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Phoenix, AZ 85021  

;..1  Attention: PXA0-7700, Marvin Murray 

l  Subject: Phase 1 Report 

Dear Tom: 

This letter transmits the final report for the West Salt River Valley Water Management 
Study, Beardsley Canal Capacity Study. The report is entitled Maricopa Water District 
Beardsley Canal and Associated Delivery System Hydraulic Capacity Analysis - An]  Evaluation and Assessment Report. 

Also enclosed is a CD containing the HEC-RAS model, the available canal capacity 
model (in Lotus 4.1 format), selected photographs of the Beardsley Canal in bmp 
format, and indices to the photographs. 

,. 
' "j;::.  

The transmittal of this report and models completes Contract No. 6-CA-20-0341C. 

J It has been a pleasure working with Marvin Murray, Warren Greenwell, and other 
USBR staff, as well as Harold Thomas and the WESTCAPS group. We would like to 
express a special thank you to the USBR, who provided the color copies for the final 

, ~ , report. We look forward to Phase 2 of the Beardsley Canal work. 

iJ 

< 

jJ  
J  Senior Vice President 

J cc: Harold Thomas, WESTCAPS 
Jim Sweeney, Maricopa Water District 

j 
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J  
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EXECUTIVE SUMMARY  

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

Bookman-Edmonston Engineering, Inc. (B-E) contracted to study the Beardsley Canal. 
The goals of this study were to: 

> Determine the capacity of the Beardsley Canal.  
)o- Determine how much of the capacity is currently used by MWD.  
)o- Determine the unused capacity difference (i.e., how much could be available for  

transporting CAP and other water for WESTCAPS' members without impacting 
MWD operations.) 

:·1 
B-E first undertook a survey of the Beardsley Canal and used the data collected to 
construct a hydraulic analysis using the HEC-RAS software. The model was calibrated 
using known flows and water surface elevations. Following calibration, the flows were 
increased in the model on a reach-by-reach basis to determine the estimated maximum 
capacity. Table ES-1 shows the results of this analysis. 

Figure E5-1 is a map of the Beardsley Canal showing the reach-by-reach capacities and 
identifying the restrictive flow structures. 

In order to estimate how much of the Beardsley Canal capacity may be available for 
WESTCAPS members, B-E collected MWD water use information for five representative 
years (1988, 1993, 1994, 1995, and 1996). Figure E5-2 shows the water use patterns for 
the five-year study period. 

Based on water use information for the five representative years, unused or available 
canal capacity was estimated for each identified reach. Losses due to evaporation and 
seepage were estimated and incorporated in the analysis. It was assumed that there 
were no deliveries during December and January, the canal dry-up period. Figure E5-3 
depicts the estimated available capacity in the Beardsley Canal based on a high MWD 
demand year. Table ES-2 shows the estimated available capacity on a reach-by-reach 
basis for the five-year study period. 
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Table ES-1 
Beardsley Canal Capacity Study- Phase 1 

Summary of Estimated Maximum Reach Capacities 

Reach 
No. Reach Description 

1993 
MWDHigh 

Flow Ul 

(cfs) 

Estimated 
Maximum 
Capacityro 

(cfs) 

Estimated 
Maximum 
Capaci~ 

(mgd) 

I Lake Pleasant to CAP lnlet 230 400 255 
II I CAP Inlet to Grand Avenue 230 I 300 195 
m Grand Avenue to Bell Road 230 300 195 

IV 
Bell Road to Greenway Road 200 290 185 
Greenway Road to Waddell Road 179 290 185 
Waddell Road to Cactus Road 144 290 I 185 

v 
I Cactus Road to Peoria Avenue 119 I 90 I 55 

Peoria Avenue to Olive Avenue I 99 I 90 55 
Olive Avenue to Northern 
Avenue 

82 90 55 

VI Northern Avenue to Glendale 
Avenue 

67 90 55 

Glendale Avenue to Camelback IRoad 
39 I 80 50 

VII 
School Road 
ICamelback Road to Indian 25 

I 
74 I 45 

Notes: 
1. Flows measured by MWD in 1993 as maximum capacities constrained by existing demands. MWD 
has since made improvements to the Beardsley Canal. In some instances, MWD exceeded canal 
freeboard constraints used for computing the estimated maximum capacity. 
2. Based on six inches of freeboard. 
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Table ES-2 
Beardsley Canal Capacity Study- Phase 1 

Estimated Available Capacity Rem.aining in the Beardsley Canal 
For the Five-Year Study Period 

(Acre-Feet) 

Reach I Reach I 1988 I 1993 1994 1995 1996 
No. Description 

I ILake Pleasant to I 193,700 I 185,900 I 178,500 166,900 I 174,200 
CAP Inlet 

II CAP Inlet to 136,300 128,700 121,300 109,700 116,800 
Grand Avenue 

III Grand Avenue to 142,00o<1> 134,400(1) 127,00o<1> 115,40o<1> 122,500(1) 
Bell Road 

IV IBell Road to I
137,400(1) 132,9001> 126,30Q<l) 115,20Q(1) I 119,3oo<1> 

Cactus Road 
v Cactus Road to 33,200 31,900 I 27,700 20,900 I 20,900 

Northern Avenue 
VI Northern Avenue to 36,0()()(1) I 36,2()()(1) I 33,5()()(1) I 30,500<1> 30,100<1> 

Camelback Road 
vn ICamelback Road to 41,00o<1> 40,600(1) 39,60Q<l) I 39,00Q<1) 39,30o<1> 

Indian School Road 
Note: 
1. Reach capacity currently_ unattainable because upstream reach unable to deliver total _g_uantity. 
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SECTION!  INTRODUCTION  

Study Need and Background 

l 
l A coalition of West Valley CAP Subcontractors (WESICAPS) is investigating potential 

ways for its members to put Central Arizona Project (CAP) water supplies to use. 
WESTCAPS and the U.S. Bureau of Reclamation (USBR) are working cooperatively 

J 
J 

under an in-kind cost-share agreement to evaluate regional water resources and 
facilities to efficiently use CAP water. 

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

Prior to this study, there was insufficient information available to adequately evaluate 
the amount and timing of unused canal capacity available to transport CAP water. A 
study of the canal was needed to determine where flow limiting constrictions are 
located, modifications that would be needed to expand the capacity of the canal, and the 
associated costs. 

Scope of Work 

<I The scope of this Phase I study is to evaluate the capability of using the Beardsley Canal 
' ' to convey CAP water to WESTCAPs members, while ~till meeting the needs of MWD. 

Alternative methods for conveying CAP water that do not include the Beardsley Canal 

J are beyond the scope of this study. 

Phase I of the Beardsley Canal Capacity Study seeks to meet three goals: 

J 
u 
u )'- An evaluation of the existing canal capacity based upon field survey measurements 

and engineering hydraulics; 
>- An evaluation of the existing canal capacity utilized by MWD as established from 

canal operations data; and 
>- A summary of available unused capacity of the Beardsley Canal as it currently exists 

and under currentwater delivery obligations to serve MWD lands. 

These goals were met through seven tasks: 

J  >- Task 1- Existing data collection 
>- Task 2- Field measurement of canal structures and water flow 

J 
1-1  
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>- Task 3 - Field survey of canal 
>- Task 4 -Hydraulic analysis 
>- Task 5- Available canal capacity model development

:.J  >- Task 6- Coordination meetings  
>- Task 7- Phase !Report.  

] Deliverables 

The deliverables for Tasks 1 and 2 were presented at the WESTCAPS Technical 
Committee meeting on November 13, 1998. The Task 3 deliverables were presented in 
draft form at the WESTCAPS Technical Committee meeting o~ January 8, 1999 and in 
final form at the WESTCAPS General Committee meeting on January 29, 1999. The 
deliverables for Tasks 4 and 5 were presented in the draft report at the WESTCAPS 
Technical Committee meeting on April16, 1999. Task 6, meeting minutes, are published 
by WESTCAPS. This report comprises the deliverable for Task 7 and was presented to 
the WESTCAPS Technical Committee meeting in final form on May 14, 1999. 

]  WESTCAPS Mission Statement 

WESTCAPS is a coalition of CAP subcontractors most of whom serve drinking water to 

~ "']. 	 communities in the west Salt River Valley. It is WESTCAPS' mission to develop 
workable alternatives for its members to provide their customers with a cost effective, 
sustainable, reliable, and high quality water supply through partnerships and 

~J 	 cooperative efforts in r,egional water resource planning and management, emphasizing 
CAP utilization. 

~ l  WESTCAPS Members 

.J 

....I WESTCAPS members are the..following: Arizona State Land Department, Arizona 
Water Company, Town of Buckeye, Citizens Utilities Company, City of Glendale, City 
of Goodyear, Litchfield Park Water Service Company,' City of Peoria, City of Phoenix, 
Sunrise and West End Water Companies, City of Surprise, and West Maricopa Combine. 
Figure 1-1 shows the WESTCAPS members' water planning areas. 

. 
I  

Contracting ArrangementsU 
Bookman-Edmonston Engineering, Inc. (B-E) was issued Delivery Order No. 98-PE-32

J 0341C-D008 Entitled West Salt River Valley Water Mangement Study and Beardsley 
Canal Capacity Study- Contract No. 6-CA-20-0341C Entitled Architectural-Engineering 
Services for the Bureau of Reclamation, Mid-Pacific Region on September 22, 1998 by 
the Bureau of Reclamation. 
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SECTION2 MARICOPA WATER DISTRICT 
OVERVIEW 

Brief Description 

The Maricopa Water District provides water and power to district landowners for 
approximately 40,000 acres in the west Salt River Valley. Its predecessor was organized, . 
in the mid-1880s as the Agua Fria Water and Land Company and filed for rights to 
appropriation of flow and subflow of the Agua Fria River and its tributaries in 1888. 
The Agua Fria Water and Land Company assigned a contract to build a dam across the 
Agua Fria River to William Beardsley in 1892. The Waddell Dam on the Agua Fria 
River was completed in 1927 and impounded approximately 158,000 acre-feet of storage 
as Lake Pleasant. With the completion of the Beardsley Canal in the 1930s, the newly 
named Maricopa Water Conservation District No. 1 (informally called the Maricopa 
Water District or MWD) began delivering water. 

In 1994, completion of the New Waddell Dam by the CAP submerged the original dam. 
The storage potential of Lake Pleasant was increased to 1.3 million acre-feet, with the 
original storage space being held by MWD and the remainder used by CAP. 

Land Uses 
The primary land use within MWD is agricultural. Crops include cotton, alfalfa, wheat, 
lettuce, melons, onions, grapes, and roses. Figure 2-1 shows current land uses within the 
District. 

Parts of MWD have become urbanized, notably Sun City West, Sun City Grand, and 
Clearwater Estates. The urbanization in the northern part of the District has brought 
water demands for residential irrigation, golf courses and community parks. MWD 
continues to serve irrigation water to the golf course at Sun City Grand and the lots of 
the Clearwater Estates. Potable water is provided by Citizens Utilities to Sun City West 
and Sun City Grand. It is likely that urbanization will continue to take agricultural land 
out of production. 

Luke Air Force Base is adjacent to MWD's southeastern boundary. It is possible that anI· ! ·. . agricultural preserve will be established buffering Luke Air Force Base in order to help 
keep the Base active. 

Physical System 
MWD owns and operates the Hank Raymond Lake, the Beardsley Canal, approximately 
100 miles of laterals and sublaterals, and approximately 50 groundwater wells. Figure 
2-2 shows the MWD water conveyance infrastructure. 

The main conveyance in the MWD, the Beardsley Canal, transports water from Lake 
Pleasant about 17 miles to the beginning of the MWD distribution system just below 
Grand Avenue. The remaining 15 miles of the Beardsley Canal, from Grand Avenue to 
Indian School Road, contain lateral canal turnouts at about one-mile intervals. In 
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MARICOPA WATER DISTRICT OVERVIEW 

addition to water delivered through the canal, MWD owns and operates 50 
groundwater wells which supplement the surface water supplies. Table 2-1 lists the 
MWD wells and capacities; Figure 2-3 displays their locations. Approximately 53 . 
private irrigation wells are also located within the District. 

I . 

I. .
i. 

Table 2·1 
Beardsley Canal Capacity Study • Phase 1 

MWD Wells and Pumping Capacity 

MWD Well~ DWR Well Capacity IJM~Welll DWRWell I Capacity 
ID ID (gpm) ID (gpm) 

BD DOM 55·612951 7lii5-12E j55-612987 1,071 
BOSC02 55-613017 543 6-10C 55-612988 1,022 
MC1057 55-612957 668 6-105 55-612989 685 
MC938 55-612956 663 6-13 155-612990 ' 1,212 
1-19 55-612965 1,005 6·14 55-612991 620 
1-20 55-612966 - 6-15 55·612992 995 
1-29 55-612967 1,4781 7-14C 55-612993 I 712 
2-25 55-612968 647 7-22 55-612997 940 
2-26 55-612969 1,011 7-23C 55-612996 870 
rl-30 55-612970 1,038 7-23E 55-612995 842 
2-305 155-612971 1,141 8-25 55-612998 804 
3-26 55-612972 609 8·27 55613000 946 
~-265 j55-612973· 1,082 8-27E 155-613001 I 978 
~-26W 55-612974 696 9-35E 55-613002 826 
3-36 55-612975 940 9-36 55-613004 1,245 
4-1 155-612976 1,370 10-3E 55-613005 : 1,027 
4-2 55-516893 5161111-10 55-613007 I 505 
4-3 55-612978 783111-11 55-613008 1,011 

~ 55-612979 I 1,120II12-10S 55-613009 --
4-34 55-612980 603 12-15 155-613010 951 
4-35S 55-612981 1,033 13-21 55-613011 755 
5-3 55-612983 I 761 14-27 55-613013 1,0711 
5-10 55-612984 I 1J96 14-28E 55-613014 -
5-11 55-612985 I 658li14-28W 155-613015 451 
5-12C 155-612986 9731115-27 55-613016 1,163 

The MWD internal distribution system is integrated. Many laterals are joined together 
with a system of interconnecting canals. The most significant of these, known as the 
Cross Cut Canal, joins eight laterals within the system and reconnects to the lower 
portion of the Beardsley Canal, effectively joining four additional laterals. The Cross 
Cut Canal is primarily used to convey well water during the Beardsley Canal dry-up 
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MARICOPA WATERDISTRICfOVERVIEW 

period. The majority of the MWD-owned wells pump into the interconnected canals 
and laterals. Figure 2-3 shows the locations and conveyance capacities of these canals. 

Water Sources 
The surface water supply originally provided by the Agua Fria River and impounded 
by Waddell Dam now comes primarily through an exchange with the Central Arizona 
Water Conservation District (CAWCD) at the CAP inlet to the Beardsley Canal. 

When available, MWD can also purchase excess Colorado River water and is a 
Groundwater Savings Facility eligible to re-ceive CAP water in lieu of pumping 
groundwater. Both of these supplies are delivered through the CAP system. 

No appreciable storm water enters the Beardsley Canal. 

The Lake Pleasant and CAP supplies are conveyed through the Beardsley Canal to the 
MWD lands. Wells located throughout the MWD service area also serve as significant 
sources of water. Most wells pump into lateral canals or are private wells located on 
individual farms. Only four wells are capable of pumping directly into the Beardsley 
Canal. The quantities of water diverted and delivered from all of these sources for each 
month of the study period are shown in Table 2-2. 

Water Use Patterns 
The ability to convey water independent from the Beardsley Canal allows farming 
operations to continue during the winter months while the Beardsley Canal is closed for 
maintenance. This dry-up period usually runs throughout the months of December and 
January, and often longer, depending upon demands for water. Figure 2-4 swnmarizes 
the average monthly water use in MWD for a five-year study period (1988, 1993-1996). 
The study period was selected to represent a range of water demands reflecting current 
farming practices within the MWD service area. This range includes low, medium and 
high system water demand years (1993, 1994, and 1996, respectively), and low and high 
canal demand years (1988 and 1995, respectively). Each year of the study period is 
broken into supply source and monthly use in Figure 2-5. 

To initiate this study, a preliminary evaluation of the Beardsley Canal capacity was 
made from the information displayed in Figure 2-5, where it can be seen from the study 
period data that the maximum delivery of surface water occurred in July 1995. For the 
preliminary assessment, it was assumed that this quantity represents the maximum 
capacity of the Beardsley Canal. This assumed maximum capacity was then compared 
to actual canal deliveries (Lake Pleasant and CAP deliveries) as shown on Figure 2-6. 
The difference between MWD monthly surface water deliveries and the assumed 
maximum capacity represents the minimum remaining or unused capacity in the 
Beardsley Canal. Since the surface water deliveries are system totals, this value can only 
be representative of canal capacity up to the first turnout near Grand A venue. 

Further study involved constructing a hydraulic model which determined if the 
Beardsley Canal could carry more than the July 1995 flow to Grand Avenue. In 
addition, a distribution system model addressed the flow capacity once the Beardsley 
Canal entered the distribution portion of the MWD system below Grand Avenue. These 
analyses are presented in Sections 4 and 5. 
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Table2·2  

MWD- Historic Water Use for 5 Year Study Pe1rlod(1)  

1988 Total Water Usage (AF) 
Lake Pleasant (SW) 
Diverted Delivered 

CAP 
Diverted Delivered 

MWDWells 
Diverted Delivered 

PriVate Wells1i'1 

Diverted Dell,~ered 

TOTAL 
Diverted Delivered 

Lost & Unacct. For 
AF % 

!Jan 0 0 0 0 53~ 47 1 9{)2 902 1,438 1,373 65 5'% 
Feb 0 0 0 0 1,197 1,247 743 743 1,939 1,990 ·51 ·3% 
Mar 3,508 2.41 1 0 0 2,008 2,041 1,522 1,522 7,038 5,974 1,064 15% 
Apr 4,760 3,577 0 0 2,546 1,687 1,660 1,660 8,966 6,925 2,041 23% 
May 5 ,057 3,809 0 0 1,628 1,578 1,480 1,480 8,185 6,867 1,298 18o/c 
~un 7 ,760 5,888 0 0 1,988 1,904 1,992 1,992 11,740 9,784 1,95S 1JO/o 
Uul 2,077 1,588 7,649 6,356 2,336 2,261 2,291 2,291 14,353 12,496 1,857 13% 
Aug 0 0 6,961 6 ,189 2,222 2 059 2,060 2,060 11,244 10,309 935 8% 
Sep 0 0 3222 2459 1968 . 1,460 1629 1 629 6,820 5548 1,271 19% 
Oct 0 0 418 414 949 1,026 793 793 2 ,160 2,233 ·73 -3% 
Nov 0 0 0 0 1,664 1,256 1,201 1,201 2,865 2,457 408 14% 
Dec 0 0 0 0 2,123 1,636 964 964 3,087 2,600 487 16% 

[TOTAL 23,161 17,274 18,250 15,418 21,165 18,627 17,237 17,237 79,813 68,556 11 ,257 14°/o 

1993 T otaI W ater usage 
Lake Pleasant {SW)<3> CAP MWDWells Private Wells'"' 
Diverted Delivered Diverted Delivered Diverted Delivered Diverted Delllr'ered 

~an 0 0 0 0 55 52 95 95 
Feb 1,090 723 0 0 623 568 137 137 
Mar 4 ,065 3,368 0 0 9 7 3:r7 337 
:Apr 5,989 4,891 0 0 33 23 727 727 
May 5,766 4,684 0 0 103 87 821 821 
Jun 7,443 6,289 0 0 69 41 875 875 
Jul 9,628 7,948 0 0 74 71 1,087 1,087 
Aug 6,074 5101 0 0 41 35 690 690 
Se.p 4 ,097 3,060 0 0 42 38 305 305 
Oct 2,861 2,213 0 0 269 263 382 382 
Nov 1,398 1,189 0 0 1,013 928 468 468 
Dec 0 0 0 0 2,212 2,064 847 847 

TOTAL 48,410 39,468 0 0 4,:541 4 177 6,770 6770 
I'/ Data source Is MWD, except as noted. 

TOTAL Lost & Unacct For 
Diverted Delivered AF % 

149 146 3 2% 
1,850 1,428 422 23o/c 
4,410 3,712 698 16% 
6,749 5,641 1,1 08 16% 
6,689 6,592 1,097 16% 
8 ,387 7,205 1182 14% 

10,789 9106 1,683 16% 
6804 5826 978 14% 
4,444 3403 1 040 23% 
3,512 2,857 655 19% 
2,879 2,585 294 tO% 
3,059 2,911 148 5% 

09,72.2 !50,415 9,307 16% 

<21 Total Private Well Pumpage from DWR anflual reports, monthly usage computed from power service records,. 
131 1993 Lake Pleasant water supply inCludes water spilled and diverted during the months of February and Marc:h. 

l'n!feredby BOOJ<MAN.EINONSTON ENGINEERING, INC. 
ntll? N:M!I:rber; 1998, Revised Apdll6, 1~ 
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Table 2-2 (cont)  
MWO • Historic Water Use for 5 Year Study Pe·rlod<1 

>  

1994 T oat I W ater Usage 
Lake Pleasant (SW) 

Diverted Delivered 
CAP 

Diverted Delivered 
MWDWells 

Diverted Delivered 
Private Welts1"1 

Diverted Dell'trered 
TOTAL 

Diverted Delivered 
Lost & Unacct. For 

AF % 
bl_an 12 0 0 0 1,897 1,789 591 591 2,501 2,381 120 5% 
Feb 2,191 1,451 0 0 701 615 561 561 3,453 2,627 826 24% 
Mar 4,983 3,976 0 0 422 354 923 923 6,327 5,253 1,074 17% 
Apr 6 ,739 5,392 0 0 477 424 1,129 1,129 8,345 6,944 1,401 17% 
May 6,106 4 ,873 0 0 377 360 1,081 1,081 7,564 6,314 1250 17% 
Jun 9,247 7,625 0 0 627 588 1,295 1,295 11 ,169 9,508 1,661 15% 
Jul 9,sn 8,094 0 0 673 637 1,458 1,456 12 006 10,186 1,820 15% 
Aug 9,374 7,782 0 0 469 450 1,124 1,124 10,966 9,356 1,611 15% 
Sep 3,805 3,088 0 0 452 424 907 907 5,164 4,419 745 14% 
Oct 2 .847 2.141 0 0 470 428 570 570 3887 3 139 748 19% 
Nov 2 925 2,363 0 0 1,043 926 n2 n2 4,741 4,061 679 14% 
Dec 205 325 0 0 1,688 1,520 1,161 1,161 3,054 3,007 48 2% 

TOTAL 58,312 47,109 0 0 9296 8,517 11570 11 1,570 79,178 67,195 11,982 150A 

I'V 1995 T otaI W ater usa_ge
I 

co Lake Pleasant (SW) CAP MWDWells Private Wells1a1 

Diverted I Delivered Diverted Delivered Diverted Delivered Diverted Deli't,ered 
~an 0 0 0 0 266 228 148 148 
Feb 1,251 873 0 0 1,026 905 256 256 
Mar 5,633 4,405 0 0 456 407 275 275 
Apr 8,072 6,762 0 0 664 626 464 464 
May 8,077 6,671 0 0 1,020 897 485 485 
Uun 9,854 8,341 0 0 1,033 946 523 523 
Jul 12,769 10,659 0 0 1,333 1,227 663 683 
Aug 10,228 8)386 0 0 1,669 1,617 565 565 
Sep 6,762 6,058 0 0 1,001 894 426 426 
Oct 4 ,311 3,784 0 0 993 918 311 311 
Nov 1,899 2,020 0 0 1,872 1 704 276 276 
Dec 0 0 0 0 3,271 3,008 504 504 

TOTAL 68 876 57,959 0 0 14605 13376 4917 4 917 
'I Data source Is MWD, except as noted. 

TOTAL Lost & Unacct. Fot 
Diverted Delivered AF % 

414 376 38 9% 
2,533 2,032 502 20% 
6,364 5,086 1,278 20% 
9,200 7,852 1 348 15% 
9,582 6,053 1,529 16% 

11,41 0 9,612 1,599 14% 
14,805 12,569 2,236 15% 
12,462 10,569 1,894 15o/c 
8,1 89 7,378 811 10o/c 
5,614 5,012 602 11 °/c 
4 ,047 4,001 47 1% 
s,n6 3,513 263 7% 

88,398 76,252 12 ,146 14°/c 

12
> Total Private Well Pumpage from DWR annual reports, monthly usage computed from power service records. 

I P!epm!dby IBOOI<MAN-EOMONSTONENGINEERJNG,INC. I 
- Dale • l'bloerrber, 1998, Revlsed.April l 6, 1999 
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Table 2-2 (cont) 
MWD- Historic Water Use for 5 Year Study Perlod<1 

> 

1996 T oat IWater Usage 
Lake Pleasant (SW) 

Diverted Delivered 
CAP 

Diverted Delivered 
MWDWells 

Diverted Delivered 
Private WeUs\~1 

Diverted Delivered 
TOTAL 

Diverted Delivered 
Lost & Unacct. For 
AF o/o 

klan 0 0 0 0 3,601 S.l86 864 864 4,465 4,150 315 7 % 
Feb 2,043 ~ 331 0 0 2 626 2,490 1,169 1,169 5 ,838 4,990 848 15% 
Mar 6,094 5171 0 0 1,n8 1,670 763 763 8 ,635 7,605 1,031 12% 
Apr 8,620 7,405 0 0 2,728 2 ,572 1,451 1,451 12,798 11,427 1,371 11 o/.
May 8,224 6,882 0 0 3,252 3,034 1,036 1,036 12,512 10,952 1,560 12% 
Pun 9076 7,788 0 0 3,885 3,718 1 208 1,208 14,170 12,715 1,455 10o/c 
IJul 8,596 7,726 0 0 3,198 3,019 1,363 1,363 13,157 12,107 1,050 Bo/c 
Aua 4,107 3,463 4,540 4,008 2,880 2,742 980 980 12,507 11,192 1,315 11% 
Sec 0 0 4,073 3,364 2,085 1,978 741 741 6,699 6,082 817 12% 
Oct 0 0 3,-450 2,766 2,458 2 ,279 700 700 6 ,608 5 ,744 864 13% 
Nov 0 0 1,808 1,692, 2,233 2,040 702 702 4,744 4,434 309 7% 
Dec 0 0 0 0 2,797 2,562 971 971 3,768 3,533 236 6% 

h"OTAL 46,760 39,765 13 871 11,829 33522 31 390 11948 11 ,948 106100 94931 11 ,169 11% 

11l Data source is MWD, except as noted.  

>Total Private Well Pumpage from DWR annual reports, monthly usage computed from power service records.  

Pxep>rcdby BOOKMAN-EDMONSTON ENGU-.'EERING, INC. 

1:\>k> ~~ 1998, Revised April l6, 1999 
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Figure 2~5 
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SECTION 3 BEARDSLEY CANAL 
PHYSICAL DESCRIPTION . 

