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TECHNICAL MEMORANDUM 
 
 
 
Date:  December 14, 2005 
 
 
To:  Robert Johnson, Regional Director 
  Bureau of Reclamation, Lower Colorado River Region 
 
From:  Russ Reichelt, Bureau of Reclamation – Yuma Area Office 
  Scott Foster, Bureau of Reclamation – Engineering Services Office, 
     Boulder City 
 
Project: Proposed Drop 2 Reservoir 
 
Subject: Evaluation of Alternative Alignments for the Drop 2 Reservoir Inlet Canal 
 

BACKGROUND 
The Bureau of Reclamation (Reclamation) has completed an appraisal level study 
wherein several alternative lower Colorado River water storage projects were considered 
and evaluated.  Pursuant to the findings and recommendations of this appraisal level 
study, a storage development strategy was adopted that calls for the development of 
storage capacity at various locations.  The adopted strategy includes development of a 
new water storage reservoir on a site located adjacent to the All American Canal near 
Drop 2.  This proposed reservoir project is hereinafter referred to as the Drop 2 Reservoir.  

The Drop 2 Reservoir will comprise an earthen embankment reservoir.  The reservoir will 
be formed by partially excavating below the existing ground surface elevation.  The 
excavated soils will be used to construct the earthen embankments. The proposed Drop 2 
Reservoir project will include the construction of a new Coachella Canal Turnout.  
Following completion of the construction of the new turnout, the existing Coachella Canal 
Turnout and connecting section of new lined canal will be modified and thereafter 
dedicated for use as a diversion and flow control facility for the proposed Drop 2 
Reservoir.  Water is proposed to be diverted from the All American Canal through the 
converted Coachella Canal Turnout into a proposed Drop 2 Reservoir Inlet Canal.  The 
turnout is located immediately above Drop 1.  An approximately seven mile long concrete 
lined Inlet Canal will be constructed and used to convey Colorado River water from the 
turnout to the reservoir.   

An operation study to support the preliminary design of the proposed Drop 2 Reservoir is 
currently underway.  A component of this operation study is the evaluation of alternative 
alignments and facility configurations for the Drop 2 Reservoir Inlet Canal.  

STUDY OBJECTIVE 
The objective of this supplemental study is to evaluate alternative alignments for the Drop 
2 Reservoir Inlet Canal/Pipeline and provide a recommendation on a preferred Drop 2 
Reservoir Inlet Canal alignment. This study considers and evaluates various routes and 
conveyance systems that can be used to meet the Drop 2 Reservoir Inlet Canal 
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requirements and the respective environmental, implementation, right-of-way acquisition, 
and cost impacts associated with each alternative.  

TECHNICAL TEAM 
The various evaluations of this study were undertaken and completed by a technical team 
comprised of representatives from Reclamation’s Lower Colorado Region Engineering 
Services Office, Yuma Area Office, Technical Service Center in Denver, and Brown and 
Caldwell.  A list of the individuals that formed the technical team is provided in Attachment 
A.   

ALTERNATIVE INLET CANAL ALIGNMENTS CONSIDERED 
A total of nine alternative inlet canal alignments were considered and evaluated in this 
study.  All of the inlet canal alignments begin and end at common points.  All of the 
alternative alignments consider the conveyance of water via gravity flow (no pumped 
systems).  For the purpose of this evaluation, the common point of beginning for the 
various inlet canal alignments is located on the alignment of the old (unlined) Coachella 
Canal and is situated some 300 feet north of the turnout and All American Canal (located 
within Section 31 T. 16S, R. 20E).  Similarly, for the purpose of this evaluation, the 
common end point for the various inlet canal alignments is the inlet structure to the 
Proposed Drop 2 Reservoir (located near the northeast corner of the west half of the 
southeast quarter of Section 32 T. 16S, R. 19E). 

Each inlet canal alignment differed in the route selected for the respective conveyance 
facilities.  The different routes represented the most direct routes with due consideration to 
the following: 

• Directness of the route (i.e. avoid bends and turns) 

• Perceived acceptability of the alignment to the local community, County of 
Imperial Planning and Road Departments, State of California Department of 
Transportation (Caltrans), and BLM. 

• Perceived difficulty or ease of construction (constructability) 

• Potential environmental impacts, level of mitigation required, and effort required 
to achieve environmental compliance 

• Estimated level of effort for right-of-way (ROW) acquisition and respective cost 
(i.e. number of acquisitions, total acres, and current public/private ownership of 
affected lands) 

• Utilities relocation and associated costs 

The different alternatives that were selected for detailed analysis are listed in Table 1.  A 
graphic presentation of the general location of the alternative alignments is presented in 
Figure 1.  The naming convention for each alternative includes a number and letter, with 
the number indicating the route or alignment, and the letter indicating an alternative facility 
configuration.  As shown in the table below, some alternatives included more than one 
facility configuration option.  These options each represent a package of different facilities 
that can be used to achieve the flow conveyance and hydraulic goals of the alternative.  
More detailed descriptions for each alternative are provided in Attachment B. 
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Table 1 
Drop 2 Reservoir Inlet Canal Alignments Selected for Evaluation 

 Description 

Alignment 
Length 
(feet) 

Number 
of 

Reaches Facility Types 
1A Alignment located within County Road ROW proposed to be abandoned 29,240 5 Canal/Box Conduit 
1B Alignment located within County Road ROW proposed to be abandoned 29,240 5 Canal 

2A Portion of alignment located within County Road ROW and remainder on Federal Withdrawn 
Lands located adjacent and parallel to County Road ROW 29,390 6 Canal/Box Conduit 

2B Portion of alignment located within County Road ROW and remainder on Federal Withdrawn 
Lands located adjacent and parallel to County Road ROW 29,390 6 Canal 

3A 
Portion of alignment located on Private lands to be acquired that are located adjacent and 
parallel to County Road ROW and remainder on Federal Withdrawn Lands located adjacent 
and parallel to County Road ROW 

29,240 5 Canal/Box Conduit 

3B 
Portion of alignment located on Private lands to be acquired that are located adjacent and 
parallel to County Road ROW and remainder on Federal Withdrawn Lands located adjacent 
and parallel to County Road ROW 

29,240 5 Canal 

4A Portion of alignment located along 1/2 Section Line of Section 36 and remainder on Federal 
Withdrawn Lands located adjacent and parallel to County Road ROW 33,840 7 Canal/Box Conduit 

4B Portion of alignment located along 1/2 Section Line of Sections 31 and  36 and remainder on 
Federal Withdrawn Lands located adjacent and parallel to County Road ROW 33,840 7 Canal 

5A Portion of alignment circumvents Section 36 and remainder on Federal Withdrawn Lands 
located adjacent and parallel to County Road ROW 36,960 7 Canal 

6A Large portion of alignment located within area between existing AAC and I-8 ROWs 32,040 6 Canal/Pipeline 
7A Most of alignment generally located along 1/2 Section Line of Sections 31, 36, 35, 34, & 33 25,840 4 Canal/Box Conduit 
7B Most of alignment generally located along 1/2 Section Line of Sections 31, 36, 35, 34, & 33 25,840 4 Canal 

8A 
Portion of alignment located within abandoned Coachella Canal and along 1/2 Section Line 
of Sections 31 and 36 and remainder on Federal Withdrawn Lands located adjacent and 
parallel to County Road ROW 

32,080 7 Canal 

9A 
Portion of alignment located within abandoned Coachella Canal, portion of alignment 
circumvents Section 36 and remainder on Federal Withdrawn Lands located adjacent and 
parallel to County Road ROW 

37,160 7 Canal 
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FACILITY SIZING 
The different alternative alignments will traverse different types of terrain and different 
combinations of publicly and privately owned lands.  In some cases, the alignments will 
also cross underneath or be located within public rights of way.  To minimize the impacts 
to the privately owned parcels and to the public rights of way, some of the alignments 
considered the use of either buried pipelines or box conduits in lieu of open channels 
(canals).  Also, in other cases, the inlet canal alignments were routed around the privately 
owned parcels to minimize the impacts to these properties and their owners or to minimize 
the land acquisition cost.  The circumventing of the privately owned parcels increased the 
length of the inlet canal alignment.   Because these conditions changed the layout and 
configuration of the inlet canal system contemplated in the Preliminary Study, it was 
necessary to evaluate the hydraulic conditions of the subject system with consideration to 
the different alternative alignments, and the different facility types, sizes and lengths.    

System Hydraulic Conditions 
The hydraulic analysis for each alternative alignment considered the following: 

 Facility design parameters (provided by Reclamation)  

 Preliminary reservoir and canal design information as provided in the Preliminary 
Study of Lower Colorado River Storage Alternatives 

 All American Canal operational data provided by the Imperial Irrigation District 

 Topographic survey data  

The sizing of the conveyance facilities for all of the alternative alignments considers the 
range of operating water surface elevations in the All American Canal at a point located 
immediately upstream of Drop 1.  This water surface elevation operating range was 
provided in the Preliminary Study of Lower Colorado River Storage Alternatives and is 
reported to be between 1157.50 feet and 1163.50 feet.   

The terminus of the conveyance facilities for all of the alternative alignments is the inlet 
structure to the Drop 2 Reservoir.  As such, the sizing of the conveyance facilities also 
considered the planned range of operating water surface elevations of the Drop 2 
Reservoir.  The planned water surface elevation operating range for the Drop 2 Reservoir 
was also provided in the Preliminary Study of Lower Colorado River Storage Alternatives 
and is reported to be between 1135.00 feet and 1155.00 feet.   

The anticipated worst case operating condition was used to size all of the facilities.  This 
condition assumes that the water surface elevation in the All American Canal immediately 
upstream of Drop 1 is at the bottom of its operating range (1157.5 feet) and the water 
surface elevation of the Drop 2 Reservoir is at the top of its operating range (1155.00 
feet). 

Given the above noted alternative alignment conditions and hydraulic parameters, 
hydraulic analyses were conducted for each alternative alignment to determine what 
combination of facility types and sizes are needed to convey a design flow of 1,800 cubic 
feet per second (cfs) from the turnout at the All American Canal to the Drop 2 Reservoir 
Inlet Structure.     

Sizing and Design Criteria 
Given the above noted alternative alignment conditions and hydraulic parameters, 
hydraulic analyses were conducted for each alternative alignment to determine what 
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combination of facility types and sizes are needed to convey a design flow of 1,800 cfs 
from the turnout at the All American Canal to the Drop 2 Reservoir Inlet Structure.   The 
sizing and design criteria that was used in this analysis is summarized in Attachment C - 
Sizing and Design Criteria. 

Hydraulic Analyses 
Hydraulic losses for each facility type were calculated using derivations of Manning’s 
equation and the Energy Equation (Bernoulli’s equation).  As note above, all of the 
facilities for each alternative alignment were sized to convey a design flow of 1800 cfs.  A 
spread sheet model was used to calculate the sum of the head losses of the individual 
conveyance system components and to evaluate the hydraulic profile across the system.   

The anticipated worst case operating condition was used to size all of the facilities.  This 
condition assumes that the water surface elevation in the All American Canal immediately 
upstream of Drop 1 (source) is at the bottom of its operating range (1157.5 feet) and the 
water surface elevation of the Drop 2 Reservoir is at the top of its operating range 
(1155.00 feet).  The individual facility sizing for each system component was varied to 
reduce the individual system component headloss accordingly to achieve the target 
hydraulic gradeline (HGL) of 1155.00 feet at the terminus point of the inlet canal system.  
This was done independently for each alternative alignment.  In most instances, several 
iterations of this process were needed to arrive at the final sizing for the different system 
components. More details on the methodology and detailed results for the hydraulic 
analyses are provided in Attachment D - Hydraulic Analyses Methods and Results. 

Facility Configuration and Sizing 
The combinations of facility types and sizes that were determined to be needed to convey 
a design flow of 1,800 cfs under each respective inlet canal alternative alignment are 
summarized in the following tables.  A 400-foot wide ROW was assumed in the absence 
of design information to include provisions for temporary construction access and 
associated impacts.  (Note:  Subsequent design information, available after the analysis, 
suggests that a 200-ft wide ROW with some wider temporary construction easements will 
suffice.)  The layout and location of the individual alternative alignments and respective 
reaches are depicted in the figure provided following the detailed description for each 
respective alignment in Attachment B – Alternative Inlet Canal Alignments and System 
Configurations. 

 
Alternative No. 1A 

Reach 
No. Location Orientation 

Design 
Flow (cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel 
to dirt road 1,800 3,800 Canal b=20’ / 

h=15.4’ 0.000031 

2 Sec 36 within County Road ROW 1,800 5,280 Box Conduit 13’ x 13’ N/A 

3 Sec 32, 33, 34, 
35, 1, 2, 3, 4 

400 foot strip parallel to the 
County Road ROW Centerline 1,800 17,160 Canal b=20’ / 

h=15.4’ 0.000031 

4 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=20’ / 

h=15.4’ 0.000031 

5 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 400 Canal b=20’ / 

h=15.4’ 0.000031 

Total NA NA 1,800 29,240 NA NA NA 
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Alternative No. 1B 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel 
to dirt road 1,800 3,800 Canal b=17.5’ / 

h=13.5’ 0.000062 

2 Sec 36 within County Road ROW 1,800 5,280 Canal b=17.5’ / 
h=13.5’ 0.000062 

3 Sec 32, 33, 34, 
35, 1, 2, 3, 4 

400 foot strip parallel to the 
County Road ROW Centerline 1,800 17,160 Canal b=17.5’ / 

h=13.5’ 0.000062 

4 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=17.5’ / 

h=13.5’ 0.000062 

5 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 400 Canal b=17.5’ / 

h=13.5’ 0.000062 

Total NA NA 1,800 29,240 NA NA NA 
 

 

Alternative No. 2A 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel to 
dirt road 1,800 3,800 Canal b=20’ / 

h=15.4’ 0.000031 

2 Sec 36 within County Road ROW 1,800 5,280 Box Conduit 13’ x 13’ N/A 

3 Sec 35 400 foot strip west & parallel to 
west section line of Section 36 1,800 150 Canal b=20’ / 

h=15.4’ 0.000031 

4 Sec 32, 33, 34, 
35, 1, 2, 3, 4 

400 foot strip parallel to the 
County Road ROW Centerline 1,800 17,160 Canal b=20’ / 

h=15.4’ 0.000031 

5 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=20’ / 

h=15.4’ 0.000031 

6 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line of 
Sec 32 1,800 400 Canal b=20’ / 

h=15.4’ 0.000031 

Total NA NA 1,800 29,390 NA NA NA 
 

 

Alternative No. 2B 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel to 
dirt road 1,800 3,800 Canal b=17.5’ / 

h=13.5’ 0.000062 

2 Sec 36 within County Road ROW 1,800 5,280 Canal b=17.5’ / 
h=13.5’ 0.000062 

3 Sec 35 400 foot strip west & parallel to 
west section line of Section 36 1,800 150 Canal b=17.5’ / 

h=13.5’ 0.000062 

4 Sec 32, 33, 34, 
35, 1, 2, 3, 4 

400 foot strip parallel to the 
County Road ROW Centerline 1,800 17,160 Canal b=17.5’ / 

h=13.5’ 0.000062 

5 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=17.5’ / 

h=13.5’ 0.000062 

6 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line of 
Sec 32 1,800 400 Canal b=17.5’ / 

h=13.5’ 0.000062 

Total NA NA 1,800 29,390 NA NA NA 
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Alternative No. 3A 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel to 
dirt road 1,800 3,800 Canal b=20’ / 

h=15.4’ 0.000031 

2 Sec 36 within County Road ROW 1,800 5,280 Box Conduit 13’ x 13’ N/A 

3 Sec 32, 33, 34, 
35 

400 foot strip located 
north/parallel to the County 

Road ROW (adjacent to ROW) 
1,800 17,160 Canal b=20’ / 

h=15.4’ 0.000031 

4 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=20’ / 

h=15.4’ 0.000031 

5 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line of 
Sec 32 1,800 400 Canal b=20’ / 

h=15.4’ 0.000031 

Total NA NA 1,800 29,240 NA NA NA 
 

 

Alternative No. 3B 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel to 
dirt road 1,800 3,800 Canal b=17.5’ / 

h=13.5’ 0.000062 

2 Sec 36 within County Road ROW 1,800 5,280 Canal b=17.5’ / 
h=13.5’ 0.000062 

3 Sec 32, 33, 34, 
35 

400 foot strip located 
north/parallel to the County 

Road ROW (adjacent to ROW) 
1,800 17,160 Canal b=17.5’ / 

h=13.5’ 0.000062 

4 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=17.5’ / 

h=13.5’ 0.000062 

5 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line of 
Sec 32 1,800 400 Canal b=17.5’ / 

h=13.5’ 0.000062 

Total NA NA 1,800 29,240 NA NA NA 
 

 

Alternative No. 4A 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel 
to dirt road 1,800 3,800 Canal b=19.5’ / 

h=15’ 0.000035 

2 Sec 31 West 400 feet of SW Sec 31 1,800 2,000 Canal b=19.5’ / 
h=15’ 0.000035 

3 E-W on half Sec 
Ln 36 within County Road ROW 1,800 5,280 Box Conduit 14’ x 14’ N/A 

4 SE quarter of 
Sec 35 

400 foot strip diagonal (NE to 
SW) SE quarter Sec 35 1,800 2,600 Canal b=19.5’ / 

h=15’ 0.000035 

5 Sec 32, 33, 34, 
35, 1, 2, 3, 4 

400 foot strip parallel to the 
County Road ROW Centerline 1,800 17,160 Canal b=19.5’ / 

h=15’ 0.000035 

6 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=19.5’ / 

h=15’ 0.000035 

7 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 400 Canal b=19.5’ / 

h=15’ 0.000035 

Total NA NA 1,800 33,840 NA NA NA 
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Alternative No. 4B 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel 
to dirt road 1,800 3,800 Canal b=18’ / 

h=13.8’ 0.000054 

2 Sec 31 West 400 feet of SW Sec 31 1,800 2,000 Canal b=18’ / 
h=13.8’ 0.000054 

3 E-W on half Sec 
Ln 36 within County Road ROW 1,800 5,280 Canal b=18’ / 

h=13.8’ 0.000054 

4 SE quarter of 
Sec 35 

400 foot strip diagonal (NE to 
SW) SE quarter Sec 35 1,800 2,600 Canal b=18’ / 

h=13.8’ 0.000054 

5 Sec 32, 33, 34, 
35, 1, 2, 3, 4 

400 foot strip parallel to the 
County Road ROW Centerline 1,800 17,160 Canal b=18’ / 

h=13.8’ 0.000054 

6 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=18’ / 

h=13.8’ 0.000054 

7 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 400 Canal b=18’ / 

h=13.8’ 0.000054 

Total NA NA 1,800 33,840 NA NA NA 
 

 

Alternative No. 5A 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel 
to dirt road 1,800 3,200 Canal b=18.5’ / 

h=14.2’ 0.000046 

2 Sec 31 west 400 feet of  SW Sec 31 1,800 2,600 Canal b=18.5’ / 
h=14.2’ 0.000046 

3 Sec 36 south 400 feet of Sec 25 1,800 5,680 Canal b=18.5’ / 
h=14.2’ 0.000046 

4 Sec 35 east 400 feet of Sec 35 1,800 5,280 Canal b=18.5’ / 
h=14.2’ 0.000046 

5 Secs 35, 34, 33, 
32 

400 foot strip located 
north/parallel to County Road 

ROW (adjacent to ROW) 
1,800 17,160 Canal b=18.5’ / 

h=14.2’ 0.000046 

6 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,640 Canal b=18.5’ / 

h=14.2’ 0.000046 

7 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 400 Canal b=18.5’ / 

h=14.2’ 0.000046 

Total NA NA 1,800 36,960 NA NA NA 
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Alternative No. 6A 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 400 foot strip north & parallel 
to dirt road 1,800 3,800 Canal b=22.5’ / 

h=17.3’ 0.000016 

2 Sec 31, 6 
400 foot strip.  Parallel and 
east of east section line of 

Section 31 
1,800 1,200 Pipeline D = 13’ N/A 

3 Sec 6, 1, 2, 3, 4 400 foot strip.  Parallel to All 
American Canal 1,800 22,800 Canal b=22.5’ / 

h=17.3’ 0.000016 

4 Sec 4, 32 
400 foot strip.  Parallel and 
east of east section line of 

Section 33 
1,800 1,200 Pipeline D = 13’ N/A 

5 Secs  32 
400 foot strip.  Parallel and 
east of east section line of 

Section 33 
1,800 2,640 Canal b=22.5’ / 

h=17.3’ 0.000016 

6 Secs , 32 
400 foot strip located on south 

side of east-west ½ section 
line of Sec 32 

1,800 400 Canal b=22.5’ / 
h=17.3’ 0.000016 

Total NA NA 1,800 32,040 NA NA NA 
 

 

Alternative No. 7A 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 
west by northwest route from 
T.O. to NW corner of SW 1/4 

of Sec 31 
1,800 3,000 Canal b=17.5’ / 

h=13.5’ 0.000062 

2 Sec 36 north 400 feet of south 1/2 of 
Section 36 1,800 5,280 Box Conduit 14’ x 14’ N/A 

3 Secs 35, 34, 33 north 400 feet of south 1/2 of 
Secs 35, 34, & 33 1,800 15,840 Canal b=17.5’ / 

h=13.5’ 0.000062 

4 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 1,720 Canal b=17.5’ / 

h=13.5’ 0.000062 

Total NA NA 1,800 25,840 NA NA NA 
 

 

Alternative No. 7B 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 
west by northwest route from 
T.O. to NW corner of SW 1/4 

of Sec 31 
1,800 3,000 Canal b=18.5’ / 

h=14.2’ 0.000046 

2 Sec 36 north 400 feet of south 1/2 of 
Section 36 1,800 5,280 Canal b=18.5’ / 

h=14.2’ 0.000046 

3 Secs 35, 34, 33 north 400 feet of south 1/2 of 
Secs 35, 34, & 33 1,800 15,840 Canal b=18.5’ / 

h=14.2’ 0.000046 

4 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 1,720 Canal b=18.5’ / 

h=14.2’ 0.000046 

Total NA NA 1,800 25,840 NA NA NA 
 



Drop 2 Reservoir Operations Study 
Evaluation of Alternative Alignments 

for the Drop 2 Reservoir Inlet Canal 
 

 Page 11 of 30 December 14, 2005 
 

Alternative No. 8A 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 
400 foot strip with centerline 
that follows the centerline of 
abandoned Coachella Canal 

