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4561 E. McDowell Road 
Phoenix, AZ. 85008 
602.454.0402 
602.454.0403 (fax) 

To: Mr. Bing Zhao, PhD, P.E. 
Engineering Applic ation 
Development and River 
Mechanics Branch, FCDMC 

Subject: Scour Memorandum: 
Scour Calculations and 
Findings 

Project: BPG Designs 
Zayo Fiber Solu tions 
Communica tions Line w ithin 
the Arizona Canal Diversion 
Channel 

From: Tony Bokich, P.E. 
Project Engineer 

Introduction 

Memorandum 

Date: 04-02-2013 

Zayo Fiber Solutions, with BPG Des igns, is currently developing plans to place, by directional boring methods, a 
fiber optic communications line buried under the Flood Control District of Maricopa County (FCDMC) Arizona 
Canal Divers ion Channel (ACDC). The fiber optic line is proposed to cross the ACDC just south and parallel to 
the Thunderbird Road bridge in Glendale, Arizona. 

Project Scope 
The project scope consists of installing the fiber optic line at a depth within the ACDC below the 1 00-year scour 
elevation with consideration to the Thunderbird Road bridge over the ACDC. Thi s memorandum provides the 
scour calculations that determine the depth at which scour is encountered along the alignment of the proposed 
fiber optic line. The memorandum also documents the data, plans, reports, and assumptions that were used to 
perform the calculations. 

Background Data 
Construction Plans for Thunderbird Road Bridge Over Arizona Canal Diversion Channel, F.C.D. Contract No. 
83-19 were obtained and are the bas is for the bridge configuration and dimensions used in the proj ect scour 
ana lysis. 

The Arizona Canal Di version Channel (Including Cave Creek Channel and Sediment Basins on Cave Creek and 
Cudia City Wash), Des ign Memorandum No. 3, General Design Memorandum - Phase II , Project Design - Part 5 
(Including Feature Design for Cactus Road to Skunk Creek), U.S. Army Corps of Engineers, March 1985, Final 
Repori was used to provide hydraulic des ign informat ion for the ACDC. The following parameters were provided 
by the rep01i: 

1. 1 00-year Flow = 27,800 cfs 
2. Manning's n va lue = 0.035 on the channel bottom 
3. Manning's n va lue= 0.040 on the channel side slopes 
4. Invert slope = 0.0004' /ft 
5. D50 = 3.0 nun bed material within the channel reach 
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6. D84 = 11.0mm bed material within the channel reach 
7. D95 = 21.0 mm bed material within the channel reach 
8. There is a grouted riprap area on the east bank and just upstream of the bridge which includes a 3-foot 

apron w/ 3-foot cutoff wall. 

The geometric data for the channel was determined by the surveyed cross-section at the alignment of the proposed 
fiber optic line provided by BPG. This survey information along with the flow and bed material information 
provided was entered into the Cross Section Hydraulics Editor in the Drainage Design Management System 
(DDMS), Version 4.6.0, computer program by KVL Consultants, Inc. and the FCDMC. This information 
provided the cross section hydraulic data needed for the scour estimation within the program. The surveyed cross 
section also provided the following parameters: 

1. Channel Bed Elevation 
2. Thalweg Elevation= 1, 189.80' 

The cross section hydraulics were provided by DDMS. DDMS was also used to store and analyze hydraulic data 
for the channel section upstream of the Thunderbird Road bridge. DDMS provided output for the Design (1 00-
year) and Dominant (1 0-year) flows. Output for the 1 00-year flow is as follows: 

1. Flow Rate= 27,800 cfs 
2. Hydraulic Depth= 12.91 feet 
3. Velocity = 4.66 fps 
4. Froude Number= 0.23 

Output for the 1 0-year flow (0.35 X 1 00-year flow) is as follows: 

1. Flow Rate = 9,730 cfs 
2. Hydraulic Depth= 7.65 feet 
3. Velocity = 3.29 fps 
4. Froude Number= 0.21 

Scour Analysis 
The Drainage Design Manual for Maricopa County (DDMMC), Hydraulics, outlines the District's methodology 
for analyzing and estimating scour. The DDMS computer program was used to store hydraulic data and estimate 
scour depths for each form of scour and total scour at the project site. Six forms of scour were considered or 
analyzed for this reach of the ACDC, just upstream of the Thunderbird Road bridge; Long Term Degradation, 
General Scour, Bend Scour, Bed-Form Scour, and Low Flow Incisement. 

