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October 8, 1999 

Mr. Tom Wotring 
U.S. Bureau of Reclamation 
2222 West Dunlap Avenue 
Suite 100 
Phoenix, AZ 85021 

Attention: PXA0-8012 

Subject: Phase 2 Report 

Dear Tom: 

This letter transmits the final report for the West Salt River Valley Water Management 
Study, Beardsley Canal Capacity Study, Phase 2. The report is entitled Beardsley Canal 
Capacity Study- Phase 2. 

It has been a pleasure working with Marvin Murray, Warren Greenwell, and other 
USBR staff, as well as Harold Thomas, the WESTCAPS group, and the Maricopa Water 
District people. We look forward to your guidance in developing Phase 3. 

Enclosures 

cc: Harold Thomas 
Jim Sweeney 

Sincerely, 

#JMtt; ;J#tl 

Wendy ""('9hderley 
Project Manager 

BOOKMAN-EDMONSTON 
li NGTNEEltJNG , INC . 

J Naviganl Consulting, Inc. • 30'l North fir-st Avenue, Suite 11111 Phoenix, Al il5003 • cell 6112·2SH· O'l34 • fax: 6ll1.-2r>11·23:i2 
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EXECUTIVE SUMMARY 


The Beardsley Canal, owned and operated by Maricopa County Municipal Water 
Conservation District No. 1 (Maricopa Water District or MWD), is one of several options 
that WESTCAPS is considering for conveying CAP water to its members. The Beardsley 
Canal is approximately 33 miles long and has an initial reach capacity of approximately 
300 cfs. The canal was constructed in the early 1930s and is primarily a shotcrete-lined, 
trapezoidal-shaped canal with varying cross-section dime:nsions. No as-built drawings 
are available for the canal, and actual flow capacity by rE!ach was unknown due to the 
age of the canal and structures and the modifications that have been made over the 
years. 

WESTCAPS, with cooperation from MWD, contracted with Navigant Consulting, Inc. 
(NCI, formerly Bookman-Edmonston Engineering, Inc .) to determine the current 
capacity of the Beardsley Canal as well as the capacity currently used by MWD in Phase 
1 of the Beardsley Canal Capacity Study. 

In this second phase of the study (Phase 2), NCI was asked to determine, on an 
appraisal-level, the cost of canal modifications which would be necessary to improve 
the capacity to five pre-determined flow regimes. These flow regimes are 50,000, 
~00,000, 150,000, 200,000, and 300,000 acre-feet per yea:r, in addition to the volume 
currently delivered to MWD users. Five reaches of the canal were determined for the 
study of each flow regime. They are: 

• From Camp Dyer Diversion to the CAP Inlet; 
• From the CAP Inlet to Grand Avenue; 
• From Grand Avenue to Cactus Road; 
• From Cactus Road to Camelback Road; and 
• From Camelback Road to the end of the canal (Thomas Road). 

Each flow regime was converted to a constant flow rate c•onsidering MWD peak month 
deliveries.(as experienced in July 1995). These values are presented inTable ES-1. 

The modifications for each structure were determined through HEC-RAS hydraulic 
models for each flow regime. Costs of modifications are summarized for each reach and 
for each flow in Table ES-2. 

Capital Cost of Improvements 

The costs of capital improvements for each of five reaches and five flow regimes of the 
Beardsley Canal are displayed in Table ES-2. No capital improvements would be 
required to deliver an additional 50,000 acre-feet per year to WESTCAPS members at 
Cactus Road. Approximately $5 to $6 million in capital ilmprovements would provide 
for the delivery of 200,000 acre-feet per year to Cactus Road, or for the delivery of 
100,000 acre-feet to Camelback Road. 

ES-1 
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Table ES-1 

Flow Rates for Delivery Quantities 


Bsy CanaiReach at PakMWDDe emands (1995) 


Canal Reach 50,000 af 100,000 af 150,000 af 200,000 af 300,1000 af 

Reach 1 - Lake 285 cfs 370cfs 455 cfs 535 cfs 70!5 cfs 
Pleasant to CAP 185 Mgd 240 Mgd 295 Mgd 345Mgd 455 Mgd 

Inlet 
Reach 2- CAP 285 cfs 365 cfs 450 cfs 530 cfs 70iD cfs 
Inlet to Grand 185 Mgd 235 Mgd 290 Mgd 340Mgd 450 Mgd 

Ave. 
Reach 3 - Grand 275 cfs 355 cfs 440 cfs 520 cfs 69lD cfs 
Ave. to Cactus 175 Mgd 230 Mgd 285 Mgd 335 Mgd 445 Mgd 

Rd. 
Reach 4- Cactus 170 cfs 255 cfs 340 cfs 420 cfs 59tD cfs 

Rd. to 110 Mgd 165 Mgd 220 Mgd 270 Mgd 380 Mgd 
Camelback Rd. 

Reach 5 • 105 cfs 185 cfs 270 cfs 350 cfs 52l0 cfs 
Camelback to 70Mgd 120 Mgd 175 Mgd 225Mgd 335 Mgd 
Thomas Rd. 
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Table ES-2 

Beardsley Canal Capacity Study - Phase 2 


CapitalCosts o f Improvements to Achieve Minimum Delivery Requirements•ltl 


Canal Reach 50,000 af 100.000 af 150.000 af 200,000af 300.000 af 
Reach 1 - Lake 

Pleasant to CAP 
Inlet 

$0 $0 $934,000 $1,140,000 $12,']'21,000 

Reach 2-CAP 
Inlet to Grand 

Ave. 

$0 $13,000 $30,000 $2,785,000 $27,1168,000 

Reach 3 • Grand 
Ave. to Cactus 

Rd. 

$0 $326,000 $871,000 $1,187,000 $12, jr69,000 

Reach 4- Cactus 
Rd. to 

Camelback Rd. 

$4,805,000 $5,314,000 $7,495,000 $7,854,000 $9,1'82,000 

Reach 5­
Camelback to 
Thomas Rd. 

$1,697,000 $1,814,000 $2,330,000 $2,442,000 $3,084,000 

Total Cost $6,502,000 $7,467,000 $11,660,000 $15,408,000 $65,E;24,000 

(t)With 1995 MWD peak use, costs include 20 percent for contingencies; 15 percent for engineering and 
administration. All costs are in 1999 dollars. The current 9/99 construction cost index is listed at 6117 based 
on year 1913 (Engineering News Record). Right-of-way costs are not included. 

ES-2 
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SECTION I INTRODUCTION 


Study Need and Background 

A coalition of West Valley CAP Subcontractors (WESTCAPS) is investigating potential 
ways for its members to put Central Arizona Project (CAP) water supplies to use. 
WESTCAPS and the U.S. Bureau of Reclamation (USB.R) are working cooperatively 
under an in-kind cost-share agreement to evaluate l'E~gional water resources and 
facilities to efficiently use CAP water. 

The Beardsley Canal, owned and operated l>y MariCOJpa County Munidpal Water 
Conservation District No. 1 (Maricopa Water District or MWD), is one of several options 
that WESTCAPS is considering for conveying CAP water to its members. The Beardsley 
Canal is approximately 33 miles long and has an initial reach capacity of approximately 
400 cfs. The canal was constructed in the early 1930s and is primarily a shotcrete-Hned, 
trapezoidal-shaped canal with varying cross-section dimensions. 

Prior to this study, Navigant Consulting, Inc. (hereinafter NCI) (formerly known as 
Bookman-Edmonston Engineering, Inc.) conducted a canal capacity study, the results of 
which are detailed in Maricopa Water District Beardsley Canal and Associated Delivery 
System, Hydraulic Capacity Analysis, An EvalWltion and Assessment Report, Phase 1, for the 
U.S. Bureau of Reclamation and WESTCAPS, May 14,, 1999. In the interest of 
convenience, this shall be referred to as the Phase 1 Report. 

Scope of Work 

The scope of this Phase 2 study is to provide estimates of canal capacity, which could be 
made available for CAP and other water users, if certain physical improvements were 
made to the Beardsley Canal using the information and insights obtained from Phase 1. 

Phase 2 of the Beardsley Canal Capacity Study seeks to me~et the following goal: 

)o- To determine approximately how much it would costr to move various volumes of 
CAP and other water to several points on the Beardsley Canal without impacting 
MWD operations. 

This goal was met through seven tasks: 

~ Task 1- Preliminary evaluation of canal capacity constraints 
~ Task 2- Report results of Task 1 to USBR and WESTCAI.PS 
)o- Task 3 - Preliminary cost estimates 
)o- Task 4- Estimate monthly available increased flow capacity 
>- Task 5- Coordination meetings 
)o- Task 6- Draft and final Phase 2 reports 
).- Task 7- Project management. 

1-1 
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Deliverables 

The deliverable for Tasks 1 and 2 was presented at the WESTCAPS Technical 
Committee meeting on July 9, 1999 and the WESTCAPS PlalUl..ing Assumptions Work 
Group meeting on July 23,1999. The deliverables for Tasks 3, 4, and 6 are incorporated 
into the Phase 2 report, which was presented in draft form at the September 10, 1999 
WESTCAPS Technical Committee meeting and will be presented in final form at the 
October 8, 1999 WESTCAPS Technical Committee meeting. There is no deliverable for 
Task 5. The deliverables for Task 7 were included with the monthly invoicing to the 
USBR. 

WESTCAPS Mission Statement 

WESTCAPS is a coalition of CAP subcontractors most of whom setve drinking water to 
communities in the west Salt River Valley. It is WESTCAPS' mission to develop 
workable alternatives for its members in order to provide their customers with a cost 
effective, sustainable, reliable, and high quality wate.r supply through partnerships and 
cooperative efforts in regional water resource planning and management, emphasizing 
CAP utilization. 

WESTCAPS Members • ! 

WESTCAPS members are the following: Arizona State Land Department, Arizona 
Water Company, Town of Buckeye, Citizens Utilities Company, City of Glendale, City 
of Goodyear, Litchfield Park Water Service Company, City of Peoria, Gty of Phoenix, 
Sunrise and West End Water Companies, City of Surprise, and West Maricopa Combine. 

Contracting Arrangements 

NO (as Bookman-Edmonston Engineering, Inc.) was issued Delivery Order No. 
990341CD011 entitled Beardsley Canal Capacity Study- Phase 2- Contract No. 1425-96­
CA-20..0341C entitled Architectural-Engineering Services for the Bureau of Reclamation, 
Mid-Pacific Region on June 4, 1999 by the Bureau of Reclamation. 

Acknowledgments 

B-E acknowledges the assistance of the MWD staff, who generously gave of their time 
and expertise . 
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SECTION2 METHODOLOGY 

Description 

One of the goals of Phase 2 is to develop a tool to aid vVESTCAPS in determining the

1 viability of transporting CAP and other water in the Beardsley Canal without impacting 
MWD water demands. MWD water demand figures were obtained from the work 

, . performed in Phase 1, which is summarized in Milricopa Water District Beardsley Canal 
. i and Associated Delivery System Hydraulic Capacity Analysis, An Evaluation a

, 1, 9, Bookma99
nd Assessment,; ! 

Report (prepared for USBR and WFSTCAPS, May 14 n-Edmonston 
: ., Engineering, Inc.). 
. ·I 
:. I 

Evaluation of Constant Flow Rates 
,-.,
·: 

The capacity constraints of the Beardsley Canal were a1nalyzed when carrying high.. 
MWD demands (as experienced in 1995) plus each of five quantities of water: 50,000, 
100,000,.150,000, 200,000, and 300,000 acre-feet per year. The constraints in five separate

f'l reaches of the canal were evaluated for each of the five flow regimes. These volumes, 
\ - transformed into flow rates for each reach, are displayed in Table 2-1. A flow regime 

contains varying flows in different canal reaches as the flow required by MWD demand 
~·J changes. The flow required by MWD demands was determined using the Canal 
·- Capacity Model developed in Phase 1. The rates assume constant demand at peak 

MWD demands, as shown in Figure 2-1. For example, a 1995 MWD peak demand (plus 
conveyance losses) for Reach 1 of 12,000 acre-feet during July translates into a flow rate 
of 201 ds, as determined in Phase 1. To this flow was added the constant demand of 
50,000 acre-feet over a 10-month operating period (5,000 acre-feet per month or 81-3 
cfs). Therefore, the constant demand on the canal (MWD plus non-MWD demand) for 
this reach is then 282.3 cfs, which was rounded up to 285 cfs. 

: 1 Table 2-1 ... Flow Rates for Delivery Quantiities 
By Canal Reach at Peak MWD Demands (1995)

J I 
Canal Reach 50,000 af 100,000 af 150,0001af 200,000 af 300,000 at 

Reach 1 - Lake 285 cfs 370cfs 455 cfs 535 cfs 705 cfs 
Pleasant to CAP 185 Mgd 240Mgd 295 Mgld 345 Mgd 455 Mgd 

Inlet 
Reach 2 ·CAP 285 cfs 365 cfs 450 cfs 530 cfs 700 cfs 
Inlet to Grand 185 Mgd 235 Mgd 290 Mg1d 340 Mgd 450 Mgd 

Ave. 
Reach 3 - Grand 275 cfs 355 cfs 440 cfs 520 cfs 690 cfs 
Ave. to Cactus 175 Mgd 230 Mgd 285 Mg1d 335 Mgd 445Mgd 

Rd. 

u 




355 cfs 
230mgd 

-· 47,600 af 

- DIVERSION 

365 cfs 
235mgd 
47,700 af 

BELL ROAD 

GREENWAY ROAD 

WADDELL ROAD 

CACTUS ROAD 

REACH CAMP DYER 

REQUIRED 
CANAL 

CAPAOTYand 
1 Off.PEAK YIELD 

370 cfs 
240mgd 
48,100 af 

2 

3 

PEORIA AVENUE 

OLIVE AVENUE 
255 cfs 

4 NORTHERN AVENUE165 mgd 
18,700 af 

GLENDALE AVENUE 

BETHANY HOME ROAD 

CAMELBACK ROAD 
185 cfs5 120 mgd INDIAN SCHOOL ROAD ~=r : .. ,: 1 11 1 n 
5,000 af 

~ ~~tuiiDIIIIJ - FirmYietd 
~ J f ..J. ! I ~ I Off-Peak Yield 
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Reach 4 - Cactus 
Rd. to 

Camelback Rd. 

170 cfs 
110 Mgd 

255 cfs 
165 Mgd 

340 cf~> 
220Mgd 

420 cfs 
270 Mgd 

590 cfs 
380 Mgd 

Reach 5­
Camelback to 
Thomas Rd. 

