGGED BY DM REVIEWED BY JUT
DESCRIPTION/INTERPRETATION ----=-=-=---

DRIVE WEIGHT ---....:.....:..;:....:..:..::;...;:.==::.:.<.---

METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (Enyiro-Drill Inc.)

DATE DRILLED
--_":"::"~'-----

GROUND ELEVATION ---------

ALLUVIUM:
Brown, damp, firm to stiff, sandy CLAY.

Cl

~ Cl FILL:I Bcown, domp, vo'" "iff, "mdy eLAY.

5

20

f--_-+_-+__-!:t_t_m;-~A~S~P~HA~L~T~C~O~N~C~RE~T£E~:~A:.P.E!PPlr~0!:.:xim~a~te~IY~4~in~c~h~es~th~ic~k.:...-. ~I
~:-:... GP AGGREGATE BASE: Approximately 8 inches thick...

~
~
~
~

I- ~ - - - f.-- - - - - - - f- - - - -1-= - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Ml Brown, mOIst, very loose, sandy SILT.

f-

f-IV
IA 1\

I-

1-1

f-

5 I-f-

(f)
W
...J
a. u:-
:iE ~ () z

c < t- e:. ~
0

Q) (f) 0 i=
~

f-.- 0 w 1:
...J <enu.. a:: 0 () .

::I:
~

:::> U5 CD -()
:iE u.. .

t- t- Z -(f)
a. c (f) W >- (f) .

w '3 .~
0 (5 0

(f) (f):::>

0 ...J :5CO .... CO :iE >-
0 a:: ()

0

o

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I f-f-

I
I

1-1-- - - -f.-- - -- --

5

-Ml- -~rown,Clamp, 100se,sandY STLT.- - - - - - - - - - - - - - - - - - - - - -

I
I

?I\



METHOD OF DRILLING CME-75, 8" Diameter Hollow-Stem Auger (Enviro-Drill Inc.)

SAMPLED BY _....:D:..:,M:.:...-_ LOGGED BY DM REVIEWED BY KJT
DESCRIPTIONIINTERPRETATION ---=.=...::..._-

Total Depth - 20 feet.
Groundwater not encountered during drilling.
lBackfilled on 08120/07 promptly after completion of drilling.
proundwater, though not encountered at the time of drilling, may rise to higher levels due
o seasonal variations in nrecipitation and several other factors as discussed in the report.

2

30"

OF ---=--

8-5

2

DROP --_....::....:_---

SHEET

BORING NO. -----=:....::.._---08120/07

DRIVE WEIGHT ...:1~4.:.0.::1b.:.s.~(A:..:u=.:to.:.ma=tJ.::·c~) _

DATE DRILLED --_...::..::=...::...:...._--

GROUND ELEVATION ----------
I C/)

W
...J
c.. iZ'
~

~
u z

« I-- e:. 0a:; C/) 0 ~ i=

I ~
e-.- 0 w ~

...J «u)
l.L 0:: 0 U .

J:
~

::J u; [D _u
~

u. .
I-- I-- Z -C/)
c.. c: C/) W >- C/) .

w
~.~

0 0 0
C/) C/):l

0 ...J
~

I
0) .... [D ~ >-

Cl 0::: U
0

I'
:,w

-

I e-f-

I
e-f-

f-I-

I 25 f-I-

I -I-

1-1-

I e-I-

I f-I-

I
30 e-I-

e-e-

I -e-

I 1-1-

1-1-

I 35 1-1-

I e-e-

I
1-1-

1-1-

I 1-1-

I
I

dO



Maximum Dry Density and Optimum Moisture Content Tests
The maximum dry density and optimum moisture content of selected representative soil samples
were evaluated in general accordance with ASTM D 698-00. The results of these tests are sum
marized on Figure B-7.

Classification
Soils were visually and texturally classified in accordance with the Unified Soil Classification
System (USCS) in general accordance with ASTM D 2488-00. Soil classifications are indicated
on the logs of the exploratory borings in Appendix A.

In-Place Moisture and Density Tests
The moisture content and dry density of relatively undisturbed samples obtained from the ex
ploratory borings were evaluated in general accordance with ASTM D 2937-04. The test results
are presented on the logs of the exploratory borings in Appendix A.

Revised September 16, 2008
Project No. 601850001

APPENDIXB

LABORATORY TESTING

Geotechnical Evaluation
Bethany Home Outfall Channel

Atterberg Limits
Tests were performed on selected representative fine-grained soil samples to evaluate the liquid
limit, plastic limit, and plasticity index in general accordance with ASTM D 4318-05. These test
results were utilized to evaluate the soil classification in accordance with the Unified Soil Classi
fication System. The test results are incorporated in the logs in Appendix A and are shown on
Figure B-6 in Appendix B.

Gradation Analysis
Gradation analyses were performed on selected representative soil samples in general accordance
with ASTM D 422-63 (02). The grain-size distribution curves are presented on Figures B-1
through B-5. The test results were utilized in evaluating the soil classifications in accordance
with the Unified Soil Classification System.

Soil Corrosivity Tests
Soil pH and minimum resistivity tests were performed on representative samples in general ac
cordance with Arizona Test 236b. The chloride content of selected samples was evaluated in
general accordance with Arizona Test 736. The sulfate content of selected samples was evaluated
in general accordance with Arizona Test 733. The test results are presented on Figure B-8.
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1
1
1
I.

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

I GRAVEL I SAND FINES I
I Coarse Fine I Coarse Medium I Fine SILT CLAY I

U.S. STANDARD SIEVE NUMBERS HYDROMETER

3" 2' 1·1/2' l' 3/4' 318' 4 10 16 30 50 100 200
100.0

~II I I I I I I
90.0 I I

I I I~ I I I I I
80.0

I I I I I I I I I
~ 70.0:r: I' I

,r--..
I

~ I I I I I '" I I Iw
3= 60.0

>- II I 'i I
[l) I I I I I I I I
0:: 50.0w II I I Iz
u: I I I I I I I I I
~ 40.0

II I I Iz
w

I I I I I I I I I()
0:: 30.0
w II I I ICL 1\

20.0
I I I I I I I I I
I I I I I I I "~ I

10.0 I I I I I I I
I I I I I I I I

0.0 I I I
100 10 1 0.1 0.01 0.001 0.0001

GRAIN SIZE IN MILLIMETERS

Sample Depth Liquid Plastic Plasticity Passing
Symbol

Location (ft) Limit Limil Index 0'0 0 30 0 60 Cu Cc No. 200 USCS

(%)

• B-1 6-7.5 -- -- -- 0.08 0.46 1.90 25.3 1.5 10 SW-SM

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0422-63 (02)

}(inaO&'ft0ore GRADATION TEST RESULTS FIGURE

PROJECT NO. DATE BETHANY HOME OUTFALL CHANNEL REACH D

PHOENIX, ARIZONA B-1
601850001 9/08
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I GRAVEL I SAND FINES I
I Coarse Fine TCoarse Medium I Fine SILT I CLAY I

U.S. STANDARD SIEVE NUMBERS HYDROMETER

3" 2' 1-112" 1" 3/4" 3/8" 4 10 16 30 50 100 200
100.0

I I I I I I :- ............ I I
I I

90.0

I I I I I I ! ~ I
80.0 I

I I I I I I I I
I- 10.0J: I T I
Cl
w I I I I I I I I I
s 60.0

>- I I I
lD I I I I I I I I I
0::
uJ 50.0

I I Iz
u:: I I I I I I I I I
I- 40.0

II I I Iz
uJ

I I I I I I I I Iu
0:: 30.0

I I Iw Ia.

20.0 I I I I I I I I I
I I I I I I I I I

10.0 I I I I I I I I I
I I I I I I I I I

0.0 I I I
100 10 1 0.1 0.01 0.001 0.0001

GRAIN SIZE IN MILLIMETERS

Sample Depth liquid Plastic Plasticity Passing
Symbol

Location (ft) Limit Limit Index
D10 D30 D 60 Cu Cc No. 200 USCS

(%)

• B-2 6-7.5 -- -- -- -- -- -- -- -- 76 ML

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63 (02)

I(Jn9o&"'OO~e GRADATION TEST RESULTS FIGURE

PROJECT NO. DATE
BETHANY HOME OUTFALL CHANNEL REACH D

PHOENIX, ARIZONA B-2
601850001 9/08
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I GRAVEL I SAND FINES I
I Coarse Fine I Coarse Medium I Fine SILT I CLAY I

U.S. STANDARD SIEVE NUMBERS HYDROMETER

3" 2' 1-112" I' 3/4" 318' 4 10 16 30 50 100 200
100.0

I I I I I I I -:90.0 I I

I I I I I I I I I
80.0 I

I I I I I I I I I
I- 70.0J:
Q

I I

W I I I I I I I I I:s: 60.0

>- I I I
III I I I I I I I I Ia:: 50.0W I I Iz
u: I I I I I I I I I
I- 40.0
Z I I Iw
0 I I I I I I I I Ia:: 30.0
W I I IQ.

20.0 I I I I I I I I I
I I I I I I I I I

10.0 I I I I I I I I I
I I I I I I I I I

0.0 I I I
100 10 1 0.1 0.01 0.001 0.0001

GRAIN SIZE IN MILLIMETERS

Symbol
Sample Depth Liquid Plastic Plasticity

Cc

Passing

Location (tt) Limit Limit Index 0'0 0 30 0 60 Cu No. 200 USCS

(%)

• B-3 3.5-5 40 18 22 -- -- -- -- -- 94 CL

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0 422-63 (02)

IfJn9D&~OO~e GRADATION TEST RESULTS FIGURE

PROJECT NO. DATE BETHANY HOME OUTFALL CHANNEL REACH D

PHOENIX, ARIZONA B-3
601850001 9/08
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I GRAVEL I SAND FINES I
I Coarse Fine I Coarse Medium I Fine SILT I CLAY I

U.S. STANDARD SIEVE NUMBERS HYDROMETER

3" 2' 1-1/2' l' 3/4' 3/8' 4 10 16 30 50 100 200
100.0

I I I I I I I r-..
~ I

90.0 I I

I I I I I I I I
80.0

I

I I I I I I I I I
.... 70.0J: I I I
Clw I I I I I I I I I
s: 60.0

I I I>-co I I I I I I I I I
c:: 50.0W I [ Iz
u:: I I I I I I I I I
.... 40.0
Z I I [

w
0 I I I I I I I I I
c:: 30.0
W I I Ia.

20.0 I I I I I I I I I
I I I I I I I I I

10.0 I I I I I I I I I
I I I I I I I I I

00 I [ I
100 10 1 0.1 0.01 0.001 0.0001

GRAIN SIZE IN MILLIMETERS

Symbol
Sample Depth Liquid Plastic Plasticity Passing

Location (tt) Limit Limit Index
0 10 0 30 0 60 Cu Cc No. 200 USCS

(%)

• B-4 3.5-5 44 18 26 -- -- -- -- -- 86 CL

PERFORMED IN GENERAL ACCORDANCE WITH ASTM 0422-63 (02)

I(ln9°&If..°o~e GRADATION TEST RESULTS FIGURE

PROJECT NO. DATE
BETHANY HOME OUTFALL CHANNEL REACH D

PHOENIX, ARIZONA 8-4
601850001 9/08
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r GRAVEL I SAND FINES I
I Coarse T Fine I Coarse Medium I Fine SILT I CLAY I

U.S. STANDARD SIEVE NUMBERS HYDROMETER

3" 2' 1-1/2" 1" 3/4" 3/8" 4 10 16 30 50 100 200
100.0

r--,~I I I I I I I I I
90.0 1 I 1\.1

I I ! I I I I !\ I
80.0

I

I I I I I I I I I
I- 70.0I I I I
CJ
ij} I I I I I I I I I
s 60.0
~

I I I
aJ I I I I I I I I I
c:: 50.0
uJ I I Iz
ii I I I I I I I I I
t- 40.0

I I Iz
uJ
u I I I I I I I I Ic:: 30.0
uJ I I 1a.

200 I I I I I I I I I
I I I I I I I I I

10.0 I I I I I I I I I
I I I I I I I I I

0.0
I I I

100 10 1 0.1 0.01 0.001 0.0001

GRAIN SIZE IN MILLIMETERS

Symbol
Sample Depth Liquid Plastic Plasticity

Cc

Passing

Location (tt) Limit Limit Index
D lO D 30 D 60 Cu No. 200 USCS

(%)

• 8-5 6-7.5 -- -- -- -- -- -- -- -- 70 ML

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 422-63 (02)

1(ln9°&/(too~e GRADATION TEST RESULTS FIGURE

PROJECT NO. DATE
BETHANY HOME OUTFALL CHANNEL REACH D

PHOENIX, ARIZONA 8-5
601850001 9/08



USCS

SYMBOL LOCATION DEPTH LIQUID PLASTIC PLASTICITY CLASSIFICATION USCS

(FT) LIMIT, LL LIMIT, PL INDEX, PI (Fraction Finer Than (Entire Sample)
No. 40 Sieve)

B-3 3.5-5 40 18 22 CL CL

B-4 3.5-5 44 18 26 CL CL

60

V /
50

V /'0:: CH or OH

>< 40 /
w

V /Cl

/~

~ 30
U

~orOL • /i=
C/)

~ 20 / MH or OH...J

V /a..

/10
./ V

/ CL - ML / ML or OL

0 V I
0 10 20 30 40 50 60 70 80 90 100

LIQUID LIMIT, LL

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 4318-05

8-6

FIGURE

BETHANY HOME OUTFALL CHANNEL REACH 0

PHOENIX, ARIZONA

ATTERBERG LIMITS TEST RESULTS
DATE

9/08601850001

PROJECT NO.
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140.0
\

1\ 1\ Zero Air Void Line

\ \ \
(Specific Gravity = 2.70)

1\ 1/

130.0
1\ \ \ /

1\ 1\

1\ \ 1\ Zero Air Void Line

\ (Specific Gravity = 2.60)

\ 1\ \. 1/

11\ 1\1/
120.0

1\ '-1\
LL \ 1\ f- -u A\ 1\.\ 1\

Zero Air Void Line
c.. (Specific Gravity = 2.50) f- f-
'-' I I\.~ />-
!:: I 1\~ 1\(/). 110.0 \Vz I 1\ I\.w

~0 1\
>- 1\ l\-n::
0 1'\ 1'\I\.

" I\- 1\ I100.0 I
I '\ I II

I i
T1

I '\ '"1'\ 1'\1'\

-·d--t1-- -1 1 I !'.1'\ I'.
I" I'. '"90.0

I I I I I 1"'-l"- I'.
; ; I I i I" ['\ I"-

['\ !'- r-...
f', I"- ~

I I"r---..l'80.0
0 5 10 15 20 25 30 35 40

MOISTURE CONTENT (%)

Sample Depth
Maximum Dry Optimum Moisture

Soil Description Density Content
Location (ft)

(pef) (%)

B-3 0-3 SC 115.8 14.6

Dry Density and Moisture Content Values Corrected for Oversize (ASTM D 4718-87) N/A N/A

PERFORMED IN GENERAL ACCORDANCE WITH o ASTM D 1557-02 o ASTM D69B-00a METHOD0AOBOC

I(Jn9O&~OOre PROCTOR DENSITY TEST RESULTS FIGURE

DATE
BETHANY HOME OUTFALL CHANNEL REACH 0

PROJECT NO.
B-7PHOENIX, ARIZONA

60185001 9/08
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RESISTIVITY 1 SULFATE CONTENT 2
CHLORIDE

SAMPLE SAMPLE DEPTH pH 1 CONTENT 3
LOCATION (H) (Ohm-em) (ppm) (%)

(ppm)

B-1 5-10 8.5 2,394 8 0.001 43

B-3 0-3 7.8 752 57 0.006 146

1
PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 236b

2 PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 733
3

PERFORMED IN GENERAL ACCORDANCE WITH ARIZONA TEST METHOD 736

/(1090 & I(toore CORROSIVITY TEST RESULTS FIGURE

PROJECT NO. DATE BETHANY HOME OUTFALL CHANNEL REACH D

PHOENIX, ARIZONA 8-8601850001 9/08
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Appendix D