1,800 1,000 Canal b=18’ / 
h=13.8’ 0.000054 

2 Sec 31 
400 foot strip along north side 

of east-west 1/2 Sec line of 
Sec 31 

1,800 3,000 Canal b=18’ / 
h=13.8’ 0.000054 

3 E-W on half Sec 
Ln 36 within County Road ROW 1,800 5,280 Canal b=18’ / 

h=13.8’ 0.000054 

4 SE quarter of 
Sec 35 

400 foot strip diagonal (NE to 
SW) SE quarter Sec 35 1,800 2,640 Canal b=18’ / 

h=13.8’ 0.000054 

5 Sec 32, 33, 34, 
35, 1, 2, 3, 4 

400 foot strip parallel to the 
County Road ROW Centerline 1,800 17,160 Canal b=18’ / 

h=13.8’ 0.000054 

6 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,600 Canal b=18’ / 

h=13.8’ 0.000054 

7 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 400 Canal b=18’ / 

h=13.8’ 0.000054 

Total NA NA 1,800 32,080 NA NA NA 
 

 

Alternative No. 9A 

Reach 
No. Location Orientation 

Design Flow 
(cfs) Length (ft) Facility Type Dimensions Slope 

1 Sec 31 
400 foot strip with centerline 
that follows the centerline of 
abandoned Coachella Canal 

1,800 3,800 Canal b=18.5’ / 
h=14.2’ 0.000046 

2 Sec 31 south 400 feet of Sec 30 1,800 2,200 Canal b=18.5’ / 
h=14.2’ 0.000046 

3 Sec 36 south 400 feet of Sec 25 1,800 5,680 Canal b=18.5’ / 
h=14.2’ 0.000046 

4 Sec 35 east 400 feet of Sec 35 1,800 5,280 Canal b=18.5’ / 
h=14.2’ 0.000046 

5 Secs 35, 34, 33, 
32 

400 foot strip located 
north/parallel to County Road 

ROW (adjacent to ROW) 
1,800 17,160 Canal b=18.5’ / 

h=14.2’ 0.000046 

6 N-S w/in Sec 32 east 400 feet of west 1/2 of 
SE1/4 of Sec 32 1,800 2,640 Canal b=18.5’ / 

h=14.2’ 0.000046 

7 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 1,800 400 Canal b=18.5’ / 

h=14.2’ 0.000046 

Total NA NA 1,800 37,160 NA NA NA 
 

 

EVALUATION PROCESS AND CRITERIA 
Several work tasks were undertaken in the evaluation of each inlet canal alternative 
alignment.  These tasks include the development of reconnaissance-level configuration 
concepts and generalized plan layouts of the conveyance facilities needed to convey 
water from All American Canal to the proposed Drop 2 Reservoir.  The work tasks also 
included: 

• A visual survey of the alternative alignments by members of the Technical Team to 
better relate proposed structures to the site conditions and assess potential issues 
that may affect cost estimating for the facilities,  

• A preliminary assessment of land ownership and site acquisition issues and 
constraints, 

• An assessment of site development and construction considerations, 
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• An assessment of alternative routes and different type of conveyance facilities 
needed to convey 1,800 cfs from the All American Canal to the Drop 2 Reservoir, 

• An assessment of the hydraulic characteristics and operational requirements of 
each alternative alignment and respective conveyance system,  

• A preliminary environmental analysis that considered potential environmental 
impacts, permitting challenges, and cost of mitigation for potential impacts for each 
inlet canal alternative, 

• An assessment of implementation issues including the development of a 
preliminary schedule for the implementation of each inlet canal alternative 
alignment, and 

• An assessment of capital costs for each inlet canal alternative alignment. 
The Technical Team also developed criteria for use in the comparison and further 
evaluation of the different inlet canal alternative alignments.  This criterion is listed and 
generally described in the following table: 

 
Table 2 

Description and Bases of Evaluation Criteria 
Factor Description Evaluation Basis 

1. Project Cost • Estimate of upfront capital expenditure 
requirements. 

• Affordability of project. 
• Project cost is within estimates 

of funding that can be secured 
for project. 

2. Schedule • Number and type of agencies having 
jurisdiction or approval authority in 
development of project. 

• Timeframe that physical construction can 
commence. 

• Ease of permitting shortest 
construction start date.  

• Shortest implementation period 
(online by Oct. 2008) 

 3. Environmental 
considerations 

• Level of potential impacts to protected or 
listed habitat or species. 

• Number and type of environmental entities 
having review or approval authority. 

• Cost and timing associated with potential 
mitigation actions. 

• Relative ease that 
environmental compliance can 
be achieved and lowest 
compliance and mitigation cost.

4. Land / ROW 
Acquisition 

• Number and type of different owners and 
ease/difficulty that lands can be secured 
for project purpose. 

• Cost associated with acquiring the lands 
for project. 

• Ease that required right-of-way 
can be readily acquired for 
project use. 

5. Engineering Effort • Level of engineering complexity and 
timeframe needed for project designs 

• Minimal impacts to public during 
construction 

• Ease of construction and 
implementation 

• Risk associated with 
construction and future 
operation 
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EVALUATION OF ALTERNATIVES 
General Alignment Issues 
The analysis and comparison of the alternatives focused principally on those factors that 
can potentially vary between the different alternative alignments. Some general alignment 
issues that apply to all alternatives are as follows: 

• All of the alignments begin at the Coachella Turnout and end at the proposed inlet 
structure to the Drop 2 Reservoir 

• All of the alternatives considered assume that a new Coachella Canal Turnout will 
be constructed and that the existing Coachella Canal will be modified and 
ultimately used as a dedicated turnout for the Drop 2 Reservoir 

• All of the alternatives consider the same low and high water levels within the All 
American Canal above Drop 1 and at the proposed Drop 2 Reservoir 

• All alternatives designed to convey 1800 cfs 

• All alternatives considered assume canal section to have membrane liner with 
concrete lining 

Land and Right-of-Way 
A general discussion on the various right-of-way issues that can potentially affect the 
different alternative alignments follows: 

Right-of-Way Width Requirements 

For analysis purposes, the alignment widths that were deemed necessary for the 
construction and future operation of the different conveyance facilities are listed in  
Table 3. 

Table 3  
Right-of-Way Width Requirements (feet) 

Facility Type Permanent Temporary Total 

Canal 400 0 400 

Pipeline 200 200 400 

Box Conduit 200 200 400 

 

Use of Federal Lands 

One of the goals of this evaluation was to evaluate the possibility of locating all or most of 
the needed conveyance facilities within Federal lands that exist within or in close proximity 
to the project site.  Using Federal lands will facilitate project implementation by reducing 
the land acquisition, project approval, and environmental compliance effort and associated 
costs.  Federal lands are all lands owned by the United States.  Reclamation withdrawn 
lands are federal lands withdrawn from the public domain for specific Reclamation project 
purposes. 

The Federal lands of interest to the project are included in the following table. 
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Table 4 

Federal Lands of Interest to the Project 
Township Range Section(s) Comments 

16S 20E 30 and 31 None 
16S 19E 25, 26, 27, 28 & 29 None 
16S 19E 32, 33, 34 & 35 All; including land under Imperial County right-of-

way for Evan Hewes Highway excluding those 
lands designated as Imperial County Road right-of- 
way (Evan Hewes Highway) 

17S 20E 5 & 6 All; including land under Imperial County right-of-
way for Evan Hewes Highway and Interstate 8 
excluding those lands designated as Imperial 
County Road right-of -way (Evan Hewes Highway) 
and/or State of California Department of 
Transportation (Caltrans) Interstate Highway No. 8 
(I-8) right-of-way 

17S 19E 1, 2, 3 & 4 All; including land under Imperial County right-of-
way for Evan Hewes Highway and Interstate 8 
excluding those lands designated as Imperial 
County Road right-of-way (Evan Hewes Highway) 
and/or State of California Department of 
Transportation (Caltrans) Interstate Highway No. 8 
(I-8) right-of-way 

 

Privately Owned Lands Within Section 36 

All of the lands within Section 36 (T. 16S, R. 20S) are under private ownership (23 parcels 
with 12 owners).  Therefore, any of the alternative alignments that traverse through any 
portion of Section 36 will require federal acquisition of the affected lands through an 
easement or fee.   

For this analysis, Reclamation sent letters to the various owners of record of the 
potentially affected lands. The letters described the proposed project and noted 
Reclamation’s interest in locating a portion of inlet canal alignment within their lands.  The 
letters also asked the owners to note their interest in making the needed land available 
subject to compensation.  The responses varied and included several negative responses. 

Table 5 provides a preliminary assessment of the acreage of privately owned lands that 
would be needed under each alternative. 
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Table 5 
ROW and Land Acquisition Requirements and Costs 

Alignment Reach 

Reach 
Length 
(feet) 

ROW 
Width 
(feet) 

Traverse 
Privately 
Owned 

Properties 

ROW Acreage 
Within Privately 
Owned Lands 

(acres) 

Est.  
Unit 
Cost 

Total Estimate 
Cost for Row 

1 3,800 400 No       
2 5,280 200 Yes  8.5 $50,000  $424,242  
3 17,160 400 No       
4 2,600 400 No       
5 400 400 No       

1A 

Subtotal 29,240 NA NA 8.5 $50,000 $424,242 
1 3,800 400 No       
2 5,280 400 Yes  32.7 $50,000  $1,636,364 
3 17,160 400 No       
4 2,600 400 No       
5 400 400 No       

1B 

Subtotal 29,240 NA NA 32.7 $50,000 $1,636,364 
1 3,800 400 No       
2 5,280 200 Yes  8.5 $50,000  $424,242  
3 150 400 No       
4 17,160 400 No       
5 2,600 400 No       
6 400 400 No       

2A 

Subtotal 29,390 NA NA 8.5 $50,000 $424,242 
1 3,800 400 No       
2 5,280 400 Yes  32.7 $50,000  $1,636,364 
2 150 400 No       
4 17,160 400 No       
5 2,600 400 No       
6 400 400 No       

2B 

Subtotal 29,390 NA NA 32.7 $50,000 $1,636,364 
1 3,800 400 No       
2 5,280 200 Yes 24.2 $50,000  $1,212,121 
3 17,160 400 No       
4 2,600 400 No       
5 400 400 No       

3A 

Subtotal 29,240 NA NA 24.2 $50,000 $1,212,121 
1 3,800 400 No       
2 5,280 400 Yes 48.5 $50,000  $2,424,242 
3 17,160 400 No       
4 2,600 400 No       
5 400 400 No       

3B 

Subtotal 29,240 NA NA 48.5 $50,000 $2,424,242 
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Table 5 (Continued) 
ROW and Land Acquisition Requirements and Costs 

Alignment Reach 

Reach 
Length 
(feet) 

ROW 
Width 
(feet) 

Traverse 
Privately 
Owned 

Properties 

ROW Acreage 
Within Privately 
Owned Lands 

(acres) 

Est.  
Unit 
Cost 

Total Estimate 
Cost for ROW 

1 3,800 400 No       
2 2,000 400 No       
3 5,280 400 Yes 48.5 $12,500  $606,061  
4 2,600 400 No       
5 17,120 400 No       
6 2,600 400 No       
7 400 400 No       

4A 

Subtotal 33,840 NA NA 48.5 $12,500 $606,061 
1 3,800 400 No       
2 2,000 400 No       
3 5,280 200 Yes 24.2 $12,500  $303,030  
4 2,600 400 No       
5 17,120 400 No       
6 2,600 400 No       
7 400 400 No       

4B 

Subtotal 33,840 NA NA 24.2 $12,500 $303,030 
1 3,200 400 No       
2 2,600 400 No       
3 5,680 400 No       
4 5,280 400 No       
5 17,160 400 No       
6 2,640 400 No       
7 400 400 No       

5A 

Subtotal 39,960 NA NA 0.0 $0 $0 
1 3,800 400 No       
2 1,200 200 No       
3 22,800 400 No       
4 1,200 200 No       
5 2,640 400 No       
6 400 400 No       

6 

Subtotal 32,040 NA NA 0.0 $0 $0 
1 3,000 400 No       
2 5,280 200 Yes 24.2 $12,500  $303,030  
3 15,840 400 No       
4 1,720 400 No       

7A 

Subtotal 25,840 NA NA 24.2 $12,500 $303,030 
1 3,000 400 No       
2 5,280 400 Yes 48.5 $12,500  $606,061  
3 15,840 400 No       
4 1,720 400 No       

7B 

Subtotal 25,840 NA NA 48.5 $12,500 $606,061 
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Table 5 (Continued) 
ROW and Land Acquisition Requirements and Costs 

Alignment Reach 

Reach 
Length 
(feet) 

ROW 
Width 
(feet) 

Traverse 
Privately 
Owned 

Properties 

ROW Acreage 
Within Privately 
Owned Lands 

(acres) 

Est.  
Unit 
Cost 

Total Estimate 
Cost for ROW 

1 1,000 400 No       
2 3,000 400 No       
3 5,280 400 Yes 52.2 $50,000  $2,607,897 
4 2,640 400 No       
5 17,160 400 No       
6 2,600 400 No       
7 400 400 No       

8A 

Subtotal 32,080 NA NA 52.2 $50,000 $2,607,897 
1 3,800 400 No       
2 2,200 400 No       
3 5,680 400 No       
4 5,280 400 No       
5 17,160 400 No       
6 2,640 400 No       
7 400 400 No       

9A 

Subtotal 39,920 NA NA 0.0 $0 $0 
 

Lands Designated to be Within Flat-Tailed Horned Lizard Management Area 

Most of the lands within T. 16S, R. 19E lie within the East Mesa Management Area for the 
flat-tailed horned lizard (FTHL MA).  The North half of Section 36 (privately owned) is 
within the MA boundary (Strategy 2003).  The proposed Drop 2 Reservoir site is outside of 
the FTHL MA.  The flat-tailed horned lizard (FTHL) is not federally listed as endangered or 
threatened, but is the subject of an interagency planning agreement to manage suitable 
habitat to improve the status of the species.  The actions of the FTHL Interagency 
Coordinating Committee and the status of the species are of ongoing interest to several 
environmental organizations that have expressed concern regarding the species’ long-
term status.   

Compensatory mitigation of FTHL impacts is required of federal agencies per the Strategy 
(2003).  Impacts within a MA may receive a higher mitigation ratio (up to 6:1) than those 
outside a MA (e.g. 1:1).  The managing federal agency determines the mitigation 
requirement for the particular MA, in this case BLM El Centro.  Consultation with the FTHL 
Management Oversight Group and BLM may be required for the alternatives that traverse 
any of the lands that lie within the FTHL MA. 

While the reviews for all the inlet canal alternative alignments will be similar, those that 
impact the greatest area of the East Mesa MA will require more permitting and mitigation 
effort than those that minimize or avoid FTHL habitat.  

Imperial County Road Right-of-Way (Evan Hewes Highway) 

The right-of-way for Imperial County's Evan Hewes Highway transverses Reclamation 
withdrawn lands between Gordon's Well Road and Brock Ranch Road.  Imperial County 
acquired the right-of-way through a relinquishment from California Department of 
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Transportation after completion of alternate route Interstate 8.  If and when Imperial 
County ceases to use and maintain the County Road right-of-way for the intended 
purposes stated, then the land would revert back to the respective property owners.  Also, 
since Imperial County does not own the land that underlies the County Road right-of-way, 
then Imperial County cannot issue a utility easement to any other entity that may want to 
locate a utility within this right-of-way, or in the case of this project, a conveyance canal or 
pipeline.  As such, a separate utility easement may be needed from the owners of the 
privately owned lands that underlie the County Road for project conveyance facilities or 
respective right-of-way that will cross or overlay the County Road right-of-way. 

Interstate Highway No. 8 (I-8) Right-of-Way 

Alternative Alignment No. 6 is the only alternative that crosses the I-8 right-of-way.  Two 
crossings of the highway are needed.  The proposed conveyance facility under Alternative 
No. 6 assumes pipeline crossings at each location.  Each crossing is composed of three 
parallel pipe barrels that will be constructed using tunneling methods.  Each of the three  
conveyance pipes will have an inside diameter of 13 feet and a casing pipe with an inside 
diameter of 15 feet.  Both the carrier and casing pipes will be constructed of steel plate.   

For this evaluation, local Caltrans representatives were contacted to inquire with respect 
to Caltrans’ requirements for trenchless utility crossings of interstate freeways.  Caltrans’ 
representatives noted that the requirements for utilities installed by trenchless methods 
(tunneling) are specified in the Caltrans Encroachment Permit Manual (Section 623, 
Tunneling – Rib & Lagging).  A copy of Section 623 of the Caltrans Encroachment Permit 
Manual is provided in Attachment G.       

Environmental Issues 
A preliminary assessment of the acreage within the FTHL MA that may be impacted by 
the different alternative alignments and the potential mitigation acreage is presented in 
Table 6.  A preliminary estimate of the cost for the replacement lands and assessment of 
the environmental compliance effort for each alternative is presented in Table 7.  For this 
analysis, the calculation of required replacement lands considers FTHL MA lands that are 
severed by the alignment as impacted by the project.  A mitigation ratio of six to one (6:1) 
[e.g. worst case] was assumed.  The actual replacement ratio may differ from this and will 
need to be negotiated with the FTHL Management Oversight Group and BLM. 
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Table 6 

Assessment of Potentially Impacted FTHL MA Lands 

Alignment Reach 
Within 

FTHLMA  

Reach 
Length 
(feet) 

ROW 
Width 
(feet) 

ROW Acreage 
Within 

FTHLMA Lands 
(acres) 

Additional 
FTHLMA Lands 

Severed by 
Alignment (acres) 

Total FTHL MA 
Lands 

Impacted 
(acres) 

1 Yes 3,800 400 35   
2 No 5,280  200 0   
3 No 17,160 400 0  
4 Yes 2,600 400 24   
5 No 400  400 0  

1 

Subtotal NA 29,240 NA 59  0 

59 

1 Yes 3,800 400 35  
2 No 5,280  200 0  
3  Yes 150 400 0   
4 Yes 17,160 400 157   
5 Yes 2,600 400 24  
6 No 400  400 0   

2 

Subtotal NA 29,390 NA 216 0 

216 

1 Yes 3,800 400 35   
2 No 5,280  200 0   
3 Yes 17,160 400 157   
4 Yes 2,600 400 24  
5 No 400  400 0   

3 

Subtotal NA 29,240 NA 217 0 

216 

1 Yes 3,800 400 35   
2 Yes 2,000 400 18   
3 No 5,280  200 0   
4 Yes 2,600 400 34  160 
5 Yes 17,160 400 158   
6 Yes 2,600 400 24  
7 No 400  400 0   

4 

Subtotal NA 33,840 NA 269 160 

429 

1 Yes 3,200 400 35   
2 Yes 2,600 400 46   
3 Yes 5,680 400 52   
4 Yes 5,280 400 48   
5 Yes 17,160 400 158   
6 Yes 2,640 400 24  
7  No 400  400 0   

5 

Subtotal NA 36,960 NA 363 0 

363 

1 Yes 3,800 400 35   
2 No 1,200  200 0   
3 No 22,800  400 0  
4 No 1,200  200 0  
5 No 2,640  400 0   
6 No 400  400 0   

6 

Subtotal NA 32,040 NA 35 0 

35 
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Table 6 (Continued) 

Assessment of Potentially Impacted FTHL MA Lands 

Alignment Reach 
Within 

FTHLMA  

Reach 
Length 
(feet) 

ROW 
Width 
(feet) 

ROW Acreage 
Within 

FTHLMA Lands 
(acres) 

Additional 
FTHLMA Lands 

Severed by 
Alignment (acres) 

Total FTHL MA 
Lands 

Impacted 
(acres) 

1 Yes 3,000 400 28 172 
2 No 5,280  400 0   
3 Yes 15,840 400 158 882 
4 No 1,720  400 0   

7 

Subtotal NA 25,840 NA 186 1,054 

1,239 

1 Yes 1,000 400 9   
2 Yes 3,000 400 28  180 
3 No 5,280 400 0   
4 Yes 2,640 400 24   
5 Yes 17,160 400 158   
6 Yes 2,600 400 24  
7 No 400  400 0   

8 

Subtotal NA 32,080 NA 242 0 

422 

1 Yes 3,800 400 35   
2 Yes 2,200 400 20 320  
3 Yes 5,680 400 52   
4 Yes 5,280 400 48   
5 Yes 17,160 400 158   
6 Yes 2,640 400 24  
7 No 400  400 0   

9 

Subtotal NA 37,160 NA 337 0 

657 
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Table 7 
 Preliminary Assessment of FTHL Land Replacement Costs  

 ROW 
ALT Brief Description 

ROW Acreage 
Within      

FTHL MA 
(acres) 

Additional 
FTHL MA 

Lands Severed 
by Alignment 

(acres) 

Total FTHL MA 
Lands 

Impacted 
(acres) 

FTHL 
Acreage 

Required for 
Mitigation  

(@ 6% ratio)

Mitigation 
Land 

Acquisition 
Cost @ BLM 

Cost    
($200/acre) 

Mitigation 
Land 

Acquisition 
Cost at 
Market 
Value 

NEPA 
Cost 

Cultural 
Resources 

Recreation 
Impact 

1. A. Uses Co. ROW 59 0 59 353 $81,102 $352,617 Least Mitigatable Low 

1. B. Uses Co. ROW 59 0 59 353 $81,102 $352,617 Least Mitigatable Low 

2. A. N. of Section Line 216 0 216 1298 $298,556 $1,298,072 Low Low Low 

2. B. N. of Section Line 216 0 216 1298 $298,556 $1,298,072 Low Low Low 

3. A. Minor Pvt. Take 216 0 216 1298 $298,556 $1,298,072 Low Low Low 

3.  B. Minor Pvt. Take 216 0 216 1298 $298,556 $1,298,072 Low Low Low 

4. A. Diagonal canal in Sect. 35 363 160 523 3137 $721,604 $3,137,410 Medium Medium Medium 

4. B. Diagonal canal in Sect. 35 363 160 523 3137 $721,604 $3,137,410 Medium Medium Medium 

5. A. avoids pvt sect. 36 35 0 35 209 $48,154 $209,366 Low Medium High 

6. A. S. of I-8 35 0 35 209 $48,154 $209,366 Low Low Low 

7. A. @1/2 sec. line 185 1,055 1240 7440 $1,711,200 $7,440,000 High:  EIS Medium-High High 

7. B. @1/2 sec. line 185 1,055 1240 7440 $1,711,200 $7,440,000 High:  EIS Medium-High High 

8.A. Coachella to ½ sect. 36 242 180 422 2535 $582,945 $1,267,273 High Medium Low-Medium 

9.A. Coachella to N. sect. 36 337 320 657 3943 $906,922 $1,971,570 High Medium Medium 
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Engineering and Construction 
The alternatives under consideration generally include two types of conveyance facilities, canals 
and pipelines.  The size, materials used for construction, and site conditions determine the level 
of complexity for each.  Relatively speaking, a canal is much simpler to design and construct 
than a pipeline; and small, unlined canals are less complex than large concrete lined canals.  
For pipelines, one that is built in flat undeveloped land is less complex than a pipeline that is 
built in right-of-ways with paved roads, with extensive existing utilities, traffic, and/or narrow 
right-of-ways.  Also, pipelines that are constructed using open trench methods are much easier 
to design and construct than pipes that are constructed using tunneling or bore and jack 
methods.  Lastly, a small diameter pipeline is much simpler to design and construct than a large 
diameter pipeline. 