Introduction 
The Beardsley Canal was constructed in the early 1930s and is primarily a concrete
lined, trapezoidal-shaped canal with varying cross-section dimensions. No as-built 
drawings were available for the canal, and actual flow capacity by reach was previously 
unknown due to the age of the canal and structures, and the modifications that have 
been made over the years. Therefore, B-E undertook a comprehensive survey of the 
Beardsley Canal in December 1998. 

Survey Work Performed 
B-E established vertical control monuments adjacent to and on the Beardsley Canal and 
surveyed canal cross sections and structure elevations. The field work was completed 
in two parts, with the vertical control monuments established first and the cross sections 
and structures surveyed based on the control monuments. 

To establish the control monuments quickly and accurately, B-E employed Global 
Positioning System (GPS) survey methods rather than a level circuit. The GPS method 
used satellite data collected from base stations at known coordinates in the western 
portion of the Salt River Valley to constrain satellite data gathered at monuments 
located near the canal. These canal monuments were then used as base stations to 
constrain satellite data . for the remaining control monuments. The degree of error for 
the vertical control is less than one centimeter (± 0.03 feet). 

The vertical control monuments were typically established near canal structures or 
where cross sections would be required. Additional monuments were established to 
provide _a back sight where necessary. Canal cross sections and structure elevations 
were surveyed using a Topcon GTS 3 total station instrument_and a Hewlett-Packard 
TDS-48 data logger. The locations and coordinates of the vertical control monuments 
are shown on Figure 3-1. 

Physical Description 

Canal 
The Beardsley Canal may be divided into several reaches, as follows: 

~ Reach I: Camp Dyer Diversion to the CAP Inlet; 
~ Reach ll: CAP Inlet to Grand Avenue; 
~ Reach Ill: Grand A venue to Bell Road; 
~ Reach IV: Bell Road to Cactus Road; 
~ Reach V: Cactus Road to Northern Avenue; 
~ Reach VI: Northern Avenue to Camelback Road; and 
~ Reach VII: Camelback Road to the end of the canal. 

3-1  
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BEARDSLEY CANAL PHYSICAL DESCRJPTION 

Figure 2<! is <\ map of th!? Beardsley Ca.!tat and n profile is shown on Figw'e 3~2. Table 
3-1 iB a line list detailing all the structures on the Beardsley Canal 

Reach 1: Camp Dyer Diversion to CAP Inlet 

Figure 3-4 Chute and basin 
upstream of the Agua Fria River 
Flume. 

~ 

This uppermost reach of the Beardsley Canal is 
characterized by shotcrete lining and rugged 
terrain. ln general, the canal has a 15-foot bottom 
width, an 8-foot depth, and a slope of 0.0022. A 
typical cross section js shown in Figure 3-3. 
Upstream of the CAP inlet, however, the canal 
experiences a substantial vertical drop prior to 
enter.&I\g the Agu.a Fria River Flume. 

Starting at station 178126, the Beardsley Canal 
enters a chute which abruptly drops 45 feet. The 
flow goes supercritical and the canal is only 2.5 feet 
deep along the chute. The chute ends in a basin 
structure, then immediately enters another chute for 
an additional 33-foot drop. The second chute also 
ends in a basin, which overflows into the Agua Fria 
River Flume. 

Subsequent to the construction of the CAP inlet, this 
reach of canal is typically dry. There are no 
turnouts on this reach of canal. 

Reach II: CAP Inlet to Grand Avenue 
Downstream of the 600 cfs (388 mgd) CAP inlet, the Beardsley Canal typically has a 
bottom-width of 25 feet, a de th of 8 feet, and a gentle slope of 0.00016. The upper 

segment was constructed using shotcrete, while the 
lower segment closer to Grand Avenue was 
constructed of concrete using the slip-form method. 
Figure 3-6 shows a picture and cross section just 
downstream of the CAP inlet, while Figure 3-7 
shows comparable information for a stretch just 
above Grand Avenue. In order to cross three steep 
canyons formed by local washes, the Beardsley 
Canal uses ten-foot diameter pipe flumes. Figure ~ 

Figure J..8 Flume crossing of aJocaJ 8 depicts the flume beginning at station 153639. The 
wash. Bard Otrus Ranch turnout is the only turnout on 
this reach of canal. 
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FIGURE3-2 
Bookman-Edmonston BEARDSLEY CANAL CAPACITY SIUDY 
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Table3-1  
Beardsley Canal capacity Study  

Line List· Beardsley canal Structures and Cross Sections 
Canal structures 

Canal Canal Structure Dimensions Road 
Station (feet) Mile Svuoture/Roach Description Cross Section Length (ft) t 

200,000 . Dlversioo haadworl<s. start of canal 
197,651 0.4 Weir & recording gauge, MWD Station 1 9'hx 16'w 
197,473 0.5 Bridge on road to Beardsley Canal diversion 

- 185,558 2.7 Canal cross sectiOn 
:I: 165,472 2.8 Bridge for road to Cowtown Carefree0
< 178,126 4.1 Weir and check:drop, unused 3 0 8' hx 5.25'wwa; 177,923 4.2 1st Chute 

175,486 4.6 2nd Chute 
175,096 4.7 Rume • 1 • Agua Fria River Rume 13' Dia Semt·circular 1,150 
172,787 5.2 CAP inlet to Beardsley Canal 
172,153 5 .3 Rec. weir & MWD Station 5 gauge 7'hx20'w 
168,203 6.0 Turnout for Bard Citrus Ranch 
158,990 7.8 Canal OI'Oss sectioo 
157,469 8.1 Flume 12 (pipe) 10'1.0. 440 Dynamite 
164,080 8.7 Rume ##3 (pipe) 10' I.D. 440 

= 147,581 9.9 Rume M4 (pipe) 10'1.0. 380 J omax 
:I: 141 .387 t.1 .1 Inverted siphon 10' X 10' 51 
0 132,048 12.9 Inverted siJilon 10' x10' 51
ifi 127,855 13.7 Inverted siphon 10' X 10' 100a: 

127,453 13.7 Radial gate 2 o 8'hx 10'w 
115,009 16.1 Radial ~t9, unused tumout 2 0 8' hx 10'w 
114.520 16.2 163rd Ave. bridge 
114,443 16.2 CMP double culvert under Santa Fe railroad 20 8' Dia 54 
114,282 16.2 Box culvert at Grand Ave. 8,4' hx 18' w 46 Grand 
1 12,797 16..5 Turnout•1.Rec. weir provleles gra<Je conrr01. 
112,430 16.6 Inverted siphon and MWD Station 13 gauge 10 x 10ft 50 
112.350 16.6 Rectangular weir oheckdrop 6'hx 10'w 

- 109,365 17.2 Inverted siphon at McMicken Dam chute 12' X 12' 36 
:I: 104,988 18.0 Turnout 112, nograde control Beardsley0 
< 101 ,801 18.6 Turnout 113, rec. sluice gate, MWD Station 17 gauge s o 8' n x s.a· ww
cr: 96,647 19.6 Inverted slflhon 8'K8' 100 

93,836 20.1 Tumout for golf course, no grade contol Union Hills 
90639 20.7 Turnout f4 rectangularcheckboard 4 0 10' h X 5.8' W 

90,563 20.7 Bell Road bridge Bell 
~ 84,479 21 .9 Greenway Road bridge Greenway 
:I: 84,411 21.9 Tumovt fiS, raclial gate, MWD S1ation 22 gauge 20S'h>C81 w0 

ifi 81,772 22.4 Turnout 15.03. no grade control 
cr. 79,013 22.9 Turnout 16, rectangular checl<board 4 o 9.5'hx5.8' w Waddell 

73,059 24.0 Turnout 17, rec. sluice Qate, MWD Station 25 gauge 2 @ 8.8' h x 5.8'w Cactus 
72,160 24.2 Weir, checkdrop · last statioo gauge 6.7' h X 12"W 

70.740 24 .5 Inverted siphon S'xS' 117 
67,670 25.1 CMP ctJvert at Turnout #8 5'0ia 55 Peoria 

> 67,647 25.1 Turnout #8, r~. checkboards 5'x5' 
:I: 65,0.27 25.6 Inverted siphon 6'x6' 118 0 
~ 62,413 2.6.1 CMP culvert under Olive Ave 7' x 4.6' ellipse 40 OliVe 
cr: 62,366 26.1 Turnout f9, rectangular checkdrop 6.3' h X 7.8' W 

61,000 26.3 Canal cross section 
57,117 27.1 CMP cotvert at Northern Ave 6' x 3.6' ellipse 20 
57083 27.1 Turnout 110, rectangular checkdrop 3.9' h x75'w NOI1hem 
55,206 27.4 Inverted siptloo 52' X5.2' 98 

> 52,860 27,9 Rectangular w~r & ctleckdrop ·unused 4' h X 5' W 
:I: 51,802 28.1 Tumoot N11, rec. weir checkdrop 4.1' h x7' w Glendale
0 
c( 46,554 29.1 T umout #12, b'oadcrested weir 1.5' In ctlannel Bethany Horne 
w 

46,475 29.1 Inverted siphon 4.4' x4.4' 103a: 
41 ,274 30.1 Turnout t 13, rectangularweir checleboelli 4.8' h X 6' W Camelbact< 
38,658 30.6 Turnout 13.5, rectangular cl:!aekboard 3.2' li X 5.2' W 

> 36,051 31 .1 Boxwvart at Indian School Rd. 5.5'hx8'w 32 Indian School 
:I: 36,011 31.1 Turnout #14, rec. weir checkdrop 4.1' h X 6.2' W
0 

~ 35,977 31.1 End of canal 
a: 33,370 31.1 Checkboards at Osborn Rd. on lateral ditch OSborn 

30,700 32.1 E.nd of lateral ditch at Thomas Rd. Thomas 

I Prepa~by I BOOKMAN•EDMONSTO N fNCIN EEKIN C, I NC . I 

r:ii~l ~l\iliI D•l• I NOvember, 1991, Rt•t'IHd Aptll1 6. "" I =~~~~a~~ 
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Be:.~rdsley CaJJal Capacity Study  
Figure 3~J 


Beardsley Canal south ofthe Camp Dyer Diversion. 
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Beardsley Cttnal Ca,-,acity Stud~' 
F~gure J . (1 

·

-· 

Typical Beardsley Canal cross section above Canal Mile 11 . Shotcrete 
construction, maintenarn:e ramp pidured at left. 
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Beardsley Canal Capacity Study  
FRgtn:e 3- '!  

C.nlli Mile: 1~.3 
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lniUi StrueiUre ~Wl"ent 
Fonn~ concreta 
~lly in gaod condition 
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Typical Beardsley Canal cross section above Grand Avenue. Form placed 
Photoft-19 . 

concrete with uniform cross sections. Caved portion at photo right. 
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BEARDSLEY CANAL PHYSfCAL DESCRfPT!ON 

Reaches ffl and IV: Grand Avenue to Cactus Road 

Figure 3-10 Entrance to concrete 
box inverted siphon under the 
McMicken Dam chute. 

Between Grand Avenue and Cactus Road, the 
Beardsley Canal typically has a bottom width of 20 
feet, a depth of 5 feet, and is constructed of slip
formed concrete. From Grand Avenue to Bell Road, 
the canal has a gentle slope of 0.00006 and from Bell 
Road to Cactus Road it has a slope of 0.00007. 
Figure 3-9 depicts a typical picture and cross section 
of these reaches of canal. Turnouts #1 through 7 are 
included in th~ reaches, as is the concrete box 
inverted siphon transporting .flow under the 
McMicken Dam Chute (Figure 3-10). Figure 3-11 
shows Tumout #4 and the Bell Road bridge. 

Considerable new home construction is adjacent to the Beardsley Canal in these reaches, 
as shown in Figure 3-12. 

Figure 3-U Turnout structure for Figure 3-12 New home 
Lateral 4 and the Bell Road brid e. coru~truction north ofBell Road. 
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Beardd ey Canal Cap~city Str.!dy 

Canal MHe: 2S.3 
PicttJiecl Flow Rate: 110 cts 
Onign Flow Rate: -370 llfS 

Initial S1r\lotu,. ~nt 

Good Condi1ion -Po•ible 
conatric:tion, low llope or 
checked •• pert of 
operational r.quiramenta. 

Typical canal reach near Lateral #6. Note the small amount of remaining 
Photo fE-15

freeboard although flow rate in canal is approximately 113 of design rate. 
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BEARDSLEY CANAL PHYSICAL DESCRIPTION 

Reac~,es V and Vf: Cactus Road to Camelback Road 
Downstream cf Cactus Road, the Beardsley Canal changes character from a gentle
sloping canal to a canal with a relatively steep descending gradient. It typically has a 
bottom width of 5 feet, is 5 feet deep, has a slope of 0.025, and is shotcrete:lined. Flow is 
typically turbulent. The canal also experiences six drops at check structures, including 
the check structure for Turnout #9 at Olive A venue (Figure ~13). Turnouts # 8 
through 13 are on these reaches and Figure 3-14 shows the CMP culvert in which resides 
the checkboatd structure which turns out flow for Lateral #8. Figure 3-15 depicts a 
typical picture and cross section from this reach of the Beardsley Canal 

--"'"
figure 3-13 Drop at Tumout Figure l-14 CMP culvert for 
check structure, Olive Avenue. Turnout #8. 

Reach VII: Camelback Road to End of Canal 
Downstream of Camelback Road, the dimensions of the Beardsley Canal become 
smaller as MWD conveyance needs are correspondingly decreased. In this final reach, 
the canal typically has a bottom width of 2 feet, a depth of 3 feet, a slope of 0.006, and is 
constructed of shotcrete or slip-formed concrete. Figure 3-16 shows a typical picture 
and cross section from this reach of canal. Turnouts # 13.5 and 14 are on this reach and 
the canal ends with a turnout to a farm field at Thomas Road. Figure 3-17 shows the 
end of the Beardsley Canal. 

Structures 
There are a number of structures on the Beardsley Canal .including bridges, check 
structures, measuring weirs, culverts, inverted siphons, .flumes, and tmnouts. Check 
structures include radial gates, sluice gates, and check gates and may or may not have 
associated canal drops. Representative structures are pictured throughout this section 
and Table 3-llists all the structwes, with references to the photographs in Appendix A. 
Appendix B contains a detailed description of the Beardsley Canal HEC-RAS model, 
which includes detailed information on all the structures. 
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Be~tdsf~y C9naJ Capacity Study 
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Beardsley Canal and turnout to Lateral13.5. 
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Beardsley Canaf Capacity Study 
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CECTif~N ,.4 
..... • - .J> • • J l ""t BEAB.DSI.JEY CANAL 

J.-IYDIUiU'LiC ~10DEL 

HEC-RAS Moda~ Descript~on 
A h-~ :- ..... - .-1:,~ -::t·~ h.- -~ - .•· , ,_~ n ._.,.c;-~- r ..... ... 1 T - ~ ...J vf .:.1 r. ~ ~-: ..,. J-.t ,' .. ""'11, t ..a ·., th

• _ . " ........ c:.;.,.!,.._,._ ,.....,.••a,~)' ~ ._, C•l •.; ot. J.•et:o.v. . ,"".·' .....a! t ;:-;.1 "'a~ \ln-..H'!- iG:.;;.<e.•• l.:~,._1J.1i; ~ u:. a ~.; ·•."'lee e~ 111 e  
field. <ir-"d 'HEC-HAS (Hyd.rol,:;gk En,~i:nEerel\g Ccm!e!' River Alialytis System) version 22. 

, . ... ¥ • ~ ~ r"'c e • c; · · - • • " 1The oa&K wpu.t \'\at8. r.eq:.n.remants .o:r .r..t -t~"'!..... 111cntde canal. geometry (l'Ef•rese::;tea. 'Y 
a S~!"iEs of C<'as5i ;f<t~o-,., s); o?:n.e.rgy loss coefficients for hydr<n·dic resistancE> l:'l..t..'\d the 
~xpmsion o:t .:ontract:i.Cin of .d ow; (r.e !'ate of dischl'l.r.ge; a.rv:i conditi.oi'.s for t11r:- flow 

~ ' (. . 1 ·• <' • ' A d t •1 d d • • f' Lt ..J ' ''I • •bou.<c,az:e; f.}> thE:: c anru. i.;:,.~. . lop or lll"\lng;. .~ e aile escr:!.phon o u1e ny~u-aUJlc 
model is includEd. f.le. Appea ·di;.· B. 

\·V"ithln E:EC~R-\.S, ·~m1.a1 g-:•:.::T,.>1!h·~· is d..:.tlned by a S€'-l:i~s of cross se-::ti.o.n~, ead1 
..~.:Jm?r.Ised o£ puinit.> \·vitl, ~or•l'i:!..it-.:.i:'ti>.·• ·in tht.:>·c diJlH.'~'l1S:iot~s sn.iHdt~n~ tt· defi.;l~·· h\~' ~ti·~~~ 
avail~ht-: iur: th~~ <:QltVo:•y·:tJ~I:P flt !k,w. For !}li!;, !~r..,je\.'1, w.naJ g\:'~lmt>t.ry wm; •.~o?\·~Iol'-:d 

bo:!n smv~5' dnta ~o1k><:Led in IlK ;ieid lw rq~ in. D ~en•ht·r i ';9R NuJ.('h'·-scv;;:n ~~·.)i.,m~ 
i''€t.l? s..rt .t<>r vtr tk al mniTcl.and. srJ.fi::: rent ddt~, •.,.._.~r!': (.~l~t:t:! ,.,d to 5f!;,-,e,:..,,t'<:' ovet' 250 cross 

" 
Slt;;CiJ<.)J'I!i. s~!(j iou 3 p ruv id~ lJ.l.Ot~· d~h:.il ui\' !he Df.>al J.!'Jlev '."..>.:.·tit! fi trv~y . 

.,... . ' " . "l ti' ' • ., l ,; .J • • • , i l ~1 . -' .o':' l gttl.€ .:+.;--.1_ f;) 9, i-}'pl.C~ ('fC~ ~i-?<: O~\l GJ~\011;',!1\£; '(!1 E _,~bt (U);.:t n;s1"'.. ~.: c;ax.1.W _1E;~L::e:. 't~· :U1.'V~.t.~~" 

h >p or l.ilunp.., a,nd !or {)l ow point~, :\...M~ticrru.lly ~k.:r~d. -:z,;ss s·~·;tions 1la'~.-e a ;..,·r.~-e:r 
mcok ior tl.e c::.libration flo\1'• H~;~<me (.s?,; t.ebvr). O·''·t~ $et:o.ons w::=N t:;r;ok~.llr SlliTJ?y~<-c'. 
ev~rv hsli-:::ru? wWl. ll\C'.C'e •:roH s~ction5 'b~ing t?.ka; :in the vi::iz,i tY o:£ s~-r~:.<:<"t..U~2.& . Cros5 . ' 
s~t:ticm.~ ws:~·e .sls.:: !! •.-..:rv.:~ ~!d at FGLT!.rs t:.-, :<i d in m'Jdel c::Uibration s•Kh r:~ ~lle e~tEnt cf 
ctwi..:,t.W hackw..1f£>r ~il·•:cl,~ &r:d d 1-a1tg;0s ~... om.<'J g::-am.,~ ::rr, slo;).~. ,;:r .roughness. 
A.dd.1ti• rval ( t«)S"' s':ctkm~ w~1~: ;i{~n"'.rtitl'd. tt:>b.'lg judgn:o::nt t<) .:riJ.u<. lh.l;;.' .i.l.tO~~ei ca~bt .:~.tier~ 
p:rot:.->6S. Af.1-'ftnd.ix 3 t.<:.t1l~tn·t& dl i.hc B.ea.:d:-r].•~y Car·tai. ct~~s se<:li oJ.ll:1 . 

Thi> w:~if.lt sm·bc? 1o.f <1 'Ynown He~···' ·:hn.:: wac~·,.t:,·
rn~ri<.;;d i.' l."l th,:y c~.n.;.:: lini.n.g hy B-E st.2.t'f ·?!l"c Au~:-:st ,;,; 
a.I~Ll. ~~. 1998. hi)Sh t1ow de"n.l {..,r 1\-fWO. l5h..v~ p-o!:bt 
WM u.-;ed h., t~pplv lt.<:: Ll.l.a;.~<? a.t sded.i::d httarv.;ih; 
(Figjl..(TC 4-7). 1f,~· (0:.'rt1.i111\tr~~ 1Jf Lhe li'!\h~z :.m:'f<>ir.: 
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BEARDSLEY CANAL HYDRAUUC MODEL 

Typically, the check gates were modeled as fully open to achieve the higher flows. In all 
cases, the modeled water surface is high enough to allow MWD turnout deliveries. 
Table 4-1 summarizes the reach-by-reach estimated maximum capacities. 

Table4-1 
Beardsley Canal Capacity Study - Phase 1 

Summary of Estimated Maximum Reach Capacities 

Reach 
No. Reach Description 

1993 
MWDHigh 

Flow (tl 

(cfs) 

Estimated 
Maximum 
Capacity(2l 

(cfs) 

Estimated 
Maximum 
Capacity(2) 

(mgd) 
I Lake Pleasant to CAP Inlet 230 400 I 255 
II CAP Inlet to Grand Avenue 230 300 195 
III Grand A venue to Bell Road 230 300 195 

IV 
Bell Road to Greenway Road 200 290 185 
Greenway Road to Waddell Road 179 290 185 
Waddell Road to Cactus Road 144 290 185 

v 
Cactus Road to Peoria Avenue I 119 90 I . 55 

Peoria Avenue to Olive Avenue 99 90 55 
Olive Road to Northern Avenue 82 90 I 55 

VI Northern Avenue to Glendale 
Avenue 

67 90 55 

Glendale A venue to Camelback 
Road 

39 80 I so 

vn ICamelback Road to Indian 
School Road 

25 74 45 

Notes: 
1. Flows measured by MWD in 1993 as maximum capacities constrained by existing demands. MWD 
has since made improvements to the Beardsley Canal. In some instances, MWD exceeded canal 
freeboard constraints used for computing the estimated maximum capacity. 
2. Based on six inches of freeboard. 

The MWD 1993 flows were developed by MWD several years ago during a Lake 
Pleasant spill event, and are based on high flows to satisfy MWD demands. It should be 
noted that MWD has made improvements to the Beardsley Canal in subsequent dry-up 
periods, including raising the canal lining in selected areas. The estimated maximum 
capacity is significantly greater than the MWD 1993 flow in the upper reaches (Lake 
Pleasant to Cactus Road) for two reasons: MWD demands were not greater than the 
MWD 1993 flow, and improvements have been made to the Beardsley Canal in the 
interim. Between Cactus Road and Olive Avenue, the estimated maximum capacity is 
lower than the MWD 1993 flow because MWD was able to operate the water surface 
above the six inches of freeboard required in the modeling effort. In the lower reaches 
(Olive Avenue to Indian School Road), existing demands kept the MWD 1993 flows less 
than the estimated maximum capacity. · 

Figure 4-3 shows the reach-by-reach maximum estimated capacities and the locations of 
the structures which limit flow. Table 4-2 summarizes the restrictive structures and/or 
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Table4-2 
Beardsley Canal Capacity Study - Phase 1 

Summary of Beardsley Canal Features Which Restrict Convq_ance C~aci_!y 

Canal 
Station Structure Description 

Estimated 
Maximum 
Capacity 

(cfs) 

Estimated 
Maximum 
Capacity 
(~g_d) 

175096 Flume Agua Fria River Crossing 400 255 
158990 Canal Lining Below CAP Inlet 300 195 
90639 Bridge Bell Rd. 290 185 
90563 Check Ga te Turnout#4 290 185 
81772 . Canal Linmg Between Turnouts# 5 and 6 290 185 
79013 Slu ice Gate Turnout#-() 290 185 
67670 Check Gate 

inCMP 
Culvert 

Turnout#S 90 55 

57083 Check Gate Culvert atNorthern Ave. 
Iand Turnout #10 

90 55 

46554 Broadcrested 
Weir 

Tumout#12 80 50 

38658 Check Gate Turnout#13.5 74 45 

BEARDSLEY CANAL HYDRAULIC MODEL  

canal segments while Figures 4-4 through 4-11 provide detail. The circle in the profile 
section on Figures 4-4 through 4-11 shows the location where the maximum flow water 
surface comes within six inches of the top of canal lining. 

Figures 4-4 through 4-11 illustrate the model results for a variety of structures. 
Although not restrictive at the maximum modeled flow regime, Figures 4-12 through 4
14 provide detail on two additional structures of interest. 

Sensitivity Analysis 
A variety of parameters are incorporated into the HEC-RAS model including energy 
loss coefficients for hydraulic resistance and the expansion or contraction of flow; and 
weir and other structure-specific coefficients. The reliability of the modeling results 
depends on the ability to accurately estimate these parameters. All of the parameters 
selected were within accepted ranges for the conditions being modeled. For example, 
the Manning's "n" value (a measure of the roughness of the canal lining) chosen for the 
slip-form placed concrete sections was 0.015, while the range of Manning's "n" 
recommended for comparable material in the HEC-RAS Hydraulic Reference Manual, 
Versian 2.2 (U.S. Army Corps of Engineers, Hydrologic Engineering Center, August 
1998) is 0.013 to 0.016, with 0.015 identified as " normal." Appendix B includes a 
comprehensive listing of model parameters. 

While HEC-RAS is widely used to model open channel flow, it is worthwhile to note 
that it is based on empirical equations which reasonably predict hydraulics. 
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BEARDSLEY CANAL HYDRAULIC MODEL 

The model parameters were chosen systematically to reflect the canal lining and 
structures observed in the field and also to replicate the water surfaces measured for a 
known flow regime. In effect, the calibration process itself could be considered as a · 
sensitivity analysis. A formal sensitivity analysis was performed, however, to 
determine the impact of varying the Manning's "n'' value within the range of values for 
a given material. Increasing the hydraulic resistance of the canal lining (by increasing 
the Manning's "n" value from 0.015 to 0.016 and 0.020 to 0.023- the "maximum" values) 
results in a decrease in the estimated maximum capacity of 12 percent in Reach I and 
approximately five percent in the remaining reaches. To replicate the water surface 
elevations predicted by the model for the maximum estimated flow regime using 
increased Manning's "n" values, a flow regime of 12 percent less flow in Reach I and 
approximately five percent less flow in the other reaches was required. The greater 
impact in Reach I is likely due to the absence of regulating structures in that reach. 
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lntroduction 

Ln the previous fif.(:[ior,, ihr,; fuJJ hycb:a.ulic capacity of th~ Be~.rcL~~y C nna:i ' 'Tas comput.~d. 
thr cugh -;rse ot a HJ~C~RAt> model. This. section cliscu.ssac the deten:.:uns.Hon, 011. e. rE-ach
by-l'~ach basiar t){ th€ ex.~·~es o.padty in the canal to hanspo:rt w ater fol: Vv~STC.i:,.i-o 
members,' ' 

I 
'  Since M'L'.!D d.o,:s> noi· <X<~J~lttl:ain r1ow records of tl1e Be~rd.sley Can~l, the excea.s capacity 

in. !:be •:aJta! could not De I:On!.puh:d by simpiy Stthtn~.:ting the stud r pef"iod flows from 
tl1e hydr<mlk capacitY. h~st2ad, e. basic distribution system model t~ calo.llate the 
syst&nl rlema.11d.r; on t1•~ l:;eard.BiGy Canal was t'OL1stmctr.:d. 