105 cfs 
70Mgd 

185 cfs 
120 Mgd 

270 cfB 
175 MgiCI 

350 cfs 
225 Mgd 

520 cfs 
335 Mgd 

Any reduction in conveyance losses as a result of canal improvements was not 
considered in the evaluation of modeled flow rates. 

It should be noted that there is potentially more capacity 1for wheeling in the Beardsley 
Canal in the shoulder months than this developed constant flow. Figure 2-1 illustrates 
the volume of capacity which could be available on a non-firm basis. 

Preliminary Evaluation of Canal Capacity c~onstraints 

A preliminary evaluation of these flow rates was condlllcted to assess the potential 
modiiications required to the Beardsley Canal. With the exception of the lower reach 
and the largest flow regime, replacing the canal with a lar:ger canal would not meet the 
goals of this study. A preliminary evaluation of thes;e flow regimes yielded the 
folloWing basic understanding of changes to the Beardsley Canal which would be 

:. _j necessary to maintain the modified flow regimes, as summarized inTable 2-2. 

Table2-2 

Results of Preliminary Evaluation S:howing 


General Modifications to the Beardsley Canal for Each Flow Regime 


Canal Reach 50,000 af 100,000 af 150,000 af 200,000 af 300,000 af 
Reach 1 - Lake No No Replaco Replace Replace 

Pleasant to CAP Modifications Modifications Structures & Structures & Structures, 
Inlet Minor Canal Minor Canal Major Canal 

Modifications Modifications Modifications 
Reach 2 -CAP No Possibly Possibl)l Replace Replace 
Inlet to Grand Modifications Replace Replaco Structures & Structures. 

Ave. Structures Structums Minor Canal Major Canal 
Modifications Modifications 

Reach 3 - Grand No Possibly ReplacE~ Replace Replace 
Ave. to Cactus Modifications Replace Structure's, Structures,· Structures, 

Rd. Structures Major Canal Major Canal Major Canal 
Modifications Modifications Modifications 

Reach 4- Cacius Possibly Replace Replaoo Replace Replace 
Rd. to Replace Structures, Structures, Structures, Structures, 

Camelback Rd. Structures Major Canal Major Canal Major Canal Major Canal 
Modifications Modifications Modifications Modifications 

2-2 
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PossiblyReach 5­ Replace Replace Replace Replace 
Replace Structures,Structures, Structures, Structures,Camelback to 

Structures Major Canal Major Canal Major Canal Major Canal Thomas Rd. 
Modifications Modifications Modifications Modifications 

These preliminary results were presented to the WESTCAPS Technical Committee on 
July 9, 1999 for discussion. The proposed flow regimes were more thoroughly discussed 
and approved for further study by WESTC APS on July 23, 1999 and were the same set 
of flow regimes originally specified for Phase 2. 

Modeling Approach 

Separate appraisal-level hydraulic models for the "Beardsley Canal were constructed to 
evaluate the effects of the five flow regimes. The base for these models was the HEC­
RAS model constructed for the Phase 1 Beardsley Canal Capacity Study, which in tum 
was based on a 1998 field survey of the Beardsley Canal. 

Given a flow regime and canal geometry, HEC-RAS will determine the corresponding 
water surface. (Please see Appendix B of the Phase 1Report for a detailed description of 
the Phase 1 HEC-RAS model of the Beardsley Canal). The water surface is then 
compared with the canal lining height to determine if the six inches of. &eeboa.rd have 
been maintained or compromi.sed . ln ftddition, flow velocities through the ca.Ilal and 
structures are checked for conformance to maximum allowable velocities. 

Iterative model runs for each flow regime were made to evaluate the size and placement 
of new structures, the effects of removing unnecessary structures, and the effects of 
enlarging and relining appropriate reaches of the canal. The volumes of earthwork 
required to enlarge the canal were computed in HEC-RAS. 

A separate model using HEC-RAS output was developed to compute the area of•' l increased lining or relining necessary in order to provide a sufficiently-sized canal for~-
the flow regime plus six inches of freeboard. In all cases, the canal lining was specified 
to be at least five feet deep.

fJ 
Every effort was made to utilize the existing configuration of the canal in order to 
reduce excavation or replacement costs. Flow restrictions were identified during each

iJ model iteration and "fixed" in the model until the specified flow regime passed through 
the canal. This approach identified only necessary retrofits while minimizing costs. 

J 	 One exception to this modeling approach was the 300,000 acre-foot per year flow 

J 
regime. Replacing almost the entire canal was the intent for this flow regime. Only a 
few existing structures are large enough to carry these flow rates. 
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Criteria for Canal and Structure Modlficatic,ns 

' I 

' :.1 

The appraisal-level cost estimates required to modify the Beardsley Canal are based on 
several assumptions and criteria of canal design, including the following: 

> Average velocity in canal equal to or less than eight feet per second; 

> Canal freeboard equals at least six inches; 

> Minimum canal lined depth equals five feet; 

> Ability to deliver water to all existing MWD tu:mouts was maintained; 

> Manning's "n" value of newly lined canal equaJs 1.15; 

> Canal modification costs are based on 1999 cos1t of labor and materials; and 

> The appraisal level costs include 20 percent for contingencies and 15 percent 


for administration and engineering. 
~..J 
Modifications to the canal fall into three general categories: (1) increasing lining height 

within the existing prism; (2) enlarging and relining the canal; and (3) modifying or


fl .. replacing canal structures such as siphons and gates . 


Raising Canal Lining 

Raising the canal lining without otherwise modifying the geometry of the canal prism 
was considered in areas where flow would overtop (or come to within six inches of) the~-J ... 	 existing canal lining. Raising the canal lining was only considered in reaches where 

there was sufficient existing or excavated bank upon which to place the raised lining. 

The raised canal lining height incorporated the standard siix inches of freeboard. 


Raising the canal lining is a cost-effective solution for in•creasing canal capacity and is 
preferable to modifying the canal geometry where feasible~.' '1 

..... 
Enlarging the Canal by Modifying the Canal Geometry 

j In reaches where raising the lining produced insufficient: results, the canal prism itself 
was modified. The modification could be deepening, widening, altering the side slopes, 
or any combination thereof. Figure 2-2 provides an example of these types ofu modifications. In Reaches 4 and 5, the canal prism was modified due to the flow' 

velocity being too high for the current configuration. In these lower reaches, the flow 
velocity exceeded eight feet per second, indicating drop s;tructures and low slope canal u segments as a replacement to the existing configuration. 

Cj 	 The appraisal-level evaluation of the required modifications indicated that Reaches 4 

J f
. r

u and 5 for the 50,000 acre-foot flow regime would require significant modifications to the 
canal. The preliminary evaluation showed that the canal prism can hold the required 
low rate, however, the flow velocities exceed recommended design velocities. NO 
ecommends that a series of vertical and inclined drops be installed to lower these 

velocities. It should be noted that MWD has, for some time, operated the canal at these 
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flow velocities and may choose to increase the volume delivered through this reach with 
only minimum modifications to the canal structures. 

Replacing Structures 

Structures which either cause the canal to overtop its banks or which have unacceptably 
high flow velocities will be replaced with a structure which meets hydraulic 
requirements and allows good canal operational practices. The hydraulic requirements 
allow the water to pass through the canal with a minimum of six inches of freeboard at 
an acceptable average velocity. Structures which allow good canal operational practices 
maintain or reduce current canal operating expenses and have a long operational life. 
Standardization of canal structures and the potential for future remote control were also 

.. , factors in determining structure replacements. Table 2-3 provides the general structure 
replacement criteria. Figure 2-3 displays an example of replacing an existing culvert 

'. 
with a larger box culvert. 

~J 
'· Table 2-3 

Canal Structure Replacement Criiteria 

Structure Type 
Maximum Flow 

Velocity 
(ftls) 

Rleplacement Structure 

Reinforced Concrete 
Pipe/Box 

10 Larger Ateinforced Concrete Pipe or Box ~ 

Corrugated Metal Pipe 5 I Reinf,orced Concrete Pipe or Box 

Check Board Gate NA I Radial Gate (>200 cfs) or Mechanical 
Sluice Gate ( <200 cfs) 

Flumes 10 I Reinforced Concrete Pipe Siphon 

.... J .. 
, .. 

Removing Structures 

Since the Beardsley Canal was constructed, several flood control structures have been 
installed which have changed the area's drainage pattern. Maricopa County floodplain 
maps of the area were reviewed, and it was determined that McMicken Dam and White 
Tanks Number 3 flood retention structures have made SE!Veral canal siphons obsolete. 
In such cases, it was assumed that the siphon would be removed only if it did not 
adequately convey a given flow. In other words, if the siphon could carry the flow 
without exceeding maximum flow velocities or causing the canal to overtop, the 
structure was left in place (to avoid the structure removal ,cost). When the structure did
not adequately pass the given flow or interfered with other modifications, such as 
installing check-drops, its removal was specified . 
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Adding Structures 

The drainage pattern changes mentioned above also indlicated that a canal siphon is 
likely needed in the area above Olive Avenue. lbis siphoJn, at a size appropriate for the 
specified flow regime, was added to each cost estimate. 

Due to the changes in drainage patterns caused by the CAP canal, an additional siphon 
above Grand Avenue may also be necessary. A siphon for this area was not specified in 
the cost estimates since floodplain maps of this area were not available. 

In some instances, flood water is allowed to flow into some reaches of the Beardsley 
Canal. If these occasional inflows are undesirable contributions to ~STCAPS 
members, the flood flows willneed to be routed under or over the Beardsley Canal. 

It is recommended that a comprehensive cross-drainage study of the Beardsley Canal be 
undertaken prior to the removal or addition of any siphons on the Beardsley Canal. 
Such a study was beyond the scope of this report. Costs which may be incurred from 
altering drainage across the Beardsley Canal were not included in this report. 

Cost of Modifications

Canal modification costs were based on the quantities oi various materials, such as 
voJwne of earthwork, lining area, and volume of concrete:. The unit costs specified are 
fot the materials listed in Appendix A. All costs are based on recent construction costs 
provided in bid sheets on other recent canal construction projects. 

Appraisal-level costs for contingencies, engineering and administration {20 percent and 
15 percent of capital costs, respectively) were also added. Costs for right of way were
not included in the capital costs at this time. MWD currently owns the right of way for
the Beardsley Canal and has leases for other utility easements within this space. 
WESTCAPS will standardize the right-of-way costs for all WESTCAPS' alternatives 
under consideration at a later time. The permanent and temporary right-of-way areas 
for each reach are listed in Section 3. 
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Canal Improvements 
Canal improvements required to deliver the five flow regimes through each segment of 
the Beardsley Canal are outlined in Figures 3-1 through 3-5. A more detailed list of 
canal and structural modifications is included in Appendix A. 

Capital Cost of Improvements 

The costs of capital improvements for each of five reaches and five flow regimes (Table 
3-1) of the Beardsley Canal are displayed in Table 3-2. No capital improvements would 
be required to deliver an additional 50))00 acre-feet per Y'~ar to WESTCAPS members at 
Cactus Road. Approximately $5 to $6 million in capital improvements would provide 
for the delivery of 200,000 acre-feet per year to Cactus Roadi or for the delivery of 
100,000 acre-feet to Camelback Road. Table 3-2 may be used as a tool to estimate the 
improvement costs required to move varying amounts oJf water through the Beardsley 
Canal. 

Figure 3-6 illustrates the use of Table 3-2. In this example,, the required canal capacity is 
reduced by 50,000 acre-feet per year at each turnout location. This has the effect of 
lowering the costs for the successive reaches. The cost cmd capacity for each reach is 
highlighted on the example table within Figure 3-6. 

Table 3-1 

Flow Rates for Delivery Quantities 


B•y Cana1Reach at Peak MWD Demands (1995) 


Canal Reach 50,000 af 
 100,000 af I 150,0001 af I 200,000 at I 300,000 af J 
Reach 1 • Lake 
 285 cfs 370cfs 455 cfs 535 cfs 705cfs 

Pleasant to CAP 185 Mgd 240 Mgd 295 M"d 345Mgd 455 Mgd 
Inlet 


Reach 2- CAP 
 285 cfs 365 cfs 450 cf's 53.0 cfs 700cfs 
Inlet to Grand 185 Mgd 235 Mgd 290 M~,ct 
 340Mgd 450 Mgd 

Ave. 

Reach 3 • Grand 

Ave. to Cactus 

Rd. 

Reach 4- CactusI 
275 cfs 355 cfs 440 cf's 

175 Mgd 230 Mgd 285 M~Jd 

170 cfs 255 cfs 340 cf's

520 cfs 690 cfs 
335Mgd 445 Mgd 

420 cfs 590cfs 
Rd. to 110 Mgd 165 Mgd 220 M~Jd 270 Mgd 380 Mgd 

Camelback Rd. 
Reach 5 • 105 cfs 185 cfs 210 cts 350 cfs 520cfs 

Camelback to 70Mgd 120Mgd 175 M£Jd 225Mgd 335 Mgd 
Thomas Rd. 