I. Long Term Degradation 
Long term degradation evaluation considers the amount of man-made features ex1stmg and planned 
within the channel. Considering an existing grade control structure 12,870 feet downstream of the 
Thunderbird Road bridge, and the average particle size within the reach , an equilibrium slope of 
0.00025' /ft was calculated by DDMS. Since the existing slope of the channel is slightly different than 
the calculated equilibrium slope, long term scour is considered relevant to the analysis of total scour at 
the Thunderbird Road bridge. 

The long term scour calculated by DDMS for the 1 00-year flow is 1.7 feet. With a factor of safety (FS) 
equal to 1.3, the long term scour for the 1 00-year flow is estimated to be 2.2 feet. 
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II. General Scour 
The Lacey equation, according to the DDMMC, is more applicable to a natural river system. However, 
the equation was developed for use in irrigation canals with uniform section and slope and which are 
relatively straight. The Lacey equation was determined to be the most applicable equation for the ACDC 
in the Thunderbird Road bridge reach . 

General scour calculated by DDMS for the 1 00-year flow is 2.5 feet. With a FS equal to 1.3, the general 
scour for the I 00-year flow is estimated to be 3.2 feet. 

III. Local Scour 
Local scour at a bridge can be caused by three main factors, bridge piers, abutments, and contraction of 
the channel. The Thunderbird Road bridge abutments are not within the channel and the channel cross 
section at the bridge does not contract. The channel reach upstream and downstream of the bridge is 
straight. Therefore the only form of local scour that was examined was pier scour. 

The methods DDMS uses to analyze pier scour are presented in the Federal Highway Administration ' s 
Hydraulic Engineering Circular No. 18 (HEC-18) publication Evaluating Scour at Bridges. Pier scour is 
a function of bed material characteristics and configuration, velocity and depth of flow upstream, and the 
geometry and debris accumulation of the piers. For the Thunderbird Road bridge piers, the following 
conditions apply: 

a. Pier nose shape is rounded for a correction factor, K 1 = 1.0 
b. The angle of attack offlow is 0 degrees for a correction factor, K2 = 1.0 
c. Clear water scour was used since it is the most conservative case for a correction factor, K3 = 1.1 
d. Armoring of the bed gave a correction factor, ~= 0.85 
e. Pier width was adjusted to include 4 feet of debris accumulation, for a total pier width of 8 feet 

Given the parameters above, the local pier scour for the 100-year flow is calculated by DDMS to be 7.1 
feet. With a FS equal to 1.3, the local pier scour for the 1 00-year flow is estimated to be 9.3 feet. 

IV. Bend Scour 
Bend scour was considered but not analyzed in detail because there are no bends in the channel at the 
Thunderbird Road crossing location. 

V. Bed-Form Scour 
The ACDC is not an alluvial channel ; it is an engineered channel with uniform dimensions, low sediment 
load, low debris loads and mild slopes. In addition there are parks with grass and concrete courts within 
the channel therefore bed-form scour is not anticipated within this reach of the ACDC. 

VI. Low Flow Incisement 
The ACDC has an existing low-flow channel with an approximate depth of3 feet and runs along the west 
toe of slope where crosses under the Thunderbird Road bridge. All scour depths resulting from the 
calculations use the elevation of the low-flow channel invert as the baseline for computing scour depths. 

VII. Total Scour 
Total scour is the sum of all applicable forms of scour with FS applied at a given location. Long term 
degradation, general scour, and local pier scour are the applicable fonns of scour at this location in the 
ACDC. Figure 1 depicts the channel profile, proposed utility crossing and illustrates the bridge, channel, 
scour and utility geometry. 
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The total scour at the piers of the Thunderbird Road bridge for the 1 00-year flow is estimated to be 14.7 
feet. 

Conclusions 
The proposed horizontal distance from Thunderbird Road bridge upstream pier columns to the new fiber optic 
line, measured along the channel centerl ine is calculated to be 35.4 feet. For the I 00-year flow the total scour 
depth is 14.7 feet at the pier co lumns giving an estimated scour elevation of 1175.1. Projecting upstream along 
the channel centerline at a 2H : 1 V scour line (HEC-18, 5111 Edition, Apri l 2012: Section 7.8, Figure 7.18) from the 
total scour elevation of 1175.1 , the fiber optic line is outside the influence of the pier scour. The scour elevation 
at the proposed fiber optic line is subject to long term scour and general scour combined for 5.4 feet of scour. The 
scour e levation at the proposed fiber optic line is estimated to be 1184.4. 
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Section ID 