DeJine<ili.~ t;<<.nal i t?ilcbro and Si:tbseq_u~""'ct d 0man.ds by rea~h w~ acw mplish::d tlm;•..tgh 
tU1~l'slanding b:'\Ul L~ Beru·dsler C::u:v=tl 1wdranli~ ·har-ach?lliti..:s t>..td th(: rvil\'D 
deli?t:l'";. aysf·en:1 opt!l.'Z.tion.s. 

MWO Opr~r~tio~~ 
~--·· --·----·----, 

The MWD deliv~ry system is tyt.-:ified by f?.TD.l 

I l~ir~t:,~l111lf:rved 	b·.- the Beard.~:h~y Cen%1L af f•bvtl t oneI rr.il~ :.rth~r•.r.:ds, ~s flhnv•m in ' Figw.re 2-5. T.hese 

l lat"t.~it' ~urplied < fmm 1\.•fV.JD<tB are l.dditicmal w~t~e:.· 
"Vn;lls.. ar~cl ~l'E' c~paoj.e of ci~Jiw:ring Yrat-::?1' hj otl.1er 

i 1.\ten~l~ thto1.:..gl• U\~-?tcomtectmg ditdt~~s ~t.td~. .;;:s 0.1•.?I (::'ros:.5-C:ut C'artt1l (25 d") or otbf.H~, .!\ ... ~r)..ch, the 
1  

• MWD d.•livery t;~i.cm\ is V'i:?l1l!1\eg_Il1t~•i. 

I .  1__!l.v.n~ ~1!-'fo'ii:; _.s~·~!:l_.~-··--·j Cail·~l<~tin~ w.lh'\' rtenl<md:. hn ~~ad' rroad1 of tJ1~ 
Bel:l.rdaley Ca.l'l.f'J rt:qt.liftd lflft~ Wrtler o~mu.nrl .'H'l:!llS b~ l.{l'.~.!~nt>ute\:{ witl':.in t!l~:' !\l'(\{j') 
~-ctvi.:e ru'e~ Th'2 delineaJhn WilS has<>d upNt i ~(· t o-.:s !md 1 afl ih~ hydtaulic c<t1~e:dty of 
!.:he Beardsley ~1al to deliver waiet io a klt~rcl di;.d:. 0r th~ e~d:tf!nc.: ::Jf il1~et.v:enaed'il1g· 
crtn&l:::. A toti?.l c,f si~..: !:i>?par·al~: 'Nai·l:"' D2tnlin{{ A.reaa '",~.t·:? d~lli1e.::i:~d •.iS sho-"rn in Figut·<? 
5-2. ?vfW D !;.taft has t '?'ie1-•7ed th e d~!i11a-'"t~d cll'•-'.>('18 <>~d agr;:e~ th~~ this pl·o·;-id.es <:..!'. 

adequate model o£ normal operations . Table 5-1 is a sh ort d~sci.-ipti"3:;.:. of thss~ ~·easI . 
anc~ ope'l'<tt!oru. 
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Table 5-l  
Beardsley Canal Capacity Study - Phase 1  
Characteristics of Water Demand Areas  

Water Defining Characteristics General Operational 
Demand Characteristics  

Area  
1 Located north of Bell Road. Service area includes Wells can supply all 

golf courses. Interconnects allow water conveyance other Areas.  
to all other areas  

2  Located south of Bell Road and West of the Cross- Wells can supply Areas 
Cut Canal. Service area includes mix of farm and 3,4,5and 6 
residential customers. Interconnects allow water 
conveyance to Areas 3, 4, 5, and 6 

3 Located south of Bell Road and East of the Cross- Wells can only supply 
Cut Canal. Service area includes farm customers. demand within Area 3 
No interconnect to other Areas. 

4 Located south of Peoria Avenue. Beardsley Canal Some wells can supply 
capacity is significantly reduced. Interconnects demands within Areas 5 
allow some conveyance to Areas 5 and 6 and6  

5  Located below inlet of Cross Cut to the Beardsley Some wells can supply 
Canal. The Beardsley Canal must carry all water demands in Area 6, but 
supplied internally from other Areas to Area 5. must be conveyed in 

Beardsley_ Canal. 
6 lLocated at southern end of District. Area 6 has no IWells can only supply 

ability to connect with the rest of the district. Area 6 demands. I 
The Beardsley Canal was divided into seven different reaches based upon either the 
hydraulic characteristics of the canal or the canal's relationship to the Water Demand 
Areas. 
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Table 5-2 
Beardsley Canal Capacity Study - Phase 1 

Description of Canal Reaches and Water Demand Areas Served by Each 
Canal 
Reach 

Reach 
Description 

Area 
Demands 

Conveyance 
Losses 

I Lake Pleasant to the CAP inlet Areas 1~6 Reaches I- VII 
II CAP inlet to Turnout #1 (below I Areas 1-6 

IGrand Avenue) 
Reaches II - VII 

m 1Turnout #1 to Turnout #4 (Bell I Areas 1-6 
Road) 

Reaches III-VII 

IV Turnout #4 to Turnout #7 
(Cactus Road) 

Areas2-6 Reaches IV-VII 

v Turnout #7 to Turnout# 10 
(Northern Avenue) 

Areas4-6 Reaches V-VII 

VI Turnout #10 to Turnout 13 
(Camelback Road) 

Areas5and6 IReaches VI and Vll 

VII ITurnout#13 to Turnout #14 
(Indian School Road) 

Area6 Reach VII 
. : ..I

!. 
i 

MWD System Demands 

Farm account deliveries make up the primary demand within the MWD distribution 
system. These demands can be met from Beardsley Canal deliveries and well pumping. 
The demands within each Water Demand Area were calculated from individual 
monthly farm account deliveries for 1995. This Water Demand Area delivery pattern, 
represented by a percentage of total monthly deliveries, is used to calculate the Water 
Demand Area deliveries for the remaining study period years. Table 5-3 shows the 1995 
deliveries to each Area represented as a percentage of the monthly total deliveries. 
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Table 5-3 
Beardsley Canal Capacity Study - Phase 1 

Percentage of Total1995 Deliveries 
by Water Demand Area 

Month I Area 1 Area2 Area3 Area4 AreaS Area6 I Total 

14.61 100rranuarv 0.0 0.01 17.0 9.9 58.5 
Februarv 3.6 4.31 24.9 29.3 21.9 16.0 100 
!March 9.3 6.6 28.5 27.0 20.5 8.1 100 
jApril 8.4 10.0 34.5 22.4 15.8 8.9 100 
!May 7.0 10.3 33.9 24.0 18.6 6.2 100 
lfune 8.71 9.51 32.4 22.6 21.4 5.4 100 
~uly 9.9 10.0, 34.3 20.1 17.9 7.8 100 
·August 11.6 13.3 31.3 17.7 14.5 11.6 100 
September 7.4 10.9 27.2 25.3 18.9 10.3 100 
October 8.3 5.1 27.21 26.41 19.8 13.2 100 
November I 10.61 2.7 24.7 28.01 17.8 16.21 iOO 
December 5.9 3.21 25.4 23.1 25.5 16.9 100 

The account deliveries are satisfied from District well pumping and from water 
conveyed in the Beardsley Canal. Private well pumping is not included in the account 
deliveries. To determine only the demand placed on Beardsley Canal conveyance, the 
volume of District well pumping is subtracted from the account deliveries. MWD 
records showing monthly well pumping for each well for the study period were 
summarized as total volume pumped within each Water Demand Area. This volume 
was then subtracted from the account deliveries to each water budget area. 

Table 5-4 shows the total account deliveries within the MWD service area for 1995 
broken into water budget areas. Table 5-5 shows the total volume of pumping from 
wells located within each water budget area. Table 5-6 is the result of subtracting the 
well pwnping from the account deliveries. 
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' 

Table 5-4 
Beardsley Canal Capacity Study- Phase 1 

1995 MWD Account Deliveries by Water Demand Area 
(Acre-Feet) 

Month Area 1 Area2 Area3 Area4 Area 5 Area6 

fan 0.0 0.0 38.71 22.6 133.21 33.4 
~eb 64.7 76.2 441.8[ 521.0 387.9 283.? 

~r 447.6 316.0 1370.7 1300.1 987.6 389.7 
Apr 618.2 739.9 2556.0 1651.5 1167.6 654.7 
~y 528.91 782.1 2563.21 1816.6 1408.51 468.5 
~un 803.8 885.2 3017.8 2097.1 1983.8 500.9 

~ul 1170.9 1189.4 4086.6 2383.7 2132.7 922.6 
Au!! I... 1164.1 1334.01 3123.61 1771.51 1448.11 1161.91 
~eo I 514.8 755.81 1889.6 1757.3 1315.31 719.2 
Oct 389.7 240.0 1282.3 1241.0 ! 930.2 618.3 
Nov 393.3 99.7 922.2 1043A: 664.2 602.0 
Dec 178.6 96.21 765.7 693.71 766.2 508.0 

Table 5-5 
Beardsley Canal Capacity Study· Phase 1 

1995 MWD Well Pumping by Water Demand Area 
(Acre-Feet) 

Month Area 1 Area2 Area3 Area4 AreaS I Area6 

~an I 0.0 22.5 27.1 38.71 131.3 8.3 
Feb 83.2 329.2 107.0 170.2 95.7 117.4 

Mar 68.8 56.3 123.0 19.3 105.9 33.3 
Apr 138.2 124.1 165.7 97.4 95.5 5.3 
May 74.6 131.9 457.3 117.4 94.5 20.9 
ju.tl 126.1 177.4 373.7 67.01 109.4 94.5 
ul 125..5 165.3 491.7 122.4 152.1 169.6 

A.ug 295.6 444.4 .371.4 182.8 158.2 164.4 

~p 64.3 213.6 298.5 84.6 111.4 121.8 

Oct 91.2 121.0 316.3 57.2 24.1 307.8 
!Nov 250.5 541.6 346.4 198.5 54.7 312.8 
Dec 445.6 990.6 609·.0 426.7 241.2 295.1 
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c Table 5-6 
Beardsley Canal Capacity Study- Phase 1 

Result of Subtracting Well Pumping from Account Deliveries 
Table 5-4 minus Table 5-S 

(Excess supply from pumping is represented by negative(-) values) 
(Acre-Feet) 

Month Area 1 Area 2 Area3 Atea4 Area 5 Area 6 

r~.n 0.0 -22.5 11.6 -16.1 1.9 25.1 
Feb -18.6 -253.0 334.8 350.7 292.2 166.3 
Mar 378.8 259.7 1247.7 1280.8 881.7 356.4 
Apr 480.0 615.8 2390.3 1554.1 1072.1 649.4 
May 454.3 650.2 2105.9 1699.2 1314.0 447.6 
Jun 677.7 707.9 2644.1 2030.1 1874.4 406.5 
ful I 1045.41 1024.1 3595.01 2261.3 1980.61 753.0 
~ug 868.5 889.5 2752.2 1588.7 1289.9 997.5 
SeP 450.6 542.2 1591.1 1672.7 1203.8 597.4 
Oct 29851 119.0 966.0 1183.91 906.11 310.5 
Nov 141..8 -441.9 575.8 844.9 609.6 289.2 
De<" -267.1 -894.5 156.7 .266.9 52.5.0 2.12.9 

In many instances, well water in excess of account deliveries is pumped within a single 
water budget area. The MWD internal distribution system allows pumped water to be 
conveyed to many portions of the system. For the purpose of modeling this distribution 
system, the excess pumping in one area is distributed to demands remaining in other 
areas according to the conveyance rules established in Table 5-2 above. An example of 
these calculations for 1995 are shown in Table 5-7. 
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Table 5-7 
Beardsley Canal Capacity Study- Phase 1 

1995 Demands on Beardsley Canal after Considering Well Water Deliveries to 
Other Water Demand Areas 

(Acre-Feet) 
Month AJ'eal Area 2 Area 3 Area4 AreaS Area 6 

Jan 0.01 0.0 o.ol 0.0 0.0 0.0 
Feb I 0.0 0.01 63.3 350.7 292.2 166.3 
Mar 378.8 259.7 1247.7 1280.8 881.7 356.4 
Apr 480.0 615.8 2390.3 1554.1 1072.1 649.4 

~_y 454.3 650.21 2105.9 1699.2 1314.0 447.6 
Jun 677.7 707.9 264.4.1 2030.1 l874.4 406.5 
lul 1045.4 1024.1 3595.0 2261.3 1980.61 753.0 
Aug I 868.5 889.51 2752.21 1588.7 1289.9 997.5 
pep 450.6 542.2 1591.1 16727 1203.8 597.4 
K>ct 298.5 119.0 966.0 1183.9 906.1 310.5 
[Nov 142.8 0.01 276.7 844.91 609.6 289.2 
Dec 0.0 o.o ().0 o.o 0.0 0.0 

As seen in Table 5-7 above, well pumping is capable of supplying all account demands 
for the months of January and December, the dry-up period for the Beardsley Canal. 
The remaining volumes of water represent the demands at the farm which would be 
placed on the Beardsley Canal for conveyance. Additional conveyance volumes such as 
losses and other conveyance requirements must also beconsidered. 

Conveyance Losses 

Distribution System Losses 

Conveyance losses within the Beardsley Canal and the MWD dio;tribution system 
include seepage and evaporation. MWD staff has stated that overall losses for water 
delivered through the Beardsley Canal are from 15 to 20 percent of the total water 
conveyed. Of this quantityi approximately three percent is lost in the MWD distribution 
system. To account for losses within the MWD distribution system, three percent was 
added to the Canal Demands listed in Table 5-7. 

Canal Conveyance Losses 

Estimated conveyance losses for each reach of the Beardsley Canal were based on the 
canal length, water surface width and wetted perimeter of each reach. The water 
surface width and wetted perimeter are'variable based upon the flow rate in the canal at 
any given time. These variables were compared for normal deliveries (150 cfs) and 
maximum flows (300 cfs). The resulting difference between the two flow rates for 
wetted perimeter and water surface width was approximately 10 percent. Since the 
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water level must be checked to make turnouts into laterals possible, the difference in 
area caused by different flow rates is small. The wetted perimeter and water surface 
widths were used for the maximum flow rate. 

Evaporation Losses 

Evaporation losses are calculated from the water surface area in the Beardsley Canal 
multiplied by the net evaporation rate from an open water surface. 1be net evaporation 
from an open water surface was calculated as the to-year average reference crop 
evaporation at the AZMET agricultural weather station located at Waddell, Arizona 
times a coefficient of 1.15 (Food and Agriculture Organization Report No. 24, J. Doorenbos 
and W .O. Pruitt, 1977). Total monthly evaporation losses for each reach were calculated 
by multiplying the net evaporation by the water surface width and canal length and are 
shown in Table 5-8. 

Table 5-8 
Beardsley Canal Capacity Study - Phase 1 

Evaporative Losses by Reach 
Maximum Flow Profile 

(Acre-Feet) 
Net 

Evaporation Reach Reach Reach Reach Reach Reach Reach 
Month (Inch/Month) I II III IV v VI VII 

an I 1.09 21 5 ll 2 <1 <11 <1 
Feb 2.561 4 111 21 4 1 1 1 
Mar 4.95 81 21 3 8 2 1 1 
Apr 8.11 13 341 5 13 . 31 2 2 
Mav I 10.40 17 43 7 161 4 21 2 
un I 11.51 19 48 7 181 5 31 2 
ul 9.42 15 391 6 15 41 2 2 
~ug I 7.10 12 29 5 11 3 2 l 
Sev 6.17 10 26f 4 10 ~I lj 11 
Oct 4.98 8 211 ~I 8 II II 
Nov 2.891 5 12 5 1 1 1 
Dec 1.151 2 5 1 2 1 <1 <1 
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Seepage Losses 

Seepage losses from the Beardsley Canal occur at joints and cracks in the lining, from · 
leaking gates, from portions of the canal with missing bottom lining, and to a lesser 
degree, from the lining itself. Due to the age and construction of the Beardsley Canal, 
the seepage losses are considered to be high for a lined canal. Using the approximate 
amount of conveyance losses observed during field visits and confirmed by MWD staff, 
and subtracting the calculated evaporation losses, a system-wide seepage loss factor was 
calculated for the Beardsley Canal. The derived seepage factor of 0.39 ft3I ft2I day was 
multiplied by the reach length and average wetted perimeter to calculate daily seepage 
losses. While this analysis treated seepage as a function of wetted perimeter and reach 
length, it is likely that seepage losses are greater in the upper reaches of the Beardsley 
Canal as the canal traverses fractured hard rock and seepage through canal lining cracks 
would not tend to self-seal under those conditions. The seepage losses by reach and 
month for the Beardsley Canal are summarized in Table 5-9 and total conveyance losses 
are summarized in Table 5-10. 

Table 5-9 
Beardsley Canal Capacity Study - Phase 1 

Seepage Losses by Reach 
Maximum Flow Profile 

(Acre-Feet) 
Month I Reachl Reach II Reach 111 Reach IV Reach V Reach VI !Reach VIII 

Jan 2851 554 104 259 64 36 31 
Feb 260 505 95 236 59 33 28 
~tar 285 5541 104 259 641 36 31 
Apr 276 5361 101 251 62 35 30 
May 285 554 104 259 64 36 31 
Jun 276 536 101 251 62 35 30 
~ut 2851 ·554 1041 259 64 361 31 
Aug 285 554 J.04 259 64 36 31 
iSeP 276 536 101 251 62 35 30 
Pet I 2851 5541 104 259 64 36 31 
Nov 276 536 101 251 62 35 3(j 

Dec 285 554 104 259 64 36 31 
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Table 5-10 
Beardsley Canal Capacity Study • Phase 1 

Total Conveyance Losses byReach 
Maximllm Flow Profile 

(Acre-Feet) 

MoXtth Reach I Reach ll Reach Ul Reach IV Readt V Reach V[ Reach VII 

ITan 287 558 105 261 65 36 31 
IFeb 264 515 97 240 60 34 2S 
JM"ar 293 5741 107 267 66 371 32 
Apr 289 569 106 264 66 37 31 
!May 302 597 111 276 69 39 33 
~un I 2941 5831 108 2691 67 38 32 

r
ul 300 593 110 274 68 38 32 

Aug 297 583 109 271 67 38 32 
~_£_ 286 561 105 261 65 36 31 
Oct 293 574 107 267 66 37 32 
!Nov 281 548 103 256 63 36 30 
Dec 2S7 558 105 261 65 36 $1 

!Note, these values include evaporation and seepage losses. Rounding may cause numbers 
in this table to differ slightly from the addition of numbers from Tables 5-8 and 5-9. 

Other Conveyance Considerations 

Canal Dry-Up Period 

A significant factor in the available capacity consideration is the canal maintenance 
schedule. MWD typically ceases canal water deliveries during the months of December 
and January. During these months, crop demands are met by pumping wells and 
conveying the water through the internal distribution system. No canal capacity is 
considered to be available for conveying water during the months of December and 
January. It may be possible to shorten the dry-up period, which could significantly 
increase the canal capacity available to convey CAP and other water to WESTCAPS 
members. 

Well Water Conveyed in the Beardsley Canal 

In addition to water from outside sources (CAP, Lake Pleasant) which must be 
conveyed in the Beardsley Canal to meet demands of MWD customers, the Beardsley 
Canal is also used to convey well water during normal operations. Four MWD wells 
have the capability to pump into the Beardsley Canal or a lateral canal. To account for 
the capacity requirements to convey this water, estimates were made of the quantity of 
water pumped from these wells into the Beardsley Canal versus what is pumped into 
the laterals. 
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Total Conveyance Requirements of the Beardsley Canal 

The conveyance requirements of the Beardsley Canal were calculated in an additive 
fashion. The upstream reaches must carry the entire volume of water to meet MWD 
demands and offset conveyance losses. The demands and losses which are carried in 
each reach are listed in Table 5-11 below. For instance, Reach I of the Beardsley Canal 
will need to carry enough water to offset all demands and conveyance losses. Reach VI, 
since it is near the end of the canal, will only need to carry the volume of water to offset 
demand in Areas 5 and 6, and conveyance losses in Reaches VI and vn. 

Table 5-11 
Beardsley Canal Capacity Study - Phase 1 

Summary of District Demands and Conveyance Losses 
Which Require Capacity in the Beardsley Canal 

Capacity in Reach Below Water Budget Areas Reach Conveyance Losses 
Reach I All Areas 1-6 All Reaches I-VII 
Reach II All Areas 1-6 Reaches U-VII 
Reach III All Areas 1-6 Reaches III-Vll 
Reach lV Areas2-6 Reaches lV-Vll 
Reach V Areas4-6 Reaches V-VII 
Reach VI Areas 5-6 Reaches VI-VII 
Reach VII Area6 Reach VII 

The total capacity of the Beardsley Canal required by MWD to maintain deliveries for its 
customers is presented in Table 5-12 by reach for the full study period. Figure 5-3 
shows the monthly reach-by-reach MWD demands and Beardsley Canal capacity for a 
high MWD demand year (1995). 

Full utilization of the capacity remaining in the Beardsley Canal would allow the 
volumes of water shown in Table 5-13 to be conveyed to the end of the reach listed 
without impacting MWD operations. Table 5-14 summarizes the reach-by-reach 
estimated available capacity for the five-year study period. 
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Table&-12  
Burdllay Canal Caplc:tty Study. Ph.-1  

ToUII MWD Demand on Bunkley c.na1 (Acn-Feet~Month) 


- 1 i1elic:h VIRaac:h I • Lake RNc:tlll CAP Rnchvn- RMc:h IV llell Reach v Cactua 
t 

Northam toPteesant to CA.P Inlet to Grand c-lbacklo 
Year' 

Reaefllll Grand Rd. to Caetua Rd. to Norttlem 
Month Inlet o.mefbactt'•lAve Ave. to Bell Rd. Rd. Ave Indian schocJI(~

i988{1 J..., Dry Up Dry Up Dry Up Dry Up Dry Up 367 96 
f(!Q 1251t~88 988 472 122490 473 221 

f!lSS t-~ar 35873880 3013 20763052 1167 272 
198S 5076 4787Ar» 4087 2378 1283"218 «1 

Mlly 5084 4487f9~ 5386 4358 2542 1287 247 
I tQ88 Jon 7465 7170 6587 6478 3594 1911 267' t9S8 Jul 9609 9308 8716 43848290 2362 611 

Aug ns2 7465 6882 1906l~ 6323 3233 609 
1900 3915 3629SOP 3068 2925 2070 1077 409 
1988 occ 1636 1543 969 959 418563 1841• .. 1988 Nov 1356 1076 528 481 131 287 159 

Dry Up Dry Up Dry Up~~Oe9 Dry UpDrv Ut; 586 271 
Dry Up Dry Up Dry UpJl:lrl Dry Up Dry Up 102 39tf!Jl! 

Pel> 1982 1718 1203 1141 815 432 163f*S 
11~ M.~l 4846 4553 3979 3549 2064 1061 312 

Apr 6404 611!~ 5546 5015 2502 1303 h~ •n 

I= ~y 6249 53515~8 4896 2514 1282 334 
J\lf\ 7876 7581 6998 6329 3342 1810 378 

11m Jl.ll 9611 9310 8718 7810 3916 2188 673. 
~vg 6644 6348 5765 5068 2454 1450 646r3~ SQp 4496 4211 3649 3311 1855 991 3621~ 
Oct 3659l~:iS 3366 2792 15902608 862 341 

!$.)9$ Nov 2694 2414 1866 1648 1091 519 212 
·ooq,R v oec DrvUP DrvUp Dry UpDrvUP Drv Up 573 190.-~ 

$99~ Jal'l Dry Up Dry Up Dry Up Dry Up Dry Up 1144 232 
F'eb199~ 2741 24n 1962 1908 1340 764 298 
Ma1 5472 5179 46051:~ ; 1994 4111 2539 1322 390 

tS94 Apr 6921 6632 6062 5499 2830 1439 564 
1994 May 6443 6141 ~5 5122 2641 1336 362 
.J99·t JU11 9253 8959 8375 7608 4045 2299 475 
t994 JUI 9761 9461 8868 2321 7297945 3909 
1994 Aug 9402 9106 8523 7493 3685 2266 1016 
l_SS4 $ep 4525 4239 3678 1996 10983388 399I·' ;J~4 3585 3292Ocl 2718 2427 1560 859 310 

. )994 Nov 3753 3472 2924 2531 1810 871 302 
Dry Up.. 199<\ Dec: 01)'_1.1(: 521 145Qryi.JllD.!Y.IJI: ~ 

fl9.S5~ JM Dry Up Dry Up Dry Up Dry Up Dry Up 94 56 
;:'eb Z143 1660 1301) 95«)l ~9rt5. 1297 535 zoo 
M~r 5914 5621 5047 1343 399 

t995 
4550 2728IH~ 

Apr 8334 8045 7475 6872 3513 1844 703 
~iiy 8296 7994 7397 6818 3704 1885 4941955 
Jun1995 9992 9697 9114 4518303 2423<4584 

l :le$ Jul 12407 12107 11514 10322 8185289 2886 
~5 10023 9727 9144 1058Auo 8144 4129 2427 
1g9S sep 7584 7298 6737 1918 6436168 3707 

35419e5 Od 5279 4986 4412 9997 2611 1325 
1995 , ijov 3549 3269 2721 2624 1925 992 330 

Dry Up Dry Up Dry Up 78()1995'·· Ooc 244 Drv Up OJY.Up
{g_g6'11 Jll/1 Dry Up Dry Up Dry Up Dry Up 286Dry Up 1917 
''"!896 Pt:l> 483 
,H!OO 

2643 2379 1864 11701987 1492 
M8f 6703 1676 4346410 5836 5326 3376 

.. ;goo Apr 8998 8709 8140 663 
1996 l¥ay 

3942 20267450 
8534 8232 7636 7503 42.42 2063 417 

t996 JtJn 3599529 9235 8651 4775 25848332 ,gse Jul 9384 6629084 8491 7865 24524305 
\9136 9080 2424 1060 
t996 

8763 8200 7265 3963~1.19 
Sep 4a23 4537 3976 1413 4294005 2688 

_i$96 4234 492QCI 3941 3367 14013484 2745 
3110 333-19S6~V· 2830 2282 1876 9362354 

:t9.!Mi Dry Up Dry Up Dry Up 210w.c 764D_ry_l_!!:l Q!y_l!P. 
Notes. • (11For the study period, 19881$ the low demand year ~~~~ 

121 For the study period, t 995 is the hll)h demaod year ~ :;:..~ c:ii!illii\1 
Ill For the study period. 1996 Is the hiGl oroundwater PUmping year. 
1•1January and December Bealdsley Canal capacity requirement shown is well water pumped by MWD and supPlied 
conveyance ltlrough ReaChes VI and VII by the Cross Cut canal 
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Table 5-13  
Beerdsley Canal c.pactty Study • Phaae 1  