~J 
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REACH CAMP OYER 
DIVERSION 

MODIFIED 
CANAL 

Reach 1 Estimated Modifications CAPACITY
1 No modifications required 

Total Estimated Cost==$ 0 285cfs 
185 mgd 
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Reach 2 Estimated Modifications 
No modifications required 
Total Estimated Cost ::: $ 0 

2 
285 cfs 

185 mgd 

Reach 3 Estimated Modlflcatlons 
No modifications required 
Total Estimated Cost"'$ 0 

-· 275 cfs 
175 mgd 

GREENWAY ROAD 

WADDELL ROAD 

3 BELL ROAD 

CACTUS ROAD 

Reach 4 Estimated Modifications "" 

Enlarge canal Prism - 5.5 miles 
 PEORIA AVENUE 


Modify 1 C1.11vert 

Add 1 Siphon 
 OLIVE AVENUE 


Remove 1 Siphon 
 170 cfs 
NORTHERN AVENUERemove 1 Culvert 110 mgd

Repair 1 Sluice Gate 

Replace 5 Gates with Sluice Gates 
 GLENDALE AVENUE 

Install 22 Check Drops 


BEniANY HOME ROAD Total Estimated Cost =$M 4.8 III 

CAMELBACK ROAD 

Reach 5 Estimated Modifications 
105 cfss Enlarge Canal Prism - 2 miles 
70mgd Modify 1 Culvert 

Reptace 3 Gates with Sluice Gates 
THOMAS ROAD

Install 6 Check Drops 
Total Estimated Cost • $M 1.7 

October 8, 1999 Pre. by 
eardsley Canal Capacity Study- Phase 

NAY!gant Summary of Modifications Required for Figure 3-1 
Bookman-Edmonston 50,000 afa Increased Flow 
E.NG IN EI!R I NG, IN C. 
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CAMP DYER 

DIVERSION 


MODIFIED 
CANAL 

Reach 1 Estimated Modifications CAPACITY 
No modifications required 
Total Estimated Cost= SM 0 370cfs 

240 mgd 

Reach 2 Estimated Modifications 
Raise Unlng - 0.3 miles 
Total Estimated Cost= SM 0.01 365 cfs 

235 mgd 

Reach 3 Estimated Modifications 
Enlarge Dtn::~l Prism - <0.1 mile 
Raise Lining - 3 miles 

BELL ROAD 

Install 1 Siphon 
Total Estimated Cost= $M 0.3 

GREENWAY ROAD 

::....:.. 
WADDELl ROAD 

CACTUS ROAD 

PEORIA A VENUE 

OLIVE.AVENUE 

I 255 cfs 
NORTHERN AVENUE165 mgd 

GLENDALE AVENUE 

BETHANY HOME ROAD 

CAMELBACK ROAD 

INDIAN SCHOOL ROAD 
185 cfs 

_ 120 mgd _ 
OSBORN ROAD 

THOMAS ROAD 

Reach ' Estimated Modifications 
Enlarge Canal Prism - 5.5 m~es 
Replace 3 Siphons/Culverts 
Add 1 Siphon ~
Remove 3 Siphons/Culverts 
Replace 4 Gates with Radial Gates 
Replace 1 Gate with Sluice Gate 
Install 22 Check Drops 
Total Estimated Cost= $M 5.3 

-- .::: -: 

Reach 5 Estimated Modifications 
Enlarge Canal Prism - 2 miles 
Modify 1 Culvert 
Replace 3 Gates with Sluice Gates 
Install 6 Check Drops 
Total Estimated Cost • $M 1.8 

Pre.by 

N~\!lgant· 

Prepared for 
USBRIWESTCAPS 

October 8, 1999 

eardsley Canal Capacity Study - Phase 
Summary of Modifications Required for Figure 3-2 

Boolanan-EdmollSton 
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-....".....~........ ,. ---- ·~-- · - ............. ~""··---·· - -~- ......._....... - _ ,._. ........_....__...~~ .............. --~·....-· ·-· CAMP DYER 
DIVERSION 

Reach 1 Estimated Modifications 
Enlarge Canal Prism - <1 mile 
Replace 1 Flume with Siphon 
Total Estimated Cost= SM 0.9 

MODIFIED 
CANAL 

CAPACITY 

455 cfs 
295 mgd 

"'-­_____ .......- ­ ........-. ,,. o.l.••· \ '". - ...... . - ........... ,,..-­ • • ·-·· · .... . .. .... .... -· .............-.ll•..w. · ­ J , ............. ... . 

Reach 2 Estimated Modifications 
Enlarge Canal Prism- <0.1 mile 
Raise Lining - 0.6 mHe 
Modify 1 Check Structure 
Total Estimated Cost= $M 0.03 

Reach 3 Estimated Modifications 
Enlarge Canal Prism - 0.4 miles 
Raise Lining - 3 miles 
Modify Canal Under 1 Bridge 
Install 1 Siphon 
Total Estimated Cost= $M 0.9 

Reach 4 Estimated Modifications 
Enlarge Canal Prism - 6.0 miles 
Replace 3 Siphons/Culverts 
Add 1 Siphon 
Remove 4 Siphons/Culverts 
Replace 5 Gates with Radial Gates 
Install 22 Check Drops 
Total Estimated Cost • $M 7.5 

Reach 5 Estimated ModifiCations 
Enlarge Canal Prism - 2.0 miles 
Modify 1 Culvert 
Replace 3 Gates with Radial Gates 
Install 6 Check Drops 
Total Estimated Cost= $M 2.3 

Pre. by 

~ 
·· ~·-

340 cfs 
220 mgd 

270 cfs 
175mgd _ 

450 cfs 
290mgd 

BELL ROAD 

GREENWAY ROAD 

WADDELL ROAD 

CACTUS ROAD 

PEORIA AVENUE 

OLIVE AVENUE 

NORTHERN AVENUE 

· GLENDALE AVENUE 

BETHANY HOME ROAD 

·­ CAMELBACK ROAD 

INDIAN SCHOOL ROAD 

OSBORN ROAD 

THOMAS ROAD 

October 8, 1999 

Navlgant· 

Sookman•.Edmonston 
£NGI NEER l NG, lN C 

.eardsley Canal Capacity Study- Phase 
Sunmury of Modifications Required for 

150,000 afa Increased Flow 
Figure 3-3 
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Reach 2 Estimated Modifications 
Enlarge Canal Prism - 2.8 miles 
Raise lining -1 .7 miles 
Modify 1 Check Structure 
Total Estimated Cost= $M 2.8 

Reach 3 Estimated Modifications 
Enlarge Canal Prism -0.4 miles 
Raise Lining 4 

l Un
mile 

Modify Cana der 1 Bridge 
Remove 1 Siphon 
Install 1 Siphon 1

1 

,· 

Total Estimated Cost= SM 1.2 

Reach 4 Estimated Modifications 
Enlarge Canal Prism - 6 miles 
MOdify 3 SiphOns/Culverts 
Add 1 Siphon 
Remove 4 Siphons/Culverts 
Replace 5 Gates w ith Radial Gates 
Install 22 Check Drops 
Total Estimated Cost= SM 7.9 

Reach 5 Estimated Modifications 
Enlarge Canal Prism - 2 miles 
Modify 1 Siphon/Culvert 
Replace 3 Gates w~h Radial Gates 
Install 6 Check Drops 
Total Estimated Cost= $M 2.4 

Reach 1 Estimated Modifications 
Enlarge Canal Prism - < 1 mile 
Replace 1 Flume with Siphon 
Total Estimated Cost =$M 1.1 

520 cfs 
335 mgd 

420 cfs 
270 mgd 

350 cfs 
225 mgd 

CAMP DYER 
DIVERSION 

MODIFIED 
CANAL 

C-'PACITY 

535cfs 
345 mgd 

BELL ROAD 

GREENWAY ROAD 

WADDELL ROAD 

CACTUS ROAD 

PEORIA AVENUE 

OLIVE AVENUE 

NORTHERN AVENUE 

GlENDALE AVENUE 

BETHANY HOME ROAD 

CAMELBACK ROAD 

INDIAN SCHOOL ROAO 

OSBORN ROAD 

THOMAS ROAD 

October 8,1999Pre. by 

Nav igant· 

Boolanan·Ecbno05ton 
ENGINEER I NC,I NC. 

Prepared foT 
USBRJWESTCAPS 

eardsley Canal Capacity Study - Phase 
Summary of Modifications Required for 

200,000 afa Increased Flow 
Figure 3-4 
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CAMP DYER 
DIVERSION 

MODIFIED 
CANAL 

0 CAPACITY 

705 cfs 
455mgd 

Reach 2 Estimated Modifications 
Enlarge Canal Prism - 11 .7 mUes 
Replace 3 Flumes with Siphons 
Modify 1 Bridge 
Modify 1 Culvert 
Replace 1 Measuring Weir 
Total Estimated Cost • $M 27.2 

Reach 3 Estimated Modifications 

Enlarge Canal Prism- 7.4 mites 

Modify 1 Bridge 

Modify Canal Under 1 Bridge 

Remove 1 Siphon 
 BELL ROAD 
Replace 4 Gates with Radial Gates 
Total Estimated Coet • SM 12.8 

CACTUS ROAD 

Reach 1 Estimated Modtflc.atlons 
Enlarge Canal Prism- 4.7 miles 
Replace 1 Flume with Siphon 
Maiify Canal Under 2 Bridges 
Total Estimated Cost= $M 12.7 

~­
~ ---- -··-- GREENWAY ROAD 

700 c;b 
450mgd 

WADDELL ROAD 

Reach -4 Estimated Modifications PEORIA AVENUE 
Enlarge Canal Prism - 6 miles 
Modify 3 Siphons/Culverts OLIVE AVENUE 
Add 1 Siphon 

590 ctsRemove 4 SiphonS/Culverts - I NORTHERN AVENUE380mgdReplace 6 Gates with Radial Gates 

Replace 1 Measuring Weir 
 - - - GLENDALE AVENUE 
Install 22 Check Drops 
Total Estimated Coet • $M 9.9 BETHANY HOME ROAD 

CAMELBACK ROAD 

Reach 5 Estimated Modifications 
Enlarge Canal Prism - 2 miles INDIAN SCHOOL ROAD 

520 cfsModify 1 Culvert _ 335 mgd _ 
OSBORN ROAD 

Install 6 Check Drops 
Replace 3 Gates with Radial Gates 

THOMAS ROADTotal Estimated Cost,. $M 3.1 

October 8, 1999Pre. by Prepared lor eardsley Canal Capacity Study- Phase
USBR/WESTCAPS Summary of Modifications Required for Figure 3-5N~g~t 

8oolcman-'Edmonston 300,000 afa Increased Flow 
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RESULTS 

• 	 1 Table 3-2 

Beardsley Canal Cap acity Study -Phase 2 


' } 
Cap1' tal C ts 0 £I t to Ach' M ' 1n1.ntum De tI'very Requuemen ts(l)OS mprovemen s 1eve . 

~\ 
r } 

.• ' 

" ' 

D 
. 
I ''] 

Canal Reach 50,000 af 100,000 af 150,000 l!lf 200,000 af 300,000 af 

Reach 1 - Lake 
Pleasant to CAP 

Inlet 

$0 $0 $934,000 $1,140,000 $ 12,721,000 

Reach 2· CAP 
Inlet to Grand 

Ave . 

$0 $13,000 $30,000 $2,785,000 $27,168,000 

Reach 3 - Grand $0 
Ave. to Cactus 

Rd. 

$326,000 $871,000 $1,187,000 $12,769,000 

Reach 4- Cactus 
Rd. to 

Camelback Rd. 

$4,805,000 $5,314,000 $7,495,000 $7,854,000 $9,782,000 

Reach 5 • 
Camelback to 
Thomas Rd. 

$1,697,000 $1,8 14,000 $2,330,000 $2,442,000 $3,084,000 

Total Cost $6,502,000 $7,467,000 $11 ,660,000 $15,408,000 $65,524,000 

L. 	 WWith 1995 MWD peak we, costs include 20 percent for contingencies; 15 percent for engineering and 
administration . All costs are in 1999 dollars. The current 9/99 cons tructj on cost index is listed at 6117 based 
on year 1913 (Engineering News Record). Right-of-way costs are not in·duded. 

Figures 3-7 through 3-11 show reach-by-reach graphs of the improvement costs versus 
resulting flow. 

Reach 4 and 5 • Additional Options 

Additional options were examined for conveying 50,0010 acre-feet per year through 
Reaches 4 and 5 (Cactus Road to Thomas Road). The options considered include 
operating the canal with the current high velocities througlh this segment Although it isu recommended to install vertical and inclined drops, it should be noted that MWD is not 
dissatisfied with operating these canal reaches with the high flow velocities. The 
modifications for this option involve replacing five gates, removing one culvert and 

r. 'J 
~ 

J 
''o 

u 	

replacing one siphon and one culvert. The Reach 4 canal geometry can typically carry 
the increased flow, however, much of the Reach 5 canal :must be enlarged. Costs for 
these options are displayed in Table 3-3. 

Other options considered include installing a pipe parallel to the Beardsley Canal 
through Reaches 4 and 5, and through Reach 5 only. This pipe would carry only the 
50,000 acre-feet per year flow to WESTCAPS members (5!5 mgd, 85 ds) and not MWD 
irrigation water. A slightly larger pipe (45-inch diameter vs. 42-inch diameter) would be 

3-2 
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8tanlsleyCanal Uplcity Study-.,_2 
CapitalCosts o£~ to Adliew Mniman D!livery Rtquii&ltllllPl 