US THUNDERBIRD RD BRIDGE 

Flood Control District of Maricopa County 
Drainage Design Management System 

RIVER MECHANICS- CROSS SECTION HYDRAULICS 
Project Reference: THUNDERBIRD BRIDGE 

Flow 
Type 

Q 
(cfs) 

Entire Section 

Slope Man'g W.P. Hyd 
(f/f) N (ft) Depth 

(ft) 

Area Max 
(sq ft) Depth 

(ft) 

3/21/2013 

Channel Section 

Vel Hyd Vel Froude 
(f/s) Depth (ft/sec) Num 

(ft) 

Design 27800 0.000400 0.035 465.72 12.91 5969.69 18.09 4.66 12.91 4.66 0.23 
Dominant 9730 0.000400 0.035 388.86 7.65 2959.67 11 .00 3.29 7.65 3.29 0.21 

(rmXsecid.rpt) 
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Flood Control District of Maricopa County 
Drainage Design Management System 

RIVER MECHANICS - CROSS SECTION GEOMETRY 

Section ID X 

US THUNDERBIRD RD BRIDGE 
4,900.00 

5,030.00 

5,040.00 

5,055.00 

5,065.00 

5,070.00 

5,110.00 

5,270.00 

5,325.00 

5,350.00 

5,460.00 

y 

1,218.00 

1,195.00 

1,194.50 

1,189.80 

1,189.80 

1,191 .00 

1,1 91 .90 

1,192.30 

1,193.00 

1,194.00 

1,216.00 

3/21/2013 

See Figure 2 (Construction Drawing 
for Zayo Fiber Solutions) for Cross 
Section View of Geometry Data 

(rmXsect. rpt) 
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Flood Control District of Maricopa County 
Drainage Design Management System 
RIVER MECHANICS- TOTAL SCOUR 

Project Reference: THUNDERBIRD BRIDGE 

Cross Section ID: US THUNDERBIRD RD BRIDGE 

Calc (ft) FS Value (ft) Method 

1.69 1.30 2.20 Equilibrium Slope for Clear Water Flow 
2.46 1.30 3.20 Lacey 
7.14 1.30 9.28 Piers 

1.30 Comments 
1.30 

14.68 

* Non default value 

3/21/201 3 

(rrntosc.rpt) 
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Page 

Flood Control District of Maricopa County 
Drainage Design Management System 

LONG TERM SCOUR- EQUILIBRIUM SLOPE CLEAR WATER 
Project Reference: THUNDERBIRD BRIDGE 

Dominant 
Flow Rate 

(cfs) 

Existing Average D50 (mm) Length to 
Pivot Point 

(ft) 

Equilibrium 
Slope 
(ft/ft) 

Scour 
Depth 

(ft) 

Maior Basin ID: 01 
ID: THUNDERBIRD 

Slope Channel Width 
(ft/ft) (ft) 

Cross Section ID: US THUNDERBIRD RD BRIDGE 
9,730 0.000400 269.06 3.000 12,870 0.00026896 1.69 

3/21/2013 

(rrn l TSEQCLEAR.rpt) 
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Page 1 

Design 
FlowRate 

(cfs) 

D50 (mm) 

Maior Basin ID: 01 
ID: THUNDERBIRD 

27,800 3.000 

Flood Control District of Maricopa County 
Drainage Design Management System 

GENERAL SCOUR-LACEY 
Project Reference: THUNDERBIRD BRIDGE 

Bend 
Factor, Z 

Scour Depth 
Including Bend 

(ft) 

Cross Section ID: US THUNDERBIRD RD BRIDGE 
0.25 2.46 

3/21/2013 

(rmGSLACEY.rpt) 



- - - - - - - - - - - - - - - - - - -
Flood Control District of Maricopa County 

Drainage Design Management System 
LOCAL SCOUR- PIERS 

Page 1 Project Reference: THUNDERBIRD BRIDGE 3/21/2013 
Normal or Average Pier Pier Angle of Upstream Upstream Froude Nose Ang le of Bed Armoring Scour 

Max Depth Velocity Width ,a Length , L Attack D50 D95 Number Shape Attack Condition Factor, Depth 
(ft} (ft/sec) (ft) (ft) (Degrees) (mm) (mm) Factor, Factor, Factor, K4 (ft) 