Survey Data
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l,907732.3940,614710.3080,l100.3130,SR8 W/ALUM CAP 8ASE
2,906875.7540,615124.9410,1092.5000,SET NAIL
3,907743.7090,614428.0770,1095.9590,SET NAIL
10,907810.7850,612727.2580,1091.1210,8CHH
11,910456.5760,612745,4880,1098.6010,BCHH
12,913102.7510,612763.1840,l108.0110,BCHH
13,913133.6130,615233.3840,ll14.2310,BCF
14,913166.6420,617885.0550,1121.1110,BCHH
15,910524.4650,617865,8600,ll13.2610,ACF
16,907884.8820,617846.4860,1105.0410,BCHH
17,907846.4820,615199.4730,1100.6510,BCHH
102,906875.7540,615124.9410,1092.4910,SET NAIL
10J,907743.7090,614428.0770,1095.9810,SET NAIL
110,907810.7850,612727.2580,1091.1210, BCHH
111,910456.5930,612745.4880,1098.5970,8CHH
112,913102.9340,612763.2080,l108.9280,FPK
113,913133.8090,615233.3330,ll14.1640,BCF
117,907846.6410,615199.5770,1100.7070, BCHH
10000,906797.6000,615197.1530,1097.7460,B 8CV01
10001,906797.6000,615197.1530,1097.7460, C3 BCV01
10002,906804.2520,615190.3550,1097.4790,8CV01
10003,906813.7110,615183.1310,1096.4970,8CV01
10004,906803.8330,615184.4260,1097.8740,B GOR01
10005,906803.8330,615184.4260,1097.8740,C3 GOR01
10006,906827.5050,615171.9400,1096.1520,GOR01
10007,906853.6500,615169.4300,1097.5450,GOR01
10008,906811.0940,615179.0280,1096.5860,8 EOS01
10009,906811.0940,615179.0280,1096.5860,C3 EOS01
10010,906825.7420,615172.1240,1096.1560,EOS01
10011,906845.4490,615169.1760,1096.3900,EOS01
10012,906845.4220,615169.7250,1096.3910,EOS01
10013,906854.7110,615169.7650,1097.0870,EOS01
l0014.906855.5960.615170.31BO,1097.1010,EOSOl
10015,906845.4360,615169.1110,1096.3700,B BCv03
l0016,906853.6690,615169.2060,1097.5500,BCV03
10017,906854.4190,615169.7270,1097.1120,E BCv03
10018,906845.2920,615174.1490,1096.4080.88CV02
10019,906898.1540,615174.2780,1097.7090,BCV02
10020,906898.2400,615170.3970,1097.7740,EOS01
10021,906869.9590,615164.6340,1097.6940, WMT
10022,906871. 8530,615164.6510,1097.4690, WMT
10023,906870.4540,615160.1510,1099.8530,8FP
10024,906871.7340,615160.1900,1099.7720,BFP
10025,906868.8990,615162.5000,1097.5600,8 EOC01
10026,906868.6330,615157.7480,1097.7880, EOC01
10027,906872.6860,615157.6920,1097.4560,EOC01
10028,906872.7280,615162.5580,1097.4910,EOC01
10029,906874.8760,615170.2410,1097.4120,B EOC02
10030,906880.2100,615170.2450,1097.4540,EOC02
10031,906880.4020,615159.1670,1097.4690, EOC02
10032,906877.8180,615161.8990,1100.0110, FH
10033,906874.7990,615159.1820,1097.7890, EOC02
10034,906854.9320,615169.4790,1096.9070,8 CLOD 1
10035,906856.6430,615146.6600,1095.8420,CL001
10036,906872.0680,615099.3370,1087.2840,CLOOl
10037,906841.1620,615087.2080,1087.3860,CLOOl
10038,906809.5880,615161.8130,1097.5900,CLOOl
10039,906802.8690,615184.5400,1097.8610,CL001
10040,906822.7690,615143.8340,1096.3610,8 RIP01
10041,906853.9800,615150.9080,1096.2580,RIPOl
10042,906866.2720,615109.2090,1089.4830,RIP01
10043,906840.2380,615098.1970,1088.5220,RIP01
10044,906846.8900,615105.7210,1086.5160,B GOR02
10045,906847.3260,615110.9230,1088.7980,GOR02
10046,906852.3100,615112.4610,1088.8740,GOR02
10047,906856.2100,615108.6580,1086.6400,E GOR02
10048,906855.5160,615108.8750,1086.5950,8 HWL01
10049,906856.0030,615109.2570,1086.5920. HWL01
10050,906852.4850,615112.8760,1088.7990, HWL01
10051,906847.1270,615111.2180,1088.7550, HWL01
10052, 906846.7340,615105.6620,1086.5830, HlvL01
10053,906847.2070,615105.6000,1086.4820,HWL01
10054,906847.6690, 61S110. 5730 ,1088.7170, HWL01
10055,906852.3490,615112.0790,1088.8370, H1IILOI
10056,906850.2890,615111.2010,1084.7480,CL INV RCP 36IN
10057,906815.8060,614998.2650,1097.4580, TOP
10058,906781.6070,615040.7400,1097.6110,TOP
10059,906773.3000,615091.9130,1097.6420,TOP
10060,906791.7100,615138.4370,1098.1480,TOP
10061,906856.9940,615152.6140,1096.4890.TOP
10062,906870.0200,615154.3040,1097.3080, DTR 15FT
10063,906865.4320,615155.6800,1097.2820, DTR 20FT
10064,906900.6350,615155.4300,1097.6230,TOP
10065, 906951. 1670,615156.72 60,1097.7190, TOP
10066,906999.8340,615156.5370,1097.8250,TOP
10067,907053.6710,615156.5390,1098.1950,TOP
10068,907105.3340,615144.0450,1098.2260,TOP
10069,907135.9630,615100.1330,1097.9060,TOP
10070,907140.0990,615110.7910,1098.0720, DTR 15FT
10071,907136.3940,615107.6590.1097.7920,OTR 10FT
10072,907020.5680,615163.9620,1098.0020, 55MB
10073,906941.8780,615170.3530,1098.2240,EOSOI
10074,906941.8010,615174.2840,1098.0760,8CV02
10075,906988.5910,615174.3340,1098.1890,8CV02
10076,906988.7740,615170.3720,1098.3400,EOS01
10077,907038.7340,615170.4030,1098.3470,EOS01
10078,907038.6480,615174.3830,1098.3280,BCV02
10079,907088.6020,615174.6020,1098.4680,BCV02
10080,907088.6220,615170.6520,1098.4910,EOS01
10081,907138.6500,615174.7480,1098.5060, E BCV02
10082,907134.5000,615170.7920,1098.5870,C3 EOS01
10083,907138.3690,615169.1710,1098.5590,EOS01
10084,907143.4930,615168.0100,1098.5350,EOS01
10085,907143.4930,615168.0100,1098.5350,C3 EOS01
10086,907147.0030,615167.0300,1098.6440,EOS01
10087,907150.7090,615165.2230,1098.5130,EOS01
10088,907138.6500,615174.7480,1098.5060,8 EOS02
10089,907138.6700,615173.9620,1098.5180,C3 EOS02
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10090,907138.9460,615173.2830,1098.5060,E0502
10091,907139.6560,615172.8670,1098.5260,E0502
10092,907144.1930,615171.8160,1098.7020,C3 E0502
10093,907148.3290,615170.7110,1098.5770,E0502
10094,907152.5430,615168.6660,1098.5300,E0502
10095,907152.5430,615168.6660,1098.5300,E E0502
10096,907150.7090,615165.2230,1098.5130,E E0501
10097,907151.2140,615164.9350,1098.6370,B BCV04
10098,907171.7090,615169.4750,1098.6990,5CO
10099,907143.8750,615046.2890,1097.7320,TOP
10100,907167.1930,615004.4170,1097.5890,TOP
10101,907143.8890,615028.2160,1097.6370,TOP
10102,907151.4310,615048.2680,1098.3030,C3 BCV04
10103,907155.2540,615024.2930,1098.3180,BCV04
10104,907167.6890,615004.6650,1097.9790,BCV04
10105,907135.1310,614964.1200,1087.2930,TOE
10106,907100.0200,614994.6590,1087.5910,TOE
10107,907090.4860,615045.1380,1088.5150,TOE
10108,907108.4870,615071.6830,1091.7580,IVL
10109,907089.0060, 615073.7910,1088.6200, TOE
10110,907076.6930,615088.9490,1088.8600,TOE
10111,907056.4880,615097.4380,1088.4490, TOE
10112,906999.0370,615098.1570,1088.1300,TOE
10113,9069514810,615095.3590,1087.9170,TOE
10114,9069017590,615096.1680,1087.1980,TOE
10115,906876.0130,615095.5420,1087.0340, TOE
10116,906850.4310,615078.7730,1086.6350,TOE
10117,906853.8670,615047.9430,1086.2500,TOE
10118,906832.6970,615049.3780,1089.1040,IVL
10119,906744.8460,615020.7400,1097.9820,B CLD02
10120,906746.8860,615022.3810,1098.9880,TOP
10121,906781.4040,614971.4320,1097.9700,CLD02
l0122,906784.1440,614973.6200.1099.2260,TOP
10123,906762.3780,615034.6260,1099.5000,B BCV06
10124,906781.0140,615040.3680,1097.9260,B BCV05
10125,906781.0140,615040.3680,1097.9260,C3 BCV05
10126,906793.3550,615022.2050,1097.7120,BCV05
10127,906807.6990,615005.8740,1097.7620,BCV05
10128,906779.0920,615008.2040,1099.2220,C3 BCV06
10129,906785.5540,614998.3000,1099.3190,BCV06
10130,906792.4440,614989.8910,1099.1330,BCV06
10131,906797.9090,614983.7530,1099.2070,BCV06
10132,906815.4270,614997.8040,1097.7300,BCV05
10133,906846.3650,615032.1630,1088.5760,IVL
10134,906845.8810,615034.5860,1088.4580,IVL
10135,906864.1780,615037.7000,1086.1850,TOE
1013 6,906903.8830,615070.6590,1086.4050, BTM
10137,906784.1670,615019.7160,1097.9200, DTR
1013 8,906794.5290,615007.0730,1097.9130, DTR
10139,906817.7020,614929.2980,1098.1810,CLD02
10140,906820.1140,614931.8700,1099.1210,TOP
10141,906833.1530,614944.6080,1099.1870,8CV06
10142,906832.3130,614956.5090,1097.6270, DTR
10143,906851.3270,614961.0860,1097.7730,BCV05
10144,906851.8010,614961.4440,1097.5770,TOP
10145,906900.1230,615005.4380,1085.8460, TOE
10146,906940.0470,615042.2400,1086.5470,8TM
10147,906980.5640,615080.0870,1087.7650,8TM
10148,906863.6200,614938.0000,1098.5820, GRATE
10149,906869.3550,614939.8290,1098.6700, GRATE
10150,906871.1450,614934.0590,1098.6910, GRATE
10151,906865.3910,614932.3360,1098.7320, GRATE
10152,906859.5360,614926.2600,1098.1850, DTR
10153,906860.4800,614914.4980,1098.8130,E 8CV06
10154,906852.3930,614891.1650,1098.0930,CLD02
10155,906854.8880,614893.5730,1099.0480, TOP
10156,906887.7390,614923.2930,1097.4310,BCV05
10157,906896.9300,614930.0560,1096.3910, DTR
10158,906887.3510,614952.7140,1094.4680, DTR
10159,906939.9260,614972.1180,1085.6680,TOE
10160,906931. 2850,614979.1980,1085.6010, OW
10161,906979.5640,615007.5200,1086.1640,BTM
10162,907018.4040,615042.3700,1087.3680, BTM
10163,907058.1770,615077.9960,1088.1350, BTM
10164,906888.1420,614923.6720,1097.2320,TOP
10165,906888.4600,614852.6670,1098.0590,CLD02
10166,906890.1660,614854.6530,1098.8750,TOP
10167,906924.4040,614886.4450,1097.3920,BCV05
10168,906924.5730,614886.6510,1097.0550, TOP
10169,906967.7010,614930.1830,1086.5920,IVL
10170,906970.3020,614928.9320,1086.2800,IVL
10171,906971.5480,614927.5500,1086.3050,IVL
10172,906972.7200,614926.2020,1086.4260,IVL
10173,906976.6390,614933.8130,1085.7740,TOE
10174,907014.5040,614968.2360,1086.4310, BTM
10175,907055.0750,615005.7950,1087.2980, BTM
10176,906923.1130,614815.8210,1098.1340,CLD02
10177,906925.6180,614818.4680,1099.0390,TOP
10178,906958.2150,614851.3000,1097.8570,BCv5
10179,906958.6570, 614851. 6100,1097.5260, TOP
10180,907008.6640,614900.1770,1085.8370, TOE
10181,907003.0490,614905.0320,1085.5860,CB
10182,907046.7670,614937.9160,1086.5340, BTM
10183,907084.5170,614974.8240,1087.1060, BTM
10184,906957.9270,614780.0640,1098.1230,CLD02
10185,906960.2390,614782.6610,1098.9160,TOP
10186,906991.8520,614816.8430,1097.8010,BCV05
10187,906992.2900,614817.2790,1097.6290, TOP
10188,907042.5530,614861.6480,1085.8100,TOE
10189,907079.9000,614899.2400,1086.2720,8TM
10190,907116.3730,614938.1040,1086.8770,8TI1
10191,907071.6330,614835.1990,1085.4040,CB
10192,906995.0940,614744.2870,1098.1460,CLD02
10193,906997.7940,614747.4550,1099.0950, TOP
10194,907013.6790,614794.5660,1097.9480,C3 BCV05
10195,907021.3900,614786.6770,1097.8450,BCV05
10196,907029.0640,614 779.6640,1097. 8000, BCV05
10197,907029.4980,614779.9600,1097.5820, TOP
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10198,907075.2180,614831.6240,1085.4870,TOE
10199,907113.1620,614867.8020,1086.2450,BTM
10200,907148.5000,614906.4530,1086.7030,BTM
10201,907172.2660,614935.1580,1087.2600.TOE
10202,907205.3850,614974.5890,1097.6060,TOP
10203.907205.8170,614975.1010,1097.9830.BCV04
10204,907171.1890,615138.9510,1098.8870,B CCWOl
10205,907170.2150,615083.2610,1098.4100, IRR STUB
10206,907252.2030.614939.0890,1098.0210,BCV04
10207.907251.8260.614938.6400,1097.7110,TOP
10208,907220.4230,614897.4950,1087.3960,TOE
10209,907220.6600,614919.0670,1090.3910,IVL
10210,907222.2550,614917.2490,1090.0850,IVL
10211,907223.6270,614916.0180,1090.1180,IVL
10212,907225.1350,614914.9550,1090.3430,IVL
10213,907034.4950,614709.9640,1098.3620,CLD02
10214,907036.4960,614712.8220,1098.8820,TOP
10215,907072.4470,614746.0030,1097.4110,BCV05
10216,907072.8510,614746.5020,1097.2510,TOP
10217,907116.0140,614798.5690,1085.6300, TOE
10218,907151. 3390, 614841. 3 650,1086.1600, BTM
10219,907187.6350,614882.0570,1086.7200, BTM
10220,907208.6400,614905.9120,1087.2880,TOE
10221,907183.2430,614856.9690,1086.3040, HD DTV ANTENNA
10222,907080.2740,614671.8960,1098.0670,CLD02
10223,907082.1460,614674.8420,1098.8590,TOP
10224,907113.8930,614714.0950,1097.3260,BCV05
10225,907114.2390,614714.4820,1097.1180,TOP
10226,907159.5810,614767.6070,1085.4360,TOE
10227,907153.1530,614771.9430,1085.3920,CB
10228,907164.5460,614756.9010,1086.1970,IVL
10229,907192.8490,614808.1680,1085.8490,BTM
10230,907225.2990,614848.0070,1086.5170, BTM
10231,907248.5370,614876.0210,1087.2620,TOE
10232,907285.9180,614912.7080,1097.2020,TOP
10233,907286.2710,614913.1370,1097.6450,BCV04
10234,907293.6290,614920.7850,1097.6510,UGG
10235,907284.1670,614936.0730,1099.5180,FOP
10236,907280.9440,614936.7640,1097.7490,ELP
10237,907123.1470,614638.1230,1098.1520,CLD02
10238,907124.6650,614640.2330,1098.5610,TOP
10239,907157.1040,614681.1000,1097.5560,BCV05
10240,907157.5710,614681.5140,1097.3350,TOP
10241,907201.1470,614733.9620,1085.5100,TOE
10242,907234.4490,614775.4460,1085.9410. BTM
10243,907267.9720.614816.7190,1086.6560.BTM
10244.907290.2170.614843.6810.1087.2590.TOE
10245.907323.2810,614884.2310.1097.2140,TOP
10246,907323.5770,614884.7330,1097.5800,BCV04
10247.907334.2730,614900.5070,1098.1010,GAT
10248,907336.4060,614898.9750,1098.1210,GAT
10249,907336.4060,614898.9750,1098.1210, B CCW02
10250,907340.3010,614879.0560,1097.4770,B EOC03
10251,907342.8310,614877.0400.1097.5220,EOC03
10252,907341.0850,614874.4350,1097.6330,EOC03
10253,907338.2480,614876.5090,1097.5400,EOC03
10254,907340.2290,614876.3270,1095.1820,ELP
10255,907164.0930,614606.8260,1098.1850.CLD02
10256,907164.1720,614606.9030.1098.1380, TOP
10257,907197.5150,614649.9680,1097.3310, BCV05
10258,907197.7930,614650.4820,1097.3120, TOP
10259,907240.7380,614703.8360,1085.3080, TOE
10260,907232.8200,614710.2350,1085.3020,CB
10261,907274.5500,614745.7970,1085.9490, BTH
10262,907307.2790,614786.6130,1086.4450, BTH
10263.907329.1460,614813.3920,1086.9530.TOE
10264,907361.9100,614854.5430,1097.2640,TOP
10265,907362.2400,614855.1110.1097.5490.BCV04
10266,907373.9320,614870.1480.1097.7060, CCW02
10267,907333.5600.614856.4410,1093.9550, CCW02
10268,907207.8360,614573.5240,1097.9970,CLD02
10269,907240.7590,614616.7120.1097.5980,BCV05
10270,907241.1230,614617.2310.1097.3410,TOP
10271,907284.6650,614673.1150,1085.2560,TOE
10272,907317.9740,614715.1000,1085.7320,8TM
10273,907348.0600.614753.4070,1086.2460,BTM
10274,907368.2590,614782.7270.1087.1240, TOE
10275,907400.8410.614824.7130,1097.1100, TOP
10276,907401.2110,614825.2030,1097.3790,BCV04
10277,907412.0050,614840.6190,1097.8790, CCW02
10278,907252.3850,614540.4050.1098.0650,CLD02
10279,907284.8680,614582.8780,1097.5300,BCV05
10280,907285.2400,614583.3650,1097.2970, TOP
10281.907329.6120,614640.2430,1085.2200, TOE
10282,907361. 4050,614681.9190,1085.7230. BTM
10283,907393.5580,614724.1680,1086.4450, BTM
10284,907411.8080,614750.0870,1087.3440, TOE
10285,907441. 9820, 614 792.9790, 1097 . 3570, TOP
10286,907442.3390,614793.4600,1097.7830.BCV04
10287,907454.0730,614807.5550,1097.9600, B CCW03
10288.907430.4500.614826.0100,1100.6610, E CCW02
10289.907430.4500,614826.0100,1100.6610,B BLD01
10290.907454.0830,614807.7710,1100.7370,E BLD01
10291,907456.0880,614806.1170,1097.9810, CCW03
10292,907475.9440.614786.9870,1094.3640,FOP
10293.907461.1980,6147332500,1090.1180,IVL
10294,907462.6090,6147321720,1090.1820,IVL
10295.907464.2420,614731 0420,1090.1720,IVL
10296,907299.4400,614505 5900,1098.1690,CLD02
10297,907330.4930,614547.7510,1097.3130,BCV05
10298,907330.8870,614548.1220,1097.1540, TOP
10299,907397.5140,614590 6080,1084.8270,CB
10300,907375.7140.614605 5480.1085.0290, TOE
10301,907410.8220,6146490720.1085.5700.BTH
10302,907443.0430.614691. 6740 ,1086.6760, BTM
10303,907458.2880,614711.7650,1087.3600,TOE
10304,907491.0560,614755.3850,1097.2740,TOP
10305,907491.3820,614755.9060.1097 6970,8CV04
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10306,907502.7050,614770.6240,1097.7210,CCW03
10307,907513.4010,614738.7690,1097.4730,C3 BCV04
10308,907536.9010,614725.3180,1097.7120,BCV04
10309,907564.8290,614720.5340,1097.9510,BCV04
10310,907543.7660,614738.8030,1097.8550,BOL
10311,907544.0240,614739.1550,1097.9600, CCW03
10312,907512.9760,614738.3580,1096.9900,TOP
10313,907536.6020,614724.7560,1097.2250,TOP
10314,907564.7820,614719.9400,1097.5390,TOP
10315,907570.3200,614737.5490,1097.6830,LP
10316,907478.9530,614695.8650,1087.3240,TOE
10317,907516.3110,614677.4070,1088.1090,TOE
10318,907564.2560,614680.5560,1090.8760,TOE
10319,907612.7970,614686.3940,1092.3830,TOE
10320,907664.1020,614686.1640,1093.9760,TOE
10321,907719.8400,614676.5130,1097.5540,TOE
10322,907752.3950,614663.6120,1098.4020,TOE
10323,907765.8730,614664.7110,1098.2570,TOE
10324,907776.8040,614679.2970,1097.9210,TOE
10325,907777.3960,614719.5910,1098.0290, TOE
10326,907776.1700,614720.9670,1099.6100,SGN NO PKG
10327,907750.5770,614719.8040,1099.9780,TOP
10328,907755.0420,614686.8330,1100.2530,TOP
10329,907751.8470,614683.1360,1100.1560,TOP
10330,907747.0710,614684.9140,1100.1980, TOP
10331,907727.2820,614696.5570,1100.0150,TOP
10332,907667.9360,614719.4730,1097.9330,TOP
10333,907668.0660,614720.9210,1098.0110,SSMH
10334,907612.4550,614719.9190,1097.8290,TOP
10335,907612.4390,614720.5420,1098.0890,8CV04
10336,907612.5510,614739.5670,1097.9780, CCW03
10337,907644.8410,614736.3450,1100.1060,TRF
10338,907649.9880,614736.5910,1100.0800,TRF
10339,907659.0390,614738.7660,1099.5860,BOL
10340,907662.1900,614738.8290,1099.5840,BOL
10341,907674.8770,614738.8370,1099.7620,ELM
10342,907666.8290,614720.7650,1098.1050,E BCV04
10343,907669.1870,614720.8360,1097.9320,B BCV07
10344,907680.3280,614738.7260,1094.6540,TER
10345,907685.1180,614737.8550,1095.5040, EMT
10346,907670.2140,614739.7600,1098 3740,CCW03
10347,907728.1360,614720.4150,1100.4300,BCV07
10348,907727.2490,614739.7390,1098.2470, CCW03
10349,907750.6410,614720.4820,1100.2780,BCV07
10350,907777.5350,614720.2690,1098.1310,E BCV07
10351,907772.9700,614736.4790,1098.4830,GVL
10352,907783.0690,614736.5780,1098.1200,UGG
10353,907801.8010,614745.2260,1098.1660,B UGW01
10354,907801.5850,614740.3710,1098.3090,UGW01
10355,907779.0450,614740.7150,1098.2320,UGW01
10356,907778.9650,614719.7620,1098.1010,UGW01
10357,907816.0730,614720.4330,1098.5170, SSMH
10358,907808.1960,614720.6340,1098.4040,B UGSS01
10359,907779.0090,614720.3160,1098.1240,UGSS01
10360,907768.8330,614660.3620,1094.4940,BOL
10361,907768.6040,614656.2820,1094.4320,BOL
10362,907768.6870,614651.9810,1094 3440,80L
10363,907762.0120,614739.7590,1098.5090, E CCW03
10364,907395.7060,614581.9220,1085.5050,IVL
10365,907397.1550,614580.5790,1085.4920,IVL
10366,907398.6960,614579.3530,1085.4990,IVL
10367,907347.0250,614469.9260,1097.9940,CLD02
10368,907377.2620,614511.9760,1097.3900,BCV06
10369,907377.6190,614512.4000,1097.2510,TOP
10370,907421. 2 670,614570.6670,1084 9460, TOE
10371,907454.7820,614616.6150,1085 5170,8TM
10372,907486.6420,614655.3190,1086.5410, BTM
10373,907502.5010,614680.7580,1087.3990,TOE
10374,907390.6540,614437.7380,1098.0050,CLD02
10375,907420.8360,614478.5600,1097.1890,8CV05
10376,907421.1750,614478.9720,1096.9780, TOP
10377,907465.4100,614537.7590,10847380,TOE
10378,907476.8550,614529.5980,1084.7070,C8
10379,907498.1660,614578.4800,1085.3460, BTM
10380,907530.4560,614619.4820,1086 2820, BTM
10381,907549.4510,614653.1590,1086.8320,TOE
10382,907522.7380,614652.1950,1087.0340, TOE
10383,907522.7380,614652.1950,1087.0 J4 0, TOP
10384,907564.4550,614670.8180,1090.3400,TOP
10385,907434.9950,614404.9260,1097.8290,CLD02
10386,907464.9450,614444.7270,1097.3900,BCV05
10387,907465.3090,614445.1550,1097.2410,TOP
10388,907509.8840,614503 3450,1084.7300,TOE
10389,907541.6530,614545.0840,1085.4300, BTM
10390,907574.6170,614587.0370,1086.0910, BTM
10391,907606.5720,614627.6070,1086 6730, BTM
10392,907624.3170,614651.3060,1087.2420,TOE
10393,907644.3100,614677.7270,1093.0320,TOP
10394,907479.6300,614371 7540,1097.8600,CLD02
10395,907509.1790,614410.7800,1097.6130,BCV05
10396,907509.5260,614411.2240,1097.5100,TOP
10397,907555.3850,614469.4720,1084 6110,TOE
10398,907557.2210,614467.8710,1084.5120,CB
10399,907588.5070,614512.4660,1085.4230,BTM
10400,907622.4980,614554.7070,1086.1160,BTM
10401,907656.7170,614597.5270,1086.5680, BTM
10402,907682.1850,614634.0010,1087.8790,TOE
10403,907692.7810,614645.2900,1090.5850,IVL
10404,907691.2170,614647.5830,1090.8800,IVL
10405,907689.7120,614647.3300,1090.6070,IVL
10406,907688.1550,614648.2670,1090.5520,IVL
10407,907710.3040,614665.9630,1096.7350,TOP
10408,907497.8970,614358.5630,1098.1220,B GDR02
10409,907499.4070,614359.2530,1098.4230,GDR02
10410,907525.1240,614357.8190,1098.5250,GDR02
10411,907526.4810,614356.9120,1098.3710,E GDR02
10412,907528.4470,614355.2780,1098,3010,B GDR03
10413,907530.0580,614354.7940,1098.2670,GDR03
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10414,907585.5890,614302.8970,1098.8860,GOR03
10415,907575.9240,614292.1040,1097.8950,E GOR03
10416,907508.5330,614349.5180,1098.1200,CL002
10417,907512.5170,614353.0370,1098.2050,C3 CL002
10418,907518.8110,614357.0120,1098.1660,CL002
10419,907526.4340,614353.2130,1098.0730,CL002
10420,907550.5180,614377.1640,1097.6770,BCV05
10421,907550.9850,614377.7290,1097.4780,TOP
10422,907597.4750,614433.6740,1084.7550,TOE
10423,907630.0170,614473.5670,1085.1570, BTM
10424,907663.4300,614514.4690,1086.1080,BTM
10425,907697.6020,6145557610,1087.0220,BTM
10426,907704.1020,614564.5000,1087.3470, TOE
10427,907700.2170,614610.3100,1088.2440,TOE
10428,907694.8180,614625.7080,1088.3720,TOE
10429,907741.6110,614652.5520,1098.2220,TOP
10430,907762.2680,614617.6010,1099.3410, TOP
10431,907761.2970,614636.0250,1099.5970,TOP
10432,907568.2470,614314.7670,1098.2300,CL002
10433,907591.7870,614342.5830,1097.6530,BCV05
10434,907592.2280,614342.9730,1097.4310,TOP
10435,907610.9400,614356.9960,1093.8380, DTR
10436,907617.4850,614399.9540,1086.6660,IVL
10437,907615.9710,614401.1180,1086.6840,IVL
10438,907614.4370,614402.4520,1086.7270,IVL
10439,907633.7910,614402.6820,1084.3100,CB
10440,907639.9280,614397.6900,1084.2950,TOE
10441,907674.7540,614437.5520,1085.3690,BTM
10442,907696.4290,614462.8280,1086.3980,TOE
10443,907757.8960,614458.3480,1098.0030,TOP
10444,907774.1070,614476.5190,1097.2950,B CL003
10445,907769.2960,614473.6870,1097 0910,CL003
10446,907750.7350,614496.8610,1095.6950,CL003
l0447,907717.8920,614499.3590,lOa8.4990,CLD03
10448,907698.4740,614496.5060,1086.5970,CL003
10449,907697.6040,614535.9790,1086.7480,CL003
10450,907712.6960,614536.5790,1088.2560,CL003
10451,907717.7350,614533.1060,1088.8720,CL003
10452,907750.7130,614534.7000,1095.6810,CL003
10453,907763.5260,614545.2660,1097.4850,CL003
10454,907774.0240,614547.3480,1097.5940,CL003
10455,907772.9230,614546.5710,1093.5530,FH
10456,907774.6120,614545.9350,1098.7610,SGN NO PKG
10457,907774.4270,614545.2690,1095.2100,B GOR04
10458,907773.5640,614482.9810,1094.6550,E GOR04
10459,907751.6690,614499.4680,1095.2180,B RIP02
10460,907718.0450,614502.2090,1088.1120,RIP02
10461,907709.3310,614498.7240,1087.2750,RIP02
10462,907709.9150,614496.3770,1087.6850,CLO
10463,907698.3570,614499.0470,1086.6230,RIP02
10464,907698.0910,614533.3730,1086.7550,RIP02
10465,907712.6300,614532.9640,1087.6580,RIP02
10466,907717.8060,614530.0210,1088.3920,RIP02
10467,907751.7380,614531.8910,10952460,RIP02
10468,907750.6770,614538.7230,1095.8410,OTR
10469,907761.5810,614561.8520,1098.3260,TOP
10470,907763.4620,614545.3630,1097.4640, TOP
10471,907767.6150,614592.8660,1098.6190,OTR
10472,907778.0120,614740.7410,1098.2760,B EOS03
10473,907786.4810,614742.3140,1098.3430,B BCV08
10474, 9077 86.4810,614742.3140, 1098.3430, C3 BCV08
10475,907783.5730,614739.4880,1098.1430,BCV08
10476,907782.8320,614734.6810,1098.0500,BCV08
10477,907781.9170,614666.7100,1097.8030,BCV08
10478,907781.8810,614660.8520,1097.3590,BCV08
10479,907781.7010,614650.6730,1097.3180,BCV08
10480,907781.6170,614644.7360,1097.7410,BCV08
10481,907776.9690,614671.4900,1097.9660,EOS03
10482,907773.9640,614667.9140,1097.9830,EOS03
10483,907773.7020,614643.7190,1097.9420,EOS03
10484,907776.5880,614639.7340,1097.8790,EOS03
10485,907780.2330,614549.7200,1097.3840, BCV08
10486,907775.4220,614549.6620,1097.4430,EOS03
10487,907774.3270,614547.3440,1097.6240,EOS03
10488,907773.3020,614481.0000,1097.3700,EOS03
10489,907774.3660,614478.6800,1097.3460,EOS03
10490,907779.2140,614478.9780,1097.1710,EOS03
10491,907773.0960,614483.2780,1096.4280,B SCUPPER01
10492,907773.8690,614544.7740,1096.5290,E SCUPPER01
10493,907777 . 2190,614471.8380,1097.3320, SOMB
10494,907771.6140,614433.8260,1098.7680,SGN NO PKG
10495,907773.5080,614428.5080,1097.4130,EOS03
10496,907778.3790,614428.4520,1097.3030, BCV08
10497,907756.6670,614479.4530,1097.2800,TOP
10498,907759.6530,614429.3030,1098.1360,TOP
10499,907755.2320,614425.0900,1097.4810, DTR
10500,907775.4790,614410.0060,1097.4070,WVL
10501,907772.7470,614378.6820,1097.4760,EOS03
10502,907777.6390,614378.7480,1097.3640,BCV08
10503,907759.0160,614379.1050,1098.4540,TOP
10504,907769.6090,614345.9850,1097.8130,WMT
10505,907769.3570,614343.2690,1097.6270, \'1MT
10506,9077 67.2370,614341. 5510, 1097.7890, B EOC04
10507,9077675300,614347.8970,1097.7370,EOC04
10508,907762.7130,614347.9530,1097.8510,EOC04
10509,907762.5510,614341.8260,1097.9190,EOC04
10510,907764.8010,614343.3260,1094.6410,BFP
10511,907764.7920,614346.4250,1094.5030,BFP
10512,907772.0700,614338.7180,1097.5910,EOS03
10513,907772.0200,614332.7400,1097.1040,EOS03
10514,907771.9150,614326.8820,1097.6430,EOS03
10515,907772.9560,614335.6060,1097.2450, WVL
10516,907776.9410,614327 0230,1097.5740,BCV08
10517,907776.2300,614277.1400,1097.6040,BCV08
10518,907771.2600,614277.1920,1097.7520,EOS03
10519,907769.8240,614280.2160,1099.0140,SGN NO PKG
10520,907757.3220,614326.8330,1098.6580,TOP
10521,907771.7440,614322.9730,1097.6480,B BCV09
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10522,907771.7440,614322.9730,1097.6480,C3 BCV09
10523,907760.1690,614317.8550,1099.2700,BCV09
10524,907753.0360,614306.1730,1099.8130,BCV09
10525,907753.0360,614306.1730,1099.8130,C3 BCV09
10526,907730.1540,614278.9210,1100.3800,8CV09
10527,907696.2370,614272.9430,1099.5440,BCV09
10528,907696.2370,614272.9430,1099.5440,C3 BCV09
10529,907683.2900,614273.6820,1099.1330,BCV09
10530,907669.7420,614269.4430,1098.8600,BCV09
10531,907665.3140,614266.5700,1098.3710, PWP
10532,907680.1090,614247.3720,1098.6260,GUY
10533,907666.6270,614279.6520,1098.8010,GUY
10534,907632.5430,614308.2520,1098.2900,C3 BCV05
10535,907640.4010,614301.2310,1098.3940,BCV05
10536,907647.3490,614293.7540,1098.7110,BCV05
10537,907578.4490,614305.3870,1098.3390,CLD02
10538,907571.1750,614295.2770,1097.9950,CLD02
10539,907571.1750,614295.2770,1097.9950,RAMP
10540,907554.5600,614307.1530,1095.8980,RAMP
10541,907561. 7570,614 317.0860, 1096.0680, RAMP
10542,907578.2830,614304.8310,1098.1120,RAMP
10543,907598.2060,614270.8360,1097.6080,CLD02
10544,907632.9250,614308 6200,1097.9250,TOP
10545,907680.2620,614360.9140,1084.7550,TOE
10546,907687.1660,614357.2200,1084.7040,TOE
10547,907689.7310,614364.8790,1084.9020,TOE
10548,907709.6650,614356.5920,1088.4920,IVL
10549,907709.7840,614358.6630,1088.4990,IVL
10550,907710.0270,614360.1600,1088.5220,IVL
10551,907711.9130,614359.8990,1088.7530,IVL
10552,907711.9350,614356.6120,1088.8710,IVL
10553,907690.5680,614383.1290,1085.0030,TOE
10554,907690.1590,614358.7360,1084.9530,B GDR05
10555,907692.1490,614353.2960,1087.3090,GDR05
10556,907687.9250,614350.8070.1087.3700,GDR05
10557,907683.8800,614354.7530,1085.0450,E GDR05
10558,907683.7660,614355.0350,1084.9180,B HWL02
10559,907683.3230,614354.6390,1084.9500,HWL02
10560,907687.7920,614350.4620,1087.3940, HWL02
10561,907692.5260,614353.1890,1087.3520, HWL02
10562,907690.2440,614358.8670,1084.9460, HWL02
10563,907689.8110,614358.6560,1084.9250, H\'IL02
10564, 907691. 7590,614353.5870,1087.3530, HWL02
10565,907687.7480,614351. 2190,1087.3830, HWL02
10566,907669.4060,614269.0840,1098.9020,BCV05
10567,907673.5180,614281.4550,1098.7300,TOP
10568,907729.8890,614279.5440,1100.1280,TOP
10569,907694.4090,614432.3840,1085.7100, TOE
10570,907695.7540,614479.7770,1086.5410,TOE
10571,907697.3570,614518.8120,1086.7190,TOE
10572,907862.0560,614026.4830,1099.1860,B BCVI0
10573,907866.9800,614026.5670,1099.2890,B EOS04
10574,907862.0040,614020.9110,1099.1650,BCVI0
10575,907861.9480,614015.9160,1098.8290,BCV10
10576,907861.4250,613982.6040,1098.9320,BCVI0
10577,907861.2820,613974.6610,1099.4280,BCVI0
10578,907861.8360,613969.8200,1099.7970,E BCV10
10579,907866.1280,613965.9460,1099.8830,EOS04
10580,907866.8910,613965.8620,1099.8070,EOS04
10581,907866.8670,613964.8860,1099.9510,E EOS04
10582,907867.0110,613964.0060,1099.0650,B WVIL05
10583,907867.8010,613963.2530,1099.0310, vIWL05
10584,907877.1220,613966.9200,1099.1020, WWL05
10585,907877.4620,613966.1090,1099.1570, vIWL05
10586,907867.5570,613 9 62.1610,1099. 0540, WWL05
10587,907866.9980,613962.8460,1099.0270, vIWL05
10588,907875.3880,613998.1720,1098.7300, SGN GRAND CANAL
10589,907876.2130,613992.9460, 1099.0730, SGN WARNING GOVT
10590,907879.5170,613989.7080,1099.0840,PWP
10591,907891.9220,613976.6780,1098.9740, GUY
10592,907875.8690,614015.1350,1095.5990, BOL
10593,907879.0220,614011.4770,1095.3810,BOL
10594,907882.5390,614007.5820,1095.1580,BOL
10595,907885.6520,614004 0710,1094.8810,BOL
10596,907B88.9090,613999.9200,1094.6060,BOL
10597,907892.3580,613996 5390,1094.6100,BOL
10598,907895.5990,613992.9110,1094.4540,BOL
10599,907898.9840,613989.1050,1094.2560,BOL
10600,907902.1890,613985 3370,1094.0280,BOL
10601,907905.5970,613981.6500,1094.0000, BOL
10602,907908.8370,613978.1300,1093.8970,BOL
10603,907B77.8600,613966.0510,1098.1260,B CLD04
10604,907898.2630,613941.9900,1097.8510,CLD04
10605,907900.0680,613944.0520,1099.0770,G
10606,907909.9390,613954.6470,1098.4140,G
10607,907919.7500,613964.4770,1097.2360,G
10608,907912.0210,613 9 7 5.0020, 1097.1440, B CCW04
10609,907911.6270,613974.5960,1097.3140,CCW04
10610,907920.0280,613964.3110,1097.2120, CCW04
10611,907922.5850,613953.0850,1094.0850,CL INV RCP 12IN
10612,907919. 8B90, 6139 50.3030,1096.1630, B HWL03
10613,907919.6940,613950.6840,1096.1970, HWL03
10614,907923.0570,613954.2990,1096.1170, HWL03
10615,907927.4210,613950.1450,1096.1250,HWL03
10616,907923.3590,613945.8120,1096.1940, HWL03
10617,907923.0430,613946.0980,1096.2090, HWL03
10618,907926.7330,613950.1680,1096.1450, HWL03
10619,907923.0870,613953.6840,1096.1410, HWL03
10620,907919.2950,613949 6260,1097.3880,B HWL04
10621,907918.9970,613949.4890,1097.4120, HWL04
10622,907922.9580,613945.2330,1097.3900, HWL04
10623,907923.2440,613945 5830,1097.3210, HWL04
10624,907933.0610,6139045370,1097.8990,CLD04
10625,907935.4080,613906.8800,1098.4220,G
10626,907954.0530,613923.5490,1097.8050,G
10627,907954.0440,613923.5360,1097.8140, CCW04
10628,907986.3090,613884.7340,1098.2940, CCW04
10629,907986.3090,613884.7340,1098.2940,G
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10630,907969.3510,613869.5l70,1098.4690,G
10631,907966.5330,613866.8560,1097.7880,CLD04
10632,907999.7390,613827.3290,1097.8120,CLD04
10633,908002.0700,613829.4180,1098.8040,G
10634,908020.0520,613844.0710,1098.1260,G
10635,908020.0520,613844.0710,1098.1260, CCW04
10636,908054.4240,613802.8130,1098.3900,G
10637,908054.4240,613802.8130,1098.3900,CCW04
10638,908043.0240,613807.8360,1098.9610,PWP
10639,908035.5070,613787.0870,1098.9110,G
10640,908033.4530,613785.0710,1097.7290,CLD04
10641,908067.1570,613743.8740,1097.8180,CLD04
10642,908069.3800,613745.7650,1098.8760,G
10643,908085.0440,613765.8000,1098.2260,CCW04
10644,908085.6170,613766.2440,1097.8720,CCW04
10645,908091.2620,613764.0940,1097.7870,G
10646,908125.3890,613724.0600,1098.3220,G
10647,908102.7690,613703.6710,1098.5450,G
10648,908100.9680,613702.0230,1097.6710,CLD04
10649,908133.6090,613661.4280,1097.7270,CLD04
10650,908136.5080,613663.9450,1098.7530,CLD04
10651,908160.0090,613683.4150,1098,6800,G
10652,908194.1590,613641.6860,1098.8630,G
10653,908170.4050,613620.7100,1098.7680,G
10654,908168.5150,613618.7430,1097.6340,CLD04
10655,908202.2360,613578.5100,1097.6200,CLD04
10656,908204,5620,613581.0390,1099.0500,G
10657,908228.1570,613604.2320,1098.3230,G
10658,908203.3150,613626.2960,1098.8130,PWP
10659,908276.7900,613581.9470,1098.1430,G
10660,908242.2340,613544.4450,1098.9100,G
10661,908239.3850,613541.2760,1097.5580,CLD04
10662,908280.9150,613507.8960,1097.4720,CLD04
10663,908282.7560,613511.1550,1098.5240,G
10664,908314.5540,613556.8020,1096.9120,G
10665,908319,1590,613552.1290,1097,0410,PWP
10666,908351.2320,613548.3580,1097.7240,8 CCW05
10667,908360.9860,613526.6850,1097,1570, CCW05
10668,908343.5000,613529.6490,1097.2300, SSMH
10669,908360.9860,613526.6850,1097.1570,G
10670,908343.1140,613515.4380,1097.5650,8 CLF01
10671,908346.4240,613499.7060,1098.0280,DAVES INVESTMENT liM - WATER FRON
10672,908331.6690,613478.1530,1098.7670,G
10673,908330.0860,613475.2510,1097.8120,CLD04
10674,908374.2780,613447.0620,1097.7480,CLD04
10675,908376.0100,613450.1260,1098.8800,G
10676,908395.7610,613480.3780,1097.8130,CLF01
10677,908443,6910,613449.6250,1098.2360,CLF01
10678,908395.7610,613480.3780,1097 8130,G
10679,908443.6910,613449.6250,1098.2360,G
10680,908424.6940,613419.1290,1099.0410,G
10681,908423.1520,613415.6430,1097.4750,CLD04
10682,908467.6430,613387.2720,1097.6400,CLD04
10683,908469.4840,613390.8030,1099.1950,G
10684,908486.0250,613422.0600,1098.3310,G
10685,908486.0250,613422.0600,1098.3310,CLF01
10686,908528.4700,613394.5080,1098.1670,G
10687,908528.4700,613394.5080,1098.1670,CLF01
10688,908510.2650,613364.5010,1099.1020,G
10689,908508.5350,613360.8160,1097.4600,CLD04
10690,908553.0460,613l32.1870,1097.5270,CLD04
10691,908555.0380,613335.4020,1099.0690,G
10692,908576.0810,613l63.8420,1097.4940,G
10693,908576.0810,613363.8420,1097.4940,CLFOl
10694,908621.3000,613333.4390,1097.6830,G
10695,908621.3000,613333.4390,1097.6830,CLFOI
10696,908602.9520,613304.2380,1099.1060,G
10697,908601.1700,613300 6860,1097.5320,CLD04
10698,908645.2750,613272.2120,1097.5690,CLD04
10699,908647.1490,613275 3610,1098.9170,G
10700,908668.0720,613303.1810,1097.8730,G
10701,908668.0720,613303.1810,1097.8730,CLFOl
10702,908714.3520,613273.0420,1097.7060,G
10703,908714.3520,613273.0420,1097.7060,CLFOl
10704,908695.8600,613242.5150,1098.6140,G
10705,908694.4140,613239.7290,1097.5250,CLD04
10706,908737.3940,613211.7440,1097.6110,CLD04
10707,908738.6640,613214.0700,1098.5400,G
10708,908760.3640,613243.8610,1097.7760,G
10709,908760.3640,613243.8610,1097.7760,CLFOl
10710,908806.2960,613213.3180,1097.6120,G
10711,908806.2960,613213.3180,1097.6120,CLFOl
10712,908786.4520,613181.50S0,1098.2540,G
10713,908785.7740,613180.2440,1097.4890,CLD04
10714,908829.9460,613152.4620,1098.0070,G
10715,908829.5810,613151.8l30,1097.5760,CLD04
10716,908852.1840,613183.0250,1097.6840,G
10717,908852.1840,613183.0250,1097.6840,CLF01
10718,908898.6820,613153.1830,1097.3100,G
10719,908898.6820,613153.1830,1097.3100,CLF01
10720,908878.1450,613120.3770,1097.4550,CLD04
10721,908922.5360,613091.3980,1097.4500,CLD04
10722,908923.0800,613092.1960,1097.9540,G
10723,908944.7760,613123.1420,1097,0850,G
10724,908944.7760,613123.1420,1097.0850,CLF01
10725,908990.6350,613092.8160,1096.9810,G
10726,908990.6350,613092.8160,1096.9810,CLF01
10727,908972.6720,613061.5490,1098.2280,G
10728,908971.5590,613059.6430,1097.4650,CLD04
10729,909015.5120,61l0l1.1290,1097.6800,CLD04
10730,909015.5120,6130l1.1290,1097.6800,G
10731,909036.4110,613063.0290,1096.7970,G
10732,909036.4110,613063.0290,1096.7970,CLFOl
10733,909082.9640,613032.7820,1096.3510,G
10734,909082.9640,613032.7820,1096.3510,CLFOl
10735,909062.3860,613000.4110,1097.6280,CLD04
10736,909106.9840,612970.5100,1097.6540,CLD04
10737,909128.7530,613002.8090,1096.2640,G
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10738,909128.7530,513002.8090,1095.2540,CLF01
10739,909175.5870,612971.8790,1096.6640,G
10740,909175.5870,612971.8790,1096.6640,CLF01
10741,909154.2000,612938.8700,1097.6430,CLD04
10742,909197.7610,612908.3330,1097.7870,CLD04
10743,909200.7570,612912.1330,1097.6620,B EOA01
10744,909207.2470,612919.5810,1097.2530,EOA01
10745,909220.2060,612939.7100,1096.0900,G
10746,909220.2060,612939.7100,1096.0900,CLF01
10747,909237.7730,612875.5610,1097.6420,CLD04
10748,909248.3540,612887.7970,1097.3220,EOA01
10749,909262.2450,612903.6160,1096.5520,G
10750,909262.2450,612903.6160,1096.5520,CLF01
10751,909303.8060,612867.1110,1096.9030,G
10752,909303.8060,612867.1110,1096.9030,CLF01
10753,909289.4730,612850.4070,1097.6040,EOA01
10754,909278.4340,612838.8400,1097.5800,G
10755,909276.8770,612837.0370,1096.9720,CLD04
10756,909311.7140,612797.5370,1096.8170,CLD04
10757,909327.3930,612813.0600,1097.9830,EOA01
10758,909340.5640,612825.7110,1097.3080,G
10759,909340.5640,612825.7110,1097.3080,CLF01
10760,909343.9440,612815.1710,1097.6000,5GN WARNING GOVT
10761,909347.5600,612817.7280,1097.9500,E CLF01
10762,909340.9920,612795.6570,1098.2140,EOA01
10763,909355.0770,612775.6350,1099.1930,EOA01
10764,909332.8620,612775.6630,1099,2170,EOA01
10765,909328.0050,612789.9300,1098.5710,EOA01
10766,909319.2240,612804.5900,1098.0560,EOA01
10767.909281.9640,612842.2450,1097.7900,EOA01
10768,909241.0720,612879.6000,1097.8430, EOA01
10769,909320.9400,612784.3180,1096.7340,E CLD04
10770,909320.5470,612783.9120,1099.5910,B WWL06
10771,909321.2850,612783.6220.1099.5960, wwL06
10772,909317.3860,512776.7480,1099.5990,WWL06
10773,909316.3350,612776.7950,1099.5860,WWL06
10774,909318.4680.612777.0780,1098.7850,B UGG02
10775,909321.0580,612775.8720,1099.5730,B E0505
10776,909321.8580,612775.8970,1099.5720,E0505
10777,909321.9460,612775.5540,1099.5530,E0505
10778.909322.3410,612770.4340,1099.5740,B BCV11
10779,909327.6910,612770.4400,1099.1950,BCV11
10780,909325.5970,612775.1880,1099.3510,UGG02
10781,909343.4960,612770.2400,1099.1360,UGG02
10782,909354.9840,612770.5870,1099.0830,BCV11
10783,909360.2810,612770.6930,1099.5220,BCV11
10784,909365.5550,612770.6500,1099.0950,BCV11
10785,909386.9800,612770.8430,1098.8850.BCV11
10786,909392.2410,612770.8600,1099.2770,BCV11
10787,909405.9950,612753.4380.1098.9340,GVL
10788,909407.9770,512753.4360,1098.9390,GVL
10789,909391.0350,612776.7090,1099.2690,EBX
10790,909327.6550,612775.5030,1099.2720,E0505
10791,909354.8120,612775.7120,1099.3270,E0505
10792,909360.1970,612775.6700,1099.6520,E0505
10793,909365.7080,612775.7840,1099.2120,E0505
10794,909386.8470,612775.8720.1099.0650,E0505
10795,909391.9910,612775.9430,1099.3050,E0505
10796,909352.4330,612827.1840,1097.2410,5CO
10797,909353.1080,612837.4280,1097.0690, PWP
10798,909353.8960,612836.8390,1097.0950,ELP
10799.909224.8530,612950.5720,1096.6350,55MH
10800,908720.8740.613279.9750,1097.0510,55MH
10801,908406.5170,613496.9240,1097.0530, CCW05
10802.908430.5360,613479.3220,1097.4810, CATV
10803,908432.8390,613477.8690,1097.4700,PWP
10804,908435.3750,613476.3020,1097.1450,FOP
10805,908454.6040,613465.5690,1097.2990, CCW05
10806,908497.3980.613 437.7630,1097.3190, CCI<05
10807,908497.3980,613437.7630,1097.3190,GAT
10808,908505.9290,613432.3360,1097.3470, CCW05
10809,908505.9290,613432.3360,1097.3470, GAT
10810,908540.2790,613409.9920,1097.3450, CCW05
10811,908587.4810,613378.9890,1097.5900, CCW05
10812,908587 8850,613375.7620,1097.1670,PWP
10813,908592.2470,613373.7100,1097.1220, CATV
10814,908590.6970,613374.8550,1097.2750,FOP
10815,908631.6900,613350.1030,1097.3880, CCW05
10816,908652.6110,613336.7080,1097.7510, CCW05
10817,908652.6110,613336.7080,1097.7510, GAT
10818,908666.6340,613327.5870,1097.7200, CCW05
10819,908666.6340,513327.5870.1097.7200,GAT
10820,908679.2550,613319.4560,1097.3050,CCW05
10821,908724.5340,613287.1290,1097.2800,FOP
10822,908724.6860,613288.7520,1097.5930, CCW05
10823,908726.8450,613285.2980,1097.3600,PWP
10824,908728.3890,613284.9400,1097.2660,CATV
10825,908770.8190,613258.9870,1097.6710, CCW05
10826,908792.9730,613244.4610,1097.5190, E CCW05
10827,908792.9730,613244.4610,1097.5190,B CLF02
10828,908816.8050,613228.6710,1097.6860,CLF02
10829,908859 4240,613201.1580,1097.6820,E CLF02
10830,908859.4240,613201.1580,1097.6820, B CCW06
10631,908859.1430,613199.7620,1097.1550,FOP
10832,908861 3310,613198.0810,1097.2210,PWP
10833,908862 7160, 613197 . 3570,1097.3240, CATV
10834,908909 5690, 613169 .1190,1097.6710, CCW06
10635,908955.5750,613138.8750,1097.6530, CCW06
10836,908990 6000, 613115.4510,1097.2630, CCW06
10837,908990.6000,613115.4510,1097.2630,GAT
10838,908990.6000,613115.4510,1097.2630,B EOC10
10839,9089B9.6940,613113.7780,1097.2360,EOC10
10840,908992 4300,613112.2380,1097.1410,EOC10
10841,908993.4360,613113.7490,1097.4000, EOC10
10842,908993 4360,613113.7490,1097.4000,GAT
10843,908993.4360,613113.7490,1097.4000,E CCW06
10844,908993.9960,613113.1260,1097.4290,B CLF03
10845,908993.8200,613111.9390,1097.2280,FOP
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10846,908995.2070,613110.3890,l097.1960,CATV
10847,908996.9500,613109.2080,1097.2870,PWP
10848,909001.8620,613108.1750,1097.4540,CLF03
10849,909046.9230,613078.8410,1097.5550,CLF03
10850,909092.5750,613049.0260,1097.3380,CLF03
10851,909125.1330,613026.3640,1097.0700,FOP
10852,909126.4510,613024.6540,1096.9800,PWP
10853,909129.7500,613023.7630,1097.3160,CATV
10854,909128.9860,613025.4840,1097.7260,E CLF03
10855,909128.9860,613025.4840,1097.7260, B CCW07
10856,909140.6090,613017.8070,1097.3230, CCW07
10857,909186.8670,612987.8840,1097.2580, CCW07
10858,909225.0960,612962.4940,1096.8630, CCW07
10859,909255.5330,612933.7040,1096.7380,FOP
10860,909256.4450,612931.7540,1096.8320,PWP
10861,909260.0850.612929.8060,1096.9160,CATV
10862,909276.6600,612917.5400,1097.5070, CCW07
10863,909319.3670,612879.9350,1096.9510, CCW07
10864, 909391. 7070, 612779.4570,1100.0690, E CCW07
10865,909381.7070,612705.4070,1099.4080,B BCV12
10866.909386.5150.612705.5720,1098.9570,BCV12
10867,909416.1590,612705.9170,1098.8180,BCV12
10868,909421.6510,612705.8350,1099.1840,BCV12
10869.909471.6800,612706.1710,1098.6970,BCV12
10870,909492.1070,612706.3720,1098.3400,BCV12
10871.909498.1880,612706.3810,1097.8370,BCV12
10872,909502.3680,612706.3910,1097.7790,BCV12
10873,909507.9120,612706.3860,1098.0950,BCV12
10874.909561.9240,612706.6820,1097.4370,BCV12
10875.909588.6610.612706.9620,1097.1380,C3 BCV12
10876.909600.6920,612702.6920,1097.0410, BCV12
10877.909609.9180,612693.7710,1096.5770,BCV12
10878.909608 5430,612692.9450,1100.3130,SGN STOP AND ST NAME
10879,909618.7150,612681.9450,1096.3580, BCV12
10880.909621.4700.612678.5740.1096.0650.BCV12
10881,909623.8700,612675.3580,1096.0690,BCV12
10882,909626.6870,612671.6830,1096.2850,BCV12
10883,909635.1860,612660.7320,1096.2940, BCV12
10884.909638.2160,612664.1280,1095.9860,TLMH
10885.909631 1500,612657.5340.1096.3770,B EOS07
10886,909631.1500,612657.5340,1096.3770,C3 EOS07
10887,909626.9010,612662.8070,1096.4790,EOS07
10888,909621.4770,612667.0560,1096.4820,EOS07
10889,909621.4770.612667.0560,1096.4820,C3 EOS07
10890,909619.5970,612668.6620,1096.3720,EOS07
10891,909617.8840,612670.3930,1096.3980,EOS07
10892,909617.8840,612670.3930,1096.3980,C3 EOS07
10893,909612.8050,612675.7000,1096.5140,EOS07
10894,909604.7720,612677.6250,1096.2600,EOS07
10895.909553.4710.612677.6220,1095.9450,EOS07
10896,909537.2980.612677.5270,1095.8840,EOS07
10897,909537.2980.612677.5270,1095.8840,C3 EOS07
10898,909525.2370,612644.1270,1096.6570,EOS07
10899,909534.7880,612602.3390,1096.9640,EOS07
10900,909618.7020.612681.8410,1096.2640,HCR
10901,909621.4340,612678.4780,1096.0410,HCR
10902,909623.8940,612675.3780.1096.0670.HCR
10903,909626.6040.612671.6990,1096.2890,HCR
10904,909620.8500.612672.7440,1096.3130,HCR
10905,909618.3420,612675.8500,1096.3900,HCR
10906,909618.6310,612681.8030,1096.3660,B EOS06
10907,909614.6960,612678.9120,1096.4730,EOS06
10908,909614.6960,612678.9120.1096.4730,C3 EOS06
10909,909609.5540,612680.9930,1096.3740,EOS06
10910,909604.6080.612681.5040,1096.2510,EOS06
10911,909553.1740,612681.3280.1095.9820,EOS06
10912,909547.9640,612681.2310,1095.9660,C3 EOS06
10913,909545.3910.612681.5890,1095.9770,EOS06
10914,909542.2310,612682.6000,1095.9490,EOS06
10915,909542.2310.612682.6000,1095.9490,C3 EOS06
10916,909536.1800,612683.9470.1095.8740,EOS06
10917,909531.5230,612684.0360.1095.9260,EOS06
10918,909531.5230,612684.0360,1095.9260,C3 EOS06
10919,909514.5810,612689.1960,1096.9130,EOS06
10920,909507.9070.612706.4070,1098.1040,EOS06
10921,909507.9070,612706.4070,1098.1040,E E0506
10922,909456.6660,612722.8700,1098.5220, WVL
10923.909516.6910.612736.5370,1097.9350, SSMll
10924.909456.6660,612722.8700,1098.5220,B UGW02
10925,909457.7540,612706.3140,1098.7980.UGW02
10926,909458.1620,612701.4280,1098.8950,UGW02
10927,909381.2430,612699.7190,1099.5650,B E0508
10928.909381.7850,612699.7930,1099.5860,E0508
10929,909381.8950,612700.4080,1099.4870,EOS08
10930,909387.0360,612700.3770,1099.1810,EOS08
10931,909416.4350,612700.8250.1098.9680.EOS08
10932,909421.8630,612700.8350,1099.2650,EOS08
10933,909471.9150,612701.2150,1098.7330,EOS08
10934,909486.9570,612701.5370.1098.5090,C3 EOS08
10935,909497.8550.612697.6340,1097.9890,E0508
10936.909507.5140,612689.1420,1097.1440,EOS08
10937,909507.5140,612689.1420,1097.1440,C3 EOS08
10938.909516.5610,612681.8550.1096.3640,E0508
10939,909526.4090,612677.9150,1095.9430,EOS08
10940,909526 4090.612677.9150,1095.9430,C3 EOS08
10941,909515.4020.612645.3660,1096.6950.EOS08
10942,909526.8280.612596.3440,1097.0350,EOS08
10943,909524.9380,612693.3760,1098.5190,SGN MISC
10944,909510.3150.612667.5730,1095.6520, DTR
10945,909487.5120,612664.5200,1095.7890, DTR
10946,909506.7430, 612639.0490,1096.2230, DTR
10947,909439.3840,612689.5280,1099.3890,Mll MISC
10948,909435 1860,612685.7530,1098.9090,SGN US GOVT PROP
10949,909432.9880,612675.5640,1098.1930,WTR GATE
10950.909441 8200,612677.0170.1098.0540.WTR GATE
10951.909442 6880,612671.2160.1098.0630.WTR GATE
10952,909433.3490,612669.9140,1098.5680,WTR GATE
10953.909375.5930,612699.5390,1099.6130, B WWL07