Table 8 presents a general assessment of the level of complexity anticipated for each reach and 
each respective overall alternative alignment. 
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Table 8 
Assessment of Construction Complexity 

Reach / Facility Type / Complexity Level Alternative 
Alignment 1 2 3 4 5 6 7 

Overall 
Complexity 

Canal Box Conduit Canal Canal Canal 
1A 

Low 
Medium-

High Low-Medium Low-Medium Low 

Not 
Applicable 

Not 
Applicable Medium-High 

Canal Canal Canal Canal Canal 
1B 

Low High Low-Medium Low-Medium Low 
Not 

Applicable 
Not 

Applicable High 

Canal Box Conduit Canal Canal Canal Canal 
2A 

Low 
Medium-

High Low Low Low Low 

Not 
Applicable Medium-High 

Canal Canal Canal Canal Canal Canal 
2B 

Low High Low Low Low Low 
Not 

Applicable High 

Canal One Barrel Canal Canal Canal 
3A 

Low High Low Low Low 
Not 

Applicable 
Not 

Applicable High 

Canal Canal Canal Canal Canal 
3B 

Low High Low Low Low 
Not 

Applicable 
Not 

Applicable High 

Canal Canal One Barrel Canal Canal Canal Canal 
4A 

Low Low Medium Low Low Low Low 
Low-Medium 

Canal Canal Canal Canal Canal Canal Canal 
4B 

Low Low Low Low Low Low Low 
Low 

Canal Canal Canal Canal Canal Canal Canal 
5A 

Low Low Low Low Low Low Low 
Low 

Canal Tunnel Pipe Canal Tunnel Pipe Canal Canal 
6A 

Low High Low High Low Low 
Not 

Applicable High 

Canal One Barrel Canal Canal 
7A 

Low Medium Low Low 
Not 

Applicable 
Not 

Applicable 
Not 

Applicable Low-Medium 

Canal Canal Canal Canal 
7B 

Low Low Low Low 
Not 

Applicable 
Not 

Applicable 
Not 

Applicable Low 

Canal Canal Canal Canal Canal Canal Canal 
8A 

Low Low Low Low Low Low Low 
Low 

Canal Canal Canal Canal Canal Canal Canal 
9A 

Low Low Low Low Low Low Low 
Low 
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Capital Cost 
Estimates of the capital costs were developed for each alternative alignment.  The following 
provides an overview of the process and assumptions used to develop these estimates. 

Quantity Estimates 

The inlet canal quantities were based on takeoffs from the alignment layouts which were 
overlaid on USGS 7.5 minute quadrangle maps.  Canal earthwork quantities were calculated 
based on the proposed inlet canal alignment.  Quantities consisted of excavation, canal 
embankment, and 3.5 inch thick unreinforced concrete lining with a 60 mil HDPE geomembrane 
underlayment.   

The earth excavation and fill quantities for the inlet canal were developed using a canal 
earthwork modeling spread sheet.  For each alignment alternative the following information was 
collected at 5,000 foot intervals and input into the spreadsheet: 

 Canal size  

 Canal invert elevation  

 Existing ground surface elevation  

Given this information, the required cut and fill areas were calculated at each 5,000 foot station.  
The cut and fill areas were then averaged between adjacent stations and multiplied by the 
distance between the stations to estimate cut and fill volume required for each 5,000 foot 
segment.      

Unit concrete lining and geomembrane texture quantities were calculated for each alignment 
alternative based on proposed canal geometry and size information.  Unit quantities were then 
multiplied by the length of each alignment alternative to estimate the total quantity of concrete 
lining and geomembrane material required for each alignment.  

Pipelines and Conduits 

The length or quantity of pipeline and concrete box conduit materials were derived from the 
alignment layouts.  For the pipelines, the diameter and estimated cover were used to estimate 
the required pipe wall thickness or pipe class needed.  This information was then used to solicit 
information on pipe cost from different local pipe manufacturers.  For the concrete box conduits, 
a preliminary design was prepared for each conduit.  This was then used to estimate the 
quantities of concrete and steel reinforcement needed.  This information was used to estimate 
the per lineal foot cost of the materials, forming, and placement of the concrete box conduit. 

For both the pipeline and the box conduits, estimates of the required trench excavating backfill 
and compaction were also calculated for each size facility in order to develop estimates of the 
respective installation costs.  In situations where the facility construction required the removal 
and replacement of existing manmade features, such as pavement or utilities, the associated 
costs were also estimated and included in the construction costs for the respective alternative.       

Unit Price Estimates  

The unit prices were developed from previous Reclamation construction projects with similar 
work.  These unit prices were indexed up to current prices to factor inflation related increases.  
The Bureau of Reclamation cost estimating manual, which includes curves for pricing earthwork 
for dams and canals, and concrete lining, was also used.  The RSMeans cost estimating 
handbook was also utilized.  The cost of geomembrane and gravel surfacing was obtained by 
contacting suppliers and obtaining quotes. 
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Cost Estimate Markups 

The cost estimates include 5 percent mobilization, 15 percent unlisted items, and a 20 percent 
contingency allowance.  The mobilization percent estimates the cost for the contractor to 
mobilize equipment to the site and setup of an onsite office.  The unlisted items allowance 
provides for the cost of items not estimated in detail.  The purpose for the contingency 
allowance is to pay contractors for overruns on quantities, changed site conditions, and orders 
for changes. 

The cost estimate includes non-contract costs.    These costs include pre-construction activities 
such as design data collection, site investigations, land acquisition, pre-construction 
administrative costs, construction management costs, design costs, and environmental 
compliance costs including land acquisition for mitigation.  The estimate for the pre-construction 
and construction management activities was assumed to be equal to 20 percent of the contract 
costs.    

The right-of-way and land acquisition cost estimates were based on the estimated acreage that 
would be impacted for each respective alternative alignment.  An assessment was made with 
respect to the condition of the affected privately owned lands; i.e., they were classified as 
undeveloped or developed lands.  For each category of land, a unit (per acre) cost factor was 
developed and applied to estimate the potential cost associated with acquiring the needed right-
of-way.  For undeveloped lands, a unit cost of $12,500 per acre was applied.  For the developed 
lands, an average unit cost of $50,000 per acre was applied.  These unit costs were obtained 
from Reclamation.  For each alternative, the cost for the privately owned developed and 
undeveloped lands was added to estimate the total cost of acquiring the needed right-of-way 
within the privately owned lands. 

The assumption was made that there would be no costs associated with acquiring right-of-way 
within Federal lands, County owned rights-of-way, or rights-of-way owned by Caltrans. 

A similar approach was used for the Environmental Mitigation costs.  The lands that would be 
impacted were estimated, i.e., number of acres.  This calculated acreage was then multiplied by 
a factor of 6 (replacement ratio) to estimate the total number of acres that would need to be 
acquired as replacement lands.  To this latter amount, we then applied a $500 per acre cost 
factor to calculate the total cost of the replacement lands needed for each respective alternative. 

A 25 percent contingency allowance markup was applied to the noncontract cost estimate.  This 
contingency allowance is intended to provide an allowance for unforeseen conditions or costs 
that were not anticipated at this appraisal level of the study. 

Intended Use and Limitations of Cost Estimates 

The cost estimates were developed and are presented in this report for the sole purpose of 
comparing costs of the different Inlet Canal alternative alignments.  These cost estimates are 
not recommended to be used for budgeting or construction purposes.  During the feasibility 
phase of the project, more accurate costs will be developed for the preferred alternative.  The 
feasibility assessment and cost estimates that are expected to be prepared at that time will likely 
include design data not currently available.        

A summary and comparison of the Capital Cost Estimate for each alternative is presented in the 
following table.  The detailed estimate worksheets are provided in Attachment E. 
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Table 9 
Preliminary Estimate of Most Probable Capital Costs 

Alternative Alignment 1A 1B 2A 2B 3A 3B 4A 4B 5A 6A 7A 7B 8A 9A 
Total Length (feet) 29,240 29,240 29,390 29,390 29,240 29,240 33,840 33,840 36,960 32,040 25,840 25,840 32,080 37,160 

Number of Reaches 5 5 6 6 5 5 7 7 7 6 4 4 7 7 

Cost Factor Facility Types 
Canal / Box 

Conduit Canal 
Canal / Box 

Conduit Canal 
Canal / Box 

Conduit Canal 
Canal / Box 

Conduit Canal Canal 
Canal / 
Pipeline 

Canal / Box 
Conduit Canal Canal Canal 

Contract Costs Estimate Basis 1A 1B 2A 2B 3A 3B 4A 4B 5A 6A 7A 7B 8A 9A 
Construction of 

Conveyance Facility Estimated $47,277,729 $10,834,973 $47,183,010 $11,327,479 $47,120,769 $10,808,348 $50,792,315 $13,110,177 $15,118,357 $53,110,194 $46,135,747 $10,113,464 $12,535.000 14,820,117 
Mobilization 5.00% $2,363,886 $541,749 $2,359,151 $566,374 $2,356,038 $540,417 $2,539,616 $655,509 $755,918 $2,655,510 $2,306,787 $505,673 $626,774 $741,006 

Allowance for Unlisted 
Items 15.00% $7,091,659 $1,625,246 $7,077,452 $1,699,122 $7,068,115 $1,621,252 $7,618,847 $1,966,527 $2,267,754 $7,966,529 $6,920,362 $1,517,020 $1,880,322 $2,223,018 

Contingency 
Allowance 25.00% $11,819,432 $2,708,743 $11,795,753 $2,831,870 $11,780,192 $2,702,087 $12,698,079 $3,277,544 $3,779,589 $13,277,549 $11,533,937 $2,528,366 $3,133,870 $3,705,029 
Subtotal NA $68,552,707 $15,710,711 $68,415,365 $16,424,845 $68,325,115 $15,672,105 $73,648,857 $19,009,757 $21,921,618 $77,009,781 $66,896,833 $14,664,523 $18,176,446 $21,489,170 

Noncontract Costs                 
Design, C.M., 

Administration, etc. 20.00% $ 13,710,541 $ 3,142,142 $ 13,683,073 $ 3,284,969 $ 13,665,023 $ 3,134,421 $ 14,729,771 $ 3,801,951 $ 4,384,324 $  15,401,956 $ 13,379,367 $ 2,932,905 $ 3,635,289 $ 4,297,834 
ROW and Land 

Acquisition Estimated $424,242 $16,336,364 $424,242 $16,336,364 $1,212,121 $2,424,242 $606,061 $303,030 $0 $0 $303,030 $606,061 $2,607,897 $0 
Environmental 

Mitigation Estimated $176,309 $176,309 $649,036 $649,036 $649,036 $649,036 $1,205,344 $1,205,344 $1,088,705 $104,683 $3,720,000 $3,720,000 $1,267,273 $1,971,570 
Contingency 

Allowance 25.00% $150,138 $4,128,168 $268,320 $4,246,350 $465,289 $768,320 $452,851 $377,094 $272,176 $26,171 $1,005,758 $1,081,515 $968,793 $492,893 
Subtotal NA $14,461,230 $23,782,983 $15,024,670 $24,516,719 $15,991,469 $6,976,018 $16,994,028 $5,687,419 $5,745,205 $15,532,810 $18,408,154 $8,340,481 $8,479,252 $6,762,296 

Total Capital Cost 
Estimate   $83,013,937 $39,493,694 $83,440,035 $40,941,563 $84,316,584 $22,648,123 $90,642,884 $24,697,175 $27,666,822 $92,542,591 $85,304,987 $23,005,004 $26,655,698 $28,251,466 
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Schedule 
The variable factors among the different alternatives that have the potential to affect the 
implementation schedule include: 

• Right-of-Way Aquisition 

• Environmental Compliance 

The alternative alignments have similar facilities and therefore the construction schedules 
for the different alternatives are assumed will be similar.   

The acquisition of lands or right-of-way from private owners have the potential to require 
more time if the land acquisition is done under an action such as Reclamation’s use of 
eminent domain.  Under such a case, the time required for a compensation settlement can 
range between 12 to 36 months.  However, there are methods through which Reclamation 
can take possession of the needed land in a much shorter time period with the provision 
that it enter into a dispute resolution and compensation settlement process with the 
affected owners.  As such, while land and right-of-way acquisition has the potential to 
affect the project implementation schedule, there are methods available to Reclamation 
that it can use to manage the process and to minimize any impacts to the project 
schedule.  Thus, land and right-of-way acquisition is not expected to significantly affect the 
project implementation schedule. 

Generally, the greater the impact to FTHL habitat and MA, the longer and more complex 
will be the environmental clearance process.  It was felt that at some un-quantified 
threshold of FTHL impact, the project may be considered a "significant environmental 
impact" and would require an EIS.  Thus, alternatives which impacted lesser amounts of 
FTHL habitat were considered to have a shorter schedule.  A subjective evaluation of the 
potential schedule impacts was made by Reclamation staff versed in NEPA and the 
permitting codes.   

Table 10 
Range of FTHL MA Impacts and Compliance Requirements 

Acreage Impacted Within 
FTHL MA (acre) 

Estimated 
Impact Level 

Required Compliance 
Document 

Compliance 
Timeframe 

None Low Environmental Assessment < One Year 
Less than 66 acres Medium Environmental Assessment 

plus Mitigation 
Approximately 12 to 18 

months 
More than 66 acres High Environmental Impact 

Statement plus mitigation 
> 2 years 

 

COMPARISON OF ALTERNATIVES 
Table 11 presents the evaluation criteria developed by the Technical Team and Table 12 
presents the scoring of the alternatives based on this evaluation criteria.  As shown on 
Table 12, each alternative is given a score between one to five.  A value of five is given to 
the condition that is considered most favorable to the project or project development.  By 
multiplying the raw score by the assigned weight value for each respective criterion, we 
obtain the weighted score.  The sum of the five weighted scores (five different criteria) for 
each alternative provides an indicator of the relative superiority of the alternatives.  The 
alternatives with the highest score are considered to be superior to those with lower 
scores. 
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Table 11 

Evaluation Criteria and Bases for Scoring 

Scoring Basis 
Criteria 1 to 5 Weight

1 Total Project Cost Most Expensive to Least Expensive 30 

2 Schedule Cannot Meet          
Oct. 2006 Target Date to Minimal Risk of 

Meeting Schedule 25 

3 Environmental 
Considerations EIS to Categorical Exclusion 15 

4 Land/ROW 
Acquisition 

High 
Impact/Condemnation to Straightforward 15 

5 Engineering Effort Many Challenges/Risks to Straightforward 15 
Total 100 
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Table 12 

Scoring of Reservoir Alternatives 
Scoring Basis Alt. 1A Alt. 1B Alt. 2A Alt. 2B Alt. 3A Alt. 3B Alt.4A Alt. 4B 

Criteria 1 to 5 Weight Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score 

1 Total Project 
Cost Most Expensive to Least Expensive 30 2 60 4 120 2 60 4 120 2 60 4 120 1 30 4 120 

2 Engineering 
Effort 

Many Challenges 
/Risks to Straightforward 15 2 30 3 45 2 30 3 45 2 30 3 45 3 45 5 75 

3 Environmental 
Considerations EIS to Clear EA 15 4 60 4 60 4 60 4 60 4 60 4 60 3 45 3 45 

4 Land 
Acquisition 

High 
Impact/Condemnation to Straightforward 15 2 30 1 15 2 30 1 15 2 30 1 15 2 30 2 30 

5 Schedule Can't Meet Oct. 2006 to 
Minimal Risk of 

Meeting Schedule 25 3 75 2 50 3 75 2 50 3 75 2 50 3 75 2 50 

Total 100 N/A 255 N/A 290 N/A 255 N/A 290 N/A 255 N/A 290 N/A 225 N/A 320 

 

 
Table 12 

Scoring of Reservoir Alternatives 
Scoring Basis Alt. 5A Alt. 6A Alt. 7A Alt. 7B Alt. 8A Alt. 9A 

Criteria 1 to 5 Weight Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score Score 
Weighted 

Score 

1 Total Project 
Cost Most Expensive to Least Expensive 30 4 120 3 90 2 60 5 150 4 120 3 90 

2 Engineering 
Effort 

Many Challenges 
/Risks to Straightforward 15 3 45 1 15 3 45 5 75 5 75 4 60 

3 Environmental 
Considerations EIS to Clear EA 15 3 45 4 60 1 15 1 15 3 45 2 30 

4 Land 
Acquisition 

High 
Impact/Condemnation to Straightforward 15 5 75 4 60 2 30 1 15 2 30 5 75 

5 Schedule Can't Meet Oct. 2006 to 
Minimal Risk of 

Meeting Schedule 25 4 100 3 75 1 25 1 25 3 75 2 50 

Total 100 N/A 385 N/A 300 N/A 175 N/A 280 N/A 345 N/A 305 
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CONCLUSIONS 
Table 13 presents the ranking of the alternatives based on the sum of the weighted scores 
calculated for each alternative.  For this analysis, a higher score is considered to be 
superior in terms of ranking. As shown on this table, Alternative Alignment 5A appears to 
be the preferred alternative based on the evaluation criteria used for the evaluation.   

 
Table 13 

Ranking Based on Scoring 

Rank Alternative 
Weighted 

Score 
1 5A 385 
2 8A 345 
3 4B 320 
4 9A 305 
5 6A 300 
6 1B 290 
6 2B 290 
6 3B 290 
7 7B 280 
8 1A 255 
8 2A 255 
8 3A 255 
9 4A 225 

10 7A 175 
 
As noted in Table 13, Alternative Alignment No. 5A received the highest weighted score 
for the evaluation criteria used in this evaluation. As such, Alternative 5A is considered to 
be the preferred alternative.    

 

RECOMMENDATIONS 
Pursuant to the findings of this Inlet Canal Alignment Study, the technical team 
recommends that Alternative 5A be advanced for additional consideration and analysis in 
the feasibility evaluation of the Drop 2 Reservoir project.  Coincident with the feasibility 
study, it is also recommended that the appropriate land acquisition and environmental 
compliance studies be undertaken.  This will include the required consultation and 
negotiations with the FTHL Management Oversight Group, BLM and other jurisdictional 
and permitting agencies.  
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TECHNICAL TEAM MEMBERS 
The following individuals were members of the technical team for this study, undertook 
and completed the various evaluations of the study, and contributed towards the 
preparation of this technical memorandum. 

 
Member Agency/Firm 

Bob Adams Reclamation - Lower Colorado River Region, Yuma Area Office 

Nicholas Boswell Brown and Caldwell 

Thayer Broili Reclamation - Lower Colorado River Region, Yuma Area Office 

Jackie Carrera Reclamation - Lower Colorado River Region, Yuma Area Office 

Ron Curiel Reclamation - Lower Colorado River Region, Yuma Area Office 

Jack Delp Consultant to Lower Colorado River Regional Engineer 

Anthony Dubin Brown and Caldwell 

John English Reclamation - Lower Colorado River Region, Yuma Area Office 

Cindy Flores Reclamation - Lower Colorado River Region, Yuma Area Office 

Scott Foster Reclamation - Lower Colorado River Region, Engineering Services Offices 

Peggy Haren Reclamation - Lower Colorado River Region, Yuma Area Office 

Cindy Hoeft Reclamation - Lower Colorado River Region, Yuma Area Office 

James Keith Reclamation - Technical Service Center, Denver 

Al Kiene Reclamation - Technical Service Center, Denver 

Bruce Moore Reclamation - Lower Colorado River Region, Engineering Services Offices 

Russell Reichelt Reclamation - Lower Colorado River Region, Yuma Area Office 

Rick Strahan Reclamation - Lower Colorado River Region, Yuma Area Office 

Rex Wahl Reclamation - Lower Colorado River Region, Yuma Area Office 

Ruben Zubia Brown and Caldwell 
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Reach 4 
Reach 4 of the inlet canal ROW will comprise the east 400 feet of the west half of the 
southeast quarter of Section 32.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 4 inlet canal ROW is approximately 2,600 feet and the 
width is 400 feet.   Reach 4 is located entirely within Section 32, T. 16 S., R. 19 E. 

Reach 5 
The centerline of the Reach 5 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 5 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 5 of the inlet canal ROW is 
approximately 400 feet and the width is 400 feet.  Reach 5 will be located entirely on 
Reclamation Withdrawn lands and within Section 32.   

A layout of the alignment of the proposed inlet canal under Alternative No. 1 is provided in 
Plate B-1. 

PRELIMINARY DESCRIPTION OF FACILITIES: 
Two option(s) will be considered for Alternative Alignment No. 1.  Each option will occupy 
the same general alignment noted above but will comprise different types of facilities.   
Table B-2 notes the facility types considered in each option. 