Vofumetrtc Capacity Remaining to Convey WaterThrough the Beardafey C111al  
Assumes MWO OperationS are Not Impacted (Acr&-feeVMonth_l  

Reach 11 CAP I I Bell IReach I· Lllke Reich IV Rea<:h v c.c:tu. Aea<:h VI Aeecfl vn 
PlaaanttoCAP Inlet to Grand Ruch Ill Grand Rd. to Cactus Rd. to Nonhem Nontlern to c-lbackto 

V4nt• Month Inlet Ave Ave. to Bell Rd. Rd. Av. C.mel.b.ck Indian Schoof 
t98$'ll J.ltn 

l$83 F-oo 
Dry Up 
21,757 

OtyUp 
16,269 

Dry Up 
16,269 

Dry Up 
16,191 

Dry Up 
5,055 

Dry Up 
~.128 

Dry Up 
~.035 

~ 1984 Mar 
1988 Apt 

20,715 
18 ,726 

14,859 
13,064 

14,859 
13,064 

14,780 
13,064 

3,456 
2.977 

3,458 
2,977 

3,458 
2,977 

I 

I 
1988 May 
1968 JOt\ 
1988 llul 
t988 Aug 

19.210 
16,337 
14,987 
16,83-C 

13,363 
10,681 

9,138 
10,981 

13,363 
10,681 
9,138 

10,981 

13,363 
10,681 

9,138 
10,081 

2,992 
1.762 
1,150 
2,301 

2,992 
1,762 
1,150 
2,901 

2,992 
1,762 
1,150 
2,301 

'I 
198:!3 Sap 

I l9!le Octl . 1~ Nqv 
i 1~8 Ooo 

r il!.-<3 
Jan 

·f9S3 F=eb 
IW3 Mar 

Jig.93 Apr 

19,887 
22,759 
22,446 
QryJJp 
Dry Up 
20,233 
19,750 
17,398 

14,222 
16,904 
16,776 
DrvUp 
Dry Up 
14,943 
13,894 
11 ,737 

14,222 
16,904 
16,776 
Dry Up 
Dry Up 
14,943 
13,~ 
11,737 

14.222 
16,872 
16,775 
orr Up 
Dry Up 
14,943 
13,894 
11,737 

3,285 
4,971 
5,225 

Dry Up 
Dry Up 

4,183 
3,~70 

2,653 

3,285 
4,501 
4,473 

DrvUp 
Dry Up 

4,011 
3,470 
2,653 

3.285 
4,367 
4,244 

DrvUp 
Dryt..p 

3,947 
3,470 
2,853 

i<~~ May 18,346 12.499 12...99 12,499 3,020 3,020 3,020 
1~993 
l99S 
~~~ 

Jun 
Jut 
Aug 

15,926 
14,985 
17,951 

10,270 
9,136 

12,099 

10,270 
9,136 

12,099 

10,270 
9,136 

12,099 

2,013 
1,618 
3,080 

2,013 
1,618 
3,080 

2,013 
1,618 
3,080 

19,!}.3 Sap 19,300 13,641 13,641 13,641 3,500 3,500 3,500 
lia2,3 
:1::!93 
;991} 

Oc:t 
Nov 
Clec 

20,936 
2 1,108 
DrvUp 

15,081 
15,438 
Drv l.IP. 

15,081 
15,438 
~ 

15,081 
15,438 
DJY.I,/2_ 

3,944 
4,265 

Dry_Up 

3,944 
4,241 

Dry t..p 

3,944 
4,191 

Dry_t..p 
·~ 1$!)4 ,Ia" Dry Up Dry Up Dry Up Dry Up Dry Up Dry Up Dry Up 

. •; '.1994 Feb 19,474 14,184 14.184 14.184 3,658 3.658 3,658 

' 
1994 M<ll' 
1994 Apr 

19,123 
16,881 

13,268 
11 ,220 

13,268 
11,220 

13,268 
11,220 

2,995 
2,525 

2,995 
2,525 

2,995 
2,525 

1.Sl7-t 1>\q:y 18,152 12,305 12,305 12,305 2,893 2,893 2,693 
1iiif4rm

•·'' ij94 Jul 
14,549 
14,834 

8 ,893 
8,986 

8,893 
8,986 

8,893 
8,986 

1,311 
1,625 

1.311 
1,625 

1,311 
1,625 

·'f~·~,!".uQ 15,193 9,341 9,341 9,341 1,849 1,849 1,849 
_· 1~M~p 19,277 13,612 13,812 13,612 3,360 3,360 3,360 
1994 Oct 2 1,010 15,154 15,154 15,154 3,974 3,974 3,974 

i :f994 ~ov' 
: . t994 Doc 

20,049 
Drv Uo 

14,379 
DrvLIP 

14,379 
DrvUp 

14,379 
Dry Up 

3,546 
QryUp 

3,546 
Dry l.P 

3,546 
DryU> 

JeS.5!lll J:tn• Dry Up Dry Up Dry Up Dry Up Dry Up Dry L%> Dryt..p 
1fm5 ~b 2(),072 14,782 14,782 14,762 4,043 3,908 3,906 
~!~5 Mar 18,681 12,826 12.826 12,826 2,806 2,806 2,806 
199$ 
1aes·. 

. A,pr 
May 

15,468 
16,300 

9,807 
10,453 

9,807 
10.~53 

9,807 
10,453 

1,842 
1,830 

1,842 
1.~ 

1,842. 
1,830 

1t1_9;5 Jun 13,810 8,154 6,154 8,154 772 772 772 
1. Jul 12,188 6 ,340 6 ,340 6,340 245 245 245 
~~ Aug 14,572 8,720 8,720 8,720 1,405 1,405 1,405 
19&& . Sep 16,218 10,553 10,553 10,553 1,648 1,648 1,648 
1~li!5, . :; ~ 19,316 13,400 13,460 13,400 2,923 2,923 2,923 
1PQS · NOv 20,253 14,583 14,583 14,583 3,430 3,430 3,430 
11995 . i* Dry Up DlYUD Dry l)p Dry Up Dry Up D_ry_Uo Drv U> 

·UIW.Ill Jail Dry Up Dry Up Dry Up Dry Up Dry Up Dry Up Dry4J 
1996 Feb 
19lm

1
Mar 

IS§.B Apr 
I 20,366 

17,892 
14,804 

14,878 
12,037 

9,142 

14,878 
12,037 
9,142 

14,695 
12,037 

9, 142 

3.885 
2,158 
1,414 

3.432 
2,158 
1,414 

3,432 
2, 158 
1,414 

. 1~6 May 16,061 10,21~ 10.2H 10,214 1,291 1,291 1,291 
t oo& Jun 14,273 8,617 8,617 8,617 581 581 581 
1~ J"'... 
ta9i t&;ilg 

15,211 
15,516 

!;1,362 
9,664 

9,362 
9,664 

9,362 
9,6&1 

1,229 
1,571 

1,229 
1,571 

1,229 
1,571 

1'996 Sep 18,979 13,315 13.315 13,251 2,668 2,668 2,668 

·~
pet 

1~ NQ'i 
20,361 
20,692 

14,505 
15,022 

14,505 
15,022 

14,348 
14,903 

2,789 
3,480 

2,789 
3,480 

2,789 
3,480 

19$ ~- Dry Up DryU~ Dry Up DIY Up Dry Up DIY Up Dry Up 
Notes: (llFor Ill& studypenod• 1988 is th& low demand year 

C2l For lhe study period. 1995 is 1he high demand year 
(1) For the study period, 1996 Is the high grwndWater PIJmplog year. 
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AVAILABLE CANAL CAPACITY MODEL  

Table 5-14  
Beardsley Canal Capacity Study - Phase 1  

Estimated Available Capacity Remaining in the Beardsley Canal  
For the Five-Year Study Period  

(Acre-Feet) 

Reach I Reach I 1988 1993 I 1994 1995 I 1996 
No. Description 

I ILake Pleasant to I 
193,700 185,900 I 178,500 I 166,900 

CAP Inlet 
II ICAP Inlet to 136,300 109,700 

Grand Avenue 
128,700 I 121,300

I 
134,400(1) 1127,000(I)Grand Avenue to 1142,0001

'
1 

I 
115,4001

'
1 

Bell Road 
N Bell Road to 1137,400

111 

m 

132,900(}) 1126,300°1 1115,200''' 
Cactus Road 

v ICactus Road to I 33,200 20,900 I 20,900 
Northern Avenue 

36,000111 30,100111 

Camelback Road 
VI Northern Avenue to 30,5001

'
1 

41,000lll 39,000(1) I 39,300''' vn I Camelback Road to 
Indian School Road 

Note: 

31,900 I 27,700 

11 I 33,500(1)36,200' 

40,600(I) I 39,600°1  

174,200 

116,800 

122,500(1) 

119,300(I) 

L Reach capacity currently unattainable because upstream reach unable to d eliver total quantity. 
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Table A·1  
Beardsley Canal Capacity Study  

Line List ~ Beardsley Canal Structures and Cross sections  
canal S tructures Photo Restncttve 

Canal Rc;>ad Reach or 
Station (fef!t) 

Pa9eCanai 
Alignment Number Structure 

200,000 
Mile Structure/Reach Description 

. A-1  
197,651  

Diversion headwor1<s, start ot canal 
0.4 Weir & recording gauge. MWD Station 1 A·1  

197,473  0.5 Bridge on road to Bearostey canal diversion A·1 
A-1185,558 2.7 Canal cross section -

J: Bridge for road to Cowtown Carefree A-1 
A-1 

185,472 2.8 0 
178,126 4.1 Weir and checkdrop, unused itia: A-2  
175,486  
177,923 4.2 1st Chute 

4,6 2no cnute A·2  
175,0$6  Flume f1 · Agua Frle River Flume A-2 Restrtctille 
172 787 

4.7 
CAP inlet to Beardsley Canal A-2  

172,153  
5.2 

A-2  
168,203  

Rae. weir & MWD Station 5 gauge 5.3 
A-36.0 Turnout for Bard Cltr~s Ranch 
A•3 ~eSiflCUVe156,990 7.8 canal cross secttoo 

157,469 8.1 Flume lt2 (pipe) Dynamite A-3  
154,080  8.7 Flume IK3 (pipe) A-3  
147,581  A-39.9 Flume -4 (pipe) Jomax= 
141,387 Inverted siphon A-411 '1J: 

0 12.~ Inverted siphon A·4132,048 
~ A-4127,855 19.7 Inverted siphon a: 

127,453 13.7 Radial gate A-4  
115,009  A-4  
114,520  

16.1 Radial gate, unused lurnout 
A-S  

114,443  
16.2 163rd Ave. bridge 

A-5  
114,282  

162 CMP double culVert under Santa Fe railroad 
A-5Box culvert at Grand Ave. 16.2 Grand 

16.5 Turnout t1 . Rec. weir provides grade control. A-5112.797 
A-5  

112,350  
112,430 16.6 Inverted siphon and MWD Station 13 gauge 

A-516.6 Rectangular weircheckdrop 
A-8109,365 17.2 Inverted siphon at MoMicken Dam chute-

104,988 18.0 Turnout N2, no grade control Beardsley A-6 0 
101,801 Turnout #3, rec. sluice gate, MWD Station 17 gauge A·618.6iti 

a: 96,o47 19.6 Inverted siphon A·6 
93,836 20,1 Union Hills A-6Turnout for golf course, no grade oontol 

A·7 Restrictive90,639 20.7 Tumoot #4, rectangular checkboard 
Restrictive90,563 20.7 Bell Road bridge Bell A·7 

Greenway A·7  
:I:  
~ 84.479 21.9 Greenway Road bridge 

84,4 11 21.9 Tumout t5, radial gate, MWD Station 22 gauge A·7u 
22.4 A·781,712 Turnout #5.03, no grade cont·rol<w Restriclive 

73,059 
22.9 Turnout 116, rectangular checkboard Waddell A·?79,013a: 
24.0 Tumoot ~7 fee. sluice gate, MWD Station '25 gauge Cactus A·7 

72,160 24.2 A-8 
70,740 

Weir, checkdrop- last station gauge 
A·8 

67,670 
24.5 Inverted siphon 
25.1 CMP culvert at Turnout 118 Peoria Mt 
25.1 Tumout #18, rec. checkboards A·B ijestrlctiYe> 67,647 

J: 65,027 25.6 Inverted siphon A-80 
c( 26.1 CMP culvert under onve Ave Olive A·962,413w 
a: A·9 

61,000 
62,366 26.1 Turnout #9, rectangular checkdrop 

26.3 canal cross section A·9 
57,1 17 27. 1 CMP culvert at Northern Ave A·9 
57,083 27.1 Turnout #10 rectangular checkdrop Northern A·9 Restrictive 
55,206 27.4 Inverted siphon A·9 

27.9 Rectangular wetr & cneokdrop • unused A·952,860> 
J: GtenaaJe A·'!J51,802 28.1 Tumout lt1 1. rec. weir ctleci<drop 
~ 46,554 29.1 Turnout .ft 2, broadcresled weir Bethany Home A·iO Restrictive w 

29.1 A-10 
41,274 
46,475 Inverted siphon rr 

A·10 
38,658 

30.1 Tumout 113, rectangular weir checkboard camelback 
A-10 Restlictlve 

36,051 
30.6 Turnout 13.5, rectangular oheckboard 

A·1031 .1 Box culvert al Indian Scnool Rd. · Indian School > 
J: 31.1 A-1036,011 Turnout lt14, rec. weir checkdrop u A-1035,977 31.1 End of canaliti 31.1 Checkboards at Osborn Rd. on lateral ditch Osborn A·11 

30,700 
33,370 a: 

A-11 32.1 End ol lateral ditch at Thomas RO. Thomas 

I Pr<por•dby I BOOI<MAN-E OiiiONSTO N ENG I NEElliNC, I NC . I 
I o.,. ( NO'U'U\b~r-.. l?'t &, t\c t b • J AprlllO• l '"' I ~·H~~ ~~~i~i~_/ ourw..tvall~ ~~~;8::- UO/'~ walarco-'ttlon -.;~~~ 
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Beardsley Canal Capacity Study - Phase 1  
BEA~OSLl:Y CA.."~>tJA!. PHOTOGPAPHK' LJt'-1f. UST  

P.kture S tation n 

Above Hank Raymond Lake, 
Canal Beaxdsley Canal 

diversion headworks to 
right 

.aQ\;·~..,..;"t..~...,...-1"-ot-'Ja*' lt-7.~......~~~~~... -~•--4<~~'!'!'-t..:=T'.<;&:~~=-"'....,"'.._.... 

200,000 Beardsley Canal ! diversion headworks 

[· 

No photograph 197,651 Weir and recording 
gauge, MWD Station 1 

No photograph 197,473 Bridge for road to 
Beardsley Canal 
diversion headworks 

185,558  Canal during dry-up 
period 

r 

No photograph 185_472 Bridge for road to 
Cowtown 

178,126 Weir and checkdrop 
sbnlcture, tunused 

A-1  



Beardsley Canal Capacity Study • Phase 1  
lSEA.RDS! 1-.YCANAt VHOTOGR.'LPHJC LI-...m U~T 


~&;-".:.4"t:~~-..r..J""''II"_...Mllf;1..; ..~..·-~w .---~ 

Pi~h.• t-: 5\"', tion 
--~~~~--~--~------177,923 Start of first chute 

175,486 Start second chute 

f 

1
i-. 

175,096 Agua Fria River Flume 
(Flume #1) 

172,787 CAP inlet to the 
Beardsley Canal 

r . . 
r 
I 

172,153 Weir and recording 
gauge, MWD Station 5 

A-2  



Beardsley CanalCapadty Study- Phase 1  
1n: <\RDStEY CA\l"ALP.HOTOCRAl'HJC UNE r.JST  

,~,DC~_..~*._,~~....~ ..-.-~':.~-~~~~.... ...~----~ ~~&nl-1..,.'~'-~--~ 

Pktnct• 

168,203 "i'urnout for- BardOtrus 
Ranch, no check 
structure 

158,990 Beardsley Canal, cross
section. Note low top of 
canal lining on left. 

r...,.. 

157,469 Flume #2 

154,080 Flume #3 

I. . 

147,581 Flume #4 

A-3  



Beardsley Canal Capacity Study- Phue 1  
UEARl'>SJ.fiY CA'\TAl PHOTOGR...\J>HiC T.INF. i T5'T  

W,~-.._~~--·~"-.o#OII ~~~---,-rar=--

l'idnrc: St~tion 


141,387  
CU'Catol ""''"''" \ 

132,048 Inverted siphon 

I 

I. 

127,855 Inverted siphon 

127,453  Radial gate, shown 
during canal dry-up 
period 

115,009  Radial gate and unused 
turnout 

A-4 



Beardsley Canal Capacity Study - Phase 1  
BE,:\.Ryy;u :;·,;: C&V:.-A1~ PHO'?OGRA.I'HrC illiii HST  

,...,......~··...,.- .a_~~~~ • ;a e.:  ......,._ _ ...,.... 

Station 
114,520 

114,443 CMP double-barreled 
culvert under the Santa 
Fe Railroad 

114,282 Box culvert at Grand 
Avenue. Photo taken 
from Santa Fe Railroad 
tracks. 

No photograph 112,797  Turnout #1. Rectangular 
weir provides grade 
control 

112,430 Inverted siphon, MWD 
Station13 

112,350 Rectangular weir 
checkboard structure 

A-5  
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5t~Hcr.. 

109,365  Inverted siphon under 
McMicken Dam chute 

104,988 Turnout #2, no grade 
control 

::. 

101,801  Turnout #3 - rectangular 
sluice gate and MWD 
Station17 

96,647 Inverted siphon 

93,836 Turnout for golf course, 
no grade control 

A-6  
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r'id<.Jx;;:- S&atim·l 

Turnout #4 - re.<:tangular
checkboard structure 

 

90,563  Bell Road bridge 

No ph?tograph  84A79 Greenway Road bridge 

84,411  Turnout #5- radial gate 
structureandMWD 
Station 22. Greenway 
Road bridge to left. 

81,772 Turnout #5.03, no grade 
control 

79,013 Turnout #6 -rectangular 
checkboard structure 

73,059  Turnou t #7 - rectangular 
sluice gate a.."ld IvrND 
Station 25 
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Station 
72r160 Weir checkdrop 

structure and last MWD 
Station 

70,740  lnverted.siphon 

67,670  C?viP culvert, Turnout :118 
checkboards inside. 

67,647  Turnout #8 checkboards 
inside of CMP culvert. 

65,027 Inverted siphon 

A- 8  
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S£atiou. 

62,413 CMP culvert under Olive 
Avenue (in background). 

62,366  Turnout #9- rectangular 
checkdrop structure (in 
foreground). 

61,000  Beardsley Canal cross
section looking 
downstream south of 
Tumout#9. 

57,117 CMP culvert under 
Northern Avenue (in 
bad:ground). 

57,083 Tumout#lO
rectangularcheckdrop 
structure (in 
foreground). 

No photograph  55,206 Inverted siphon 

I. 
No photograph 52,860 Rectangular weir and 

drop structure, unused. 

51,802  Turnout #11
rectangular weir and 
checkdrop structure, 
Glendale Avenue 
alignment. 
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?.z..a;:J.ri! S~titJn 
--46,554 T #1~~--~~---~~------umout 2 

broadcrested weir ,. 

46,475  Inverted siphon, looking 
downstream from the 
Tumout#12 
broadcrested weir. 

41,274  Turnout #13
rectangularweir 
checkboard sbucture 

38,658  Turnout #13.5
rectangular checkboard 
structure 

36,051 Box culvert under Indian 
School Road·(to left). 

36,011 Turnout #14- weir 
checkdrop structure (to 
right). 

End of 'A€ar clslt-y Canal, 
ditch continues sou th. 
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33,400 Clu~ck structure to turn ~, 

out flow near Osborn 
Road 

f. 

\ 

..t:h 
T 

' -
:·:. 

30,700 Looking 
Thomas Road 
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APPENDIXB BEARDSLEY CANAL 
HYDRAULIC ANALYSIS · 

I ntroductlon 
A hydraulic analysis of the Beardsley Canal was undertaken using data collected in the 
field and HEC-RAS version 2.2. HEC-RAS is the Hydrologic Engineering Center River 
Analysis System software developed by the U.S. Army Corps of Engineers. It is in the 
public domain and it, along with its manuals, may be downloaded from the Hydraulic 
Engineering Center's website: http:// www.hec.usace.army.mil/ HEC-RAS is 
compatible with and supersedes HEC-2. 

Model Formulation 

Objectives 
The objectives of the HEC-RAS modelling were to adequately reflect the hydraulic 
characteristics of the Beardsley Canal under current flow conditions and to develop a 
tool to predict the hydraulic characteristics of the Beardsley Canal under increased flow 
conditions. 

~ I 

J 
LJ 

Model Description 
HEC-RAS is based on the solu tion of the one-dimensional energy equation and uses an 
iterative procedure to achieve an energy balance between consecutive cross sections. It 
employs a form of the empirical Manning's equation to provide the relationship 
between the rate of discharge, hydraulic resistance, channel geometry, and rate of 
friction loss. For changes in canal prism, energy losses are evaluated using 
contraction/expansion coefficients multiplied by the change in velocity head. When the 
water surface profile is rapidly varied (i.e., across structures), the momentum equation 
is utilized. A full discussion of HEC-RAS' theoretical basis may be found in HEC-RAS 
Hydraulic Reference Manual, Version 2.2 (U.S. Army Corps of Engineers, Hydrologic 
Engineering Center, August 1998). Basic assumptions of the model include: 

• Flow is steady; 
• Flow is gradually varied (except at structures); 
• Flow is one dimensional; and 
• Channel slope less than 0.1. 

The Beardsley Canal reasonably satisfies the model basic assumptions. 

Mode/Input Requirements 
The basic input data requirements for HEC-RAS include canal geometry (represented by 
a series of cross sections); energy loss coefficients for hydraulic resistance and the 
expansion or contraction of flow; the rate of dischargei and conditions for the flow 
boundaries of the canal (i.e., top of lining). 

B-1  
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BEARDSLEY CANAL 
HYDRAUUC ANALYSIS 

The canal geometry is defined by a series of cross sections of the canal perpendicular to 
flow, each comprised of points with coordinates in three dimensions sufficient to define 
the geometry of the given cross section. · The hydraulic resistance is reflected in the 
selection of Manning's ''n" values for each cross section. More than one "n" value may 
be assigned to each cross section. 

Model Output 
HEC-RAS model output consists of the water surface elevation and is available in the 
form oi tables, cross sections, profiles, or three-dimensional diagrams. 

Canal Geometry
Within HEC-RAS, canal geometry is defined by a series of cross sections, each 
comprised of points with coordinates in three dimensions sufficient to define the area 
available for the conveyance of flow. For this project, canal geometry was developed 
from survey data collected in the field by B-E in December 1998. Ninety-seven points 
were set for vertical control, and sufficient datawere collected to generate over 250 cross 
sections. Section 3 provides more detail on the Beardsley Canal survey. 

Figure B-1 is a typical cross section showing for the left and right canal banks the 
inverts, top of lining, and top of bank points. Additionally, selected cross sections have 
a water mark for the calibration flow regime (see below). Cross sections were typically 
surveyed every half mile with more cross sections being taken in the vicinity of 
structures. Cross sections were also surveyed at points to aid in model calibration such 
as the extent of obvious backwater effects and changes in canal geometry, slope, or 
roughness. Additional cross sections were generated using judgment to aid in the 
model calibration process. A complete set of all the Beardsley Canal cross sections 
follows the text of this Appendix. 

Model Calibration 
The water surface for a known flow regime was marked on the canal lining by B-E staff 
on August 4 and 5, 1998, high flow days for MWD. Blue paint was used to apply the 
madG at selected intervaLs as follows: 

Table B-1 
Beardsley Canal Capacity Study - Phase 1 

Frequency of Water Surface Marks 
Reach Frequency 

Camp Dyer Diversion to CAP Turnout Nomarks (no flow) 
CAP Turnout to Grand Avenue I Every halfmile 
Grand A venue to Tllomas Road Every quarter mile 
All Reaches - Around Structures As required to define 

hydraulic characteristics 

Pictures were also taken of key canal structures and conditions. 
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......~£&"' B-2 Example of Beardsley 
Canal Reach Construded Using 
Slip.:.Formed Concrete. 
Mannin 's "n" =0.015 

Figure B-3 Example of Beardsley 
Canal Reach Constructed Using 
Shotcrete. 
Mannin s "n" =0.020 

J 
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w 

u 
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The water smfac~ mad<s were \LSed ~o calibrate the HEC-RASmoclel. Using the kl\own 
flow and water surface elevation.~ the hydraulic parameters of the Beardsley Canal were 
estimated. 

Canal Lining 

Hydraulic Resistance 
Hydrauhc resistance reflects the friction provided by the canal wall materials and other
conditions which impede flow. 1his parameter is represented in the model by a 
