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WELLS ENGINEERS, INC.
Sossaman Road Box Culvert

FCD 91-06
August 29, 1991

WE No. 910431

I. INTRODUCTION

A. Purpose

The purpose of this report is to present the results of an engineering study

which explored the costs and hydraulics of three alternatives. Two of the

alternatives consist of modifying the existing box culvert at Sossaman and

Guadalupe Roads. The other alternative consists of removing the existing box

culvert and constructing a new box culvert north of the existing culvert.

Each alternative is required to convey 2400 cfs. Additionally, each must

accommodate a roadway section of 123 feet. including sidewalks. The Flood

Control District shall select the alLernative for final design. The

alternative that is chosen for design shall connect into the channel

downstream currently being designed by the Flood Control District.

B. Site Description

The study site is located in the right-uf-way uf Sossaman Road +/- 100 feet

north of the centerline of Guadalupe Road in southeast Mesa. The region is

presently rural/agricultural with some residential development nearby. The

potential for future development is high because of the recent opening of

the Superstition Freeway east of Power Road and the inclusion of Sossaman

Road in the City of Mesa's Five-Year Plan for street improvements.

The existing box culvert is the cunnecLion between a large earthen flood

control channel which fluws southward along the east side of Sossaman Road

and the newly constructed cUIlcrete-lined rectangular channel which drains

westward alung the nurLh side uf Guadalupe Ruad. Presently sLorm runoff in

the channel must make a right-angle change in direction to enter the

existing box culver'L. The cuncreLe lj_ned rectangular channel begins about

LISa feeL downstream of the existing culver't and is not aligned with the

culvert. If the culvert is extended the extension will angle northward to

allow the culver't oULlet Lu match the alignment of the channel.
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A. Overview of Alterrlatives

II. ANALYSIS OF ALTERNATIVES

Alternative No.3 combines features uf buth of the alternatives described

This

requires a much longer culvert but it is better aligned to the upstream and

downstream channels and presents less uf a maintenance problem.

above. It is an extension of the existing culvert with an additional barrel

like Alternative No.1. The downstream extansion is exactly the same as in

the first alternative but the upstream extension is curved so that the box

culvert opening is fully aligned with the incoming channel, (see Exhibit C).

Each of the alternatives is intended to accomplish two important functions.

First, to extend the culvert beyond the limits ~f future improvements to

Sossaman Road; and second, to improve the hydraulics of the existing culvert

thereby reducing potential headwater depth and reduce maintenance problems

caused by the deposition of sediment and debris.

Alternative No.2 consists of completely removing the existing culvert and

replacing it with a new concrete box culvert which crosses Sossaman Road at

about a 45 degree skew instead of at a right angle. This alternative

Alternative No.1 is simply the extension of the existing box culvert with

straight-walled extensions which are angled slightly to better align the box

culvert openings with the upstream and downstream channels, (see Exhibit A).

This alternative will also require the construction of an additional barrel,

1-6' x 6', alongside the existing 4-10'x 6' box culvert.

culvert would have gently curving 45 degree bends on either side of the

roadway, (see Exhibit B). It has been determined that a 4-10' x 7' CBC will

convey the flow adequately.

Sossaman Box Culvert
August 29, 1991
WE No. 910431
FCD 91-06
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Sossaman Box Culvert
August 29, 1991
WE No. 910431
FCD 91-06

B. Hydraulics of Alterrlatives

All three alternative designs were analyzeu for a peak discharge of 2400

cfs, as requested by the Maricopa County Flood Control District. Charts and

monographs from HDS-S were used to analyze the culverts and head losses were

computed for angle-point and bends, these losses being added to the outlet

control head. The results are that all three culverts operate under inlet

control even with bends and angle-points. It is difficult to quantify all

the minor losses in box culverts because few laboratory tests have been

conducted on rectangular conduits for liquid flow in large systems but the

calculations for losses in the Appendix adequately demonstrate that the

minor head loss in the three alternatives are not the determining factors

in the selection of an alternative.