 

Table B-2 
Summary of Alternative No. 1 Alignment and Options 

Option A 
Option 

B 
Reach 

No. 
Length 

(ft) Location Orientation 
Facility 
Type 

Facility 
Type General Description 

1 3,800 Sec 31 
 

400 foot strip north & 
parallel to dirt road 

Canal 
 

Canal 
 

2 5,280 Sec 36 within County Road 
ROW 

Box 
Conduit 

 

Canal 
 

3 17,160 Sec 32, 
33, 34, 

35, 1, 2, 
3, 4 

400 foot strip parallel 
to the County Road 

ROW Centerline 

Canal 
 

Canal 
 

4 2,600 N-S w/in 
Sec 32 

east 400 feet of west 
1/2 of SE1/4 of Sec 

32 

Canal 
 

Canal 
 

5 400 E-W on 
1/2 Sec 
Ln of 32 

along east-west 1/2 
Sec line of Sec 32 

 

Canal 
 

Canal 
 

Portions of the Alignment ROW within Section 
36 (Reach 2) are within County ROW and on 
private property.  Temporary and/or 
permanent ROW may need to be acquired 
from the property owners of Section 36.   
 
The centerline of the ROW alignment for 
Reach 3 parallels the County Road ROW.   
Portions of Alignment ROW for Reach 3 are 
within Sections 32, 33, 34, 35, 4, 3, 2, 1.  
Portions of the ROW required for these 
sections lie within Federally Withdrawn Lands.  
The remaining area will need to be 
relinquished to the Reclamation (Federal 
Government) from the County of Imperial.  
The ROW required for Reaches 1, 4 and 5 are 
within Federally Withdrawn Lands 
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ALTERNATIVE ALIGNMENT NO. 2 

ALIGNMENT DESCRIPTION  
Alternative Alignment No. 2 extends from the proposed Drop 2 Reservoir Inlet Canal 
Turnout to the Drop 2 Reservoir.  A portion of this alignment will be located within the 
existing County Road (Evan Hewes Highway) right-of-way (ROW) and the remainder on 
land located north and immediately adjacent to the County Road ROW.  This alternative 
assumes that Imperial County will relinquish to Reclamation (Federal Government) the 
portion of the County Road ROW that lies within Sections 36, 1, and 6.  The alignment for 
this alternative will comprise six reaches which are described as follows: 

Reach 1 
The starting point for this alternative and Reach 1 is located on the alignment of the old 
(unlined) Coachella Canal and is situated some 300 feet north of the turnout and All-
American Canal (located within Section 31 T. 16S, R. 19E).  From this starting point, the 
inlet canal alignment proceeds in a southwest direction and approximately 3,800 feet to 
the west section line of Section 31.  The right-of-way width required for this initial reach is 
400 feet.  This right-of-way will generally be located north and parallel to the unpaved 
access road that extends from the intersection of Gordon’s Well Road and County Road 
(Evan Hewes Highway) to the Drop 1 site.   The terminus for this reach is located near the 
intersection of the unpaved access road with the west section line of Section 31. Reach 1 
of this alternative inlet canal alignment is located entirely within Section 31, T. 16 S., R. 20 
E. 

Reach 2 
The starting point for Reach 2 is the intersection of the County Road (Evan Hewes 
Highway) and the east section line of Section 36.  From this point, the centerline of the 
inlet canal will transition towards, merge with, and follow in a westerly direction, the 
centerline of the existing County Road.  The alignment for this reach will terminate at the 
intersection of the southerly extension of the west section line of Section 36 with the 
centerline of the County Road.  The length of Reach 2 is 5,280 feet.    

The width of the paved portion of the County Road is approximately 40 feet.   The existing 
right-of-way of the County Road varies between 60 feet to 100 feet within the proximity of 
Reach 2.    

Two alternative facility types are proposed for this reach, a canal and a buried box 
conduit.  The ROW width required for these facilities are 400 feet and 100 feet, 
respectively.   An additional 50 to 100 feet wide temporary construction easement may be 
required for the construction of the box conduit option.  The additional width of ROW, 
beyond the existing County Road ROW that varies from 60 feet to 100, will need to be 
acquired from the owners of the affected privately owned lands within Section 36.  In 
addition, temporary access roads will need to be made available to provide access to the 
affected privately owned parcels within Section 36 during construction (independent of 
which facility type is constructed).  For the box conduit option, Reclamation would need to 
secure an encroachment permit from Imperial County to construct the box conduit within 
County Road ROW.  For the canal option, Imperial County would need to relinquish the 
County Road ROW to Reclamation (Federal Government).  In the event that a canal is  



Attachment B 
Detailed Descriptions of 

Alternative Inlet Canal Alignments
 

 Page 7 of 36 December 14, 2005 

 

constructed, permanent access will need to be provided to the privately owned parcels 
that currently front the County Road within Section 36.  This may require that Reclamation 
construct a new paved roadway on the north side and parallel to the new inlet canal ROW.  
In this case, an additional 60 foot to 80 foot strip of land would need to be acquired for the 
new roadway.  Reclamation will need to confer with Imperial County with respect to who 
would own and maintain this new access road and respective ROW.      

Reach 3 
Reach 3 of the inlet canal ROW will be located to the west of and parallel to the west 
section line of Section 36. This segment will transition the centerline if the inlet canal ROW 
from the centerline of the roadway to the area north of the paved roadway.  The centerline 
of the Reach 3 inlet canal ROW will extend north approximately 150 feet from the end of 
Reach 2 inlet canal ROW and will be located 100 feet west of the west section line of 
Section 36.  Reach 3 of the inlet canal ROW will begin in Section 1 and terminates in 
Section 35.  The width of the ROW required for Reach 3 is 400 feet. 

Reach 4 
Reach 4 of the inlet canal ROW will be situated on the north side and generally parallel 
the County Road.  Reach 4 is located within Sections 32, 33, 34 and 35 which are within 
T. 16 S., R. 19 E. However, the centerline of the existing 40 foot wide paved roadway is 
located approximately 40 feet south of the township line and within T. 17 S., R. 19 E.   
Also, from documents provided by Imperial County that show the portion of the ROW that 
the State of California (Caltrans) relinquished to Imperial County for the County Road (old 
highway), it appears that the northernmost 150 feet of the 400 foot wide County Road 
ROW is located within Sections 32, 33, 34 and 35 of T. 16 S., R. 19 E. and the remainder 
250 feet of width is located within Sections 1, 2, 3 ad 4 of T. 17 S., R. 19 E.   

The length of the Reach 4 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   This would comprise the south 400 feet of Sections 33, 34 and 35 and the 
south 400 feet of the west half of the southeast quarter of Section 32 (T. 16 S., R. 19 E).  
Approximately 150 feet of the 400 foot wide inlet canal ROW will comprise a portion of the 
400 foot wide ROW that the State of California (Caltrans) relinquished to Imperial County.  
This will require that Imperial County relinquish the northernmost 150 feet of their 400 foot 
wide ROW to the federal Government (Reclamation).  An additional 50 foot wide strip of 
land will be required to provide the required 400 foot ROW for this reach of the inlet canal.  
The length of the Reach 4 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.  Reach 4 is located entirely within Sections 32, 33, 34 and 35 of T. 16 S., R. 
19E. 

Reach 5 
Reach 5 of the inlet canal ROW will comprise the east 400 feet of the west half of the 
southeast quarter of Section 32.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 5 inlet canal ROW is approximately 2,600 feet and the 
width is 400 feet.   Reach 5 is located entirely within Section 32, T. 16 S., R. 19 E. 
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Reach 6 
The centerline of the Reach 6 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 6 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 6 of the inlet canal ROW is 
approximately 400 feet and the width is 400 feet.  Reach 6 will be located entirely on 
Reclamation Withdrawn lands and within Section 32.   

A layout of the alignment of the proposed inlet canal under Alternative No. 2 is provided in 
Plate B-2. 

Preliminary Description of Facilities: 
Two option(s) will be considered for Alternative Alignment No. 2.  Each option will occupy 
the same general alignment noted above but will comprise different types of facilities.  
Table B-3 notes the facility types considered in each option. 

Table B-3 
Summary of Alternative No. 2 Alignment and Options 

Option A 
Option 

B 
Reach 

No. 
Length 

(ft) Location Orientation 
Facility 
Type 

Facility 
Type General Description 

1 3,800 Sec 31 
 

400 foot strip north & 
parallel to dirt road 

Canal 
 

Canal 
 

2 5,280 Sec 36 
 

within County Road 
ROW 

Box 
Conduit 

Canal 
 

3 150 Sec 35 400 foot strip west & 
parallel to west 

section line of Section 
36 

Canal 
 

Canal 
 

4 17,160 Secs 35, 
34, 33, 

32 
 

400 foot strip located 
north/parallel to 

County Road ROW 
(adjacent) 

Canal 
 

Canal 
 

5 2,600 N-S w/in 
Sec 32 

east 400 feet of west 
1/2 of SE1/4 of Sec 

32 

Canal 
 

Canal 
 

6 400 E-W on 
1/2 Sec 
Ln of 32 

along east-west 1/2 
Sec line of Sec 32 

 

Canal 
 

Canal 
 

Portions of Alignment ROW within Section 36 
are within County ROW and on private 
property.  Temporary and/or permanent ROW 
may need to be acquired from the property 
owners of Section 36.    400 feet of ROW will 
be needed in Sections 32, 33, 34, 35 and 31.  
Portions of the ROW required for these 
sections lie within Federally Withdrawn 
Lands.  The remaining area will need to be 
relinquished to the Reclamation (Federal 
Government) from the County of Imperial. 

Figure B-1 
Proposed Reach 4 ROW – Alignment Cross Section at East Section Line of Section 34 

 

Caltrans (I-8) 
ROW

New Inlet Canal ROW - 400 feet wide

Imperial County Road ROW - 400 feet wide
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ALTERNATIVE ALIGNMENT NO. 3 

ALIGNMENT DESCRIPTION  
Alternative Alignment No. 3 extends from the proposed Drop 2 Reservoir Inlet Canal 
Turnout to the Drop 2 Reservoir.  A large portion of the centerline of the inlet canal ROW 
will lay to the north and parallel to the centerline of the County Road.  Portions of the 
ROW will cross private property and Reclamation Withdrawn lands.  This alternative 
alignment assumes that the County will relinquish to Reclamation (Federal Government) 
the portions of the County Road ROW that lies within Sections 32, 33, 34, 35, and 36.  
The alignment for this alternative will comprise five reaches which are described as 
follows: 

Reach 1 
The starting point for this alternative and Reach 1 is located on the alignment of the old 
(unlined) Coachella Canal and is situated some 300 feet north of the turnout and All-
American Canal (located within Section 31 T. 16S, R. 19E).  From this starting point, the 
inlet canal alignment proceeds in a southwest direction and approximately 3,800 feet to 
the west section line of Section 31.  The right-of-way width required for this initial reach is 
400 feet.  This right-of-way will generally be located north and parallel to the unpaved 
access road that extends from the intersection of Gordon’s Well Road and County Road 
(Evan Hewes Highway) to the Drop 1 site.   The terminus for this reach is located near the 
intersection of the unpaved access road and the west section line of Section 31. Reach 1 
of this alternative alignment is located entirely within Section 31, T. 16 S., R. 20 E. 

Reach 2 
The starting point for Reach 2 is the intersection of the County Road and the east section 
line of Section 36.  From this point, the centerline of the inlet canal will parallel the 
centerline of the existing County Road on an approximately 150 foot offset to the north of 
the County Road centerline.  The limits of Reach 2 are from the east section line of 
Section 36 to the west section line of Section 36.  The ROW width required for Reach 2 is 
400 feet.  The approximate length of Reach 2 is 5,280 feet.   The ROW will cross privately 
owned lands and will require the removal or relocation of all structures and above ground 
facilities that may exist within this proposed ROW.   Construction of this inlet canal reach 
within this proposed ROW will require the purchase of a 400 foot wide strip of land or a 
permanent easement from the owners of the privately owned lands that front the County 
Road within Section 36.  If a canal is constructed, access will need to be provided to the 
various parcels that front the County Road within Section 36.   This may require the 
construction of several canal crossings. 

Reach 3 
Reach 3 of the inlet canal ROW will be situated on the north side and generally parallel to 
the County Road.  Reach 3 is located within Sections 32, 33, 34 and 35 which are within 
T. 16 S., R. 19 E. However, the centerline of the existing 40 foot wide paved roadway is 
located approximately 40 feet south of the township line and within T. 17 S., R. 19 E.   
Also, from documents provided by Imperial County that show the portion of the ROW that 
the State of California (Caltrans) relinquished to Imperial County for the County Road (old 
highway), it appears that the northernmost 150 feet of the 400 foot wide County Road 
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ROW is located within Sections 32, 33, 34 and 35 of T. 16 S., R. 19 E. and the remainder 
250 feet of width is located within Sections 1, 2, 3 ad 4 of T. 17 S., R. 19 E.   

The length of the Reach 3 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   This would comprise the south 400 feet of Sections 33, 34 and 35 and the 
south 400 feet of the west half of the southeast quarter of Section 32 (T. 16 S., R. 19 E).  
Approximately 150 feet of the 400 foot wide inlet canal ROW will comprise a portion of the 
400 foot wide ROW that the State of California (Caltrans) relinquished to Imperial County.  
This will require that Imperial County relinquish the northernmost 150 feet of their 400 foot 
wide ROW to the federal Government (Reclamation).  An additional 50 foot wide strip of 
land will be required to provide the required 400 foot ROW for this reach of the inlet canal.  
The length of the Reach 3 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   Reach 3 is located entirely within Sections 32, 33, 34 and 35 of T. 16 S.,  
R. 19 E. 

Reach 4 
Reach 4 of the inlet canal ROW will comprise the east 400 feet of the west half of the 
southeast quarter of Section 32.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 4 inlet canal ROW is approximately 2,600 feet and the 
width is 400 feet.   Reach 4 is located entirely within Section 32, T. 16 S., R. 19 E. 

Reach 5 
The centerline of the Reach 5 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 5 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 5 of the inlet canal ROW is 
approximately 400 feet and the width is 400 feet.  Reach 5 will be located entirely on 
Reclamation Withdrawn lands and within Section 32.   

A layout of the alignment of the proposed inlet canal under Alternative No. 3 is provided in 
Plate B-3. 

PRELIMINARY DESCRIPTION OF FACILITIES: 
Two option(s) will be considered for Alternative Alignment No. 3.  Each option will occupy 
the same general alignment noted above but will comprise different types of facilities.  
Table B-4 notes the facility types considered in each option. 
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Table B-4 

Summary of Alternative No. 3 Alignment and Options 
Option 

A 
Option 

B 
Reach 

No. 
Length 

(ft) Location Orientation 
Facility 
Type 

Facility 
Type General Description 

1 3,800 Sec 31 400 foot strip north & 
parallel to dirt road 

Canal Canal 

2 5,280 Sec 36 400 foot strip located 
north/parallel to 

County Road ROW 
(adjacent) 

One 
Barrel 

Canal 

3 17,160 Secs 35, 34, 
33, 32 

400 foot strip located 
north/parallel to 

County Road ROW 
(adjacent to ROW) 

Canal Canal 

4 2,600 N-S w/in Sec 
32 

east 400 feet of west 
1/2 of SE1/4 of Sec 32 

Canal Canal 

5 400 E-W on 1/2 
Sec Line of 

Sec 32 

along east-west 1/2 
Sec line of Sec 32 

Canal Canal 

All of alignment located to the north side 
(an outside) the County Road ROW.  
Assume that any and all structures and 
above ground facilities within portion of 
ROW that exists within Section 36 will 
need to be relocated. 
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ALTERNATIVE ALIGNMENT NO. 4 

ALIGNMENT DESCRIPTION  
Alternative Alignment No. 4 extends from the proposed Drop 2 Reservoir Inlet Canal 
Turnout to the Drop 2 Reservoir.  This alignment strives to avoid impacts to the developed 
lands within Section 36 by circumventing the south half of Section 36.  The alignment 
drops back down towards the County Road and then proceeds in a westerly direction.  
The inlet canal right-of-way (ROW) for the portion that parallels the County Road (within 
Sections 32, 33, 34 and 35) is situated on the north side and immediately adjacent to the 
County Road ROW.  The alignment for this alternative will comprise seven reaches which 
are described as follows: 

Reach 1 
The starting point for this alternative and Reach 1 is located on the alignment of the old 
(unlined) Coachella Canal and is situated some 300 feet north of the turnout and All-
American Canal (located within Section 31 T. 16S, R. 19E).  From this starting point, the 
inlet canal alignment proceeds in a southwest direction and approximately 3,800 feet to 
the west section line of Section 31.  The right-of-way width required for this initial reach is 
400 feet.  This right-of-way will be generally be located north and parallel to the unpaved 
access road that extends from the intersection of Gordon’s Well Road and County Road 
(Evan Hewes Highway) to the Drop 1 site.   The terminus for this reach is located near the 
intersection of the unpaved access road and the west section line of Section 31. Reach 1 
of this alternative alignment is located entirely within Section 31, T. 16 S., R. 20 E. 

Reach 2 
The starting point for Reach 2 is located near the intersection of unpaved access road that 
extends from the intersection of Gordon’s Well Road and County Road (Evan Hewes 
Highway) to the Drop 1 site with the west section line of Section 31.  From this point the 
alignment turns north, and will comprise the west 400 feet of the southwest quarter of 
Section 31.  The limits of this reach will be from the terminus point of Reach 1 to north line 
of the southwest quarter of Section 31.  The length of Reach 2 inlet canal ROW is 
approximately 2,000 feet and the width is 400 feet.   Reach 2 is located entirely within 
Section 31, T. 16 S., R. 20 E. 

Reach 3 
The ROW for Reach 3 of the inlet canal ROW will comprise the north 400 feet of the south 
half of Section 36.  This ROW will traverse some 7 privately owned parcels.  The length of 
the Reach 3 inlet canal ROW is approximately 5,280 feet and the width is 400 feet.   
Reach 3 is located entirely within Section 36, T. 16 S., R. 19 E. 

Reach 4 
The ROW for Reach 4 of the inlet canal ROW will comprise the east 400 feet of the 
southwest quarter of Section 35.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 4 inlet canal ROW is approximately 2,600 feet and the 
width is 400 feet.   Reach 4 is located entirely within Section 35, T. 16 S., R. 19 E. 
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Reach 5 
Reach 5 of the inlet canal ROW will be situated on the north side and generally parallel to 
the County Road.  Reach 5 is located within Sections 32, 33, 34 and 35 which are within 
T. 16 S., R. 19 E. However, the centerline of the existing 40 foot wide paved roadway is 
located approximately 40 feet south of the township line and within T. 17 S., R. 19 E.   
Also, from documents provided by Imperial County that show the portion of the ROW that 
the State of California (Caltrans) relinquished to Imperial County for the County Road (old 
highway), it appears that the northernmost 150 feet of the 400 foot wide County Road 
ROW is located within Sections 32, 33, 34 and 35 of T. 16 S., R. 19 E. and the remainder 
250 feet of width is located within Sections 1, 2, 3 ad 4 of T. 17 S., R. 19 E.   

The length of the Reach 5 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   This would comprise the south 400 feet of Sections 33, 34 and 35 and the 
south 400 feet of the west half of the southeast quarter of Section 32 (T. 16 S., R. 19 E).  
Approximately 150 feet of the 400 foot wide inlet canal ROW will comprise a portion of the 
400 foot wide ROW that the State of California (Caltrans) relinquished to Imperial County.  
This will require that Imperial County relinquish the northernmost 150 feet of their 400 foot 
wide ROW to the federal Government (Reclamation).  An additional 50 foot wide strip of 
land will be required to provide the required 400 foot ROW for this reach of the inlet canal.  
The length of the Reach 5 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   Reach 5 is located entirely within Sections 32, 33, 34 and 35 of T. 16 S.,  
R. 19 E. 

Reach 6 
Reach 6 of the inlet canal ROW will comprise the east 400 feet of the west half of the 
southeast quarter of Section 32.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 6 inlet canal ROW is approximately 2,600 feet and the 
width is 400 feet.   Reach 6 is located entirely within Section 32, T. 16 S., R. 19 E. 

Reach 7 
The centerline of the Reach 7 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 7 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 7 of the inlet canal ROW is 
approximately 400 feet and the width is 400 feet.  Reach 7 will be located entirely on 
Reclamation Withdrawn lands and within Section 32.   

A layout of the alignment of the proposed inlet canal under Alternative No. 4 is provided in 
Plate B-4. 

PRELIMINARY DESCRIPTION OF FACILITIES: 
Two option(s) will be considered for Alternative Alignment No. 4.  Each option will occupy 
the same general alignment noted above but will comprise different types of facilities.   
Table B-5 notes the facility types considered in each option. 
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Table B-5 
Summary of Alternative No. 4 Alignment and Options 

Option A Option B 
Reach 

No. 
Length 

(ft) Location Orientation 
Facility 
Type 

Facility 
Type General Description 

1 3,800 Sec 31 400 foot strip north & parallel 
to dirt road 

Canal Canal 

2 2,000 Sec 31 west 400 feet of  SW 1/4 of 
Section 31 

Canal Canal 

3 5,280 E-W on 1/2 
Sec Ln 36 

north 400 feet of south 1/2 of 
Section 36 

One 
Barrel 

Canal 

4 2,600 Sec 35 east 400 feet of SE 1/4 of 
Sec 35 

Canal Canal 

5 17,160 Secs 35, 34, 
33, 32 

400 foot strip located 
north/parallel to County 
Road ROW (adjacent to 

ROW) 

Canal Canal 

6 2,600 N-S w/in 
Sec 32 

east 400 feet of west 1/2 of 
SE1/4 of Sec 32 

Canal Canal 

7 400 E-W on 1/2 
Sec Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 

Canal Canal 

Portion of ROW located within 
Section 36 crosses Section 36 
along the east-west half section 
line.  This portion of the ROW 
occupies the north 400 feet of the 
south half of Section 36.  The 
portion of the ROW within Sections 
35, 34,33, and 32 would be located 
to the north side (an outside) the 
County Road ROW. 
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ALTERNATIVE ALIGNMENT NO.  5 

ALIGNMENT DESCRIPTION  
Alternative Alignment No. 5 extends from the proposed Drop 2 Reservoir Inlet Canal 
Turnout to the Drop 2 Reservoir.  This alignment strives to avoid impacts to the developed 
lands within Section 36 by circumventing all of Section 36.  The alignment drops back 
down towards the County Road and then proceeds in a westerly direction.  The inlet canal 
right-of-way (ROW) for the portion that parallels the County Road (within Sections 32, 33, 
34 and 35) is situated on the north side and immediately adjacent to the County Road 
ROW.  The alignment for this alternative will comprise seven reaches which are described 
as follows: 

Reach 1 
The starting point for this alternative and Reach 1 is located on the alignment of the old 
(unlined) Coachella Canal and is situated some 300 feet north of the turnout and All-
American Canal (located within Section 31 T. 16S, R. 19E).  From this starting point, the 
inlet canal alignment proceeds in a southwest direction and approximately 3,200 feet to 
the west section line of Section 31.  The right-of-way width required for this initial reach is 
400 feet.  This right-of-way will be generally be located north and parallel to the unpaved 
access road that extends from the intersection of Gordon’s Well Road and County Road 
(Evan Hewes Highway) to the Drop 1 site.   The terminus for this reach is located near the 
intersection of the unpaved access road and the west section line of Section 31. Reach 1 
of this alternative alignment is located entirely within Section 31, T. 16 S., R. 20 E. 