coefficient of roughness, Tefemrl to as the Manning's "n" value. The &ardsley Canal's 
concrete lining has been constructed using two distinct techniques: slip-form and 
shotcrete. All sections of the Beardsley Canal are concrete lined. A Manning's "n" value 
of 0.015 was assigned to the slip-form sections while a Manning's un" value of 0.020 was 
assigned to the shotcretc scctioM, as shown inFigures B-2 and B-3. 

The above-cited Manning's '!n 11 values were selected on the basis of field inspection and 
a search of the literature, whicll included the Hydraulic Reference Manual, prior studies, 
and general references. The general references included Applied Hydmulics in 
Engineerirzg (Morris, H.M. and Wiggert, J.M., 1972) and Engineering Handbook 
Hydraulics (USDA Soil Conservation Service). 

It should be noted that the integrity of the canal lining varies, with some sections .in 
good Tepair while other sections have breaks in the lining and some sections have canal 
lining bottoms that are broken and strewn with rubble. As MWD has an ongo:ing canal 
maintenance p rogram whereby sections are cleaned, repaired, and/or replaced, therl 

n 
Manning's "n" value was not adjusted to reflect the integrity oi the lining. The model 
calibration process verified the appropriateness of assigning only two Manning's lln" 
values to describe the roughness of the Beardsley Canal based on the type of 
construction. 

The algae and d ebris in the Beardsley Canal could also influence the choice ofu  Manning's "n" value. Again, as MWD's maintenance program clears the canal o1 algae 
and debris, the Manning's "n " value in the model was not varied to reflect the algae and 
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n  aebrib fieid conditio1us at l.he ciilfbl·ation How. This decision was veriiieu d u.l"ing f.he 
modelcalibration process. 

The banks above the concrete lining are comprised of compacted earth and could be 
modeled with an appropriate lv1ann:ing's "n'' value. Since the model objective was to 
determine the hydraulic capacity of the Beardsley Canal without exceeding the concrete
lining, a separate Ma:nni11g' s 11n" value was not assigned for the bank portion of the 
cross sections. 

Expansion and Contraction Coefficients 
Expansion and contraction coefficients account for energy losses associated with 
changes in the shape and area of the effective flow atea. The contraction coefficient 
modeled for this project was 0.1 and the expansion coefficient was 0.3. These values are 
consiste11t with those recommended in Hydraulic Reference Mmual (U.S. Army Corps of 
Engineers, Hydrologic Engineering Center., August 1998) . 

Canal Structures 

Inverted Siphons 
The Beardsley Canal has a number of inverted siphons and culverts, which route flow 
under floodways and other canal crossings. There are ten inverted siphons. A typical 
inverted. siphon is constructed of concrete with a smooth finish and has a rectangular 
cross section with rounded entrance and exit edges. Figures B-4 and B-5 are two views 
of the inverted siphon at station 65027. 

]  

ll 
..~J 

u 
a· 

J 
J  
J  

Figure B..S Exit ofSiphon at station 
64908. 

These inve1ted box siphons were modeled using the HEC-RAS culvert subroutine by 
inserting additional cross sections with the siphon geometry immediately upstream and 
downstream of the siphon. The entrance and exit loss coefficients are summarized in 
Table B-2.

Figure 8-4 Entrance to Sjphon at 
station 65027. 
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Beg. 
Note Station 

Siphon #1 141387 
Siphon#2 I 132048 
Siphon#3 I 127855) 
NearTO#l 112430 
McMicken 109365 
Dam Chute 
Downstream 96647 
ofT0#3 
BetweenTOs I 70740 
#7 and 8 
Between TOs I 65027 
#8 and 9 
BetweenTOs I 55206 
#10 and 11 
Downstream 46475 I 
ofT0#12 
Notes: 

Table B-2 
~eardsleyCa.p.al Capacity Study- Phase 1 
Inverted Concrete Siphon Characteristics 

Entrance, 
Dimen- Exit 
sions Length Manning's Loss Chart 

Shape (feet) (feet) .un"Value Coefficients No.t 

Box 10x10 I 51 I 0.014 0.2, 0.3 8 
Box 10x10 I 51 0.014 0.2, 0.3 8 
Box lOxlO 100 0.014 0.2, 0.2 8 
Box lOxlO I 50 I 0.014 0.2, 0.3 9 
Box 12x12 I 36 0.014 0.2, 0.3 8 

Box 8x8 I 100 0.014 0.2, 0.3 9 

Box I 5x5 117 I 0.014 0.5, 0.3 I 
9 . 

Box 6x6 118 l 0.014 I 0.2, 0.3 
r 

9 

Box 5.2x5.2 I 98 0.014 
I 

0.2, 0.3 13 

Box 4.4x4.4 I 103 0.014 I 0.2, 0.3 9 

1. Chart and scale numbers refer to Table 8-12. 

Scale 
No.t 

1 
1 
1 
2 

I 2 

2 

2 

2 

3 

2 

The Manning's "n" value, entrance loss coefficient, and exit loss coefficient were varied 
during model calibration to arrive at the measured calibration water surfaces upstream 
and downstream of each inverted siphon. It is likely that debris in the bottom of the 
inverted siphons contributes to the variation in hydraulic parameters. Unlike debris in 
the canal, debris in the inverted siphons is not removed during canal dry-up, as the 
inverted siphons are not de-watered. 
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Figure B-7 Grand Avenue crossing 
- concrete box culvert Picture taken 
&-om Santa Fe: Railroad crossing, 
loor...in downstream. 

BEA RD:'LEY CANAL 
~l'!DRAUL!C ANA LYSIS 

~I 

~I... 

Culverts 
There are four corrugated metal pipe (CMP) and two concrete box culverts on the 
Beardsley Canal. Figures B-6 and B-7 show a CMP and concrete box culvert, 
respectively. Tables B-3 and B-4 su.m..mariU culvert modeling characteristics. The 
turnout for LateralS also incorporates a CMP culvert, wltich is discussed on page B-8.

u 
D 

D  

J  

D  

u  

Figure B-6 Santa Fe Railroad 
crossing - CMP double-barrel
culvert. 

Table B-3  
Beardsley Canal Capadty Study- Phase 1  

CMP Culvert Characterlstics  -
Dimen- Entrance, 

Beg. sions Length Manning's Exit Loss Cbut Scale
Note Station Shape (feet) (feet) "'n" Value Coeffs. No.1 No.1

Santa FeRR 114443 Cir..."'Ular, 8 54 0.021 0.7, 0.3 1 1
2 barrels  

Olive Ave.  62413 Ellipse 7x4.8 40 .0.021 0.5, 0.3 29 1
Northern 57117 Ellipse 6x3.7 20 0.026 0.5, 0.3 29 1
Ave. 
Notes: 

~ 1. Chan and scale numbers refer to Table B-12. .. 
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Table B-4 
Beardsley Canal Capacity Study· Phase 1 

Concret~ Box Culvert Characteristics 

~M....P'I' ed "' brS 

Dimen- Entrance, 
Beg. sions Length Mmn:ing's Exit Loss 

Note Station Shape (feet) (fed) ''n" Value Coefficients 
Clwt 
No.1 

Scale 
No.1 

Grand Ave. 114282 Box 8.4x18 46 0.014 0 .3, 0.3 8 1 
Indian 36051 Box 8x5.5 32 0 .014 0.3r 0.3 
School Road 

8 1 

INotes: 
-

n 
J 
.1~
L 

u 
ju  
u  

u 
J 

B-8 

Flumes 

station 154080• 
rut_""'" B-8 Flume beginning at 

1 . Olart and SCftle numbets refer to Table.IH2. 

There are three flumes on the Beardsley Canal 
which convey water ova local washes. Figure B-8 
shows a typical flwne. These flumes ai"e 
constructed of 10-foot diameter steel pipe and were 
modeled using the HEC-RAS culvert subroutine, 
with relevant parameters shown in Table B-5. 

Table B-5 
Beardsley Canal Capacity Study • Phase 1 

Flume Charaderlstics 

Note 
Beg. 

Station Shape 

Dia.
meter 
(feet} 

Length 
(feet) 

Manning's 
un'' Value 

Entrance, Exit 
Loss 

Coefficients 
Chart 
No.1 

Scale 
No.1 

Flume #2 157469 Circular 10 440 0.012 0.1, 0.2 55 1 
Flume #3 154080 Circula.r 10 440 0.012 O.lr 0.2 55 1 
Flume #4 147581 Orcular 10 380 0.012 0.1, 0.2 55 1 
~ 
1. Chart and scale numbers refer to Table B-12 



Tumout#8 

• 
Figure B-10 Entrance to CMP 
Culvert withTurnout #8. 
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Adili!ivm:illy, tlte Bei:ld6ley Canci crv&tHJS U1-c Agua 
Fria River in a .flumeconstructed of senti-circular 
12-foot diameter concrete-lined steel pi~. The 
Agua Fria River Flumewas modeled using semi
circular cross sections and may be found beginning 
at Station 1750%. It is shown in Figure B-9. 

Turnout #8 consists of che<:kboards and an outl~ 
inside a five-foot diameter CMP. 'This arrangement 
was modeled as a sharp rise in the canal invert 
between two culverts. Figure B-10 shows the 
entrance to the C:MP. Table B-6 lists the parameters 
~d to model this structure. 

Figure 8-9 Flume crossing the 
A a Fria River. 

Table B-6 
Beardsley Canal Capacity Study- Phase 1 

Lateral #8 Tumout CMP Culvert Charaderistics 

Note 
Beg. 

Station Shape 

Dia
meter 
(feet) 

Length 
_(feet) 

Manning's 
"n11 Valtte 

Entrance, 
Exit, Loss 

Coefficients 
Chart 
No.1 

Scale 
No.I 

Inlet culvert 67670 Circular 5 20 0.026 0.910.2 2 3 
Outlet culvert 67643 Circo1.a!' 5 24 0.026 0 .5, 0.5 2 3 
Note5: 
1. Chart and scale numbers refer to Table B-12 

Check Structures 
The Beardsley Canal has 21 check structures which are used to regulate flow, gauge 
flow, and/or route flow from the Beardsley Canal into the lateral canals for eventual 
delivery to fann fields or golf courses. There are several types of checl< structures. .In 
the case of checks used for turnouts, the turnouts were modeled as a branching flow 
immediately upstream of the check structuie. 
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figure 8-11 gate structure 
u stream ofGrand Avenue. 

Sluice Gates 

Tur

-
Figure B-12 Sluice Gates for 

nout #3, Jookin u stream. 
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Radial Gat~ 
Figure B-11 shows the radial gates for flow 
regulation upstream of Grand Avenue. The radial 
gate structures were modeled using the HEC-RAS 
weir and radial gate subroutine. The entrance and 
exit loss coefficients are summarized in Table B-7. 

TableB-7 
Beardsley Canal Capacity Study- Phase 1 

&.dial Gate Charaderi5tics 
Radial Gate #1 Radial Gate #2 Radial Gate #3 

Note Below Siphon #3 Below Siphon #3 Tumout#5 
8 . Station 
Number of O,_ninaJ~ 

127453 115009 84411 
2 2 2 

H~t{feet) 8 8 8 
Width (feet) 10 10 8 
n;.....1. ..- Coefficient 
Trunnion Exponent 

0.6 0.6 0.7 
0.16 0.16 0.16 

Opening Exponent 0.72 I 0.72 I 0.72 
Head Exponent 0.62 0.62 0.62 
Tnumion Height 4 4 4 
Orlfice Coefficient 0.8 0.8 0.8 
Weir Coefficient 3 3 3 

Figure B-12 shows the sluice gates for the Lateral 3 
turnout stru~e. The sluke gate structures were 
modeled using the HEC-RAS weir and sluice gate 
subroutine. The entrance and exit loss coeffidents 
are summarized in Table B-8. 
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Table B-8 
Beardsley Canal Capacity Study • Phase 1 

Non-Radial Gate Check Structure Charadl!ristics 

N ote Beg. Function No. of Height Width Discltuge Opening Head Orifice Weir 
Stafiotl. Op enings II <£eet> (feet) Coeff. Exp onent Exponent Coe££. Coe££. 

Gauging 197651 Measuring 1 8.9 15.9 0.5 1 0.5 0.8 3 
Station Weir 
Old Gate 178126 Unused 3 8 5.3 3 1 0.5 0.8 3.1 
Past CAP Inlet 172153 Measuring 1 7 20 0.5 1 0.5 0.8 3 

Weir 
Past Turnout #1 112350 Check Board 1 6 10 0.5 1 0.5 0.8 3.9 
Siphon 
Tumout#3 101801 SltJice 5 8 5.8 0.8 1 0.5 0.8 3.9 
Tumout#4 90639 Check Board 4 10 5.8 0.6 1 0.5 0.8 3.8 
Tumout#6 79013 Sluice 4 9.5 5.8 0.5 1 0.5 0.8 3.9 
Tumout#7 73059 Sluice 2 8.8 5.8 0.5 1 0.5 0.8 3.9 -

Last Gauge 72160 Measuring 1 6.7 12 0.6 1 0.5 0.8 ·3.65 
BelowT0#7 Weir 
Tumout#8 67646.5 Check Board 1 5.5 7 0.6 1 0.5 0.8 3.9 
Tumout#9 62366 Check Board 1 6.3 7.8 0.5 1 0.5 0.8 2.5 
Tumout #IO 57083 Check Board 1 3.9 7.5 0.5 1 0.5 0.8 3.5 
Between TOs 52860 Check 1 4 5 0.7 1 0.5 0.8 3.9 
#lOand 11 Board, 

Unused 
Tumout#ll 51:§0?. Check Board 1 4.1 7 0.5 1 0.5 0.8 3 
Tumout#13 41274: Check Board 1 4.8 6 0.5 1 0.5 0.8 3 
Turnout #13.5 38'65~ CheckBoard 1 3.2 5.2 0.5 1 0.5 0.8 3 
Tumc:.ut #14 36011 CheckBoard 1 4 .1 6.2 II 0.5 1 0.5 0.8 3.9 
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Checkboards 

Figure B-13 Checkboard structure 
for Turnout 14, shown during canaJ 
d -u . 

Broadcrested Weir 

Figure &-14 Broadcrested weir tor 
Tumout#l2 

 

BEARDSLEY CANAL 
H YDRAULIC ANALYSIS 

Figure B-13 shows the checkboard structure for 
Turnout #4. The checkboard .structures were 
modeled using the HEC-RAS weir and slq..ice gate 
subroutine. For the max:Unum fJ,ow, the gates are 
wide open The entrance and exit loss coefficients 
are summarized in Table B-8. 

Figure B-14 shows the broadcrested weir that is the 
Turnout #12 structure. The broadcrested weir was 
modeled using the HEC-RAS broadcrested weir 
subroutine. The entrance and e.xit loss coefficients 
are summarized in Table B-9. 

B-12  
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To.bte "6-9 
Beardsley Canal Capacity Study • Phase 1 

Broadaest-ed Weir Characteristics 
Note Tumout#12 
Be · ng Station 46554 
0 . Exponent 1 
Head-~onent 0.5 

Orifice Coefficient 0.8 
Weir Coefficient 3 

Bridges 

There are five bridged crossings of the Beardsley 
Canal. They were modeled using the HEC-RAS 
bridge subroutine, and the bridge parameters used 
are detailed in Table B-10. Most bridges are single
span with no piers. Figure B-15 shows a typical 
bridge crossing at Bell Road. 
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Figure B-15 Bell Road bridge  
crossin of the Beardsl Canal.  

Table B-10 
Beardsley Canal Capacity Study - Phase 1 

Eridge Characteristics 

Note 
Begitming 

Station 
Width 
(feet) 

Weir 
Coefficient 

Maximum 
Submergence 

No. 
of 

Piers 

Pier 
Width 
(feet) 

To Diversion 197473 35 2.6 0.95 2 1 
ToCowtown 185472 36 2.6 0.95 2 0.7 
163rd Avenue 114520 30 2.6 0.95 0 -
&l1Road 90563 142 2.6 0.95 0 -
Greenway Road 84479 50 2.6 0.95 0 -

B-13
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l Chute 
Starting at station 178126J the Beardsley Canal abruptly drops 45 feet vertically in a 
chute. The flow goes supercritical, and the Beardsley Canal is only 2.5 feet deep along 
the chute. The chute ends in a pool structure, then immediately enters another chute for 
a 33-foot vertical drop. The second chute also ends in a pool which overflows into the 
Agua Fria Flume. TJ;tese chute structures were modeled using enough cross sections to 
adequately portray the geometry and supercritical flow. The expansion and contraction 
coefficients used for the chute are 0.1 and 0.3, respectively. Figures B-16 and B-17 depict 

J 
] 

~J 

J 
u 
f1 u 

J 

the chute. 

, Figure B-16 Chute on Beardsley
Canal. 

~ 

Sensitivity Analysis  

Figure'8-17 Chute on Beardsley 
Canal just upstream ofAgua Fria 
River Flume. 

A variety of parameters are incorporated into the HEC-RAS model including energy 
loss coefficients for hydraulic resistance and the expansion or contraction of flow; and 
weir and other structure-specific coefficients. The reliability of the modeling results 
depends on the ability to accurately estimate these parameters. All of the paratneteJ's 
selected were within accepted "l'anges for the conditions being modeled. For example, 
the Manning's ''n" value (a measure of the roughness of the canal lining) chosen for the
slip-fonn placed concrete sections was 0.015, while the range of Manning's "n" 
recommended for comparable material in the HEC-RAS Hydraulic Reference Manual,
Version 2.2 (U.S. Army Corps of Engmeers, Hydrologic Engineering Center, August 
1998) is 0.013 to 0.016, with 0.015 identified as "normal." 

The model parameters were chosen systematically to reflect the canal lining and 
structures observed in the field and also to replicate the water swfaces measured fot a 
known flow regime. In effect, the· calibration process itself could be oonsider~d as a 
sensitivity analysis. A formal sensitivity analysis was performed, however, to
determ.ir\e the impa_ct of varying the Manning's "n" value within the range of values for 
a given materiaL To replicate the water surface elevations p redicted by the model for
the maximum estimated flow regime using increased Manning's "n" values, a flow 
regime of 11 percent less flow in Reach I and approximately 5 percent less flow in the 
other reaches was required. The greater impact of the Manning's "n" value :in Reach I js 

likely due to the absence of regulating structures in that reach. The following table 
summarizes the impact of raising the Manning's "n" values. 

B-l4 
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Table B-11 
Beardsley Canal Capacity Study - Phase 1 
Impact of Raising Manning's "n!' Values 

To Highest Value in Range for Given Material 

Estimated M aximum 
1993 Estimated Capacity 

Estimated Maximum with Inaeased 
Reach Capacity Capacity Manning's unu Value 

No. Reach Description (cfs) (ds) (cfs) 

I Lake Pleasant to 230 400 355 
CAP Inlet 

n CAP Inlet to 230 300 290 
Grand Avenue 

m Grand Avenue to 230 300 290 
Bell Road 

N Bell Road to 200 290 283 
Greenway Road 

IV Greenway Road to 179 290 283 
Waddell Road 

IV Waddell Road to 144 290 283 
Cactus Road 

v Cactus Road to 119 90 87 
Peoria Avenue 

v Peoria Avenue to 99 90 87 
Olive Avenue 

v Olive Avenue to 82 90 87 
Northern Avenue 

VI Northern Avenue to 67 80 79 
Glendale Avenue 

VI Glendale Avenue to 39 80 79 
Camelback Road 

vn Camelback Road to 25 74 73 I Indian School Road I 
Note: Manning's "n" value for slip-form placed concrete raised from 0.015 to 0.016 
and for shotcrete from 0.020 to 0.023. 
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Clw1 Scale 
Num'"r Number Desuiption 

1 
~ \ 

I 
2 
3 

I 
2 
3 

3 
l (A) 
2(B) 

a 
I 
2 
3

, ~ . 9 

I 
2 

1,0 
1 
2 
3 

ll 

2 
3 
4

I
2 
3 

lS
I 
2 
3 

16-l!! 

I 

2 
3 

29 
I 
2 
3 

30 

I 
2 
3 

34 

I 
2 
'3 

Con<;rcl<" Pipe Culw.rt · 

Square edge entrance with headwall (See Figure6.10)  
Groove end entrance with headwall (See Figure 6.10)  
Groove end entrance, pipe projectinR from fill (See Figure 6.12)  

Cott'\)gatt:sl.Mdal Pi~ C.U~cd 

Headwall (SeeFigure 6.10) 
Mitered to conform to slope (See Figure 6 .11) 
Pipe projecting from fill (See Figure 6.12) 

Conctt.tt Plpc Cul\'~t; Dtn~led Ring EnlniiiCll (See l',igw•e o.lJ.) 
SrnaD bevel: h'D = 0.042; aiD= 0.063; ciD =0.042; diD= 0.083 
Large bevel; bro =0.083; a/0 =0.125; c:JD= 0.042; diD =0.125 

Box C,Ul\'crt ~ilh FlaredWiJJg1\'0ills (See Fi~Te o.i4) 
WiJiiwalls tlarecl 30 to 75 degrees 
Wingwalls Oared 90or 15 degtces 
Wingwall.s flared 0 dearees (sides extended straight) 

8ox Cult~rt ,.tel} f1sr«l w~'\•'l).lis ~!icl W~t "I'np E4Qe.Bcr.cl{See. t~tg\It"e&.J.S} . l, 
Wmgwall flared 45 degrees; inlet top edge bevel= 0.430 
Wingwall _flared 18 10 33.7 degrees; inlel top edgebe\'el =0.0830 

llo-x·C\11\'ctl; 90·d(lgrec ltC!ld~·:~.H; Ch~m!~!'e!t I!J. Jh:vdc« llll~tl<;((gi)~ (S~c.l''i.!JIIr~6. ~~) 

Inletedges cbamfetcd 3/4-inch 
Inlet edges beveled V.-inlft at4S degrees (I :I ) 
Inlet edges beveled 1-inlft at 33.7 degrees (1:1.5) 

Box Culv('rt; .S~wc~d IJ~adwl!lll Cluuuftore4, nr 'Beveled Inl~t E~ (&:.: l"";gilre 6-.17) · 
Headwall skewed 45 degrees; inlet edges chlllllfeted 3/4-inch 
Headwall skewed 30 degrees; inlet edges cbamfered3/4-incll 
HeadwaU skewed 15 degrees; inlet edges ch~ 3/4-inch 
Headwall slcewed I0 to 45 degrees; inlet edges be-.:ele!! 

Box Culvert; ~on·Ot'C.set Fl•U'i!O Win~\i.ilill;; :;14-inch Cll;l.mfer at Tnp ~fJI!.Iel. 
(See-Fl&t1c:e 6:JBJ 

Wintwalls flared 45 degrees ( I: I); inletnot skewed 
WinfWalls flared 18.4 degrees (3: I ); inlet noc skewed 
Wintwalls flared 18.4 degrees (3: I ); inlet skewed 30 ~ 

llol\.Cl!lvc:rt; 00".5c.t Flared Will&\~~; Jlcvded Edi;~:..~J 'fQp o! IJtlcl (See f'jgurc. ~) 
Wi.npalls tlared. 45 degrees (1: 1); inlettop edge bevel= 0.042D 
Win,walls flared 33.7 degRes (1.5:I); inlet topedge bevel.= 0.0830 
wm,walls flared 18.4 degrees (3:1); inlet top edge bevel m 0.0830 

l.,f'l.i 

I _:,..,!' Qon-ugiote~J t.ra.il l):(tx.CW..c.ft 
90 degree headwall 
Thick wall Projecting 
Thinwall projecting 

Square edge with headwall 
Grooved end with headwall 
Grooved end projecting 

Squue edge with headwall 