The hydraulics of a culvert entrance which is skewed to the direction of

incoming flow is also difficult to analyze quantitatively. So assumptions

combined with practical experience and sound engineering judgement must be

used. Alternatives 2 and 3 have entrances which are aligned with the

incoming flow so that the quantity of runoff entering each barrel and the

velocity of flow through it is essentially the same as the next barrel.

Alternative No.1 does not have its barrel openinE;s aligned with the

incoming channel. As the culvert is ShOWIl in Exhibit A the tendency of the

runoff would be to flow across the inlet apron towards the southmost barrel.

This barrel then would carry a disproportionate amount of the discharge and

the proportion would decrease [rom barrel to barrel so that the discharge

and resultant velocity ilt the northern most barrel would be substantially

less than in the southernmost barrel. Culverts which are aliE;ned this way

tend to have sediment build up ~n the barrel or barrels on the inside of the

turn because of the disparity ~rl velocities and/or euuies which form alonE;

the inside of Lhe Lurn.

4
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Sossaman Box Culvert
August 29, 1991
WE No. 910431
FCD 91-06

III. COST ESTIMATE SUMMARY

A cost estimate for each of the three alternatives has been prepared and the

results are summarized in the [allowing tables. The numerical designation

of the tables correspond with the numbered alternatives; the back-up data

and quantities are included in the Appendix. All of the cost estimates

include the cost of constructing and maintaining a detour for traffic on

Sossaman Road and relocating or rerouting an existing 16" waterline in

Sossaman Road.

5
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30-Aug-91

TABLE 1

CONTRAcr FCD 91-06

ALTERNATIVE NO. 1

BIDDING SCHEDULE

W WELLS ENGINEERS INC.

E

SOSSAMAN RD BOX CULVERT

SOS SAMAN RD @ GUADALUPE RD
PAY ITEM ITEM DESCRIPTION UNIT BID UNIT PRICE BID

NO. QUANTITY TOTAL
109.2 MOB ILl ZATI ON L.SUM. 1 $6,000.00 $6,000.00

350 REMOVAL OF EXISTING IMPROVEMENTS* L.SUM 1 $34,857.00 $34,857.00

350.3 HI SC. REHOVAL AND arHER WORK* L.SUM 1 $1,150.00 $1,150.00
401 TRAFFIC CONTROL L.sm~ 1 $3,000.00 $3,000.00

610.9 WATER LINE RELOCATION 16" EA. 1 $2,800.00 $2,800.00
702 UNTREATED BASE** TON 473 $10.00 $4,730.00
710 ASPHALT CONCRETE** TON 237 $30.00 $7,110.00
725 CONCRETE, CLASS A CU.YD. 510 $240.00 $122,400.00
727 RE INFORCING STEEL LBS. 74,706 $0.45 $33,617.70

SUBTOTAL $215,664.70

+15% CONTINGENCY $32,349.71

GRAND TOTAL $248,014.41

DE SIGNED BY TAB

CHE CKED BY 1J1a1
DATE: 8-23-91

DATE: Y-3c?-9/
* SEE TABLE A-I, APPENDIX.

** ASSUMED 3" AC OVER 6" ABC FOR TEMP. PAVEMENT.

FILE SOSSBID.WQ1
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TABLE 2

CONTRAcr FCD 91-06

ALTERNATIVE NO. 2

BIDDING SCHEDULE

W WELLS ENGINEERS INC.