Reach 2 
The starting point for Reach 2 is located near the intersection of unpaved access road that 
extends from the intersection of Gordon’s Well Road and County Road (Evan Hewes 
Highway) to the Drop 1 site with the west section line of Section 31.  From this point the 
alignment turns north, and will comprise the west 400 feet of Section 31.  The limits of this 
reach will be from the terminus point of Reach 1 to the north section line of Section 31.  
The length of Reach 2 inlet canal ROW is approximately 2,600 feet and the width is 400 
feet.   Reach 2 is located entirely within Section 31, T. 16 S., R. 20 E. 

Reach 3 
The ROW for Reach 3 of the inlet canal ROW will comprise the south 400 feet of  Section 
25 and two 400 feet by 400 feet parcels, one of which will be located in the southwest 
corner of Section 30 and the other in the southeast corner of Section 26.  The Reach 3 
ROW will be located entirely within Reclamation Withdrawn lands.  The length of the 
Reach 3 inlet canal ROW is approximately 5,680 feet and the width is 400 feet.   Reach 3 
is mostly located within Section 25, T. 16 S., R. 19 E.  One 400 foot by 400 foot parcel will 
be located within Section 30, T. 16 S., R. 20 E. and a similar size parcel will be located 
within Section 26, T. 16 S., R. 19 E. 

Reach 4 
The ROW for Reach 4 of the inlet canal ROW will comprise the east 400 feet of Section 
35.  This ROW will be entirely within Reclamation Withdrawn lands. The length of the 
Reach 4 inlet canal ROW is approximately 5,280 feet and the width is 400 feet.   Reach 4 
is located entirely within Section 35, T. 16 S., R. 19 E. 
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Reach 5 
Reach 5 of the inlet canal ROW will be situated on the north side and generally parallel to 
the County Road.  Reach 5 is located within Sections 32, 33, 34 and 35 which are within 
T. 16 S., R. 19 E. However, the centerline of the existing 40 foot wide paved roadway is 
located approximately 40 feet south of the township line and within T. 17 S., R. 19 E.   
Also, from documents provided by Imperial County that show the portion of the ROW that 
the State of California (Caltrans) relinquished to Imperial County for the County Road (old 
highway), it appears that the northernmost 150 feet of the 400 foot wide County Road 
ROW is located within Sections 32, 33, 34 and 35 of T. 16 S., R. 19 E. and the remainder 
250 feet of width is located within Sections 1, 2, 3 ad 4 of T. 17 S., R. 19 E.   

The length of the Reach 5 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   This would comprise the south 400 feet of Sections 33, 34 and 35 and the 
south 400 feet of the west half of the southeast quarter of Section 32 (T. 16 S., R. 19 E).  
Approximately 150 feet of the 400 foot wide inlet canal ROW will comprise a portion of the 
400 foot wide ROW that the State of California (Caltrans) relinquished to Imperial County.  
This will require that Imperial County relinquish the northernmost 150 feet of their 400 foot 
wide ROW to the federal Government (Reclamation).  An additional 50 foot wide strip of 
land will be required to provide the required 400 foot ROW for this reach of the inlet canal.  
The length of the Reach 5 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   Reach 5 is located entirely within Sections 32, 33, 34 and 35 of T. 16 S.,  
R. 19 E. 

Reach 6 
Reach 6 of the inlet canal ROW will comprise the east 400 feet of the west half of the 
southeast quarter of Section 32.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 6 inlet canal ROW is approximately 2,600 feet and the 
width is 400 feet.   Reach 6 is located entirely within Section 32, T. 16 S., R. 19 E. 

Reach 7 
The centerline of the Reach 7 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 7 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 7 of the inlet canal ROW is 
approximately 400 feet and the width is 400 feet.  Reach 7 will be located entirely on 
Reclamation Withdrawn lands and within Section 32.   

A layout of the alignment of the proposed inlet canal under Alternative No. 5 is provided in 
Plate B-5. 

PRELIMINARY DESCRIPTION OF FACILITIES: 
Only one option will be considered for Alternative Alignment No. 5.  This alternative 
considers a canal for the entire length of the conveyance facility.  Table B-6 provides a 
summary of this alternative. 
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Table B-6 
Summary of Alternative No. 5 Alignment and Options 

Reach 
No. 

Length 
(ft) Location Orientation Facility Type General Description 

1 3,200 Sec 31 400 foot strip estending 
northwest from the turnout 

Canal 

2 2,600 Sec 31 west 400 feet of NW Sec 31 Canal 
3 5,680 Sec 25 south 400 feet of Sec 25 Canal 
4 5,280 Sec 35 east 400 feet of Sec 35 Canal 
5 17,160 Secs 35, 

34, 33, 
32 

400 foot strip located 
north/parallel to County Road 

ROW (adjacent to ROW) 

Canal 

6 2,640 N-S w/in 
Sec 32 

east 400 feet of west 1/2 of 
SE1/4 of Sec 32 

Canal 

7 400 E-W on 
1/2 Sec 
Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 

Canal 

Section 36 is completely circumvented.  
ROW is located along the outside east, north, 
and west perimeter lines of Section 36. The 
portion of the ROW within Sections 35, 34,33, 
and 32 would be located to the north side (an 
outside) the County Road ROW. 
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ALTERNATIVE ALIGNMENT NO. 6 

ALIGNMENT DESCRIPTION  
Alternative Alignment No. 6 extends from the proposed Drop 2 Reservoir Inlet Canal 
Turnout to the Drop 2 Reservoir.  The entire ROW for this alternative alignment will be 
located within Reclamation Withdrawn lands.  The alignment strives to avoid impacts to 
the developed lands within Section 36, environmentally sensitive lands, and to the County 
Roadway by locating a large portion of the alignment on the south side of I-8, generally 
between and parallel to the All-American Canal and I-8.  This will require two crossings of 
the County Road and I-8.  This alternative alignment will comprise six reaches which are 
described as follows: 

Reach 1 
The starting point for this alternative and Reach 1 is located on the alignment of the old 
(unlined) Coachella Canal and is situated some 300 feet north of the turnout and All-
American Canal (located within Section 31 T. 16S, R. 20E).  From this starting point, the 
inlet canal ROW alignment proceeds in a southwest direction and approximately 3,800 
feet to the County Road (Evan Hewes Highway).  The ROW width required for this initial 
reach is 400 feet.  This ROW will be generally located north and parallel to the unpaved 
access road that extends from the intersection of Gordon’s Well Road and the County 
Road to the Drop 1 site.   The terminus for this reach is located near the intersection of the 
east section line of Section 36 and the County Road.   

Reach 2 
The starting point for Reach 2 is near the intersection of the County Road (Evan Hewes 
Highway) and the west section line of Section 31 (located within Section 31 T. 16S, R. 
20E).  The ROW will comprise a 400 foot wide strip that extends south from this starting 
point and lies adjacent and east of a southerly extension of the west section line of 
Section 31.  The length of the Reach 2 inlet canal ROW is approximately 1,200 feet.  
Reach 2 begins in Section 31 and terminates within Section 2.   

The Reach 2 inlet canal ROW will cross the County Road and I-8 ROWs.  The County 
Road crossing will comprise a pipe or bridge crossing.  The crossing of the I-8 ROW will 
require a tunnel (pipeline) beneath all or most of the I-8 ROW.  An encroachment permit 
will be required from the County for the County Road crossing.  An encroachment permit 
will be required from the State of California (Caltrans) for the I-8 crossing. The remainder 
of the ROW lands outside the County and I-8 ROWs are Reclamation Withdrawn lands.  

Reach 3 
Reach 3 of the inlet canal ROW alignment will be located within the stretch of land that 
lies between the All-American Canal and I-8.  The starting point for this reach is the 
southerly extension of the west section line of Section 36 and the terminus point is the 
southerly extension of the west line of the west half of the southeast quarter of Section 32.  
The starting point is also located approximately 800 feet south of the north section line of 
Section 6.  From this point of beginning, the ROW centerline for the inlet canal alignment 
extends west approximately 22,800 feet, within the area bound by the All-American Canal 
on the south and I-8 freeway on the north.  The centerline of this inlet canal is situated 
south and on an offset of approximately 250feet from the south ROW line of I-8.   The 
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ROW is located within Sections 6, 1, 2, and 3 of T. 17 S., R19, E.  The terminus point of 
the centerline of the Reach 3 inlet canal ROW is located approximately 800 feet south of 
the north section line of Section 4 and approximately 2,400 feet east of the west section 
line of Section 4.  The ROW width required for Reach 3 is 400 feet.  The entire ROW for 
Reach 3 lies within Reclamation Withdrawn Lands.   

Reach 4 
Reach 4 of the inlet canal ROW alignment will comprise a 1,200 foot long by 400 foot wide 
strip that extends north from the terminus point of Reach 3.  The 400 foot wide ROW will 
lay adjacent to and west of the southerly extension of the west line of the west half of the 
southeast quarter of Section 32.  The Reach 4 point of beginning is also is generally 
located approximately 800 feet south of the north section line of Section 4 and 2,400 feet 
east of the west section line of Section 4.  The terminus point is on the north section line 
of Section 4. 

The Reach 4 inlet canal ROW will cross the I-8 and County Road ROWs.  The crossing of 
the I-8 ROW will require a tunnel (pipeline) beneath all or most of the I-8 ROW.  The 
County Road crossing will comprise a pipe or bridge crossing. An encroachment permit 
will be required from the State of California (Caltrans) for the I-8 crossing. An 
encroachment permit will be required from the County for the County Road crossing.  The 
remainder of the ROW lands outside the County and I-8 ROWs are Reclamation 
Withdrawn lands.   All of  Reach 4 of the inlet canal ROW alignment is located within 
Section 4, T. 17 S., R. 19 E. 

Reach 5 
Reach 5 of the inlet canal ROW will comprise the east 400 feet of the west half of the 
southeast quarter of Section 32.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 5 inlet canal ROW is approximately 2,640 feet and the 
width is 400 feet.   Reach 5 is located entirely within Section 32, T. 16 S., R. 19 E. 

Reach 6 
The centerline of the Reach 6 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 6 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 6 of the inlet canal ROW is 
approximately 400 feet and the width is 400 feet.  Reach 6 will be located entirely on 
Reclamation Withdrawn lands and within Section 32, T. 16 S., R. 19 E.   

A layout of the alignment of the proposed inlet canal under Alternative No. 6 is provided in 
Plate B-6. 

PRELIMINARY DESCRIPTION OF FACILITIES: 
Only one option will be considered for Alternative Alignment No. 6.  This alternative 
consists primarily of a canal.  The exception are proposed large diameter pipes that will be 
used to achieve the two crossings of I-8 (Reaches 2 and 4).  Table B-7 provides a 
summary of this alternative. 
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Table B-7 
Summary of Alternative No. 6 Alignment and Options 

Reach 
No. 

Length 
(ft) Location Orientation Facility Type General Description 

1 3,800 Sec 31 400 foot strip north & parallel to dirt 
road 

Canal 

2 1,200 Sec 31, 6 400 foot strip.  Parallel and east of 
east section line of Section 31 

Pipeline 

3 22,800 Sec 6, 1, 
2, 3, 4 

400 foot strip.  Parallel to All-
American 

Canal 

Canal 

4 1,200 Sec 4, 32 400 foot strip.  Parallel and east of 
east 

section line of Section 33 

Pipeline 

5 2,640 Secs  32 400 foot strip.  Parallel and east of 
east 

section line of Section 33 

Canal 

6 400 Secs , 32 400 foot strip located on south side 
of 

east-west ½ section line of Sec 32 

Canal 

A 400 foot wide right of way is required 
for Alternative 6.  The ROW will lie 
entirely within Reclamation Withdrawn 
Land.  The ROW for the alignment will 
cross County Road and the I-8 freeway 
in two places.  
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ALTERNATIVE ALIGNMENT NO.  7 

ALIGNMENT DESCRIPTION  
Alternative Alignment No. 7 extends from the proposed Drop 2 Reservoir Inlet Canal 
Turnout to the Drop 2 Reservoir.  This alignment strives to avoid impacts to the developed 
lands within Section 36 by generally following the alignment of a previously abandoned 
canal.  The alignment is located parallel and on an approximately ½ mile offset to and 
north of the County Road.  This ROW alignment generally follows the half section lines of 
Section 36, 35, 34, and 33. The alignment for this alternative will comprise four reaches 
which are described as follows: 

Reach 1 
The starting point for this alternative and Reach 1 is located on the alignment of the old 
(unlined) Coachella Canal and is situated some 300 feet north of the turnout and All-
American Canal (located within Section 31 T. 16S, R. 19E).  From this starting point, the 
inlet canal alignment proceeds in a west by northwest direction and approximately 3,000 
feet to a point that coincides with the northwest corner of the southwest quarter of Section 
31.  The right-of-way width required for this initial reach is 400 feet.  Reach 1 of this 
alternative alignment is located entirely within Section 31, T. 16 S., R. 20 E. 

Reach 2 
The ROW for Reach 2 of the inlet canal ROW will comprise the north 400 feet of the south 
half of Section 36.  The limits of this ROW will be the east and west section lines of 
Section 36. This ROW will traverse some 7 privately owned parcels.  The length of the 
Reach 2 inlet canal ROW is approximately 5,280 feet and the width is 400 feet.   Reach 2 
is located entirely within Section 36, T. 16 S., R. 19 E. 

Reach 3 
The ROW for Reach 3 of the inlet canal ROW will comprise the north 400 feet of the south 
half of Sections 35, 34 and 33.  The limits of this ROW are the east section line of Section 
35 and the west section line of Section 33.  This ROW will traverse some three sections of 
land that are within the Flat Tailed Horned Lizard Management Area.  The length of the 
Reach 3 inlet canal ROW is approximately 15,840 feet and the width is 400 feet.   Reach 
3 will be located within Sections 35, 34 and 33 of T. 16 S., R. 19 E. 

Reach 4 
The centerline of the Reach 4 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 4 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 4 of the inlet canal ROW is 
approximately 1,720 feet and the width is 400 feet.  Reach 4 will be located entirely on 
Reclamation Withdrawn lands and within Section 32.   
A layout of the alignment of the proposed inlet canal under Alternative No. 7 is provided in 
Plate B-7. 
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PRELIMINARY DESCRIPTION OF FACILITIES: 
Two option(s) will be considered for Alternative Alignment No. 7.  Each option will occupy 
the same general alignment noted above but will comprise different types of facilities.  
Table B-8 notes the facility types considered in each option. 

 
Table A-8 

Summary of Alternative No. 7 Alignment and Options 
Option A Option B Reach 

No. 
Length 

(ft) Location Orientation Facility Type Facility Type General Description 
1 3,000 Sec 31 west by northwest 

route from T.O. to NW 
corner of SW 1/4 of 

Sec 31 

Canal Canal 

2 5,280 Sec 36 north 400 feet of 
south 1/2 of Section 

36 

One Barrel Canal 

3 15,840 Secs 35, 34, 33 north 400 feet of 
south 1/2 of Secs 35, 

34, & 33 

Canal Canal 

4 1,720 E-W on 1/2 Sec 
Ln of 32 

along east-west 1/2 
Sec line of Sec 32 

Canal Canal 

All of alignment located 
along 1/2 section lines of 
Sections 36, 35, 34, 33, & 
32. 
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ALTERNATIVE ALIGNMENT NO. 8 

ALIGNMENT DESCRIPTION  
Alternative Alignment No. 8 extends from the proposed Drop 2 Reservoir Inlet Canal 
Turnout to the Drop 2 Reservoir.  This alignment strives to avoid impacts to the developed 
lands within Section 36 by circumventing the south half of Section 36.  The alignment 
drops back down towards the County Road and then proceeds in a westerly direction.  
The inlet canal right-of-way (ROW) for the portion that parallels the County Road (within 
Sections 32, 33, 34 and 35) is situated on the north side and immediately adjacent to the 
County Road ROW.  The alignment for this alternative will comprise seven reaches which 
are described as follows: 

Reach 1 
The starting point for this alternative and Reach 1 is located on the alignment of the old 
(unlined) Coachella Canal and is situated some 300 feet north of the turnout and All-
American Canal (located within Section 31 T. 16S, R. 19E).  From this starting point, the 
centerline of the inlet canal alignment proceeds northwest and follows the centerline of the 
old (unlined) Coachella Canal approximately 1,000 feet.  The terminus for this reach is 
located near the intersection of the old (unlined) Coachella Canal and the east-west half 
section line of Section 31.  The right-of-way width required for this initial reach is 400 feet.  
Reach 1 of this alternative alignment is located entirely within Section 31, T. 16 S., R. 20 
E. 

Reach 2 
The starting point for Reach 2 is located near the intersection of the old (unlined) 
Coachella Canal and the half section line of Section 31.  From this point the alignment 
travels west, and comprises the south 400 feet of the northwest quarter of Section 31.  
The limits of this reach will be from the terminus point of Reach 1 to west section line of 
Section 36.  The length of Reach 2 inlet canal ROW is approximately 3,000 feet and the 
width is 400 feet.   Reach 2 is located entirely within Section 31, T. 16 S., R. 20 E. 

 
Reach 3 
The ROW for Reach 3 of the inlet canal ROW will comprise the north 400 feet of the south 
half of Section 36.  This ROW will traverse some 7 privately owned parcels.  The length of 
the Reach 3 inlet canal ROW is approximately 5,280 feet and the width is 400 feet.   
Reach 3 is located entirely within Section 36, T. 16 S., R. 19 E. 

Reach 4 
The ROW for Reach 4 of the inlet canal ROW will comprise the east 400 feet of the 
southwest quarter of Section 35.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 4 inlet canal ROW is approximately 2,640 feet and the 
width is 400 feet.   Reach 4 is located entirely within Section 35, T. 16 S., R. 19 E. 

Reach 5 
Reach 5 of the inlet canal ROW will be situated on the north side and generally parallel to 
the County Road.  Reach 5 is located within Sections 32, 33, 34 and 35 which are within 
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T. 16 S., R. 19 E. However, the centerline of the existing 40 foot wide paved roadway is 
located approximately 40 feet south of the township line and within T. 17 S., R. 19 E.   
Also, from documents provided by Imperial County that show the portion of the ROW that 
the State of California (Caltrans) relinquished to Imperial County for the County Road (old 
highway), it appears that the northernmost 150 feet of the 400 foot wide County Road 
ROW is located within Sections 32, 33, 34 and 35 of T. 16 S., R. 19 E. and the remainder 
250 feet of width is located within Sections 1, 2, 3 ad 4 of T. 17 S., R. 19 E.   

The length of the Reach 5 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   This would comprise the south 400 feet of Sections 33, 34 and 35 and the 
south 400 feet of the west half of the southeast quarter of Section 32 (T. 16 S., R. 19 E).  
Approximately 150 feet of the 400 foot wide inlet canal ROW will comprise a portion of the 
400 foot wide ROW that the State of California (Caltrans) relinquished to Imperial County.  
This will require that Imperial County relinquish the northernmost 150 feet of their 400 foot 
wide ROW to the federal Government (Reclamation).  An additional 50 foot wide strip of 
land will be required to provide the required 400 foot ROW for this reach of the inlet canal.  
The length of the Reach 5 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   Reach 5 is located entirely within Sections 32, 33, 34 and 35 of T. 16 S., R. 19 
E. 

Reach 6 
Reach 6 of the inlet canal ROW will comprise the east 400 feet of the west half of the 
southeast quarter of Section 32.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 6 inlet canal ROW is approximately 2,600 feet and the 
width is 400 feet.   Reach 6 is located entirely within Section 32, T. 16 S., R. 19 E. 

Reach 7 
The centerline of the Reach 7 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 7 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 7 of the inlet canal ROW is 
approximately 400 feet and the width is 400 feet.  Reach 7 will be located entirely on 
Reclamation Withdrawn lands and within Section 32.   

A layout of the alignment of the proposed inlet canal under Alternative No. 8 is provided in 
Plate B-8. 

PRELIMINARY DESCRIPTION OF FACILITIES: 
Two option(s) will be considered for Alternative Alignment No. 8.  Each option will occupy 
the same general alignment noted above but will comprise different types of facilities.  
Table B-9 notes the facility types considered in each alternative. 
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Table B-9 
Summary of Alternative No. 8 Alignment and Options 

Reach 
No. 