Page 9



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

10954,909377 . 2010, 612699.5040,1099 5600, WWL07
10955,909389.2020,612692.8710,1099.4880, WWL07
10956,909388.7350,612692.1490,1099.4840,WWL07
10957,909389.6590,612692.6360,1097.4840,B CLD05
10958,909392.8610,612694.9330,1098.7690,G
10959,909419.3290,612657.5330,1098.6380,G
10960,909418.3540,612656.5380,1097.8230,CLD05
10961,909432.5060,612668.9570,1098.8770,G
10962,909459.3310,612689.5540,1097.9570,G
10963,909450.7250,612613.9710,1097.5030,CLD05
10964,909454.8690,612617.8310,1099.2690,G
10965,909465.6560,612628.4580,1099.1550,G
10966,909489.2790,612651.5520,1096.3750,G
10967,909530.0350,612687 1610,1096.0690,G
10968,909472.6590,612585.8710,1097.4640,CLD05
10969,909487.1590,612565.5040,1095.8060,RAMP
10970,909497.4500,612572.3630,1095.9570, RAMP
10971,909484.1590,612593 4620,1099.2340,RAMP
10972,909473.8390,612586.5730,1098.6740,RAMP
10973,909471.7820,612589.7040,1097.8860,B GDR06
10974,909485.2440,612598.6140,1099.8790,GDR06
10975,909496.1200,612583.2270,1099.5360,G
10976,909506.8150,612592.5570,1099.0660,G
10977,909532.6420,612627.5800,1096.2190,IVL
10978,909529.3560,612610.7620,1096.9220,TOP
10979,909544.8900,612656.9380,1095.9290,TOP
10980,909576.8480,612668.0700,1095.5900,IVL
10981,909579.7810,612668.0850,1095.5530,IVL
10982,909588.5970,612668.0400,1095.2750,DTR
10983,909599.0920,612668 2360,1095.7340,TOP
10984,909608.5190,612662.5590,1095.3110,IVL
10985,909611.2570,612666.8750,1095.7140,IVL
10986,909616.2710,612660.5880,1095.3730,DTR
l0987,909626.9BSO,612654.4620,1096.1690,TOP
10988,909637.5830,612647.9780,1096.0190,WVL
10989,909598.7760,612607.5940,1087.3320, TOE
10990,909592.7210,612601.4780,1087.3790,TOE
10991,909598.8940,612607.6260,1087.3580,B BCV13
10993,909604.1210,612616.3930,1089.9350,BCV13
10994,909627.0430,612654.1230,1096.3970,BCV13
10995,909629.8580,612659.1070,1096.3960,E BCV13
10996,909579.8840,612574.0600,1091.8630, DTR
10997,909547.297 0,612556.2420,1101. 9770, DTR
10998,909522.2190,612539.6510,1097.8720,CLD05
10999,909525.6240,612541.9790,1099.9330,GDR06
11000,909525.6240.612541.9790,1099.9330,G
11001,909538 1850,612551.0600,1099.0880,G
11002,909553.1960,612562.3450,1096.3750,EOS08
11003,909560.8860,612568.6100,1096.3070,EOS07
11004,909560.8480,612568.7600,1096.0990,TOP
11005,909594.1050,612599.9520,1087.3240,TOE
11006,909600.8070,612605 9330,1087.3060,TOE
11007,909608.6210,612612.3210,1089.7210,HP
11008,909640.5850,612641.2570,1095.7200,TOP
11009,909638.0500,612655.5100,1095.9990,BCV12
11010,909645.9430,612645.5650,1095.8740,BCV12
11011,909637.2940,612625.9390,1099.1540,DTR
11012,909634.7130,612608.0110,1095.3820,DTR
11013,909581.0600,612574.3470,1091.9750, DTR
11014,909531.4770,612533.6300,1099.9380,E GDR06
11015,909528.0740,612531.4540,1097.8350,CLD05
11016,909532.7260,612532.4640,1099.8750,B GDR07
11017,909537.4860,612505.2730,1098.4890,E GDR07
11018,909531.3580,612509.9310,1097.4700,CLD05
11019,909546.4960,612490.5120,1097.8340,CLD05
11020,909548.9930,612492.7830,1099.1720,G
11021,909566.1050,612506.9120,1099.3480,G
11022,909584 5550,612521.3510,1096.1680,EOS08
11023,909592.3750,612527 4980,1096.0760,EOS07
11024,909592.4060,612527.5750,1095.7970,TOP
11025.909604.6790,612550.3200,1090.5590,DTR
11026,909630.9120,612562.0920,1087.0480,TOE
11027,909637.6540,612567.8670,1087.0970,TOE
11028,909644.8670,612573.6200,1089.2510,HP
11029,909673.6290,612596.2350,1095.2790, TOP
11030,909680.6530,612601.4060,1095.3760,BCV12
11031,909663.2610,612616.6410,1095.5710, WVL
11032, 909653.2740,612605.7920, 1098.0940, DTR
11033,909668 1610,612586.3280,1093.8540, DTR
11034,909667.0400,612568.5990,1093.1060, DTR
11035,909685.6130,612567.4780,1096.8950,DTR
11036,909580.2200,612447.6410,1097.7160,CLD05
11037,909582.0710,612449.1850,1099.0730,G
11038,909597.9580,612462.5540,1098.5820,G
11039,909601.8420,612479.8330,1101.1790,DTR
11040,909612.7220,612473.5840,1099.4850, DTR
11041,909617.2340,612478.1160,1096.0860,EOS08
11042,909625.0580,612484.3320,1095.9650,EDS07
11043,909588.3990,612497.5690,1101.4150, DTR
11044,909573.6950,612519.7010,1100.9850, DTR
11045,909520.5610,612590.6790,1101. 0710, DTR
11046,909576.5130.612583.2890,1091.5480,G
11047,909565.0620,612608.5740,1092.2390,G
11048,909571.3020,612629.3310,1092.1650,G
11049,909592.8450,612640.3730,1092.1510,G
11050,909609.3520,612632.8830,1092.1270,G
11051,909624.9760,612484.3960,1095.8010,TOP
11052,909668.7970,612522.3050,1086.9770, TOE
11053,909675.5090,612528.3040,1086.9940,TOE
11054,909683.2200,612535.2430,1089.4170,HP
11055,909669.6850,612547.3230,1086.7490,CL INV RCP 18IN
11056,909707 2010,612554.1240,1095.1500,TOP
11057,909713.9350,612558.6940,1095.0740,BCV12
11058,909715.9070,612556.3370,1095.0840,E BCV12
11059,909715.9070,612556.3370,1095.0840,B BCR01
11060,909720.1330,612550.8100,1095.4500,BCR01
11061,909716.8200,612548.2760,1095.5350,880COI
11062,909713.3130,612545.3680,1095.5200,80C01
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11063,909700.9040,612547.7960,1095.6760,DTR
11064,909684.0860,612549.9910,1094.5750,DTR
11065,909699.4440,612578.8110,1095.1140,DRN
11066,909700.6440,612579.6390,1095.1080,DRN
11067,909703.7230,612575.6640,1095.0900,DRN
11068,909702.5670,612574.7450,1095.1110,DRN
11069,909701.3120,612576.6540,1091.8180,CL INV RCP 18IN
11070,909710.7820,612527.5970,1092.2630,DTR
11071,909713.0740,612545.1260,1095.4950,B BOC02
11072,909713.0740,612545.1260,1095.4950,C3 BOC02
11073,909713.8160,612533.8330,1094.3560,BOC02
11074,909717.1220,612524.1840,1093.5950,BOC02
11075,909718.7220,612521.6300,1093.4900,C3 BOC02
11076,909720.6770,612514.9550,1092.9410,BOC02
11077,909719.1630,612507.6680,1091.6340,BOC02
1107B,909716.7630,612501.2910,1090.3440,C3 BOC02
11079,909715.4390,612498.4750,1089.5630,BOC02
11080,909713.6220,612495.3030,1088.7580,BOC02
11081,909709.4500,612489.2710,1087.1020,E BOC02
11082,909614.5770,612458.7220,1101.8920,DTR
11083,909627.2430,612448.0500,1100.9290, DTR
11084,909629.9810,612438.3320,1102.4560,DTR
11085,909611.7440,612405.1650,1097.6570,CLD05
11086,909614.0100,612406.8210,1098.7570,G
11087,909627.7890,612417.7250,1098.7070,G
11088,909640.6570,612433.8360,1099.9150,DTR
11089,909651.2850,612434.8220,1095.8170,EOS08
11090,909658.9290,612441.2230,1095.7270,EOS07
11091,909658.8290,612441.4220,1095.5150,TOP
11092,909706.0920,612479.3420,1086.7940, TOE
11093,909713.2040,612484.9670,1086.7930,TOE
11094,909745.8140,612510.9670,1095.5510,TOP
11095, 909749. 0060, 612513.6160, 1095. 6510, BCROI
11096,909630.4360,612658.5760,1096.3460/B EOB01
11097,909630.4360,612658.5760,1096.3460,B EOS09
11098,909634.9680,612652.7680,1096.0830,EOB01
11099,909634.9680,612652.7680,1096.0830,EOS09
11100,909642.6250,612643.1670,1095.9260,EOBOI
11101,909642.6250,612643.1670,1095.9260,EOS09
11102,909677.2420,612599.2300,1095.3760,EOB01
11103,909677.2420,612599.2300,1095.3760,EOS09
11104,909710.5060,612556.5770,1095.1360,EOBOl
11105,909710.5060,612556.5770,1095.1360,EOS09
11106,909716.5170,612548.6720,1095.4960,EOBOI
11107,909712.9680,612545.8400,1095.5440,EOB01
11108,909689.9550,612527.2140,1089.6250,EOBOl
11109,909682.2080,612520.9790,1086.9770,EOBOl
11110,909690.2880,612526.8580,1089.6140,BOC01
11111,909682.6370,612520.5940,1087.0010,E BOCOI
11112,909675.4000,612528.3620,1087.0770,EOBOl
11113,909637.7990,612567.7870,1087.1390,EOBOl
11114,909600.8360,612605.8660,1087.3130,EOBOl
11115,909599.4350,612607.3170,1087.3300,EOBOl
11116,909604.6410,612616.1250,1089.8780,EOBOl
11117,909627.4920,612653.9360,1096.4010,EOBOl
11118,909745.8190,612511.1100,1095.8100,EOS09
11119,909729.9370,612518.0890,1099.1410, DTR
11120,909733.6780,612499.1070,1096.0830, DTR
11121,909741. 7710,612493.5990,1097.0330, DTR
11122,909750.1360,612489.5090,1094.8080,IVL
11123,909737.3130,612476.4630,1089.5200, DTR
11124,909648.5200,612416.8950,1099.6990, DTR
11125,909662.3100,612399.3370,1096.0630,DTR
11126,909642.7970,612363.0400,1097.7170,E CLD05
11127,909645.3010,612364.8230,1098.9680,G
11128,909657.9820,612374.8920,1098.5760,G
11129,909674.4580,612389.1900,1098.3910, DTR
11130,909685.1860,612396.6990,1094.2090,EOS08
11131,909692.9080,612402.9450,1094.1320,EOS07
11132,909692.8530,612403.0780,1093.9970,TOP
11133,909738.8750,612437.8540,1086.7120, TOE
11134,909738.9230,612437.8390,1086.8910, B BCV14
11135,909746.6720,612443.0260,1086.7790,TOE
11136,909760.1820,612450.6270,1091.0190, DTR
11137,909759.0700,612471.1060,1093.8980, DTR
11138,909761.4250,612487.6970,1095.6880,LP
11139,909779.0670,612467.7920,1095.5320, TOP
11140,909779.2530,612467.8840,1095.7310,EOS09
11141,909782.4620,612470.1770,1095.5950,BCR01
11142,909775.2100,612456.9690,1095.2020,IVL
11143,909739.5450,612438.2370,1086.3880,B EOS10
11144,909706.5110,612479.7770,1086.5200,EOS10
11145,909706.0860,612479.3860,1087.0030,BCV14
11146,909668.7880,612522.3490,1086.9470,BCV14
11147,909669.1060,612522.7780,1086.5480,EOS10
11148,909631.3610,612562.4080,1086.6930,EOS10
11149,909631.0100,612562.0740,1087.1510,BCV14
11150,909594.1630,612599.9170,1087.2670,BCV14
11151,909592.7320,612601.3240,1087.4180, BCV14
11152,909594.4730,612600.4560,1086.8810,EOS10
11153,909593.4760,612601.3840,1086.9360,EOS10
11154,909599.0610,612606.9030,1086.8820,EOS10
11155,909600.3560,612605.4390,1086.7960,EOS10
11156.909599.0120,612607.6280,1087.3450,BCV14
11157,909600.8420,612605.8930,1087.2960,BCV14
11158,909637.7440,612567.8380,1087.0910,BCV14
11159,909637.1970,612567.3550,1086.6590,EOS10
11160,909661.9630,612541.9710,1086.6540,EOS10
11161,909661.9440,612542.7110,1087.0940,E BCV14
11162,909661. 9680, 612542 .1340,1087. 1840, B HWL20
11163, 909661. 6260,612542.3720,1087. 1410, HWL20
11164,909669.2350,612549.4940,1089.3040, H\'IL20
11165,909671.8420,612546.7110,1089.2680, HWL20
11166,909664.4020,612539.3270,1087.1370, HWL20
11167,909664.0060,612539.7130,1087.1640, HWL20
11168,909671.3050,612546.6590,1089.2870, HWL20
11169,909669.1860,612548.9350,1089.2950, HWL20
11170,909669.0280,612548.5990,1089.2370,GAT
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11171,909670.9860,612546.6370,1089.2080,GAT
11172,909664.3850,612540.0850,1087.1020,GAT
11173,909662.2540,612542.3290,1087.0750,GAT
11174,909664.7520,612539.6820,1087.0280, B BCV15
11175,909663.8970,612539.6300,1086.5490,E0510
11176,909674.9920,612527.8860,1086.4830,EOSI0
11177,909675.5150,612528.4030,1086.9490,BCV15
11178,909713.1100,612484.9130,1086.9130, BCV15
11179,909712.6030,612484.5270,1086.4490,E0510
11180,909746.1450,612442.5190,1086.3570,E EOSI0
11181,909746.6200,612442.9150,1086.8350,E BCV15
11182,909722.3930,612533.2260,1096.1330, ROCK 4FT
11183,909718.4690,612533.6420,1095.2230, ROCK 2FT
11184,909549.9660,612667.1330,1095.5160, DTR
11185,909589.013 0,612667.7090,1095.1110, DTR
11186,909586.6090,612548.1080,1094.1720,IVL
11187,906811.0050,615179.3480,1096.4840,B BCV05
11188,906802.9420,615185.2020,1097.8860,C3 BCV05
11189,906802.0350,615184.8140,1097.9570, BCV05
11190,906801.5590,615183.9400,1097.9720,BCV05
11191,906802.2060,615180.6790,1097.9510,BCV05
11192,906808.8370,615161.9110,1098.0390,C3 BCV05
11193,906775.0680,615102.2330,1098.1450, BCV05
11194,906781.0180,615040.3160,1097.9770,BCV05
11195,906859.1150, 614927.9730,1098.2530, DTR
11196,906843.4260,615011.0060,1092.5590, DTR
11197,906791.4640,615064.0970,1095.5290,DTR
11198,906801.2990,615087.4120,1093.5400,DTR
11199,906805.0190,615112.5680,1095.1080, DTR
11200,906746.1160,615069.2040,1098.6910, DTR
11201,906756.2630,615122.2920,1097.8770,DTR
11202,906779.5570,615161.5780,1098.3030, DTR
11203,906798.5320,615162.1740,1098.1900,DTR
11204,906884.1510,61S149.2480,1097.0060,DTR
11205,906916.0760,615132.6760,1093.7300, DTR
11206,906950.5320,615106.7910,1089.0600,DTR
11207,906964.1090,615123.9790,1092.2200, DTR
11208,907029.3630,615126.0990,1091. 13 30, DTR
11209,907128.1170,615100.9480,1096.6280, DTR
11210,907150.3150,615003.4360,1095.3030, DTR
11211,907188.9650,614978. 6480,1095.9400, DTR
11212,907208.4670,614963.2410,1095.8290, DTR
11213,907217.2960,614939.5070,1093.3240,DTR
11214,9072 32.3290,614918.0610,1091. 8430, DTR
11215,907273.4040,614914.4180,1095.9150, DTR
11216,907292 . 7600,614898.2320,1095.6700, DTR
11217,907322.2350,614867.1760,1090.0500, DTR
11218,907333.4920,614854.9270,1093.7930, DTR
11219,907379.5830,614823.8000,1094.5990, DTR
11220,907402.5760,614813.8310, 1095.6990, DTR
11221,907441.7100,614784.2600,1095.9150, DTR
11222,907455.8440,614759.2300,1093.7390, DTR
11223,907498.3020,614737.9790,1095.3970, DTR
11224,907709.8900,614496.3810,1087.6730,CLD03
11225,907773.6560,614543.6940,1096.3950, TOE
11226,907773.4630,614511 . 9780,1096.2500, BTM
11227,9077 52.3450,614501. 8390,1094.8110, TOE
11228,9077 52.6940,614514.5760,1094.4550, BTM
11229,907752.7880,614525.9070,1094.6520, TOE
11230,907734.3810,614523.0990,1091.1050, TOE
11231,9077 34.3700,614531. 6740,1092.9070, TOP
11232,907716.9140,614531.3480,1088.7500, TOP
11233,907715.6530,614526.0770,1087.3780, TOE
11234,907714.9980,614517.5270,1087.1050,BTM
11235,907714.8150,614506.6180,1087.1500,TOE
11236,9077 30.6870,614501. 5040,1091.1130, TOP
11237,907730.9970,614506.4280,1090.2250, TOE
11238,907731.5740,614516.1000,1090.1440,BTM
11239,907555.6600,614694.6120,1092.7140, DTR
11240,907573.9250,614703.8170,1094.6460, DTR
11241,907622.8770,614713.5740,1096.8400,OTR
11242,907670.7450,614714.2920,1097.6040,DTR
11243,907681.9020,614702.7340,1097.2090,DTR
11244,907722.5250,614657.3390,1092.2750, DTR
11245,907727.3560,614588.3090,1092.1880, DTR
11246,9077 67.9780, 614593.0670,1098.5510, DTR
11247,9077 41. 6380,614562.6890,1094.4990, DTR
11248,907750.7810, 614539.2950,1095.9210, DTR
11249,907768.1070,614554.7190,1097.6730, DTR
11250,907751.7520,614467.1660,1097.3020, DTR
11251,9077 4 8.13 60,614443.1700,1096.7690, DTR
11252,907754.8450,614425.9170,1097.6550, DTR
11253,907739.2100,614359.2460,1094.8090, DTR
11254,907752.8740,614280.6200,1099.9680, DTR
11255,907632.77 90,614 335.8640,1094.1120, DTR
11256,907616.1920,614340.4310, 1095.6000, DTR
11257,907418.9120,614 4 96.1310, 1095.9190, DTR
11258,909398.4830,612776.1070,1098.4630,LP
11259,909444.7800,612771.2940,1098.7540,BCV11
11260,909457.9660,612771.1330,1098.7000, UGl'102
11261,909457.8830,612776.1020,1098.7470, UGW02
11262,909457.7870,612782.5980,1097.8960, WVL
11263,909461.1780,612776.9880,1098.6090, IVL
11264,909467.5160,612773.6750,1098.5140, TMlI
11265,909467.2610,612767.9560,1098.0730,GVL
11266,909440.7270,612766.3240,1098.5150, UGG
11267,909401.1110,612766.1370,1098.8040,UGG
11268,909341. 8490,612765.7840,1099.1720, UGG
11269,909484.4640,612771.4770,1098.1590,BCVll
11270,909489.0660,612772.0220,1098.0610,BCVll
11271,909497.0540,612776.2140,1097.3140,BCVll
11272,909499.7190,612778.9240,1097.2850,BCVll
11273,909503.1980,612787.2610,1097.5050, BCVll
11274,909503.5290,612790.8670,1097.3890,BCVll
11275,909503.5170,612796.6510,1097.1820,BCV11
11276,909502.0240,612782.7560,1097.4280,HCR
11277,909495.8790,6127820450,1097.5520,HCR
11278,909493.8190,612779.6420,1097.6330,HCR

Page 12



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

11279,909492.8370,612773.3660,1097.8340,HCR
11280,909496.9940,612776.2910,1097,3820,HCR
11281,909499.6430,612779.0320,1097.2420,HCR
11282,909497.9030,612787.7430,1097.6990,B BOC20
11283,909497.9030,612787,7430,1097.6990,C3 BOC20
11284,909494.3870,612781.0280,1097.9050,BOC20
11285,909488.1190,612777.2810,1098.1700,BOC20
11286,909488.1190,612777.2810,1098.1700,E BOC20
11287,909484.3550,612776.3200,1098.3680,EOS05
11288,909488.0890,612776,8190,1098.1680,C3 EOS05
11289,909494.7290,612780.7130,1097.6500,EOS05
11290,909498.3540,612787.7650,1097.5650,EOS05
11291,909499.4890,612796.5060,1097.3350,E EOS05
11292,909498.2840,612783.3890,1097.5930,UGW02
11293,909496.4670,612817.0540,1097.2710,WVL
11294,909547.6030,612783.5520,1100.1540,TNH
11295,909433.0010,612780.2380,1098.7300,CCW05
11296,909428.7060,612791.2130,1097.3380,E CCW05
11297,907794.8980,614168.9360,1097.6630, SDMH
11298,907770.8230,614168.1370,1097.7840, WVL
11299,907827,9420,614168.6490,1098.2500,SDMH
11300,907816.9740,614099.0910,1098.5480,SSMH
11301,907808.3410,614098.2840,1098,5220, SSMH
11302,907804.8620,613957.1950,1098.7480, SSMH
11303,907846.1230,613912.7590,1098.7080,GVL
11304,907848.1670,614007.5040,1098.7780,GVL
11305,907869.3710,614060.1780,1098.5380, WMT
11306,907869.0290,614077.1950,1100.9360,TNH
11307,907869.3970,614085.4480,1098.7560, WVL
11308,907869,0020,614091. 8150,1098.763 0, WMT
11309,907869.6480,614089.5180,1098.5720,B UGW20
11310,907862.8580,614089.8470,1098.5580,UGW20
11311,907797.9460,614090,4750,1099.0050, UGW20
11312.907850.3930.614174.7320,1097.9350,GVL
11313,907790.7970,614046.8410,1099.2720,WL TOP PIPE
11314,907790.1700,614006,2500,1099.3230,WL TOP PIPE
11315,909253.6570,612769.3410,1098.7480,B UGG02
11316,909276.5340,612776,0220,1099.2130,UGG02
11317,909277.3430,612777.7480,1099.2210,UGG
11318,909281.8110,612776.0720,1099.2010,UGG02
11319,909060.3380,612732.3690,1096.2760,SDMH
11320,909067.9830,612764.4680,1096.0010,WVL
11321,909164.3550,612755.7710,1097.9940, WVL
11322,909178.5400,612771.2260,1098.4020, TMH
11323,907804.1970,613870.7460,1098.2490, SSMH
11324,907809.6840,613621.9130,1094.6110,SSMH
11325,907821.0280,613652.0530,1095.0430,SDMH
11326,909056.4100,613060.5890,1096.6570, SSMH
11367,909744.1340,612353.5360,1089.9730,TOP
11368,909762.4010,612369,8300,1087.6450,G
11369,909779.0850,612382.0590,1086.6800,TOE
11370,909751.4970,612421.0460,1086.7880,TOE
11371,909727.3080,612402.1450,1089.4450,G
11372,909709.9780,612385.9540,1092.4850,TOP
11373,909674.2980,612423.7020,1095.1300,TOP
11374,909698.4940,612445.0000,1089.3350,G
11375,909719.7490,612462.3700,1086.7510,TOE
11376,909686.3600,612502.5020,1086.7660, TOE
11377,909664.2810,612484.7910,1089.7170,G
11378,909640.0710,612465.5850,1095.4700,TOP
11379,909608.8410,612505.8570,1095.7940,TOP
11380,909629.3700,612523.5510,1090.0900, G
11381,909649.2970,612542.7360,1086.9510,TOE
11382,909613.9260,612579.4430,1087.0640,TOE
11383,909591.4440,612560.2440,1091.5040,G
11384,909576.1230,612548.8900,1095.8330,TOP
113 85,909556.2890,612574.6790,1095.9990, TOP
11386,909573.4300,612588.3630,1091.5570,G
11387,909591.5670,612602.2990,1087.3630,TOE
11388,909439.2120,612689.5470,1099.3360,CS MH
11389,909321.6770,612770.4910,1099.6080,BCF COP
11390,907875.6590,613965.7450,1099.0380,BCF COP
11391,906582.6860,615184.1470,1098.7450,BCF SRP
11392,915771.4980,615245.9330,1120.6720,BCF COP
11393,913133.7930,615233.2360,ll14.1670,BCF COG
20032,906877.2780,615161,9520,1100.2580,TNH
20033,906874.8550,615159.1400,1097.6680, EOC02
20034,906854.5970,615169.6600,1097.0730,B CLDOI
20035,906856.4070,615146.6860,1095.8070,CLDOl
20036,906871.7460,615099.6830,1087.2710,CLD01
20037,906841.1550,615087.1330,1087.3360,CLD01
20038,906809.5620,615161.9290,1097.5600,CLD01
20039,906802.9860,615184.5540,1097.8560,CLD01
20040,906822.7260,615143.8290,1096.2280,B RIP01
20041,906853.8320,615150.9370,1096.1820,RIP01
20042,906866.3010,615109,0560,1089.3440,RIP01
20043,906840.2230,615098.1880,1088.4170,RIP01
20044,906846.7260,615105.8050,1086.5840,B GDROI
20045,906847.1400,615110.9850,1088.7460,GDR01
20046,906852.1870,615112.5820,1088.8360,GDR01
20047,906856.1040,615108.9110,1086.5520,E GDR01
20048,906855.5350,615108.9210,1086.5300, B HWL01
20049,906855.9230,615109.4290,1086.5890, HWL01
20050,906852.3740,615112.8400,1088.7950, HWL01
20051,906847.0530,615111.1900,1088.7180, HWL01
20052,906846.7560,615106.7370,1086.5180, HWLOI
20053,906847.2570,615106.7930,1086.4600, HWLOI
20054,906847.5510,615110.6310,1088.6960, HWL01
20055,906852.3160,615112.1550,1088.7780, HWLOI
20056,906850.3080,615111.1140,1084.6240,CL INV RCP 36IN
20057,906867.6070,615097.7980,1086.5300, TOE
20058, 906859 . 4380,615108.3040,1086.6830, TOE
20059,906852.1410,615103.8000,1086.1850, BTH
20060,906843.9540,615101. 6440,1086.3820, TOE
20061,906846.1180,615089.2080,1086.7340, TOE
20062,906857.2540,615092.6700,1086.4360, BTH
20063,906854.9170,615097,1210,1086.3320,BTM
20064,906843.8580,615088.4970,1087.1820,TOP
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20065,906837.9410. 615101. 6860 ,1089.2200, TOP
20066,906833.1060. 615113 . 6050 ,1091. 7950, TOP
20067,906839.7150,615115.8480,1090.2540, TOE
20068,906847.7670,615118.3350,1089.7280,BTM
20069,906853.6810,615120.9050,1090.0500, TOE
20070,906860.8370,615123.8000,1092.2900, TOP
20071,906854.4190. 615151. 6460,1096.4380, TOP
20072,906848.7690,615150.0830,1095.1060, TOE
20073,906833.6720,615146.6400,1094.4800, BTM
20074,906827.2870,615145.2190,1095.0400,TOE
20075,906821. 4300,615143.7860,1096.7820, TOP
20076,906811.6780,615162.7050,1097.5040, TOP
20077,906816.3450,615165.1270,1096.3260, TOE
20078,906824.2120,615166.1560,1095.9180, BTM
20079,906845.2970,615165.2120,1096.1100,TOE
20080,906853.9930,615166.2580,1097.4280,TOP
20081,906820.8010,615173.8610,1096.1530,EOS01
20082,906794.4260,615194.5760,1097.6310,EOS01
20432.907568.1190,614314.9300,1098.2890,CLD02
20433,907591.9550,614342.5270,1097.8560.BCV05
20434.907592.3250,614342.9610,1097.5360,TOP
20435.907611.2920.614357.6400.1093.8340.DTR
20436.907617.5810,614399.9720.1086.6560.IVL
20437.907616.1600,614401.2140,1086.6940,IVL
20438,907614.6250,614402.4250,1086.7370,IVL
20439.907633.9610.614402.6450,1084.4650,CB
20440,907639.8380,614397.7040,1084.5410,TOE
20441.907674.7800.614437.5640,1085.4220,BTM
20442,907696.4990,614462.7590.1086.3900,TOE
20443.907757.9330,614458.4430.1098.0220,TOP
20444.907774.1210.614476.7820.1097.3950,B CLD03
20445.907769.3890.614474.0040,1097,0820.CLD03
20446.907750.8020.614496.9000,1095.7620.CLD03
20447,907717.9630,614499.5620,1088.5150,CLD03
20448.907698.4660.614496.6000,1086.8370,CLD03
20449,907697.5270,614535.9660,1086.9760,CLD03
20450.907712.7880,614536.6270,1088.2670.CLD03
20451.907717.7030,614533.1100,1088.9170,CLD03
20452,907750.8500.614534.7370,1095,6170.CLD03
20453,907763.4630,614545.4350,1097.4100,CLD03
20454,907774.1020,614547.4540.1097.4680.CLD03
20455,907772.8430,614546.6400,1100.2600. TNH
20456,907774.6830.614545.7710,1097.5630.SGN NO PKG
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Appendix E

Right-of-Way Data
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TERRACE

MARYVALE

=~..::..-I·
,~.-'o_ _-_ --

.._<l~

.,nijT".
:_:!!If=
..~:-...-:...~~
,..t~·_<--

APPROVAL
01" /ne CI'/V or P,hoen",. Ar/~ono

L>Y-,l:j1oo.~4.~,.;:;.!!;:...._I9<>OATr""r~~~+/

.. ~
M = I MaJJock t: 1I~ie4.
[ ...a~..-: L:f.~ 'ft.' ENGINEERS SURVEYORS
.~. ,/O~....o 1--""loL7

OcOleA TION
J(/....O'"'" ..-l/.L ... ~.,,:",\ ay t:.·,,~.5E PRESENT15 Tnol I'/"~~ ~...,...... 7,1/4e
ond 7....""5 .. Co,""'.oc"'~. on Arl,JOno Cor,oorO//Qf? 05 77-v4/ee.
no~ ~v.:>d, ."cu:d vnoer .~nl: no~tt 0/ A.4ARYVALc TERRACE
/VO Z7, 0 ~x;o.-ll(;V'1 o/.~~ S&-\,,'/,;Y • .5CCI"Y1J19. T2N. R.ZE..
G ~ oSR .t:Irt~."'1, Mor,copo Coun/yo Ar/~ono. O~ .!Il?own
p/oll~ "·"n,:,,,r.• ond n~"eO¥ .ovb/l~he.:5 In;~ .0/0/04 o/'7lld
lor .~.'74.' ~iO/ vi" SOC .WARV\{,..1LF 7ERR4CE /VO Z7. ond
herl':.:Jv ...J'ec.~~· ...·:!> .~'?o/ ~od .0/0/ ~~/$ /or/"'" the /ocohon~
ond 9" t!:.:5 ,",,- dH'ne17,:5/0n5 o/' the /0/.:5. /rac/ . .,,/rtt;c/,.
ond Ol/Cyo'$ c.on$r~/v/ln9 ~1'771':. and /no/ each /0/.
troc/ ono' _'5 'r~,-/ .:5/70/1 I:Ht /(no_1? bf,l' /he nc.N7?Ol':r, le/ler
or nOJ"T?f! ..".", ~n e<?cn, re,pec/,ve,'v. on ..scud ,0/0/. ona"
/7er~,Jl/ e-"-.' .:1'. -c;-o ,~("I ,',~e pv.~:>/'c, ,or v.:5f! o~ ::Jc./ch. //1£
~/rcf':. I~ <7 • ...:/. "'/eY:J .:!J1'1OnI1'? on .:so,o' .0/0,1 OncT ,I'?c/vateo'
In 11"11: o,!'Qvr ..7e.!>,'·~bed a,rerru.:se.:s. eO~f!,,"e"'/.:J ore ~,

~.~,c~/~t.:.:~5~/::l'~-~~"'T/1e Phoerux 7;//e.~ TrLI!J~
c::;;;;:c;.:'f~/:·~0~':~':~;~e7:,.,;.e;;:ur;~r;p:~,;/:~e::~,~~{
o,/';,ced ,:~'";d 'ne ~n?C 10 ~ q//c5/ed by /h.e ~,~~~;.
o/~-::J.-I~----',,'~ VICC Pr.e~,dcl'?/ ond..·:!! ...r;.'!:'·'
dU/~ -ov/,.:;~)~ • '/5 A~~,~/on/ .5ccr e/or y. /~~.,...o

IN W/7NESS WH£R£OF .. /ne~ ....n'.'b ~e..l l'7?"nonoleno'
o/';;c,o/ ~o/. If",¥ COI7?IT/I~:!!Fon e,l(p,,'rc;. l.. t_ ' tI •