Grooved end wilh headwall 
Grooved end projecting 

Pl~/u';;_bj io" Cin'Mr l{alfius; CoiTI.I@fil~Mdal 
90 Degree headwall 
Mil'fl'ed to slope 
Pro~g

From HEC-RAS Hydraulic Reference Manual, Version 2.2 (U.S. Army Corps of Engineers, 
Hydrologic Engineering Center, August 1998). 
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Table B-12 

FHWA Chart and Scale Numbers for Culverts 

mailto:CoiTI.I@fil
http:E4Qe.Bcr.cl
http:Conctt.tt
http:Figure6.10


• I 

Table B-12, Continued 

J 
FBWA Chart and Scale Numbers for Culverts 

Chart Scale 
Number Number 

J  
·•. 3st.S.!;!f ,·~~:.tr-, .q-·rT~ 


I 
2 
3 

~ 
I 
2 
3 

~i~-: . -
I 
2 
3 

-~- . 
·~5 .:=- . 

' 
I 
2 

.. S(i ' ~ 

I 
2 
3 

57 

~. I 

·58 
l 
2 

5~ 

I 
2 

J 
J  
J  
J  

Description 

Pro.:ecting 
Nobevtls 
33.7 degree bevels 

PI~Ar.dl; l t " •<:omer Radhts; Corrugated M tllll ' 
Projectini 
No bevels 
33.7 degree be~els 

Arcl.l~ IO\\~prome :trtlt: hTI:lJ·-proQte aroil; sc:nti ~ll'dt'; Corrl.!l::M4 Ml!'fil' 
90 degree headwall 
Mirered to slope 
Thin wall pro~ng 

~- .::~. -_ 

Smooth tapered inlet throat 
Rough tapered inlet throat 
·, .- - :~:'"::· i-.:~; + ;._ .· : ' ~· ·EUip«taJ,lnltl F-=e 
Ta~ inlet; Beveled edges 
TaJ=ered inlet; Square edges 
Tap:red i.nlet; Thin edge projecting 

Rectangular 
Tarereci inlet throat 

Reclangular Concrete 
Side tapered; Less favorable edges 
Side tapered; More favo.able edgc:J 

Rectangular Concrete 
SICY,le Uipered; Less favorable edges 
SlollC~ed · More favorable ed2es 

From HEC-RAS Hydraulic Reference Manual, Version 2.2 (U.S. Army Corps of Engineers, 
Hydrologic Engineering Center, August 1998). 
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Beardsley Canal CapacitYStudy  
Summary Table· HEC..RAS Model Output  

at Calibration and Maximum Flow Rate Profiles 
Channel leftOVerbank Right OVerbenl< Computed Critical Energy Energy Velocity 

' 1 River FloW Rate1 Invert Elevation Elevation Water Surface Water Surface Gradeline Gradelloe inChaMel Flow Area 
Station (ciS) EleVation (ftl (ft) (ft) Elevation !ftl EleVation !Ill Elevation (ft} stooe lftlftl (ills) !saft} · 

200000 155 1434.6 1446.28 1446.18 1~.96 1435.82 1438.04 0.000269 2.26 68.51 
200000 400 1484.6 1446.28 1446.18 1439.87 1436'.88 1440.09 0.000476 3.72 107.5 

198519 155 1434.67 1442.99 1441.25 1437.37 1437.49 0.000532 2.78 55.71 
1913519 400 1434.67 1442.99 1441..25 1439.06 1439.29 0.000603 3.88 103.01 

197730 155 1434.19 1442.11 1442.39 1435.91 14136.5 0.004787 6.14 25.23 
197730 400 1484.19 1442.,1 1442.39 1438 1438.52 0.001664 5.78 69.18 

197665 155 1434.05 1442.97 1442.97 1435.85 1436.21 0.002476 4.85 31 .99 
197665 400 1434.05 1442.97 1442.97 1438.01 1438.39 0.001086 4.96 81>.62 

197652 155 1434.05 1442.97 1442.97 1435.7 1435.44 1436.16 0.003088 5.48 28.28 
197652 400 1434.05 1442.97 1442.97 1437.78 1436.6 1 1438.36 0.001258 6.12 65.4 

197651 lnline Weir Weir &recording gauge, MWD Station 1 

197650 155 1434.05 1442.97 1442.97 1435.69 1435.44 1436.16 0.00314 5.51 28.14 
197650 400 1434.05 1442.97 1442.97 1437.77 1438.6 1438.35 0.001267 6.13 65.26 

197635 155 1434.05 1442.97 1442.97 1435.46 1435.46 1436.09 0.005747 6.39 24.27 
197635 400 1434.05 1442.97 1442.97 1437.87 1438.28 0.001239 5.2 76.98 

197504 155 1426.51 1441.79 1442.18 1435.45 1427.96 1435.46 0.00001 1 0.76 204.39 
197504 400 1426.51 1441 .79 1442.18 1438.13 1438.15 0.000029 1.37 292.5 

197474 155 1426.51 1441.79 1442.18 1435.45 1427;96 1435.46 0.000011 0.76 204.38 
197474 400 1426.51 1441 .79 1442.18 1438.12 1429.16 1438.15 0.000029 1.37 292.47 

197473 Bri_Q Bridoe on road to Beardsley Canal diVersion " 

197438 155 1426.51 1441.79 1442.18 1435.45 1435.46 0.000011 0.76 204.32 
197438 400 1426.51 1441.79 1442.18 1438.12 1438.1S 0.000029 1.37 292.28 

197378 155 1426.51 1441.79 1442.18 1435.45 1435.46 0.00001 1 0 .76 204.3 
197378 400 1426.51 1441.79 1442.18 1438.12 1438.15 0.000029 1.37 292.21 

190068 155 1431.83 1440.01 1440.48 1435.11 1435.21 0.000353 2.53 61.. 25 
190088 400 1431 .63 1440.01 1440.48 1437.46 1437.63 0.000338 3.29 121.68 

185558 155 1430.36 1438.37 1438.02 1434.31 1434.35 0.000115 1.59 97.3 
185558 400 1430.36 1438.37 1438.02 1436.62 1438.7 0.000132 2.2 182.02 

185475 155 1429.n 1438.18 1438.18 1434.3 1431.17 1434.34 0.000097 1.59 97.24 
185475 400 1429.77 1438.18 1438.18 1438.59 1432.3 1436.69 0.000147 2.43 164.93 

185472 ~ Bridae Bridge for road lo Cowto\WI carefree Rd. 

185436 155 1429.77 1438.18 1438.18 1434.28 1434.32 0.000098 1.6 96.83 
185436 400 1429.n 1438.18 1438.18 1436.57 1436.66 0.000149 2,44 184.05 

t853n 155 1430.54 1439.06 1438.75 1434.24 1434.31 0.00023 2.18 71 .09 
1853n 400 1430.54 1439.06 1438.75 1438.5 1436.&4 0.000276 3.06 130.55 

179629 155 1429.34 1436.65 1436.97 1432.6 1432.7 0.000351 2.49 62.25 
179629 400 1429.34 1436.65 1436.97 1434.41 1434.62 0.0Cl04tt1 3.62 110.52 

178191 155 1429.15 1436.44 1436.49 1430.7 1430.7 1431.35 0.005674 8.46 24 
178191 400 1429.15 1436.44 1436.49 1431.87 1431.87 1432.96 0.005024 8.4 47.61 

178157 155 1428.59 1437.23 1437.06 1430.58 1429.92 1430.63 0 .001488 3.98 38.91 
178157 400 1428.59 1437.23 1437.06 1432.28 1431.01 1432.67 0.0011&4 4.98 80.2.5 

178127 155 1428.5 1437.06 1437. 14 1430.43 1429.87 1430.77 0.001668 4.7 32.96 
178127 400 1428.5 1437.06 1437.14 1431.81 1431.07 1432.58 0.001848 7.09 56.45 

178126 lnlineWelr Weirand checkdrop, unused 
I I 

178120 155 1428.51 1437.061 1437.14 1430.42 1430.02 1430.84 0.002711 5.2 29.81 
178120 400 1428.5 1 1437.061 1437. 14 143Ln 1431.24 1432.66 0.002785 7.57 52.82 

(1) 1st value • calibra.tion llow rate, 2nd va.lue • maximum flow rate 

~ Widtl1 
op(fi) 

20.4 
20.4 

25.39 
30.63 

18.26 
23.82 

19.99 
25,01 

19.&4 
24.46 

19.62 
24.44 

19.07 
24.67 

30.65 
35.3 

30.65 
35.3 

30.65 
35.29 

30.65 
' 35.29 

22.81 
28.6 

32.42 
40.79 

26.88 
32.14 

26.84 
32.08 

23.67 
2.9.02 

24.01 
29. 19 

18.47 
22.05 

22.12 
28.57 

18.63 
19.59 

16.84 
18.15 

~I 

~1 

!I  

j  

J  
J  

:.JI 
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Q\annel 
River Flow Rato1'1 I !Welt 

Station (cfs) Elevation (It) 

178087 155 1428.5 
178087 400 1428.5 

1n923 155 1424.05 
177923 400 1424.05 

177851.5 155 1416.36 
177851.5 400 1416.36 

1T7780 155 1408.66 
1T7780 400 1408.66 

1TT702 155 1399.23 
1T7702 400 139923 

177624 155 1389.8 
1n624 400 1389.8 

177574 155 1383.7 
1n574 400 1383.7 

177513 155 1363.55 
177513 400 1383.55 

175494 155 1383.02 
17&494 400 1383.02. 

175486 155 1382.33 
175486 400 1382.33 

175469 155 1378.6 
175469 400 1378.6 

175454 155 1377.69 
175454 400 1377.69 

175316 155 1370.67 
175316 400 1370.67 

175303 155 1364.15 
175303 400 1364.15 

1752112 155 1349.411 
175282 400 1349.41 

175268 155 1349.36 
175268 400 1349.36 

175250 155 1349.06 
175250 400 1349.06 

1752<40 155 1348.38 
1752<40 400 1348.38 

175217 155 1348.95 
175217 400 1:348.95 

175197 155 1350.23 
175197 400 1350.23 

175177 155 1350.23 
175177 400 1350.23 

175096 155 1350.64 
175096 400 1350.64 

173945 155 1348.45 
173945 400 1348.45 

173920 155 1347.95 

Beardsley Canal C-apac~· study 
SummaryTable- HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Left OVedlank Right OVelbanlc computed Critical Ertef'!IY 

EJeo.latlort a--lion Water Surfaoo Water So!face Gradeino 
(fl) (It} Elevation (ft} Elevation (It) Elevation (It) 

1437.06 1437.14 1430.02 1430.02 1430.72 
1437.06 1437.14 1-431.26 1431.26 14:32.53 

1426.94 1426.87 H24.65 1425.47 1428.86 
1~6.94 1426.87 1-425.32 1-426.64 1430.89 

1418.39 1418.23 1416.87 1417.78 1422.89 
1418 .39 1418.23 1417.33 1418.95 1427.17 

1410.69 t410.S3 1<409.17 1410.08 1415.03 
1410.69 1410.53 1409.58 141125 1420.8 

1401.26 1401.1 1399.72 1400.65 1406.18 
1401.26 1401.1 1400.11 1401.82 1412.31 

139Ul2 1391.99 1390.3 1391.22 1396.61 
1391.92 1391 .99 1390.67 1392.38 1403.3.2 

1394.39 1394.36 13&4.28 138521 1390.63 
1394.39 1394.36 1384.65 1386.38 1397.52 

1394.29 1394.21 1386.47 1385.04 1386.61 
1394.29 1394.21 1384.77 1386.21 1391 .61 

1391.79 1391.75 1384.43 1384.43 1385.09 
1391.79 1391.75 1385.59 1385.59 1386.74 

1390.14 1390.99 1383.33 1383.82 1384.93 
1390.14 1390.99 13&4.28 1384.98 1386.58 

1382.46 1382.4 1379.19 1380.05 1384.2 
1382.46 1382.4 1379.84 1381.2 1385.92 

1380.04 1380.03 1378.25 1379.0S 1382.97 
1380.04 1380.03 1376.86 1380.26 1385.3 

1373.15 1373.17 1371 .38 1372.14 1374.79 
1373.15 1373.17 1371.84 1373.32 1379.05 

1372.96 1372.46 1364.65 1865.7 1373.31 
1372.96 1372.46 1365.14 1366.95 1377.62 

1362.37 1365.14 1354.88 1350.71 1354.91 
1362.37 1385.14 1357.6.'3 1351.7A 1357 88 

1362.37 1364.88 1354.89 1354.9 
1362.37 1364.88 1357.84 1357.(!;7 

1362.37 1364.89 1354.86 1354.9 
1362.37 1364.89 1357.55 1357.110 

1362.37 1362.38 1354,87 1354,89 
1362.37 1362.38 1357.57 1357.65 

1360.84 1362.43 1354.87 1354.89 
1360.84 1362.43 1357.6 1357.64 

1360.46 1360.33 1354.86 13M.89 
1380.46 1360.33 1357.57 1357.64 

1380..46 1380.33 1354.83 1354.89 
1360.46 1380.33 1357.51 1357.63 

1357.53 1357.47 1354.52 1354.64 
1357.53 1357.47 1856.96 1357.56 

1355.34 1355.28 1351,03 1351.03 1352.01 
1355.34 1355.28 1352.75 1352.75 1354_.39 

1356.35 1356.14 1349.62 1350.26 1351.07 

{1) tst valUe= calit>rallon now rate, zno value = m81<imum 110¥' rate 

Ene~gy Velocity 
GradeQne in Channel F10wArea Top Width 
SloD&Cftlltl (Ills) (sa Ill · (It) 

0.003342 6 .71 23.11 16.45 
0.003083 9.04 44.24 17.65 

0.062211 16.47 9.41 16.84 
0 .032.34 18.95 21.11 18.27 

0.111035 19.7 7.87 · 16.7 
0.078958 25.17 l5.89 17.76 

0.106152 19.43 7.98 16.71 
0.097057 26.88 14.88 17.63 

0.124089 20.39 7 .6 16.66 
0.110741 28.03 14.27 17.55 

0.120616 20.17 7.68 18.71 
0.117219 28.55 14.01 17.42 

0.119695 20.22 7.66 16.51 
0 .118975 28.8 13.89 17.26 

0.000313 2.98 52.02 21.19 
0 .042988 20.99 19.06 17.53 

0.003267 6.48 23.91 18.37 
0 .002003 8.61 46.44 20.76 

0.013467 10.15 15.27 17.68 
0 .008397 12.17 32.86 19.7 

0.083953 17.97 8.62 16.99 
0 .0378 19.79 20.21 18.5 

0.074658 17.43 8.89 16,77 
0.040385 20.35 19.66 18.1 

0.044361 \4.81 10.46 16.96 
0.048122 .. 2154 18.57 17.89 

0.100522 23.62 8.68 15 .09 
0.102766 28.35 14.11 15.62 

0.000025 1.21 127.99 28.05 
0 .00004 1.9 211.M 32.52 

0.000009 0.79 195.15 35.59 
0.000019 1.36 293.08 35.59 

0.()()()046 1.54 100.79 17.59 
0.000106 2.7 148.06 17.59 

0.000026 1.24 124.76 20.29 
0. ()()()()62 2.23 179.63 20.29 

0 .000019 1.08 142.95 31.78 
0.000031 1.7 235.7 ~.06 

0.000048 1.5 103.23 28.62 
0.000057 2.1 190.26 35.5 

0.000076 UIS 83.6 21.16 
0 .000108 2.77 144.28 24.16 

0 .001289 4 .. 56 34.02 11.74 
0.001517 6 .24 64.14 13 

0 .006026 7.92 19.58 10.2 
0.005882 10.27 38.95 11 .96 

0.020254 11.49 13.49 10.77 
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River FlowRate<11 

Station (cfs) 
173920 <400 

173895 155 
173895 <400 

173041 155 
173041 <400 

172787 155 
172787 400 

172172 155 
172172 -400 

172154 155 
172154 400 

172153 ln~ne Weir 

172152 155 
172152 400 

172140 155 
172140 400 

168203 146.53 
168203 400 

160334 146.53 
160334 400 

159049 146.53 
159049 <400 

158990 1-44.75 
158990 300 

157606 144.75 
157606 300 

157495 144.75 
157495 300 

157.(77 ' 144.75 
1574n 300 

157470 144.75 
157470 300 

157469 Culvert 

157029 144.75 
157029 300 

157005 144.75 
157005 300 

156966 144.75 
156966 300 

154345 144.75 
154345 300 

154179 144.75 
154179 300 

154113 144.75 
154113 300 

154081 144.75 
154081 300 

Channel 
Invert 

EleVation (fl) 
1347.95 

1347.7 
1347.7 

1346.58 
1346.58 

1346.52 
1346.52 

1346.49 
1346.49 

1346.49 
1346.49 

Beardsley CaM I CapacitY· Study 
Summary Table • HEC·RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
left Overbank Right Overtlank Computed Critical ElleiQY 

Elevation Elevation Water Surface Water Surface Gradeline 
(It) (ft) Elevation (ft) EleVation (11) Elevation (It) 
1356.35 1356.14 1353.15 1351.82 1353.73 

1356.97 1355.99 1350.92 1349.18 1351.0 1 
1356.97 1355.99 1353..45 1353.58 

1354.66 1355.72 1350,83 1350.86 
1354.66 1365.72 1353.36 1353.42 

1355.-44 1356.99 1350.81 1350.84 
1355.44 1356.99 1353.34 1353.4 

1354.07 1357.25 1350.75 1350.79 
1354.07 1357.25 1353.26 1353.33 

1354.07 1357.25 1350.74 1347.79 1350.79 
1354.07 1357.25 1353.21 1348.82 1353.33 

Rec. weir & MWO Station 5 taUQe 

1346.49 1354.07 1357.25 1350.73 1347.79 1350.78 
1346.49 1354.07 1357.25 1353.2 1348.82 1353.32 

1346.69 1354.29 1357.8 1350.74 1350.77 
1346.69 1354.29 1357.8 1353.23 1353.3 

1346.41 1354.69 1354.45 1350.16 1350.22 
~346.4 1 1354.69 1354.45 1352.55 1352.67 

1345.2 1354.03 1353.84 1347.99 1348.08 
1345.2 1354.03 1353.84 1349.89 1350.11 

1344.27 1351.92 1352.65 1347.74 1347.78 
1344.27 1351 .92 1352.65 1349.54 1349.66 

1344.5 1351.88 1350.16 1347.7 1347.n 
1344.5 1351 .88 1350.16 1349.55 1349.64 

1344.39 1352.68 1352.38 1347.28 1347.37 
1344.39 1352.68 1352.38 1349.21 1349.33 

1344.15 1353.06 1353.11 1347.01 1347.28 
1344.15 1353.06 1353.11 1348.95 1349.26 

1343.29 1353.16 1353.18 1347.03 1347.25 
1343.29 1353.16 1353.18 1348.81 1349.23 

1342.94 1353.16 1353.18 1347.04 1344.97 1347.23 
1342.94 1353.16 1353.18 1348.82 1'346.12 1349.21 

Flume t2 (pij~e) - Dynamite Rd. 

1342.17 1352.42 1352.42 1346.82 1346.95 
1342.17 1352.~ 1352..42 1348.47 1348.79 

1343.25 1352.12 1351 .94 1346.78 1346.94 
1343.25 1352.12 1351 .94 1348.5 1348.75 

1343.39 1351 .63 1351.63 1346.84 1346.9 
1343.39 1351.63 1351.63 1348.6 1348.69 

1343.23 1350.2 1350.83 1346.17 1346.26 
1343.23 1350.2 1350.83 1348.04 1348.14 

1342.74 1350.91 1351 .02 1346.06 1348.19 
1342.74 1350.91 1351 .02 1347.86 1348.08 

1341.55 1350.91 1351 .02 1345.99 1346.15 
1341.55 1350.91 1351.02 1.347.65 1348.01 

1341.55 1350.91 1351.02 1345.97 1343..41 1-346.13 
1341.55 1350.91 1351.02 1347.61 1344.57 1347.98 

( 1) 1st value "" calibration flow rate, 2Pd value= maldmum flow rate 3 

Energy Velocity 
Gradeflne. In Channel Flow Area Top Width 

Slooe (ftlftl (fl/sl (SQft) . (ft) 
0 .001635 6.12 65.38 18.69 

0.000335 2.42 64.18 25.19 
0.00026 2.92 137.02 32.59 

0.000092 1.49 103.69 31.74 
0.000105 2.06 194.43 39.98 

0 .000076 1.4 110.44 32.08 
0.000094 1.99 201.32 39.87 

0.000094 1.54 100.94 29.87 
0.000115 2.16 184.93 37.1 

0.000087 1.72 89.92 29.82 
0.00012 2.n 144.19 36.93 

0.000087 1.73 89.8 29.95 
0.00012 2.78 144.12 36.95 

0.000105 1.57 98.62 30.8 
0.0001 18 2.16 185 38.41 

0.000197 1.99 73.52 25.68 
0.000227 2.81 142.58 32.21 

0.000399 2.52 58.21 23.79 
0.000501 3.73 107.23 27.S7 

0.000143 1.7 86.43 30.65 
0.000232 2.73 146.48 35.82 

0.000224 2.04 70.8 25.9 
0.000198 2.45 122.28 29.99 

0.000376 2.48 58.8 24.45 
0.000259 2.7 111.13 29.59 

0.001269 4.19 34.57 14.92 
0.000859 4.48 66.9 18.5 

0.000886 3.75 38.62 10.7 
0 .001255 5.17 58.03 11 .04 

0.000758 3.57 40.5 1 10.7 
0.00113 s 59.95 11.04 

0.000476 2.99 48.4 1 10.84 
0.000872 4.5 66.62 11 .14 

0.000586 3.19 45.36 15.95 
0.000614 3.98 75.38 18.92 

0.000194 1.91 75.7 27.99 
0.000178 2.32 129.53 33.02 

0.000313 2.3 63 25.06 
0.0002A3 2.65 113.35 29.07 

0.000466 2.85 50.75 16.Q1 
0.000539 3 .74 80.14 16.75 

0.000592 3.22 44.92 10.24 
0.001081 4 .84 61.96 10.32 

0.0006 3.24 44.72 10.23 
0.0011 4.87 61.54 10.32 
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Beardsley Canal CapacitY-Study 
Summary Table - HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Channel Left Overbank Right Overbank Computed Critical Energy 

River Flow Rate<•l Invert Elevation Elevation Water Surface Water Surface Gradeline 
Station (cis} Elevation (ft\ (ft) (It) Elevation (ft) Elevation (It) Elevation{ It) 

154080 Culvert Flume lr.J (pipe)_ 

Energy 
Gradel1ne 
Slope {ftlftl 

Velocity 
in Channel 

{IVs) 
Flow Area 

(sq ft) . 
Top Width 

(It) 

10.23 
10.31 

15.94 
18.7 

26.21 
29.14 

20.29 
25.47 

15.36 
16.63 

11.27 
12.06 

11.26 
12.04 

10.16 
10.2 

13.59 
15.28 

26.27 
30 

33.97 
37.19 

10.01 
10.02 

10.01 
10.02 

10.01 
10.01 

34.28 
37.03 

35.97 
36.48 

10.01 
10.01 

10.01 
10.01 

35.28 
35.57 

43.15 
42.01 

43.34 
42.13 

44.6 
59.18 

52.94 
78.97 

76.79 
119.29 

34.24 
78.45 

35.95 
67.02 

38.71 
60.17 

38.37 
59.67 

31.71 
40.34 

24.55 
38.57 

56.5 
91.99 

59.59 
101.3 

170.17 
181.93 

170.16 
181 .91 

137.44 
148.54 

83.21 
122.42 

98.01 
104.82 

95.22 
96.72 

95.13 
96.32 

95.53 
99.4 

147.46 
128.92 

147.73 
128.46 

153639 144.75 1341.3 1350.66 1350.77 1345.71 1345.87 
153639 300 1341.3 1350.66 1350.77 1347.13 1347.53 

153623 144.75 1341.23 1350.74 1350.9 1345.73 1345.85 
153623 300 1341.23 1350.74 1350.9 1347.24 1347.46 

153458 143.25 1342.39 1350.26 1350.26 1345.74 1345.79 
153456 300 1342.39 1350.26 1350.26 1347.27 1347.37 

147960 143.25 1341 .34 1348.66 1349.13 1343.29 1343.57 
147960 300 1341.34 1348.66 1349.13 1345.23 1345.45 

147777 143.25 1340.51 1348.72 1348.79 1343.05 1343.3 
147777 300 1340.51 1348.72 1348.79 1345 1345.31 

147615 143.25 1339.14 1349.18 1349.18 1342.92 1343.13 
147615 300 1339.14 1349.18 1349.18 1344.76 1345.15 

147563 143.25 1339.14 1349.18 1349.18 1342.89 1341.09 1343.11 
147583 300 1339.14 1349.18 1349.18 1344.72 1342.26 1345.11 

147581 Culvert Flume #4 (Dil: e) - Jornax Rd. 

147199 143.25 1338.43 1348.5 1348.5 1341.61 1341.92 
147199 300 1338.43 1348.5 1348.5 1342.45 1343.31 

147176 143.25 1339.23 1348.21 1348.12 1341.35 1341.87 
147176 300 1339.23 1348.21 1348.12 1342.32 1343.26 

147036 142 1338.85 1345.89 1345.46 1341.58 1341.67 
147036 300 1338.85 1345.89 1345.46 1342.77 1342.94 

141608 142 1338.23 1344.36 1344.49 1340.21 1340.29 
141608 300 1338.23 1344.36 1344.49 1341.38 1341.52 

141422 142 1323.25 1346.26 1346.26 1340.25 1340.27 
141422 300 1323.25 1346.26 1346.26 1341.43 1341.47 

141389 142 1323.25 1346.26 1346.26 1340.25 1325.09 1340.26 
141389 300 1323.25 1346.26 1346.26 1341.43 1326.28 1341.47 

141387 Culvert Inverted siphon 

141338 142 1326.5 1346.31 1346.31 1340.23 1340.25 
141336 300 1326.5 1346.31 1346.31 1341 .34 1341.41 

141220 141 .7 1337.29 1344.53 1344.65 1340.2 1340.24 
141220 300 1337.29 1344.53 1344.65 1341.3 1341.39 

132151 141.7 1336.4 1342.01 1342.36 1339.52 1339.56 
132151 300 1336.4 1342.01 1342.36 1339.71 1339.84 

132050 141.7 1330 1346.49 1346.49 1339.52 1331.83 1339.55 
132050 300 1330 1346.49 1346.49 1339.67 1333.02 1339.82 

132048 Culvert lnverted~n 

131995 141 .7 1330 1346.66 1346.66 1339.51 1339.54 
131995 300 1330 1346.66 1346.66 1339.63 1339.78 

131903 139.9 1336.36 1342.76 1342.22 1339.5 1339.54 
131903 300 1336.36 1342.76 1342.22 1339.61 1339.75 

128028 139.9 1335.5 1341.13 1341.68 1339.39 1339.41 
128028 300 1335.5 1341.13 1341.68 1338.96 1339.04 

127896 139.9 1335.5 1341.13 1341.68 1339.39 1339.4 
127896 300 1335.5 1341.13 1341 .68 1338.94 1339.02 

( 1} 1st value = calibration flow rate, 2nd value = maximum flow rate 4 

0.000604 
0.001219 

0.000367 
0.000533 

0.000173 
0.000209 

0.00172 
0.000676 

0.001184 
0.00085 

0.00081 
0.001071 

0.000831 
0.001095 

0.000856 
0.00192 

0.001876 
0.002242 

0.000224 
0.000269 

0.000287 
0.000252 

0.000012 
0.000045 

0.000012 
0.000045 

0.000019 
0.000072 

0.000097 
0.000136 

0.00006 
0.000221 

0.000046 
0.0002 

0.000046 
0.000202 

0.000062 
0.000255 

0.000019 
0.0001 33 

0.000019 
0.000135 

3.25 
5.07 

2.73 
3.8 

1.87 
2.51 

4.18 
3.82 

3.98 
4.48 

3.7 
4.99 

3.73 
5.03 

4.52 
7.44 

5.83 
7.78 

2.43 
3.26 

2.38 
2.96 

0.83 
1.65 

0.83 
1.65 

1.03 
2.02 

1.7 
2.45 

1.45 
2.86 

1.49 
3.1 

1.49 
3.11 

1.46 
3.02 

0.95 
2.33 

0.95 
2.34 
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Beardsley Canal CapacitY-Study 
Summary Table - HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Channel Left Overbank Right Overbank Computed Critical Energy Energy Velocity 