SlnMWare 

C'MW AIIEh I so.ooo llf I 1oo.om af 150.cma 200,000;1 300,00081 

-·--~ 
$Q9 s 1 $12.7 

~toCliP 

I ...::CAP $ - $0.01 I { 
$0.03 '\ '·~ $27.2 

lr*ttoGnlnd IItieIReach 3-G1rd I $ - I $0.3 SO<: s 1.9 I $12.8 
,_, to Oldie Ri 

,~·~. , S4.8 

I 
s::;_, s 7.5 s 7.9 

l 
s 9.8 

M tocarneJback 
R1 

~~~ ~ 
.) , 7 $1.8 $ 2.3 $2.4 s 3.1 
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CAMP DYER 
DIVERSION 

WESTCAPS FLOW, 
COST TO MODIFY 

CANAL 

200,000 af 
$1.1 million 

200,000 af 
$2.8 million 

~~ Turnout 50,000 af 
~ ~ to WESTCAPS memberS 

150,000 af . 
$0.9 million 

"~ -

~7~~ 
o--io 

BELL ROAD 

GREENWAY ROAD 

WADDELL ROAD 

CACTUS ROAD 
TI.HnO\tt so.ooo af 

to WESTC:APS rnembeu 

50',000 afto 
VVE$T¢APS member$ 1 

100,000 af 
$5.3 million 

50,000 af 
$1 .7 million 

TUrnout M,OOO af 
to WESifCAPS 

memlbers 

Total Cost • $11.8 million 

PEORIA AVENUE 

OLIVE AVENUE 

NORTHERN AVENUE 

·· GLENDALE AVENUE 

BETHANY HOME ROAD 

CAMELBACK ROAD 

INDIAN SCHOOL ROAD 

OSBORN ROAD 

THOMAS ROAD 

October 8, 1999 
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eardsley Canal Ca:pacity Study - Phase 
Example Showing •Capital Improvement Figure 3-6 

osts for Multiple ,NESTCAPS TurnoutsBookman-Edmonston 
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Increased Canal Capacity 


Annual Volume 

Flow (mgd) 
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Cost to Achieve Increased Capacity 
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FIGURE 3-7 

Beardsley Canal Capacity Study - Phase 2 


ESTIMATED CAPITAL COSTS FOR INCREASED CANAL CAPACITY 

Reach 1, Lake Pleasant to CAP Inlet 


Flow (CFS) 

300 400 500 600 700 


Capacity Avanable 
with 

Capital Improvements , 

100,000 af 
240 mgd 
370 crs 

na 

300,000 af 

455 mgd 
 J

705 cfs 

$12.7 million 
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USBR I WESTCAPS Beardsley Canal Capacity Study - Phase 2 II 
Navlgant· 

ESTIMATED CAPITAL COSTS FOR INCREASED CANAL CAPACITY 
Bookman-Edmonston ((i)~l Reach 2, CAJP Inlet to Grand A venue ENG I NEE R I N G, IN C. 

Flow(CFS)
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30.0-----------+--------
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with Capital Used by25.0 .,.. Improvements MWD 

~ 
c 
0= 20.0 
! 
!Ic: 
C»

1 15.0 ~ 
.s ~ ... 
0 

Ill -0 10.0 
u~ 

[§ 

~ l so,ooo at I 
~ 5.0 
~ ,,~~:· I~ ~ Q) 

0.0~ 
0 ~ 100 1~ 200 250 300 350 400 450~ :g 

Flow(MGD)~ October 8, 1999 

--~~----------;----------4-----------~--------~~--------~ 

Increased canal Capac;ity 

Annual Volume 
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Flow (cfs) 
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300,000 afcost to Achieve Increased Capacity 
450 mgd 
700 cfs 

$27.2 million 
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FIGURE3-9

USBR I WESTCAPS Beardsley Canal Capacity Study - Phase 2 
Navlgant· ESTIMATED CAPITAL COST:S FOR INCREASED CANAL CAPA CITY 

Boolun.an·Edmllldlon ((i£)••1 Reach 3, Grand Avenue to Cactus Road ENGl NEE R l NG,IN C. 
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FIGURE3-10 
Beardsley Canal Capacity Study· Phase 2 

ESTIMATED CAPTT AL COSTS FOR INCREASED CANAL CAPACITY 
Reach 4, Cactus Road to Camelback Road 
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Beardsley Canal Capacity Study - Pbase 2 
ESTJMATED CAPITAL COSTS FOR INCREASED CANAL CAPAC£TY 

Reach 5, Camelback Road to Thomas Road (Canal End) 
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required if the water is only conveyed through Reach 5, since the vertical drop per foot 
of travel is smaller in this reach. 

TableS.3 
B~ardsley Can al Cap acity Study. Phase 2 

Additional Options for Conveying 50,000 afa through Reach 4 and 5 
C •tal C ts 0 f 1m t t A hi Mi . D 1' R . ts(ltl apt OS 1provemen s o c: eve ntmum e tvery equuemen 

Canal with Canal w/out 
Drop Drop Pipeline for Pipeline for Reach 5 

Canal Reach Structures Structures Reach4 and 5 Only 
Reach 4- cactus $4,085,000 $645,000 $ 8,606,000 Use Canal Cost 

Ad. to 

Camelback Rd. 


Reach 5 • 
 $1 ,697,000 $814,000 $ 2,944,000 $ 3,345,000 
Camelback to 

Thomas Rd. 

Total Cost 
 $6,502,000 I $1,551,000 I $11,550,000 	 $3,990,000 w/out Drops 

$7,430,000 with Drops 

(l)With 1995 MWD peak use, costs include 20 percent for contingencies; 15 percent for engineering and 
administration. All costs are in 1999 dollars. The current 9/99 construction cost index is listed at 6117 
based on year 1913 (Engineering News Record). Right-of-way costs are not included . 

Right of Way 

Standardized right-of-way costs for WESTCAPS alternatives have not yet been fully 
developed and were not included with the cost estimates above. MWD currently h olds 
a 139-foot wide right of way for the Beardsley Canal from the Camp Dyer Diversion to 
~ mile south of Cactus Road. The remaining right of way south of Cactus Road is 75 
feet wide. It was assumed that the 139-foot wide right of way would be sufficient for 
canal construction and no temporary right of way would be required. For the lower 
reach, it was assumed that an additional 70 feet of temporary right of way would be 
required for construction purposes. 

Table3-5 
Beardsley Canal Capacity Study 

Canal Right of Way 

Ca nal Reach 
-

Reach 1 - Lake 
Pleasant to CAP 

Inlet 

Length (ft) 
26,959 

ROW Width 
(ft) 
139 

Area 
(acres) 

86.0 

Additional 
Construction 

ROW (ft) 
0 

Area 
(acres) 

0 

Reach2· CAP 
Inlet to Grand 

Ave. 

60,322 139 192.5 0 0 

Reach 3 - Grand 
Ave. to Cactus 

39,349 139 125.6 0 0 

3-3 
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RESULTS 

. I 

"Reach 4 · Cactus 26,490 75 

r 
45.6 70 84.8 

Rd. to 
Camelback Rd. 

Reach 5­ 15,753 75 21.1 70 50.4 
Camelback to 
Thomas Rd. 

Volumetric Increase in Canal Capacity 
\' . 

The increased capacity available to t:ranspoJ't water through the Beardsley Canal at each 
~· . 

of the five flow regimes, for each reach, is shown in Figures 3-12 through 3-16. The 
constant flow values used in this analysis allow for fUll delivery of the five flow 

;_I volumes (50,000 through 300,000 acre-feet) at peak MWD demands. Additional delivery 
capacity may be available during off-peak months as shown in the following figures. 
For example, improving Reach 4 to carry a constant 50,000 acre-feet of water (Figure 3­
11) would actually yield capacity to carry nearly 70,000 aare-feet of water, given the 1995 
MWD demand schedule used here. Note that the capacities for each reach displayed in 
Figures 3-12 through 3-16 are independent of the other :reaches. The minimum reach ] 	 capacity must be considered when calculating the volume of flow through the entire 
canal. 

J 	 For some reaches and flow regimes, the canal improven1ents may reduce conveyance 
losses, further enhancing the delivery capability of the canal. Calculating the potential 
reduction inconveyance losses was beyond this scope of work 

•.. J 

I 
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r-·· ; I 
Seatdeley C•nal C.,..oity ftudy- Ph._2 

Volumetric lncr•••• in Cepeclty Compared to Elciatlng CaneI Clapeoity 
and Current IIWO Demanda rot'50,000 affyur Minimum O.Uv.ry

..,_ ·<1,000 ~ .... ···--r -· . ~!:1'~~· - •. -- • . I - r I........ "'·- : I I ...- - ' 30,000 i --IO,eocl f Ei. ,.,_ i "'·000 
! 20,000 I • r-- r_ i:to.090 . ~ -
0: -- + - . I" T15.000 ~- --·~!... 10,DDO 

f.OOO l ,:: ~l==r-, -*=-1 
c.A ·~111tl:J: t' ~ ,~l,[ -, _J ~ • ~='! lr # 

c ;; a. ~ ~ l; ..!!. i .l(:r .,..,.,; % 0 

R..ctt 3" R"ctt4...ooo ...,__ - -.... ----·- --- ···-';'--'--· __T... --·...... -· ···---...ooo 
5 111,000 l -.-i 
{ 00,000 I ...-I I ...- ! 8.000• 

I 110,090 i . 21.0~ t - i i 
15,000 

l 1'-0~f l 
10,0CIO .._

_..I ···-! 6,000 l' ~-iJnl-rS.t=:! -. r l'"l l r ; I , t . -=n.. ~ II t -~~AL-l nf !-..., •!:11:Ji.·J , ,LJU~-=: 
> a. c ... 5 3, -. j 3, .. ~ ~i z Q i 3 ~ ~ ~ lolont!l  "' "" MoftUI 

__,_  ~c.p.ctl) by -Jiftd .....,., 
R..chli...-..~-- · ·· -....--·-· ... 4 .. .- \jl\-< - ·•1 .. Improved Can1l Capacity C~d to 1995 MWO l:lemV~ds ··-r -· -·· 

411,000 
Rudt 1• ~ncb 2• R-h3' Re1ch -4 IRuch S 

an Q 0 0 0 0 i··- Feb 14 ,300 13,5100 13.900 11.800 s.soo ! 10,000 
Mlr II,GOO 11 ,!100 11,900 :r,700 6,100 
Apr 8.600 8,900 8,900 ,;,500 5,SOO !"".000 
MlV 9.200 9.500 9,500 15.700 6,000 

! ...- un 7,000 7,300 7,100 !;.sao 5.800 .....,. 5,100 5,400 5,400 !),200 s••oo 

! ,..000 . "' 7,500 7,800 7,800 U.300 5 ,400 
~ 9,400 9,700 9,1500 1!,400 s,eoo 1--. -s.- ~ - - - - - - Ott IZ,ZOO 12,500 12.500 :r,aoo 6,100 
Nov 13,400 13.700 13,600 11,200 5,900 

0 = ,.. lo..: 0 0 0 0 0 .. ;; a. u

3, j -. ~:r • z ~ "' ITOQI 98 300 100 GOO 100400 6!1.200 S7 600 -
'Cumnt Qnal CoiJNCkY •XCftds the minimum deliVery ~qulremtnt. fto Preptred fciw 
Legend: USSR I WESTCAPS  

Bookman·Bdmonttx>n 
I!N G INEBR lN G. lNC.  

_ ~· - fmiJrOVtd Canal C~p.tdty (ac:n-fett/ 11'10f>dil 

, I 
... . 

·l . ' 
• . I 

,.. , 

\ I 

J
u

; ·t 
LJ 

J
0
0
0 
u 

u 

.. .. 
:·U 



Figure 3-13 __ 
Be.U.Iey Canal Capacity study - Phase 2 

Volumetric lncl'9ase In Capacity Compared to Exi•t.lng Canal Capaoity 
and eurr.nt MWO Demands for 100,000 aflyearMinimum Delivery 
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Figure 3·14 ~ · 
Beardsley Canal capacity Study • Phaae 2 


Vol.,meric lno,..... '" Cap•olty CompaNd to E>Mtl"g Canal Cap.alty 

and eun-..-11M)Demands for 150,000 8flynr AIIJ'limum Delivery 
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Figura 3-15 - · 
Beardaley Canal Capacity Study • Phaae 2 


Volumetric fncf-Ha•ln Capacity Compa.-.d to E>cletine Canal C.pacily 

aMI Curntnt IMO Demands for 200,000 aflyear Minimum Delivery 
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Figure3-16 

Beardsley Canal Capacity Study - Phase 2 


Vohnutrio lncra..a In Capacity Campa~ to Eld1ting Canal Ctlpaclty 

and Ct.o....ent MWD Ocamanda for 300,000 aflyaar Minm.um Oeflvary 
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APPENDIX A CANAL IMPROVEMENT DETAILS 

Canal Improvements 

Canal improvements required to deliver the five flow regimes through the Beardsley 
Canal are provided in detail in Tables A-1 through A-5. 

Canal modification costs are based on the quantities of various materials, such as 
volume of earthwork, lining area, and volume of concrete. The unit costs specified for 
the materials listed in the following table include the cost of all tasks and components 
required to complete the job. All costs are based on recent canal construction costs as 