~i~/(V8L'G

ACKNOWLCOG£Nf£NT

~~~~--;;~'%~~;c~ 5 S

On /.u:o ..~~O:7¥ o/'~. /'9&0. t>e/bre m.e. //)c

v~r.:s_P1{~,,f'/~C~:::; LVt/X ~~red. rvho OCJ:now-
l.ed 9 cd ,noernse/o,Ic:t /0 De Vle.e Pre~;den/ end A.:s.:s,~Jbn/
.:iecrclory. re.:spcc.llve/y. 0/ /he A'7oel'?l'~ Tr//e one' 77-~.:s1

~;'"~~;'l/"oMc~~;x:r';1:~c/,r;~::C~':,~;/~atz;'::;':'7:'::T/'";~V'
10 do. e.ICeculed /he /o,-e9Ol'n9 I'n.s/rvrnen/ /'or ,Ihoe. pvr
po.se //'7ere,n con.!b,:n.ed ~ .:!W9'7N79 //'xl' r701'7?C 0./' /hccor,ooro.l,OI"7. O~ Tr(/~/cc. D.v /n~l7').§e/ve.:5. O~ ~vch
o/'/'-c.er$. re.:Jpec/I'_/y.

CERT/r/CAT£

~~;~.:r"e~c:~;r:;:;c:';~c/~n:;v;;;he~n~c~~:~'''v,:,:;..~~
under I'77v d,rl!chon o'vr,nc; /he /7?o,.,/h 0/ JtJ/l/. /9(,:,0,

. " ,,. ~. -;,,-./ ..

A .sU8CHVISION OF A PORTION 0'" TUc .sWV4,
.!'cCTION 19, T.ZN.. R. 2£., G. e. S.R. 8. e. A4.•

MARICOPA COUNTY, ARIZONA
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SUBJECT TO SI GLE F MIL DESIG
67TH AVENUE & HEATHERBRAE DRIVE

PHOENIX, ARIZON
A SUBDIVISION OF A PORTION OF THE NORTHEAST QUARTER AND THE SOUTHEAST QUARTER

OF SECTION 24, TOWNSHIP 2 NORTH, RANGE 1 EAST OF THE GILA & SALT RIVER BASE
AND MERIDIAN, MARICOPA COUNTY, ARIZONA.
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~
ATHERTON ENGINEERING, INC.a.c EotO-o oM l-..I __

I
IS·S.
I

REATHERBRAE ESTATES
67T11 AVENUE & III!ATHDIDAf! DUVI!

PHO£NIX. .uIZONA

COVER SHEET - FINAL PLAT

elTY~hz4IY:

A,.."OVALS.

IY: ~FAt sERVieEs oEPl.NEAl

APPROVEO IY THE CITY COUI'f~ Of' THE CITY or "HOENIX, "'''IZONA.

ON THE ,q+h D"v OF ulctmhtr ,2D01.

IN WITNESS WHEREOF:

NICHOlAS W. _.NND, JR.. PIlESIO£NT or N.W.8.. INC.. 4N AIllIOII.
COSON, ~V°;tkHAjrIU'IT\'~,E.DHIS SICfl.I.TUU THIS

IY: '2t~~e-. ~
NICHOlAS W. ION4NNO, JR.
'ftESIO[NT
N.W.I., INC.

...n£ST:

KHOW .LL NEN IV THESE PRESENTS:

TH.T N.W.I., INC., .N AIlIZONA COIlPOll..TION, AS LEGAL OWNU OF S.,D REAl
PROPERTY HAS SUIDlVlDED UNDER THE IWIE or ·HUTHUItiE EST"TES", A
PLAT or A I'OIlTlON or THE NOIlTHEAST OU~R AND SOUTHEAST QUUTER or
SECTION 24, TOWNSHIP 2 NORTH, RANG( , EAST or THE ~LA AND S4LT RIVE_
lASE .ND "E~IDI"N, N.RICOf'A COUNTY, AIllIOHA. AS SHOWN .ND PUTTED
HEREON AND HERElY PUMJSHES THIS PUT AS "ND rOll TN[ I'UT or
"HEATERlR.E ESTATES·, " SUIOMSION, -.ND HEllEn DECLARES THAT S4ID PLAT
SETS FORTH THE lOCATION .ND GIVES THE DlwENSIONS or THE LOTS, STltEETS
.ND EASENENTS CONSTITUTlNC S4W[ "ND TN4T THE LOTS "lID STltEETS SH4l!.
I( KNOWN IT THE HU...EIIt Glit NAWE c;rvtH TO [ACH R[Sf"£CnVn.V ON '041$
PLAT AND TKAT N.W.I. INC., AH .'UZONA. C~TION. AS OWMU:. H(Jt(aY
DEDIC.TES TO THE PUIUC FDR US£ AS SUCH THE ST1tE£TS -.ND EASl:WENTS
.S SHOWN 011 S4ID PLAT AND INCLUDED IN THE AIOVE DESCIIIKD PRENISES.

STATE or ARIZONA

COUNTY DF .....RICOPA

2001-1202172

OFFICI.L RECORDS OF
MARICOPA COUNTY RECORDER

HELEN PURCELL

1212Of2001

BOOK 580 PAGE 30

NY CDNNlSSION EXPlRES:_--,'__·.:::.l"-,,I.,,--o=...::~::;..:... _

NICHOLAS W. ION.A.NNO, JR •• WHO "CKNOWUOC£O Hlws[Lf TO H. TO "[SIOEN1
or N.W.I.. INC.• IN ~IION. COllI'OftATION, .ND otoCKIIOWUDG(D THAT HE, .,NG
AUTHOltIIED SO TO 00, EXECUTED THIS INSTRUNENT FOIl THE PUIlPOSES HUEIN
CONTAINED.

IN WITNESS wHEAEor, I H[IIt[UNTO $(T WV HAND ANO OfnCIAL SEAl.

THIS IS TO CERTIFY TNAT THE SURVEY AND SUIOIVISION or THE PRE"'SES
DESC~IIED lND PLATTED HEREON WERE .....DE UNDER "Y llIIl£CTIOII DURINC
THE NONTH or .UCUST, 2001, TNAT TH£ SUIlVEY IS TNE "ND COIIPlETE
.S SHOWN: TNAT 4l!. "ONUW(NTS SHOWN otoCTUALU EXIST OR WIll. IE SET
AS SHOWN: THAT THEIR I'OSiTIONS AIlE CO,",ECTlY ~N: AIIO TNAT S4ID
IIONUNENTS ~E SUffICIENT TO EN41U THE SUIlVEY TD IE llErERENCED.

IV; ~H~.T~Uto I/IZlkf l

STATE OF AIllION. I
IS·S.

COUNTY DF "'~ICOP. I

IEFO~E NE THIS~ DAY or~, 2001, THE
FOll.OWING PERSOII APPEUED urOllE 'iil.~~NOTARY
PUllIC:

ACKNOW~NT.

t. NO STRUCTURE or .NY KIND SH..ll. IE CONSTllUCTED ON, OVER, OR
PLACED WITHIN THE I'UIUC UTIUTIES E.SENENTS EXCEPT P.VINC NOll
ANY PLANTING EXCEPT CRASS. IT SHAll. IE FURTHER UllDEIlSTOOD
THAT THE CITY or PHOENIX SHAll. NGT IE REQUIRED TO IIEPLACE .NY
DeSTRUCTION DR PLANTING TN4T NUST IE IIENOVED DURING THE
COURSE or N.,NTEN.NCE, CONSTRUCTION, Oll llECDllSTRUCT10N OF CITY
UTILITIES.

10. THIS PROJECT NAS ADDITION41 CONDITIDNS or AI'!'ItOV41 (DESCRIIED IN ..
AGREENENT AND/OR DESIGN llEVlEW D1VEIlSITY EXIIIIT ON nu WITH TNE
CITY or PHOENIX D£VELOI'WENT SEIlVICES DEPARTNENT) WHICH WUST IE
S4T1SFlED PRIOR TO INDlVIDU.L IUIlDING I'ER"1T IlEUASE.

4. STRUCTUlIES .ND l4NDSC4I'lNG WITHIN .. TR14NCl! ll[ASutllllC SS' X
.13· ALONG THE ,ROP£ITY UNE$ WILL IE WAJNTltN[D AT .. w.x,wuw
H[IGWT or ,',

5.• NINlNU" 20' SET14CK (II' IF VERTlCAu.Y OPENIlIC C~"GE DOORS
.RE P~VlDED) WIll. • PROVIDED ntOW 14CK or SlDEWAlJ( TO F.CE OF
C"UCE DOOR.

6. UCH LOT CONSTITUTES A IUllDtHC [HVlLOK AN ACCESSORY USES AND
ST!llJCTURES SUCN AS I'OOlS AND PIllV.CY WAu.S ARE I'ERNITTED EXCEPT
AS OTNEIlWISE IIECULATED IY DTHER CITY CODn -.ND OIIDtN4NCn.

7. ON-LOT RETENTION FOIl THE LOTS IN THIS SUIDIVISION NUST REN"'N IN
PERPERUITY. .UERNATIOMS TO LOTS, INCLUDING, IUT NOT LlWITED TO
HOUSE .DDlTIONS, SWlWWINC 1'OOlS, OIl ACCnSOIlY STllUCTUllES Sl44l!.
NOT REDUCE ON-LOT RETENTION I'llOVlDED ON EACH LOT. THIS ...Y
INCLUDE REIIOV.L OF SI'OILS RELATED TD COIISTllUCTlON OF "NY TYPE
ON EACH LOT.

8.•DDITION.L INDlVlDU.L LOT REQUlllENENTS (I.E. SETI4CKS, nll.
EUV.TIOMS) .~[ LOC..TED 011 THE APPROVED SUIOIVISION SETUCK
EXHIIIT.

1. D£VELOI'WENT .ND USE or THIS SITE WIll. CONFOllN WITH 4l!.
.PPUC4lLE CODES AND ORDlN..NCES.

2. THIS P~JECT IS LOC.TED IN THE CITY OF 'HOENIX W.TER SEIlVICES
UEA lND H4S IEEN DESIGNATED 4S HAVING AN ASSutlED WATER SU'PLY.

3. AU. NOt 0111 RElOCATED unUTIES WlLL. IE M,ACED UHDtItGROUNO.

GeNE..AL NOTI!'.

NWi, INC.
17235 NORTH 75TH AVENUE
SUITE r tOO C
Cl!NDAU: A~IIONA 85308
TEL NO. (8U) 878-8500
FU NO. (123) 818-0255
CONT.CT PE~SON: NICHOLAS W. 10N.NNO. J~.

OW""'DI!VI!LOPI!".

ACRE
NON V[HtCULAJit ACCESS [ASEW[HT
RIGHT-Dr-W.Y
TOWNSHIP 4 NORTH
WleE S EAST
rOUND
PUlUC UTlUTY EASENENT
lIARICOP. COUNTY llECORDS
SECTION
CORNER
TYPIC"L
FOUND IR4SS C.P
FOUND 1/2· REB.R
WONUWENT UNE, EXISTING
IUGHT-or-WAY. EXtsTINC

EASEIlENT IJNE
IIt4SS CAP IN HAND HOLE
SulOMSlON IOUNDARY

~~~-~o~~~{rOf'ERTY
IIt4SS C.P TO IE SET PER
"'C 120-1, TYPE ·1· OR
AS NOTtO
SET 1/2· llE14R w/c..P
RLS. No. '1'10

LOT NUNIER

.C.
H.V.... E.

R/W
T.4N.
R.3E.
nm.

P.U.E.
N.C.R.
SEC
COR
(TYP)

@
o

i.C. IN H.H.

LI!QI!ND.

UI!A'.

G~SS A!tEA:

104,213.5321 S.F. = 2.S04S AC.

NET ~EA:

11,'18.7041 S.".• 1.6051 AC.

aAlIi OF IlEA....o.
THE I.SIS OF IEARINC rOR THIS PLAT IS THE
"ONUWEI4T LINE or 87TH "VENUE, N 01'13'22· E
PER THE PLAT OF ....ItYV.LE TERUCE NO. 27 AS
RECDRDED IN lOOK tt, PACE 16, RECORDS or
"ARICOPA COUNTY.

rOUND CITY or PHDENIX iUSS C"P IN
H..ND HOLE AT THE INTERSECTION or
87TH AVENUE AND INDI"N SCHOOL RO"D.

[LEVATION '"" 1010.1' - CITY or PHOENIX DATU"

NNCHMA..K.

I

I
I

I
I
I
I
I
I
I
I
I
I



2
IHflT .2. OF ...L

z:ww. Wf; RLS
""18118) rf: RBA
QIffOCRl 'f: RBA

......., '"=20'
AUt; 11 12 01
Jt»,.,. 00-24

C»
CO
N
0
0
0

•~c....
~

CO
&t)
'P'"
N
0
0
0

•>
W
Q
(I)

N--•,....
'P'"

•(I)

0..
CO
CO
CIf)

•0
0

•
40 C

>i S2
20

,"=20'

20 0.....-SCALE'

FINAL PLAT

LOT NUholBER

RECORD
~EASUREO

RIGHT-or-WAY
TOWNSHIP 4 NORTH
RANCE 3 EAST
rOUND
H.AND HOl!
PUBUC unUTT EASE~ENT

W,i,RICOPA COUNTY RECORDS
SECTION
CORNER
RADIUS
lENGTH
DELTA
TANGENT
DOCKET
BRASS CAP IN HAND HOLE
REGISTERED LAND SURVEYOR
SUBDIVISION BOUNDARY

~2~~-~~o~tmROPERTY

WEWEHT UHE
EXISTING WONUtrrotENT LINE

(XISTlHG RIGHT-Or-WAY

EXISTING BRASS CAP

EXISTINC BRASS CAP IH HAND HOLE

BRA.SS CAP TO 8E S£T PER
WAG 120-1, TYPE -8- OR
AS HOTED
SET 1/2" REBAR W/CAP
RLS. Ho. 16490

.e20 N. 18"" sTJUT, SUITE 108 1IHCIEMl(, A.l 1!lO18-'141
(802) 27t-7JJt - fA:1. (102) 2~1108

(-mol - ethlrtoneq-.t.net

~
ATHERTON ENGINEERlNG, INC.

CI..t Engh.... ond lCWld Sunoe)Ol'1

03;36 PM

HEATHERBRAE ESTATES
67TH AVENUE .t IlEATIlERBRAE OJUVE

PHOENIX. A.RlZONA

,~'

LEGEND.

o
(R)
(w)

R/W
T.4H.
R.3E.
fND.
H.H.

P.U.E.
Il4.C.R.
Stc.
COR.

R
l
A
T

DKT.
B.C. IN H.H.

R.L.S.

2001-1202172

OFFICIAL RECORDS OF
MARICOPA COUNTY RECORDER

HELEN PURCELL

BOOK 580 PAGE 30

12120/2001

CORNER Of SUBOIVISION
BRASS CAP 10 BE SET PER
WAG 120-1, TYPE '"B"

33'

R/W

I
I

I
I

I
I

,

I

I
I

~I
~l

-,
65'

R/W

____C!-MPBE~~ ..VEN!J!L

~N~i.B go~~ SHrr H I
T.2N .. R.l E. I

I

S e- "
;" 65.00 R W....

ILl=z
I ILl

I >c
~I :z:.. ,

to-
I .... -..

CD;:::
I 0

~ ~

~

"V.N.....£.

0.1 :l..
N 0:

~I .
N
N
;.,

-
65' z

33'
R/W R/W

I
I
I

~,-'".SUBOIVISION
fND, I.C. flUSH

I
I
I

fND-:C-~ J
I

40' ss'
R/W R/W

SE COR. SEC. H
T.2N., R.l (. INDIAN SCHOOL

CORNER Of SUBDIVISION
SET 1/2" RE8AR
R.L.S. lS490

107.85'

141.73'

229.21'

o

140.68'

SLOPE E"SE~EHT PER
DKT. SS-&2Ull, W.C.R.

S 89'46'25" E

393.42'
DRIVE

S 3S'30'SO" W
0.25

S .18"30'50· w
0.25

I
s'

.U.E

"0
o
g

25'
R/W

2S'
R/W

fNO. B.C.

R=SO'

>a:1

°1
I

I
1

I
- I..
~I

I

I
~)

~I
01

~I
CD,

25'
R/W

.,..
,;
N

r
CORNER or SUBDIVISION
SET 1/2" REBAR
R.L.S. 16490

137.90'

136.99"
S 89·.6'2S" E

®

S 89'46'25" E

o

164.10' HEATHERBRAE

"o..

o
o..

.,..

.,;
o...

o
o..

CORHER or SUBDIVISION
BRASS CAP TO BE SET PER
WAG 120-1, TYPE "B"

HlllCRAf"T VilLAS WEST fOUR
BOOK 1.3 or MAPS. PACE 15. M.C.R.

Q
W
>o..
:>
VIz
?