River Flow Rate<1l Invert Elevation Elevation Water Surface Water Surface Gradeline Gradeline in Channel Flow Area 
Station (cfs) Elevation (It) (It) (It) Elevation (It) Elevation (It) Elevation (It) Slooe Cftlltl (ftls) (SQ It) -

127857 139.9 1328.83 1342.83 1342.83 1339.37 1330.65 1339.4 O.CXl0035 1.33 105.53 
127857 300 1328.83 1342.83 1342.83 1338.87 1331.86 1339.01 0.000182 2.98 100.52 

127855 Culvert Inverted siphon 

12n53 139.9 1327.76 1342.76 1342.76 1339.37 1339.39 0.000028 1.2 116.16 
12n53 300 1327.76 1342.76 1342.76 1338.84 1338.96 0.000143 2.7 110.91 

127574 139.9 1335.06 1341.42 1341 .53 1339.37 1339.38 0.000022 1.02 136.8 
127574 300 1335.06 1341.42 1341 .53 1338.82 1338.93 0.000162 2.59 116.02 

127460 139.9 1335.04 1342.04 1342.04 1339.36 1335.98 1339.38 0.000018 1 139.7 
127460 300 1335.04 1342.04 1342.04 1338.81 1336.57 1338.91 0.000139 2.51 119.71 

127453 lnllneWeir Radial gate 

127436 139.9 1334.91 1340.87 1340.98 1337.84 1335.95 1337.88 0.000079 1.58 88.34 
127436 300 1334.91 1340.87 1340.98 1338.78 1336.54 1338.87 0.000131 2.46 121.97 

127385 137.3 1334.91 1340.87 1340.98 1337.84 1337.88 0.000081 1.55 88.72 
127385 300 1334.91 1340.87 1340.98 1338.78 1338.86 0.000141 2.39 125.67 

121544 134.7 1333.76 1339.9 1339.91 1337.58 1337.6 0.00003 1.15 117.42 
121544 300 1333.76 1339.9 1339.91 1338.12 1338.19 0.000095 2.19 136.82 

115117 134.7 1332.9 1339.06 1338.97 1337.45 1337.47 0.000015 0.89 151.62 
115117 300 1332.9 1339.06 1338.97 1337.63 1337.69 0.000065 1.89 158.65 

115010 134.7 1333 1341.03 1341 .01 1337.44 1333.99 1337.46 0.000022 1.26 106.52 
115010 300 1333 1341 .03 1341.01 1337.55 1334.69 1337.67 0.000102 2.75 109.29 

115009 lnlineWeir Radial_gate, unused tumout 

114992 134.7 1332.83 1338.67 1338.68 1336.49 1333.8 1336.51 0.000034 1.18 113.96 
114992 300 1332.83 1338.67 1338.68 1337.55 1334.43 1337.61 0.000069 1.93 155.07 

114940 134.7 1332.83 1338.67 1338.68 1336.49 1336.51 0.000035 1.19 113.32 
114940 300 1332.83 1338.67 1338.68 1337.54 1337.6 0.00007 1.95 154.09 

114558 134.7 1332.88 1340.06 1339.72 1336.47 1336.49 0.000041 1.21 110.91 
114558 300 1332.88 1340.06 1339.72 1337.52 1337.57 o.oooon 1.94 154.86 

114521 134.7 1332.88 1340.06 1339.72 1336.47 1334.06 1336.49 0.000041 1.22 110.85 
114521 300 1332.88 1340.06 1339.72 1337.51 1334.67 1337.57 0.000077 1.94 154.74 

114520 BridQe 163rd Ave. bridge 

114462 134.7 1332.88 1340.06 1339.72 1336.47 1336.49 0.000041 1.22 110.76 
114462 300 1332.88 1340.06 1339.72 1337.51 1337.57 o.oooon 1.94 154.53 

114445 134.7 1332.16 1340.06 1339.72 1336.47 1333.11 1336.49 0.000021 1.16 115.98 
114445 300 1332.16 1340.06 1339.72 1337.5 1333.78 1337.57 0.00005 2.08 144.31 

114443 Culvert CMP double culvert under Santa Fe railroad 

114306 134.7 1331.48 1338.79 1338.2 1336.34 1336.37 0.000034 1.28 105.11 
114306 300 1331.48 1338.79 1338.2 1337.06 1337.15 0.000101 2.37 126.67 

114284 134.7 1331 .49 1338.79 1338.2 1336.34 1332.66 1336.37 0.000024 1.31 103.07 
114284 300 1331.49 1338.79 1338.2 1337.05 1333.44 1337.15 0.000075 2.53 118.67 

114282 Culvert Box culvert at Grand Ave. 

114234 134.7 1331.09 1338.9 1337.68 1336.33 1332.12 1336.35 0.000013 1.01 133.54 
114234 300 1331 .09 1338.9 1337.68 1337.02 1332.82 1337.08 0.000041 1.98 151.48 

114221 134.7 1331 .09 1338.9 1337.68 1336.33 1336.35 0.00002 1.04 129.36 
114221 300 1331 .09 1338.9 1337.68 1337.02 1337.08 0.000063 1.96 153.1 

112797 134 1331.58 1337.88 1340.18 1336.31 1336.32 0.000018 0.97 137.89 

(1) 1st value =calibration flow rate, 2nd value= maximum flow rate 5 

Top Width 
(It) 

10.02 
10.01 

10.02 
10.01 

39.03 
37.38 

39.1 
37.46 

37.55 
41.81 

37.37 
41 .88 

35.57 
36.9 

39.72 
40.21 

39.28 
39.54 

37.13 
40.4 

36.83 
40.23 

39.99 
44.03 

39.98 
44.02 

39.98 
44 

41 .5 
45 

28.78 
30.93 

29.21 
31 .15 

34.28 
35.88 

33.57 
35.42 

35.45 
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River Flow Rate('l 
Station lcfs_l 

112797 300 

112465 134 
112465 300 

112431 130.9 
112431 300 

112430 Clivert 

112380 130.9 
112380 300 

112350 lnline Weir 

112349 130.9 
112349 300 

112150 130.9 
112150 300 

112000 130.9 
112000 300 

110736 130.9 
110736 300 

109473 130.9 
109473 300 

109407 130.9 
109407 300 

109393.5 130.9 
109393.5 300 

109377.1 130.9 
109377.1 300 

109377 130.9 
109377 300 

109365.1 130.9 
109365.1 300 

109365 Culvert 

109328.9 130.9 
109328.9 300 

109317 130.9 
109317 300 

109316.9 130.9 
109316.9 300 

109297.2 130.9 
109297.2 300 

109291 130.9 
109291 300 

109211 130.9 
109211 300 

107818 130.9 
107818 300 

106457 130.9 
106457 300 

Beardsley Canal CapacltYStudy 
Summary Table - HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Channel Left Overbank Right Overbank Computed Critical Energy 

Invert Elevation Elevation Water Surface Water Surface Gradeline 
Elevation (It) (It) (It) Elevationjft) Elevation (It) Elevation (ftl 

1331.58 1337.88 1340.18 1336.94 1336.99 

1331.58 1337.88 1340.18 1336.3 1336.32 
1331 .58 1337.88 1340.18 1336.92 1336.97 

1323.2 1337.7 1337.64 1336.3 1324.94 1336.31 
1323.2 1337.7 1337.64 1336.9 1326.24 1336.97 

Inverted siphon and MWD Station 13 gauge 

1323.7 1339 1338.95 1336.29 1325.45 1336.3 
1323.7 1339 1338.95 1336.83 1326.73 1336.91 

Rectangular weir checkdrop 

1329.98 1336.13 1336.55 1332.95 1331.65 1333.18 
1329.98 1336.13 1336.55 1333.67 1332.79 1334.43 

1329.98 1336.13 1336.55 1333.04 1333.09 
1329.98 1336.13 1336.55 1334.04 1334.17 

1329.98 1336.13 1336.55 1333.03 1333.08 
1329.98 1336.13 1336.55 1334.01 1334.14 

1329.98 1336.13 1336.55 1332.89 1332.94 
1329.98 1336.13 1336.55 1333.7 1333.85 

1328.18 1334.58 1334.66 1332.84 1332.87 
1328.18 1334.58 1334.66 1333.57 1333.65 

1327.09 1340.61 1337.58 1332.8 1332.86 
1327.09 1340.61 1337.58 1333.38 1333.63 

1314.84 1340.61 1337.58 1332.84 1332.84 
1314.84 1340.61 1337.58 1333.53 1333.56 

1306.78 1340.61 1337.58 1332.84 1332.84 
1306.78 1340.61 1337.58 1333.54 1333.55 

1306.78 1340.61 1337.58 1332.84 1332.84 
1306.78 1340.61 1337.58 1333.54 1333.55 

1306.78 1340.61 1337.58 1332.84 1308.32 1332.84 
1306.78 1340.61 1337.58 1333.54 1309.46 1333.55 

Inverted siphon at McMicken Dam chute 

1306.78 1340.61 1337.58 1332.83 1332.84 
1306.78 1340.61 1337.58 1333.51 1333.52 

1306.78 1340.61 1337.58 1332.83 1332.84 
1306.78 1340.61 1337.58 1333.51 1333.52 

1306.78 1340.61 1337.58 1332.83 1332.84 
1306.78 1340.61 1337.58 1333.51 1333.52 

1321.1 1340.61 1337.58 1332.82 1332.84 
1321.1 1340.61 1337.58 1333.45 1333.52 

1328.37 1341.87 1338.82 1332.73 1332.83 
1328.37 1341.87 1338.82 1333.03 1333.48 

1328.73 1335.25 1334.8 1332.77 1332.8 
1328.73 1335.25 1334.8 1333.22 1333.36 

1328.68 1334.98 1334.79 1332.69 1332.73 
1328.68 1334.98 1334.79 1332.91 1333.06 

1328.3 1334.37 1334.33 1332.64 1332.67 
1328.3 1334.37 1334.33 1332.65 1332.78 

( 1) 1st value = calibration flow rate, 2nd value = maximum flow rate 6 

Energy Velocity 
Gradeline in Channel Flow Area Top Width 
Slope(ltllt) (IVs) {SQft) . (It} 

0.000057 1.87 160.85 37.12 

0.000018 0.97 137.6 35.4 
0.000058 1.87 160.02 37.04 

0.000018 1 130.95 10 
0.000087 2.19 136.91 10.01 

0.00002 1.04 125.85 10.01 
0.000096 2.28 131 .3 10.Q1 

0.000368 3.82 34.25 28.91 
0.000917 7.01 42.82 30.75 

0.000097 1.74 75.02 29.35 
0.000186 2.84 105.51 31.86 

0.000099 1.76 74.24 29.1 
0.000193 2.88 103.99 31 .63 

0.000118 1.87 70.11 28.73 
0.000258 3.18 94.26 30.82 

0.000028 1.19 110.38 29.44 
0.000089 2.26 132.48 31.18 

0.000089 1.91 68.51 12 
0.000361 3.98 75.43 12 

0.000005 0.61 215.93 12 
0.000024 1.34 224.25 12.01 

0.000002 0.42 312.67 12.01 
0.000011 0.93 321 .09 12.01 

0.000002 0.42 312.67 12.01 
0.000011 0.93 321.09 12.01 

0.000002 0.42 312.67 12.01 
0.000011 0.93 321.09 12.01 

0.000002 0.42 312.59 12.01 
0.000011 0.94 320.69 12.01 

0.000002 0.42 312.59 12.01 
0.000011 0.94 320.69 12.01 

0.000002 0.42 312.59 12.01 
0.000011 0.94 320.69 12.01 

0.000014 0.93 140.62 12 
0.000065 2.02 148.19 12 

0.000186 2.51 52.22 12 
0.000814 5.38 55.81 12 

0.000055 1.5 87.47 27.46 
0.000197 3 100.11 28.6 

0.000052 1.46 89.53 27.72 
0.000225 3.14 95.6 28.29 

0.000034 1.26 103.87 29.54 
0.000179 2.88 104.24 29.57 
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Beardsley Canal Capacity Study 
Summary Table - HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Channel Left Overbank Right Overbank Computed Critical Energy Energy Velocity 

River Flow Rate<11 Invert Elevation Elevation Water Surface Water Surface Gradeline Gradeline in Channel Flow Area 
Station (cis) Elevation (ft} (ft) (I!)_ Elevation (ft) Elevation jft) Elevation (It) SlopeJMt) (tv~) (sg_ft) . 

104988 130.2 1328.06 1334.04 1334.1 1332.6 1332.62 0.000023 1.08 120.7 
104988 300 1328.06 1334.04 1334.1 1332.44 1332.54 0.000141 2.6 115.34 

101941 130.2 1327.46 1333.55 1333.45 1332.55 1332.57 0.000015 0.92 142.2 
101941 300 1327.46 1333.55 1333.45 1332.07 1332.1 6 0.000112 2.39 125.76 

101825 130.2 1327.53 1334.52 1335.98 1332.55 1332.56 0.00002 1.04 124.93 
101825 300 1327.53 1334.52 1335.98 1332.02 1332.14 0.000162 2.n 108.48 

101818 130.2 1327.11 1337.29 1337.56 1332.55 1332.56 0.000018 1.02 127.14 
101818 300 1327.11 1337.29 1337.56 1332.02 1332.14 0.000141 2.69 111 .69 

101806 119.7 1327.11 1337.3 1337.3 1332.55 1327.84 1332.56 0.000005 0.58 207.43 
101806 300 1327.11 1337.3 1337.3 1332.07 1328.45 1332.11 0.000041 1.6 187.16 

101801 lnlineWeir Tumout 113, rec. sluice gate, MWD Station 17 ~auge 

101796 119.7 1327.11 1337.3 1337.3 1329.81 1329.84 0.000049 1.24 96.8 
101796 300 1327.11 1337.3 1337.3 1331.3 1331.35 0.000072 1.93 155.12 

101657 119.7 1327.43 1333.4 1333.49 1329.74 1329.82 0.000216 2.25 53.19 
101657 300 1327.43 1333.4 1333.49 1331.17 1331 .33 0.000259 3.22 93.07 

98127 119.7 1326.69 1332.84 1332.93 1328.73 1328.84 0.000372 2.62 45.72 
98127 300 1326.69 1332.84 1332.93 1330.04 1330.23 0.000376 3.55 84.4 

96851 119.7 1326.31 1332.41 1332.3 1328.15 1328.29 0.000503 2.95 40.58 
96851 300 1326.31 1332.41 1332.3 1329.44 1329.68 0.000491 3.99 75.28 

96662 119.7 1324.99 1334.51 1334.5 1327.95 1328.17 0.000623 3.8 31.47 
96662 300 1324.99 1334.51 1334.5 1327.92 1327.92 1329.36 0.004036 9.64 31 .13 

96658 119.7 1324.99 1334.51 1334.5 1327.95 1328.17 0.000609 3.78 31 .68
96658 300 1324.99 1334.51 1334.5 1327.85 1327.9 1329.34 0;00421 9.79 30.64 

96648 119.7 1321.2 1334.7 1334.75 1328.05 1323.11 1328.12 0.000142 2.19 54.75 
96648 300 1321 .2 1334.7 1334.75 1328.58 1324.72 1328.98 0.000738 5.08 59.04 

96647 Culvert Inverted siphon 

Top Width 
. (ttl 

32.42 
31.99 

34.67 
33.43 

32.05 
30.59 

30.25 
28.96 

42.64 
41 .84 

38.07 
40.54 

26.13 
29.8 

27.45 
31 .72 

25.34 
28.71 

10.86 
10.86 

. 11 .01 
10.99 

8 
8 

96547 119.7 1322.15 1334.97 1334.92 1327.99 1328.09 0.000212 2.56 46.69 
96547 300 1322.15 1334.97 1334.92 1328.23 1328.82 0.0012 6.1 7 48.6 

96536 119.7 1323.91 1334.89 1334.84 1328.03 1328.07 0.000066 1.61 74.42 
96536 300 1323.91 1334.89 1334.84 1328.49 1328.7 0.000302 3.62 82.84 

96480 119.7 1324.2 1329.65 1329.98 1328.04 1328.07 0.000051 1.42 84.03 
96480 300 1324.2 1329.65 1329.98 1328.52 1328.67 0.00021 3.09 97.09 

93836 119 1323.2 1329.17 1329.05 1327.96 1327.98 0.000022 1.06 112.66 
93836 300 1323.2 1329.17 1329.05 1328.14 1328.24 0.000122 2.55 117.82 

92039 119 1322.72 1328.55 1328.73 1327.93 1327.94 0.000017 0.97 122.64 
92039 300 1322.72 1328.55 1328.73 1327.94 1328.03 0.000107 2.44 122.95 

90647 119 1321.03 1331 .41 1332.87 1327.92 1327.93 0.000008 0.76 155.89 
90647 300 1321 .03 1331.41 1332.87 1327.86 1327.92 0.000054 1.95 154.18 

90644 111 .4 1320.98 1331.43 1332.59 1327.92 1322.02 1327.92 0.000003 0.51 216.41 
90644 290 1320.98 1331 .43 1332.59 1327.88 1322.75 1327.91 0.000023 1.35 214.88 

90639 lnlineWeir Tumout «. rectan.gular checkboard 

90634 111 .4 1320.98 1331.43 1332.59 1326.29 1326.29 0.000009 0.74 149.54 
90634 290 1320.98 1331.43 1332.59 1327.48 1327.51 0.000031 1.5 192.91 

90579 111.4 1322.4 1328.25 1328.02 1326.26 1323.5 1326.29 0.000045 1.34 82.96 
90579 290 1322.4 1328.25 1328.02 1327.4 1324.39 1327.5 0.000124 2.56 113.46 

90563 Bridge Bell Road brid_ge 
L 

( 1) 1st value = calibration flow rate, 2nd value = maximum flow rate 7 

8 
8 

18.21 
18.23 

26.45 
27.5 

28.92 
29.32 

29.27 
29.29 

30.22 
30.1 

39.27 
39.19 

35.07 
37.n 

25.64 
28.03 
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River Flow Rate1'1 

Station (c!sl 
90334 111.4 
90034 290 

87170 111.4 
87170 290 

84505 111.4 
84505 290 

84480 11 1.4 
84480 290 

84479 Bridge 

84414 97.2 
84414 290 

84411 lnline Weir 

84403 97.2 
84403 290 

64381 97.2 
64381 290 

a 1n2 94 
91n2 290 

79040 94 
79040 290 

79018 83.7 
79018 290 

79013 lnllne Weir 

79010 83.7 
79010 290 

78987 83.7 
78987 290 

77326 83.7 
n326 290 

75835 83.7 
75835 290 

74374 83.7 
74374 290 

73082 83.7 
73082 290 

73063 62.8 
73063 90 

73059 lnJine Weir 

73055 62.8 
73055 90 

72978 62.8 
72978 90 

72180 62.8 
72180 90 

72161 62.8 
72161 90 

Beardsley Can.al Capacifij Study 
Summary Tabte • HEC·RAS Model Output 

at Calibration and Maximum Flow Rata ProfiiH 
Cllannel L.elt OVert>ank Right OVe rtlanlt Computed Critical Energy 

Iovett Elevation Elevation Wate r Surface Water Surface Gla<lellne 
Elevation (It) (It) (It) Elevation _(It} Efevationjft} Elevation i ft) 

1322.31 1327.9 1328.25 1328.25 1326.28 
1322.31 1327.9 1328.25 1327.34 1327.46 

1322.27 1327.78 1328.01 1326.07 1326,1 
1322.27 1327.78 1328.01 1328.73 1326.89 

1321.74 1328.84 1329.23 1325.96 1326 
1321.74 1328.84 1329.23 1326.32 1326.42 

1321.74 1328.84 1329.23 1325.98 1322.75 1326 
1321.74 1328.64 1329.23 1326.31 1323.6 1326.42 

Greenway Road bridae 

1321.22 1329.22 1329.22 1325.98 1322.09 1325.99 
1321.22 1329.22 1329.22 1326.31 1323.Q1 1326.41 

Tumout•5. lllllal gate . MWD Station 22 aau~ e 

1321.29 1328.9 1327.71 1325-36 1322.35 1325.38 
1321.29 1326.9 1327.71 1326.31 1323.29 1326.44 

1321.29 1326.9 1327.71 1326.36 1325.38 
1321..29 1326.9 1327.71 1326.34 1326.42 

1321.13 1326.81 1326.62 1325.31 1325.33 
1321.13 1326.61 1326.62 1326.1 1326.17 

1321.61 1326.83 1327.06 1325.24 1325.26 
1321.61 1328.83 1327.06 1325.66 1325.8 

1319.66 1329.71 1330.87 1325.25 1320.35 1325.26 
1319.66 1329.71 1330.87 1325.74 1321.21 1325.n 

Tumout 16, rectangular chdckboard 

1319.66 1329.71 1330 .. 87 1325.22 1325.22 
1319.66 1329.71 1330.87 1325.58 1325.63 

1321.14 1326.66 1326.31 1325.21 1325.22 
1321.14 1326.66 1326.31 1325.52 1325.62 

1320.97 1326.62 1326.73 132.5.18 1325.19 
1320.97 1326.62 1326.73 1325.22 1325.35 

1320.76 1326.26 1326.68 1325.16 1325.17 
1320.76 1326.26 1326.68 1324.87 1325.04 

1320.61 1326.5 1326.25 1325.14 1325.15 
1320.61 1326.5 1326.25 1324.43 1324.62 

1320.57 1326.57 1326.57 1325.11 1325.13 
1320.57 1326.57 1326.57 1322.74 1322.7 1323.63 

1320.43 1328.75 1328.75 1325.12 132o.98 1325.12 
1320.43 1328.75 1328.75 1323.34 1321 .16 1'323.36 

ITumout n , rec. sluice gate, MWD Station 25 gauge ·Cactus Ad Alignment 

1320.43 1328.75 1328.75 1322.72 1321.03 1322.74 
1320.43 1328.75 1328.75 1323.11 1321.27 1323.14 

1321.02 1326.04 1326.04 1322.65 1 3~.12 
1321.02 1326.04 1326.04 1323.03 1323.12 

1319.83 1325.36 1325.28 1322.38 1322.43 
1319.83 1325.36 1325.29 1322.7 1322.77 

1319.83 1325.36 1325.28 1322.36 1320.87 1322.42 
1319.83 1325.36 1325.28 1322.67 1321.13 1322.n 

(1 ) 1s t value= calibration flow rate , 2nd value : maximum flow rate 8 

Energy Velocity 
Gradeline in Channel Flow Atea Top Width 

Slope (Mt) {ftls) (sqft) . fit} 
0.000053 1.46 76.46 23.16 
0.000153 2.82 102.81 24.87 

OJ)00058 1.47 75.74 24.72 
0.000219 3.13 92.64 26.14 

0.000026 1.09 102.44 29.2 
0.000134 2.58 112.42 29.99 

0.000026 1.09 102.24 29.11 
0.000135 2.59 112.1 29.92 

0.000012 0.89 108.88 28.47 
0.000082 2.46 116.71 29.04 

0.000025 1.22 79.37 29.4 
0.000107 2 .94 98.62 31.61 

0.000023 1 97.21 29.41 
0.000096 2.28 127.07 31.69 

0.000018 0.9 104.42 29.51 
0.000093 2.26 126.17 31.21 

0.000032 1.11 64.74 27.96 
0.000208 3 96.78 29.04 

0.000003 0.45 186.12 41.41 
0.000028 1.4 206.6 42.82 

0.000004 0.53 159.14 34.06 
0.000041 1.69 171.77 34.n 

0.000015 0.81 102.75 30.44 
0.00014 2.58 112 .2 31.23 

0.000018 0.85 99.03 27.61 
0.000181 2.9 100.13 27.88 

0.000016 0.86 96.86 26.69 
0.000245 3.25 89.34 28.11 

0.000015 0.84 99.38 26.67 
0.000324 3.58 80.91 25.25 

0.000017 0.89 94.12 26.33 
0.002798 7.56 38.38 20.63 

0.000004 0.53 118.47 35.71 
0.000037 1.23 73.43 31.69 

0.000076 1.1 57.08 28.92 
0.000092 1.34 66.94 29.89 

0.000561 2.18 28.87 19.95 
0,000567 2.46 36.55 20.93 

0 .000252 1.75 35.96 18.64 
0 .00033 2.13 42.16 19.67 

0.000236 1.93 32.5 18.03 
0.000319 2.44 36.84 19.08 
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River Flow Rate1'1 

Station {cfs) 
72160 lnline Weir 

72159 62.8 
72159 90 

72104 62.8 
72104 90 

70785 62.8 
70785 90 

70745 62.8 
70745 90 

70741 62.8 
70741 90 

70740 Culvert 

70622 62.8 
70622 90 

70552 62.8 
70552 90 

68918 62.8 
68918 90 

66125 62.8 
68125 90 

68093 82.8 
68093 90 

67714 62.8 
6n14 90 

61680 62.8 
67680 90 

67672 62.8 
67672 90 

67670 Culvert 

67648 62.8 
67648 90 

67846.5 lollne Weir 

67644 54.2 
67644 90 

67643 Culvert 

67615 54.2 
67615 90 

67590 54.2 
67590 90 

67474 54.2 
67474 90 

67445 54.2 
67445 90 

66485 54.2 
66485 90 

66460 54.2 

Beardsley Canal capacifj Study 
Summary Table - HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Channel Left Overbank Right Oo/erbank Computed Critical Energy 

Invert Elevation Elevation Water Surface Water Surface G~line 
Elevation (It) (II) (It) Elevation (It) Elevation (It) Elevation (ftl 
Weir. checla fOP - last station QaUQe 

1319.9 1325.95 1325.45 1321.86 1320.83 1321.95 
1319.9 1325.95 1325.45 1322.24 1321.06 1322.37 

1319.9 1325.95 1325.45 1321.84 1321.92 
1319.9 1325.95 1325.45 1322.24 1322.33 

1319.1 1323.41 1323.n 1320.54 1320.74 
1319.1 1323.41 1323.n 1320.84 1321.09 

1319.1 1323.41 t323.n 1320.14 1320.14 1320.58 
1319.1 1323.41 1323.n 1320.4 1320.4 1320.93 

1315.96 1323.41 1323.41 1316.81 1317.66 1320.22 
1315.96 1323.41 1323.41 1317.18 1318 .11 1320.58 

Inverted sillhon 

1314.63 1320.45 1320.45 1317.35 1317.68 
1314.63 1320.45 1320.45 1317.66 1318.21 

1315.25 1320.02 1320.45 1317.36 1316.59 1317.51 
1315.25 1320.02 1320.45 t 317.n 1316.89 1317.96 

1311 .53 1315.82 t 315.n 1313.14 1313.14 1313.73 
1~1.53 1315.82 131s.n 1313.5 f313.5 1314.19 

1305.34 1309.66 1309.66 1306.47 1306.66 1307.24 
1305.34 1309.66 l309.66 1307.44 1306.97 1307.n 

1305.00 1309.44 1309.44 t 306.n 1306.37 1307.04 
1305.00 1309.44 1309.44 1307.45 1307.68 

1304.02 1307.91 1308.13 1306.46 1306.56 
1304.02 1307.91 1308.13 1307.29 1307.37 

1304.02 1307.91 1308.13 1306.44 1306.54 
1304.02 1307.91 1308.13 1307..27 1307.36 

1302.42 1307.91 1308 1306.47 1303.8 1306.52 
1302.42 1307.91 1308 1307.28 1304.1 1307.35 

CMP culVert at Tumout f8 • Peoria Rd. 

1302.5 1308 1308 1306.06 1303.85 1306.16 
1302.5 1308 1308 1308.64 1304.22 1306..79 

Turnout 18 RIC. checld:loards 

1302.5 1308 1308 1305.61 1303.72 1305.71 
1302.5 1308 1308 1306.63 1304.22 1306.78 

1301.89 1306.88 1307,6 1303.06 1303.06 1303.5 
1301.89 1306.88 1307.6 1303.43 1303.43 1304 

1301.65 1305.42 1305.00 1302.71 1302.8 1303.29 
1301.65 1305.42 1305.03 1303.04 1303.2 1300.79 

1300.28 1304.53 1303.93 1301.4 1301 .53 1302.08 
1300.28 1304.53 1303.93 1301.76 1301.98 1302.66 

1299.35 1303.8 1303.8 1300.3 1300.71 1301.58 
1299.35 1303.8 1303.8 1300.67 1301 .16 1302.19 

-
1296.61 130L57 1301.24 1298.31 1297.96 1298.59 
1296.6 1 1301.57 1301.24 1298.79 1298.41 1299.19 