reflected in bid tabulation sheets for other recent NCI projects. 

> Canal excavation costs include costs of soil preparation and an incidental amount of 
blasting.

> Canal lining costs are for slip-formed concrete and include forming and finishing. 
> The unit cost of concrete for formed structures such as box culverts includes the cost 

of the form, reinforcing steel, structural steel, and concrete. 
> The costs of replacement gates include the cost of installing power and mechanical 

operators, but do not include costs for remote supervisory control. 
> The costs of structure removal include the cost of demolition and disposal. Canal 

relining and soil preparation are included in the canal excavation and relining costs. 
> Bridge replacement costs are based on an average cost per square foot for similar 

canal crossing bridges. 
> Vertical and inclined drop unit costs include the cost of additional concrete and 

forming for the chutes, checks, and stilling pools. 

Costs for the 300,000 acre-foot flow regime are to replace the entire canal, excluding the 
diversion works and some larger siphons. 

u 
u 
u 
u 
J 
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TlbleA•1 
Edl'lllt.d c.pttAl CGM8(1) 

Modify BNrdeley ClnaJ to Deliver a Minimum of !0.000 acre-teet per y.. In Addition to MWD Demende 

StatiOft Flow(cfe) Oetcrtptlon Improvement Wortul Qutntlty Until Unit Coat Unlta Colt 
c.nat Excevatlon 

Reach 1 2()()()()().173()41 285 Lake Pleasant loCAP Inlet Excavate Rod(. Soli Prap. Ocuyards $ 12.00 Cf 
React12 172787·1 12~85 285 CAP lnleliO Grancl Ave Elroavale Rock. Soli Prvp. 0 cv yards $ 12.00 Cf $ ' 
Riach9 112~1-7308.2 275 GIMd Ave to Cactua Rd. Excavate, Soli P111p. 0 cuyards $ 5.00 C'J s 
Aeach4 73062-41275 170 Cactus Ad. to camelback Excawte, Soli Prap. 87,400 cu yatcta $ 5.00 Cf $ 437,000 
Aeael15 41274·30802 10S Camelbact< to Thomas Rd. Excavata,Soil Prep. 32,000 cu yards $ 5.00 Cf $ 100,000 

Subtotal. Excavation 119,400 cvyarda $ 597,000 

Clllal Lining • New Unlng 
Aeac:tt1 . 20000()..17:»41 285 Ulke Pleasat1t to CAP 11'11111 Ft;>rm placed & llnlvh.cl 0 sq. It $ 2.50 sq. It s 
Aeach2 172787·112465 285 CAP Inlet to Grand Ave Form placed 4 finished 0 sq. II $ 2.50 sq. It $ 
Reach3 112431-73082 275 Gnncl Ave to Cadus Ad. Fom! placed 4 llnlstled 0 sq. It $ 2.50 sq. It $ 
Read14 730E2·41275' 170 caclus Rd. to Camelback FOfm placed & finished' 581900 &q. It $ 2.50 sq. It $ 1,464,750 
ReachS 41274..S0802 105 Camelbact< to Thomas Rd. Form placed & llniShed 203500 SQ. ft $ 2.50 sq. It $ 508.150 

SUOIC(al, New Lining 785,400 sq. tt $ 1,963,600 

C11.nlll Unlng •lnons11e ExleiUng Lining HeJiht 

React11 200000·173041 285 Lake Pleasant to CAP lnlst IOGre«~o ox~liog 0 sq. It $ 2.50 aq. fl $ 

Reach2 172787-112485 285 CAP Inlet to Grand Ave lncr&alie existing 0 sq. It s 2.50 sq. It $ 

Aeach3 112A31·73082 275 Gra!ld Ave to Cactus Ad. fll(fease exisVng 0 sq. It $ 2.50 sq. II $ 

React14 73062·41275 170 cactus Rd. to cametbadt Increase exiSting 0 aq.lt $ 2.50 sq. tt $ 

ReachS 41274-30802 lOS Camelback to Thomas Rd. lnCI'Oase exlatlng 0 aq. lt s 2.50 sq. It $ 


Subtotal, New Lining 0 sq. It $ 

Strvct!JtM 
Brtdgee 
Reach t 197473 285 lake Rd. Suffldent Cepadly 
Aeact11 185472 285 Cowlown Sufflde11t Capacity 
Reach2 114620 285 163rd Sulftclent Capadty 
Reach 3 90563 275 Bell Sufficient Capacity 
Reacn3 84479 275 Greenway suntaent Capacity 

Canal Box Culvlfta/Sipllona 
Reach2 141981 285 t0x1 0 Siphon 1 Sultlolent CepaQty 
Reach2 132048 285 10xto Siphon 2 Sufflchtnt Capacity 
Reach 2 127855 285 10x10 Siphon 3 Sufficient Capacity 
Reach2 114282 285 8x18 ·Grand Ave box ctMirt Sufficient Capacity 
Reaeh3 112430 275 10X'IO Siphon 0 TOtl Suflldant CapaCity 
Reach 3 109365 275 12x12 - McMic:l<en Siphon Sufficient Capacity 
Reach3 96647 275 81C8 Siphon below TOI3 Sufficlenl Capacity 
Reach 4 70740 170 5K5 Siphon below T01i7 Su1flclent Capacity 
Reach 4 65027 170 611& Siphon beloW TOt8 Sulflc:lent Capacity 
Reach4 64800 170 does not cunanlly aldst Add Siphon 70 cuyds $ 700 cuyd $ ~9.000 

Reach 4 55206 170 5x5 Siphon beloWTOiitO Remove teach $ 20,000 each $ 20,000 
R88CI'l4 46476 105 4.4MA SlpllOn belOW TOI12 Slt!ICI&nl Capacity 
ReachS 36051 105 s.SIC8· lndlan School box culvert Enlarge, lower Culvert 30 CUy'dl s 700 cuyct $ 21.000 

CMP Culveru 
Reactl2 114443 285 Double BamliO 8' Dict-SFAR Sutflclent Capacity 
Reacll4 67870 170 5' Ole at TOIB Remove 1 eaoh s 20.000 each $ 20.000 
Reach4 62413 170 6' Ola at Ollila Ave, TOI9 SIAflclenl C.paclty 
Reach 4 57117 170 5' Ola at Northern Ave, TOttO Enlarge, tower Cutven 30 cuyds s 700 cu yd $ 21,000 

Flum" 

Reach 1 175304.9 285 Aumelf1 • Agua Fria StAIIclent Capacity 

Reach 2 157469 285 Flume 112 (pipe) 1010 steel Sufficient C..paolty 

R.each2 15408o 285 Flume 13(Pille) 10' ID Steel Sufflclant Capacity 

Reach2 147581 285 Plume 14 (pipe) 1 0' ID Steel 8\Jitlolenl Capacity 


Unchecked Lat. Tumout GatM 

Readl2 168203 285 18' Baret TO Sufflc!tmt CapaCity 

Reacn2 112797 285 TO Itt S~fflolent Capacity 

Aeactl 3 104988 275 Tot2 Sufficient Capacity 

Rea.ch3 93836 275 TOMS.5 SIJfflclent Capacity 

Reach3 e1n2 275 TOI5.03 Suffldent Capacity 

Atct. Check Oatee w. Turncuta 
Aeach3 101801 275 TOii9 Rec. Check & 38'gate 8\JIIlcient Capacity 
Aeach3 90639 275 TOii4 Rec. Check & 48'gate Sulflcient Cepacity 
ReaCh 3 79013 275 TOI6 Rec. Checj( & 42"gate SUitident Capacity 
Rtllch 4 73059 170 T0f7 Rae. Check & 48' gale Sufficient Capacity, fix lnap. gaiN 
Aeach4 67647 170 TOitS, CMP % 24' gate Replace w1 SltJice Gate 170 cis Minimum 100000 each 100000 
Reactl4 62366 170 i01t9, Aec. Check & 24'gate Aeplaoe w/ Sluice Gate 170 cf8 MlnimUITI 100000 each 100000 
Reach 4 57083 170 1'0110, Roc. Check & .e-aa1e Replaoe w( Sluice Gate 170 cfa Minimum 100000 each 100000 
Reach 4 51802 170 TOittt.Aec. Checll & 42•gate Replace w/ Sluice Gate 170 cis Minimum 100000 each 100000 
Reach 4 46554 105 TOii12,Aec. Ct1eck & 24'gate Replace w/ Sluice Gate 105 as MinimUm 100000 each 100000 
Relleh 5 41274 lOS TOI13, Rec. Cfleck & 3e gate Replace WI SlUice Gala 105 eta Minimum 100000 each 100000 
ReactlS 38658 105 T0*13.5 Rec. ctleck & 24' gale Replace wJ Slutoe Gale 105 eta Mlnfmum 100000 each 100000 
React15 36011 105 TOI14, Rae.Check & 42' gate Replace w/ SlUice Gale 105 cis Minimum 100000 each 100000 

Radial Cheek Getea 

R88ch2 127453 285 Radial2·10' gates Sufficient Capacity 

Reach 2 115009 285 Radial2·10' gates Suffident Capacity 

Reach 3 84.411 275 TO f 5 Radial Gate·28' gal&$ SUfficient Capacity 


Mo11.Welre 
Aeaellt 197651 285 Station 01 Sufficient Capacity 

Reach 2 172153 285 Station 05 Sulllclent Capacity 

Reach ~ 72160 170 Statl011 27 -last stat1011 Sufficient Capacity 


Inclined Drops/Check Drop• 
Roecl\4 70745 690 7' Drop lnstaU chock,slliNng pociJ 1 eadl $ 50,000 each $ ro.ooo 
React14 68898 590 6' Drop lmtaN check,stllAng pool 1 each $ 50,000 each $ ro,ooo 
Reacll4 67590 590 TDrop lmtaM cheok,stllUng pool 1 each $ 50,000 each $ ro,ooo 
Aeacl1 ~ 66460 590 12' Drop lnatan ctleck,SillUng pool 1 each • 50,000 each $ 00,000 
R88cfl4 65042 590 5' Drop lnslall check.stilllng pool eadt $ 5Cl.OOO each $ 50.000 
Reacll4 63511 590 11' Drop Install checl<.att~lng pool each $ 60,000 each $ EO,OOO 
Reach 4 62307 590 TDrop Installdlecll.stJRtng pool each $ 60.000 aacll $ 50,000,Roa<:h 4 60785 690 12' Drop tn•tall chock,stllllng pool each $ 50,000 eacn $ 00,000 
Raacl\4 60472 590 tO' Drop Install check.stllllno pOOl 1 Bach s 50,000 each $ ro,ooo 
Aeach4 58352 590 t O' Drop lnstaM chect<,slllllng pool 1 each $ 50,000 each $ ro.ooo 
Aeac/14 57040 590 3' Drop Instal ctleck,stliMng pool 1 eactl $ 20,000 each $ 20,000 
Reach4 56345 590 10 Drop Instal check.stHilng pool 1 each s 50,000 each s 50,000 
Reach 4 55679 590 4' Drop lnataN check.stilling pool 1 each $ 20,000 each $ 20,000 
Reach4 55216 590 6' Drop Install check,st!Ulng pool 1 a a ell $ 50,000 each s 50,000 
Aoach4 52835 590 9' Drop Install chocll,stlltlng pool 1 eacn $ 50,000 each s EO,OOO 
Aeach4 51795 590 10' Dr()(l Install c:hecll,stJIIIng pool 1 each $ 50,000 each $ EO,OOO 
Reach4 50250 590 3' Drop Install checl<,sutllng pool 1 each $ . 20,000 each $ 20,000 
Reach 4 49219 590 9' Drop lnslaN cneck,stUNng pool 1 each $ 50,000 each $ 00,000 
Reacl\4 ~8005 690 1' Drop Instal check,stHIIng pool 1 ••ell $ 50,000 each s 50.000 
Reach4 oC6324 520 3' Drop Instal check,stllllng pool 1 each S 20,000 each s 20,000 
Reach4 <14085 520 6' Drop lnstd checl<,tiHiing pool 1 each $ 50,000 each $ ro.ooo 
Reach4 41769 520 s· orop lnata" check,atiiNng pool 1 eactl $ 50,000 eactl $ 50,000 
Reach 5 39563 520 4' Drop lnstaM check.siUIInQ pool 1 each $ 20.000 each s 20,000 
Aeao1'15 38141 520 8' Drop Instal cheok,stHIIng pool 1 eaell $ 50,000 eacn $ . $0,000 
ReaCI\ 5 36755 520 6' 0rop Install cneck,aiHNng pool 1 aach $ so,ooo eacn $ 00,000 
Reactt5 r ) 35977 520 8' Drop lnatall check,stHNng pool 1 eecfl $ so.ooo ..en $ 50,000 
Reach 5 33449 520 4' Dtop lnsta• chack,stiiMng pool 1 each $ 20,000 each $ 20,000 
Reach 5 32880 520 TDrop lnstaM chacl\,stlllng pool 1 each $ 50,000 each $ $0,000 

t1) Costs do not Include 20% lor contlngandes and 15% lor engtneeriM and administration 
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Tllbfe ·2 
e.umee.cs CIIPft•• Com(t) 

Mollify Bell'datey CaneI to Deliver 1 Minimum of 100,000 eef'lofHt perY"' In Ad6~1on tD MWD Demende 

Station Flow (cfl) Detcrljltlon Improvement Worke OUintlty Unlm Unit Coat Units em 
C.n11 Ex~vetlon 

Reach1 200000-173041 ~0 L.ake Pleaaantto CAP Inlet EliC8Yilte fbck. Soil Pf8P. 0 cuyants s 12.00 ey s 
Readl2 172781·112465 ~5 CAP Inlet lo Grand Ave Excavete Rock, Soli PIIIJ). Ocuyards $ 12.00 ey $ 
Aeacn3 112431·73082 355 Gllli!CI Ave ID cactus Ad Excavate, SOli Prep. 800 cu yards $ 5.00 cy $ 3,000 
Reach4 73062-41276 255 Cactus Rd. to c-~~ack Elcc:eYate, Soil Pntp. 103,800 cu yards $ 5.00 cy s 518,000 
ReachS 4127-4-30602 185 Camelbacll toThomas Ad Excavate, SoU Prep. 35,400 cu yards s 5.00 cy $ tn.ooo 

Subtota(, EJicavatlon 139,800 cu yards s 699,000 

CIIMI U"lnf •Nftr Ltnlng 
Reach! 200()()()-17304t 370 La!Ce Pleasant to CAP Inlet Fonn placed & llnlstled 0 sq. It $ 2.50 sq. ft ·s 
Reach 2 172787·112455 36S CAP Inlet lo Grand Ave Form placed &Hnlehed 0 eq. It $ 2.50 eq.ll $ 
Reach3 112431-73082 355 Grand Ave to 0.CU Rd. FOITTl placed & H111shed 3700 sq. It $ 2.50 sq. ll $ 9.250 
Reactl4 73062·41275 255 cactus Ad, to Cemelback Fonn placed & filllshed 656500 sq.• $ 2.50 .sq. II $ 1.841,250 