------'---

't: -~,-
- fND. B.C. flUSH

_._._-------------------------.:~

-.-.-.------ =",...".----------------------------------- -"==!.\<.!!~!&!1<"~M!.5"!!N.!.I ,
~~~Nl[;29rRiBu.9.f~
R.L.S. 16490
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I
I
I
I
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I

I
I
I
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OF i\i''\RiCOPA COUNTY, ARIZONA

fIR lk 'W .'1 Q2 R rder
HELtir'PlJRCELL, ~Uiity ,eeo

__ PGS HL

c=--=.:-...:.mca;::o-=----~

"-,'....-
'.''''Y'- ~ ..,J.'"

....... 8-2-212
---......~.-

~.-----==:.J

Ii, '''''1 ',url#,' "'
",,, II)' "r"lI" ,,,i,,110j'

.... JANUAilY. 1968

C.. Mk.... • jSt... .....'

SALT IIVEI VALLEY WATEI ISEIS'ASSICIATIOI
'Inili•••11...

GRANO CANAL RIGHT OF WAY

SEC. 24 T2N RI E

SrATE or AlllOIA I
COUlrr or KAlICOIA S. S.

O. lAil, n,..!.!:.'I'f ,1Jo""rljr, IJ8' "I", ., Ii,"/,,.i/,,' .,lIt". ,,,,,,, I, ,,,,,,,, JoIrIIu._
,,' ftJvlo. RiC/! r" ,tA"r/,i", 1i,."I,,, I, N
'rUli,,1 III Su"'",, ,,,,ttli,,,,. ,I fi, S,II
Ii,,, r,II,.! r,I" VUfI' Jtlltl,II" '" Ii" Ii'f.
" IItI ,ff/,,". r",ull"", '"" "I)' IIfltrllli
t, I, i,. lIu,I" n, I"".i" 1"1".,,f I" Ii,
1"1'11' fi,,,,., t"I,I,,' I, '11'1'1 ", "., "
fl' t",,,,'i,, ,)' 1i,."III' " ,ul ,fflUft
,,,,uII,,,, .

/I "Mrss_'!ElUf: I Atrmf, ", ., I", "' ",1

~. eJ-. tt-=

SfATf or AlIIOK) 1
COVA'rr or KJlICOfA S. S.

UOI All KEK 8! THUf fluurs:
TAil IJI SillilY" rlilif "1,, USlrt' Jlluilli",
I' Ari"" C",,,,Iill, A""f ,vUidli nit ,1"
th.rl,! lA, riphl If IrIf "tullrf I" lA' II''''
lill "' .",I",u, ,1 n, ,r",,'

GRANO CANAL
INSEC.?4 T2N RIE

G. 8. S. R. e. 8. AI.
Slil ,111 Ills III tA,r ,,1 il it III n, I.,,,·
lill I, sA,r " "1,, I, III rilHt ,1 rlf ",
,,/hi. lultu,I If 0' U,il,I Sllf,s.f A."itl
"' lllfA" fA, ,utili" " ru"11".,, ,I till
,111 IA,11 flull I' " t"tll"" II' li.l"flil
" ,n" Ils,1t11 I. rA,I, " i. ,,,', ,1 II'
rlpU. ,f rll" ripAlt rAid I" //tIil,1 Sf"11 ,I
A."i" it ,,1iI1,1 I, ,Iilill " "I"u,
II IlTlfSS IHUfOf: rh S,lf II~" rill" r""
US" s' As"tllll" Alt U""I, u,.,1 lis t",,,,,,
,,., I, I, tll,,1 III iI, tll",," tul f, "
,IIIJI' " n, "/'tlIJ'" ,llluft """." 'vlf
"IA"I"I IIltJ.!.!...../" ,/J_.. • J.18'
~r IIru fA[ rr rl PSO ar(.rssmIT/II.

04111$1,~ '/ - Ji_
Su"I'ff If i'",

N

71.16 COlt.
FD e.c. flUSH

174.«1'

to..,.,'

.....-FO e.c.JFlUSH

DR.

UGEND:

• INCMCAT[S 1/2- IItEUA • SJII.'- CI#

• If«»eAT[S I"ClNT fICT so

o UDCAT[S WTTOH ,tOC'Ot $l'1NOU CC.'.S.i
lH.£SS IOOTtIl

....un...,1..[ T~&CI: 110. ,. ."0.
tilt. -0·10

~.
'"

f
EI/"COR.~24

FD a.C, FLUSH

~~J:---~~-""'-...oo---<r
,w.
~ .... ~
~~
;;

RO.

~/" COft,
fDU F1.LJSf1

M.UtfYALl

T[II.Act Il1O."
Me_ 1UH2

CAMELBACK

DETAIL "AM

DETAIL "e"

~ l- ~----
I "41-..'08 W

St,.&O'

f.lW COR. SEC. 24
ro B.C. IN H.tt.

I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
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slIr V.tf 't.lerlll-d 611 d
.j .nrulllll Ivrill;

/f

/,/1,

flllt"

tr~gts;ert6 Limo SiJr-Yeyor

lhls is 10 etr/ill Itll!
,16/ltl Alf41H "S .6II
1111 .Mth .. 4f),./U-uI.._,P,
./ ../' ./ / ,-:l .:" ..7:

STATE PF ARIIPNA 1
CPUNTr PF NARICOfA j S. S.

tKPI' ALL KEf 8! THESE fHESEKTS:

T/l61 Ihe S611 Riyn Y611q '61" US."·S' Associ61in,
OA AriloA6 Cuponlioll, llu,bf pvb/iShtS Ihis plol
sho,ing Ihe r-igll! of '6f AUISSQff for I/lt OpU6
liu OAt! ;UIAfluUI of lA, ''''ulIl

GRANO CANAL
IN SEC 24 T-eN filE
. 68.S./188 AI:

SOil plol dou Aol sho, 1111 il is n'ol the iAtn
lion 10 s/lo, or flflr II 6ll ri;M's ol '61 611'
ri;Ms posusu' bl Illi Ulliftt! Sloits of Afurico
OAI nli/liu lli,t IlIcuNo'll or r""Oft!olioll oi ui'
pl61 Sll61l rnull IA or e#llslflvft 6A! dilJlAvtlon
or ollin dispOS61 If! ,1I'llt Ir ill purl, of q'AI
ri;lils 01 ,6/ #f righls illiell IIJi UllilM S16.t1S of
Allltric6 is tAlitlld 10 ~/i/ij, ir tnllict.

If ,iTIESS 'HElEN·: Till tin /llvn Y-611tl 16ft{
User s' Ass'#ci61J0II !i.os ti.lr.i.IiIl(4 egils,d lis cupu611
f!Q:fIII 10 bt Si/Ald '''' /I's corporllt sullo 61
6ftilll bf tlie. "A:IITSI/IIM ifflclfs !lnlllnio t!ulf
6vl/lorlul Ih7s 31:~ 16)' oijil;'!"!<~4, j~8!J.

J /i.-SAIf MER f'H(t.j ·"nTf.!, USfK,s( A's,SPCIATIPK
AllIII ,a......4.L~ i, -z).!J((;f1 . { ..J-el"-\;'~;··l ;.

SUfelorf priM,,,!' i..

C~.dt~ ,~ .....\ _.1 '{f. ,~'. '1:.:."..l../
Sco'. 1"'.800'

SALT RIVER VALLEY WATER USERS' ASSOCIAtiON
pililEliII...!ZOIlA

GRAND CAN-AL RIGHT OF WAY

SEC. 24 T2N RIE

SUTE PF ARIZPNA 1
cpdKrr Pf ~AKt.Cm s. S.

On fhis, 11i.l. g1:"1'1' ,f J,l.".,.if-'I, l!8:P btf'{-l.' lilt
uAdn s./.flll.d ,fflur, "alllnil I,.pUrI; Joitn k. UiS$en
ond Povl aBlee ,ho nk",I''-ltl 1~!MlllY" tl it
fr.uNeAI .I1M SHfllqrf ,. rllnchi',l.!, If till Sill
Kit'lf Y#/I,1' ..'01" US'lf-S' AS$I'cllll'lI IAI IMI Ihlf,
6S svcll ',fficirs, {I'SpUN",I!, IIIAI Ivlf iluillorlud
SA to 'JIo, tuevlll III I fort.gltn; IlIstrv.I.III for llit
pilr/lslS fhtflill NIIIlJ.lllld 61' s//II(1I1 fill 11"-'/1 If
Ih.e (upoN/hoA bl Ihl",S1lvl$ os si/ch offlcus
resjJtr:liYf/)'.

-_7'-·7K'-:f~~r;:'~77«rc'lim'tuo",,,,,.r11(;-''8~1rl.i'U"Se61

Noloff Pu'Mc

JI)' c,iIliTJi'$siM Uptrts ~~~"""'~_-;-,-
'.!- "r. .' ~:./.:.~,.:-~~ i

L.. __: ·./-~.~L:L~_.,~:~ t.'~~~

N

.. ,

16' OAA'HAGE w"l
C'T......OF PHQUm:

w
>.<t

.'"'
- ..... -11') :~

LEGEND:

• INDICATES 1/2" REBAR a S.RP. CAP

.. "'lljl(~ATES POINT NOT SET

o INDICATES COTTON PICKER SPINDLE Cc.P.S)
UNLESS NOTED

frllAFtYVAl:[ TERRACE NO. 26 ,AMO.

NC'R 9O~'IO

HEATMERBRA£

~f:HOOL

o-- -L__.l.-_~N8:::9;;:04~5;_;'4~8~)'W.::..-----------~-108.92'
/ 2641.28' \

,16/l6,c6ll.J HEATHERBRAE DR.'\.... 7/16 COR

·FD B.C. FUJSH FD B.C. FLUSH

,.....fty ....AL(

TEftRACIE folD, 34

NeA 120-12

SUHSET MEAOOWS (AEPl..:AT)

NCR 22~- .. e
~....
<0

/

EI/4 COR. SEC. 24
N46=~~~~"W Fe B.C. FLUSH

L- - -- -- -- - """";;/JJ~~6rii<\'i.i"i<:::'<::i'----~--~--"":S~B?"5~.~9i'·2~S.~"E~ .Q

FD.• /2"REBAR W/CAP~'-' 2233:35'
#12216

CENTER SEC. 24
FO ," BAR

DETAIL "A"

DETAIL "B"

w
>
<t

(ASSUMED) WEST l
50.0" rl

CENTER SEC. 24-.l

r
SE~. ~~TAIL

NW COR SEC. 24 \ CAMELBACK /NI/4 COfl. SEC 24
FD BC. IN H.H. C\ r17940' RD. FD B.C. IN H.H.

'jl«T/~ ~N:.::B=::97.°30:4:_:·34~"E=-----------_,__-__<>
I 2423.73'

I
I
I
I

~
. 541°.41'49:'[

. 126B,08
I

. I
I
I
I
I
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I
I
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I
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Return to: Maricopa County
Board of Supervisors

Dn2E(O!~ r.A;1l~.iJ EASEMENT

lJ:lt~d this.

,
-"

T·) han' and to hold the :w.id casement and right-ot.w;:y unto Ma.dcop::l County. ajOliUCaJ suLdh'i!'ion of the Sta\(, cd Ari7.on'l
aild unto it~ s.ucrcssurs and assign.o; for,=vcrl togeLher with thC' right of ingr(':.-s 8J'l egn"'~ to permi.t the eeonami<:al operation
tllal m~inlenance of said public highway ana all in('id~l~h thereto,

,\nd th~ Grulltors hl·rcb~· ('ovenall~ that Lhc~' art' Ja\Yfllll~1 seized ond possessc<1 011 thi~ aforementiuned trUl'l or parcel of
1~llld: that they haVl" n good ann lawful right to sl~lI and l'Ol1vcy it~ that it is free fn~rn "Ill encumbrances: and that thc;\" will
wl'rr:ml the titlr. and quiet pfmsC'Ssion thereto against the lawrul claim of aU )JC'I'sons,

'l'hl.' ~ajd ('.::as~ml.ml to include the .t'iJ!hl to cut b~ck nnrl trim sueh portion of the brnncht:s and tops 01 the trec;:-;. now
~)'n\\iinJ.: 0" that n1SY hCl'carter grow UPOII tlw above rlcsnibl:d p,'emises. as mC\y extend over said riHht-oC·wG).', sO a;o; to
pn'vl~nt the samt' from inlcrf(!rinl! with HlP r.fficient mainten:tncc nnd opcrn.iun of S-c1id public hi,:!hwa~·,

III HI(' t'vcnt the right, privilege .Dud case:n1cnt hen'in gnmted shall be abandont'rl and pel·mancntl~· (:c~sc to hr· u::;C'd :Ol'
thL' purpose h~l'C.~in granted all rights here'in Rrilnkrl sh;lll cease anri revert to the gra\)lOl's, th~ir hf'in:: nr Bssi,~ns.

WhCl'l.'VlH' in tht~ fore~oin~ instrument the plural is u!o>cd it win be I'l:'au as singu}al'. and when necessary. and whc:rel.·~r
,".,)n:h: indicatin,5!; gender are employed, they wilJ ~pply 10 either mascul!l1l', feminine' 1)1' neuler l!:: the context requites,

-----_.-.__..--.-_._..-.

S ix t e ('n ( 1(,) f P. e t 0 f f the ~ 0 11 t h \'i est s I cI e, ;> ..: j ace n t tot h" (; rn n <I Ga na I ,
and the South Sixtv-fjve(b~) fpet of that part of the Southwest 011"
I} Uart e r (S W11) 0 f Sec t ion N j net e e n ( I'l ). To IV n s hip Tw 0 ( 2 ) No r t h. II a n 9 e
T IV 0 ( 2) Ea s t 0 f the (; i l;j and S'I I t II j ve r Bas e a n tl ,I e r I ,i I an. d " s c rib e II
''15 fOJIOWS:' CO~IMENCll\(; at thp ~:outhl~p.st corner of Section 1'J: then~e
I::a s t 1317. 30 fee t a J 11 n 9 the ~-. 0 u t h 1 j n Po 0 f Sec t jon III, to a pOl n t IV h !c h
is the intersection or the SOllth I ine of Section J~ and the I\~rth rlght
of-way line of the t;rilud Canal <Inc! which point is the true pOInt of be-
\! inn i ~'!l. the nee Ea 5 t 2 :10 • :3:2 f " eta I \> n9 l he:' 0 I' t h lin... 0 f Sec t 1 \> n I ') ;
thenc,~ ~urth 515.00 feet; thence West 77·-1.44 red to the North right
of-\"ay lin(O of the (;rnnrl Can:,l; thencp South :)';0 47' 27" gust, 189.20
feet;· thence South .\')0 50' .:1~" East, :~50,()O recti tlml:" South 46 0 5<)'
10" E:lSt, 211,1.:1 r"pt to the I.rllc point of beginllin(J.

far and jn con~ider;}tjon ot the sum of One Dollar and olhcr VC\lll~bJ~ considp.I'ation, rccciot of which is lwrchy acknowlcdgtd.
do he,'eby gront to MARICOPA COUN'l'Y, a political subdivision o( the Slat" of Arizona, its successors ond assil:ns, 0 pcrm.nent
e,<cment and right.of-way, for the foUowlng purposes, namely: The right 10 enter upon tho hereinafter d{'scribed lond and
grade, level, fill. drain, pave, build, maintain, repah' and rebuild a road or hif!hwa,,\', tog("thcr with such brid~c,.. culverts.
ralltp~. 3r.d cuts as may be necessary. on, ovcrJ under. and across 1he ground l'mbraced within the ri~ht-o!-way siluiJtcd hl
till' Count)! or Maricopa, Slate of Arizona, and described as follows:

STATE OF ARIZONA, - }
~~rico~ ~.

Countyof_ .. (1' - -~~..,r- ~)7 7- . -

Before me-, '(((j.' illL_"".:f· _..:.···--o::·l~_' Ct.2...V .__ , Notary Public in and lor said Counly,

State 01 Arizona, on Ihis day personally appeared _.~.i!l~':"._ Sills ..~ouglas S.... '/ance _

_____. known to me to be the perscr;lwhose name~_~e .. ..__
President and SecretarysubscrIbed \0 the foregoing instrumenl 05.._. . . ._.

ClI··the'. Corporation described in the [oregoi,,:;) inslru",,,r.1, and as such-.-~ . _

~c~now-l.etiged 10 (Ile Ihal__ ......1.h~_executedthe same lor said Corpora lion, for Ih'3 purpOS'3 and con·

6idePQti~?· th::-ein· expressed, as Its free acl and de~ ~nd. ~~ each 01~ vollll1,1Jrrily execUled.

~Iven tlnder'my hand and seal of ofbce, this-.:..~_l-rlCI'f of~.t'1.. 1'-.. _ -A,D.. 19 .59...
." ' , .J..'{ ~ JJ

..:-- ,,\.~ ':<'\' ·?JJdtq~ i d-e/ /(/0 i !£w.( ~ .-{' ~b".,-f~~~ptiliii~
(My CommissIon Explr L::. I .. 11
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For the consideration of TEN AND NOIIOO DOLLARS, and other valuable considerations which is paid to an
accommodator pursuant to a 1031 exchange, I or we,

I
I
I
I
I

Recording Requested by:
FIRST AMERICAN TITLE

When recorded mail to:

Cholla Academy DBA Westland School
Kathy Couch
4141 N. 67th Ave
Phoenix, AZ 85033

'd( J
.;2 O'D ' trO-O . / 2f( 03':;-'

Escrow No, 293-019-149477

Unofficial
Document

WARRANTY DEED
(without liens or encumbrances)

I
I
I
I
I
I

SKIP SPENST, husband of SANDRA L. SPENST, dealing with his sole and separate property;
JOHN L. ZAIGER, husband of VIRGINIA ZAIGER, dealing with his sole and separate property;
BEN LaPARNE, husband of JUDY LaPARNE, dealing with his sole and separate property;
JEROME CHOCEK, an unmarried man

the GRANTOR
do hereby convey to

CHOLLA ACADEMY, an Arizona corporation DBA WESTLAND SCHOOL
the GRANTEE

the following described real property situate in Maricopa County, Arizona:

SEE EXHIBIT "A" ATTACHED HERETO AND BY THIS REFERENCE MADE A PART HEREOF.

SUBJECT TO: Existing taxes, assessments, covenants, conditions, restrictions, rights of way and easements of
record.

And the GRANTOR does warrant the title against all persons whomsoever, subject to the matters above set forth.

DATED: June 22,2000

I
I
I
I STATE OF ARIZONA

County of Mohave

)
) ss.
)

On b-J.).. -oqbefore me, the undersigned Notary Public, personally appeared SKIP SPENST BEN LaPARNE,
JEROME CHOCEK , personally known to me (or proved to me on the basis of satisfactory evidence) to be the person(s)
whose name(s) is/are subscribed to the within instrument and acknowledged to me that he/she/they executed the same
in his/her/their authorized capacity(ies), and that by his/her/their signature(s) on the instrument the person(s) or the
entity upon behalf of which the person(s) acted, executed the' t.

I
I
I
I

WITNESS my hand and official seal.

My Commission EXPires', L
t)"D"OI

Notary Public
!:lo __ ~~

Qj:FICIAl SEAL

ROSIE n. MESISCA
NOTAllY PUBI.JG.ARIZONA

MOHAVE COUNlY
~If Comrn. f..rpi,cs OCI. 6, 2001
~~



20000500786

)

) Ss.
)County of Mohave

STATE OF ARIZONA !;~~~

:::~;~
I.....•·

On 6·-zz~efore me, the undersigned Notary Public, personally appeared SKIP SPENST AS ATTORNEY :~:~j
IN FACT FOR JOHN L. ZAIGER , personally knowl1to me (or proved to me on the basis of satisfactory evidence) ,:~,.:,

to be the person(s) whose name(s) is/are subscribed to the within instrument and acknowledged to me that he/she/they
executed the same in his/her/their authorized capacity(ies), and that by his/her/their signature(s) on the instrument the
pelson(s) or the entity upon behalf of which the person(s) a~ctedexecuted the instrument .

WITNESS my hood "d off,,',1 ",I S~1~
My Commission Expnes: ~~~y_.~UbiIC

JO ra '() / OfFICIAL SEAL

ROSIE R. MESISCA
NOTARY PUBLIC-ARIZONA

MOHAVE COUNTY
~~ Comm. Expires Del. 6. 2001

I

I

I
I

I

I
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I
I

FAT-AZ6051S (Rev. 12/96)RRM
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20000500786

EXHIBIT "A"

SECOND AMENDED
NO. 200-000-1281035

A portion of the Southwest quarter of Section 19, Township 2 North, Range 2 East of the Gila
and Salt River Base and Meridian, Maricopa County, Arizona, more particularly described as
follows:

COMMENCING at the Southwest corner of said Section 19, said point being a City of Phoenix
brass cap in handhole;

thence North 01 degrees 13 minutes 22 seconds East coincident with the West line of said
Southwest quarter of said Section, 376.98 feet;

thence South 88 degrees 46 minutes 38 seconds East 43 feet to the East right-of-way line of 67th
Avenue as recorded in Docket 11967, Page 601 of M.C.R. office and the TRUE POINT OF
BEGINNING, said point being a 1/2 inch iron bar with bronze cap stamped LS 11121;

thence North 01 degrees 13 minutes 22 seconds East coincident with said East right-of-way line,
10.00 feet to a 1/2 inch iron bar with bronze cap stamped LS 11121;

thence North 88 degrees 46 minutes 38 seconds West coincident with said East right-of-way line,
7.50 feet to a chiseled "+" in concrete sidewalk;

thence North 13 degrees 09 minutes 31 seconds West coincident with said East right-of-way line,
10.07 feet to a chiseled" +" in concrete~m~owa~l'I..;

thence NOlth 01 degrees 13 minutes 22 seconds East coincident with the East right-of-way line
of 67th Avenue as recorded in Book 2 of said Road Maps, Page 14 of M.C.R. office, 901.94
feet to a chiseled "+" in concrete sidewalk;

thence leaving said roadway right-of-way South 88 degrees 57 minutes 24 seconds East 109.57
feet to a 1/2 inch iron bar with bronze cap stamped LS 15925, said point being on the
Southwesterly right-of-way of the Grand Canal;

thence South 31 degrees 54 minutes 52 seconds East coincident with the Southwesterly
right-of-way of the Grand Canal, 470.91 feet to a 1/2 inch bar with bronze cap stamped LS
11121 ;

thence South 32 degrees 46 minutes 00 seconds East 636.45 feet to a 1/2 inch iron bar with
bronze cap, from which an iron bar lies NOlth 81 degrees 14 minutes 30 seconds West 0.39 feet;

thence leaving said canal right-of-way line, North 88 degrees 46 minutes 38 seconds West 712.8
feet to the TRUE POINT OF BEGINNING.

- 2 -
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I
I

Recorded at the Request of:
Chicago Title Insurance Company

When Recorded, mall to:

PUNJAB MEDICAL, LLC
6524 W. INDIAN SCHOOL ROAD
PHOENIX, Arizona 85031

Unofficial ER

Document
G

FORREST M. HILL and CYNTHIA D. HILL, Co-Trustees of the Hill Family Trust dated
August 1, 1994

46Order No: 2210855
Warranty Deed

For the consideration of Ten Dollars, and other valuable consideration, I or we,

do hereby convey to

PUNJAB MEDICAL, LLC, an Arizona limited liability company

I
I
I

I
the following real property located In Maricopa County, Arizona:

Legal Description - Continued

I
I SUbject to current taxes and other assessments, reservations In patents and all easements, rights-of-way,

encumbrances, liens, covenants, conditions, restrictions, obligations and liabilities as may appear of record, the
Grantor warrants the title against all. persons whomsoever.

I
I

Dated: November 18, 2002

ORREST M. HILL, TRUSTEE

~4;.. AJ_~J.:.u..,
CYNT IA D. HILL, TRUSTEE

Acknowledgement of

This Instrument was acknowledged before me this date by the persons above-subscribed and If subscribed In a
representative capacity, then for the principal named and In the capacity indicated.

Date of Acknowledgement 7k, 18 j':J.~

Date of Acknowledgement _

--- ..

}ss.

}ss.
State of_......:.AR=I.::Z.;;.ONA:..;.;. _
County of_~MAR=:.:I.::.CO::::.P~A~ _

State of ARIZONA
County of MARICOPA

Acknowledgement of FORREST M. HILL, TRUSTEE and CYNTHIA D. HILL, TRUSTEE

ThIs Instrument was acknowledged before me thIs date by the persons above-subscribed and If subscribed In a
representative capacity, then for the principal named and In the capacity Indicated.

~----~--------------~ J:~~ OCF'CIAl SeAl •

~ ARNOLD L. PETE~~i;~1 .
~ NOlary Public Slate 01 Arizona I Notarv Public
- • MAHICOrA COUNT'l:A" I 'L_ kty Comm EJp'nl' Jan. 2, mf.l qommlsslon expires: .

I
I
I
I
I

I My commission expires:
Notary Public

I
NOTE; The partlell are cautioned that by completing and executing this document, legal rights, duties and
obligations are created. By signing, the parties acknowledge that they have been advised to seek and obtain
Independent legal counsel as to all mattei'll contained In the within document prior to signing same and that
laid parties have obtained advice or choose to proceed without same. WDP:1!D7/11>/9SJJ!J1

I
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I Order No: 2210855 46

LEGAL DESCRIPTION

I
I
I
I
I
I
I
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I
I
I

The West 150 feet of the following described property:

That part of the Southwest quarter of the Southwest quarter of Section 19,
Township 2 North, Range 2 East of the Gila and Salt River Base and Meridian,
Maricopa County, Arizona, described as follows:

Beginning at a point which lies East (assumed bearing) along the South line of
said Section 19, a distance of 715.00 feet and North 01 degrees 13 minutes 22
seconds East 65.01 feet from the Southwest corner of said Section 19;

thence North 01 degrees 13 minutes 22 seconds East 296.73 feet;

thence South 88 degrees 46 minutes 38 seconds East 40.89 feet to a point on the
Westerly right of way line of the Grand Canal;

thence following the said Westerly right of way line South 32 degrees 46 minutes
00 seconds East 3.29 feet;

thence South 49 degrees 13 minutes 40 seconds East 448.93 feet to a point 65.00
feet Northerly of the South line of said Section 19;

thence West parallel to and 65.00 feet Northerly of the South line of said
Section 19, 389.04 feet to the True Point of Beginning.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

IN COMPLIANCE WITH ARS 33-401, THE BENEFICIARIES OF THE HILL FAMILY TRUST ARE
SET FORTH BELOW

1. JEFFREY D. HILL
PO BOX 4803
CAVE CREEK, AZ 85237

2. CASSIE D. KEMP
525 WEST EL CAMINO
PHOENIX, AZ. 85021

3. DAVID M. HILL
3271 S. VINE STREET
CHANDLER, ARIZONA 85248-3845

Uoot'llclll Dot:umem

ESXl1BU<.../23/0""PS



GRANTORS:

officia
acumen

CHtC,.\GO TiTLE INSURANCE CO~

WHEN RECORDED RETURN TO:
BVB
1819 E. Southern Avenue.
Mesa, Arizona 85204

STATE OF ARIZONA )
)SS.

COUNTY OF MARICOPA)

/) The foregoing instrument was acknowledged before me this / p-d day
o~~ , 1999 by Wilford A. Cardon who is the general partner'{;fDublan, the Member of

Ditta, E:LC. ~:?~
OFFICIALSEAL '-~

Dougas A. Cheesman Not Public
~ilrr'tW NOTARY PUBLIC-ARIZONA

'. MARICOPA COUNTY
"'.4 ;ommJs81on Ex Irea June 1•2000

Ditta, L.L.C., an Arizona limited liability company.
Dublan, an Arizona eneral partnersip, Member

SUBJECT TO current taxes and other assessments, reservations in patents and all
easements, rights-of-way, encumberances, liens, covenants, conditions, restrictions, obligations
and liabilities as may appear ofrecord,

AND GRANTOR hereby binds itselfand its successors to warrant and defend the title
against all acts of the Grantor herein and no other, subject to the matters set forth above.

See Exhibit A
attached hereto and incorporated herein.

IN WITNESS WHEREOF, Grantor has caused this Special Warranty Deed to be
executed this 17'11 day of August, 1999. '

dJ qq !5~Cf8b~JJ .~\\ SPECIAL

For Ten Dollars ($10.00) and other
limited liability comapny (IIGrantor") conve
Limited partnership,.Viel Gluck Limited Pa
Fatto Limited Partnership, an Arizona Limi
(the "propertyll), situated in Maricopa County, Arizona.

I I.
'. ~ .
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19990789148

LEGAL DESCRIPTION

Escrow No. 9915298B 11

That part of the Southwest quarter of the southwest quarter of Section 19, Township
2 North, Range 2 East of the Gila and Salt River Base and Meridian, Maricopa
County, Arizona, described as follows:

BEGINNING at a point which lies East (assumed bearing) along the South line of said
Section 19, a distance of 715.00 feet and North 1 degree 13 minutes 22 seconds East
65.01 feet from the southwest corner of the said section 19; thence North 1 degree
13 minutes 22 seconds East, 296.73 feet; thence South 88 degrees 46 minutes 38
seconds East, 40.89 feet to a point on the Westerly right of way line South 32
degrees 46 minutes 00 seconds East, 3.29 feet; thence south 49 degrees 13 minutes
40 seconds East, 448.93 feet to a point 65.00 feet Northerly of the South line of
said Section 19; thence West parallel to and 65.00 feet Northerly of the South line
of said Section 19, a distance of 389.04 feet to the true point of beginning.

EXCEPT the West 150 feet.

Unofficial Document

ELEGAh6/24/93-MAB
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19741126_DKT_10926_750 14

------Unofficial
Document

In 10926n0750

Ollt' "ollllr ($l. fH) bvrul I'lOney of lht' I.'nitt'rl Stat~s of '-,.,..r!CJl anti oH,.. r

assi~ns rort'Vf'r. all those ct'rtaln tracts ')r parct'ls nf Ian'" t,,~cI~lP,r vi to

the ap,."rtcnanct'$. ancl all est"t .. an" rights of tilt' p"lrty ,,( tilt' first part

in an" to the sar.e. sit'latt'tI In the CO:Jntr of }:lIrleopa. Stl!t.. of .'r!zona.

TO :nT:

I
I
I
I
I
I
I
I
I
I
I

p,nCH, :;'.1, l. Of.Sr.~T "n.lS U:lITETI ?~r.SBYTr:'!JN; (,ir;~r.:I. c.nH?r.:: •.\RI?!J::.-\
'i:E- ;;Ol!t~, ~'l1 f('-et of that part of tnt' ~";Jtht'~s~ (I,nrtf'r
(Sr./.) oC ~f'etlo:'! i"trf'e {l). Township n,,'t' (S) ::·:Hth.
Ranfe fO'Jr (I.) "",st .,r the Gila a"rf Salt ,'{\'f'C case ani
~~rl~lan. Iylr.~ ('-",st of (entf'r line or Scott~!al('- Ro.~

as set (ortn In ~"ok I) of ~aps. rll~t' If. P.ee~rds of
};arico;>a County••\rl2:on~.

F'BliT lr.'IJn:n ?llf.S~"'TI:~B~~ CH'_'~C!I. C'!·\~;r-.:.r.~ ••,~1"1)';'\
lot Fo·Jr (I.) 'laler Ho::oes In t!:t> T,'''n ,.,r r~.n"l'·c. a
s·Jt-·<'ivi~lorl ,,( part ..,r r.toc~ "f" •.,f Ch.,,<'If'r. !-f'Ir.~

part ,,( thf' ~~rth~a~t ftuarter of thf' ~o~t~r4St ~~art~r

t)f Sf'rtio" Tv~nt:t t1.l!ht (2~) T.....·n~~li? Oct' (I) .c:,·j[lt.
~.nAe f(~<, (~) fasl. of tnf' (';Ia an" Salt ?ivpr i3~~

a::(f Mfl'r j Af ~n. ~~ rf C'opa c.):.Jnty. ~,,, i 7.on" .. ('('., ..,!: n.~ 1:0 t :-;, ....

plat of r ..co-" In t~E" I1ffie~ "r t;r ('t)~rlt; ?'cOT~E-r ~f

:~a r j cor~ Count>,. 1\ r j Z·'rl3 j n F:t:)l)!c: ,:, or ~·;a~s. ".II,." "'tt., ..

'l..~ervjn~ all l1it, .~as. f'te. a~ !',·t ,·.,rtn ir. ~"f''' rr.,,,,
l:n;tc<! Slale." of ,\~rjc.. t<> (;'·'Hi'.'· j). ~';t)}'. f ~ aI,
r ..eor"r'" ::~':('''''rr 2. 1'lI.S jeo ~o,~< .~~..) .Jr np..~s. ;,09,. '<·1

fI~sr F~;ITr" F'?.f.c:fTrF::T.~~; Cfn.cl 7~\··:S!'. ('t~·:r>t<":::. ,~'!P"}':,\

r..:>t I~ in t.I"ek llr.~ (I) iro ~:~'it.,;) ..,<, :'"/1,,,,. ace·n"'!'·'. (t)

c:or IIlat t1: .. rPJf "C rec()r<l in t~:(' O(filr or t:lf· C'~:'lt;;

~('cor"'~r or thp ()OJr.ty 1)( ~<ar!('"Or3• .,'ri'-\Jr.,l) fn ?:'t\)!< ~2

.,r :·;ars at I'a~~ 1) t;,.'rt'Jr.

~·.T!I !,~l)i'n:.rl' 31:1''(; Si.!"~CT ro:
(1) ~"~'Jlatio:'ls al'~ restricti,.,; .. i,...p,,"'·" ':.'3:>\' l'll!ln:'li"'~

a,lh"Tity.
(2) Til(> pr""ls:o:t,o; or t!'tat e~rl09in ~·'4IH ~i7"1 reeor"""

,':1 S<,!,tf'Ill"f'T S. 1917 i:'l P.o:)k r. .,r !···Hf'r r::ir:llt
Aprtication 'It pa"t> ~1 t':ereo(. r.....nt's :.r :~IIr;r"r"

Co mlr. ,\r;2:,.,04; Mot"f' ror t:lt' l'url'o"(O or .)' lainj",;,
II Vctt .. r rip-"t "' ...·(Or t~.t' '\(Ocla"'.att,,;· I.~s ." Il,fO
l:ollt'.1 <:latt'!" or .\::'f'rlca. for all 1~41 r3rli.'):l rtf
In.. w/thin "f',o;cr!"~" :-ror.. rty ~ .. t f"rt~l ;,~ 1'4itl
arr1iel!lt io:'!.

(1) 1.f4h; 1 it if'!t an·! 01·1 i~at!""l !r.('j"~"t t., h~'

Inel",o;i,l:1 •• r (~.~ ,dlnin ,... ,.c .. n·......r·",rly '''l I:",
I;~ai"..;:~ "i:01 rlcl ':,. t.

t.
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PARCF.L ~l(). S.

PARCEL ~;O. 6.

PAR-CtL so. 1.

PARC£L ~i('. 8.

PARr;:L !\O. 9.

(4) Restrictions as set forth In Instr~nt of r~ord,

executed by P. G. Chitwood and Pat rleia Chitwood I

dated ·Fe~ruary S, 1952, r.cord~ February 6, 1952
In Oocket 871 at Pa&e 503 thereof, records of
Maricopa County, Arizona.

(5) FHA Kortll:ajte to the Valley national Rank. nov of
record.

CII:RCH OF TIIF. MASTER UNITF.D PRESBYTF.RI.\!f CHURCH, MESA,
ARI7..oNA
The N~rth 834.13' of the West 1070' of the F.ast \ of the
NF.~ of sectlo~ 24. Township I North, R.nge 6 East of the
G&SRB&K. Karicopa County, Arizona. Also, the parcel
adjacent to the south. which is letally descrl~cd as the
S~Jth l7n.72' of the ~rth 834.1)' of t~ ~est 470' of
the East \ of the NE\ ~f Section 24. TI~, R6E of the
G&SRB&K, I1IIrlcopa C~unty, Arizona.
EXCEPT the West )0: the North 5S', and the East 30' for
r~s.

FIRST If;IIITEO PRESilYrERIAN CmmCH, MrS,\, ARI7.0:t-\
South Half of the South Half of the l."est Half of the
Northwest quarter of the Northwest quarter of Section
TWenty Three (l) Township One (I) ~orth. Range Five
(5) E.st of the eila and Salt River Base ar.d Meri~lan

Maricopa County, Arizona.

SKWAY VILLAGE. MESA, ARI7.0AA
Tract "8" Skyway Village. Unit 1\10 (2). according to
the plat of record In the office of the County Recor~er

of Maricopa County, Arizona in Book 99 of !".aps, Page 26.

FIRST ImlTEO PRESBYrERIAN CHURCH. i'EO!HA, ARIZO!IA
Lot Sine (9) and the North 37% feet of Lot Eight (8)
Mendenhall Manor in the Town of Peoria according to
the plat of record in the office of the County Recor~er

of }~rlcopa County. Arizon_. Book 49 of Map., Page 42.

BETMHA ImITEO PRF.S8YTERIAN CllURCH, PKOESIX. ARIZONA
Lot One (I), Three (), ,Ad Five (5) on Block Two (2)
in Hampton Place according to the plat thereof of recor~

in the office of the County Recor~er of MAricopa County.
ATizonll. in Book of naps )1 thereof.

BETIL\NV UNITE!) PRESIlYTERIAS C!lUIlCH. pOOE:nX, ,\P.17.0l\A
~EglnninR at the Northeast corner of S~ction ). Townsh;p
2 North, Ran~e 2 F..st of the Cila and Salt RiVEr BaSE
and Meridian; thence South along thP F.ast tine of sal~

Section) a distance of S86.4~ feet t~ the true point
of ~eglnning; t~nce continue $out~ along sa!d sectio~

line 6~O.46 feet; thence South 69 degrees 26 minutes
IS secon"s <·:est 98 feet; thence S.,uth 12.44 feet; t;"er.ce
South tl9 <!egreu 26 IIlln·.ltes IS sec'>:1"s !:est. a distance
of 228 feet; tf:ence :-Iorth llS.10 feet; thence fast
326.1)0 feet to the true point of t-rp.lnnln~.

rX<T.PT .'er.innlnr at a ",oint ,~( ".) ft'et ~·:est ar" 124~ feu
~o.. th .,f th€' ~:ortheut corner of sal" sect inn J; th..nce
::"u'lo 2) (('et; th('nee ::est 511 (ee'; thence North 2) (f"Et;
tnence f.A~1 Sk f~Et to the point of t-~p'lnnlnp,.

CMlf\.n.\o< lIN; TF.n f"'::>FYT~;~I.':'i Cln.'R(:II, ~qTTr.;fl.\l r:, .\IlI1.fl;;.\
Th-1lt {'ort Ion of the ~outhvest 'l"artt'r ,.r ~ect Ion Twt-Ive
(12). T......n"hil' """ (2) ~onh. Rans:e Thue (H .:a"'t, r.1\ ...
am' fAit ~l"er 11:11(' ....1 t!~c1"I"n. !-'....·I<opa (n.."ty. "rho"".
I·el,,~ ... ~lrip "r .,,"" ""jol,,;nr. tht' rre~('nt rr('s"'~·teria...
(:".. rch rr"~lty. as f"I1 ....... :

2.
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Ileglllnlnj!; at the northeast C->r1ler .If sal" SOdthwest
Quarter. a, .ppeara In plat of Stanfor.' Iii lis plat
Two (2), in Boolc 16 of Haps. Pall:e 41, In fhe office
of the County Recorder of Maricopa ('~..nly, Arlcona:
thence lIeatedy along the lforth 11M of • .1ld !')outhveat
ql.arler a dhtance of S9I. SO feet, thh heln! the true
point of I·,eglnnlng: thence Soulh parallel t.l the raat
Hne of uld ~out'-at quarter a "Inance of 'iOI.SO
(eet, ther.ce S.luth Il9 degrees 4'1 .dnute. 22 seconds
~:aSl 2/.1.26 feet to • point on tl.e Vest line of I"t II.
Stanford KIII~ Plat TVo, afore.ald: thence t~rth 'i
degree. 24 minute. 1) .econd. we.l along the Weat line
of lot II and lot 12 Stanford Hill. Plat Tvo a distance
of 140.68 feet to the Northwest coraer of lot 12
Stanford Hill. Plat Two; thence North, parallel to the
East tfne of ,aid Southwest quarter, a distance of
361.50 feet West of the Northeast corner of safd
Southwelt quarter, thence Westerly along the ~rth I(~

of safd Southwest quarter a dfstance of 230 feet to the
true point of beginning.

SlJIlJ'£CI' TO: Right of vay for road over the North
65 feet of the premise••
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PARCEL NO. II.

PARCEL !~O. 12.

CENTRAL UNTiED PRESBYTERIAN CHURCH, PHOENIX, ARIZ~
All that pi~ce or parc~1 of land locat~d In th~ County
of Karicopa. State of Arizona, more particularly described
as follows:

Lot nu~r Eitht (8) iQ PARK TERRACE addition. a sub
divlsfon~.,~rt of the Northvest Qu"rt~r of the
NOrthea.t quarter of Section Twenty-nine (29) In
Tovnship· '1'10 (2) North of !tange Three () Ea.t of the
CU. and Salt River Base and Meridian, according to the
map or plat of s.id addition nov on fll~ and of record
In the office of the County Recorder of Marict)pa County.
Arlzora.

Lot nU1llber Seven (1) In PAt-K TERRACE addition, a SIIb

divI~ron of a part of th~ Northwest quarter of the
Northeast Quarter of Section 'lVenty-nIM (29) In
Town.hip '1'10 (2) Nor:h of Range Three (3) East of t~

Gfla and Salt River Base and Meridfan, accordln~ to the
~p or plat of said addition now on fll~ and of record
in the office of the County Recorder of Karicopa County.
Arizona.

CHRIST UNITED PRESBYTERIAN CKI1RCH, PIfO£NIX, ARIZONA
Part of t~ Southwe.t quarter of Section Sfnet~n (19).
Tovnshi~ Two (2) North, Range Two (2) East of the eil.