1296.6 1 1301.57 1301.24 1297.94 1297.94 1298.47 

(1) 1st vaJue = calibralioo flow rate, 2nd value= maximum flow rate 

Energy Velocity 
G!lldeline In Channel Flow Area Top Wtdttl 

S!ooe lMt\ Cftlsl (SQft) . (It) 

0.000461 2.38 26.36 17.68 
0.000500 2.83 31.n 18.85 

0.000497 2.17 28.95 18.23 
0.000523 2.47 36.37 19.37 

0.002009 ~.59 17.5 1 14.89 
0.002082 4.07 22.1 15.82 

0.006409 5.32 11.8 13.37 
0.006055 5.88 15.3 14.19 

0.073024 14.81 4.24 4.99 
0.051219 14.74 6.1 4.99 

0.002719 4.62 13.59 5 
0.004193 5.94 15.16 5 

0.001144 3.15 19.92 12 .99 
0.001177 3.5i 25.62 14.43 

0.00641 6.15 10.22 8.71 
0.006145 6.68 13.48 9.74 

0.0 10794 7.03 8.93 9.6 
0.00237 4.58 19.64 12.51 

0.00241 4.14 15.17 11 .58 
0.001413 3.n 23.84 13.81 

0.000641 2.53 24.78 14.57 
0.000409 2.38 37.84 17.29 

0.000684 2.61 24.11 14.26 
0.000431 2.42 37. 14 17.14 

0.000114 1.83 34.34 16.04 
0.000124 2.16 41 .59 18.05 

0.000539 2.52 24.92 7.01 
0.000741 3.1 29.02 7.02 

0.000574 2.48 21.82 7.01 
0.000745 3.11 28.96 7.02 

0.006664 5.3 10.23 12.07 
0.005847 6.05 14.89 13.47 

0.010117 6.12 8.85 11.53 
0.009174 6.93 12.911 12.95 

0.010525 6.64 8.16 9.47 
0.010122 7.6 11.84 10.79 

0.0236n 9.08 5.97 7.9 
0 .019751 9.9 9.09 9.12 

0.002762 4.27 12.68 10.06 
0.002943 5.02 17.92 11.59 

0 .006627 5.81 9.32 9.13 
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Beardsley Canal Capacny·study 
Summary Table - HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Channel Left Overbank Right Overbank Computed Critical Energy Energy Velocity 

11River Flow Rate > Invert Elevation Elevation Water Surlace Water Surface Gradeline Gradeline in Channel Flow Area 
Station Ccfsl Elevation {ft) (It) (It) Elevation (ft) Elevation (It) Elevation (ftl Slope Cftlftl (fVs) (sQit) . 

66460 90 1296.61 1301.57 1301 .24 1298.39 1298.39 1299.06 0.00617 6.54 13.75 

66180 54.2 1288.74 1292.43 1292.18 1289.31 1290.04 1293.23 0.128609 15.89 3.41 
66180 90 1288.74 1292.43 1292.18 1289.54 1290.47 1294.32 0.105279 17.55 5.13 

65070 54.2 1284.2 1288.11 1288.4 1285.57 1285.57 1286.07 0.006449 5.7 9.5 
65070 90 1284.2 1288.11 1288.4 1286 1286 1286.65 0.006096 6.46 13.94 

65042 54.2 1283.96 1288.48 1288.42 1284.96 1285.16 1285.78 0.01273 7.27 7.45 
65042 90 1283.96 1288.48 1288.42 1285.4 1285.62 1286.39 0.01031 7.99 11.26 

65028 54.2 1277.09 1288.48 1288.42 1283.35 1278.46 1283.38 0.000147 1.44 37.53 
65028 90 1277.09 1288.48 1288.42 1283.98 1279 1284.06 0.000322 2.18 41 .31 

65027 Culvert Inverted siphon 

64908 54.2 1277.02 1289.19 1289.19 1283.33 1283.36 0.000144 1.43 37.84 
64908 90 1277.02 1289.19 1289.19 1283.92 1283.99 0.000321 2.18 41.36 

84875 54.2 1281.17 1286.01 1286.11 1283.19 1283.34 0.0012 3.11 17.41 
64875 90 1281.17 1286.01 1286.11 1283.75 1283.96 0.001266 3.66 24.62 

63607 54.2 1279.04 1283.79 1283.62 1280.57 1280.89 0.003597 4.56 11.89 
63607 90 1279.04 1283.79 1283.62 1281.04 1281 .46 0.003418 5.18 17.36 

63544 54.2 1278.72 1283.65 1283.65 1280.07 1280.07 1280.57 0.006467 5.7 9.5 
63544 90 1278.72 1283.65 1283.65 1280.5 1280.5 1281.15 0.006071 6.46 13.92 

63511 54.2 1278.4 1283.1 1282.84 1279.56 1279.73 1280.27 0.010702 6.8 7.97 
63511 90 1278.4 1283.1 1282.84 1279.94 1280.17 1280.87 0.010111 7.73 11.65 

62488 54.2 1272.13 1277.53 1276.86 1274.91 1273.51 1274.98 0.000414 2.12 25.53 
62488 90 1272.13 1277.53 1276.86 1274.19 1273.96 1274.66 0.003773 5.47 16.46 

62430 54.2 1271.93 1277.36 1275.94 1274.9 1274.96 0.000292 1.84 29.44 
62430 90 1271.93 1277.36 1275.94 1274 1274.43 0.003524 5.26 17.1 

62425 54.2 1271.93 1277.36 1275.94 1274.9 1274.95 0.000292 1.84 29.42 
62425 90 1271.93 1277.36 1275.94 1273.96 1274.42 0.003814 5.42 16.61 

62414 54.2 1270.52 1275 1275.94 1274.91 1271.94 1274.95 0.000078 1.52 35.74 
62414 90 1270.52 1275 1275.94 1274.16 1272.4 1274.31 0.000431 3.1 29.01 

62413 Culvert CMP culvert under Olive Ave 

62370 45.1 1270.52 1277.49 1277.49 1274.87 1271.22 1274.87 0.000016 0.71 63.73 
62370 90 1270.52 1277.49 1277.49 1273.91 1271 .67 1273.96 0.000159 1.86 48.46 

62366 lnlineWeir Turnout 419, rectangular checkdrop 

62364 45.1 1267.59 1277.49 1277.49 1269.52 1269.66 0.00115 2.99 15.09 
62364 90 1267.59 12n.49 1277.49 1270.2 1270.5 0.001948 4.42 20.37 

62307 45.1 1267.59 1272.99 1272.82 1269.31 1269.56 0.002468 3.96 11.4 
62307 90 1267.59 1272.99 1272.82 1269.98 1270.36 0.002701 4.94 18.24 

61428 45.1 1284.63 1269.06 1269.33 1265.75 1265.75 1266.19 0.006623 5.35 8.43 
61428 90 1264.63 1269.06 1269.33 1266.29 1266.29 1266.92 0.006064 6.36 14.15 

61283 45.1 1262.47 1267.17 1267.17 1263.41 1263.77 1264.56 0.022485 8.59 5.25 
61283 90 1262.47 1267.17 1267.17 1263.9 1264.37 1265.41 0.018928 9.87 9.12 

60795 45.1 1260.14 1264.46 1284.53 1261 .71 1261 .45 1262 0.003272 4.31 10.47 
60795 90 1260.14 1284.46 1264.53 1262.37 1262.04 1262.78 0.003222 5.18 17.37 

60785 45.1 1260.14 1264.46 1264.53 1261 .45 1261 .45 1261 .93 0.00666 5.58 8.08 
60785 90 1260.14 1264.46 1284.53 1262.05 1262.05 1262.72 0.00612 6.56 13.72 

60492 45.1 1248.37 1251.67 1251 .91 1248.76 1249.54 1255.18 0.322312 20.34 2.22 
60492 90 1248.37 1251 .67 1251 .91 1249.02 1250.11 1256.77 0.214303 22.33 4.03 

(1) 1st value= calibration flow rate, 2nd value= maximum flow rate 10 

Top Width 
(It) 
10.55 

7.08 
7.8 

9.45 
10.91 

8.22 
8.89 
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6 

6 
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11 .96 
13.68 

10.74 
12.28 

9.43 
10.78 

8.95 
10.23 

13.78 
11.41 

15.32 
12.05 

15.32 
11 .9 

15.88 
13.95 

18.29 
17.33 

7.82 
7.83 

9.22 
11.14 

9.54 
11 .38 

7.24 
8.82 

9.41 
11 .53 

8.43 
10.38 

6.42 
7.36 
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River Flow Rate1' ' 
Station (cfs) 

59446 45.1 
59446 90 

58863 45.1 
58863 90 

58390 45.1 
58390 90 

58352 45.1 
58352 90 

58303 45.1 
58303 90 

58227 45,1 
58227 90 

57136 45.1 
57136 90 

57118 45.1 
57118 90 

57117 Culvert 

57090 40.2 
57090 90 

57083 lnlineWeir 

57081 40.2 
57081 90 

57059 40.2 
57059 90 

57040 40.2 
57040 90 

56900 40.2 
56900 90 

56814 40.2 
56814 90 

56444 40.2 
56444 90 

56359 40.2 
56359 90 

55689 40.2 
55689 90 

55226 40.2 
55226 90 

55216 40.2 
55216 90 

55207 40.2 
55207 90 

55206 Culvert 

55107 40.2 
55107 90 

55076 40.2 
55076 90 

Beardsley Canal CapacitY Study 
Summary Table - HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Channel Left Overbank Right Overbank Computed Critical Energy 

Invert Elevation Elevation Water Surface Water Surface GradeWne 
Elevation (ft) (ft) {ft) Elevation {ft) Elevation (It) Elevation (ftl 

1243.74 1248.41 1248.7 1245.57 1245.05 1245.75 
1243.74 1248.41 1248.7 1246.27 1245.62 1246.54 

1242.17 1246.76 1246.69 1243.46 1243.46 1243.95 
1242.17 1246.76 1246.69 1244.06 1244.06 1244.73 

1238.01 1241 .71 1241.75 1239.16 1239.3 1239.86 
1238.01 1241.71 1241 .75 1239.63 1239.91 1240.72 

1237.4 1241 .56 1241 ,14 1238.56 1238.78 1239.38 
1237.4 1241.56 1241.14 1239.04 1239.38 1240.24 

1236.99 1240.85 1240.75 1238.34 1238.42 1238.92 
1236.99 1240.85 1240.75 1238.96 1239.02 1239.71 

1236.11 1240.32 1239.89 1237.19 1237.45 1238.06 
1236.11 1240.32 1239.89 1237.67 1238.04 1238.92 

1231.39 1235.48 1235.57 1233.73 1232.58 1233.79 
1231.39 1235.46 1235.57 1234.94 1233.14 1235.02 

1231.28 1235.48 1235.57 1233.68 1232.52 1233.78 
1231 .28 1235.46 1235.57 1234.82 1233.1 1235 

CMP culvert at Northern Ave 

1228.64 1235.46 1235.46 1231.92 1229.27 1231 .93 
1228.64 1235.46 1235.46 1232.84 1229.73 1232.86 

Turnout IUO. rectangular checkdrop • Northern Ave 

1229.82 1235.46 1235.46 1231 .61 1231 .75 
1229.82 1235.46 1235.46 1232.31 1232.67 

1229.82 1233.73 1234.41 1231.62 1231 .72 
1229.82 1233.73 1234.41 1232.41 1232.58 

1229.82 1233.73 1234.41 1231.6 1231.7 
1229.82 1233.73 1234.41 1232.37 1232.56 

1229.82 1233.73 1234.41 1231.39 1231.53 
1229.82 1233.73 1234.41 1232.09 1232.35 

1229.87 1233.52 1233.58 1230.9 1230.88 1231.28 
1229.87 1233.52 1233.58 1231.48 1231.48 1232.06 

1227.15 1230.38 1231 .02 1228.42 1228.42 1228.86 
1227.15 1230.38 1231.02 1229.03 1229.08 1229.73 

1224.86 1228.12 1228.68 1225.51 1226.02 1227.44 
1224.86 1228.12 1228.68 1225.96 1226.66 1228.4 

1214.71 1219.95 1220.97 1215.8 1215.81 1216.26 
1214.71 1219.95 1220.97 1216.3 1216.46 1217.12 

1210.47 1214.21 1215.67 1211 .98 121 1.72 1212.25 
1210.47 1214.21 1215.67 1212.73 1212.4 1213.13 

1210.47 1214.21 1215.67 1211.73 1211.73 1212.18 
1210.47 1214.21 1215.67 1212.4 1212.4 1213.07 

1206.n 1216.64 1216.64 1210.45 1208 1210.52 
1206.n 1216.64 1216.64 1211 .26 1208.88 121 1.49 

Inverted siphon 

1206.8 1216.7 1216.7 1210.41 1210.48 
1206.8 1216.7 1216.7 1211.13 1211 .38 

1208.93 1213.2 1212.78 1209.98 1209.98 1210.41 
1208.93 1213.2 1212.78 1210.61 1210.61 1211 .26 

(1) 1st value= calibration flow rate, 2nd value= maximum flow rate 11 

Energy Velocity 
Gradefine in Channel Flow Area Top Width 

Slope (ftlftj (ft/s) _i_sq_ft) . {It) 

0.001731 3.4 13.28 10.61 
0.001815 4.17 21 .56 12.92 

0.006669 5.58 8.08 8.44 
0.00617 6.58 13.68 10.38 

0.011259 6.75 6.68 7.8 
0.012025 8.39 10.72 9.36 

0.014234 7.28 6.19 7.72 
0.013749 8.8 10.23 9.2 

0.008473 6.12 7.37 7.99 
0.006972 6.92 13 9.95 

0.015249 7.52 6 7.53 
0.014295 8.97 10.04 9.05 

0.000484 2.11 21 .41 13.44 
0.000341 2.23 40.35 17.62 

0.000483 2.62 17.21 13.03 
0.000463 3.41 26.38 17.1 

0.000031 0.75 53.75 19.34 
0.000063 1.25 71.81 21 

0.001254 2.99 13.43 7.5 
0.002464 4.82 18.66 7.5 

0.000839 2.46 16.37 12.54 
0.001002 3.28 27.44 15.37 

0.000927 2.57 15.64 11 .98 
0.001145 3.46 25.98 14.72 

0.001474 3.03 13.25 11.25 
0.001808 4.09 21 .99 13.73 

0.006289 4.94 8.13 10.13 
0.005929 6.12 14.71 12.59 

0.006753 5.36 7.5 8.52 
0.006746 6.68 13.47 10.84 

0.057037 11.16 3.6 6.91 
0.039786 12.53 7.18 8.72 

0.007558 5.41 7.42 9.13 
0.0088 7.26 12.4 10.85 

0.003166 4.11 9.79 9.31 
0.003089 5.1 17.65 11 .7 

0.006633 5.38 7.47 8.27 
0.006125 6.57 13.71 10.41 

0.000457 2.1 19.11 5.2 
0.001391 3.86 23.31 5.2 

0.00048 2.14 18.76 5.2 
0.00152 4 22.49 5.2 

0.006731 5.24 7.67 9.03 
0.006097 6.42 14.01 11 .08 



I . ·' 

~··I 
·-

'•! 

J 
u 

.! 1 

J 

Beardsley canal Capacl(y Study 
Summary Table - HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 

River 
Station 

Flow Rate1'
(cis) 

1 
ChaMel 

Invert 
Elevation _(ftJ 

Lelt OVerbank 
Elevation 

(ft) 

Right OVerbank 
Elevation 

(h) 

Computed 
Water Sorface 
Elevation Cftl 

Critical 
Water Surface 
Elevation (ft) 

Energy 
Gradeffne 

Elevation {It) 

Enel'gy 
Gradeine 

Slope(Mt} 

Velocity 
in Channel 

{Ills) 
Flow Area 

Csa hl · 
Top Width 

(ltj 

52886 <40.2 1203.74 1207.91 1207.88 12Q5,75 1204.94 1205.85 0.000888 2.58 15.57 11.3 
52886 90 1203.74 1207.91 1207.a8 1206.88 1205.59 1207.02 0 .000708 2.95 30.54 15.08 

52861 <40.2 1203.74 1207.91 1207.88 1205.85 1204.93 1205.82 0.001026 3.32 12.11 10.95 
52861 90 1203.74 1207.9 1 1207.88 1206.82 1.205.64 1206.97 0.001164 4.76 18.92 14.2 

52860 lnine Welr Rectangular weir & ctleckdr< · unused 

52858 <40.2 1203.58 1208.05 1207.92 1205.01 1204.69 1205.24 0.002492 3 .88 10.36 9.6 
52858 90 1203.56 1206.05 1207.92 1205.62 1205.3 1206.12 0.003054 5.69 15.81 11.42 

52835 40.2 1203.58 1208.05 1207.92 1204.7 1204.7 1205.14 0.006705 5.31 7.57 8.66 
52835 90 1203.56 1208.05 1207.92 1205.35 1205.35 1206 0.006086 6.51 13.83 10.61 

51835 40.2 1194.51 1198.04 1197.76 1100.91 1195.52 1196.95 0.000295 1.7 23.6 14.02 
51835 90 1194.51 1198.04 1197.76 1195.85 1100.18 1196.95 0.013315 8.39 10.73 10.37 

51803 30.8 1193.88 1196.33 1198.33 1196.93 1194.8 1196.94 0.000059 0.88 35.17 16.85 
51'803 90 1193.88 1198.33 1198.33 1196.57 1195.45 1196.72 0 .. 000822 3.06 29.4 15.62 

ae. weir ctledl51802 lnlineWeir Tumoull11 r drop- Glendale Ave 

51801 30.8 1193.88 1198.33 1198.33 1194.8 1194.8 1195.09 0.0052.87 4.32 7 .13 9.49 
51801 90 1193.88 1198.33 1198.33 1195.48 1195.48 1196.09 0.005975 6.25 14.41 11.85 

51799 30.8 1192.23 1196.73 1196.52 1192.66 1193. 11 1194.85 0.100674 11.89 2.59 7.01 
51799 90 1192.23 1196.73 1196.52 1193.2 1193.93 1195.86 0.046502 13.09 6.88 a.n 

51797 30.8 1190.59 1195.12 1194.7 1190.98 1191.58 1194.45 0. 181241 14.94 2.06 6.12 
51797 90 1190.59 1195.12 1194.7 1191.48 1192.4 1195.6 1 0.081389 16.3 5.52 7.66 

51795 30.8 1188.94 1193.52 1192.89 1189.32 1189.99 1194.06 0.255826 17.47 1.76 5.33 
51795 90 1188.94 1193.52 1192.89 1189.82 1190.88 1195.38 0.11475 18.92 4.76 6.75 

51758 30.8 1188.94 1193.52 1192.89 119().66 1189.99 1190.n 0.001135 2,69 11 .43 9.16 
51758 90 1188.94 1193.52 1192.89 1191.86 1190.87 1192,07 0.001205 3.67 24.52 12.62 

50260 30.8 1186.7 1191.09 1190.63 1188.03 1188.23 0.002813 3 .65 8.45 8.84 
50260 90 1186.7 1191 .09 1190.63 1188.93 1189.32 0.003063 5.05 17.82 11.96 

49239 30.8 1182.51 1186.22 1186.01 1183.6 1183.6 1183.99 0.00679 5.01 5.15 1.n 
49239 90 1182.51 1186.22 1186.01 1184.44 1184.44 1185.09 0.005971 6.44 13.97 1o.n 

48847 30.8 1179.71 1183.46 1183.59 1180.91 1180.91 1181.32 0.006835 5.13 6'.01 . 7.31 
48847 90 1179.71 1183.46 1183.59 1181 .69 1181.79 1182.48 0.007327 7.11 12.65 9.65 

48015 30.8 1173.29 11n.32 11n.oo 1174.36 1174.43 1174.84 0.009083 5.57 5.53 7.45 
48015 90 1173.29 11n.32 11n.os 1175.13 1175.29 1175.96 0.008382 7.29 12.35 10.28 

46576 30.8 1167.09 1170.52 1170.32 1189 1168.02 1169.06 0.000486 1.91 16.13 11.81 
48576 90 1167.09 1170.52 1170.32 1169.9 1168.82 1170.05 0.000907 3.2 28.12 14.96 

46555 19.9 1166.83 1170.52 1170.32 1169.02 1167.64 1169.04 0.000174 1.19 16.66 11 .15 
46555 80 1168.83 1170.52 1170.32 1169.9 1166.82 1170.03 0.000707 2.88 27.8 14.08 

46554 fnline Weir Turnout 112, broadcrasted weir - Bethany Home Ad. 

46552 19.9 H66.83 1170.52 1170.32 1167.64 1167.64 1167.96 0.007338 4.58 4.36 6.72 
46552 80 1166.83 1170.52 1170.32 1168.61 1168.61 1169.25 0.006217 6.41 12.49 9.91 

46492 19.9 1165.86 1169 1169.n 1166.42 1166.61 1167.1 0.027492 6.64 3 7 .37 
46492 80 1165.86 1169 1169.n 1167.04 1167.5 1168.54 0.022195 9.84 8.13 9.11 

46476 19.9 1161 .26 1171.41 1171.41 1163.92 1162.12 1163.97 0.000406 1.7 11.73 4.4 1 
46476 eo 1161.26 1171.41 1171.4 1 1162.25 1163.43 1167.47 0.1012 18.34 4.36 4..4 

46475 Culvert Inverted siphon 
I 

46370 19.9 1161.021 1169.12 1169.12 1163.9 1163.94 0.000331 1.57 12.7 4. 41 
46370 80 1161.021 1169.12 1169.12 1165.08 1165.39 0.002255 4.47 17 .88 4.41 

( 1) 1st value ,. calibration flow rate, 2nd value :: maxlmum flow rate 12 
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Beardsley Canal CapacitY Study 
Summary Table· HEC.RAS Model Output 

at md U•vl'""'"" Row Rate ... . ..... 
Channel I Fight Critical Energy Energy lle=~atlon River Flow Ratem l tnv=~al ~ 

Station Ids) 1~ . . ..:. ,(II) (It) (ft) 1::::': ~~=:~:;e Elevatioo (It) I Slope (ltlf!L (ftls) ~r;:a 1Top1
~ 19.9 1162.41 1167.54 1166.08 1163.88 1163.93 0.000551 1.78 11.15 9.93 
4634-4 80 1162.41 1167.54 1166.08 1165.16 1164.03 1165.31 0.000812 3.02 26.51 13.99 

46000 J9.9 111;2.41 1167.54 1166.08 1163.11 1163.11 1163.42 0.()()781 4 .47 4~ 7 .51 
460()(; 80 1162.41 1167.54 1166.08 1164.01 1164.01 1164.65 6 .4 12.5 10.Je 

45286 19.9 1159.93 1164.41 1164.32 1161.17 1160.66 116r.2S 0.001127 2 .31 8.82 8.99 
45286 80 1159.9;3 1161.~1 1164.32 1182.44 1_161.6 1162.63 0.001257 3.55 22.54 12.98 

44095 19.9 1157.37 1161.32 1161.48 1158.16 1158.16 1158.4(1 0.007364 4.4 4.52 7.53 
44095 80 1157.37 1161.32 1161A6 1159.05 1159.05 1159.69 n l'lllftl;.'lA 6.44 12.42 10.31 

. 4381: 19. 1155.45 159.1' 1159.06 1166.03 1156.23 1 156 . _(\.62 _3 ~ 
43812 80 1155.45 1159.11 _1159.05 1157.46 1157.13 1157.82 nn<VmAa ~.84 I Q.L~ 12.02 

42772 19.9 1152.67 1158.61l 1156.58 1154.11 1153.62 1154.2 2.43 8.17 8.65 
42772 80 1152.67 1156.69 1166.58 1155.29 1155.52 3.87 20.~ 12.64 

4Z29C 19.9 1151 .78 1155.75 1156.08 1152.59 1152.59 1152.93 4 .6< 4.26 7.1 
4229( 80 1151.78 1155.75 1156.08 1153.61 1153.55 1154. 18 n nn,c;o;.,o; 6.08 13.16 10.4 

41779 19.9 115().48 1154.57 116-1.01! 1151_.II;I ~.2 1151.84 0.00081 1.9 10.46 11.]4 
4'1T. 80 1150.48 1154.57 116-1.02 1152.84 152.99 0.001076 3.13 25.68 16.61 

41290 19.9 1149.64 1153.5 1153.97 1151.64 1151.66 0.000181 1.2 16.61 11.44 
41290 80 1149.64 153.5 153.97 us· .29 i 151.29 1151.9 0.00621 6_.27 !b.I5 10.49 

4 1275 9.8 1149 11 53.8 1153.8 1151.65 1149.46 1151.66 0.000013 0.4~ 20.69 12.35 
41275 74 1149 1153.8 1153.8 1161.31 1150.45 1151.57 0.001151 4.13 17.92 11.58 

41274 llollne Weir TumouU13, I· :Rd. 

41272 9.6 1148.5,2 1152.2;1 1152.39 1149.44 1149.03 1149.5 1.94 5.05 7.27 
41272 7<1 !148.52 1152.23 1152.39 1150.94 1150.2 1151.23 4.38 16. 12.83 

41244 9.6 1148.52 1152.23 1152.39 1149.39 1149.46 0.001563 2.15 4.56 6.82 
41244 74 1148.52 1152.23 _1152.39 1160~ 1151.17 0.00158 3.73 19.85 _~g.zs 

39573 9.8 1144.23 1147.17 1t47.07 1144.78 1144.78 f 144.S. 0.005725 3.25 3 .01 6.57 
39573 7-4 114U3 1147.17 1147.07 1145.63 1145.63 1146.42 6.17 11.99 10.52 

38670 9.6 11_41.73 _1145.21 _, 1145.21 11-43.05 1142.2 1143;07 1.12 8.73 8.82 
38671 7-4 1141.73 1145,21 1145.2' 1144.69 1143.39 1144. 000615 2 .67 27.7. 14.32 

38660 5 1141 .73 1145.21 1145.21 1143.06 1142.08 1143.06 0.000067 0.57 8.73 8.75 
38660 74 1141.73 1145.21 1145.21 1144.64 1143.38 1144.79 0.000599 3.19 23.23 14.1 

38658 llnline Welr ITumoot 13.5. 

38654 5 1141.4e 1145.15 1145.19 1142.16 1142. 001088 1.56 3.21 5.95 
38654 74 1141.46 1145.15 1145.19 1143.97 1 144.21 0.001868 3.91 18.91 11.45 

38615 5 1141 .41 1145.09 1145.13 _11_42.13 1142.16 0.001 1.51 3.3 5.98 
38615 7~ H 41 ,41 1145.08 1145.13 1143.9 1144.14 O.OO' i718 3.$5 16.71 11.4 

38389 5 114 1.09 1144.56 1144.51 1141.49 1141.49 1141.64 0.009067 3.15 1.59 5.17 
38389 7~ 114' 09 144.56 1144.61 1142.85 1142.85 1143.44 0.006139 6.18 11.98 10.06 

-~816_! 5 1139.47 1142.69 1142.87 1t40.07 1139.9 1140.1_5 0 .003214 :/.26 2.21 5.98 
38161 74 1139.47 1142.69 1142.87 1141 .28 1141.34 1141.94 l'lllftQQ~ 6.51 11.37 9.71 

~55 5 1 131.81 1135.01 1135.25 132.24 1132.24 1132.43 0.011642 3 .52 __!.~ 4.~7 

36755 74 1131.81 ! 13_5.01 1135.25 1134.37 1133.68 1134.6 0.001652 3.85 19.23 12.01 

36063 5 1130.15 1133.78 1135.06 1191 .7~ 1130.51 1131.78 n I'V!IVU':I 0.5 10.06 8 .82 
36063 74 1100.15 1133.78 1135,06 1131 .94 1131.94 1132.57 nnl'l"'?l; 6 .37 11.62 9.37 

36052 1130.13 1135.86 1135,88 1131.77 11'30.4 1131 .78 000021 0.38 13.15 6.01 
36052 74 1100.13 1135.86 1135.88 1132.06 1131.52 1132.41 0.002941 4.8 15.41 8 .01 

(1) 1st value= calll>fation tlow rate, 2n<J value= maximum tlow rate 13 
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Beardsley Canal Capacity Study 
Summary Table • HEC-RAS Model Output 

at Calibration and Maximum Flow Rate Profiles 
Channel Left Overbank Right Overbank Computed Critical Energy Energy Velocity 

River Flow Rate1'> Invert Elevation Elevation Water Surface Water Surface Grade~ne Grade line in Channel Flow Area Top Width 
Station (cfs) Elevation (It) (It) (It) Elevation (It) Elevation (It) Elevation (It) Slope (ftlft) (ftls) (sq It}. (It) 

36051 Culvert Box culvert at Indian School Rd. 

36015 1 1128.27 1134.23 1134.23 1131.n 1128.35 t131.n 0 0.02 47.87 14.94 
36015 10 1128.27 1134.23 1134.23 1130.55 1128.57 1130.55 0.000009 0.33 30.73 14.18 

36011 lnline Weir Tumout 1!14 rec. weir checkdrop 

36009 1 1125.81 1127.83 1127.82 1126.31 1126.34 0.001572 1.35 0.74 1.99 
36009 10 1125.81 1127.83 1127.82 1127.23 1127.37 0.002607 2.94 3.4 3.n 

35977 1 1125.81 1127.83 1127.82 1126.08 1126.08 1126.22 0,013835 2.92 0.34 1.55 
35977 10 1125.81 1127.83 1127.82 1126.85 1126.85 1127.2 0.009276 4.74 2.1 1 3.04 

(1) 1st value = calibration flow rate, 2nd value ,. maximum flow rate 14 
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