Aeach5 "1127+30302 185 Cwnelbactc to Thomas Ad. Fonn placed & nnlsned 233500 sq. tt $ 2.50 $Q. ft $ 583,750 

Slbtolal, New Unlilg 8~.700 sq. fl $ 2,234,250 

',eenal Lining • Inc ....•• Exteltlng Lining HeIgilt 
I 

Reach 1 2000<l0-173041 370 Lake Pleasant to CAP lnlel Increase eXIsting 0 sq. It $ 2.50 aq. It $ 

R(lach 2 172787-112465 365 CAP Inlet to Grand AVe Increase eldstlng 803 sq. It s 2.50 sq." s 2,007 

Reach 3 112431·73082 355 Grand Ave to Oaclu& Rd. lncteasaaxtatlng 11274 sq. It $ 2.50 aq. ft $ 2$,185 

Reach4 73062-41275 255 Cectua Rd. to Camelback Increase eldstlng 0 sq. It I 2.50 s~ ft $ 

ReadlS 41274·30802 185 Camelbadc to Thomas Rd. Increase existing 0 sq. fl 2.50 sq,n $
• 

Subtotal New Unlng f 2.077 Jq. It $ 30,192 

Structure~ 
Brldgea 
Reach 1 197473 370 Lake Rd. SUfficient Capacity 
Reach f 185472 370 Cowtown Sufflclent Capacity 
Reach2 114520 365 163rtl Sufllclent Capacity 
Reach 3 90563 355 Bell Replace wflh siphon 280 ctJ yds 700 cuyd $ 196.000 •Reach 3 84479 355 Greenway Enlarge canal under br1dge see excavation 

Cenal Box CulverWSiphone 
Reach 2 141387 365 10x10 Slphoo 1 Sufficient capacity 
Reach2 132().48 365 1Ox10 Siphon 2 Sufficient Capacity 
Reacnz 127855 365 1OX1 0 Siphon 3 Sufftclent capactr:y 
Reach2 114282 365 8x18·Grand Ave l:loxctJivet1 Sufficient Capacity 
Reech3 112430 355 10x10Siphon 0 TOI1 Sulllclenl Capacity 
Reacn3 109365 355 12x12 • McMic:kenSiphon Sufficient capaCity 
Reach3 96647 355 8x8 Siphon below f013 Sufflclent Copacfty 
Reach 4 70740 255 5x5 Siphon below TOf7 RemoYe Siphon 1 each $ 20.000 each $ 20.000 
Reach.( 65027 255 6x6 Siphon below TOI8 Sufficient Capacity 
Aeacb4 64800 255 does not wrrently exist Add Siphon 70 co )'II$ $ 700 cuyd $ 49,000 
Roach• 55206 255 5115 Siphon bolow TOI10 Romova Slproo<~ 1 ooch $ 20,000 oocn $ 20,000 
Reach4 46475 185 4.4x'l.4 Slphon belowT0.12 Enterve Siphon 70 co yds I 700 cuyd $ 49,000 
Reach5 36051 185 5.5x8·1ndlan Sctm box rul\ler1 Enlarge. !Ower Culvert 20 euyds s 700 cuyd $ 14,000 

CMP Culverts 
Reach 2. 114443 365 Double BarraiO 8' Dla-SFRR Suffid(lnt Capacity 
Reach.( 67670 255 5' Dla at TOI8 Remova t eactr $ 20,000 each s 20,000 
React\4 62419 255 6' Ola at 08va Ave,TOf9 Replace 45 0Uyd8 s 700 C:Uyd s 31,600 
Reacnc 67117 255 5' Dla at Northem Ave, TOIJ10 Replace 30 cuyds $ 700 cuyd $ 21.000 

FlumH 

~1 17S304.Q 370 Flume t1 · AIJUI Fill . Solfld.nt Capacity 

Aeacll2 157469 365 Aume •2 (pipe) 1ato Steel So!llclent Capacity 

Reach 2 15'1080 365 FUne t3 (pipe) 1 0' ID S1eel Sullident Capacity 

Roach2 147581 385 F1une t4 (pipe) 10' lD Steel So!lldont Capaclty 


Unchecked Lel 1\irnoutGetu 

Re8ch2 168203 3e5 t 8' BardTO Sulftdent Capacity 

Reach2 112797 365 TOI1 Solflcient Capacity 

Reach3 104988 355 ron Sufficient capadly 

Aeach3 93836 355 TOf3.5 sumaent capectty 

Reach3 81772 355 TOtS.03 Sufficient Cepc~~clly 


Rect. CMck Gtte• w. Turnouta 
Reeoll3 101801 355 TOJ3 Aec. Check & 36"gate Suflk;ient capacity 
Reach~ 90639 355 TOU Reo. Check &.CS'gale Sulflcienl Cepadty 
Reach3 79013 355 TOt6 Rec. Check & ~gale Sutllclent capactty 
Reach4 73059 255 Tot7 Rec. Cheek & 48"gate Sufllclent Cepaclty, nx lnop. gntn 
Reach4 6'7&47 255 TOI8, CMP & 24• eata Replace w/ Radial !2SS clsmtntmum 100000 eacll $ 100;000 
Reach4 62366 255 T019. Rae. Check& 24'oate Replace w/ Radial :255 clsmhlmum 100000 each $ 100,000 
Reach -1 57083 255 T'Ot10, Rec. Oleclt I 48.'gate Replace wl Radial :255 ctsmnlm001 100000each $ 100,000 
Reach4 51802 255 TOt11,Rec. Cllecll & q•gate Replace W/ Radial :l55 cts mwmum 100000 eacn $ 100,000 
Reach4 46554 185 TOf12,Rec. 01edc & 24l'gate ReJ*ee w/ Sluice Gate '185 cit minimum 100000 •edl $ 100,000 
Reach 5 41274 185 TOt13, Aec. Chetk & 36" O&te Replace w/ Slulc:e Gate '185 cfsmhlmum 100000each s 100,000 
Reach 5 38658 185 Tot13.5 Rec. Check &24'gate Aepace w/ Sluice Gate '185 cfsmlnlmum 100000 each s 100,000 
Reach 5 36011 185 TC»14, Aec. ·Chock & 42" gate Flapla<:e wf SlUice Gate '185 dsmlnlmum 100000each s 100,000 . 

Rlldla.l ctleck Gat• 

Reacn 2 127453 365 Radlal2·10' gates SUfficient Capacity 

ReiCh 2 1150()g 96S Racial 2·10' galea SUfficient Capacity 

Reach3 84411 355 TO 15 Racial Gata-2 8' gates Sufficient Capacity 


M-.Weln 

Reacn1 197S51 lr70 Stallon01 SUif1clent Clpaclty 

Aeach2 172153 385 StationOS Sufficient Capacity 

Reach 4 72160 255 S18Uon21-last statiOn Sofllclenl C8padty 


lndlnecl Otopt/CtMck Dfope 
Reach4 70745 255 7' Drop Install check,atttung pool 1 each$ 50,000 each $ 50,000 
React\ 4 68898 25& 6' 0rop Instal cliock,atrmng poo4 1 uc;h $ 50,000 each $ 50,000 
Rea.ch4 67590 255 7' Drop tnstan check.atltMI1g pool 1 each S 50.000 eadl s 50.000 
Reach4 66460 255 12' Drop lnstaQ cl1eck,sti!Yng pool 1 each I 50,000 eadl $ 50,000 
Reach 4 65042 255 5' Drop InsteP Clleek,ttiiMng pool uc:n $ 50,000 ea<:ll $ 50.000 
Reaeh4 63511 255 11'Drop lnstaH clleck.stiiMng pool each s 50,()()() each $ 50,000 
Reech4 62307 255 7' Drop Install cl1eck,stl1Nng pool each S 50,000 each $ 60,000 
Reech4 60785 255 12' 0rop lnstan check.stl11ng pool eadl $ 50,000 eacll $ 50,000 
Reach"' 6047i 250 lO' Onlp ln:flliiQ Q1ecll,11(1111ng poo4 1 eiiiQtl $ l!O,OOO ellllh :10,000 
Reach4 58352 255 10'Drop lnltall check,atllllng pool , each s 50,000 each •$ 50,000,Reach4 57040 2SS S'Drop lnttatl ched<,stlllng pool each s 20,000 each $ 20,000 
Reach 4 56345 255 10 Drop tnstan dleck,stiNinO pool 1 each $ 50,000 each $ 50,000 
Reect\4 55679 255 4'0rop Instil" dlocl<,atUIIng pool 1 each S 20,()()() ead1 $ 20,000 
Aeech4 55216 255 6'0rop lnsld ~,stMIIng pool 1 each$ 50,000 each $ 50,000 
Reech4 52835 255 9'0rop Instal check.stiNng pool 1 each$ 50,000 each $ 50,000 
Reach-4 51795 256 8'0rop lnstaM clleek,IIIUng poo4 1 e8ch $ 50,000 eadl $ !50,000 

each s . Reach4 50250 255 4' Drop Instal clleck,stlling pool 1 20.000 each $ 20,000 
Reach4 49219 255 9'0rop Instal eheck,stiRng ~ 1 each $ 50,000 each $ 50,000 
Aeach4 48005 255 7' Drop Instal Check,ltJINng pool 1 each $ 50,000 eacn s 50,000 
Reach4 46324 185 3' Drop lnstel checlc,ttlll ng poo4 f each S 20,000 each $ 20.000 
Reach4 >44085 185 6' Drop lnstd clleck,stllng pooi 1 each $ 50,000 each $ 50,000 
Reach4 41769 185 5' Drop Instal checf(,ltiiNng pooi 1 each$ 50,000 each $ 50,000 
AeaCil5 39563 185 4' Drop lnstd clleCll,stiRng pool 1 eacn s 20,000 each $ 20,000 
Fleach 6 38141 185 8' 0rop Instal clleck,ttiiAng pool , ••ell s 50,000 each $ ,50,000 
Reach 5 36755 185 6' Drop Install check.stll ng pool 1 each S 50,000 eadl s 50,000 
Reach s.· ) 35977 185 8' Drop lnstd dleck.stll ng pool 1 each S 50,000 each s 50,000 
Reactl5 334"19 185 'I' Drop !nata• clleck,ttlll ng pool each $ 20,000 each $ 20,000 
Reach 5 32880 185 TDrop Install clleck,sUiqng pool eaoh S 50,000 each s 50.000 

~11 COSta do not Include 20% tor cent des and 15% lor and lldmlnlstlatiOn 
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TdlleA-1 
E111mltecl C.pltal Cotb(1) 

Modify Belltdeley C.n1l to Deliver • Minimum of 150,000 •ere-feet per~., In Addition to MWD Demlndl 

Stltlon Flow (cfe) DHcrtptlon lmproVIntlnt Work• Quantity Unlr. Unit COlt Unite Coet · 
C.nll Excav•tlon 

Reach 1 200()()0.173041 ~5 lake Pleasant to CAP Inlet Excavate Rock. Soli Prep. 6,000 cu yards s 12.00 cy $ 72,000 
Reacta 2 172787·112465 ~ CAP Inlet to Orand Ave Excawte Rock. Soli Prep, 500 cuyard8 $ 12.00 cy s 8,000 
Reach3 112431·73082 440 Grand Ave to Cactus Rd. Excavate, Sol Prep. 2,600 cu yards s 5.00 cy $ 12.500 
Aeach4 73062-41275 340 Cactus Rd. to C&melbactc Excavate, Soli Prep. 209,700 cu yards $ 5.00 cy $ 1,048,500 
Reach5 41274-30802 270 Camelback to Thomas Rd. Excavate, Sol Prep. 62,400 cu yards $ 5.00 cy $ 312.000 

Subtotal, ExC&Yatlon 	 281,100 cu yal1fs $ 1,451,000 

C1nll Lining • New Unlng 
Reach1 
Reach 2 
Raach3 
Reach 4 
Reach5 

200000-173041 
172787·112465 
112431-73082 
73062·41275 
41274-30802 

455 
450 
440 
340 
270 

Lake Pleasant to CAP Inlet Form placed & finished 
CAP Inlet to Grand Ava Form plaoed & finished 
Grand Ava to Cactus Rd. Form plaoed & finished 
Cactus Rd. to camelback Form pfaoed & finished 
Camelback to Thomas Rd. Form plaoed & flnlshed 

4400 sq. ft 
1200 sq. It 

79100 sq. It 
9Bn00 sq. It 
329100 sq. n 

$ 
s 
$ 
$ 
s 

2.50 sq. ft 
2.50 sq. ft 
2.50 sq. It 
2.50 sq. ft 
2.50 sq. ft 

s 11,000 
s 3,000 
s 197,750 
s 2,469,250 
$ 822,750 

Subtotal, Naw Unlng 1.401,500 sq. It s 3,503,750 

C1n1l Lining ·lncte- EXI11tlng Unlng Height 

Reach1 
Aaach2 
Reach3 
Reach4 
Reach 5 

200000•173041 
172787·112465 
112431·73082 
73062-41275 
41274·30802 

455 
450 
440 
340 
270 

Lalla Pleasant toCAP Inlet Increase exiSting 
CAP Inlet to Orand Ave lnaeasa exl$tlng 
Grand Ave to Cactus Ad. lnaeasa existing 
Cactus Rd. to Camelback Increase existing 
Camelbade to Thomas Rd. Increase existing 

0 sq. ft 
2300 sq. It 

20000 sq. It 
1500 sq. fl 

0 sq. It 

s 
$ 
s 
$ 
s 

2.50 sq. ft 
2.50 sq. ft 
2.50 sq.lt 
2.50 sq. fl 
2.50 sq. ft 

s 
$ 5,750 
$ 50,000 
s 3,750 
$ 

Subtotal, New Llnlng 23,800 feat2 $ 59,500 

S1ructur.. 
Bridges 
Reach 1 
Reach 1 
Reach2 
Reach3 
Raach3 

197473 455 
185472 455 
114520 450 
90563 440 
84479 440 

Lake Ad. SUfficient Capac!\}' 
Cowtown Sulllclant Capacity 
163rd Sufficient Capacity 
Bell Rd. Replace with siphon 
Grea!'IWay Enlarge canal under bridge 

530 cuyds 
see excavation 

100 cuy<J s 371,000 

Canal Box Culverta/Siphon• 
~ach2 141387 
Reach2 1320.S 
Reach2 127855 
Reech2 114282 
Reach3 112430 
Reactt 3 109365 
Reach3 96647 
Reach4 70740 
Aaach4 65027 
Reach4 64800 
Reach 4 55206 
Reach4 46475 
Reach5 36051 

450 
450 
450 
450 
440 
440 
440 
340 
340 
340 
340 
270 
270 

1Ox1 0 Siphon 1 Sulflclant Capadty 
1OX1 0 Siphon 2 Suf!ldent Capacity 
1Ox1 0 Slpllon 3 Sul!k:lent Capacity 
BxfB ·Gland Ave box culvert SUIIIclant Capacity 
10X10SII)hon 0 Tot1 Sufficient Capacity 
12X12 • Mct.11cken Siphon Sufficient Capacity 
8x8 Siphon below TOI3 Sufficient C~dty 
5x5 Siphon below TOI7 Remove Siphon 
6x6 Siphon below T<>*B Remove Siphon 
does not currently exist Add Siphon 
5x5 Siphon below TOI1 0 Remove Siphon 
4.4x4,4 SiphOn below TOI12 Enlarge Siphon 
5.5)(8- Indian School boX cutvert Enlarge ClJlvert 

1 each 
1 each 

140 cuyds 
1 each 

80 CUyds 
20 cuyds 

s 20,000 each 
$ 20,000 each 
$ 20,000 eactt 
$ 700 cuyd 
$ 20,000 each 
$ 700 cuyd 
$ 700 cuyd 

$ 
s 20,000 
$ 20,000 
$ 98,000 
$ 20,000 
s 56,000 
s 14,000 

CMP CLilvart1 
Reach2 114443 450 Double BarretO 8' Dla·SFRR Sufficient Capacity 
Aeach4 67670 340 5' Dla at TOIS Remove 1 each $ 20,000 each $ 20,000 
Aaach4 62413 340 6' Ole at onve Ave, TOt9 Replaoe 100 cuyda $ 700 cuyd $ 70,000 