E

SOSSAMAN RD BOX CULVERT

S OS SAMAN RD ~ GUADALUPE RD

PAY ITEM ITEM DESCRIPTION UNIT BID UNIT PRICE BID

NO. QUANTITY TOTAL

109.2 MOB ILl ZATI ON L.SUM. 1 $12,500.00 $12,500.00

350 REMOVAL OF EXISTING IMPROVEMENTS * L.SUM 1 $91,547.00 $91,547.00

350.3 MI SC. REMOVAL AND a.rHER WORK* L.SUM 1 $4,150.00 $4,150.00

401 TRAFFIC CONTROL L.SUM 1 $3,000.00 $3,000.00

610.9 WATER LINE RELOCATION 16" EA. 1 $2,800.00 $2,800.00

702 UNTREATED BASE * * TON 473 $10.00 $4,730.00

710 ASPHALT CONCRETE * * TON 305 $30.00 $9,150.00

725 CONCRE'i'E , CLASS A CU.YD. 1,099 $240.00 $263,760.00

727 RE INFORCING STEEL LBS. 155,977 $0.45 $70,189.65

SUBTOTAL $461,826.65

+15% CONTINGENCY $69,274.00

GRAND TOI'AL $531,100.65

DESIGNED

CHECKED

* SEE TABLE A-1, APPENDIX.

** ASSUMED 3" AC OVER 6" ABC FOR TEMP. PA.VEMENT.

FILE S OS SB ID . WQ1

DATE: 8-29-91

DATE: f3 --YJ-crI
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TABLE 3

CONTRAcr FCD 91-06

ALTERNATIVE NO. 3

BIDDING SCHEDULE

TXT WELLS ENGINEERS INC.

E

S OS SAHAN RD BOX CULVERT

S OS SAHAN RD @ GUADALUPE RD

PAY ITEM ITEM DESCRIPTION UNIT BID UNIT PRICE BID

NO. QUANTITY TOTAL
109.2 MOBILIZATION L.SUM. 1 $7,500.00 $7,500.00

350 REMOVAL OF EXISTING IMPROVEMENTS .... L.SUM 1 $34,857.00 $34,857.00

350.3 MI SC. REMOVAL AND OI'HER WORK .... L.SUM 1 $1,150.00 $1,150.00

401 TRAFFI C CONTROL L.SUM 1 $3,000.00 $3,000.00

610.9 WATER LINE RELOCATION 16" EA. 1 $2,800.00 $2,800.00

702 UNTREATED BASE ........ TON 473 $10.00 $4,730.00

710 ASPHALT CONCRETE** TON 237 $30.00 $7,110.00

725 " $240.00 $167,280.00CONCRETE, CLASS A CU.YD. 697
727 REINFORCING STEEL LBS. 101,919 $0.45 $45,863.55

SUBTOTAL $274,290.55

+15% CONTINGENCY $41,143.58

GRAND TOTAL $315,434.13

* SEE TABLE A-1, APPENDIX.

FILE SOSSBID .WQ1

DE SIGNED BY TAB

CHECKED BY@~

DATE: 8-23-91
DATE: ,fJ--3c7-iI
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-------------------
TABLE A-I

PROJECT: SOSSA!IAN BOX CULVERT

SOS~ RD e GUADALUPE RD

W WELLS ENGINEERS, INC. FOR: :M.RICOPA COUNTY FLOOD CONTROL DISTRICT

E CONTRACT FCD 9 1- 0 6

DESIGNED BY TAB DATE 8-30-91 JOBt 9100131

v:Jf(p;, --
ITE!! RE!W'iJALS AND RELOCATIONS CHECKED BY DATE 8-30-91 PAGE 1 OF 1 --

ITE!!:S II

ALTERNATIVE RElIOVAL OF STRUCTURAL REllOVE AND REPLACE REllOVE AND REPLACE RElIOVAL OF Insco RE!!:OVE AND REPLACE

CONCRETE (CY) P Cfiff:R P OLES (EA) ;nsc. SIGNS (EA) CONCRETE (L. sm!:) A. C. PV!!:T (SY )

t 1 217 0 5 650 t"5

t 2 566 1 5 650 4.70

t 3 217 0 5 650 6'".1

IUNIT COST ____---:~_1_6_0_._OO__---'- ~.:-.3__'rC_o_o_0_._0_o_I ....:.~_1_0_0_._0O_---'-- --'~_1_._0_0 __'~_2_._1_0__J