Length 
(ft) Location Orientation Facility Type General Description 

1 1,000 
Sec 31 

400 foot strip with centerline 
that follows the centerline of 
abandoned Coachella Canal 

Canal 

2 3,000 
Sec 31 

400 foot strip along south 
side of east-west 1/2 Sec line 

of Sec 31 

Canal 

3 5,280 E-W on 1/2 
Sec Ln 36 

north 400 feet of south 1/2 of 
Section 36 

Canal 

4 2,640 Sec 35 east 400 feet of SE 1/4 of 
Sec 35 

Canal 

5 17,160 Secs 35, 34, 
33, 32 

400 foot strip located 
north/parallel to County Road 

ROW (adjacent to ROW) 

Canal 

6 2,600 N-S w/in Sec 
32 

east 400 feet of west 1/2 of 
SE1/4 of Sec 32 

Canal 

7 400 E-W on 1/2 
Sec Ln of 32 

along east-west 1/2 Sec line 
of Sec 32 

Canal 

Portion of ROW located within section 
31 follows centerline of old unlined 
Coachella Canal.  Portion of ROW 
located within section 31 also follows 
east-west ½ section line of Section 31. 
Portion of ROW located within Section 
36 crosses Section 36 along the east-
west half section line.  This portion of the 
ROW occupies the north 400 feet of the 
south half of Section 36.  The portion of 
the ROW within Sections 35, 34,33, and 
32 would be located to the north side (an 
outside) the County Road ROW. 
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ALTERNATIVE ALIGNMENT NO.  9 

ALIGNMENT DESCRIPTION  
Alternative Alignment No. 9 extends from the proposed Drop 2 Reservoir Inlet Canal 
Turnout to the Drop 2 Reservoir.  This alignment strives to avoid impacts to the developed 
lands within Section 36 by circumventing all of Section 36.  The alignment drops back 
down towards the County Road and then proceeds in a westerly direction.  The inlet canal 
right-of-way (ROW) for the portion that parallels the County Road (within Sections 32, 33, 
34 and 35) is situated on the north side and immediately adjacent to the County Road 
ROW.  The alignment for this alternative will comprise seven reaches which are described 
as follows: 

Reach 1 
The starting point for this alternative and Reach 1 is located on the alignment of the old 
(unlined) Coachella Canal and is situated some 300 feet north of the turnout and All-
American Canal (located within Section 31 T. 16S, R. 19E).  From this starting point, the 
centerline of the inlet canal alignment proceeds northwest and follows the centerline of the 
old (unlined) Coachella Canal approximately 3,800 feet.  The terminus for this reach is 
located near the intersection of the old (unlined) Coachella Canal and the south section 
line of Section 30 T. 16 S., R. 20 E.  The right-of-way width required for this initial reach is 
400 feet.  Reach 1 of this alternative alignment is located entirely within Section 31, T. 16 
S., R. 20 E. 

Reach 2 
The starting point for Reach 2 is located near the intersection of the old (unlined) 
Coachella Canal and the south section line of Section 30 T. 16 S., R. 20 E.  From this 
point the alignment travels west, and will comprise the south 400 feet of Section 30 T. 16 
S., R. 20 E.  The limits of this reach will be from the terminus point of Reach 1 to east 
section line of Section 25.  The length of Reach 2 inlet canal ROW is approximately 2,200 
feet and the width is 400 feet.   Reach 2 is located entirely within Section 30, T. 16 S., R. 
20 E. 

Reach 3 
The ROW for Reach 3 of the inlet canal ROW will comprise the south 400 feet of  Section 
25 and two 400 feet by 400 feet parcels, one of which will be located in the southwest 
corner of Section 30 and the other in the southeast corner of Section 26.  The Reach 3 
ROW will be located entirely within Reclamation Withdrawn lands.  The length of the 
Reach 3 inlet canal ROW is approximately 5,680 feet and the width is 400 feet.   Reach 3 
is mostly located within Section 25, T. 16 S., R. 19 E.  One 400 foot by 400 foot parcel will 
be located within Section 30, T. 16 S., R. 20 E. and a similar size parcel will be located 
within Section 26, T. 16 S., R. 19 E. 

Reach 4 
The ROW for Reach 4 of the inlet canal ROW will comprise the east 400 feet of Section 
35.  This ROW will be entirely within Reclamation Withdrawn lands. The length of the 
Reach 4 inlet canal ROW is approximately 5,280 feet and the width is 400 feet.   Reach 4 
is located entirely within Section 35, T. 16 S., R. 19 E. 
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Reach 5 
Reach 5 of the inlet canal ROW will be situated on the north side and generally parallel to 
the County Road.  Reach 5 is located within Sections 32, 33, 34 and 35 which are within 
T. 16 S., R. 19 E. However, the centerline of the existing 40 foot wide paved roadway is 
located approximately 40 feet south of the township line and within T. 17 S., R. 19 E.   
Also, from documents provided by Imperial County that show the portion of the ROW that 
the State of California (Caltrans) relinquished to Imperial County for the County Road (old 
highway), it appears that the northernmost 150 feet of the 400 foot wide County Road 
ROW is located within Sections 32, 33, 34 and 35 of T. 16 S., R. 19 E. and the remainder 
250 feet of width is located within Sections 1, 2, 3 ad 4 of T. 17 S., R. 19 E.   

The length of the Reach 5 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   This would comprise the south 400 feet of Sections 33, 34 and 35 and the 
south 400 feet of the west half of the southeast quarter of Section 32 (T. 16 S., R. 19 E).  
Approximately 150 feet of the 400 foot wide inlet canal ROW will comprise a portion of the 
400 foot wide ROW that the State of California (Caltrans) relinquished to Imperial County.  
This will require that Imperial County relinquish the northernmost 150 feet of their 400 foot 
wide ROW to the federal Government (Reclamation).  An additional 50 foot wide strip of 
land will be required to provide the required 400 foot ROW for this reach of the inlet canal.  
The length of the Reach 5 inlet canal ROW is approximately 17,160 feet and the width is 
400 feet.   Reach 5 is located entirely within Sections 32, 33, 34 and 35 of T. 16 S.,  
R. 19 E. 

Reach 6 
Reach 6 of the inlet canal ROW will comprise the east 400 feet of the west half of the 
southeast quarter of Section 32.  This ROW will be entirely within Reclamation Withdrawn 
lands. The length of the Reach 6 inlet canal ROW is approximately 2,640 feet and the 
width is 400 feet.   Reach 6 is located entirely within Section 32, T. 16 S., R. 19 E. 

Reach 7 
The centerline of the Reach 7 inlet canal ROW alignment will follow the north quarter 
section line of the southeast quarter of Section 32.  The limits of Reach 7 are the 
northeast corner of the west half of the southeast quarter of Section 32 and the inlet 
structure to the Drop 2 Reservoir.  The length of Reach 7 of the inlet canal ROW is 
approximately 400 feet and the width is 400 feet.  Reach 7 will be located entirely on 
Reclamation Withdrawn lands and within Section 32.   

A layout of the alignment of the proposed inlet canal under Alternative No. 9 is provided in 
Plate B-9. 

PRELIMINARY DESCRIPTION OF FACILITIES: 
Only one option will be considered for Alternative Alignment No. 9.  The alternative 
considers a canal for the entire conveyance faculty.  Table B-10 provides a summary of 
the different reaches for this alternative. 
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Table B-10 
Summary of Alternative No. 9 Alignment 

Reach 
No. 

Length 
(ft) Location Orientation 

Facility 
Type General Description 

1 3,800 Sec 31 400 foot strip with centerline that 
follows the centerline of 

abandoned Coachella Canal 

Canal 

2 2,200 Sec 31 400 foot strip north and parallel to 
the south section line of Sec 30 

Canal 

3 5,680 Sec 36 south 400 feet of Sec 25 Canal 
4 5,280 Sec 35 east 400 feet of Sec 35 Canal 
5 17,160 Secs 35, 34, 

33, 32 
400 foot strip located north/parallel 
to County Road ROW (adjacent to 

ROW) 

Canal 

6 2,640 N-S w/in Sec 
32 

east 400 feet of west 1/2 of SE1/4 
of Sec 32 

Canal 

7 400 E-W on 1/2 
Sec Ln of 32 

along east-west 1/2 Sec line of 
Sec 32 

Canal 

Portion of ROW located within section 
31 follows centerline of old unlined 
Coachella Canal. Portion of ROW 
located within section 30 follows the 
south section line of Sec 30.  Section 
36 is completely circumvented.  ROW 
is located along the outside east, north, 
and west perimeter lines of Section 36. 
The portion of the ROW within Sections 
35, 34,33, and 32 would be located to 
the north side (an outside) the County 
Road ROW. 
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SIZING AND DESIGN CRITERIA 
 

Listed below is design criteria used in the sizing and configuration of the different 
conveyance systems and facilities considered in the different inlet canal alternative 
alignments.  

Canal Design  
1. Design flow (Q) = 1,800 cfs 
2. Maximum design velocity = 4 fps 
3. Manning's friction coefficient ("n") = 0.015 
4. Minimum canal side slopes = 2H:1V  
5. Minimum canal bottom width (b) = 14.1*logQ-32.9 
6. Minimum ratio of canal bottom width to water depth (b/H) = 1.3 
7. Total canal freeboard (HB) = 2.02*logQ - 2.5 

Where: The total freeboard is the difference between the top of the bank height and 
normal water surface elevation. The normal water surface is the top of water 
surface elevation at design flow. 

8. Canal concrete lining height above normal water surface level (HL) = 1.15*logQ - 1.85 
9. Minimum canal concrete lining thickness (t) = 3.5 inches 

Note: This thickness assumes the concrete lining will be underplayed with a 60 mil 
HDPE lining  

10. O&M roads will be constructed on both sides of the canal.  Minimum road width is 20 feet 
and will include 6 inch gravel surfacing. 

11. For excavations, minimum cut slope = 2H:1V 
Steel Pipe Design  

1. Design flow (Q) = 1,800 cfs 
2. Design velocity = 5 to 10 fps 
3. Manning's friction coefficient ("n") = 0.013 
4. For pipe systems, use "B" class pipe, unless otherwise specified 
5. Minimum pipe cover is 5 feet with 90 percent compacted backfill where pipe crosses or 

parallels a road 
6. Use liner plate or pipe jacking with where pipe crosses roadways. Extend liner plate or 

pipe jacking minimum 13 feet beyond right of way limits.  Minimum cover is 5 feet. 
7. Use "A" class pipe and 3-ft of cover where pipe transverses farmer's fields/desert terrain. 
8. Minimum trench width (WP) = (1/12)*(1.167*ID+36) 

Where: ID = inside pipe diameter  
12. For excavations, minimum cut slope = 2H:1V 

Box Conduit Design  
1. Design flow (Q) = 1,800 cfs 
2. Design velocity = 5 to 10 fps  
3. Manning's friction coefficient ("n") = 0.013 
4. For excavations, minimum cut slope = 2H:1V 
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HYDRAULIC ANALYSIS 
Methodology 

Hydraulic losses for each facility type were calculated using derivations of Manning’s 
equation and the Energy Equation (Bernoulli’s equation). The facilities were sized to 
convey a design flow of 1800 cfs.   

 

Manning’s Equation (Eqn. 1);  Bernoulli’s Equation (Eqn. 2); 

Q = (1.486/n) * A * R0.66 * S0.5  
Where: 
 Q = Flow (cfs) 
 n = Coefficient (Manning’s) 
 A = Flow Area (ft2) 
 R = Hydraulic Radius (ft), and  
 S = Facility Slope (ft/ft). 

 E = z + (P/62.4) + (V2/2g) 
Where: 
 E = Total Energy (ft*lb/lb) 
 z = Elevation Head (ft) 
 P = Pressure (lb/ft2) 
 V = Velocity (fps), and  
 g = Gravitational Acceleration   (ft/s2). 

 

   

The energy losses across each facility type that were considered in the analyses 
included the respective facility entrance losses, friction losses, and exit losses.  

For pipeline and box conduit segments, the different losses were calculated using the 
following equations: 

Entrance Losses; 

hent = Kent * V2/2g  ,   Kent = 0.3 for box , 0.4 for pipe (Eqn. 3) 
Where: 
             hen  =   Entrance losses (ft) 

Kent =  Entrance Loss Coefficient 
V    =  Velocity (fps) 
g    =  Gravitational Acceleration 

                (ft/s2). 

 
Friction Losses; 

hf = (29n2L/R1.33) * (V2/2g)  (Eqn. 4) 
Where: 

  hf  =  Friction Losses (ft) 
  n  =  Coefficient (Manning’s) 
  L  =  Facility Length (ft) 
 R  =  Hydraulic Radius (ft)  
 V  =  Velocity (fps)  

 g   =  Gravitational Acceleration (ft/s2) 
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Exit Losses; 

              hexit  = Kexit * V2/2g  ,   Kexit = 0.5 for box , 0.7 for pipe  (Eqn. 5) 
Where: 
             hexit  =   Exit losses (ft) 

Kexit =  Exit Loss Coefficient 
V    =  Velocity (fps) 
g     =  Gravitational Acceleration (ft/s2) 

 

For canal segments, energy losses were calculated using Manning’s equation.  Canal 
parameters such as size and geometry were input into Manning’s equation along with 
the target flow rate to determine a required slope.  Given the slope required to pass the 
desired flow, energy loss was calculated as the change in elevation over the length of 
the canal segment.    

A spread sheet model was used to calculate the sum of the head losses of the individual 
conveyance system components and to evaluate the hydraulic profile across the system.  
The anticipated worst case operating condition was used to size all of the facilities.  This 
condition assumes that the water surface elevation in the All-American Canal 
immediately upstream of Drop 1 (source) is at the bottom of its operating range (1157.5 
feet) and the water surface elevation of the Drop 2 Reservoir is at the top of its operating 
range (1155.00 feet).  The individual facility sizing for each system component was 
varied to reduce the individual system component headloss accordingly to achieve the 
target hydraulic gradeline (HGL) of 1155.00 feet at the terminus point of the inlet canal 
system.  This was done independently for each alternative alignment.  In most instances, 
several iterations of this process were needed to arrive at the final sizing for the different 
system components. 

Results 
Given the above hydraulic analyses approach, the combinations of facility types and 
sizes that were determined to be needed to convey a design flow of 1,800 cfs under 
each respective inlet canal alternative alignment are listed in Table D-1.  The hydraulic 
loss calculations for each alternative alignment are provided in Tables D-2 to D-13 per 
the following index. 

 
Table Alternative Alignment Page 

D-1 Drop 2 Conveyance Facility Sizes 3 of 10 

D-2 1A 4 of 10 

D-3 1B 4 of 10 

D-4  2A 5 of 10 

D-5 2B 5 of 10 

D-6 3A 6 of 10 

D-7 3B 6 of 10 

D-8 4A 7 of 10 
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Table Alternative Alignment Page 

D-9 4B 7 of 10 

D-10 5A 8 of 10 

D-11 6A 8 of 10 

D-12 7A 9 of 10 

D-13 7B 9 of 10 

D-14 8A 10 of 10 

D-15 9A 10 of 10 
 

.  
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Table D-1 

Drop 2 Inlet Conveyance Facility Sizes 

Alignment  

Canal Size  

(base x WS depth, slope) 

Box Conduit Barrel Size  

(base x height) (A) 

Pipeline Size  

(diameter) (B) 

        

1A 20’ x 15.4’ canal (s=.000031) 13’ x 13’    

1B 17.5’ x 13.5’ canal (s=.000062)     

       

2A 20’ x 15.4’ canal (s=.000031) 13’ x 13’    

2B 17.5’ x 13.5’ canal (s=.000062)     

       

3A 20’ x 15.4’ canal (s=.000031) 13’ x 13’    

3B 17.5’ x 13.5’ canal (s=.000062)     

       

4A 18' x 13.8' canal (s=.000054)     

4B 19.5' x 15' canal (s=.000035) 14' x 14'    

       

5A 18.5' x 14.2' canal (s=.000046)     

       

6A 22.5' x 17.3' canal (s=.000016)   13'  

       

7A 17.5' x 13.5' canal (s=.000062)     

7B 18.5' x 14.2' canal (s=.000046) 14' x 14'    

        

8A 18'x13.8' canal (s=.000054)     

       

9A 18.5' x 14.2' canal (s=.000046)     
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Table D-2 
Hydraulic Loss Calculations for Alignment 1A 

Alignment 1A 

Reach Length 
(ft) 

Facility Type Initial HGL 
(ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance 
Loss (ft) 

Friction Loss 
(ft) 

Exit 
Loss (ft) 

Total Energy Loss 
(ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 2.30 0.08 N/A 0.12 N/A 0.12 1156.92 

2 5,280 Box Conduit  1156.92 3.55 0.20 0.06 1.06 0.10 1.21 1155.71 

3 17,160 Canal 1155.71 2.30 0.08 N/A 0.53 N/A 0.53 1155.18 

4 2,600 Canal 1155.18 2.30 0.08 N/A 0.08 N/A 0.08 1155.10 

5 400 Canal 1155.10 2.30 0.08 N/A 0.01 N/A 0.01 1155.09 

Exit Structure 30 Transition 1155.09 2.30 0.08 0.08 N/A N/A 0.08 1155.01 

 

 

Table D-3 
Hydraulic Loss Calculations for Alignment 1B 

Alignment 1B 

Reach Length 
(ft) 

Facility 
Type 

Initial HGL 
(ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance Loss 
(ft) 

Friction 
Loss (ft) 

Exit 
Loss (ft) 

Total Energy Loss 
(ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 3.01 0.14 N/A 0.24 N/A 0.24 1156.80 

2 5,280 Canal 1156.80 3.01 0.14 N/A 0.33 N/A 0.33 1156.47 

3 17,160 Canal 1156.47 3.01 0.14 N/A 1.07 N/A 1.07 1155.40 

4 2,600 Canal 1155.40 3.01 0.14 N/A 0.16 N/A 0.16 1155.24 

5 400 Canal 1155.24 3.01 0.14 N/A 0.02 N/A 0.03 1155.21 

Exit Structure 30 Transition 1155.21 3.01 0.14 0.14 N/A N/A 0.14 1155.07 

 



                                                                       
Attachment D                                                                  Hydraulic Analysis Methods and Results 
 

 Page 6 of 11 December 14, 2005 
 

Table D-4 
Hydraulic Loss Calculations for Alignment 2A 

Alignment 2A 

Reach 
Length 

(ft) 
Facility 
Type 

Initial HGL 
(ft) 

Velocity 
(fps) 

Velocity Head 
(ft) 

Entrance Loss 
(ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy Loss 
(ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 2.30 0.08 N/A 0.12 N/A 0.12 1156.92 

2 5,280 
Box 

Conduit  1156.92 3.55 0.20 0.06 1.06 0.10 1.21 1155.71 

3 150 Canal 1155.71 2.30 0.08 N/A 0.00 N/A 0.00 1155.71 

4 17,160 Canal 1155.71 2.30 0.08 N/A 0.53 N/A 0.53 1155.18 

5 2,600 Canal 1155.18 2.30 0.08 N/A 0.08 N/A 0.08 1155.10 

6 400 Canal 1155.10 2.30 0.08 N/A 0.01 N/A 0.01 1155.09 

Exit Structure 30 Transition 1155.09 2.30 0.08 0.08 N/A N/A 0.08 1155.00 

 

Table D-5 
Hydraulic Loss Calculations for Alignment 2B 

Alignment 2B 

Reach 
Length 

(ft) 
Facility 
Type 

Initial 
HGL (ft) 

Velocity 
(fps) 

Velocity Head 
(ft) 

Entrance Loss 
(ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy Loss 
(ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 3.01 0.14 N/A 0.24 N/A 0.24 1156.80 

2 5,280 Canal 1156.80 3.01 0.14 N/A 0.33 N/A 0.33 1156.47 

3 150 Canal 1156.47 3.01 0.14 N/A 0.01 N/A 0.01 1156.46 

3 17,160 Canal 1156.46 3.01 0.14 N/A 1.07 N/A 1.07 1155.39 

4 2,600 Canal 1155.39 3.01 0.14 N/A 0.16 N/A 0.16 1155.23 

5 400 Canal 1155.23 3.01 0.14 N/A 0.02 N/A 0.03 1155.20 

Exit Structure 30 Transition 1155.20 3.01 0.14 0.14 N/A N/A 0.14 1155.06 
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Table D-6 
Hydraulic Loss Calculations for Alignment 3A 

Alignment 3A 

Reach 
Length 

(ft) Facility Type 
Initial HGL 

(ft) 
Velocity 

(fps) 
Velocity Head 

(ft) 
Entrance Loss 

(ft) 
Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy Loss 
(ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 2.30 0.08 N/A 0.12 N/A 0.12 1156.92 

2 5,280 Box Conduit  1156.92 3.55 0.20 0.06 1.06 0.10 1.21 1155.71 

3 17,160 Canal 1155.71 2.30 0.08 N/A 0.53 N/A 0.53 1155.18 

4 2,600 Canal 1155.18 2.30 0.08 N/A 0.08 N/A 0.08 1155.10 

5 400 Canal 1155.10 2.30 0.08 N/A 0.00 N/A 0.00 1155.10 

Exit Structure 30 Transition 1155.10 2.30 0.08 0.08 N/A N/A 0.08 1155.02 

 
 

Table D-7 
Hydraulic Loss Calculations for Alignment 3B 

Alignment 3B 

Reach 
Length 

(ft) 
Facility 
Type 

Initial 
HGL (ft) 

Velocity 
(fps) 

Velocity Head 
(ft) 

Entrance Loss 
(ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy Loss 
(ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 3.01 0.14 N/A 0.24 N/A 0.24 1156.80 

2 5,280 Canal 1156.80 3.01 0.14 N/A 0.33 N/A 0.33 1156.47 

3 17,160 Canal 1156.47 3.01 0.14 N/A 1.07 N/A 1.07 1155.40 

4 2,600 Canal 1155.40 3.01 0.14 N/A 0.16 N/A 0.16 1155.24 

5 400 Canal 1155.24 3.01 0.14 N/A 0.02 N/A 0.03 1155.21 

Exit Structure 30 Transition 1155.21 3.01 0.14 0.14 N/A N/A 0.14 1155.07 
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Table D-8 
Hydraulic Loss Calculations for Alignment 4A 

Alignment 4A 

Reach Length 
(ft) 

Facility Type Initial HGL 
(ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance Loss 
(ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy Loss 
(ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 2.42 0.09 N/A 0.13 N/A 0.13 1156.91 

2 2,000 Canal 1156.91 2.42 0.09 N/A 0.07 N/A 0.07 1156.84 

3 5,280 Box Conduit  1156.84 3.06 0.15 0.04 0.71 0.07 0.83 1156.01 

4 2,600 Canal 1156.01 2.42 0.09 N/A 0.13 N/A 0.13 1155.88 

5 17,160 Canal 1155.88 2.42 0.09 N/A 0.51 N/A 0.51 1155.37 

6 2,600 Canal 1155.37 2.42 0.09 N/A 0.09 N/A 0.09 1155.28 

7 400 Canal 1155.28 2.42 0.09 N/A 0.01 N/A 0.01 1155.26 

Exit Structure 30 Transition 1155.26 2.42 0.09 0.09 N/A N/A 0.09 1155.17 

 
Table D-9 

Hydraulic Loss Calculations for Alignment 4B 
Alignment 4B 

Reach Length 
(ft) 