Raach4 57117 340 5' Dla at Northam Ave, TOf10 Rapleoe 55 cuyds $ 700 cuyd $ 38,500 

A urnaa 
Reacn, 176304.9 455 Flume 11 - Ali~ Ftla Replace 1485 Mntl $ 400 It $ 594,000 

II 	 Raach2 157469 450 Flume #12 (pipe) 1010 Steel Sulfldant C&padty 
Reach2 154080 450 Ftuma 13 (pipe) 1 0' 10 Steel SUiflclent Capacity 
Aeach2 147581 450 Flume 14 {pipe) 10' ID Steel Sufficient capacity 

Unc:Mcked L•t. Turnout Gates 
Reach2 168203 450 18" Bard TO SullldentCapeclty 
Reach2 112797 450 TO#I1 Modify Check Structure 10 ctJ yds 700 cuyd $ 7,000 
Reacl'l3 104988 440 ron Sufficient Capacity 
Reacl'l3 93836 440 .Tot3.5 Sufficient Capacity 
Reacn3 a1n2 440 TOI$.03 Sufficient Capacity 

Rect. Check Gatu w. TUrnoute 
Reaoh3 101801 440 TO#I3 Rae. Check & 36"~te Sufficient Capacity 
Raach3 90639 440 TOI4 Rae. Check & 48"gate Sulffclent Capacity 
Reach3 79013 440 TOI6 Rae. Check & 42"gate Sufficient Capacity 
Raach4 73059 340 TOt7 Rec. Check & 48"gate Sufficient Capacity 
Reach4 67647 340 TOtS, CMP & 24" gate Raplaoe w/ Radial 340 cia minimum 120000 each $ 120,000 
Reach4 62366 340 TO#I9, Rec. Check & 24"gate Replace w/ Radial 340 cf& minimum 120000 each $ 120,000 
Reaoh4 57083 340 TOI10, Aec. Clleck & 48'gate Replaoe w/ Redial ~0 cis minimum 120000 each s 120,000 
Reach4 51802. 340 TOit11,Rec. Check & 42"gete Replaoe w1 Radial ~0 cis minimum 120000 each $ 120.000 
Reacl\4 46554 270 T0jj12,Rec. Check & 24"gate Replaoe w/ Radial 270 cfs minimum 100000 eacfl s 100,000 
Reach5 41274 270 Tot13, Reo. Check & 36" gate Replaoe w/ Radial 270 cfa minimum 100000 each $ 100,000 
Reacl\5 38658 270 Tot13.5 Reo. Check & 24"gate Replaoe w/ Radial 270 cfs minimUm 100000 each $ 100,000 
Raaoh5 36011 270 Tot14, Rae. Check & 42• gate Replace w1 Radial 270 cfsmlnlmum 100000 each $ 100,000 

Radial Cheek Gate• 
Reaoh2 127453 450 Radial 2.·1 0' gates SuffiCient Capacity 
Reach2 115009 450 Aadlal2·10' gates Sufficient Capacity 
Reach3 8-4411 440 TO 15 Radial Gale-2 8' gates Sufficient Capacity 

lhaa.Walra 
Reaoh 1 197651 455 Statton01 Sufficient Capacity 
Reach 2 172153 450 Station OS Sufficient Capacity 
Reach 4 72160 340 Station 27-last station Replace/enlarge 10 cuyds $ 700 cuyd $ 7,000 

Inclined Dropa/Chec::tc Drop• 
Reach4 70745 340 7' Drop Install ctteck,stilflng pool 1 each $ 60,000 each $ 50,000 
Reach4 68898 340 6' Drop lnsta~ oheck,stnllng pOOl 1 each $ 50,000 each $ 50,000 

Reach4 67590 340 7' Drop Instal oheck,siiUing pool 1 each $ 50,000 each $ 50,000 
Reach4 66460 ~0 12' Drop lnstaft check,sUIHng pool 1 each $ 50,000 each $ 50,000 
Raach4 65042 340 5' Drop lnsiBJ check,stflAng pool 1 each $ 50,000 each $ 50,000 
Reaeh4 63511 340 11'Drop lrmd checlc,stURng pool 1 each $ 50,000 eaoh $ 50,000 

Reach4 62307 340 7' Drop lnstd checlc,siHHng pool 1 each S 50,000 eacll s 50,000 
Reach4 60785 340 12' Drop Install check,stllllng pOOl 1 each S 50,000 each s 50,000 

AeaCh4 60472 340 10' Drop Install check.SUUing pool , each $ 50,000 each s 50,000 
Reach4 58352 340 10' Drop Install checlc,sU~tng pool 1 each$ 50,000 each $ 50,000 

Reach4 57040 340 3'0rop Install checl<,st1Hing pool 1 each $ 20,000 each $ 20,000 

Reach4 56345 340 10 Drop lnNII chack,stflllhg pool 1 eactt $ 50,000 each $ 50,000 
Reach4 55679 340 4' Drop Install dleck,stilllng pool 1 each $ 20,000 each s 20,000 
Reech4 55216 ~0 &'Drop Install check,stiUing pool 1 each s 50,000 each $ 50,000 
Aeactt4 52835 340 9'0rop lnataft chactc,stHBng pool 1 each $ 50,000 each s 50,000 
Reach4 51795 340 &'Drop Instal chectc,atNIIng pool 1 each s 50.000 eactt s 50.000 
Reach4 50260 340 4'Drcp lnsteK check,stMBng pool 1 each $ . 20,000 each s 20,000 
Reach-4 49219 340 9'0rop lllltdcheck,stlllng pool 1 each S 50,000 each $ 50,000 
Reach4 48005 340 TOrop Instal chack.stllllng pool 1 eactt s 50,000 each 50,000 •
Reach4 46324 270 3' Drop Instal check,stllllng pool 1 each $ 20,000 each $ 20,000 

Reach4 44085 270 &' Drop 1nslaQ c:hack,stiiNng pool 1 each $ 50,000 each $ 50,000 

Reach4 41769 270 S' Drop Instal ohectc,sl111ng pool 1 each s 50,000 each $ 50,000 
Aeactt5 39563 270 4'Drop lnata" ctte'*'atlllng pool 1 eactl $ 20,000 eacfl $ 20,000 
Reach5 38141 270 &' Drop lnslaW che'*'etllng pool 1 each $ 50,000 eacfl $ 50,0000 

Aeach5 36755 270 6'Drop Install chack,stlllng pool 1 each S 50,000 each $ 50,000 
Reach5r ) 359n 270 8' Drop Install check.stlltlng pool 1 eactt $ 50,000 each s 50,000 
Reach5 33449 270 4' Drop lnllall check,atiiHng pool 1 each $ 20,000 each $ 20,000 
Reach5 32880 270 7' Drop Install check,SUIRng pool 1 each S 50,000 each $ 50,000 

('! Coets do not lncii.ICS& 20% for conllnoendes and 15% for englneertna end ldmlnletratiOn 
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& 11.-.d Clpltal Cottl(1) 


ModifY Betrdlle'f C~m~l to Deliver a Minimum of 200,000 acr.*t peryeer In Addltlo!w to MWO Oemlndt 


Stillion Flow (ei•) O..ctfptlon Improvement Worlce OUIIntlty Unit. Unit Co.t Unite Colt 
Canal Excavation 


ReaCh 1 2000(10-113041 5ss lake P1easeot to CAP Inlet Excavate Rock/FIR &Prep e.ooocuyards $ 12.00 cy s 72,000 

Reach2 172787·112465 530 CAP lnlol to Grand Ave EXcavate Roc4</F111 &Prep 26,400 c:u yards 12.00 cy s1e.aoo .
•Reach3 112431-73082 520 Grend Ave to Ceetua Rd. Excavalt/FII &Prep (,100 CIJ yards s 5.00 cy s 20.500 ' 
Reach4 73062·41275 420 cactus Rd. to Camelback ExcavateiFRI &Prep 212,100 cu yards s 5.00 cy s 1,060,500 

Reach5 41Z74·30602 350 CamelbaCk to Thomas Rd. Ext:IIYateiFMI& Prep 62,400 cu yards s 5.00 cy $ 312,000 


Subtotal, Excavation 311,000 cu yards $ 1,781,!100 

can•l Unlng • Ntw Unlng 

Reach 1 2()0()0().173041 535 Lake Pleasant to CAP Inlet Form piiiCIId & finished 4800 sq. II s 2.50 aq. rt s 11 .500 

Reaeh2 172787·112465 530 CAP Inlet to Grand Ave Form placed & fll'lllhed 672200 sq. II $ 2.50 sq. lt $ uao.soo 

Reach 3 112431·73082 520 Grand Ave to Cactus R:t. Form placed & flhlshed 67900 sq. tt s 2.50 aq.lt s 211'-150 

Reaeh 4 73062-41275 420 Cactus Rd. to Cametbeclt Form ple<:ed & finished 1000500 sq. tt s 2.50 sq.ll s 2,501,250 

Reach 5 412U·30802 350 cameltladt to Thomas Rd. Form placed & llnlshed 330800 sq. II s 2.50 sq. ll $ 827,000 


Subtota~ New lining 2,096,000 feet"2 s 5,240,000 

Clnalllnlng·lnereeee Exleltlng Lining Htlght 

Reach 1 200000·173041 535 Lake Pleasant to CAP Inlet Increase exbtlng 0 eq, fl 2.50 aq." $•Reach2 172787·112465 530 CAP Inlet to Grand Ava lnoraase existing 5400 sq. n s 2.50 sq. fl s 18,500 

React13 112431-73082 520 Grand Ave to cactus Rd. lncresse existing 44000 sq. n s 2.50 sq.lt s 110,000 

Raad\4 73062·41275 420 ~ Flit to camelbaCk II"'CC'Mae elCittlng osq.n ·2.50 sq.l! 

ReachS 41274-30802 350 Camelbackto Thomas Rd. Increasee)(latlng 0 aq. fl s 2.50 sq. tt $ 


Sobtolal, New ll!IJn!J 49,-400 SQ. It s 123.500 

Structut'H 
Brldgn 

Reach 1 197473 635 Lake Rd. Suffloler« Cepe.dly 

Reach 1 185472 sss Cowtown Sutflcwmt Cepad1y 

Reach2 114520 52.0 163rd Suff~rotCepadty 

Reactl3 90563 420 Bell Replace with siphon 700 cu yds 700 cuyd $ 490.000 

Reacn3 84479 420 Greenway enlarge canal underbr1dge seeexcevallon 


Canll Bo• culverttiSiphona 

Raach2 141387 530 10x10 Siphon 1 Sufflclerot Cape.dty 

Raach2 132048 530 10X10 Slphoo 2 Sufficient CapaCity 

Reach2 127855 530 10xl0Siphon 3 SutflcleR Capacity 

Reach2 114282 530 8x18 • Grand Ave box culvert Suftlctert Capacity 

Reacn3 112430 520 10x10 Siphon 0 TOfl s~capaaty 


Reach3 10~365 520 12xl2 • McUiclcen Slphol1 S~C'Pacity 


Reach 3 96647 520 8x8Siphon below TOI3 RemoveSiphon 1 eacta s 20,000 each s 20.000 

Reach4 70740 420 5x5Siphon beloW TOf7 Remove Siphon teach s 20,000 each s 20.000 

Reach 4 85027 -420 8K8 Siphon ~lowTOMa Remove Siphon 1 each $ 20,000 eaCh s 20,000 

Reach4 64800 420 does not ctiT8fllly exist Add Siphon 200 cuyds s 700 cuyd s 140.000 

Reach 4 55206 420 5x5Siphonbelow TOI1 0 Remove Siphon 1 eactl $ 20,000 each $ 20,000 

Reach4 46475 350 4.4x4.4 Slpnon DBIOW TOt12 Enlarge SJpnOn 98 CU)'da $ 700 cuya $ 118,600 


Reach 5 36051 350 S.Slc8· Indian SchoOl boxo.ivert Enla113e, lower Culwrt 22 CIJ yds s 700 cuyd s 15,400 


CMP Oulvertt 

Fleacll2 114443 530 Dolbfe BarretO 8' D!a·SFRR Suftldent Capaqty 

Reach<! 67670 420 5' Dla at TOt8 Remove 1 each s 20.000 each s 20.000 

Reach4 62413 420 6' Dla a1 OliVe Ave, TOf9 Replace 120 cu yes s 700 cuyd s 84.000 

Reach4 571 17 420 s· 01a at Nolttlem Ave, rooo Replace 70 cuyds s 700 CUyd $ 49,000 


FlumH 

Reach 1 175304.9 535 Flume 11 • Ague Filla Replace 14135 Hn It s 500 It s 742,500 

Reach 2 151469 530 Flume 12 (pipe) 10'10 Steel Suflfclenl capacity 

Reach2 154080 530 Flume t3 (pipe) 10' 10 Steel Sufficient Capadty 

Reacl12 147581 530 Flume 14 (Jllpe) 10' 10 Steel Sufficlenl Capacity 


Unc:h"ked L•t. Tumout OatH 

Reach 2 168203 630 18"Bard TO Sufflclett Capacity 

Reach 2 112797 530 TOft Modlly Oleck Slruclure 10 Cll yds $ 700 cuyd s 7,000 

Reach3 104988 520 TOI2 Suffict(lt( Cepedty 

Read\3 93836 520 TOI3.5 Sofflclent Capacity 


Raach3 81772 520 TOI5.03 Sufficient Cepacity 


Rec:t. Ctlec:k Gatoa w. Turnout. 

Reach3 101801 520 TOf3 Rec. Check &36'gate SulflQent Cepadty 

Reach 3 90639 520 TO« Rec. Check & 48'gate Suflfclerot Capedty 

Reach3 79013 520 TOf8 Aec. Ctlectt a 42"gate Suflfclent Cepadty 

Reach4 73059 420 TOt7 Ree. Check &48'gate Sufficient Cepadty 

Reach4 67647 42.0 T018, CMP & 24" gale Rep!aoe wl Radial -420 cfs minimum 150000 each 150000 

Reach 4 62366 420 TOt9, Ree. Cheek &24"gale Replace wt Radial 420 cfs minimum 150000 eacn 150000 

React\4 57063 420 TOf10, Rae. Check & 48"gate Replace w/ Redial 420 cfs mlnlmum 150000 •ach 15«>00 

Reach4 51802 420 TOf1 1.Rec. Ctled< & 42"gate Replace wr Radial 420 cis minimum 150000 aedl 150000 

Reach4 48554 350 T'Of12,Rec. Check & 24"gate Replace w1 Redial 350 cis mlnJmum 125000 each 125000 

Reach5 41274 350 TOt13, Aec. Check & 36" gate Replsce wt Redial 350 cfll minimum 125000 811dl 12roo<l 

Reactl6 38658 350 TOI13.5 Rtc. Check & 24"gate Replsoa wl Radial ~50 cis minimum 125000 aedl 125000 

Reach 5 36011 350 TOI14, Rae. Oleck & 42' gate Replace w/ Radial 350 cfs minimum 125000 eacl1 125000 


AMI•I Check Getn 

Reach2 127453 590 Radlal 2·10' gates Sutfk:lant Cepaclty 

Reach2 115009 530 Radlal 2·10' galeS Sufficient Capacity 

Reach3 84411 520 TO t5 Radial Gate·2 8' gates Sufficient Caplldty 


M••·Welre 

Reach 1 197651 535 StaUon 01 Sulflclerot Capacity 

Reacll2 172163 530 S1at1Qn05 Sutffclerot Capaotty 

Reach4 72160 420 Stallon 27-last station Replacelenla!Ve 10 cu yds • 300 fl $ 3.000 


lnc:llned Dropi/Check Dropl 