FILE SOSSRElI.WQ1 PAGE



-------------------30-Aug-91

TABLE A-2

PROJECT: SOSSAlIAU BOX CU:LVERT

SOSSAM.N RI:I @ GUADALUPE RD

W WELLS ENGINEERS, INC. FOR: MRICOPA C01:flITY FLOOD CONTROL DISTRICT

E CONTRACT FCD 91-06

DESIGJ:4ED BY TAB OOTE: 8-30-91 JOB. 9104.31

ITE!!: BOX CULVERT QUANTITIES CHECKED BY 1IAL OOTE: 8-30-91 PAGE OF

/}/).?:/.
ALTERRA TIVE CBC SIZE LEN"GTH UNIT QTY. /LF TOTAL E;ARRE:::L HEAJ::YHALL .. '10TALS

SPAN X HT. (FT) CONC. STEEL conc. S'TI':::EL conc. STEEL CONC. STEEL

(CY) (Lbs) (CY) (Lbs) (CY ) (Lbs) (CY I (Lbs)

t 1 4. -10' X 6' 84 4..24.6 597.7 356.7 50,::107 20.0 1,624. 509.8 74.,706

1 - 6' X 6' 166 0.802 137.8 133. 1 22,875

• 2 4 -10' X 7 ' 24.01 4.416 632. 1 1077.5 1501, J32 21.6 1,74.5 1,099.1 155,977

• 3 4. - 10' X 6' 121 4.24.6 597.7 513.8 72,322 20.0 1,624- 696.6 101,919

1 - 6' X 6' 203 0.802 137.8 162.8 27,973

NOTE: INLET HEAI::fHALL INCLUDES W:rnGWALLS WITH AN ASS1J.!!ED SLOPE OF 4,: 1, AND OUTLET HEEillWALL DOES NI)T

:rnCLUDE W:rnGWALLS OR OUTLET AP:RON.

FILL HEIGHT IS LESS THAn 10', TABLE 1.

REFERENCE: ADOT STRUCTURES DIVISION STANDARD DRAW:rnGS, 1988: B-02.70, B-05.20 AND B-05.10.

FILE SOSSQTY. WQ 1 PAGE
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

INTEROFFICE MEMORANDUM

Subject:SOSSAMAN BOX CONCEPTS REVIEW

To:SCOTT CLEMENT
Via:ED RALEIGH

)
From:C G WAINWRIGHT~~

File:FCD 91-06

Date:OCT. 16,1991

REVIEW OF

PHASE I ALTERNATIVE STUDY FOR SOSSAMAN ROAD BOX CULVERT

THE COST ESTIMATES FOR THE THREE ALTERNATES APPEAR TO BE REASONABLE

EXCEPT FOR ALTERNATE 2.
THE ALTERNATE 2 ITEM 350 REMOVAL OF EXISTING IMPROVEMENTS IS LISTED AT

$91,000, OF WHICH APPARENTLY $56,690 WOULD BE FOR THE REMOVAL OF THE

EXISTING SOSSAMAN BOX. THE COUNTY HIGHWAY DEPT. ESTIMATED THAT A FIGURE

OF $30,000 WOULD BE MORE REASONABLE. THEREFORE, ITEM 350 WOULD BE

REDUCED TO $64,857, AND THE REVISED TOTAL WOULD BE $395,048.