and Salt RI~r Base and Meridian. descrit~d as (ollows:

COHHENCINC at th~ Southwest corner of Section 19; th~nce

FAst Il11.30 fret along the South line of Section I~,

to a pornt which Is the Int~rsectlon ~f the S~uth Li~

(Of ~('("ll.' .. II) lInd ~rth rlRht "f vay lin.. of rh.. r.rar.-i
'·""4' " .... vitI..,. ,',.1 ••1 ,_ th.. Ir"" I"'lnl ,., 1~!(I,.nl"Y.:

r"~'""r. '0•• , :'11. '? r~,., """"P-. 'h. ·~ f" .. linf:!' n( ~"'t""'fOf'

"': """'"'' '''''~'. "''',.'h' r~~,; '''....n "fl>!Il' "t..'.', ("'ff
C,t ,r,. '~.ft, •• ~'., ,,( "':lIt~. ,,,.. t.' ,h. ':t4",", ,oJln,,':
~ 'U~"~ .. c...., I, 1'1 "fIlP.' t!I'''~ '.' ....1,,"t .. ~ 'J eft"·"n". r4~~.
,1\'1 .. '.t f ""~t; t h_n("".-. '-:""~ I, '," .'~e r~r~ "t~ -, n'.e~" .... ,
......." ..,~ r_." l"!' .. PU r~('t: (I''''''r~ '·..... th '.f. ~"r..t,.r" ,"1
""'!I.,·tt,uit '~"~."'·"lIt r_-c., 't'.I"'. fr_t ,., '!I" ,.".. r"".,r
.... r I·r.r.f .... ' ••'r.

I
I ....._-----------_...... , •.•...,.,.. : .. •...-;,;:._...::...-.::.:0..:-_---'-__ I.....~..~~ .. ~..
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I'Jl. !((,YI, ,)). 11.

1',',kC:U, !III. II,.

I'ARIH. Nn. , ...

PA~Cf.'. ~O. 16.

PA?f;F:L ::0. 17.

PMlCEL NO. 18.

III t 0926'G07~~

elm 1ST UIIITF.1l Pllt:;;SYTF.R rAil OfU!(CIf HMj';':, PHOP.~IX, ARl10MA
I,ot Ten -rhQusalld Sev..n Hundred TIt I rty-one (107) I)
Karyvale T.. rn.... So. 27 accorefll'j( til the rlat of r ..corel
In the of (I .... .;)( the county Ree.nd.. r of tlarlc"pa County,
Arizona, In ~ok ~I "f Haps. PaRe 16.

O)'1t:NArli' lItllTFIl PRf.SRyn-:RI"N I:IIIIR("H. PI~"f!lI)(, ARPot/"
lots \1\. 116, I.Ms 117 1)( ~.,.cth Country CI ..l. HanoI' lIS

re r ....01(> rel nr.led In a"O\< 17, PllFoe III .~( H8p. In flf flee
•• ( lhf' ('ol.lIlly K.....,rd~I" Ha"'c.lp~ COII.,ty, .!.rl%.lc,a.

covt:/IAtlT UNl1'W I'RF.SIIYTERJAN CIIURCH K~NSt: ANIl PARKH~ HIT,
PHOF.NI~, ARI10~A

tots 8'; an" 118 of South Count ry Clut> ~l8nor as prr eYp
recor~ed In Rook J2. rage 18 of Maps In th.. ~ffiee of the
County Recorder. Maricopa County. Arizona.

COVENAllf UNITED PRESllYTERIAN CIfURCff CUSTO:>IM, ""USE,
PHO£~IX, ARI7.0~

lot One Hundred ~inet ..en (119), South Country Clu~ ~Anor

accordlnR to rlat of ~ecor~ In the Office of the C~unty

Recorder. }~rlcopa County, Arlz~na, In ~ook 32 of ~aps,

Pa~e 18.

r.~~~nIT.L ~~:ITED P~ES8YTtRIAN C~JRCH. PHOr~IX, A~I?O~A

The North 35(, feet of the East one-third of '-ot Thnf' (l).
of Par~dls~ ro~thills, per map record~~ In B~ok 48. Pa~e 41
of Haps, In the office of th~ County Rec.;)r~er of s~i~

County.

SUllJECI' ~"Oo<~: charge upon said lanel by reaso!> of its
Inclusion 1n v~rde River Irrigation aoe! Power District:
Rights of vay for roads. canals. laterals and ditches:
An easement In instrument recorded In Docket 631. Pa~e

109, and Docket 941, rage 369: an eas"Ment in Instru.ents
recorded In Docket 146), Page 88. and In Docket 1543,
Pa~e 167. and as shown on lllap recorded in Book 9, pa~
97 of R~ad H8ps.

FHHA....UEl. UNIn:D PRESJ\TTERIAN CHlJRCIf. PIfOF.NIX, "!U7.0~

The f.ast one-half of Lot Three (J). of Paradise Foothills,
per map recor~ed In Book 48, Pa~e 41 of H8ps. In th~

office of the County Recorder of said County;
EXCP.PT the NOrth 354 f~t.

SUBJECT TO: Any charge upo!> said land ~y reason of Its
inclUSion in Verde RI~r Irri~atlon and Power District:
Ri~hts of vay for roads, canals. laterals and ditches.

F.~~F.L UNITED PRESBYTERIAN CHl.'RC", p/fO:::':n:, A~n?:O':_!.

That c.rte(n real property situate in the County "f
~ricopa, State of Arlzona, descri~e~ as follows:

The ~orth 354 (eet of Lot Thr..e (3). of ?ara~ise F"ot~ltls,

['er -p rf'coroled In lIook 48, Pajte 1,1 of }:aps. in the office
... r ch.. c~."ul1ty Jtf"C"'nr"("'r "f SCtld County;

"X.'I"I'1" II... I.'.. el '"l) f .... ' t/... rf'"f '''If' th.. ,:.. ", I)~-'''frt'
.I•• , ••,r.

·:"n 'C:'"T r•• ~ .'"'\". ft2,,9,," I'r"" .... ", '.:tn,f '.y '~"!IIf." fir ,t
r..,.·, ... , .••, 'n \"......,.. nfvfI" It,f,.-" .•" ",." I·"wr, "f~'ti4"':

':'9.:"'. ~f " •• \' f"t 1't"f.~c:. """"' •••• ,,,.~1••tu' "'.f'"h,.~:
.\n ,.". .. ,.,.."..", I" Ct,"'.n-r"' '~'f\t#"'Pft f" P.••·It,.., (.\1. '.-'~.#t '11'1.

"n,.' '·...,..14". ')"'. , ~t'l "of): ,., ,.~c""~,,, 'tt 'u,'".__nf r~("r~,.A

in ,t..,.. ,.... I~",t. , ,~ '(.7 :!t.",.1' .« ch:.....·~, '''It .It,.. r.-t"r r.-,or,t(t'f" ,,,

" .....t. ., #" "j1~" ., " ~"f ·~.~,,.1 ~"r".

t.

b
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P.'\RCF.,. 00. 20. HF.'HORIAL UNITED PRESBYTERIAN CHURCH. PIlOE~IX, ARIZONA
A tria~ullr piece of land desrrlbed IS followl:
Be~innhg u a point 40 f~t South of • point on the
Korth line of '-ot I. Section 31. T. 2M. R. 4£, ene
and Salt Ri~r !Ise and Kerldian. from vhirh the North
vest rornef of .ald Lot 1 ~ar. North 88 degrees. 2S
.inulPs West 1037.0 feet, t~nce South 294.80 feet
to a point on the South line of t~ North helf of t~

~rth half of said Lot I, fr~ which t~ South¥eat
romer of said North half of the North h.lf of Lot I
bears North 88 degrees )4 _lnutes Welt 1937.0 feet.
thence North 88 de~ree. 34 .Inutea Weat S.LS f_t.
theoce Horth 1 degree 3S .inutes East 294.71 feet
to point of !legillDlns.

I
I

PARCEL ~. 21. HEt«>RIAL UNIT£D PRESBYTERIAN CHURCH. PHOENIX. ARIZONA
A parcel of land partly in the Northeast ~arter of
the Sorthvest. Qu.rt~r and partly In Lot I. Section 31.
Township 2 North. RIJ18.e 4 East of the CUI and Salt
River Bale and Meridian d~scribed as follows. the
courses given being wsed on an ass\lllPd bearing of
South 88 degrees 2S Minutes Elst of the North line
of Lot 1 of said Section 31. to-wit:

:::~JJ'(:T TO: Rlp-ht of ""y for Tho_s RIM(f over the
~r...r'" ".1'1 f~~t tht:'P)f llr~-I All ,,11"Y"3y over the
-:,,·,t'l 17.1'1 fp'!l t 1I~,p'Jr.

.....,.._.__"_~6"" ._.. ....:=..="-~..~ ....:.:..='"-.::;"~ .

5.

:'nt''l''''. I."lnro r!lr:;"rrf1"~~ n"'·'(,!I. rlJ)~'iTX, Art I 7.1)',1\
:'.\!:-:r: "I: 1.", ~even(y.tv~ (71), ("~MJ'I.I'.\r.f, 01':1. I;-;TF:,
tn (',. ("lty .,r ""?pnlll, acc",<lInp: t., llll" rlat of
rl",.",1 , ... til. ')(flce- of t"t' r .....nty Rec,)'''l''r of ~f;Hlcopa

r.......,y•.\,i7.~n.. , In nool< 7'} "f '~rs, p~P.e- 29.

B~giDning at th~ Horth~ast cor~r ~f ssid Lot 1
(id~ntical vith t~ Northw~.t corn~r of th~ ~ort~ast

Quart~r of t~ North¥~st Quart~r of S~ction 31); t~nc~

S~uth 88 degrees 25 minuteS East along the ~orth line
of s.i~ !mrtheast Quarter of the ~orthwest Q~3rter.

14.4~ feet; thence ~otlth ))4.15 feet to a point on
the SOUl~~~~.c the North Half of the North Relf
of t~ Xnrt~ast Quarter ~f the Horth¥est quarter of
Section )1; t~nce North 88 d~gr~~s 34 minut~. W~st

along th~ South li~ of the North Ralf of the ~Jorth

Half of t~ Northeast Quarter of the Nort~st Quarter
of Section 31. 14.90 feet to the Southwest corner of
the !;onh Half of t~ !:orth Half o( the ~rtheast

Quarter ~f the ~~rthwest Q~arter of Section )1 (identical
vith the Southeast corner of the ~orth Half 01 the
Korth Ha If of sai" Lot 1) from which the ~ort"east

corner of said tot 1 hurs !hrth f) (fegrees " rnin'~tps

East 334.19 f~t; thPOce !~rt~ ~8 degrees 34 rnir.utes
~,"PSt "1,,.,& th~ S·)uth Une ·,f the ::orth Half of the
:;nth lIaIf of 54i<l Lot 1 21S.82 feet to a point CrOl!l
which the South~est corner "f t~ ~ortn Kllf of t~

North lia If of sa ie! '.ot 1 hears tlorth 88 degrees 34
minutes !JPSt 11'117.0 feet; thenc~ !'ouh parallel vith
the ~est line ~f said Lot 1 ))4.8~ feet to a point
on the Xorth li~ of said Lot 1 fr~ ""'ich the Snrth
vest corner of $Sid Lot 1 bears ~orth 88 degrees 2S
~inutes West 1037.0 feet; thence South 88 degree. 25
rnlnutes F.ut along t~ !'Iorth line of said tot 1 216.SS
feet to the point of ~inn(n~.
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SlJllRC'f TO: rase",ent for irrlp,allon ,)"er t!lt' ~:'lrtll

I, feet of satd prl!"ises. as sl1..",,, "II rl~t rec.orde"
in ;"".,k ]:1 or ~'~~rs. !,JJr,c- 1./}; ~~~t riel f':"P.~i rc-(':u·(lr·{·
:','ft"r, I, 1')')7 ill r.oc·(et 21l~,. rE?c· (.'l; ':(,~(,''J"t!()''~

c,.,nt " 11,(·" III "31 '!:It h'c,a"ecl ,~uf:USI 21. HI'? I in rlo.,k
2~ "f r~ed~. ra~e ~9~.

p,\l{n:l. ::t). n. :T.:·~)RT!\L 11':1TEn P~r.SBYTr.RIM; C,";p.cn. 1'11()~HX. ,'RI7.0::....
H,\~Sr. f'i2: l.ot Seven (1). OUVF: GROVF:. III the City
of ""oenlx :lct"ordlng to tile plat 01 rf'cord In the
oUlce of the C.lunty Recordf'r of Maricopa County.
Artzona. tn 8001< 81 of Haps. palte 3\.

P,\RCF:l. ·It). 24. MnlO~I.\t U:Ui'F.D PRF.SSYTE!tJA:f CHURCH. P!iOl:::nX, ARJ7:0~A

PARKI:«; Lor: That part of the Northwest ~uarter of
the Northeast quarter of tile Northwest lIuarter of
Section Thirty-one(ll), Township 1Vo (2)' ~:.,rth,

Range rour (4) East of the Gil. ,r.~ Salt ~iver Base
and ~~rl"lan, lying w!thln the corporate limits of
the City l)f PhoeniX, describe" as follows: refere"ce
t~ing ma"e to the plat ,f Rancho Ventura, Tract ~o. 7,
~f recor" In Soak 48 of Maps. pag~ 4, and to the
plat of Rancho Ventura Tract No. tt" of recor" in !,)o1<
S2 of }:aps, pagE' S'). records o>f }~aricol'a ('olmty.
Arlzon.. , to-vlt:

!\eKlnning .\t thE' S;>utheast corner of the l:est 32.2
feH of thE- ~:l!H half of the East half of the North
"'est quarter of th~ l{ortheast qaarter of the ::orthwest
quarter of said Section 31; thence ~~rth sa ~egrees

28 !'>inutiioo""I:i'~,...,;;,;;·onds :-:est (assume" \-earlng) along
the Soath line of the ~orth"'est quarter of the ~!orth

east quarter of the ~orthwest quarter of said Section
11, identical \lith the North line of Rancho Ventura
TrAct :~. 7 afore~ai~, 336.28 feet to t~e East line
of I,2n" Street, according t., the plat of Rancho Ventura
Tract ::0. 14, aforesaid; thence ::orth I) degrees 16
~inutes 3~ seconds f~st along the East line of said
42nd Street ~.6S feet; thence along a curve to the
right, ts~ent to said last mentioned line and c~ntlnu'ng

alon~ t~ r.ast line of 42nd Street, said cur\~ haVing a
r~"ius of 49~.99 feet. a distance of 79"~ feet; thence
alo~g :0 curve to the left taDF.ent to sal~ last mentlonp~

curve Ar,d continuing along the t",st Hne .,f 42nd 3treet,
said curve havin~ a radiuS o>f S54.31 feet, a distance
of 'I~.'») feet; thence South 8/J degrees 2« ninutes
3') seco:m,o; fast alon8 .. Hne ,.hlch is 1213.') feet ~orth frG:II
and "arallel with tfte South lint' of the ::Grthwest quarter
of thr ~orlhrast ~uarter of the ~orthwest ~u.rter of sai~

~ectio~ )1 a distAnce of 32).1~ feet to a point on the
tast Hne (>f t!'le !;est J2. 2 feet .,f t~ I:est hal f of tl;e
rJlst hal f "f the ~ortl:"Jest qua .. ter of the ':orth..-ast
'f,.•art(Or of th(' :-Iorth"E'st qusrter of ~Jlld ~ect Ion 'I;
thence ~"\ll" .) de!!re..-s 17 rIlln"tes )1) seccooo.....est alonr.
tl,E' I;,.sl lin(' 'If Ihe '.'est 12.2 feet nf tltt- ':est half of
I'''' r:"J!,l ,,,,, r '.• f Ih'!' N"rt'~!l;t ",,"rt"r <>f thr :r., .. thtoa"'l
'!""l.I'! ••• r 11K' :·:·Hlhw(',1 '1'o;orter •• , ~4i" ~f'("tl"n II "J

"I$I"l~'(" .,( "Jl.,)."\ re~1 I .. Ih.. r .• inl nf l·t-p.ln,,!,,~.

l\'~'·'·t. ":". r., !"";'~'~~ 'I', ,'-;'TT" r~r·-r.y,r"lL\·; ,-IIU".nl, r!I<'r.!i!X, .',11:"""1';,\
ll''!' \··f'H ""llf I.f Ill.. I·.. ~t :',,If .,f .11.. ~o·,tI, hAlf or Ih..
':""lli!"~$1 ,!,,,,,Ir.t" •.•r II,,, ';..... ,"..,."t '1:;:trt"'r nf ::("·cth'" Il.
-;-",,,~hlr 1 ':",1". ::"ll'~" "I ,'"st "r tl!.. (:lh 4"" ~~,,1t I<h'e.
11014::f'" ~1l'" ~~· .. if~I'1n ..
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1'.\!(Cf.I. ~)'). 23.

P;RC >:J. :'i). 2';.

1\ Ji('11 :~;s 111._ II!WrEn l'''I'''/IYTdlL'~: (:UIll'CII. j'I~W!llX• .\R flO;!'\
"-h~ \·!e,' 11),,\ f ..", .,f ,It~ ':"sl '.alf .,f Ih.. ~'eSI ',alf
.,f I',.. S.,."" '.a" of fI,e, <;"•• II..... s, 'l,'au,.r .,1 ,It..
:;'HI"ras, 'l"arlt-'- •• f ~~<:t 1011 I..,. ',-owllsl.!" ? ::.• ,-tlt.
lIallge ..- rast ,.1 II." iii I a ao", 'ia'l Pol v... 1,"5" a,,.,
U.. r 1.lla .. ,

:o"!i-IIltIl:;·;.l!' II:/( 11-_11 l'I\~_ShYTd(JM: "UIIl'Cil. 1'1I.n::ln: .... ~J /..);:.\
-.r.o, ,;",'1', V.II,'1') Ie,,' .,j lilt: !/.. s, "")1\,');) ff:ef •• f 11,<:
:i.HIl'''''~1 'laarl .. r .,f S"ctl •••• "" '('.lVlIship '\ 1'0..-1:.,
~.njl.to '1 Easf •• f the Gila anti Salt River lias...net
H.. r'tllall,

OP..\:r.f.l.:o.)1I UNI'tEf) :>1lF:SIIYTEIt J,'~: CIIU!{CIl. Pl\t)F.~n: •.\R t::O:;"
Th.. ~out'" JIl. I., f .... t ,)f the !·:rSt 21'\'1.,) fret of tt,,,,
~:orth half of the ::"HIhrast ,!"arler .,f Ihe Soath..e';I
'luaeter of Section four (I,). Townllhlp ']'\;0 (2) ~orth.

Ranll" Thee. () F:ast. of th.. Clla and Salt RiveI' r,Uf'
.00 :~erldfan, ::arlcopa County••\riZona.
f.!.CEPT th.. ~outh 194.47 fe ..t thut'of.

o:t-\:.;cF:'JOOf) urllTW PiU:SBY1'£RIA~ CHURCIl, PHOr.·HlC. ,~'tFO~""

The South 19".47 fe.. t of th.. vest 280.0 f"Pot ~f the
~;orth hal f of the- ~:Ortheast quarter of the SO:lthvest
1uarter of ~e~tlon four (4). T~n$~ip ~~ (2\ S~rt~.

~'_an;'\E' Thre.. 0) r."st of th.. Gila ant' Salt '{h'er PoasE'
and Hp.ridian.

St~JF.CT TO: ftoadway over thE' I:est )0 f..et .>f tae ~o:Jth

t8) f .... t of t~e Within property. ~s conveyed to t~~

CO:Jnty O,"""md;IDo;""'~ a by instrument l'E'~or"E'cl In Jlocket 1251).
~age 71; recor~$ of ~aricopa County. '\rlz~na: 4nd
RI~ats of ~ay for canals, laterals an~ clftch..s.

(l!l.'~·..~,:onn u:an:n Pll.F.C;!\YTt:r.IA~' CIfIJ~CH. ?HOF.:~:n:. ARIZO:"'"
The !;"rth 1S.A? feet of th.. ~outh 3S"l.()4 feet of the
l,est 2Sl) f(,E't of the ~rth hal f of the !:"rtheast
quart.. r of the ~outhv..st quarter of Section Four (4)
Townshlr Two (2) ~orth. RanKe Thr..e (l) F.ast. ~f the
Gi 13 and ~alt Rh'er ~se and Merf"lan. :·!aric:opa County.
~rizona. suhJrct to a road over t~~ Uest l~ feet thereof.

OR.WC~:\"OOil lr:nTE!) PRF.S1\YTER fAt' CHtlRCil. PH(>£!;n:, .\RHO:':,'
The ~orth IIG,6~ r.... t of the South 466,72 f..et of the
l'est 21)1'\ f..et of t~ North Ita I f of the ~:ortheast

q'Jarter of thf: :,outhwest quart .... of Secr Ion fO'JT Cr.)
Tow"s!,1 p 1'"40 (2) ::orth. Range Thre.. () fast. of the
Gila an" Salt River B~se and ~rl,flan. Xaric:~pa County.
,'rhona, suhJect to a road over thE' l'~rst )0 feet there.>!.

fl:':.\::CF:"(l(l!l l~;YTF.f) PRF.S3yn:RI,\:1 CM'J~CH. pnOr:;rlC •.'ott! 7.t)~:A
Thr :~rth 10 feet o( the ~outh ~76,12 feet o( the
~:est l;J.13 fe.. t of the ~orth half o( th.. Sortneast
.....l'tr1' (Of th..- ~""thw..st quarter "r sectil)n Four (I.).
T....·.,<:!> 1I' 1",' (Jl •...1'fl,. it"...:~ Tltr.... (l) ~ .... t I)f the
.:4 1_ ~tl.l ':.1, ':'.'r., H:,• .., =-,,., ~!.... 1"(;"11.

,.\:' ,,:I':' ,: '0' I!I ~ .0, f.t,t' "f~l. e.:s_f'"-t'!,., '.t, ~ .. I,. f,.:JlI in..

'C , : (~,.••,".'''' .'It .... t•• f.fe ,t' ~"~ """"""'1l: .tC>~'.1 fIr ••
• ... , I ~

! ,un,_ "c" : f <0, <t • Jp .. , • ' t ,. r••.-~cr ••••••• ".. •• tf .1,,..
... "! t , ...."«' ~ .... ,!,., ." ~ I.,. -; , f f'. C', "',:w,'''' ., I ':-Ir., i ,~.,

" .. , f':'. ~,···n"':''!dr; •.••• ! ""oe... ~ I,e' .,f .f'b';".
... ·.··:-1:1' -"., ••· .. co .. ''''''·r.f.liAn: ," __ '~ff'l -:; ...."" :'Il ......~
.' C". 11 . .,- .,f If" .. ·!"~I·''':3et "'1~""1 .• f .' : o:l.h .

..... :-, ~·., •• r • .t' <~f.' .:.,-, ....... 0, '):".'~' fr,-I: IJ.rf~.· ..

' .. ,,!, ';-l .".; ••• ,.~ •• '.... : ... ,,"'-: ,,~.... t.',~r ,r" ,..,~,,.-,1\'



I
I
I
I
I
I

.)r.JIOhl(~'\lit)J'I''''{ tl.~ ;i..hl'. Iillt.." ,-".t .. b'H~ .,.,: li.)II'.

liht:: '1:::.I·lf ••• 1 tt,~ 1.."pt=f1i ,t.'s(,ilt.-.I i .. U.ul..:-t 1{.11,
')dl~t- 1(,". I-Iali. h 1'1". ","II"Y .........,.,:.. -".I .. tit fl·.· •• i"hh...

'/i ••"ln"4,." ,I",:· It'" t I.~d:-.l ••U":li:1 .); ~aj" ."0'.,,'''-.' >" I it-:t

:.. ,l,tit I1"J "t./~.t:t-~ 'J"', ,."iI'JIt'S id~'. 11.1" '('l't; .'U:H":l:

:",11'. III it.-c-I t·, .1 ...: '''., .... t,i a.t:.. h.uit'l. IJ" tl.t- t-cl:.t-'........C
" ....... a:.·fli ..t~; tl.tl.....· H.,)I'.I. 1<,'1 •• '.' I~~( 1)( ti,t; t::ti,1 .); tLt:
,·,i:ail:klt.".,t ..

.,IIUh.e:,' ,.,: r,).~"",.. l f., .. It:ltcllh,> ..~ .0 •••1 tfeh~'''r-I. 1",,1(-50
a .... ,1 eat- ~ i d I c:dl.lt: I K l'autE'~ I.y j us,t ,Iuuenl rccorJot'tl i u

.,.>Ck~l 1t',r.9. l'allfe 211, l'eLo...fs .,f tl.. .-Ic<ll'a C.)'JUly.
"rlz()"a; IllKht5 olf way for callaIs. laterals ""t .lilc"~s.
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()!U!~I:l1f)i)n UlH'if.i. j'I(I·SIlYT.:RI"!-: CHU ItC II , PItOt::HIi •.\Ia?\l~::\
The !lorth 8t) feel or the South 1,(>(•• 12 feet of (h~ ,'''H
125 feet of the ";est t<;S feH ,)f tl,l' :'\Jrlh It.:lf ,,{
the :'orthl'41U q"arter of the ~"ul"west "uarter of
5ect Ion r"',r (4). Township '1\1.> (2) ~,)rlh. ~~n~e 'tln'f'
0) <:aSI ,,{ the Gila an-' ~alt Rive,' ~ase aI''' ~'er;"is".

Hal'h·op.t COllnty. ,\rlzona.

OPN:t;'~:"IOIl uraur> r!!E"'Wrl:!.:J.-\lf C'Htf!:.CIl. r;Il\F.~ 1'\ •.-\~n !,'''-'
The S""t" 1,(,fl.1'! feet of t!,e UfOSI "'".ll feet ,\( r:u'
liorth "a I f of l~ North,.ast ""arter .\{ t!,,. ~.\"t!twest

".,arttor nf Secl i"" Four (!.). T ....·,,~hir "IV'" (2' ~;.\rl~.

I'alls~ l"r.. ,. (l) I:;cst of til" Cn", a".1 ~sll ~I,,(' .. rS~E'

ani' ~·~.. rif'icln:
,',(C •. :';' I !,(, ''('!It 2,' 1 ;"I:t 1',(·;·, >f.

~;Tj'..r,-(, "f'~'~'"""nse"clt for t('le;>"<)~e a!:<' telegraph poles
and aeri~l cable. gTaot~ by (nstru~ot recoTde~ in
D<)cket 1049. page 2)1. TeCI)(~S of }~ricopa County.
Arizona; and Ri~hts of way for canals. laterals and
,Ii lchl's"

".\'I,\llISt: ":o\l,!.;:Y ~:;[n:[) ,'=-,,:<;r,,{T1';~I'\": Ch1.1:!C!I. pl!or:'n:. ,'~17.~::.\

I.et Fi tty- five' (SS) ';<)rthern ;\11 h ( ..~n?ed) accor(:!,.,::;
to pl;lt I'(·c.)ftl in th(' offict' of the (':I'Jot>" !l<-co:>rc't'r
.)f :~.lri{"·)i'J (""Int::, \"~7.";-~''; ;:""1 ~:l~'< (\ t)f ~ •.::i':'i. ?.:1?.Co ]7~

1''',~.Ml1:;F. \'.-\1.l.EV tmlTrn r?.ESl>lir.HA~' CH',~~C?. ?HI):;:~:J:\. YU Z(::;'~"

i~t Thlrte"n ('1) of ~3r ~cres 2S ?~r ~>.? rec)T~~1 i~

i,.,,"--. 3), r~i~~ 2~ :>~ -·:·'lrt'; i~ t-,Eo orfJ<t- .,( t':~ f"-: ,;:.:~:-.

:'('<)r.'(-,· ~f s:~ft! ("·'"tnt;!. ~!~ric"r~ '-"~":lty• ..\r:z·':1~.

O,,"::-·Y::';Tr? t.:::J·.~;,,; ~~:"·;;Y7-~!·'· r~:'··:\·i • .. ~:.:":':~":. ~.""::~~.~:.~

l~·.( '''(-st 17> (('t "r t!~~t rc! .. t .,r t~;(· :·)rt·:!·.~st -:"J.:::-t-:!'
.>f t"~ :::trth-:':f'st '1tl2rteor .)f :~ct j":"8 r·.:E-nty·- se',,(1~ (27':,
l.'-...·ns:lil' (':'·~e (1) ::~rth. S?nAeo ihrl!e- I')) ;~st of \::~.: ::~!~

J:,,<t C:~lt ::iv.. r lillse an(f :--:"l"il.i;:\. t(lscr~~~~ .!! ~~~ l·)·~,>:

,:-,~t~:~;r:r. .H " stone at t'u: ·:,>rt!:east COr7ter .)f :':~

':,"·lh"..C""~t '1".1rff"r ,)f A~f'" ~f!'ctj•.,n: r ..~.:"d!'..:: t;:Il!'::C~

.: .... ,', :.l.,u\.· 12 ..· :•• Ir ':.',li.1I" Ii.:,," ""I' i'·"'l til ..
-:'.e·,r ,,, "tr ' .. e" .•'" .,f ."1 .'i .. I. "Ia·d:,.· ·~'''':1 .,,: ...!
.e.,'". I!,,""' '"fCI .•••.•• f~~1 I .•.., -:I .• ~·,. ~f ff.,· .:,.,,: •.

e'" ~. • •• ,.,.. .r ,'.,. "~' f ',' .. ·t' ., .. I •. if ff ,!." . e .' , ..... r. ,

,f .1 I 'I 1·" -.... I 't ~. ': • , ••••• I .••• , tt I I' .... '.,.•

• ~ • "... .. •• t t ",. - f," .• ,. I • f t I." t...... 1 r- ;: ' •• '

I
I
I

•

t ..... :. t' ."" .... ,'. A-:' • '1· f
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':-t,hi.ll:II;.ltrt: 0:"";11 a",11 ":1~il.tl'~.Li t.lltl;:' !'. !'ii:.: :".':, ..i,!~i '.,;,.\

';'l.It '"i ••• ~.' "L4."' ;~••• II.~es" q .• ~.lr ••• f .":illi.lLi n;t"lll'J"

:'»l't: •• (ii) • •• twH::lohip nul: II) ;~.lt"I. :;"''',4.: ",i •• .:;c (1)

'tI~' I)i .1:." i.itc' .11 •.1 :.al .. ;;i"' ..... ~:Ct ... ,· 111. 1 1;~.i.'i411 •
.1(· "'4"'" j 1 ..·.f .JS ; .,II •.t\.;,j:

" ,

,; I~

-:t, ......

• f ...... ~. ': ~!

.. .'. ~

,'.. ""'......' ,..

~. r •. t ..· ,',. ~ r

,.

"

... ~ .

.1 I' .... , •.••.. ;.e.

.'

" .

.• , '_"'1'-: "'e "'.'"

• e' r t., ~, .f

",.:, ':

, .,

, •• ". ,t

• • 1 ~ ••

'if'~.l.:"i"; '.:fIt. 1 ,I."." "i~ ( .. ,•• ; .. il. It ••,· •• , ,Ill .~Hl;'..... t!lol

..........:. , •• .:>i.id lClti.,li:t1 ~.Li .. i, t"d'~ \!.~. \d:.!J b.t.1
•• .trill'-) ')'1.1" Ie'::. f."'h; lilt- :;.. ... ,.l·asl '"H.~f·1 .i.(-.(:.,f
d".l •• ' .••dur.• 1'4h'(; :,.hlll, 'i tl~flf"foS 1\ .:I'I:.IIt:-$ t~~,.t.

a10)1,;, 11,(' Easl I illt- ,.,( Carlolla Plal't- :'a. 2, ;,lo 51",,,,"
I.y lilt- plat .~( at-eo,',l III lla...,((Ic .. .>( lilt- Co>.wl y
Ilt-cooed.... of :.... eleop6 ('ounty, ArlJ'.)lIa, ill I\.>,)\; t.,\ "f
Hatl~, ,.~e I, an.lllI.. !'kHrlae.'ly p.<lI"I!i-alion Iherf-.,(,
a dlstallef- of 1211') ••)6 fet-t t.' the S.'"t !least c,'r,,""
t!> .. rt-of: the".. ., ~;o..lh 89 " ..&r.,..~ 1R mi",.tes [ast a
dlsUnc.. o( ,}6.S1 feet to tla.. \.'I'st line "f !,rl'~~iSl's

('onv~yerl to T'~ Prubyter)' of fi't~nlx, ~!l .\rtv:ooJ
c'orpout lOR, l.y 11('.... r ..cor""" Jun" I, 1~5!" it,
'~~kel 11~I, ra~.. ~14; thence ~orth.. rlr al.>n~ said
Presl.ytery ;>relllises, 12~~ ( .... I. m.:'r.. (lr less, 1,- Ih~

('olot 0)( l.eX Innln~.

\;E~TlH:;C;Tt:R "~II n:1l I'l(t:::H\,.F.Rt.W Cml{('u, '·t"'::~h. '.\~P"'I:\

1'1•., tlf-Sl hal( .,i I.OIS ~evellt....n (17), fi~hl .... n (l~\.

an.1 .11 or 1,.>15 :,;Int-C.,.. n (I'» ami ''''enly (2,'\, :-1"" ,\CO'l'll,
"C(·orollo.~ I.~ 110.. pial .,( rer.'r,' '" thl' ,.((lce ,.)( ti,,.
(~"""ly :<*"c<:'roler of "ladc.>pa (','tint)', ,\rlz.>"a, tlolO\ 't7 o(
M"ps, paxe 1..

·;t·,'r-:--;I'.'1.: ,'~a'I1'I' '~~f:~i\YTFRJ"~l rlf:~·.. (::rt :,.(rfi7~:-:.s.:,~• .::<r7.)'"·\
't11' 'O\"' .~•••'f"'~I,. .'~'1t'" ~;''-. AC'(·.r'~ir'J:: I~ ,;,ollt ;.I~t:

", ,r, .• ,.' In ,1· f • ""I.r '" .,.,- !~ .. r'.!.;.... ' "'·l~.' "'('1"'''''

'~f.C;rH:1STF.R tr.HTE'l p~I';SIWrERIA" C!{",,'RCH. PHO!=:~II)(. "l\IZO~l,\

jh~ F.ut h~lf of l.ots Seventeen (17) an<' f:ighteen (18)
.."" all o( I.'lt Sixteen (l~), F.lo Acres, ~ceor(l[n;>: to
th~ plat o( recor~ in the office of the County Recor<'er
of ~urlcora County. Arl~on., Book 27 o( ~.ps, pa~e 2.
f-XCEPT the S~uth 114 (eet o( the East half o( 5~id

I.ot F.i~hteen (18).

·.·:r:;na'i5in lr.1ln:1J ?~£S&,{i7.:U.'.:; C:r:?(:!. ?:';.)?';U. I,'!-:":,~

:~\:;:5F.: tot 91 o( ~:elrose f.states .H "er :-:a, :,; :,,'~ <,2
of }'~ps, page 47 in the office "f t'.e· cn;,c:.· ?'!c,,~.~e~
of ~~rlcora County, Arizona.

:,;:;snnt;STER 1'~ITF.f) r::lF.5BYTf.!H..\:: C!fHCH. I"D:::aX•.'.~. P.;::A
v>t F~urteen (14), of r.l"l .\eres as ;f'r "2j) :~, ;,»;.: 2"
"age 2 in the oC((ee ;)( th~ ,=o"nty ' ..cor<'e~ ,~: ~:~r:c.,;a

County. .\r I ~o:"'.

~lEsn!I~~~Oo~~~~D PRESRYTERIAN CIIt'RCH, PHOE"1>:. AUZa:"
nie South 114 feet of the East 6~ f~t of Lot £lghte~n

(18), F.lm Acres as per ~p reeor~ed In took 27, Vage 2
of }~rs In the office of the County Recorder of said
County,

43,'"."...•
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1·,)....(·I0( 'HI" Ai; .Iu· ~.) .• l'IWt-!\1 ••H'·II"," .......... i·1 i;'~';

-:4'cl id.l \ .uII ",t-IHf- U. ~'J "l')'It·'·S .:.t. t.i lt:.5. II' Sf:C,"'t(ts

':. ;.I.)I~i!. 'I.f' 5.).'11. lii.(; It,(-f(-.ll d .tis,Jot · ••• II:?'-.}
'l:I" ,.) li.(· 1,., •• IIt.;"'~1 (.-,.'UI:I ..~ .. 10'" ~I. <II" .".Iy l!ulI

','':t.ll:i·''tt,·I· .,~ .-«(.H.'f'.1 ill '·,l.'''' I/'/ .1' Li;.' .... ',.', iil "."
I .... it·.· •• , • Lti- ;'~'I·l.·.)rd f'.)'U,I}'" ,..,liz.1.... Itt-'.lI"."j d.,.1 .I,f
I.ui- ';,li .. 1 ,II i .•·,!l!.uil .... ; 1:1.· •. , .. ;i. ;.r. .'t·"I.t-E. ,i." i ii;'lr~~

'J! ~.'l.)•. I'~ i. it .list,u,It- ." •••·i ......' 't. I ••• I •• tul ').1 rI

'.11'.• ' .'t.1 I lAt· ':i·SI.·· , li~,hl·.) .. -~;t\y lili(' , ':,tl i·.l,.'.t.
'1.):.> \)1;;(1.111(' "d.,ttLi p.llill II,'-It· ... i It·a.-s S_ {,ii t'(·~'-f-f-~

',I) li.i.il"C.S 1"1] SE>C,)a,ts H .. '" "'~tali(,f' "I 1,1 /.2 .. (.,1, (r .. ;

lhE-.le(· I\.}rll.(·rly aIO>I\H said \;eSlE-r1y rl~hl-"f-",... y Ii.,",
alon~ the "I"C of II -1.1',2.1)(, fto ra"llIs cllrve 1"1"",,~.!1 II

centl"al "nRle of 03 <1cRrN~s "', ',lln,'le~ 16 sec,)n,ls a
<Jlstance o( 20').12 flo to a p.:>int oi C"''"i'.)'U,,' c,Jr"alufc;
th~(lce- n.:>rthe-rly 300 we~tE'rly alon~ the ;,r.c ,.. r ;II 15_ 1

") ft.
radius CUI"Ye concave south-~esterly tnf~u~r. a central
an~le of P6 "e~rees 4' Minutes 19 sec,)~"s a "ista~ce ~f

22.69 ft. to a rolnt i)f cO!:>I'0un<l cun'Hure lit the Jur.ct ~,,~

o( the ",est~dy rl~ht-.,r-,.ay 1Ir.~ i)f '~I ~:e~~ "1\"('. '-'ith
the so.llherly I"I~ht-o(-",ay line o( (utur., Hreer to> ~e

.:>pene~ an" <!e,t!cated t>y ~rant"r hel"ein; tr.e"ce "'<'stel"ly
alolOh the Si)ulherly ri~ht-,)f-,..ay lir.e _,r sale:! f"lure
slreet, and the arc i)f a 6HJ.2 ft. u<'iu. C,'fve thllt i.
cOl1cavp ~Ollthed y. t hr""f\h a cenual an~ If' Jf t~ c!e~U'f'S
21 "lln"te!l 113 SN'O,l{1S ~ "lsU"ce "f 1');.)$ (t. ti) a r"int
,)f revcr!'c Cur\,.Hllre: thence Ci)llt in"in~ "'eupl"ly al":'_>:
the sOlJlhedy l"iJ:;hl-.:>f-"ay line o>f s"l<I ('~t,",re 5trf'et
IIno:! alon:; til.. IIrc of a 6SS.0) fto ra<llus cun'~ that Is
c"nca\'~ northerly thro:~l'h 8 cl'ntral anp,le of 23 <!e~rees

2l\ ni nu~""II\cl;;~"",•• onds a diuancf> of 26r..39 rt.: thence
S. 16 deRrees 3S minutes 2B scco~s E. a distance of
1')2.21 ft. to the True Point of ~e~inn;~. The atove
.!e!lcd .....d l'al"Cel contains 2.1)1.4 acres.

TI,l s con\'f'y"ncf> Is ma<! pon the f>x!'r('5S conAl t I 0:' an"
C<)\'C,Mnt. "hic" is hl!'l"e y "ecl"re" to r'lO '-it;' 3r.A tin"
I h.. l"n" h('r..l.\· .-onveyf>" .35 pro...I"~" In ~·~.,rr.,nl'l ilee"
17!,~"" fr.m 11'!' i F.. ~·le'·" r~'velorment Co. to the
Pn",l·ytf'ry o( Phoenix as I"pCOT"e" in r)')cket ~1313. Pa-:e ~'l)

i)( th.. R~conl~ f)( H,,(";cf);>" Countr, ,\rizl)!O-1. th.. t tl:~ ;"P rei t".

c.)l1\('ye<f rr"l'prt1 shall Ie lIs(-11 (or c~,',rcit l"Jrp,ses ":11;:
fOf a reTI,," of t",enty (2~) years f~II~Jir.~ the "atl!' ,f
r('c,r"ln~ hereof. lhis restriction ~~.,11 Ie e~f')rc~,.~le

1.y f"t>l r.. '_~el" l)evelop",ent Co., ·n ~:: t'.<!' r;("\!~.l~r ":~r~:",

or l'y lhe thl'n O\oo'oel" of ;lIny lot ·,r p'irc~1 :>f h .....
'!<!!"inin;. the property herein <o;l':e::e", ': "ear.s ·)f ~~

inj.~nction a~ainsl an] olher ,~se. G("~;;t,.,r re!er'-:e~ hr ..
perl"" "r t"enly (2/) }'urs f,')llo·.:ir:~ th~ rec>r~;r-.! :e:-e,:
the riRllt of prior approval as t,., the site, ~~t..,.r~)r

~esign of any structures. sl~ns a~<! ir-?r,~e~en:s, !~~ ~f

any f>xpansion, MOdi ficatl"". 01" rei>bce",e~t t'~_e re~-) .)'r

thl're<>f, In f)rder ti) !'("eserve the· "I"<'ed;: "e·.-el"".,... ,,: "~."

lr.~,,'" "r ".m CIt:--_ Thi~ ri?ht 7.:4'/ ~~ enforcet! 'i' r,ntl:H
.~. il~ ~'''''~~'al''~ 1.:1 i"I'.urtio,f.' "rMP"'.,rp.s .. r,t.:tnr·,-r'$
.:11·.· •• '~ "'tl -:'.:d' nat 1 to 1I1"'''~<:n'':11'':1 ~"ithl,.,..,,1..

f
I,
j

I.-

"":':1 P'!1,"," '1"·:l!"rt t -'\.-1 t·'''~4-'·'' P •.:1' : ',ri. ;:rr"'! '.IY",
'"....~'-.\. t'~", , ":, "" f,.,1 .-, " ... ·· ... ·t ".1·... )"1 ,,..,..~ ~f

I!.~ -: .• ,.,1., I-;! ., "r .... , .:",. , ..." 'i. t "t"!It.'ir 1 ·~'rt·'.

-:"' .... ,. 1 • :'l~' ,.t ,t:..- l't' ~ .'11" < .1 •.~(\f" ~.~'C,. ... ,_~f ~".' ~""'''!1:

••• r," t"r : '''', :" frl' .• ~ .·.r ",..",,:, l~l f,I"', ~!·A

0" ... ,. t"t "., .' _ !,', ," ' .. ' .• ,,... ", 't' 1 t., f I' .. , .,!- t '_:"1' (.:,.
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PAR(H ::0. 51.

p.nCl:L .." ,2.

?\'H·TL ~n. 'i"l.

lI':I\'r!l<:ITV l::'IlITfl PRESIIVlTRIA:; C,ltlll(ll. TF~pr. "Rt~O:·:..\
Tract A. ~u-Vlsta ~nlt Tvo, ~ccor~ln~ t~ pl~t of
r~cor~ In th~ Office ~f th" Marico~ (~~"!y Rpc~r/er

In ~ook ~~ of ~~ps, r~~~ 11.
F.XCF.PT thp ~$t 1~7.26 fpet thpr~af.

t:'ilVER5IIT U:iIIT.f1 p~r.<:I\vn:~H,"; r.'r.!p,('l. rr.v,?F., ,'~lm~:A

~"e .. t 11'17.26 f"pt .~f TrJtct A. N'J-\'I!"t~ rnit 1'40.

accor"ln? t.~ the plat of fec.n" In thO!' Offfcf' t)f thO!'
M.r(c~,.it Co.mty R..cort'.. f In I'ook Il'l ,~f ~:.ps, !'a~ .. O.

(;t!.\n.~I.UPr. WilTF'!' P~F;Sj'.YTnT,':; Oru~C'I, Tr~:n:, A~'7.C'·.\

That port I,," ~f thl' ~~~ of Section ~. p~n~~!p 1
SO'Jth, 'tan?,.. t, r.ASt, G. 6. S. R. 1\. f. H., "~r;co"3

County, ATf~".,na. tyjn~ ~·:'E'sr or thf"' l'H~h'ir.,. C~n8t

:nre " .. rt lcalarty " .. ~cflh"'t' 3~ f.~ll.,.,~:

CO(.W'l('ncln:. at t:,p 1:1.; cornf'r of ~pct !on I,. !·~"r,~;'il) \
So>utl:, Rl!lnRP '. F.a'lt. G... S. R. 1'" f. ~.i., ~:arlcol""

County. Arl7.on-1l: tllenc.. South (-11"5""'.... 1 ('-1Ir10R) Jtl''''''l!
the ~'!"'lt Iinp of sal<l S'-~,,:, Sf'tl '·~n t. " ,,: ~tanc" of
9~4.7A (t. t~ thp true ~olnt of tpR!nninR: th .. nce
Fast 31'-12 n.: thpnc.. South 1.5'1.1) ft.: th..r.cp !;ut
311.12 ft. to a p~lnt on thp sai" 1·!.. 5t IIn4C' of thp
$!'!~ Spction t,; t"pnCfl ~:orth alo!\~ th.. ~lJf" !{P!'lt lin.. of
th4C' $'1': St'ctlon I, a ~Istar;ce of I."~.O ft. to tht> tn,p
point of ~~~!nnln~.

Conta;nln~ '.~61 acres ~re or 1..55.
Unofl\clal Documert

:-0 HoWE A'=" TO TroLl) U:lto tile sal" PRf.C;B"'Tr.~'{ 0: G!'N:(\
CA'ryO~;. an Arl :Eona cnrror3t lon, It $ ~ucc..ss·)r$ an"
l!l$sl~ns (~revpr. ?RQVIO!:O .~T:.·AYS. ;r!:r.n:~. that thp
a~~ve-"escrl~e" ~ropprty sh411 r~vert t~ BIEH~ COT-O:rv
TRUST. I:·:C., an Ari:Eona corporation. If anet vnen It
Is no to!\!ter liSP" f"r church, put-lic hpalth, or
similar puhlic rurpOSf's.

f..SU O.~P1!S HI';IST::ty. ret?!':, "R1m:'",
1..)( 9?1l of ;'~no.. 1t Tpn~('. lJnft rh''!' ("). acc.,..~!!'.~ t"
~OO~( IMl of ~~p~, p211:" 2~, 3~/ r .. ("·~r"f't' !n ?oo~. 1~'

0' ~~ap5. ra~" <), ~f'('~rf"~ or :-~3ri('·")r3 r,'!~rtty. "ri~l)nao.

'!IC!<F'1".~r. rJR<;T l";n£o pp.r.S;::Yrf.~JA,; c·rrRO{, !·:rr.:rr.':rr"(:,
'!'~l':I)';.\

lots 7, R, 'l an" III RI?ck 7"n (Ill) r~II:~i A~"it!o~ t~

!.'ick..n!·'Hp, ;tccor,!inR f~ til,. pl-1t "f r('r.~~" ;n t"lp nff'H'
of th.. County '!..ror~f'r of :-r.aricop... C".'ilt~· •.\1';0;.'):'1,:).

r ..,o~ '" rtf ~·';Jrc. P8:2t" 1.

'·:ICj(r:uc·{;; ,IRST u::ni'r. !?"$l\YTf.",Y; (;r:'(('f, ·:Ic!<r::?::~r:.

qno:·:.\
Lots .....nty· fO"H (21,) " .... "!V(,!lty- (h'(' P~) Polack !;jx (t,)

C"J1 i.H "-,,"It ion to ~~'rkpn··Jr:-~. ~cc"r";n~ t.~ t;·,,, olu .• r
rflc'>r<' in t:,.. Off!ce of t!:(' C'~'I'" \. ·:<·r·,r",.r, :·~r-;c,,;.'a

Co Jot y •., r i >:'~:l", ?o"k '\ of ~'arl'. ?'''r.~ 1.

:-:ICn:'7!:~(: flRq U:;I IT;' FtTSr.YIT~P··: (';:r~(;i. !··!C'f. .:",';:: •
.··~PO:·:.'. :-t\:;SF.: l.ots jVpnty·~ix (76) anr' i'\IfOnty-SHl'r. ('17)
Rlodc Six (f,) (01111'5 Ar'/ition to l-!id:..nt-lJr)t, accor"ir.~

to thl' ,lat of reconl In thp OfHC"f' ~{ thfl ('o-J ... t)' ~pc.. r".. r
.~f H3r-ic'~ra ('o\Jnty, .-\rl:Eol\8. F.~!< ) .~r ::a"!':, ,a~c' t.

!'1.



I
I
I
I

STATF. OF ARI7.0~A )
) aa:

cou~rry or MAR ICOPA )

I)n tills 30th

III 10926n0763

"ay of _....:..Augus;:;.>l=t:.- • 197/•• l'E'for~ rr~. a

I
I

notary pul·lIc In an" for sel" CO-lnty an" StatE'. pE'rsolUllly appl"arto"

~G...;.~Wi;..I_II_i_OII'I_V......;.oge=-I,,:I,--J_r' • to _ ~ rsonlllty knovn. who. "to I nK I-y

svorn. dl" "E'POSl" and say that ~ Is the Presldl"nt (or Vfcl".Pr~si"ent) ~f

THr. P~ESBYTF.RY OF PHOENIX. thl" corporation naqed in thto foregoing Instrument

I
I
I

l!nj that he is d'Jly authorizl"" to eJl~cutl" t~ sallll:.

J~i~ ., i
Notary l'll~.'.ic·./ ~:., .:•

.\ ~:":::::7;:"":"~:

__"'_IOII1__IO_s_E_._Ouggot_=_, • to r;.e pe-rsonally Itnovn. v..,~. ~l"ir.& t.y _ <!uly

I
I

STArr. or ARI7.Q~A )
) ss:

CQt";TY 0: :·t\Rt<:nPA )

na this 30th

Unollletal Ooc:um~

I
I
I
I
I
I
I
I

sw~rn. (Oid ~~P~Sl" ar.(. say th&t hp. Is thE' Pre-sl"l"nt (or Vlcl"·?resl~f'nt) of

!nstTU"l"!nt an" t!:at ':~ is <'uly auth"Tize(! to l"Xl"Clltl" the salll('.

-



- - - - - - - - - - - - - - - - - - -

BASIS OF BEARING

SHOWING THE OPERATIONAL & MAINTENANCE LIMITS OF THE GRANO CANAL
PORTION OF THE SOUTHWEST QUARTER OF SECTION 19, TOWNSHIP 2 NORTH, RANGE 2 EAST,

GILA AND SALT RIVER MERIDIAN. MARICOPA COUNTY, ARIZONA
OWNER - UNITED STATES OF AMERICA

BEING A

DELINEATION MAP

VICINITY /.lAP
T2H R2E
C&S'"'

THE IfEST tlNf: OF THE SOUTHWEST DUARTeR OF SEcrlOll 1'1.
T2N. RlE OF THE GilA AND SALT RIVEf! IofERIOIAN, I-'ARICQPA
COIJNTr. ARIZO"'A. 8£ARINC NO" I]' l'f'£ AS SHOWN ON AN