Facility Type Initial HGL 
(ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance Loss 
(ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy Loss 
(ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 2.85 0.13 N/A 0.20 N/A 0.20 1156.84 

2 2,000 Canal 1156.84 2.85 0.13 N/A 0.11 N/A 0.11 1156.73 

3 5,280 Canal 1156.73 2.85 0.13 N/A 0.28 N/A 0.28 1156.44 

4 2,600 Canal 1156.44 2.85 0.13 N/A 0.14 N/A 0.14 1156.30 

5 17,160 Canal 1156.30 2.85 0.13 N/A 0.92 N/A 0.92 1155.38 

6 2,600 Canal 1155.38 2.85 0.13 N/A 0.14 N/A 0.14 1155.24 

7 400 Canal 1155.24 2.85 0.13 N/A 0.02 N/A 0.02 1155.22 

Exit Structure 30 Transition 1155.22 2.85 0.13 0.13 N/A N/A 0.13 1155.10 
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Table D-10 
Hydraulic Loss Calculations for Alignment 5A 

Alignment 5A 

Reach Length 
(ft) 

Facility 
Type 

Initial HGL 
(ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance 
Loss (ft) 

Slope 
(ft/ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy 
Loss (ft) 

Final 
HGL (ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 N/A 0.02 0.25 0.46 1157.04 

1 3,200 Canal 1157.04 2.69 0.11 N/A 0.000046 0.18 N/A 0.18 1156.86 

2 2,600 Canal 1156.86 2.69 0.11 N/A 0.000046 0.23 N/A 0.23 1156.63 

3 5,680 Canal 1156.63 2.69 0.11 N/A 0.000046 0.26 N/A 0.26 1156.37 

4 5,280 Canal 1156.37 2.69 0.11 N/A 0.000046 0.25 N/A 0.25 1156.12 

5 17,160 Canal 1156.12 2.69 0.11 N/A 0.000046 0.80 N/A 0.80 1155.32 

6 2,640 Canal 1155.32 2.69 0.11 N/A 0.000046 0.12 N/A 0.12 1155.20 

7 400 Canal 1155.20 2.69 0.11 N/A 0.000046 0.02 N/A 0.02 1155.18 

Exit Structure 30 Transition 1155.18 2.69 0.11 0.11 N/A N/A N/A 0.11 1155.07 

 
 

Table D-11 
Hydraulic Loss Calculations for Alignment 6A 

Alignment 6A 

Reach Length 
(ft) 

Facility 
Type 

Initial HGL 
(ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance 
Loss (ft) 

Slope 
(ft/ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy 
Loss (ft) 

Final 
HGL (ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 N/A 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 1.82 0.05 N/A 0.000016 0.06 N/A 0.06 1156.98 

2 1,200 Pipeline 1156.98 4.52 0.32 0.13 N/A 0.39 0.22 0.74 1156.24 

3 22,800 Canal 1156.24 1.82 0.05 N/A 0.000016 0.37 N/A 0.37 1155.86 

4 1,200 Pipeline 1155.86 4.52 0.32 0.13 N/A 0.39 0.22 0.74 1155.13 

5 2,640 Canal 1155.13 1.82 0.05 N/A 0.000016 0.04 N/A 0.04 1155.08 

6 400 Canal 1155.08 1.82 0.05 N/A 0.000016 0.01 N/A 0.01 1155.08 

Exit Structure 30 Transition 1155.08 1.82 0.05 0.05 N/A N/A N/A 0.05 1155.02 
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Table D-12 

Hydraulic Loss Calculations for Alignment 7A 
Alignment 7A 

Reach Length 
(ft) 

Facility Type Initial HGL 
(ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance 
Loss (ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy 
Loss (ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,000 Canal 1157.04 2.69 0.11 N/A 0.18 N/A 0.18 1156.86 

2 5,280 Box Conduit  1156.86 3.06 0.15 0.04 0.71 0.07 0.83 1156.04 

3 17,160 Canal 1156.04 2.69 0.11 N/A 0.80 N/A 0.80 1155.24 

4 400 Canal 1155.24 2.69 0.11 N/A 0.02 N/A 0.02 1155.22 

Exit Structure 30 Transition 1155.22 2.69 0.11 0.11 N/A N/A 0.11 1155.11 

 
 

Table D-13 
Hydraulic Loss Calculations for Alignment 7B 

Alignment 7B 

Reach Length 
(ft) 

Facility 
Type 

Initial HGL (ft) Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance 
Loss (ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy 
Loss (ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,000 Canal 1157.04 3.01 0.14 N/A 0.24 N/A 0.24 1156.80 

2 5,280 Canal 1156.80 3.01 0.14 N/A 0.33 N/A 0.33 1156.47 

3 17,160 Canal 1156.47 3.01 0.14 N/A 1.07 N/A 1.07 1155.40 

4 400 Canal 1155.40 3.01 0.14 N/A 0.02 N/A 0.03 1155.38 

Exit Structure 30 Transition 1155.38 3.01 0.14 0.14 N/A N/A 0.14 1155.24 
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Table D-14 
Hydraulic Loss Calculations for Alignment 8A 

Alignment 8A 

Reach Length 
(ft) 

Facility 
Type 

Initial 
HGL (ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance 
Loss (ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy 
Loss (ft) 

Final 
HGL (ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 1,000 Canal 1157.04 2.85 0.13 N/A 0.05 N/A 0.05 1156.99 

2 3,000 Canal 1156.99 2.85 0.13 N/A 0.16 N/A 0.16 1156.82 

3 5,280 Canal 1156.82 2.85 0.13 N/A 0.28 N/A 0.28 1156.54 

4 2,640 Canal 1156.54 2.85 0.13 N/A 0.14 N/A 0.14 1156.40 

5 17,160 Canal 1156.40 2.85 0.13 N/A 0.92 N/A 0.92 1155.48 

6 2,600 Canal 1155.48 2.85 0.13 N/A 0.14 N/A 0.14 1155.34 

7 400 Canal 1155.34 2.85 0.13 N/A 0.02 N/A 0.02 1155.32 

Exit Structure 30 Transition 1155.32 2.85 0.13 0.13 N/A N/A 0.13 1155.19 

Table D-15 
Hydraulic Loss Calculations for Alignment 9A 

Alignment 9A 

Reach Length 
(ft) 

Facility 
Type 

Initial 
HGL (ft) 

Velocity 
(fps) 

Velocity 
Head (ft) 

Entrance 
Loss (ft) 

Friction 
Loss (ft) 

Exit Loss 
(ft) 

Total Energy 
Loss (ft) 

Final HGL 
(ft) 

Turnout Structure  10 Transition 1157.50 3.99 0.25 0.19 0.02 0.25 0.46 1157.04 

1 3,800 Canal 1157.04 2.69 0.11 N/A 0.18 N/A 0.18 1156.86 

2 2,200 Canal 1156.86 2.69 0.11 N/A 0.10 N/A 0.10 1156.76 

3 5,680 Canal 1156.76 2.69 0.11 N/A 0.26 N/A 0.26 1156.50 

4 5,280 Canal 1156.50 2.69 0.11 N/A 0.25 N/A 0.25 1156.25 

5 17,160 Canal 1156.25 2.69 0.11 N/A 0.80 N/A 0.80 1155.45 

6 2,640 Canal 1155.45 2.69 0.11 N/A 0.12 N/A 0.12 1155.33 

7 400 Canal 1155.33 2.69 0.11 N/A 0.02 N/A 0.02 1155.31 

Exit Structure 30 Transition 1155.31 2.69 0.11 0.11 N/A N/A 0.11 1155.20 
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DETAILED CAPITAL COST ESTIMATES FOR ALTERNATIVE INLET CANAL 
ALIGNMENTS 

This attachment includes copies of the spreadsheets that were used to calculate detailed 
cost estimates for each of the alternatives.  The detailed cost estimates were generated 
by multiplying unit price estimates by facility quantity estimates.   

Unit Price Estimates  

The unit prices were developed from previous Reclamation construction projects with 
similar work.  These unit prices were indexed up to current prices.  The Bureau of 
Reclamation cost estimating manual, which includes curves for pricing earthwork for 
dams and canals, and concrete lining, was also used.  The RSMeans cost estimating 
handbook was also utilized.  The cost of geomembrane and gravel surfacing was 
obtained by contacting suppliers and obtaining quotes. 

Quantity Estimates 

The inlet and outlet canal quantities were based on takeoffs from the alignment layouts 
which were overlayed on USGS 7.5 minute quadrangle maps.  Descriptions of the 
individual alignments and proposed facility types are provided in Attachment B.  

Canal quantities consisted of excavation, canal embankment, and 3.5 inch thick 
unreinforced concrete lining with a 60 mil HDPE geomembrane underlayment.  Unit 
concrete lining and geomembrane texture quantities were calculated for each alignment 
alternative based on proposed canal geometry and size information.  The length or 
quantity of pipeline and concrete box conduit materials were derived from the alignment 
layouts.  For the concrete box conduits, a preliminary design was prepared for each 
conduit.  This was then used to estimate the quantities of concrete and steel 
reinforcement needed.  This information was used to estimate the per lineal foot cost of 
the materials, forming, and placement of the concrete box conduit.  For both the pipeline 
and the box conduits, estimates of the required trench excavating backfill and 
compaction were also calculated for each size facility in order to develop estimates of 
the respective installation costs.  Shown below are the detailed cost estimates for each 
alignment.  The below correspond to the different alternatives, as follows: 
 

Worksheet/Table Description Page 

E-1 
Preliminary Estimate of Most 

Probable Capital Costs 3 of 18 

E-1 Unit Estimate Form 4 of 18 

E-2 1A 5 of 18 

E-3 1B 6 of 18 

E-4 2A 7 of 18 

E-5 2B 8 of 18 

E-6 3A 9 of 18 

E-7 3B 10 of 18 

E-8 4A 11 of 18 

E-9 4B 12 of 18 
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E-10 5A 13 of 18 

E-11 6A 14 of 18 

E-12 7A 15 of 18 

E-13 7B 16 of 18 

E-14 8A 17 of 18 

E-15 9A 18 of 18 
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Table E-1 

Preliminary Estimate of Most Probable Capital Costs 

Alternative Alignment 1A 1B 2A 2B 3A 3B 4A 4B 5A 6A 7A 7B 8A 9A 
Total Length (feet) 29,240 29,240 29,390 29,390 29,240 29,240 33,840 33,840 36,960 32,040 25,840 25,840 32,080 37,160 

Number of Reaches 5 5 6 6 5 5 7 7 7 6 4 4 7 7 

Cost Factor Facility Types 
Canal / Box 

Conduit Canal 
Canal / Box 

Conduit Canal 
Canal / Box 

Conduit Canal 
Canal / Box 

Conduit Canal Canal 
Canal / 
Pipeline 

Canal / Box 
Conduit Canal Canal Canal 

Contract Costs Estimate Basis 1A 1B 2A 2B 3A 3B 4A 4B 5A 6A 7A 7B 8A 9A 
Construction of 

Conveyance Facility Estimated $47,277,729 $10,834,973 $47,183,010 $11,327,479 $47,120,769 $10,808,348 $50,792,315 $13,110,177 $15,118,357 $53,110,194 $46,135,747 $10,113,464 $12,535.000 14,820,117 
Mobilization 5.00% $2,363,886 $541,749 $2,359,151 $566,374 $2,356,038 $540,417 $2,539,616 $655,509 $755,918 $2,655,510 $2,306,787 $505,673 $626,774 $741,006 

Allowance for Unlisted 
Items 15.00% $7,091,659 $1,625,246 $7,077,452 $1,699,122 $7,068,115 $1,621,252 $7,618,847 $1,966,527 $2,267,754 $7,966,529 $6,920,362 $1,517,020 $1,880,322 $2,223,018 

Contingency 
Allowance 25.00% $11,819,432 $2,708,743 $11,795,753 $2,831,870 $11,780,192 $2,702,087 $12,698,079 $3,277,544 $3,779,589 $13,277,549 $11,533,937 $2,528,366 $3,133,870 $3,705,029 
Subtotal NA $68,552,707 $15,710,711 $68,415,365 $16,424,845 $68,325,115 $15,672,105 $73,648,857 $19,009,757 $21,921,618 $77,009,781 $66,896,833 $14,664,523 $18,176,446 $21,489,170 

Noncontract Costs                 
Design, C.M., 

Administration, etc. 20.00% 
   

$13,710,541 $ 3,142,142 $ 13,683,073 $ 3,284,969 $ 13,665,023 $ 3,134,421 $ 14,729,771 $ 3,801,951 $ 4,384,324 $  15,401,956 $ 13,379,367 $ 2,932,905 $ 3,635,289 $ 4,297,834 
ROW and Land 

Acquisition Estimated $424,242 $16,336,364 $424,242 $16,336,364 $1,212,121 $2,424,242 $606,061 $303,030 $0 $0 $303,030 $606,061 $2,607,897 $0 
Environmental 

Mitigation Estimated $176,309 $176,309 $649,036 $649,036 $649,036 $649,036 $1,205,344 $1,205,344 $1,088,705 $104,683 $3,720,000 $3,720,000 $1,267,273 $1,971,570 
Contingency 

Allowance 25.00% $150,138 $4,128,168 $268,320 $4,246,350 $465,289 $768,320 $452,851 $377,094 $272,176 $26,171 $1,005,758 $1,081,515 $968,793 $492,893 
Subtotal NA $14,461,230 $23,782,983 $15,024,670 $24,516,719 $15,991,469 $6,976,018 $16,994,028 $5,687,419 $5,745,205 $15,532,810 $18,408,154 $8,340,481 $8,479,252 $6,762,296 

Total Capital Cost 
Estimate   $83,013,937 $39,493,694 $83,440,035 $40,941,563 $84,316,584 $22,648,123 $90,642,884 $24,697,175 $27,666,822 $92,542,591 $85,304,987 $23,005,004 $26,655,698 $28,251,466 
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Worksheet E-2 
Unit Estimate Form 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 22, 000 ft)

Excavation cyd $5.00 $0
Backfill cyd $3.00 $0
Unreinforced concrete lining (3-inches) cyd $230.00 $0
Geomembrane HDPE 60 mil texture syd $5.90 $0

Concrete Box Conduit (box conduit  = 5,280 ft) 

Structural excavation cyd $5.00 $0
Structural backfill cyd $12.00 $0
Concrete cyd $600.00 $0
Reinforcement lbs $1.10 $0

Steel Pipelines (Pipeline  = 1,200 ft)

Excavation for pipe trench (5-ft of cover) cyd $5.00 $0
Compacting backfill for pipe trench, 90% compaction cyd $12.00 $0
Concrete cyd $600.00 $0
Soil cement for pipe trench cyd $35.00 $0
Reinforcement lbs $1.10 $0

Tunnel #1, #2, and #3,  15-ft diameter,  500 ft each lf $4,500.00 $0
180" steel carrier/casing pipe (t = 5/16") lf $2,000.00 $0
156" steel conveyance pipe (t = 5/16") lf $1,800.00 $0

Transition Structures ( 2 structures)
  

Structural excavation cyd $5.00 $0
Structural backfill cyd $12.00 $0
Concrete cyd $600.00 $0
Reinforcement lbs $1.10 $0

$0

5.00% $0

$0

15.00% $0

$0

20.00% $0

$0

$0

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW

Non-Contract Cost

Total Construction Costs

Unlisted I tems

Contract Cost

Contingencies

Total 
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T
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Y
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,    
Unit Estimate Form

Subtotal

Mobilization

Subtotal
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Worksheet E-3 
Alignment 1A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 23, 960 ft)

Excavation 701,347 cyd $5.00 $3,506,735
Backfill 1,360,231 cyd $3.00 $4,080,693
Unreinforced concrete lining (3-inches) 21,804 cyd $230.00 $5,014,828
Geomembrane HDPE 60 mil texture 173,710 syd $5.90 $1,024,889

Concrete Box Conduit (box conduit  = 5,280 ft) 

Structural excavation 459,555 cyd $5.00 $2,297,775
Structural backfill 303,306 cyd $12.00 $3,639,672
Concrete 34,261 cyd $600.00 $20,556,600
Reinforcement 4,522,452 lbs $1.10 $4,974,697

Transition Structures ( 2 structures)
  

Structural excavation 52,320 cyd $8.00 $418,560
Structural backfill 37,600 cyd $12.00 $451,200
Concrete 1,760 cyd $600.00 $1,056,000
Reinforcement 232,800 lbs $1.10 $256,080

$47,277,729

5.00% $2,363,886

$49,641,615

15.00% $7,091,659

$56,733,275

20.00% $11,346,655

$68,079,930

$68,079,930

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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Y
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 1A

Subtotal

Mobilization

Subtotal

Unlisted Items

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-4 
Alignment 1B 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 29, 240 ft)

Excavation 142,741 cyd $5.00 $713,705
Backfill 1,209,460 cyd $3.00 $3,628,380
Unreinforced concrete lining (3-inches) 23,392 cyd $230.00 $5,380,160
Geomembrane HDPE 60 mil texture 188,598 syd $5.90 $1,112,728

$10,834,973

5.00% $541,749

$11,376,722

15.00% $1,625,246

$13,001,968

20.00% $2,600,394

$15,602,361

$15,602,361

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW

Non-Contract Cost

Total Construction Costs

Unlisted I tems

Contract Cost

Contingencies

Total 
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A

N
T 

A
C
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O

U
N

T
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Y

 IT
EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 1B

Subtotal

Mobilization

Subtotal
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Worksheet E-5 
Alignment 2A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 24, 110 ft)

Excavation 705,531 cyd $5.00 $3,527,655
Backfill 1,361,401 cyd $3.00 $4,084,203
Unreinforced concrete lining (3-inches) 21,940 cyd $230.00 $5,046,223
Geomembrane HDPE 60 mil texture 174,798 syd $5.90 $1,031,305

Concrete Box Conduit (box conduit  = 5,280 ft) 

Structural excavation 459,555 cyd $5.00 $2,297,775
Structural backfill 303,306 cyd $12.00 $3,639,672
Concrete 34,261 cyd $600.00 $20,556,600
Reinforcement 4,522,452 lbs $1.10 $4,974,697

Transition Structures ( 2 structures)
  

Structural excavation 52,320 cyd $5.00 $261,600
Structural backfill 37,600 cyd $12.00 $451,200
Concrete 1,760 cyd $600.00 $1,056,000
Reinforcement 232,800 lbs $1.10 $256,080

$47,183,010

5.00% $2,359,151

$49,542,161

15.00% $7,077,452

$56,619,613

20.00% $11,323,923

$67,943,535

$67,943,535

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW

Non-Contract Cost

Total Construction Costs

Unlisted I tems

Contract Cost

Contingencies

Total 

 

PL
A

N
T 

A
CC

O
U

N
T
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Y
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 2A

Subtotal

Mobilization

Subtotal
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Worksheet E-6 
Alignment 2B 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 29, 390 ft)

Excavation 234,007 cyd $5.00 $1,170,035
Backfill 1,210,416 cyd $3.00 $3,631,248
Unreinforced concrete lining (3-inches) 23,512 cyd $230.00 $5,407,760
Geomembrane HDPE 60 mil texture 189,566 syd $5.90 $1,118,436

$11,327,479

5.00% $566,374

$11,893,853

15.00% $1,699,122

$13,592,975

20.00% $2,718,595

$16,311,570

$16,311,570

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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T
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Y
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 2B

Subtotal

Mobilization

Subtotal

Unlisted I tems

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-7 
Alignment 3A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 23, 960 ft)

Excavation 701,347 cyd $5.00 $3,506,735
Backfill 1,360,231 cyd $3.00 $4,080,693
Unreinforced concrete lining (3-inches) 21,804 cyd $230.00 $5,014,828
Geomembrane HDPE 60 mil texture 173,710 syd $5.90 $1,024,889

Concrete Box Conduit (box conduit  = 5,280 ft) 

Structural excavation 459,555 cyd $5.00 $2,297,775
Structural backfill 303,306 cyd $12.00 $3,639,672
Concrete 34,261 cyd $600.00 $20,556,600
Reinforcement 4,522,452 lbs $1.10 $4,974,697

Transition Structures ( 2 structures)
  

Structural excavation 52,320 cyd $5.00 $261,600
Structural backfill 37,600 cyd $12.00 $451,200
Concrete 1,760 cyd $600.00 $1,056,000
Reinforcement 232,800 lbs $1.10 $256,080

$47,120,769

5.00% $2,356,038

$49,476,808

15.00% $7,068,115

$56,544,923

20.00% $11,308,985

$67,853,908

$67,853,908

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 3A

Subtotal

Mobilization

Subtotal

Unlisted I tems

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-8 
Alignment 3B 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 29, 240 ft)

Excavation 137,416 cyd $5.00 $687,080
Backfill 1,209,460 cyd $3.00 $3,628,380
Unreinforced concrete lining (3-inches) 23,392 cyd $230.00 $5,380,160
Geomembrane HDPE 60 mil texture 188,598 syd $5.90 $1,112,728

$10,808,348

5.00% $540,417

$11,348,766

15.00% $1,621,252

$12,970,018

20.00% $2,594,004

$15,564,021

$15,564,021

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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T
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Y
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 3B

Subtotal

Mobilization

Subtotal

Unlisted I tems

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-9 
Alignment 4A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 28, 560 ft)

Excavation 695,350 cyd $5.00 $3,476,750
Backfill 1,533,053 cyd $3.00 $4,599,159
Unreinforced concrete lining (3-inches) 25,133 cyd $230.00 $5,780,544
Geomembrane HDPE 60 mil texture 201,919 syd $5.90 $1,191,323

Concrete Box Conduit (box conduit  = 5,280 ft) 

Structural excavation 503,066 cyd $5.00 $2,515,330
Structural backfill 327,066 cyd $12.00 $3,924,792
Concrete 36,607 cyd $600.00 $21,964,200
Reinforcement 4,832,124 lbs $1.10 $5,315,336

Transition Structures ( 2 structures)
  