IV. REVISED COMPARISON OF ALTERNATIVES

TABLE 4

ITEM ALT. /fl ALT.n ALT.1I3

------ ------ ------

TOTAL EST. COST $287,044 $395,048 $266,787

DIFFERENCE $20,257 $128,261 --------

(FROM ALT.I3)
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WELLS ENGINEERS. PHOENIX 6~2~'~'817

BENCHt1ARE

CHISELED SQUARE TOP OF CUR OCATED AT THE
BASE INE ROAD AND SOSSAMAN hOh.P
ELEVATION = 1387.89 (CITY F MEoA DATUH)

BRASS CAP IN HAND HOLE LOCATED AT THE b.RSECl
ROAD AND SOSSAHAN ROAD.
ELEVATION ~ 1359.94 (BEING THE MARICOP~

THE IMPROVEMENT PLANS PREPARED FOR J.. ~S 1M r

PROVIDED BY .JOHN ~3VECHOVSHY OF THE MARICvPA COUN
DISTRICT 08/02/91)
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STArlGtHNG

EASt LINE FROM POINT 2 TO i
SiARTINB STATIO~ = 5+0()

POiNT STATION OFFSET NDlHHWG fASTING ELE'JATlON DESC~IPTl(jN

3131 " ~'I /!!", 10000 '-(If' 1(l(;(l~~ •0000 a.'Joo
2 73bB.~~42 1(jOb9 . ;u32 (I.GOO

'0."L -2648.65 73~9.303B 7420.1126 (J. \i(li)

~ 5~.O .00 -0.00 741B.8367 10068.3791 0.000

5 600.00 -0.00 74b8.8191 10067.D549 (;.000

6 6~O,OO -0.00 7518.8010 10065.7308 O.QO(l
7 700.00 -0.00 7568. ;84J 1(10b4.4067 0.(1)1)

" 7(14.72 -14.02 7573 .1320 100~(\.2103 O. (100
"
9 704.70 -~3,22 7~72.b055 10031. 0781 0.000

10 703.80 -44,i 9 757L~172 10020.1332 (l. MO

11 704.01 -48.10 7m.:·1S2 1(l\iH.2177 0.000
.... 703,b7 13.83 7572. 8202 10078.1300 0,0001£

13 703.20 32.12 n72.8302 100%.4334 0.000

14 703.96 42.49 7573,8698 10106.7729 0.00(1

15 699.36 47 .31 7%9.4003 10111. 7182 0.000
16 664.24 -14.03 7532.6666 100~L32b3 0.(100

17 664, :·9 -32,54 7~32.52E9 10032.8150 0.000

i3 663.68 -40.86 7531.3918 10024.j2~! 0.000
19 663.01 -51.14 ]53,). 4~·\i4 10014.2687 0.000

20 ~1,2.90 13.77 7532,Ob(l~ 10079.1558 0.000
?' bbLB? 31.66 7:.31.5087 10097.0657 1). (;00d

'22 661.57 41.'13 n31.4747 10107.3H3 0.000

23 b60.% 50.85 7531.1023 10116.2756 O.MO

24 661.37 64.6~' 7531.ll902 10130.0595 0.000
',~ 59b.QO 126.89 7469.0B05 10193.9852 0.000
~,'

2b 597.3& 153.91 7470.2570 10nG.9iH6 G.Of;O
T 6~.L~S 155.12 7524.4575 1022').7524 0.000
~l

28 654.13 121.72 7~26 f 1~,3e 10187.3034 o,MO

29 598.15 94,84 7409.4792 10161.9%3 0.000

30 ~82f~j7 126.bb 7454.7502 10194.1352 0.000

31 577. 31 127.56 7449.5113 10195.174S 0.000

32 5~,2,24 87.86 7423. 401 ~ 10156.1527 0.(01)

33 555.40 86.69 7426.5340 10154.£\932 0,000

34 m.bb 83.89 7368,7334 10153.b231 ;).OM

3~ 496.76 115.9~ nbS.b872 10185,7(131 0.000

36 H6,24 14(1.55 7368. 81~,4 1021(!.3032 I) ,,)00
~~ 5i9.50 185.00 7393.2447 10254,1172 0.000,,,\[

38 517.09 137.&4 7389,~867 i<;207.0472 0.00t)

39 522.11 136,74 7394.5747 10205.8143 0.000

~o ~13i ~ 44 137.84 7403/i363 10206.6614 0.000

41 521. 23 121. 42 7393. 289~, 101qo. 51bil v.OOG
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