UNRECORDEO CHECK PRINT COMPLETED 8T SlY'. DATED
/2//987.
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MARICOPA COUNTY Rl:CORD~R
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STATEMENT

II NO (lABILITY IS ACCEPTED 8r SRi> LAHD-5URVnS DIVISION
FOR ANr usc OF THIS DATA OTHCR THAN AS A GENeRAL
PRESENTATION OF APPROXIMATE LOCAriONAL ReLATIONSHIPS
BE:.TIlfE"EN THE VARIOUS OATA~SETS AS NOTED. AND. AS
COIJ8INEO.

KNOW ALL MEN BY THESE PRESENTS:

THIS DELIHEAT/ON MAP IS NOT A BOUNDARY SURVEY THEREFORE NO
Io/ONU4ENTS WERE SET.

THIS OELINEAT/ON MAP IS 8A$CO ON INFDRVATION GATHERED FROM
RECORDED AND/OR UNRECORDED OOCl.NENTS AND 5/JPPLEJAENTED
IfITH SURVEYED MEASURElJENTS.

THIS DElINCATION /.lAP IS /JEANT TO ILLUSTRATE; AN OPERATIONAL
AREA THAT IS /lAlN1A/NEO AND MANAGED tJr SRP THM .wAY OR /.IAT
/KJr 8£ fXJlHeIOfNT '11TH THE OCCUPATIONAL Lilli TS OF rHE
AD.xJINIHG PROPERTIES. AS ESTABLISHED SY SUCH tllSUAl
(VIDENCE AS AOJJINERS' FENCES. ETC.

THIS DELINEATION MAP IS tNTCNOfO SOLELY FOR THE PREPARATION
OF SRP ELECTRICAL AND/OR IRRIGATIONAL LEGAL OOCLIIENTS AIIO
r;;RIIPNICAL EXNIBITS.

USAGE OF THIS DELINEATION MAP 8Y OTHERS. FOR ANY OTHER
PURPOSE. /lAY NOT BE APPROPRIATE. IT IS ENTIRELY THE
RESPONSIBltlTY or: ANY 01ll£R USER TO DETERVIH£ ITS SUITABILITY
FOR ANr orHER PURPOse •

THE USE OF THE WORD 'CERTIFY' OR 'CERTlFICATlON' BY A PERSON
OR r:J~ THAT IS REGISTERED OR CERTIFIED BY THE OOARO IS AN
EXPRESSION OF PROFESSIONAL OPINION REGARDING FACTS OR
riNOINGS TNAT ARE TlfE SUBJECT OF THE CERTIFICATION AND OOES
NOT CO.'/$TITUT£ AN EXPRESS OR IIJPLI£D "ARRANTr OR GUARANTEE

ARS 32-15 I.
CERTIFY, CERTIFICATION

REGISTERED UNO SURvnOR '~flo
P.O. BOX SZ01S
PHOENIX. AZ 85071-1025
602·2J6·JI5J

2J THERE ARE OBVIOUS DISSIMILARITIES BETWEEN THE DISPARATE
DATA-SET SOURCE MATERIALS.

JI ALL (RIECORO. {MJEASURCO AND (CIALCULATED OIUENSIONS
SHO'IfN ON THIS ORAJr'INC RCPRCSENT HORIZDNTAL CROUND
DISTANCES. REPORTED IN FEfT A,ND DECIMALS or FEEr. UNLESS
SPECIFICALLY NOTED DIFFERENTLY.

~J '/HGHrS OF WAY FOR CANALS AND DITeIiES' DERIVED FROIJ'

• THE ACT OF JULY 26TN. 1866'

R.S. SEC. 2.JJ9 DERIVED FROU ACT JUlY 26. 1856. CII. 162.
SEC. 9. I~ STAT. 15J.

51 LOCAriON OF SRP EASDIENT (RJI IS 8ASEO ON THE
OPERATIONAL & IJA/NTENANCE LlMI TS or THE GRANO CANAL OR
IKR 80011 91 PAGE 16.

NOTE

I. TODD R#STAO. A PROFESSIONAL LICENSED SURVEYOR IN THE
STATE OF ARllONA. AFFIRIiA THAT THIS OElINEAT/ON MAP ltAS
DEtlElOPEO UNOER MY DIRECT SUPERVISION.

DELINEATION NOTE

THAT THE SALT RIVER VAUET WATER USE.RS',l$SOCI",TlON. AN
ARIZONA. CORPORATION, HEREBY PUBtlSHES THIS PLAT SHOWINO THE
RICHT or "AT NECESSARY FOR THE OPERATION AND MAINTENANCE
OF TilE PRiSENT GRAND CANAL IN SECTION /'J. TOWNSHIP 2 MJRTH.
RANGE 2 EAST. GILA ANO SAU RIVER MERIDIAN, UARICOPA COUNTY.
$;1/0 PLAT GOES NOT SHOW IlHf) /T 'S NOT T/iF INTENTION TO SIlO,.,
OR REFER TO All RICHTS Dr WAr AND RICHTS POSSESSED BT rI~E

UNITED STA.t£S OF -WERICA AND NEITHER THE EXECVllO/l OR
REC()RDArJON OF SAID PLAT SHALL RESULT IN OR CONSTI rurE ANT
DOl/NUT/ON OR OTHER DISPOSAL IN WHOLE OR IN PART. OF ANT
'UGHTS 0': "'Ar OR RIGHTS WHICH THE IlNI TEO STATES OF MlERIC,,"
IS EmlnEO TO UTllIlE OR ENFORC£,
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Appendix F

Utilities & Pothole Data



----------- - - - - - -..... - - - ~ ES E DATA SUMMARY

PREPARED BY: DATE: October 31, 2007

TBE Group, Inc. PROJECT NAME: Bethany Home Outfall Channel- Reach D Design
2236 West Shangri-La Rd. PROJECT NO: FCD 2006 C027 GROUP

Preliminary Phoenix, Al 85029
(602) 749-8550

NOTE: The coordinate and elevation values provided

below depict the actual utility location. Adjustments

were made, as needed, to the surveyed request location.

Al! Data is English
TBE Project Number: Al096-008-00

Coordinates Anticipated Ground Top Bottom Material Type, Outside Diameter and Comments Depth of CoverTH# Street Utility
Date

Elevation Elevation ElevationNorthlnQ EastlnQ

1 Indian School Rd 907771.59 614243.09 Water 09/11/07 1097.86 1093.52 ------ 13" Concrete Water Line E-W 4.34

2 Indian School Rd 907778.79 614231.24 TVFO 09/11/07 1097.52 1091.61 1091.16 (1) 1 3/4" (2) 2" Fiber Optic Conduits E-W Laid 6" Wide 5.91

3 Indian School Rd 907841.34 614117.20 Water 09/19/07 1098.56 1081.91 ------ Top Df Cone. Water Line E-W 16.65
Could Not Obtain O.D. Due to Soil Cavino In Pioe Size and Depth

4 Indian School Rd 907857.82 614091.43 Storm Drain 09/21/07 1098.86 1091.27 ---- 18" Concrete Pipe N-S 7.59

5 Indian School Rd 907848.42 614105.61 Gas 09/18/07 1098.39 1093.00 .~--- 4 1/2" Steel Gas Line E-W 5.39

6 Indian School Rd 907856.63 614090.23 Water 09/18/07 1098.41 1097.94 1094.31 35" Wide X 2.27' Deep Slurry Structure Over 9" Water Line N-S 0.47
Top Measurement - Top of Slurry Bottom - Bottom of Water line

7 Indian School Rd 907873.82 614063.06 Telephone 09/11/07 1098.83 1094.10 1090.99 10 (Visible) 4 1/2" Transite Conduits E-W Laid 14" Wide 4.73

7B Indian School Rd 907873.22 614011.19 Teleohone 10/22/07 1098.79 1092.84 1090.43 (1414" Transite Conduits E-W Laid 1.3' Wide Bv 2.41' Hioh 5.95

7C Indian School Rd 907873.18 614030.21 Telephone 10/22107 1098.95 1093.61 1091.20 (14) 4" Transite Conduits E-W Laid 1.3' Wide Bv 2.41' HiQh 5.34

7D Indian School Rd 907872.71 613972.96 Telephone 03/19/08 1099.09 1092.36 1089.03 2' X 3.33' Concrete Encased Telephone Duct E-W 6.73

8 67th Avenue 909370.00 612799.94 Irrioation 09/11/07 1097.60 1093.03 W~.__._ 26" Concrete IrriQation Line N-W 4.57

9 67th Avenue 909372.91 612798.03 Water 09/13/07 1097.75 1094.01 --- 29" Concrete Water Line NE-SW 3.74

10 67th Avenue 909370.32 612793.68 Gas 09/11/07 1097.80 1090.47 ---_. 2" Wrapped Steel Gas Line NW-SE 7.33

11 67th Avenue 909377.98 612786.21 CATV 09/12/07 1098.32 1096.28 .--- 3/4" Direct Buried Cable NW-SE 2.04

12 67th Avenue 909402.25 612774.96 Telephone 09/13/07 1099.18 1097.58 1087.54 191 Visible 4 1/2" Trans. Conduits N-S Laid 40" Wide & (1) 3/4" 1.60
Cable -- Opened Tel MH - Shows (24) Total Conduits

Top Elevation is top of 3/4" Cable - Bottom - Bottom of Tel Duct

12A 67th Avenue 909401.61 612772.30 Unk 09/13/07 1099.18 1095.40 --.._- Found 28" Concrete Pipe While DiQQinQ FDr TH #12 E-W 3.78

12B 67th Avenue 909391.65 612773.94 Telephone 10/18/07 1099.09 1089.95 1087.54 (24) 4" Transite Conduits N-S Laid 1.6' Wide Bv 2.41' HiQh 9.14

12C 67th Avenue 909413.81 612774.22 Telephone 10/19/07 1098.91 1090.24 1087.88 (24) 4" Transite Conduits N-S Laid 1.6' Wide Bv 2.36' Hioh 8.67

13 67th Avenue 909410.42 612766.44 Gas 10/09/07 1098.91 1082.63 ----- 6 112" Coated Steel Gas Line N-S' 16.28

14 67th Avenue 909423.72 612753.23' Gas 09/18/07 1098.92 1094.16 -......- 4 1/2" Steel Gas Line N-S 4.76

15 67th Avenue 909445.70 612736.37 StDrm Drain 09/19/07 1098.85 1088.01 ..._--- 4B"lper olans) CDncrete Storm Drain N-S 10.84
Could Not Expose Entire Pipe Due to Depth and Laroe RDCks in Soil

16 67th Avenue 909458.04 612725.01 Water 09/18/07 1098.60 1094.87 ---- 9" Concrete Water Line E-W 3.73

TBESummary.xls 9/8/2008 Page 1 of 2



----------- - - - - - - - - TESTHOLE DATA SUMMARY

PREPARED BY: DATE: October 31, 2007
TBE Group, Inc. PROJECT NAME: Bethany Home Outfall Channel· Reach 0 Design
2236 West Shangri-La Rd. PROJECT NO: FCD 2006 C027 GROUP

Preliminary Phoenix, AZ 85029
(602) 749-8550

NOTE: The coordinate and elevation values.provided

below depict the actual utility location. Adjustments

were made, as needed, to the surveyed request location.

All Data is English
TBE Project Number: AZ096-008-00

Coordinates AntiCipsted Ground Top Bottom Material Type, Outside Diameter and Comments Depth of CoverTH# Street
Utility

Date
Elevation Elevation ElevationNorthlna Eastlna

17 67th Avenue 909513.84 612676.08 Water 09/12107 1096.05 1091.58 ---- 9" Concrete Water Line N-S 4.47

18 67th Avenue 909515.95 612686.81 Irriqatlon 10109/07 1096.66 1092.10 ----- 70" Concrete Irriaatlon N-S 4.56

19 Indian School Rd 907844.71 614106.57 Irriqatlon 09/20107 1098.50 1097.21 1093.98 58" Concrete Encasement N-S lines Up With Old 1.29
Irrlqation Structure on N. Side of Indian School Rd.

20 Indian School Rd 909401.66 612738.41 Storm Drain 10123107 1099.01 1087.70 ---~- Exposed half of 48"(per plans) Concrete Storm Drain N-S 11.31
Couldn't Expose Entire Pipe Due to Depth and Asphalt Chunks In Soil

21 Indian School Rd 907824.66 614168.71 Storm Drain 05105108 1098.28 1097.99 1086.28 South Edae of Manhole lid 0.29

22 Indian School Rd 907801.20 614168.91 Storm Drain 05105/08 1097.69 1097.05 1085.25 North Edqe of 12" Thick Concrete N. of Manhole 0.64

23 67th Avenue 909530.02 612688.23 Irrlqatlon 09104108 1096.13 1092.71 ---- 70" Concrete Irriaatlon & 2" D.B. Cable On Top of Pipe NIS 3.42

24 67th Avenue 909475.22 612679.50 Irriaation 09103108 1097.01 1092.36 ------ 70" Concrete Irrlaation Ploe NIS 4.65

25 67th Avenue 909340.15 612800.83 Irriqation 09103108 1097.99 1091.06 .~--- 26" Concrete Irriqatlon Pipe NWISE 6.93

26 67th Avenue 909246.01 612782.50 1098.83 1098.83 --.._--

27 67th Avenue 909558.69 612676.29 Water 09104108 1095.81 1092.32 ------. 9" Concrete Water line NIS 3.49

28 Indian School Rd 907880.52 614098.40 Sewer 09/03/08 1098.21 1091.36 _.---- 5 112" Clay Sewer Pipe NIS 6.85

29 Indian School Rd 907883.98 614095.50 Storm Drain 09103108 1098.11 1091.91 --- 20" Concrete Storm Drain NEISW 6.20

TBESummary.xls 91812008 Page 2 of 2
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General Design Criteria

1) Design Code: AASHTO LRFD 4th Edition 2007

2) HS20 Wheel Load of 16 kips

3) One loaded lane with a multiple presence factor of 1.2

4) Concrete Compressive Strength f' c =3,000 psi

5) Rebar Yield Strength fy = 60 ksi

6) At-Rest Equivalent Fluid Pressure EFP = 55 pcf

7) Allowable Bearing Pressure =3,000 psf

8) Subgrade Modulus =150 pci

9) Coefficient of Friction = 0.4

Structural Design Calculations
Bethany Home Outfall Channel Reach-D
Phoenix, Arizona O\OLSSON

ASSOCIATES



Weir Structure

The top slab and wall corners were modeled with simple shear connections, while the
wall-to-footing connection was modeled as a rigid moment connection.

The same flexural reinforcing in the bottom of the top slab was used in each direction
using the maximum moment from either direction. The maximum shear was
conservatively taken at the support.

ASSOCIATES
O\.OLSSON

A 3-dimensional finite element plate model was created in RISA to analyze the weir
structure. The top slab, walls and footing were divided into 0.5'xO.5' plates. The loads
applied to the structure included self weight, vertical and lateral earth pressure, lateral
live load surcharge and vertical vehicular live load. The wheel point loads were applied
on the top slab at 6' apart and positioned to create the maximum shear and moment in
the slab. The wheel point load was distributed over a 3'x3' area with a multiple presence
factor of 1.2 determined according to Art. 4.6.2.10.2. The lane load is not considered for
traffic traveling parallel to the span width.

Strength I combination governs for buried structures. For a rigid buried structure, 1.3
was used for vertical earth pressure load factor and 1.35 was used for at-rest horizontal
earth pressures load factor. The concrete shear strength for the top slab was modified
according to 5.14.5.3. The strength reduction factor for shear is taken as 0.85 for buried
CIP concrete structures.

Structural Design Calculations
Bethany Home Outfall Channel Reach-D
Phoenix, Arizona
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Loads: Ble 5, LL -Vehicular· Moment
Results lor lC 1, Service t - Moment

OA

NJS

007-1033

Weir Junction Box

Load Case 1

June 23, 2008 at 3:00 PM

Weir Box - Plates2.r3d
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~z x

Loads: Ble 6, LL - Vehicular· Shear
Results for lC 1, Service 1. Momenl

OA

NJS

007-1033

Weir Junction Box

Load Case 2

June 23, 2008 at 3:01 PM

Weir Box - Plates2.r3d
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Results for LC 1, Service I - Moment

OA

NJS

007-1033

Weir Junction Box

Wall

Moment y
k-ftperft

7.6
5.B
4.2
2.5
.8
·.B
-2.6
-4.3
·6
-7.7
·9.4

June 23,2008 at 2:54 PM

Weir Box - Plates2.r3d
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Results for LC 3, Strength I - Moment

OA

NJS

007-1033

Weir Junction Box

Wall

Moment y

k~_hP~O~7.9
5.4
2.9..
-2.1
-4,6
-7.1
-9.6
-12.1
·14.6

June 23, 2008 at 2:53 PM

Weir Box - Plates2.r3d
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Results lor LC 4, Strenglh I - Shear

OA

NJS

007-1033

Weir Junction Box

Wall

Shear y

~
kPe~~8

7.78
5.98
4.18
2.38
.58
·1.22
·3.02
-4.82
-6.62
-8.42

June 23, 2008 at 2:55 PM

Weir Box - Plates2.r3d
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I
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-1.4
·3
-4.6
-6.2
-7.8
-9.4
-11

I
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Results for LC 1, Service 1- Moment

I OA Weir Junction Box

NJS June 23, 2008 at 2:45 PM

I
007-1033 Top Slab Weir Box - Plates2.r3d
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~z x

Momenlx

~
k'hP:7~

2.36
·.04
-2.44
-4.84
-7.24
-9.64
-12.04
-14.44
-16.84
-19.24

I
I

Results for LC 3, Strength I • Moment

OA

NJS

007-1033

Weir Junction Box

Top Slab

June 23, 2008 at 2:44 PM

Weir Box - Plates2.r3d
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~z x

Shear x

~
kPe;;'4•..

7.4
4.'
2.4
·.1
-2.6
-5.1
-7.6
·10.1
-12.6

I
I

Results for LC 4, Strength I . Shear

OA

NJS

007-1033

Weir Junction Box

Top Slab

June 23, 2008 at 2:44 PM

Weir Box - Plates2.r3d
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~z x

Moment x

I
k.ftP~4ft

1.8
.2
·1.4
-3
-4.6
-6.2
-7.8
-9.4

-·11
-12.6

I
I

Results for LC 1, Service I - Moment

OA

NJS

007-1033

Weir Junction Box

Footing

June 23, 2008 at 2:58 PM

Weir Box - Plates2.r3d
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Results lor LC 3, Strength I - Moment

I OA

NJS

I
007-1033

Weir Junction Box

Footing

Moment x

I
k'hP:'7~

2.36
·.04
-2.44
-4.84
-7.24
-9.64
-12.04
·14.44
-16.84
-19.24

June 23, 2008 at 2:57 PM

Weir Box - Plates2.r3d
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•z x

Shear x

~
kPe~;.

9.9
7.
4.9
2.4
-.1
-2.6
-5.1
-7.6
-10.1
-12.6

I
I

Results for LC 4, Strength I Shear

OA

NJS

007-1033

Weir Junction Box

Footing

June 23, 2008 at 2:57 PM

Weir Box - Plates2.r3d
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Weir Junction Box Design
R.C. concrete sections are designed according to AASHTO LRFD 2005. Design is based on a per foot of length basis. Fill height
is measured from grade to the bottom of the top slab of the box.

Live Loads
The equivalent strip width for fill> 2' is calculated according to Art. 3.6.1.2.6 and for fill < 2' Art. 4.6.2.10 is used. The tire contact
width of 20" is also taken into account in calculating the distributed live load. For box culvert loading parallel to the main span,
only one loaded lane is considered, however the multiple presence factor of 1.2 still applies.

No. Height (ft) Length (ft) Width (ft) Area (ft2) Wt (pcf) Wt (k)

1 1.167 24.000 17.000 150 71.4

2 9.500 23.000 1.000 150 65.6

2 9.500 16.000 1.000 150 45.6

1 1.167 24.667 17.667 150 76.3

1 1.333 24.000 17.000 120 65.3

1 10.667 27.778 120 35.6

1 4.000 22.000 15.000 62.4 82.4

1 5.500 22.000 5.000 150 90.8

0.0

532.8

Wheel Load - Traffic Parallel to Span

Total Span Length L

Actual Fill Height hla

Fill Height < L - Must Include Live Load

Wheel Load (HS20) P

Impact Factor 1M
Distribution Length Espan

Distributed Load WLL+IM

Soil Data

At-Rest - Drained - Cohesive Soil

Soil Wt. Ys
Eq. Fluid Density Yeq

2.0 It
110 psf

120 pet

55 pet

14.0 in

12.0 in

14.0 in

11.83 It

n
TW

TB

H

Box Dimensions

Top Slab Thickness

Wall Thickness

Bot. Slab Thickness

Total Height

Surcharge - Horz. Loads Only
Soil Height

Horz. Pressure

24.00 It
1.33 It

16.0 k

28 %
3.00 ft

2.720 ksf

f' 4.0 ksic

Ec 3,834 ksi

~1 0.85

fy 60 ksi

Es 29,000 ksi

n 7.6

L 22.00 It
W 15.00 It
R 9.50 It

hi 2.50 It
d 0.33 It

Top Slab

Long Walls

Short Walls

Bottom Slab

Earth Fill

Earth Fill

Water Fill

Concrete Fill

Additional Wt.

Materials

Concrete Strength

Conc. Mod. of Elast.

Stress Block Coeff.

Rebar Strength

Steel Mod. of Elast.

Modular Ratio

Parameters

Length

Width

Rise

Fill

Footing Offset

Dead Loads
Component

Total
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Stabilitv
For the live load bearing pressure, the wheel load applied to the top slab is distributed over the bearing area without an increase
due to impact. Forces resisting buoyancy include the box self weight and soil weight above the box. The groundwater is
assumed to be at the surface and the weight of water inside the box is ignored.

Bearing Capacity (Service Loads) Buoyancy
Bearing Area Aq 435.78 ft2 Depth to Bot. Slab Z 11.83 ft

DL Bearing Pressure qOL 1,223 psf Groundwater Depth Zw 0.00 ft
LL Bearing Pressure qLL 106 psf Buoyant Force Pb 311.1 k

Bearing Pressure q 1,328 psf Self Weight Pw 450.4 k

All. Bearing Pressue qall 3,000 psf Factor of Safety FS OK> 1.1
Factor of Safety FS OK
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Top Slab Design

Designed as a simple span slab with the clear span length used to calculate forces. Strength I combination governs for buried
structures. For a rigid buried structure, 1.3 is used for vertical earth pressure. Concrete shear strength is modified according to
5.14.5.3. Strength reduction factor for shear is taken as 0.85 for buried CIP concrete structures. The maximum shear force is taken
at the support.

I
I
I
I

Parameters
Slab Thickness

Shear
Concrete - Art. 5.14.5.3

Reduction Factor

Width for Shear

Steel Depth for Shear

Cone. Shear Strength

n 14.00 in

0.85

12.00 in

11.56 in

22.9 klft

Loads
Self Weight

Soil Load

Wheel Live Load

Shear Strength - Art 5.8.3.3

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

0.175 ksf

0.160 ksf

2.720 klft

9.4 klft

19.5 klft

OK

I
I
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Flexure (Short Bottom Bars)
Parameters

Reduction Factor cD

Width b

Height h

Clear Cover ce
Bar Size

Spacing

Bar Diameter db

Area of Steel As

Steel Depth d

Eq. Stress Depth a

Neutral Axis Depth c

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin

Actual Clear Spacing SClr

Max. Spacing Smax

Development Length - Art 5.11.2.1

Epoxy Modifier 4Ja

Top Bar Modifier 4J t

Development Length ~

Use #7 @ 8 in. Spa.

0.90

12.00 in

14.00 in

2.00 in

#7R1
8.0 EBin

0.88 in

0.90 in2/ft

11.56 in

1.32 in

1.56 in

1.50 in

in

12.0 in

1.0

1.0

23 in

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain Et 0.0193

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr 29.0 k·fVft

1.33 x Ult. Moment 1.33Mu 25.5 k·fVft

Min. Moment Capacity Mmin k·fVft

Temp & Shrink - Art 5.10.8

Min. Area of Steel As,min in2/fVface
Crack Control - Art 5.7.3.4

Service Moment Ms 12.6 kWft

Service Stress in Reinf. fss 14.7 ksi

Concrete Cover de 2.44

Clear Cover Factor Ps 1.30

Exposure Factor Va 1.00

Max. Spacing Smax in

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load Mu 19.2 k·ft/ft

Reduced Nom. Cap. cDMn 44.1 k·ft/ft

Utilization Ratio Mu I <PM n OK
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Wall Design

0.138 kilt

0.660 kilt
0.110 kilt

PEH

PEH

PLS

Loads
Earth Press. @ Top

Earth Press. @ Bot.

LL Surcharge

12.00 inTW

Designed with a simple connection to the top slab and a rigid connection to the footin. Strength I combination governs for buried
structures. For a rigid buried structure, 1.35 is used for at-rest horizontal earth pressure. Maximum shear is taken at the face of the
bottom slab. Axial load is not taken into consideration.

Parameters
Outer Wall Thickness

I
I
I
I
I

Shear
Concrete - Art. 5.8.3.4.1

Reduction Factor

Width for Shear

Steel Depth for Shear

Conc. Shear Strength

0.85

12.00 in

9.63 in

14.6 kilt

Shear Strength - Art 5.8.3.3

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

5.6 kilt

12.4 kilt

OK

in

5.3 kWit

8.6 k·ltlft

OK

21.3 k·ft/It

7.0 kWIt

k·ft/It

3.6 k·ft/It

22.3 ksi
2.25

1.33

1.00

0.0815

Ye
Smax

As,min

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain

Min. Reinforcement· Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcf
1.33 x Ult. Moment 1.33Mu

Min. Moment Capacity Mmin
Temp & Shrink - Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

1.0

1.0

8 in

1.50 in

in

12.0 in

0.90

12.00 in

12.00 in

2.00 in

#4Bj
12.0 EBin

0.50 in

0.20 in2/1t
9.75 in

0.29 in

0.35 in

Use #4 @ 12 in. Spa.Flexure (Inside Face)
Parameters

Reduction Factor <I>

Width b

Height h

Clear Cover cc

Bar Size

Spacing

Bar Diameter db

Area of Steel As

Steel Depth d

Eq. Stress Depth a

Neutral Axis Depth c

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin

Actual Clear Spacing Self

Max. Spacing Smax

Development Length - Art 5.11 .2.1

Epoxy Modifier ljJe

Top Bar Modifier ljJt

Development Length L.t

I
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As,min

in

21.3 k·fVf1

12.6 k·fVf1

k·fVf1

6.9 k·ft/ft

19.8 ksi

2.38

1.35

1.00

9.5 kofUft

18.4 k·ft/ft

OK

0.0349

Ye
Smax

Max. Reinforcement· Art 5.7.3.3.1
Extr. Tensile Strain

Min. Reinforcement - Art 5.7.3.3.2
1.2 x Cracking Moment 1.2Mcr
1.33 x Ull. Moment 1.33Mu

Min. Moment Capacity Mm;n

Temp & Shrink - Art 5.10.8
Min. Area of Steel

Crack Control - Art 5.7.3.4
Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

Flexure (Corner Bars) Use #6 @ 12 in. Spa.
Parameters

Reduction Factor <t> 0.90

Width b 12.00 in

Height h 12.00 in

Clear Cover Cc 2.00 in

Bar Size #6~
Spacing 12.0 : in

Bar Diameter db 0.75 in

Area of Steel As 0.44 in21ft
Steel Depth d 9.63 in

Eq. Stress Depth a 0.65 in

Neutral Axis Depth c 0.76 in

Spacing Limit - Art 5.10.3.1.1
Min. Clear Spacing Sm;n 1.50 in

Actual Clear Spacing Sclr in

Max. Spacing Smax 12.0 in

Development Length· Art 5.11.2.1

Epoxy Modifier 4Je 1.0

Top Bar Modifier 4J t 1.0

Development Length L.! 17 in
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I
Footing Design

Designed with rigid connections to the walls. The maximum moment and shear are taken from the RISA analysis. Loads are
applied to the top slab and transfered into the footing. The subgrade modulus is taken as 150 pci.

I
I -

Parameters
Footing Thickness TB 14.00 in

in

7.2 klft

15.0 klft

OK

29.0 kofUft

6.8 k·ft/ft

k·ft/ft

3.7 k·ftlft

8.7 ksi
2.38

1.29

1.00

5.1 k·ft/ft

22.4 k·ftlft

OK

0.0428

As,min

Shear Strength - Art 5.8.3.3

Factored Ultimate Load
Reduced Nom. Cap.

Utilization Ratio

Max. Reinforcement - Art 5.7.3.3.1
Extr. Tensile Strain £t

Min. Reinforcement· Art 5.7.3.3.2
1.2 x Cracking Moment 1.2Mcr
1.33 x Ult. Moment 1.33Mu

Min. Moment Capacity Mmin
Temp & Shrink - Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom, Cap.

Utilization Ratio

1.50 in

in

12.0 in

0.85

12.00 in
11.63 in

17.6 klft

1.0

1.0

17 in

0.90

12.00 in
14.00 in

2.00 in

#6Bj
12.0 tijin

0.75 in

0.44 in21ft
11.63 in

0.65 in

0.76 in

Use #6 @ 12 in. Spa.

Shear
Concrete - Art. 5.14.5.3

Reduction Factor

Width for Shear

Steel Depth for Shear

Conc. Shear Strength

Flexure (Top Bars)
Parameters

Reduction Factor <I>

Width b

Height h

Clear Cover cc

Bar Size

Spacing

Bar Diameter db

Area of Steel As

Steel Depth d

Eq. Stress Depth a

Neutral Axis Depth c

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin

Actual Clear Spacing SClr

Max. Spacing Smax
Development Length - Art 5.11.2.1

Epoxy Modifier 41e

Top Bar Modifier 4l t

Development Length 4t
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As,min

in

29.0 k·ft/It

12.5 k·ft/It

k·ft/It

6.7 k·ft/It

15.9 ksi

2.38

1.29

1.00

9.4 k'ft/ft

22.4 k·ft/It

OK

0.0428

Ve
Smax

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain

Min. Reinforcement - Art 5.7.3.3.2
1.2 x Cracking Moment 1.2Mcr
1.33 x Ult. Moment 1.33Mu

Min. Moment Capacity Mmin
Temp & Shrink - Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load
Reduced Nom. Cap.

Utilization Ratio

Flexure (Corner Bars) Use #6 @ 12 in. Spa.
Parameters

Reduction Factor <t> 0.90

Width b 12.00 in

Height h 14.00 in

Clear Cover Cc 2.00 in

Bar Size #6~
Spacing 12.0 : in

Bar Diameter db 0.75 in

Area of Steel As 0.44 in2/ft

Steel Depth d 11.63 in

Eq. Stress Depth a 0.65 in

Neutral Axis Depth c 0.76 in

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin 1.50 in

Actual Clear Spacing Sclr in

Max. Spacing Smax 12.0 in

Development Length· Art 5.11.2.1

Epoxy Modifier 4Je 1.0

Top Bar Modifier 4J t 1.0

Development Length L.! 17 in
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Transition Structure

The top slab and wall corners were modeled with simple shear connections, while the
wall-to-footing connection was modeled as a rigid moment connection.

The same flexural reinforcing in the bottom of the top slab was used in each direction
using the maximum moment from either direction. The maximum shear was
conservatively taken at the support.

ASSOCIATES
O\OLSSON

The transition structure was designed as a one-way slab since the span ratios > 2. A
two-dimensional stick model was created in RISA to analyze the structure. The loads
applied to the structure included self weight, vertical and lateral earth pressure, lateral
live load surcharge and vertical vehicular live load. The wheel point load was applied on
the top slab and positioned to create the maximum shear and moment in the slab. The
wheel point load was distributed over a 3.08' width with a multiple presence factor of 1.2
determined according to Art. 4.6.2.10.2. The lane load is not considered for traffic
traveling parallel to the span width.

Strength I combination governs for buried structures. For a rigid buried structure, 1.3
was used for the vertical earth pressure load factor and 1.35 was used for the at-rest
horizontal earth pressures load factor. The concrete shear strength for the top slab was
modified according to 5.14.5.3. The strength reduction factor for shear is taken as 0.85
for buried CIP concrete structures.

Structural Design Calculations
Bethany Home Outfall Channel Reach-D
Phoenix, Arizona
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tLx

2.568kIft

IIII 1111111111111111111111111111111

1 N2

M ~::;

- "'2
:J>l3 Jl4 Jl5 f6 f7 <fB <f9 <f10 1'f11

Loads: BLC 5, LL+IM . Case 1
Results for LC 2, Strength I

Olsson Associates Transition Structure

NJS June 23, 2008 at 4:19 PM

007-1033 LL Case 1 Transition Box.r3d
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&.x

-2.568kItt

1II1I111111111 111I111111111111111
Ml

1<11 N2

M
::E::;

M2
-l'I3 ~4 'f5 'f6 'f7 'f8 'f9 'flO l'I11

Loads: BLC 6, LL + 1M - Case 2
Results for LC 2, Strength I

Olsson Associates Transition Structure

NJS June 23, 2008 at 4:22 PM

007-1033 Load Case 2 Transition Box.r3d
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&.x

8.4

Ml 1.9

1.1.9 N2

-8.4

~ :li

I

8.3

~ l7 ~8 ~~9 ~10 ~
11 -53

-8.3

I I I2.03 2.03

2.63 2.55 2.48 2.46 2.48 2.55 2.63

ResullS for LC 3. Strength I • Case 1
Member y Shear Forces (k)
Reaction units are k and k-ft

Olsson Associates Transition Structure

NJS June 23, 2008 at 4:27 PM

007-1033 Transition Box.r3d
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tLx

12.6
n--r,-,.....

M1 1.9

11.9 N2
-42

~ ..
::;

I

6.1

T
6

r6
t: t:7 r O 11.5.3

0.69 0.07
-106

3.12
3.99 3.83

4.57

Results for lC 4, Strength I Case 2
Member y Shear Forces {k}
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Transition Structure Design
R.C. concrete sections are designed according to AASHTO LRFD 2005. Design is based on a per foot of length basis. Fill height
is measured from grade to the bottom of the top slab of the box.

I
Materials

Concrete Strength f' 3.0 ksic

Conc. Mod. of Elast. Ec 3,321 ksi
Stress Block Coeff. 131 0.85

I Rebar Strength fy 60 ksi

Steel Mod. of Elast. Es 29,000 ksi

Modular Ratio n 8.7

I Parameters

Span S 8.00 It

I Rise R 9.75 It
Fill hI 2.50 ft

Footing Offset d 0.33 It

I

Soil Data

At-Rest - Drained - Cohesive Soil
Soil Wt. Ys
Eq. Fluid Density Yeq

Box Dimensions

Wall Thickness TW

Top Slab Thickness n
Top Slab Width BT

Bot. Slab Thickness TB

Bot. Slab Width BB

Total Height H

120 pef

55 pcf

10.0 in

12.0 in

9.67 It
12.0 in

10.33 It
11.75 It

The equivalent strip width for fill> 2' is calculated according to Art. 3.6.1.2.6 and for fill < 2' Art. 4.6.2.10 is used. The tire contact
width of 20" is also taken into account in calculating the distributed live load. For box culvert loading, only one loaded lane is
considered, however the multiple presence factor of 1.2 still applies.

I
I
I
I
I

Dead Loads
Component No. Height (ft) Length (ft) Width (ft)

Top Slab 1 1.000 9.667 1.000

Walls 2 0.833 9.750 1.000

Bottom Slab 1 1.000 10.333 1.000

Earth Fill 1 1.000

Water Fill 1 4.000 8.000 1.000

Concrete Fill 1 5.500 8.000 1.000
Additional Wt.

Total

Live Loads

Area (ft2) Wt (pet)

150

150

150

22.667 120

62.4

150.0

Wt (klft)

1.450

2.438

1.550

2.720

1.997

6.600
0.000

16.754

I
I
I
I
I
I
I

Wheel Load· Traffic Parallel to Span
Total Span Length L

Actual Fill Height hla

Fill Height < L· Must Include Live Load

Axle Load (HS20) P

Impact Factor 1M
Distribution Length Espan

Wheel Load w

9.67 It
1.50 It

16.0 k

27 %
3.17 It

2.428 ksf

Surcharge· Horz. Loads Only
Soil Height

Harz. Pressure

2.0 It
110 psf
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Stability
For the live load bearing pressure, the wheel load applied to the top slab is distributed over the bearing area without an increase
due to impact. Forces resisting buoyancy include the box self weight and soil weight above the box. The groundwater is

Bearing Capacity (Service Loads) Buoyancy
Bearing Area Aq 10.33 ft2 Depth to Bot. Slab Z 13.25 ft

DL Bearing Pressure qOL 1,621 psf Groundwater Depth Zw 0.00 ft

LL Bearing Pressure qLL 538 psf Buoyant Force Pb 7.1 k

Bearing Pressure q 2,160 psf Self Weight Pw 8.2 k

All. Bearing Pressue qan 3,000 pSf Factor of Safety FS OK> 1.1

Factor of Safety FS OK



I
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Top Slab Design

Designed as a simple span slab with the clear span length used to calculate forces. Strength I combination governs for buried
structures. For a rigid buried structure, 1.3 is used for vertical earth pressure. Concrete shear strength is modified according to
5.14.5.3. Strength reduction factor for shear is taken as 0.85 for buried CIP concrete structures.

I
I
I
I

Parameters

Slab Thickness

Shear
Concrete· Art. 5.14.5.3

Reduction Factor

Width for Shear

Steel Depth for Shear

Conc. Shear Strength

n 12.00 in

0.85

12.00 in

9.63 in

16.6 klft

Loads

Self Weight

Soil Load

Distr. Live Load

Shear Strength· Art 5.8.3.3

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

0.150 ksf

0.180 ksf

2.428 ksf

12.6 klft

14.1 klft

OK

I
I
I
I
I
I
I
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I
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Flexure (Bot. Bars)
Parameters

Reduction Factor et>
W~h b

Height h

Clear Cover ce
Bar Size

Spacing

Bar Diameter db