Structural excavation 52,320 cyd $5.00 $261,600
Structural backfill 37,600 cyd $12.00 $451,200
Concrete 1,760 cyd $600.00 $1,056,000
Reinforcement 232,800 lbs $1.10 $256,080

$50,792,315

5.00% $2,539,616

$53,331,930

15.00% $7,618,847

$60,950,778

20.00% $12,190,156

$73,140,933

$73,140,933

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW

Non-Contract Cost

Total Construction Costs

Unlisted I tems

Contract Cost

Contingencies

Total 
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Y
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 4A

Subtotal

Mobilization

Subtotal
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Worksheet E-10 
Alignment 4B 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 33, 840 ft)

Excavation 279,713 cyd $5.00 $1,398,565
Backfill 1,339,216 cyd $3.00 $4,017,648
Unreinforced concrete lining (3-inches) 27,749 cyd $230.00 $6,382,224
Geomembrane HDPE 60 mil texture 222,329 syd $5.90 $1,311,740

$13,110,177

5.00% $655,509

$13,765,686

15.00% $1,966,527

$15,732,212

20.00% $3,146,442

$18,878,655

$18,878,655

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW

 

PL
A

N
T 

A
C

C
O

U
N

T
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Y
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 4B

Subtotal

Mobilization

Subtotal

Unlisted I tems

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-11 
Alignment 5A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 36, 960 ft)

Excavation 437,227 cyd $5.00 $2,186,135
Backfill 1,443,507 cyd $3.00 $4,330,521
Unreinforced concrete lining (3-inches) 31,046 cyd $230.00 $7,140,672
Geomembrane HDPE 60 mil texture 247,632 syd $5.90 $1,461,029

$15,118,357

5.00% $755,918

$15,874,275

15.00% $2,267,754

$18,142,028

20.00% $3,628,406

$21,770,434

$21,770,434

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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EM

         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 5A

Subtotal

Mobilization

Subtotal

Unlisted I tems

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-12 
Alignment 6A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 29, 640 ft)

Excavation 471,387 cyd $5.00 $2,356,935
Backfill 1,528,667 cyd $3.00 $4,586,001
Unreinforced concrete lining (3-inches) 29,936 cyd $230.00 $6,885,372
Geomembrane HDPE 60 mil texture 238,009 syd $5.90 $1,404,254

Steel Pipelines (Pipeline  = 1,200 ft)

Excavation for pipe trench (5-ft of cover) 95,024 cyd $5.00 $475,120
Compacting backfill for pipe trench 74,396 cyd $12.00 $892,752

Tunnel #1, #2, #3, #4 #5 and #6,  15-ft diameter,  500 ft each 3,000 lf $4,500.00 $13,500,000
180" steel carrier/casing pipe (t = 5/16") 3,000 lf $2,000.00 $6,000,000
156" steel conveyance pipe (t = 5/16") 7,200 lf $1,800.00 $12,960,000

Transition Structures ( 4 structures)
  

Structural excavation 104,640 cyd $5.00 $523,200
Structural backfill 75,200 cyd $12.00 $902,400
Concrete 3,520 cyd $600.00 $2,112,000
Reinforcement 465,600 lbs $1.10 $512,160

$53,110,194

5.00% $2,655,510

$55,765,704

15.00% $7,966,529

$63,732,233

20.00% $12,746,447

$76,478,680

$76,478,680

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 6A

Subtotal

Mobilization

Subtotal

Unlisted I tems

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-13 
Alignment 7A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 21, 360 ft)

Excavation 630,518 cyd $5.00 $3,152,590
Backfill 754,575 cyd $3.00 $2,263,725
Unreinforced concrete lining (3-inches) 17,942 cyd $230.00 $4,126,752
Geomembrane HDPE 60 mil texture 143,753 syd $5.90 $848,142

Concrete Box Conduit (box conduit  = 5,280 ft) 

Structural excavation 503,066 cyd $5.00 $2,515,330
Structural backfill 327,066 cyd $12.00 $3,924,792
Concrete 36,607 cyd $600.00 $21,964,200
Reinforcement 4,832,124 lbs $1.10 $5,315,336

Transition Structures ( 2 structures)
  

Structural excavation 52,320 cyd $5.00 $261,600
Structural backfill 37,600 cyd $12.00 $451,200
Concrete 1,760 cyd $600.00 $1,056,000
Reinforcement 232,800 lbs $1.10 $256,080

$46,135,747

5.00% $2,306,787

$48,442,534

15.00% $6,920,362

$55,362,896

20.00% $11,072,579

$66,435,476

$66,435,476

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 7A

Subtotal

Mobilization

Subtotal

Unlisted I tems

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-14 
Alignment 7B 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 26, 640 ft)

Excavation 290,783 cyd $5.00 $1,453,915
Backfill 914,668 cyd $3.00 $2,744,004
Unreinforced concrete lining (3-inches) 21,312 cyd $230.00 $4,901,760
Geomembrane HDPE 60 mil texture 171,828 syd $5.90 $1,013,785

$10,113,464

5.00% $505,673

$10,619,137

15.00% $1,517,020

$12,136,157

20.00% $2,427,231

$14,563,388

$14,563,388

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 7B

Subtotal

Mobilization

Subtotal

Unlisted I tems

Contract Cost

Contingencies

Total 

Non-Contract Cost

Total Construction Costs
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Worksheet E-15 
Alignment 8A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 32, 080 ft)

Excavation 309,534 cyd $5.00 $1,547,670
Backfill 1,231,335 cyd $3.00 $3,694,005
Unreinforced concrete lining (3-inches) 26,306 cyd $230.00 $6,050,288
Geomembrane HDPE 60 mil texture 210,766 syd $5.90 $1,243,517

$12,535,480

5.00% $626,774

$13,162,254

15.00% $1,880,322

$15,042,576

20.00% $3,008,515

$18,051,091

$18,051,091

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW

Non-Contract Cost

Total Construction Costs

Unlisted I tems

Contract Cost

Contingencies

Total 
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         QUANTITIES   PRICES

Facility Construction Cost Estimate for 
Drop 2 Inlet Conveyance System,  
Alignment 8A

Subtotal

Mobilization

Subtotal
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Worksheet E-16 
Alignment 9A 

 
BUREAU OF RECLAMATION             ESTIMATE WORKSHEET  

FEATURE: PROJECT:
Drop 2 Reservoir Inlet Canal/Pipeline Alignment Evaluation

REGION: PRICE LEVEL: Appraisal
FILE:

DESCRIPTION Calculation Info CODE QUANTITY UNIT UNIT PRICE AMOUNT

Inlet Canal (Inlet canal  = 37, 160 ft)

Excavation 390,390 cyd $5.00 $1,951,950
Backfill 1,406,640 cyd $3.00 $4,219,920
Unreinforced concrete lining (3-inches) 31,214 cyd $230.00 $7,179,312
Geomembrane HDPE 60 mil texture 248,972 syd $5.90 $1,468,935

$14,820,117

5.00% $741,006

$15,561,123

15.00% $2,223,018

$17,784,140

20.00% $3,556,828

$21,340,968

$21,340,968

BY N. Boswell  /  S. Sen CHECKED BY CHECKED 

DATE PREPARED May 4, 2005 PEER REVIEW DATE PREPARED PEER REVIEW
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Earthwork Calculations 
This attachment includes copies of the spreadsheets that were used to calculate the 
earthwork quantities for each of the alternatives.  Each of the alternative alignments and 
respective facilities were laid out on USGS 7.5 quadrangle minute maps.  Descriptions of 
the individual alignments and proposed facility types are provided in Attachment B.  

Takeoffs of the cut and fill were then calculated from cross sections drawn of the inlet 
canal (or pipeline) alignments at 5,000 foot intervals.  The following information was 
collected at 5,000 foot increments: 

 canal geometry/size  

 canal invert elevation,  

 existing ground surface elevation 

The calculation of the earthwork quantities was simplified with the use of an MS Excel 
spreadsheet.  The information noted above was inputted into the spreadsheet model.  
The spreadsheet was used to calculate the cut and fill volumes for each pair of adjoining 
stations.  These values were then averaged and multiplied by the distance between the 
two stations to estimate the total cut and fill volumes for the respective segment.  The 
values for all of the segments within each alternative were then totaled to estimate the 
cut and fill volume for that respective alternative alignment.   

The output from the spreadsheet used to calculate the earthwork quantities for each 
alternative is included in the following pages.  The tables correspond to the different 
alternatives, as follows: 

 

Table Alternative Alignment Page 

F1 1A 2 of 8 

F2 1B 2 of 8 

F3 2A 3 of 8 

F4 2B 3 of 8 

F5 3A 4 of 8 

F6 3B 4 of 8 

F7 4A 5 of 8 

F8 4B 5 of 8 

F9 5A 6 of 8 

F10 6A 6 of 8 

F11 7A 7 of 8 

F12 7B 7 of 8 

F13 8A 8 of 8 

F14 9A 8 of 8 
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Table F-1 
Earthwork Calculations for Alternative 1A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 20.0, h=15.4 3,800 1155.00 1141.64 -59,641 87,847 

2 5,280 Box 
Conduit b = 13, h=13 5,280 1155.00 N/A -303,306 459,555 

3 17,160 Canal b = 20.0, h=15.4 5,280 1150.00 1140.31 -161,112 74,616 
    5,280 1145.00 1140.31 -301,603 26,942 
    5,280 1145.00 1140.31 -301,603 26,942 

4 2,600 Canal b = 20.0, h=15.4 3,920 1145.00 1139.78 -211,566 23,046 

Alignment 1A 

5 400 Canal b = 20.0, h=15.4 400 1145.00 1139.70 -21,400 2,400 

-1,360,231 701,347 

            

            

Table F-2 
Earthwork Calculations for Alternative 1B 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 17.5, h=13.5 3,800 1155.00 1143.54 -59,641 65,193 
2 5,280 Canal b = 17.5, h=13.5 5,280 1155.00 1143.30 -78,537 5,280 
3 17,160 Canal b = 17.5, h=13.5 5,280 1150.00 1142.97 -180,007 43,361 
  Canal b = 17.5, h=13.5 5,280 1145.00 1142.97 -326,463 8,544 
  Canal b = 17.5, h=13.5 5,280 1145.00 1142.97 -326,463 8,544 

4 2,600 Canal b = 17.5, h=13.5 3,920 1145.00 1141.90 -216,631 10,660 

Alignment 1B 

5 400 Canal b = 17.5, h=13.5 400 1145.00 1141.74 -21,719 1,160 

-1,209,460 142,741 
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Table F-3 
Earthwork Calculations for Alternative 2A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 20.0, h=15.4 3,800 1155.00 1141.64 -59,641 87,847 

2 5,280 Box 
Conduit b = 13, h=13 5,280 1155.00 N/A -303,306 459,555 

3 150 Canal b = 20.0, h=15.4 150 1155.00 1140.31 -1,697 4,030 
4 17,160 Canal b = 20.0, h=15.4 5,280 1150.00 1140.31 -161,000 74,669 
    5,280 1145.00 1140.31 -301,455 26,977 
    5,280 1145.00 1140.31 -301,455 26,977 

5 2,600 Canal b = 20.0, h=15.4 3,920 1145.00 1139.78 -211,458 23,073 

Alignment 2A 

6 400 Canal b = 20.0, h=15.4 400 1145.00 1139.70 -21,389 2,403 

-1,361,401 705,531 

            

            

Table F-4 
Earthwork Calculations for Alternative 2B 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 17.5, h=13.5 3,800 1155.00 1143.54 -59,641 65,193 
2 5,280 Canal b = 17.5, h=13.5 5,280 1155.00 1143.30 -78,537 93,545 
3 150 Canal b = 17.5, h=13.5 150 1155.00 1142.97 -2,064 2,776 
4 17,160 Canal b = 17.5, h=13.5 5,280 1150.00 1142.96 -179,768 43,445 
  Canal b = 17.5, h=13.5 5,280 1145.00 1142.96 -326,150 8,591 
  Canal b = 17.5, h=13.5 5,280 1145.00 1142.96 -326,150 8,591 

5 2,600 Canal b = 17.5, h=13.5 3,920 1145.00 1141.89 -216,410 10,701 

Alignment 2B 

6 400 Canal b = 17.5, h=13.5 400 1145.00 1141.73 -21,697 1,165 

-1,210,416 234,007 
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Table F-5 
Earthwork Calculations for Alternative 3A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 20.0, h=15.4 3,800 1155.00 1141.64 -59,641 87,847 

2 5,280 Box 
Conduit b = 13, h=13 5,280 1155.00 N/A -303,306 459,555 

3 17,160 Canal b = 20.0, h=15.4 5,280 1150.00 1140.31 -161,112 74,616 
    5,280 1145.00 1140.31 -301,603 26,942 
    5,280 1145.00 1140.31 -301,603 26,942 

4 2,600 Canal b = 20.0, h=15.4 3,920 1145.00 1139.78 -211,566 23,046 

Alignment 3A 

5 400 Canal b = 20.0, h=15.4 400 1145.00 1139.70 -21,400 2,400 

-1,360,231 701,347 

            

            

Table F-6 
Earthwork Calculations for Alternative 3B 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 17.5, h=13.5 3,800 1155.00 1143.54 -59,641 65,193 
2 5,280 Canal b = 17.5, h=13.5 5,280 1155.00 1143.30 -78,537 0 
3 17,160 Canal b = 17.5, h=13.5 5,280 1150.00 1142.97 -180,007 43,361 
  Canal b = 17.5, h=13.5 5,280 1145.00 1142.97 -326,463 8,544 
  Canal b = 17.5, h=13.5 5,280 1145.00 1142.97 -326,463 8,544 

4 2,600 Canal b = 17.5, h=13.5 3,920 1145.00 1141.90 -216,631 10,660 

Alignment 3B 

5 400 Canal b = 17.5, h=13.5 400 1145.00 1141.74 -21,719 1,160 

-1,209,460 137,461 
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Table F-7 
Earthwork Calculations for Alternative 4A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 18.0, h=13.8 3,800 1155.00 1143.24 -59,641 68,720 
2 2,000 Canal b = 18.0, h=13.8 2,000 1155.00 1143.04 -29,975 37,159 

3 5,280 Box 
Conduit b = 14.0, h=14.0 5,280 1155.00 N/A -327,066 503,066 

4 2,600 Canal b = 18.0, h=13.8 3,730 1150.00 1142.10 -117,076 36,887 
5 17,160 Canal b = 18.0, h=13.8 4,840 1145.00 1142.10 -282,060 12,371 
  Canal b = 18.0, h=13.8 4,840 1145.00 1142.10 -282,060 12,371 
  Canal b = 18.0, h=13.8 4,840 1145.00 1141.90 -276,151 13,450 

6 2,600 Canal b = 18.0, h=13.8 2,640 1145.00 1141.12 -138,382 9,775 

Alignment 4A 

7 400 Canal b = 18.0, h=13.8 400 1145.00 1140.98 -20,642 1,551 

-1,533,053 695,350 

            
            

Table F-8 
Earthwork Calculations for Alternative 4B 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 18.0, h=13.8 3,800 1155.00 1143.24 -59,641 68,720 
2 2,000 Canal b = 18.0, h=13.8 2,000 1155.00 1143.04 -29,975 37,159 
3 5,280 Canal b = 18.0, h=13.8 5,280 1155.00 1142.93 -77,195 99,489 
4 2,600 Canal b = 18.0, h=13.8 3,730 1150.00 1142.64 -126,651 33,240 
5 17,160 Canal b = 18.0, h=13.8 4,840 1145.00 1142.44 -292,321 10,590 
  Canal b = 18.0, h=13.8 4,840 1145.00 1142.44 -292,321 10,590 
  Canal b = 18.0, h=13.8 4,840 1145.00 1142.44 -292,321 10,590 

6 2,600 Canal b = 18.0, h=13.8 2,640 1145.00 1141.66 -146,871 8,049 

Alignment 4B 

7 400 Canal b = 18.0, h=13.8 400 1145.00 1141.52 -21,919 1,285 

-1,339,216 279,713 
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Table F-9 

Earthwork Calculations for Alternative 5A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,200 Canal b = 18.5, h=14.2 3,800 1155.00 1142.84 -59,641 73,282 
2 2,600 Canal b = 18.5, h=14.2 5,000 1155.00 1142.66 -75,414 98,631 
3 5,680 Canal b = 18.5, h=14.2 5,680 1150.00 1142.43 -197,982 53,560 
4 5,280 Canal b = 18.5, h=14.2 5,280 1155.00 1142.17 -70,815 110,834 
5 17,160 Canal b = 18.5, h=14.2 5,280 1150.00 1141.92 -171,193 54,747 
  Canal b = 18.5, h=14.2 5,280 1145.00 1141.92 -314,902 14,841 
  Canal b = 18.5, h=14.2 5,280 1145.00 1141.92 -314,902 14,841 

6 2,640 Canal b = 18.5, h=14.2 3,960 1145.00 1141.12 -217,027 14,920 

Alignment 5A 

7 400 Canal b = 18.5, h=14.2 400 1145.00 1141.00 -21,631 1,569 

-1,443,507 437,227 

            
            

Table F-10 
Earthwork Calculations for Alternative 6A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 22.5, h=17.3 3,800 1155.00 1139.74 -59,641 113,871 
2 1,200 Pipeline b = 17.5, h=13.5 1,200 N/A N/A -37,198 47,512 
3 22,800 Canal D = 13 5,280 1150.00 1138.94 -174,105 96,522 
  Canal b = 22.5, h=17.3 5,280 1145.00 1138.94 -318,728 41,038 
  Canal b = 22.5, h=17.3 5,280 1145.00 1138.94 -318,728 41,038 
  Canal b = 22.5, h=17.3 6,960 1145.00 1138.94 -420,141 54,096 

4 1,200 Pipeline D = 13 1,200 N/A N/A -37,198 47,512 
5 2,640 Canal b = 22.5, h=17.3 2,640 1145.00 1137.83 -141,579 25,848 

Alignment 6A 

6 400 Canal b = 22.5, h=17.3 400 1145.00 1137.78 -21,349 3,949 

-1,528,667 471,387 
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Table F-11 

Earthwork Calculations for Alternative 7A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 18.5, h=14.2 3,800 1155.00 1142.84 -59,641 73,282 

2 5,280 Box 
Conduit b = 14, h=14 5,280 1150.00 N/A 327,066 503,066 

3 17,160 Canal b = 18.5, h=14.2 5,280 1145.00 1141.74 -308,988 15,951 
  Canal b = 18.5, h=14.2 5,280 1145.00 1141.74 -308,988 15,951 
  Canal b = 18.5, h=14.2 5,280 1145.00 1141.74 -308,988 15,951 

Alignment 7A 

4 400 Canal b = 18.5, h=14.2 1,720 1145.00 1141.20 -95,036 6,318 

-754,575 630,518 

            
            

Table F-12 
Earthwork Calculations for Alternative 7B 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 17.5, h=13.5 3,800 1155.00 1143.54 -59,641 65,193 
2 5,280 Canal b = 17.5, h=13.5 5,280 1155.00 1143.30 -78,488 93,579 
3 17,160 Canal b = 17.5, h=13.5 5,280 1155.00 1142.44 -63,527 104,682 
  Canal b = 17.5, h=13.5 5,280 1145.00 1142.44 -308,988 11,324 
  Canal b = 17.5, h=13.5 5,280 1145.00 1142.44 -308,988 11,324 

Alignment 7B 

4 400 Canal b = 17.5, h=13.5 1,720 1145.00 1141.90 -95,036 4,680 

-914,668 290,783 
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Table F-13 

Earthwork Calculations for Alternative 8A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 1,000 Canal b = 18.0, h=13.8 1,000 1155.00 1143.24 -15,695 18,084 
2 3,000 Canal b = 18.0, h=13.8 3,000 1155.00 1143.04 -44,963 55,738 
3 5,280 Canal b = 18.0, h=13.8 5,280 1155.00 1142.93 -77,195 99,489 
4 2,640 Canal b = 18.0, h=13.8 2,640 1155.00 1142.64 -36,081 51,600 
5 17,160 Canal b = 18.0, h=13.8 5,280 1150.00 1142.50 -175,701 48,377 
  Canal b = 18.0, h=13.8 5,280 1145.00 1142.50 -320,822 11,231 
  Canal b = 18.0, h=13.8 5,280 1145.00 1142.50 -320,822 11,231 

6 2,600 Canal b = 18.0, h=13.8 3,960 1145.00 1141.58 -218,334 12,459 

Alignment 8A 

7 400 Canal b = 18.0, h=13.8 400 1145.00 1141.44 -21,722 1,325 

-1,231,335 309,534 

            
            

Table F-14 
Earthwork Calculations for Alternative 9A 

Reach 
Reach 

Length (ft) 
Facility 
Type Facility Size (ft) 

Segment 
Length 

(ft) 
Ex 

Grade Canal IE 
Segment Fill 
Volume (cyd) 

Segment Cut 
Volume (cyd) 

Total Fill 
(cyd) 

Total Cut 
Volume 

(cyd) 
1 3,800 Canal b = 18.5, h=14.2 3,800 1155.00 1142.84 -59,641 73,282 
2 2,200 Canal b = 18.5, h=14.2 2,200 1155.00 1142.66 -33,182 43,398 
3 5,680 Canal b = 18.5, h=14.2 5,680 1150.00 1142.43 -197,982 53,560 
4 5,280 Canal b = 18.5, h=14.2 5,680 1155.00 1142.17 -76,179 119,231 
5 17,160 Canal b = 18.5, h=14.2 5,280 1150.00 1141.92 -171,193 54,747 
  Canal b = 18.5, h=14.2 5,280 1145.00 1141.92 -314,902 14,841 
  Canal b = 18.5, h=14.2 5,280 1145.00 1141.92 -314,902 14,841 

6 2,640 Canal b = 18.5, h=14.2 3,960 1145.00 1141.12 -217,027 14,920 

Alignment 9A 

7 400 Canal b = 18.5, h=14.2 400 1145.00 1141.00 -21,631 1,569 

-1,406,640 390,390 

 
 



 
 
 
 
 
 
 
 
 
 

 
 
 
 

Attachment G 
 

Caltrans Encroachment Permit Manual 
Section 623 – Requirements for Funneling 



 




















