K1 K2 K3 

Maior Basin 10: 01 
ID: THUNDERBIRD Supply Reach Cross Section ID: Manual 

18.09 4.66 8.00 20.00 0.19 1.0 1.00 1.1 0.62 7.14 

(rrnlSPIERS.rpt) 
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GENERAL NOTES ~ 
1. Ali. CONSTRUCT!OtlwmiiN HOOOCONTliOl. DISTRICT{OISTRlCTl 1.11 

RIGHTS-Of-WAY JURlSOICTION SHAll CONf ORM TO THE lATEST I 

~~~E~~~~~~~~~:l~J SPEOFICATlONS, ~ 
STRl.ICT\JRE ISADAM, SPEOAL PUIMIT REQUIREMENTSWlllAI'Pt.Y. 0 
OAMSKAU.MEANASTRUCT\JRETHAT IS UNDERTHEJURISOI C'Tl()N Z 
OF TllE ARIZONA DEP.t.RTMENT OF WAlCR RESOURC£SAND IS DEFINED 
IN ARIZONA REVISED STATUES 45·120.. 

2. CONTRACTOR MU ST OBTAIN N( CE.SSARY OISTRICT PERMIT PRIOR TO 
COMMENCEMENT OF CONSTRlJCTIO N WITltiN DISTRICT RJGHT-DFWAY 
AND MAINTAIN A COPY OF THE PERMIT ON ntE PROJECT SITE AT AU 
TIMES. 

l . NOTI FY THE DISTRICTS PERM ITS CNSP(CTORAT602·506-4n 7 OR 
602·506-4723 AT LEAST 48 HRS PRIOR T01J('(W0RK BEING 
PER FORMfD IN TMEOISTlUCT'SRIGKTS-Of..WAY. 

-4. CONTRACTOR PERFORMING EXCAVATIO N OP[AATI ONS IS RESPONSJBL£ 
FOR LOCATI NG AND P!I.OTECTl NG ALllJ HOERGROOND UTIUTIES. 

S. AU COMPACnON AND BAOCFI Ll WITH IN OlSTRICT'S RIGHT-Df·WAY 
SHALL CONFORM TO TliE lATEST MAG SPEOF ICATIONS lJ NlBS 
STI PUlATEDOTliERWISEINTHEDISTRICT'S PERMIT. 

6. ANY DAMAGE TO DISTRICT'S S'UUCTURES, EQlJ IPMENT, MATERIALS, 
VEGETATION, AND/OR P!I.OP£RTY SHAU B£ REPLACED AND/OR 
REPAI REDIN·KlNDTOTHESATlSFACilON Ofll-IEDISTIIICT. 

7. TOTAl. SCOlJ R UNE ELfVAOON FROM "FINAI. 5COUR MEMORANDU M", 
AZnC ENGI NEUIING 411/U 

B. All CONSTRlJCTION WITlliN FlOOD CONTROl DIST1UCT (DISTRICT} 
RIGHn-OF-WAY JURISDICTION SHAll CONFORM TO TM E lATEST 
MAR ICOPA ASSOCIATION OF GOV£11NMEHTS' (MAG) SPEOFICATIONS, 
lJNlESS TME SlliUCfURE INVOlVED IS A DAM. If THE SlliUCTURE IS A 
DAM, SPEOAL PERMIT REQlJ IREMENTS WILL APPLY. DAM SHAll MEAN 
A STRUCTURE THAT IS UNOtR ~E JURISOlCTlON OF ~E ARIZONA 
DEPARTMENT OF WATER RESOURCES AND IS DEFINED IN ARIZONA 
REVISEDSTATliES45-1201. 

9. CONTRACTOR MlJST OBTAIN NECESSARY DISTIIICT PERMIT PRIOR TO 
COMMENCEMENT OF CONSTRlJCTION Wrnt iN DISTRICT RIGHT-DF-WAY 
AND MAINTAIN A COPY Of TllE PERMIT ON THE PROJECT SITf AT ALL 

"""' 
10. NOTif'Y 11-IE DISilUCTS PEJIMCTS INSPECTOR AT 602-S0&-4727 OR 

602·SOS..723 AT LEAST 48 HII.S PRIOR TO AJfY WOIUC B£JNG 
PERFORMED IN TME OISTRICl'S RIGHTS-Df·WAY. 

11. CONTRACTOR PUFORMING EXCAVATION OPERATI ONS IS RESPONSIBlE 
FOR LOCATING AND PROTt.CTING AlllJNDERGROUND UTIUTIES. 

12. Al.l COMPACTION AND 6ACMFI LL WITHIN OISTRICTS RIGHT-DF-WAY 
SHAll CONFORM TO THE lATEST MAG SPECIFICATIONS UNLESS 
STIPlJlATED OTllERWISE IN TllE DISTRICTS PERMIT. 

13. ANY DAMAGE TO DISTRICTS STA.UCTliRES, EQlJI PMENT, MATERIALS, 
VEGETATION, AND/OR PROPERTY SHAll 8f REI'I..AO:D AND/OR 
REPAIRED IN·KINDTOTllESATlSFACTIO NOf THEDISTRICT 