Raach.f 70745 -420 7' Drop lnetall checlc,ltffllng pool 1 eech s 50.000 eaCh M,OOO 

Reach <I 68898 420 B'Orop Install ctleck,ellllng pool 1 each $ 50,000 each • 50,000
•Reach4 67590 420 7' Drop lnQII checl<,sllling pool 1 each s 50,000 each $ 50,000 

Reach4 8G480 420 12' Drop Install cheok,allllng pool 1 MCfl $ 50,000 each $ 60,000 


Raaott" 65042 420 5' Drop Install check.atlmno poo1 1 each s 50,000 each 60.000 

Reaott.C 63511 420 11' Drop Install dleek,atiWing pool' 1 each $ 50,000 each '$ 50,000 

Reach.C 62307 420 7' Drop 11181811 dleel<.ltfllng pool t eaen $ 50,000 •aen 60,000 

Reach4 60785 420 12' Drop tnsWI checlc.etiJing pool 1 ea_ch S 50,000 each s 50,000 
' 
Reach4 60472 420 10' Drop Install check.IIRIIng pool 1 each S 50,000 each s 60,000 

Reach4 58S52 420 10' Drop lnllall chec1c,81HIIng pool 1 each s 50,000 aaolt 50,000
•Reaohtl 67040 420 3' 0rop lns1ell ttleck..tUIIng pool 1 elldl $ 20,000 each 20,000 

Reach .c 56845 
 .420 10 Drop Install check.stdllng pool , each s 50,000 each '$ . M.OOO 

Reach" 65679 420 4' Drop Install c:t1ecl<.stl1Hng pool 1 each S 20,000 each $ 20,000 

Reach 4 56216 -420 &'Drop Install checl<,att"lng pool 1 each s 50,000 eadl $ 50,000 

Reach4 52835 420 9' Drop ln&tall d1eck,811Ming pool. 1 each I 50,000 ••ell so.

50,
20,••$ 50,

s 50.

ooo
•
Reach o4 51795 420 8' Drop Install checl<,atlPing pool 1 each $ . 50,000 each 000 

Reach 4 50250 420 4'Drop IMIIII checl<,stiNilg pool 1 each s 20,000 lllch 000

Reach4 49Z19 420 9'0rop lnstalll:tledl.•ttQing pool 1 each $ 50,000 each 000 

Reach 4 48005 420 7'0rop Install dleck.edHilg pool 1 each s 50,000 each 000 
 :: 

Reach 4 46324 350 3'Drop lnstan dledC.stllllng pool 1 each s 20,000 aec:h $ 20,000 

Reach4 44085 350 6'Drop lnstaN ~1!11~ pool 1 each $ 50,000 Hell 50,000
•Reach 4 41769 350 5'0rop lnslall ched<,alllllng pool 1 each s 50,000 each $ 60,000 

Reach5 39563 350 4' Drop Install cl!eek.stnno pool 1 eactl S 20.000 each $ 20,000 

Reacl15 38141 350 8'Drop Install chede.slllllng pool 1 each S 50,000 each s .50,000 

Reach5 36755 350 6'0rop lnstd c;tleck,sUIIIIJg pool 1 each $ 50,000 each $ 50,000 

RHCh V ' ) 35977 950 8'0rop lnatan check,atMing pool 1 each s 50,000 each s 50,000 

Reach 5 33449 350 4' 0rop lnsWI cheek.ltllllng pool 1 each $ 20,000 each 20,000
•Reach 5 32880 350 TDrop lnatd chiCI!,etlllng pool 1 each S 50,000 each s 50,000 

I Cosls do not Include 20% lor oonti end admlnlstmlon 



Table A-S 
btJma'-d C•t.l Costa(1) 

Moclfy a.-daley CIIMI to Deliver a Minimum of 300,000 IICR-fMt per yew In Acfcltlon to MWD Demlnde 

St.tion Flow (cfs) OaiCriptlon of !xiattng tt.m Improvement Worb Qua.ntfty Unite Unit Cotlt Unit. Coet 
Canll Excavation 

Reach 1 200000-173041 705 lake Pleasant to CAP Inlet Excavate Roctc. Soil Prep. 221.800 eu yards $ t2..00 cy/roct< $ 2,681.800 

Reach2 172787·112465 700 CA.~ Inlet to Gl1ltld Ave Excavate Roc1<. Soil Prep. 261,400 cu yards $ t2..00 cy/rod< $ 3,138,800 

Reach3 t12431 ·73082 690 Grand Ave to Cactus Rd. Excavate, Soli Prep. 135,300 cu yards $ 5.00 cylnorrnal $ 676,500 

Reach4 73062-41275 590 cactus Rd. to Camelbacl< Excavate, Soil Prep. 296,600 cu yards $ 6.00 cylnormal $ 1.483.000 

Reach5 41274-30802 520 Camelback to Thomas Rd. Excavate, Soil Prep. 88,400 cu yards s 5.00 cy/normal $ 442,000 

Subtotal, Excavation 1.003.SOO cu yards s 8,399,900 

Can11l Unlng • New Unlng 
Reach 1 200000-173041 705 Lake Pleasant to CAP Inlet Fonn placed & finished 2337600 eq. It s 2.50 tq. lt $ 5,844,000 
Reach 2 172787-112465 700 CAP Inlet to Gl1ltld Ave Fonn placed & finished 6085200 sq. ft s 2.50 eq. ft $ 15,213.000 
Reach3 112431-73082 690 Grand Ave to Cactua Rd. Form placed & flnlthed 2870800 sq. h $ 2.50 eq. ft s 7,tn.ooo 
Reach4 73082-41275 590 Cactus Rd. to Camelback Form placed & finished 1176900 eq. h s 2.50 sq. fl $ 2,042,250 
Reach5 4t274-30802 520 Camelback to Thomas Rd. Fonn placed & flnlslled 381400 sq. II $ 2.50 aq. ft s 953,500 

Subtotal, New Llnlng 12,851,900 feet2 $ 32,129,750 

Slructu,.a 
8rtdgea 
Reach 1 197473 705 Lake Rd. Enlarge Canal Under Bridge see excavation 
Reach 1 185472 705 Cowtown Enlarge Canal Under Bridge see excavation 
Reach 2 114520 700 163ro Replace w/ siphon 76 fl $ 950ft $ 71.250 
Reach3 90663 690 Bel RaiSeiReptece Bridge 5840 sq. ft s 65 sq. ft $ 379,600 
Reech3 84479 690 Greenwey Enlarge Canal Under Bridge see excavation 

CIMI Box CulvertiiSiphone 
Reach 2 141387 700 10xt0Siphon 1 SUfficient Cepeclty 
Reach 2 132048 700 10x10 Siphon 2 Sufficient Capadty 
Reach2 127855 700 10x10Siphon 3 SUfficient Capacity 
Reach2 114282 700 8x18 ·Grand Ave box culllert Sufficient Cepecity 
Reach3 112430 690 10lC10 Siphon 0 TOft Suffldent Capacity 
Reach3 109365 690 12x12. Mc:Mcken Siphon Sufficient Capacity 
Reach3 96847 690 8X8 Siphon below TOf3 Remove Siphon 1 each $ 20,000 each $ 20,000 
Reach4 70740 590 sxs Sipflon below T0#7 Remove Siphon 1 each $ 20,000 each $ 20,000 
Reach 4 65027 590 6x6 Siphon below TOte RemoYe Siphon 1 each $ 20,000 each s 20,000 
Reach4 84800 . 590 does not currently exlll Add Siphon 200c:uyds $ 700 cuyd $ 140,000 
Reech4 65206 590 5x5 ~below TOttO Remove Siphon 1 each s 20,000 each $ 20,000 
Reach4 48475 520 4.4xA.4 Siphon below l0f12 Enlarge, lower CUlVert 200 cuyds s 700 cuyd s 140,000 
Reach5 36051 520 5.5x8- Indian Sctlool box culvert Enlatge, lower Culvert 85 cuyds s 700 Cllyd $ 59,500 

CMPCutvert. 
Reach2 114443 700 Double BarretO 8' Dla..SFRR Replace w/ pipe (Bore) 6011 $ 5,400 tt $ 324,000 
Raach4 87670 590 5' Dla at TOte Remove 1eech $ 20,000 each $ 20,000 
Reach4 62413 590 8' Dla at Olive Ave, TOf9 Enlarge, tower Culvert 120 cu yds s 700 cuyd $ 84,000 
Reach4 57117 690 5' Ole at Nortllem Ave, i0t10 Enlarva. lower Culvert 75 cuyds s 700 cuyd s 52,500 

Flumea 
Reach 1 176304.9 705 Flume ft · Ague Frta Replace w/ Siphon 148511nfl s 480 It $ 712,800 
Reach 2 167469 700 Flu'ne 12 (pipe) 10'10 Staat Replace w/ Siphon 600 llnlt $ 580 It $ 348,000 
Reach 2 154060 700 Flume 13 (pipe) tO' 10 Steel Replace wl Siphon 540 lin ft $ 58011 s 313,200 
Reach 2 147581 700 Aume 14 (pipe) tO' tO Steel Replace w/ Siphon 460 lin It s 580 It s 266,800 

UnchecMd Lat. Turnout Galee 
Reach2 168203 700 18.8ardTO Sufficient Capacity 
Raach2 1127~7 700 TO'f1 Modify Check Structure 10 cuyds $ 700 cuyd $ 7,000 
ANch3 104988 690 t0t2 SUfllclant Capacity 
Reach3 93836 690 TOf3.5 Sulficlant Capacity 
Aeach3 e1n2 690 TOf5.03 Sufficient Capacity 

Red. Check GatH w. Tumouta 
Reach3 101801 690 TOt3 Rec. Check & sa-gate Replace w/ Radial 690 cfs mlnlrrM $ 250,000 each $ 250,000 
Raach3 90639 690 TOM Rec. Check & 48"gete Replace w/ Redial 690 cfs mlnlnM S 250,000 tach s 260,000 
ReachS 79013 690 T016 Rae. Check & 42"gete Replace wl Redial 690 cfa mlnlm1.1 $ 260,000 each $ 250,000 
Reach4 73059 590 TOt7 Rec. Ctleclt & 48"gate Replace w/ Radial 590 cfe mlniiTlUI $ 200,000 each s 200

20
20••s 20

,000 
Reach4 67847 590 TOf8, CMP & 24' gate Replace w/ Redial 590 eta mlnlmul S 200,000 each 0,000 
Reach4 62366 590 TOf9, Rae. Check & 2A•gate Replace w/ Redllll 590 ets mlnlmut $ 200,000 each 0,000
Reach4 57083 690 TOf10, Rae. Check & 48'gate Replace w/ Radial 590 cis mlnlmut $ 200.000 each 0,000 
Reach4 51802 590 TOft 1,Rec. Check & 42'gate Replace w/ Radial 590 cfa mlnlmUI S 200,000 each $ 200,000 
Reach4 46554 520 TOt12.Rec. Check &24'gate Replace w/ Redial 520 ell mlnlmtJI $ 180,000 each $ 180,000 
Reach 5 41274 520 TOf13, Rae. Check & 36' gate Replace w/ Radial 520 eta mlnlmut S 180,000 tad\ s 180,000 
ReachS 38658 520 TOI13.5 Rec. Check & 24"gate Replace w/ Radial 520 cfs mlnlmut $ 180,000 each s 180,000 
Raach5 36011 520 TOI14, Rae. Check &42' gate Replace Y~l Radial 520 cfa mlnlmUI $ 180,000 each s 180,000 

Radlel Check Gat" 
Reach2 127453 700 Aadial2-10' galea Sufficient Capacity 
Reach2 115009 700 Radial2·10' galea Sulflc:ient Capacity 
Reach 3 8441t 690 TO 15 Radial Gate·2 8' gates Replace w/ Radial 690 cfa mlnlmui $ 250.000 ...ctt 250000 

Meaa.Welrs 
Reach 1 197651 705 Stallon01 Sufllclent Capacity 
Reach 2 172153 700 Station 05 Replace 10 cu yds S 700 cuyd s 7,000 
Aeach4 72160 590 Station Z7-last station Replece 10 cuydl$ 700 cuyd $ 7,000 

Inclined DfopiiCMok oro.,. 
Aeach4 70745 590 TOrop lnltall check,stillng pool each S 50,000 each $ 50,000 
Reach 4 68898 590 6' Drop Install chacl<.stlllng pool each$ 50,000 each s 50,000 
Reach4 67590 590 T()(op Install check.sllllng pool 1 each S 50,000 each s 50,000 
Reach4 88460 590 12' Drop Install check,atllilng pool 1 each s 50,000 Nch $ 50,000 
Reach4 85042 590 5' Drop Install check,athng pool t each s 50,000 each s 50,

50,
50,••$ 50,

s 50,

000 
RNch4 63511 590 11' Drop Install check,stJNng pool 1 each $ 50,000 each 000 
Reach4 62307 590 7' Drop Install c:heck,M!Nng pool 1 each $ 50,000 each 000
Reach4 60785 590 12' 0rop lnstan check,atiAng poo1 1 each $ 50,000 each 000 
Reach4 60472 590 10' Drop Install check,aiiUng pool 1 each S 50,000 each 000 
Reach4 68352 590 10' Drop lnstafl check,atMNng pool 1 ee.ch $ 50,000 each $ 50,000 
Reach4 57040 590 S' Drop lnstan check,stllllng pool 1 each $ 20,000 each s 20,000 
Reach4 56345 590 10Drop Install check,atlllng pool 1 each s 50,000 each $ 50,000 
Reach4 55679 590 4' Drop Instal ctteck,ati4Nng pool 1 each$ 20,000 each $ 20,000 
Readl4 55216 590 e· Drop Instal check,llllNng pool 1 each$ 50,000 uch $ 50,000 
Readl4 52835 590 9' Drop Instal check,llllllng pool 1 each S 50,000 each $ 50,000 
Reach4 51795 590 8' Drop Instal checl<,atiHing pool 1 each$ 50,000 each s 50,000 
Reach4 60250 590 4' Drop Install check,sUAing pool 1 eactl $ 20,000 each $ 20.000 
Reach4 49219 590 9' Drop lns1all checlc,ltiHing pool 1 each S 50,000 each $ 50,000 
Reach4 48005 590 7'Drop Install check,stiMing pool each S 50,000 each $ 50,000 
Reach4 46324 520 3' Drop lnstaft check,ltiiMng pool each $ 20,000 each $ 20,000 
Reach4 44085 520 6' Drop Instal check,stnNng pool eactl s 50,000 each s 50,000 
Reech4 41769 520 S'Drop Instal check.stiVIng pool each $ 50,000 nch 50,000 
Reach6 39563 520 4' Drop Instal ~allllng pool each$ 20,000 eactl •s 20,000 
Aeach5 38141 520 6' Drop lnatall c:heck,sUIIng pool each$ 50,000 Nch 50,000•Reach5 38755 520 6' 0rop 1na1.. chec:k,.ellllng pool each$ 50,000 each s 50,000 
Reach6 359n 520 8' Drop Install chec:k,ttillng pool each S 50,000 each $ 50.000 
Reach5 33449 520 4' Drop Install check,attllng pool each $ 20,000 each $ 20,000 
Reach5 32880 520 7'0rop lnaten check,allllng pool 1 each S 50,000 eactl $ 50,000 

')Costs do not Include 20% for c:ontlnoenclet ancl 15% for and edmlniatratlon 
, ) 