Area of Steel As

Steel Depth d

Eq. Stress Depth a

Neutral Axis Depth c

Spacing Limit· Art 5.10.3.1.1

Min. Clear Spacing Smin

Actual Clear Spacing Selr

Max. Spacing Smax

Development Length· Art 5.11.2.1

Epoxy Modifier I.jJe

Top Bar Modifier I.jJt

Development Length 4l

Use #6 @ 8 in. Spa.

0.90

12.00 in

12.00 in

2.00 in

#6R=j
8.0 EEin

0.75 in

0.66 in2/ft

9.63 in

1.29 in

1.52 in

1.50 in

in

12.0 in

1.0

1.0

20 in

Max. Reinforcement· Art 5.7.3.3.1

Extr. Tensile Strain £, 0.0160

Min. Reinforcement· Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mer 18.5 k·ft/ft

1.33 x Ult. Moment 1.33Mu 33.6 k·ft/ft

Min. Moment Capacity Mmin k·ft/ft

Temp & Shrink· Art 5.10.8

Min. Area of Steel As,min in2/ft/face
Crack Control· Art 5.7.3.4

Service Moment Ms 15.2 k·ft/ft

Service Stress in Reinf. fss 29.7 ksi

Concrete Cover de 2.38

Clear Cover Factor f3s 1.35

Exposure Factor Ye 1.00

Max. Spacing Smax in

Moment Capacity· Art 5.7.3.2.1

Factored Ultimate Load Mu 25.3 k·fVft

Reduced Nom. Cap. <PMn 26.7 k·fVft

Utilization Ratio Mu / Cl>Mn OK
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Wall Design

Designed with a simple connection to the top slab and a rigid connection to the bottom slab. Clear span length is used to calculate
forces. Strength I combination governs for buried structures. For a rigid buried structure, 1.35 is used for at-rest horizontal earth
pressure. Maximum shear is taken at the face of the bottom slab. Axial load is not taken into consideration.

I
I
I
I

Parameters
Outer Wall Thickness

Span Length

Point of Contraflexure

Shear
Concrete - Art. 5.8.3.4.1

Reduction Factor

Width for Shear

Steel Depth for Shear

Cone. Shear Strength

TW

L
x

10.00 in

9.75 f!

2.06 f!

0.85

12.00 in

7.56 in

9.9 kilt

Loads

Earth Press. @ Top

Earth Press. @ Bot.

LL Surcharge

Shear Strength - Art 5.8.3.3

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

PEH

PEH

PLS

0.138 kif!

0.674 kif!

0.110 klft

5.3 kilt

8.4 kif!

OK

I
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Flexure (Inside Face)
Parameters

Reduction Factor <P

W~h b

Height h

Clear Cover Cc

Bar Size

Spacing

Bar Diameter db

Area of Steel As

Steel Depth d

Eq. Stress Depth a

Neutral Axis Depth c

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin

Actual Clear Spacing Sclr

Max. Spacing Smax

Development Length - Art 5.11.2.1

Epoxy Modifier 4Je

Top Bar Modifier 4J t

Development Length 4f

Use #4 @ 12 in. Spa.

0.90

12.00 in

10.00 in

2.00 in

#4~
12.oEBin

0.50 in

0.20 in21ft
7.75 in

0.39 in

0.46 in

1.50 in

in

12.0 in

1.0

1.0

9 in

Max. Reinforcement· Art 5.7.3.3.1

Extr. Tensile Strain Et 0.0474

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr 12.8 k·ft/f!

1.33 x Ult. Moment 1.33Mu 4.9 k·fVIt

Min. Moment Capacity Mmin k·ft/f!

Temp & Shrink - Art 5.10.8

Min. Area of Steel As,min in2/fVface

Crack Control - Art 5.7.3.4

Service Moment Ms 2.7 k·ft/f!

Service Stress in Reinf. fss 21.1 ksi

Concrete Cover dc 2.25

Clear Cover Factor f3s 1.41

Exposure Factor Ve 1.00

Max. Spacing Smax in

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load Mu 3.7 k·ft/f!

Reduced Nom. Cap. <PMn 6.8 k·fVIt

Utilization Ratio Mu I Cl>Mn OK



As,min

in

12.8 k·ft/ft

14.9 k·ft/ft

k·ft/ft

11.2 k·fUft

18.8 k·fUft

OK

7.4 k·ftJft

20.1 ksi

2.44

1.46

1.00

0.0134

Ve
Smax

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr
1.33 x Ult. Moment 1.33Mu

Min. Moment Capacity Mmin
Temp & Shrink - Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

Flexure (Corner Bars) Use #7 @ 12 in. Spa.

Parameters

Reduction Factor <J) 0.90

Width b 12.00 in

Height h 10.00 in

Clear Cover Cc 2.00 in

Bar Size #7~
Spacing 12.0 : in

Bar Diameter db 0.88 in

Area of Steel As 0.60 in21ft

Steel Depth d 7.56 in

Eq. Stress Depth a 1.18 in

Neutral Axis Depth c 1.38 in

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin 1.50 in

Actual Clear Spacing SClr in

Max. Spacing Smax 12.0 in

Development Length - Art 5.11.2.1

Epoxy Modifier '+Ie 1.0

Top Bar Modifier 4-'t 1.0
Development Length ~ 26 in
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Footing Design

Designed with rigid connections to the walls for flexure in the corners. The maximum moment and shear are taken from the RISA
analysis. Loads are applied to the top slab and transfered into the footing. The subgrade modulus is taken as 150 pei.

I
I
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Parameters
Footing Thickness

Shear
Concrete - Art. 5.14.5.3

Reduction Factor

Width for Shear

Steel Depth for Shear

Conc. Shear Strength

TB 12.00 in

0.85

12.00 in

9.63 in

12.6 kilt

Shear Strength - Art 5.8.3.3

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

10.6 kilt
10.7 kilt

OK

I
I
I
I
I
I
I
I
I
I
I
I
I
I

Flexure (Top Bars)
Parameters

Reduction Factor <P

Width b

Height h
Clear Cover cc

Bar Size

Spacing

Bar Diameter db

Area of Steel As

Steel Depth d

Eq. Stress Depth a

Neutral Axis Depth c

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin

Actual Clear Spacing SCi'

Max. Spacing Smax

Development Length - Art 5.11.2.1

Epoxy Modifier 4Je

Top Bar Modifier 4J1

Development Length l.l

Use #6 @ 8 in. Spa.

0.90

12.00 in

12.00 in

2.00 in

#6Bj

8.0Bjin

0.75 in

0.66 in2/ft

9.63 in

1.29 in

1.52 in

1.50 in

in

12.0 in

1.0

1.0

20 in

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain £1 0.0160

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr 18.5 k·ftlft

1.33 x Ult. Moment 1.33Mu 11.4 k·ft/It

Min. Moment Capacity Mmin k·ft/It

Temp & Shrink· Art 5.10.8

Min. Area of Steel As,min in2/ftlface
Crack Control - Art 5.7.3.4

Service Moment Ms 5.3 k·ftlft

Service Stress in Rein!. fss 10.1 ksi

Concrete Cover dc 2.38

Clear Cover Factor 13s 1.35

Exposure Factor Ye 1.00

Max. Spacing Smax in

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load Mu 8.5 k·ft/It

Reduced Nom. Cap. <PMn 26.7 k·ft/It

Utilization Ratio Mu / <J)Mn OK



As,min

in

18.5 k·ft/ft

14.9 k·ft/ft

k·ft/ft

11.2 k·ftJft

24.2 k·ftJft

OK

7.4 k·ft/ft

15.7 ksi

2.44

1.36

1.00

0.0177

Ve
Smax

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr
1.33 x Ult. Moment 1.33Mu

Min. Moment Capacity Mmin

Temp & Shrink - Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

Flexure (Corner Bars) Use #7 @ 12 in. Spa.

Parameters

Reduction Factor <t> 0.90

Width b 12.00 in

Height h 12.00 in

Clear Cover Cc 2.00 in

Bar Size #7

Spacing 12.0 in

Bar Diameter db 0.88 in

Area of Steel As 0.60 in2/ft

Steel Depth d 9.56 in

Eq. Stress Depth a 1.18 in

Neutral Axis Depth c 1.38 in

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin 1.50 in

Actual Clear Spacing Sclr in

Max. Spacing Smax 12.0 in

Development Length - Art 5.11.2.1

Epoxy Modifier \fJe 1.0

Top Bar Modifier 4J1 1.0
Development Length l.l 26 in
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Inlet Structure

Reinforcing for the apron was designed to meet the minimum steel required for
temperature and shrinkage. Reinforcing for the headwall has determined to be #5 bars
at 12" centers, each face, each way. This reinforcing was based on typical headwall
reinforcing on past projects.

The inlet structure sidewalls and wing walls were modeled as a cantilevered retaining
wall. The maximum retained height of 7.5' was used for the design. For stability, the
bearing pressure and overturning were checked. The wall is considered restrained
against sliding due to the apron. The stem, heel and toe reinforcing were designed on a
per foot basis according to AASTHO LRFD Specifications.

ASSOCIATES
O\.OLSSON

Structural Design Calculations
Bethany Home Outfall Channel Reach-O
Phoenix, Arizona
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Retaining Wall
Design is for a cantilevered reinforced concrete retaining wall supported on a shallow foundation. Design is based on a per foot
length of wall. Reinforced concrete sections are designed according to AASTHO LRFD Specifications.

I
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Parameters

Retained Height

Burial Depth

Height of Groundwater

Dimensions

Top of Stem Thick.

Toeside Taper

Heelside Taper

Bot. of Stem Thick.

Toe Length

Heel Length

Footing Thickness

Stem Height

Wall Height

Footing Width

Toe Cover

Materials

Concrete Strength

Concrete Weight

Cone. Mod. of Elast.

Stress Block Coeff.

Rebar Strength

Steel Mod. of Elast.

Modular Ratio

hi 7.50 It

db 1.00 It
hw 0.00 It

t, 12.00 in

tIs 0.00 in

ths 0.00 in

tb 12.00 in

L, 0.50 It
Lh 3.00 It
tl 1.00 It

hs 7.50 It
H 8.50 It

B 4.50 ft

he 0.00 It

f' 4.0 ksie
we 150 pet

Ee 3,834 ksi

131 0.85
fy 60 ksi

Es 29,000 ksi

n 7.6

Soil Data

All. Bearing Pressure

Active (1) or At-Rest (2)

Coeff. of Friction

Overburden Depth

Drained

Dry Soil Wt. WS

EFP - Active wa
EFP - At Rest WO

EFP - Passive wp

Undrained

Saturated Soil Wt. wsal
Sat. EFP - Active wa,sal

Sat. EFP - At Rest wo,sa'

Sat. EFP - Passive wp,sat

Assumption

Neglect Vertical Soil Pressure for Toe Design

Neglet Bearing Pressure for Heel Design

Neglet Passive Pressure for Stem Design

Neglect Live Load Surcharge for Toe Design

3,000 psf

2

0.40

1.00 It

120 pet

35 pet

55 pet

300 pcf

140 pcf

85 pet

90 pet

210 pet

Value

TRUE

TRUE

TRUE

TRUE

h, '\7 -

h.

IJ.

-

d.

I,

L, c. L.

B

H

Min 0.4H

3.40

Min H/12

8.5

Recommended Dimensions

Footing Width B (It)
Max 0.7H Actual

5.95 4.50

Toe Length Lt (in)

B/3 Actual

1.50 0.50

Stem Thickness tb (in)

Max H/10 Actual

10.2 12.0

I
I

I
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Loads
Load factors specified according to AASTHO LRFD 2005.

I
Importance Factor

Load Factors

I
Self Weight

Vertical Earth

Horz. Earth - Active

Horz. Earth - At Rest

I Earth Surcharge

Live Load Surcharge

Live Load

I Factors of Safety

Bearing

I
Overturning

Sliding

Buoyancy

I Live Load Surcharge

Vert. Surcharge Load

Harz. Surcharge Load

I Deflection Limit

Min Defl. Limit

I
I
I
I
I
I
I
I
I
I

IMP 1.00

Strength 1

DC 1.25

EV 1.35

EH 1.50

EH 1.35

ES 1.50

LS 1.75

LL 1.75

1.00

1.50

1.50

1.50

WLS 100 psf

PLS 46 psf

U~ 180
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Stability

Retaining wall is checked lor bearing pressure overturning and sliding. For most efficient design, resultant should be within the
middle third 01 the looting.

Bearing Pressure

I Toe

Stem (Toeside)

Stem (Heelside)

I
Heel

Allowable

I
Max

Factor of Safety

Overturning

I Resisting Moment

Overturning Moment

Factor of Safety

RM 11.6 k-ft

OTM 7.3 k-ft

FS ~ 1.5 OK

qt 2,975 psI

qst 2,551 psI

qsh 1,703 psf

qh -842 psf

qau 3,000 psf

qu 2,975 psf

FS ~ 10K

Lateral Forces F (k) h (ft) M (k-ft)

Soil 1.99 2.833 5.6

Water 0.00 0.000 0.0

Passive 0.00 0.000 0.0

Live Load Surcharge 0.39 4.250 1.7

Total 2.38 7.3

Vertical Forces F (k) d (ft) M (k-ft)

Self Weight - DC

Footing 0.68 2.250 1.5

Stem 1.13 1.000 1.1

Toeside Taper 0.00 0.500 0.0

Heelside Taper 0.00 1.500 0.0

Soil- EV

Heelside 2.70 3.000 8.1

Heelside Taper 0.00 1.500 0.0

Toeside 0.00 0.250 0.0

Toeside Taper 0.00 0.500 0.0

LL Surcharge - LS 0.30 3.000 0.9

Total 4.80 11.6

38 %

56 %

6%

1.34

Modified Bearing Pressure Load Factor

DC Percentage

EV Percentage

LL Percentage

Modified Load Factor

4.80 k

4.4 k-ft

0.91 ft

1.99 k

0.39 k

2.38 k
0.00 k

1.92 k

1.92 k

Resultant Location

Resultant Force F,

Resultant Moment M,

Distance to Resultant d,

Outside Middle Third (Toeside)

Sliding

Backfill

Surcharge

Sliding Forces

Passive Pressure

Friction

Resisting Forces

I
I

I
I
I
I

Factor of Safety FS

Restrained Against Sliding OK

< 1.5 NG

I
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I Stem

I
The reatining wall stem is designed as a cantileverd wall. The passive soil pressure above the footing is assumed to be in a
drained condition. The passive soil pressure may also be neglected.

o Neglet Passive Pressure for Stem Design (Conservative)

I
I
I
I
I

Parameters

Stem Height

Top of Stem Thick.

Toeside Taper

Heelside Taper

Bot. of Stem Thick.

Section for Analysis

Shear

Concrete - Art. 5.14.5.3
Reduction Factor

Width for Shear

Steel Depth for Shear

Conc. Shear Strength

7.50 It
12.0 in

0.0 in

0.0 in

12.0 in

7.50 It

0.90

12.00 in

9.44 in

14.3 klft

Lateral Forces

Reduction Factor

Backfill Pressure

Addl. Hydrostatic

Toeside Pressure

Live Load Surcharge

Shear Strength - Art 5.8.3.3
Reduced Nom. Cap.

Factored Ultimate Load

Factor of Safety

PEH

Pw
PEH

PLS

1.00

0.413 kilt

0.000 kilt

0.000 kilt

0.046 kilt

12.9 klft

2.7 klft

OK

ce 2.00 in

2.00 ft

<P 0.90

b 12.00 in

t 12.00 in

db 1.13 in

As 0.31 in2/ft

d 9.44 in

a 0.46 in

c 0.54 in

SCi' in

Sm;n 1.69 in

Parameters

I Clear Cover

Lap Length

Reduction Factor

I
Width

Thickness

Bar Diameter

I
Area of Steel

Steel Depth

Eq. Stress Depth

I
Neutral Axis Depth

Actual Clear Spacing

Min. Clear Spacing

I Deflection

Nuetral Axis Depth

I
Gross Inertia

Cracked Inertia

Cracked Moment

I
Effective Inertia

I
I

0.02 in

> 180 OK

0.18 in

/1
U/1

Active Pressure Limit 0.002H

At-Rest Lateral Earth Pressure

Deflection

Defl. Ratio

Development Length - Art 5.11.2.1
Epoxy Modifier 4Je 1.2

Top Bar Modifier 4J1 1.0

Temp & Shrink - Art 5.10.8
Min. Area of Steel As,min in2/ftlface

Max. Reinforcement - Art 5.7.3.3.1
Extr. Tensile Strain £1 0.0498

Min. Reinforcement - Art 5.7.3.3.2
1.2 x Cracking Moment 1.2Mer 21.3 k·fUft

1.33 x Ult. Moment 1.33Mu 9.9 k·fUft

Min. Moment Capacity Mmin k·fUft

Crack Control - Art 5.7.3.4
Service Moment Ms 5.2 k·fUft

Service Stress in Reinf. fss 21.3 ksi

Concrete Cover de 2.56

Clear Cover Factor (3s 1.39

Exposure Factor Ve 1.00

Max. Spacing Smax in

Moment Capacity· Art 5.7.3.2.1
Reduced Nom. Cap. <PMn 12.8 k·fUft

Factored Ultimate Load Mu 7.5 k·ftllt

Factor of Safety <PMn/ Mu OK

1.73 in

1,728 in4

160 in4

11.5 k·ftlft

1,728 in4

Vert. Bars

#4EB

12.0EB

7.50

0.00

9

Dowels

#5EB

12.0 EB

2.00

0.31

14

Flexure

Reinforcing

Bar Size

Bar Spacing (in)

Length (ft)

Area of Steel (in2/ft)

Dev. Length (in)

o Equal Dowel and Vertical Bar Spacing

I

I
I
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Heel Reinforcing

Loads due to vertical soil pressure, self weight and live load surcharge produce tension in the top of the footing along the heel.
Bearing pressure acts against these forces but can be conservatively ignored.

Parameters Loads

I Footing Thickness tlool 12.00 in Self Weight WDC 0.150 k/ft

Heel Length Lh 3.00 ft Soil Pressure WEV 0.900 k/ft

o Neglet Bearing Pressure for Heel Design (Conservative)
LL Surcharge WLS 0.100 k/ft

I BP@ Heel qh 0.000 k/ft

BP @ Stem (Heelside) qsh 0.000 k/ft

I
Shear

Concrete - Art. 5.14.5.3 Shear Strength - Art 5.8.3.3
Reduction Factor <t> 0.90 Reduced Nom. Cap. <t>Ve 11.6 k/ft

Width for Shear bv 12.00 in Factored Ultimate Load Vu 4.7 k/ft

I Steel Depth for Shear dv 8.50 in Factor of Safety <t>Ve/ Vu OK

Cone. Shear Strength Ve 12.9 k/ft

Use #5 @ 12 in. Spa.

c

Max. Reinforcement - Art 5.7.3.3.1
Extr. Tensile Strain £1 0.0445

Min. Reinforcement - Art 5.7.3.3.2
1.2 x Cracking Moment 1.2Mer 21.3 k·ft/ft

1.33 x Ult. Moment 1.33Mu 9.4 k·ftlft

Min. Moment Capacity Mmin k·ft/ft

Temp & Shrink - Art 5.10.8
Min. Area of Steel As,min in2/ftlface

Crack Control - Art 5.7.3.4
Service Moment Ms 5.2 k·ftlft

Service Stress in Reinf. fss 23.8 ksi

Concrete Cover de 3.50

Clear Cover Factor r3s 1.59

Exposure Factor Ye 1.0

Max. Spacing Smax in

Moment Capacity - Art 5.7.3.2.1
Reduced Nom. Cap. <t>Mn 11.5 k·ftlft

Factored Ultimate Load Mu 7.1 k·ftlft

Factor of Safety <t>Mn/ Mu OK

1.2

1.4

20 in

1.50 in

in

12.0 in

0.90

12.00 in

12.00 in

3.00 in

#5[±l

12.0 [±lin

1.00 in

0.31 in2/ft

8.50 in

0.46 in

0.54 in

a

<t>

b
h

Positive Flexure
Parameters

Reduction Factor

Width

Height

Clear Cover

Bar Size

Spacing

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral Axis Depth

Spacing Limit - Art 5.10.3.1.1
Min. Clear Spacing Sm;n

Actual Clear Spacing Selr

Max. Spacing Smax

Development Length - Art 5.11.2.1
Epoxy Modifier 4Je

Top Bar Modifier 4J t

Development Length L.J

I
I
I
I

I
I

I
I
I
I
I
I
I
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Toe Reinforcing

Loads due to bearing pressure produce tension in the bottom of the footing along the toe. Vertical soil pressure and live load
surcharge act against bearing pressure but can be conservatively ignored.

Parameters Loads

I Footing Thickness tfoot 12.00 in Self Weight Woc 0.150 klft

Toe Length L1 0.50 ft Soil Pressure WEV 0.000 klft

o Neglet Vertical Soil Weight for Toe Reinforcing (Conservative)
LL Surcharge WLS 0.000 klft

I BP@Toe qt 2.975 klft

o Neglet Live Load Surcharge Toe Reinforcing (Conservative) BP @ Stem (Toeside) qst 2.551 klft

I
Shear

Concrete - Art. 5.14.5.3 Shear Strength· Art 5.8.3.3

Reduction Factor CI> 0.90 Reduced Nom. Cap. Cl>Vc 11.6 klft

Width for Shear by 12.00 in Factored Ultimate Load Vu 1.8 klft

I Steel Depth for Shear dy 8.50 in Factor of Safety Cl>Vc/Vu OK

Cone. Shear Strength Vc 12.9 klft

Use #4 @ 12 in. Spa.

d

c

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain Et 0.0707

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr 21.3 k·fVft

1.33 x Ult. Moment 1.33Mu 0.6 k·Mt

Min. Moment Capacity Mmin k·fVft

Temp & Shrink - Art 5.10.8

Min. Area of Steel As.min in2/ftfface

Crack Control - Art 5.7.3.4

Service Moment Ms 0.3 k·ftfft

Service Stress in Reinf. fss 2.4 ksi

Concrete Cover dc 3.50

Clear Cover Factor ~s 1.59

Exposure Factor Ye 1.00

Max. Spacing Smax in

Moment Capacity - Art 5.7.3.2.1

Reduced Nom. Cap. Cl>Mn 7.5 k·ftJft

Factored Ultimate Load Mu 0.5 k·ftfft

Factor of Safety Cl>Mn / Mu OK

1.2

1.0

9 in

1.50 in

in

12.0 in

0.90

12.00 in

12.00 in

3.00 in

#4EB

12.0 EBin

1.00 in

0.20 in2/ft

8.50 in

0.29 in

0.35 in

a

CI>

b

h

Positive Flexure

Parameters

Reduction Factor

Width

Height

Clear Cover

Bar Size

Spacing

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral Axis Depth

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin

Actual Clear Spacing SCi'

Max. Spacing Smax

Development Length· Art 5.11.2.1

Epoxy Modifier 4Je

Top Bar Modifier 4Jt
Development Length Ld

I
I

I
I

I
I

I

I
I
I
I
I
I
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Conflict Structure

The conflict structure was designed as a one-way slab since the span ratios> 2. A two-dimensional stick

model was created in RISA to analyze the structure. The loads applied to the structure included self

weight, vertical and lateral earth pressure, lateral live load surcharge and vertical vehicular live load. The

wheel point load was applied on the top slab and positioned to create the maximum shear and moment

in the slab. The wheel point load was distributed over a 3.08' width with a multiple presence factor of

1.2 determined according to Art. 4.6.2.10.2. The lane load is not considered for traffic traveling parallel

to the span width.

The top slab and wall corners were modeled with simple shear connections, while the wall-to-footing

connection was modeled as a rigid moment connection.

Strength I combination governs for buried structures. For a rigid buried structure, 1.3 was used for the

vertical earth pressure load factor and 1.35 was used for the at-rest horizontal earth pressures load

factor. The concrete shear strength for the top slab was modified according to 5.14.5.3. The strength

reduction factor for shear is taken as 0.85 for buried CIP concrete structures.

The same flexural reinforcing in the bottom of the top slab was used in each direction using the

maximum moment from either direction. The maximum shear was conservatively taken at the support.



I
I

Box Culvert Design
Design is for a single span reinforced concrete box culvert. R.C. concrete sections are designed according to AASHTO LRFD
2005. Design is based on a per foot of length basis. Fill height, hI' is measured from grade to the bottom of the top slab of the
box.

I
Materials Soil Data

Concrete Strength f' 3.0 ksi At-Rest - Drained - Cohesive Soilc

Conc. Mod. of Elast. Ec 3,321 ksi SoilWt. Vs 120 pcf

Stress Block Coeff. 131 0.85 Eq. Fluid Density Veq 55 pet

I Rebar Strength fy 60 ksi Embankment Installation

Steel Mod. of Elast. Es 29,000 ksi Soil-Interaction Factor Fe 1.01

Modular Ratio n 8.7

I Parameters Box Dimensions

Span S 13.00 ft Wall Thickness TW 12.0 in

I
Rise R 10.50 ft Top Slab Thickness TT 12.0 in

Fill hI 2.00 ft Top Slab Width BT 15.00 ft

I

Footing Offset d 0.33 ft Bot. Slab Thickness 18 12.0 in

I
Bot. Slab Width BB 15.67 ft
Total Height H 12.50 ft

I
I
I

Dead Loads
Component

Top Slab

Walls

Bottom Slab

Earth Fill

Water Fill
Additional Wt.

Total

No.

1

2
1

1

1

Height (ft)

1.000

1.000

1.000

Length (ft)

15.000

10.500

15.667

Width (ft)

1.000

1.000

1.000

1.000

1.000

23.333

Wt (pcf)

150

150

150

120

62.4

Wt (I</ft)

2.250

3.150

2.350

2.800

0.000
0.500

11.050

Live Loads
The equivalent strip width for fill> 2' is calculated according to Art. 3.6.1.2.6 and for fill < 2' Art. 4.6.2.10 is used. The tire contact
width of 20" is also taken into account in calculating the distributed live load. For box culvert loading, only one loaded lane is
considered, however the multiple presence factor of 1.2 still applies. The lane load is distributed over a 10' lane width.

Lane Load - Traffic Parallel to Span

Lane Load w
Distribution Length Espan

Distributed Load w

I
I
I
I
I
I
I
I
I

Total Span Length L

Actual Fill Height ha
Fill Height < L - Must Include Live Load

Wheel Load - Traffic Parallel to Span
Wheel Load (H20) P

Impact Factor 1M

Distribution Length Espan
Distribution Width E/2

Distributed Load w

15.00 ft
1.00 ft

16.0 k

29 %

2.67 ft
4.78 ft

1.941 ksf

Surcharge - Horz. Loads Only
Soil Height

Horz. Pressure p

2.0 ft

110 psf

0.064 ksf
12.00 ft

0.053 ksf
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Stability
For the live load bearing pressure, the wheel load applied to the top slab is distributed over the bearing area without an increase
due to impact. Forces resisting buoyancy include the box self weight and soil weight above the box.

Bearing Capacity (Service Loads) Buoyancy
Bearing Area Aq 15.67 te Depth to Bot. Slab Z 13.50 It
DL Bearing Pressure qOL 705 pst Groundwater Depth Zw 0.00 It
LL Bearing Pressure qLL 267 pst Buoyant Force Pb 11.7 k

Bearing Pressure q 972 pst Selt Weight Pw 10.6 k

All. Bearing Pressue qall 1,500 pst Factor of Safety FS NG < 1.1

Factor of Safety FS OK
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Top Slab Design

Designed as a simple span slab with the clear span length used to calculate forces. Strength I combination governs for buried
structures, For a rigid buried structure, 1.3 is used for vertical earth pressure. The soil-structure interaction is also taken into
consideration (Art 12.11.2.2). Concrete shear strength is modified according to 5.14.5.3. Strength reduction factor for shear is
taken as 0.85 for buried CIP concrete structures. Maximum shear is assumed to be caused by the point live load and is taken at d
from the face of the support.

-
Parameters Loads

Slab Thickness IT 12.00 in Self Weight WDC 0.150 kilt
Max. Span Length L 15.000 It Soil Load WEV 0.120 klft

Distribution Length b 2.667 It Distr. Live Load WLL 1.995 kilt
a 6.167 It Point Live Load PLL 5.177 kilt

Shear
Concrete· Art. 5.14.5.3 Shear Strength· Art 5.8.3.3

Reduction Factor <l> 0.85 Factored Ultimate Load Vu 11.4 kilt
Width for Shear bv 12.00 in Reduced Nom. Cap. <l>Vc 16.0 kilt
Steel Depth for Shear dv 9.50 in Utilization Ratio Vu / C!>VC OK

Conc. Shear Strength Vc 18.8 klft

Flexure (Bot. Bars) Use #8 @ 8 in. Spa.
Parameters Max. Reinforcement· Art 5.7.3.3.1

Reduction Factor <l> 0.90 Extr. Tensile Strain El 0.0074

Width b 12.00 in Min. Reinforcement· Art 5.7.3.3.2

Height h 12.00 in 1.2 x Cracking Moment 1.2Mcr 18.5 k·ft/It

Clear Cover Cc 2.00 in 1.33 x Ult. Moment 1.33Mu 58.1 k·ft/It

Bar Size #8~ Min. Moment Capacity Mmin k·ft/It

Spacing s 8.0 : in Temp & Shrink· Art 5.10.8

Bar Diameter db 1.00 in Min. Area of Steel As,min in2/ft/face
Area of Steel As 1.19 in2/ft Crack Control· Art 5.7.3.4

Steel Depth d 9.50 in Service Moment Ms 27.1 k 'ft/It

Eq. Stress Depth a 2.32 in Service Stress in Reinf. fss 30.8 ksi

Neutral Axis Depth c 2.73 in Concrete Cover dc 2.50

Spacing Limit· Art 5.10.3.1.1 Clear Cover Factor I3s 1.38

Min. Clear Spacing Sm;n 1.50 in Exposure Factor Ve 1.00

Actual Clear Spacing Sclr in Max. Spacing Smax in

Max. Spacing Smax 12.0 in Moment Capacity· Art 5.7.3.2.1

Development Length· Art 5.11.2.1 Factored Ultimate Load Mu 43.7 k'ft/It

Epoxy Modifier 4Je 1.0 Reduced Nom. Cap, <l>Mn 44.5 k 'ft/It

Top Bar Modifier 4Jt 1.0 Utilization Ratio Mu / <l>Mn OK
Development Length ~ 35 in
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Wall Design

Designed with a simple connection to the top slab and a rigid connection to the bottom slab. Clear span length is used to calculate
forces. Strength I combination governs for buried structures. For a rigid buried structure, 1.35 is used for at-rest horizontal earth
pressure. Maximum shear is taken at the face of the bottom slab. Axial load is not taken into consideration.

Parameters Loads
Outer Wall Thickness TW 12.00 in Earth Press. @ Top PEH 0.165 kilt

Span Length L 10.50 It Earth Press. @ Bot. PEH 0.743 kilt

Point of Contraflexure x 2.22 It LL Surcharge PLS 0.110 kilt

Shear
Concrete - Art. 5.8.3.4.1 Shear Strength - Art 5.8.3.3

Reduction Factor <P 0.85 Factored Ultimate Load Vu 6.0 kilt

Width for Shear bv 12.00 in Reduced Nom. Cap. <PVc 10.6 kilt

Steel Depth for Shear dv 9.50 in Utilization Ratio Vu I <l>Vc OK

Conc. Shear Strength Vc 12.5 kilt

Flexure (Inside Face) Use #4 @ 12 in. Spa.
Parameters Max. Reinforcement· Art 5.7.3.3.1

Reduction Factor <P 0.90 Extr. Tensile Strain Et 0.0604

Width b 12.00 in Min. Reinforcement - Art 5.7.3.3.2

Height h 12.00 in 1.2 x Cracking Moment 1.2Mcr 18.5 k·fUlt

Clear Cover Cc 2.00 in 1.33 x Ult. Moment 1.33Mu 7.5 k·ft/It

Bar Size #4~ Min. Moment Capacity Mmin k·ft/It

Spacing s 12.0 : in Temp & Shrink - Art 5.10.8

Bar Diameter db 0.50 in Min. Area of Steel As,min in2/ft/face
Area of Steel As 0.20 in2/ft Crack Control - Art 5.7.3.4

Steel Depth d 9.75 in Service Moment Ms 3.9 k·fUlt

Eq. Stress Depth a 0.39 in Service Stress in Reinf. fss 24.4 ksi

Neutral Axis Depth c 0.46 in Concrete Cover dc 2.25

Spacing Limit - Art 5.10.3.1.1 Clear Cover Factor ~s 1.33

Min. Clear Spacing Smin 1.50 in Exposure Factor Ve 1.00

Actual Clear Spacing SClr in Max. Spacing Smax in

Max. Spacing Smax 12.0 in Moment Capacity - Art 5.7.3.2.1

Development Length - Art 5.11.2.1 Factored Ultimate Load Mu 5.7 k-ft/It

Epoxy Modifier 4Je 1.0 Reduced Nom. Cap. <PMn 8.6 k·ft/It

Top Bar Modifier 4J t 1.0 Utilization Ratio Mu I <l>M n OK

Development Length l.l 9 in



I

0.0126

in

18.5 k·ftIft

15.2 k·ftIft

k·ft/ft

8.0 k·fVft

13.1 ksi

2.50

1.38

1.00

11.5 k·ftIft

31.0 k·fVft

OK

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr
1.33 x Ult. Moment 1.33Mu

Min. Moment Capacity Mmin
Temp & Shrink - Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

Flexure (Corner Bars) Use #8 @ 12 in. Spa.
Parameters

Reduction Factor <t> 0.90

Width b 12.00 in

Height h 12.00 in

Clear Cover Cc 2.00 in

Bar Size #8~
Spacing s 12.0 : in

Bar Diameter db 1.00 in

Area of Steel As 0.79 in2/ft

Steel Depth d 9.50 in

Eq. Stress Depth a 1.55 in

Neutral Axis Depth c 1.82 in

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Smin 1.50 in

Actual Clear Spacing Sclr in

Max. Spacing Smax 12.0 in

Development Length - Art 5.11.2.1

Epoxy Modifier 4-'e 1.0

Top Bar Modifier 4-'1 1.0

Development Length l.l 35 in

I
I

I

I

I

I
I

I
I
I
I
I
I
I
I
I
I
I
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Bottom Slab Design

Designed as a simple slab for flexure in the top of the slab and rigid connections to the walls for flexure in the corners. Clear span
length is used to calculate forces. Strength I combination governs for buried structures. For a rigid buried structure, 1.3 is used for
vertical earth pressure. The soil-structure interaction is also taken into consideration (Art 12.11.2.2). Strength reduction factor for
shear is taken as 0.85 for buried CIP concrete structures. Maximum shear is taken at d from the face of the support.

I
I
I
I

-
Parameters

Footing Thickness

Max. Span Length

Point of Contraflexure

Shear
Concrete - Art. 5.14.5.3

Reduction Factor

Width for Shear

Steel Depth for Shear

Conc. Shear Strength

TB

L

x

12.00 in

15.00 f!

3.17 f!

0.85

12.00 in

12.50 in

16.4 kif!

Loads
Self Weight

Soil Load

Live Load

Shear Strength - Art 5.8.3.3

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

0.527 kif!

0.179 klft

0.267 kif!

8.8 kif!

14.0 kif!

OK

in

18.5 k-fllf!

19.6 k·flIf!

k·flIf!

9.1 k'ftlft

14.9 ksi

2.50

1.38

1.00

14.7 k-fllf!

31.0 k-fllf!

OK

0.0126

Ve
Smax

As,min _ in2/ftlface

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr
1.33 x Ult. Moment 1.33Mu

Min. Moment Capacity Mmin
Temp & Shrink - Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Reinf.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load

Reduced Nom. Cap.

Utilization Ratio

1.50 in

in

12.0 in

1.0

1.0

35 in

0.90

12.00 in

12.00 in

2.00 in

#88j

12.08jin

1.00 in

0.79 in2/ft

9.50 in

1.55 in

1.82 in

Use #8 @ 12 in. Spa.Flexure (Top Bars)

I Parameters

Reduction Factor <P
Width b

I
Height h

Clear Cover Cc

Bar Size

I
Spacing s

Bar Diameter db

Area of Steel As

I
Steel Depth d

Eq. Stress Depth a

Neutral Axis Depth c

Spacing Limit - Art 5.10.3.1.1

I Min. Clear Spacing Smin
Actual Clear Spacing Sclr
Max. Spacing Smax

I Development Length - Art 5.11.2.1

Epoxy Modifier tjJe

Top Bar Modifier tjJt

I Development Length ~

I
I
I
I
I



I

in

18.5 k·fVft

15.2 k-tuft

k·fVft

8.0 k-tuft

14.7 ksi

3.50

1.59

1.00

11.5 k·fUft

27.5 k·ft/ft

OK

0.0110

Ye
Smax

As,min

Max. Reinforcement - Art 5.7.3.3.1

Extr. Tensile Strain

Min. Reinforcement - Art 5.7.3.3.2

1.2 x Cracking Moment 1.2Mcr

1.33 x Ult. Moment 1.33Mu

Min. Moment Capacity Mmin
Temp &Shrink· Art 5.10.8

Min. Area of Steel

Crack Control - Art 5.7.3.4

Service Moment

Service Stress in Rein!.

Concrete Cover

Clear Cover Factor

Exposure Factor

Max. Spacing

Moment Capacity - Art 5.7.3.2.1

Factored Ultimate Load
Reduced Nom. Cap.

Utilization Ratio

1.0

1.0

35 in

0.90

12.00 in

12.00 in

3.00 in

#8ffi

12.0 ffiin

1.00 in

0.79 in2/ft

8.50 in

1.55 in

1.82 in

Use #8 @ 12 in. Spa.

c
a

<t>

b
h

Flexure (Corner Bars)
Parameters

Reduction Factor

Width

Height

Clear Cover

Bar Size

Spacing

Bar Diameter

Area of Steel

Steel Depth

Eq. Stress Depth

Neutral Axis Depth

Spacing Limit - Art 5.10.3.1.1

Min. Clear Spacing Sm;n 1.50 in

Actual Clear Spacing SClr_in

Max. Spacing Smax 12.0 in

Development Length· Art 5.11.2.1

Epoxy Modifier 4Je

Top Bar Modifier 4J1

Development Length Ld

I

I
I

I
I
I
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