NOTICE TO PlAN HOLDER: 
THE UTlUTY LOCATIONS AND 011-IER FAOUTIESSHOWN ON TliiS DRAWING 

ARE REPRESENTATIVE OF INFORMATION FUI\NISHED BY OTllEA PARTIES. 
IT IS INTENDED FOR REFERENCE ONLY. CONTRACTOf\ IS REQUIRED TO 

CONTACT BLUE STAKE CENTER, 602·263· 1100 PRIOR TO STARTING 
CONSTRUCTION AND IS BOUND BY TllEIR lAWS AND OROINANCES. 

CONSTRUCTION NOTES: 
,,_. , .. ~~ -,--,....,,.,,,. ,,......_ "' ........ , ,.ENQ-IES(A MIN IMlJMOf 18"-8UT 

NOT TO [l(Cf.fD JO" BELOW EXISTI NG GRAO£ )JoS Pt:R MAG SPEC.l60.l 

Lou END 

PROPOSED EXISTING 

·~ '"'' a 
D BORE FOOTAGE • UTILITYVAI.VE . UTILITY METER 

0 TRENCH FOOTAGE 
(!) BRASS CAP 

0 ASPKALTMfOOTAGE 0 UTILITYMAN HOL£ 

~ ASPHALlCUl 
. CATV PEDESTAl 

0 I.ITlLITYPt:OESTAI. 
l2222l SORE <) TIW FIC SIGNAt 

--- TRENCH ~ TRAHSfORMER 

lliD J-BOX {) STREETLIGHT 

00 POWERSUPP 
[YJ VAU LT @ UTlUTYPOlE 

EI! PULLBOX D UTILITY CAB INET 

1m MA.NHOL£ 8 JU NCTION BOX 

CJ VAUlT 
0 VACUUM POTHOLE 

- UO:R.OWP.ID'[HID w • CATV PEDESTAL ~ ~TIONCOmoLVAI.~ 

ltD POWf.ASUPPLY <- """""" n BORE PIT 

"" ~Bl.OCKWAU 

PROPOSED FOOTAGE 
liAIPHAlTM: . IJIITRENCH: II 
II soRE: 659' il l TOT.IC 659' II 

pyo® 
SOLUTIONS 

N. 59th Ave. & W. Thunderbird Rd . 
Flood Control District Of Maricopa 
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PROJECT NO. 
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CITY /TOWN/COUNTY 
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'If Normal to f Channel 

7~5' 68~o· 7'-5 ' APPROXIMATE QUANTITIES 
(o-p .5 ' 0" {/5' 3 4 '-o• 3 4 'o' ;!5' I s!O" f l o' 

I I I , , T' I I 
14 -0 

TY.I'E VI. ITRUC 1 II'I!CIAL pLAII'AA CLASI'A" 
I'.[S CONC 

IXCAV , !IACKP'ILL FONCAI!TE FONCRI!TI GIRDERS ITEM 

Con :sfr. <[ Each C.Y, C.Y. C.Y. C.Y. 
lw,anvaohola 36 - I - 1456 122 

Abau.,.at #1 61 I C'/6 16 4 

...... #f.#8 ' #-4 303 7 - - 839 

Al>aU.M~ #I 611 Zl6 - 164 
- -

9...P'••~~ 81aba 83 

Alternate Deck~ 

B ~"" cr 9~3 · • 74!0" 
(Type W AA5HTO 6irder:sJ TOT ALl 38 4259 432 !456 137Z. 

TYP!CAL ~CTION 
5:;o!e: I' a 6 -O' 

Stations Looting Alusad 

AI! IN I'. 

STIII!l 

Lbs. 
? 75/ 7 5 

7,23 4 

Z35, 700 
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538,9 70 

PRECA S T 
ANDRAILJ PLAN KS 

Lin . Ft.ISq. Ft. 
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T 
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GENERAL NOTES 

1. Conn rvct•on s h.all c: o11form tD Marl c opll. Auoci;uion o f GoY u11 rnen11 , 
Ul'irorrn St Jndllrd Specifi c at ion' hr Public Works Conuru c:tio'l, 1 979. 

2. Ouicn c.o•for-rns t o Am e r ic1n Auoc iat lon. of Slllte Hir,hwll.y 1 nd 
Tr JnsportHion O fficllllt (AA SHTO), S tudud S pec i fi c ll. t l o •H f or 

Hia hwlly Brld cu , 1977 e diti on , lncludina: t h e 19 78 th ro u& h 1 982 
lnurim Sp• ·lfic: a.ti ons . 

3. Dud lud lr~cludu llllowu c: c of 25 psf fo r future. wurinc sur fHc. 

4. Ouicn lin loll d it AASHTO HSl0-44 . 

5 . Dul an it tJy t he unicc lo ~od mt t hod (worldn c stru s or all ow 1a i 1E 
ur u s dulcn) . 

S ues set : 

P rc u n s io ncd P/ S c · -"'rct• Girdtrs - f~ .. 5SOO ps i , f ~i,. 4 400 psi 

l' oU -ttrl1ion ed f'/5 Concr ete Glrdrrs- f~ a. SSOO p , i, f ~i = SOOO psi 

Cl<ui •M• Concrt.u- f~ • 4SOO pil , r, ~ \400 p si, n • 8 

(Iu s 'A' Co ncrete- f~ • 3000 ps i, f,::: 1200 p 1 l , n :c9 

Re inforc i ns St eel - f
1 

"'2(), 0 00 p1 l 

6. Abutmenu, winJw:aiiJ , pius, ~ppr o~ch s l& bs , 1idew01.llra , burien 01.11d 
oOlrilp t.ts s hall be cl~u ' A ' to,.cre te. All other tonc reu sh ~ll be 
cl~u •AA ' . 

7. Rel nforcin& 1tet. l 1hil l l t o nf orm to ASTM A6 \S, Gr 01.de 40, e~1;ept th at 
Contr'lctor, u hli option, rruy sublll t ute ASTM A6 1S, Godt 60, but 
without tllr~ comp • nsat ion. 

! . All reinfor t int s ue! thlll hl¥C 2 ' c lear cov er unlru ott\H wiu 
noted, 

9. Su r icrt lnd p :;Hape ts stu tl be c:onnruc;tt.d 1ftcr form w ort h u bee n 

10. All capoHd ed a n of toncre te •ha ll be c hamfered l / 4 • u.n.o, 

1 1. Allo ..-:~blc so il beuin c p r euurt. : 4 ton~ /s. f . ill 01.bu tm cnu 
6 t ons / i .f. ll piers 

Ca l cu l ate d so ir buri n & preuu r e : 2.3 t on, f s.f. a t abutmen li (mu ) 
5 . 0 t Ons / s . f. 11 pi ers (mu ) 

12 Struc.tu ral ste ol ~oh;all c onform to ASTM A36. 

13. All weldin& ih.JII con form to A WS 01 . 1 -79, • S tructural Weldin& Code 
Sucl• publ rs he d by the Alfurl t ln Wcldlns Sod cty . 

14 . Do not HOlle dr Awints. Uu dl nHr,.ion ,, 

THtS ORAWIHC IS FOR VISlW. EfRC'B OM. T 
~ 

rLOOD .~~~.~!..1!~!! ..!~ !!.~~ 
:. 'THlMDEAiiiAD Ro.....,.. .6v!R 

~ARIZONA CANAL .. 

M:~JIDf.DaY : 

I Surtln•• l 'uul 
awertlrup ••4 Auu ia t u , lac . 

l•l i•••,. - & rc ~ •hch 
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OATUM IS NATIONAL GEOOETIC VERTICAL DAT1JM OF 1929 

GILA RIVER BASIN 
PHOENIX, ARIZONA ANDVJCINITY(INCLUOING NEW RlVER) 

ARIZONA CANAL DIVERSION CHANNEL 

APPENDIX 2 

.HY DRAULIC PLAN AND PROFILE 
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U.S. ARMY CORPS OF ENGINEERS 
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APPENDIX 2 
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U.S. ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 
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IS .NATIONAL G€00ET IC VERTICAL OAT UM OF 1929 

GILA RIVER BASIN 
PHOENIX, ARIZONA AND VICINITY (INCLUDING NEW RIVER) 

ARIZONA CANAL DIVERSION CHANNEL 

HYDRAULIC P L. AN AND PROFI L E 

STA.240 +00 TO STA.205+00 . 

U.S. ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

PL.ATE 7 
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