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A. INTRODUCTION

The foUCM!ingcak:uiations accompdnyu~FlnaJ Design Repcrtandprovide 'thebasiSifor the Final
Design ·SubmfttaJ. Calculations .are provided·. for·u~ .·primarydesi.gn and... fortwo·construdion.aJternatives.
The rationale for the primary design seleetion is documentecfjn the. Final Design Reporr.

Design.Calculations
GroversAvenue (FCD#93-21)
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IooHAHE:
JOB· HUMBER:

E:te:
. ile:

GRaVERS AVEHUE STORMDRAIHLATERAL
8156.001
BROCEFRIEDBOFF
09-22-1994
10:29:14

12
5,146 Feet

1,348.00 Feet
12.00' Feet

525.00 cfs
8.00 cfs

11.89 fps
2.55 fps

19.1JFeet
6.61 Feet

=
=

6.06 feet
2.25 Feet

=
=

Feet
feet

HGL
(Feet)

EGL
(Feet)

1437.80 1437.80

1440.00 1437.80
1443.85 1441.66
1444.91 1444.70
1444.91 1444.70

3.86

0.00

2.20

1.06

flo. Per Grou.Tld, CrOjll Do.1lStreat
Pipe Elevation ~~T;,.' U.,~.i.''''ll

o

o

Pipe K Angle Minor' Loss Pipe Loss
Slope (Feet) (Feet)

NUiber Flo.
cf Pipes (cis),

2.20 0~01627 0.00857 1.0

0.21 0.00020 0.42917 1.0

Span Rise
i feet) (Feet ~)

3.65

11.89

3.00

1.8424.00

48.00

44.16

144.002

1

1
2
3
4
5

I'· ·.H.p...•...1IJIli~......,.·····.·.='O\.·.·.r'.·.. ·· Upstrea
~ station

00' O~024 90 1 525.00 525.00 1446.95 1429.85
12 CBC' 0.012 12.00 12.00 1 525.00 525.00 1446,.:95,1135.00

1,298 1,221 cae O~,Oi2 8.00 8.00 1 509.00 509.00 145O.98l:4'40.89
2,646 1,348 ReP 0.012 84' 1 349.00 349.00 1451.44 1l45.i2 3
1,293 647 ReP 0.012 48 1 90.00 90.00 1457.30 1448.85 4
3,800 507 ReP 0.012 42 1 82.00 82.00 1460.'48 1451.69 5
41 J37 537 ReP 0.. 012 42 1 82.00 82.00 1461~97 1453.55 6

8 1,437 139 ReP 0.012 60 1 157.00 157.00 1451~26 1441.33 3
9 2,810 164 ReP 0.012 84 1 255.00 255.00 1455.00 1448.364

." '

10 3,.352 59 RCP 0.012 24 1 8.00 8.00 145li35 1419.82 5
114,468 131 ReP 0.012 48 1 82.00 82.00 1462~16 1454.98 7
12 2,954 144 ReP 0.012 60 1 165.00 165.00 1455..70 1450.64 9

+++++++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13
rLE 2 -. HYDRAULIC DESIGN DATA

Pipe Area. ·····.··Perileter Radius Velocity Vel. Head Energyrr (SqFt) (Feet) (Feet) (fps) (Feet) Slope

, OUtfall Conditions 0.00

I
I



0.09

0.01

0.02

0.01

0.00

0.68

0.99

0.66

0.10

0.

o

o

o

o

1.28 0.00254 0.003580.3

0.98 0.00163 0.004820.3

1.13 0.00564 0.005600.3

1.13 0.00564 0.003460.3

0.80 0.00349 0.00484 0.3

0.16 0.00100 0.01644 1•. 0 90

0.68 0.00135 0.01610···1.0 90

0.66 0.00289 0.01092 1;,0 90

0.99 0.00316 0.003171.0 90

2.55'

7.17

7.95

8.53

8.53

9.07

8.00

6.63

2.00

1.75

1.23

1.75

0.97

0.87

0.87

0.97

0.526.00

22.00

32.00

22.00

13.00

11.00

11.00

16.00

13.00

1431.80 1437.&0
1446.95 1440.00 1437 1427.82 1420.32 19.13 9.15
1446.95 1443.85 1441.66 1429.85 1422.35 17.10 5.29
1446.95 1444.91 1444.70 1429.85 141i.85 17.10 2.25
1446.95 1444.91 1444. 1435.00 1423.00 11.95 2.25
1446.95 1444.99 1444.01 1435.OCr 1427.00 11.95 2.94
1450.98 1446•.98 1446.00 1440.89 1432.89 10.09 4.98
1450.. 98 1446.99 1445.71 1440.89 1433.89 10.09 5.27
1453.44 1450.41 1449.13 1445.72 1438.72 7.72 4.31
1453.44 1450.42 1449.63 1445.72 1441.72 ~.72 3.81
1457.30 1452.68 1451.88 1448.8-5 1444.85 8.45 5.42
1457~30 1452.69 1451.56 1448.85 1445.35 8.45 5•• '74
1460.48 1455.55 1454.42 1451.69 1448.19 8.79 6.06
1460.48 1455.55 1454.42 1451.69 1448.19 8.79 6.06
1461.97 1458.58 1457.45 1453.55 1450.05 8.42 4.52
1450.98 1447.98 1446.98 1440.89 1435.89 10.09 4.00'
1451.26 1448.42 1447.42 1441.33 1436.33 9.93 3.84
1453.44 1451.09 1450.41 1445.72 1438.72 7.72 3.03
1455.00 1451.31 1450.63 1448.36 1441.36 6.64 4.3i 2.27
1457.30 1452.78 1452.68 1448.85 1446.85 8.45 4.62 3.83
1457.35 1452.84 1452.74 1449.82 1447.82 7.53 4.61 2.92
1461.97 1459.24 1458.58 1453.55 1449.55 8.42 3.39 5.03
1462.16 1459.62 1458.96 1454.98 1450.98 7.18 3.20 3.98
1455.00 1451.64 1450.54 1448.36 1443.36 6.64 4.46 2.18
1455.70 1452.14 1451.04 1450.64 1445.64 5.06 4.66 0.40

- 3·

3.14

9.62

9.62

-172
65
65

64.00

38.47

38.47

12.56

19.63

12.56

station Ground EGL BGL Crown Invert Cover Ground-HGL' BGL-Crowl1
Feet) Eleyation £le'lationElevationEle\~ation rlevation (Feet) (Feet) (Feet)

4

3

7

5

6

9

8

2

1

10

11

6 3293
3800

7 3800
4337

8 1298
1437

9 2646
2810

10 3293
3352

11 4337
4468

12 2810
2954

1.99 1444.99 1444.01
1446.98 1446.00

3.42 1446.99 1445.71
1450.41 1449.13

2.26 1450.42 1449.63
1452.68 1451.88

2.86 1452.69 1451.56
1455.55 1454.42

3.03 1455.55 1454.42
1458.58 1457.45

0.44 1447.98 1446.98
1448.42 1447.42

0.22 1451.09 1450.41
1451.31 1450.63

0.06 1452.78 1452.68
1452.84 1452.74

0.38 1459.24 1458.58
1459.62 1458.96

12 19.63 16.00, 1.23 8.41 1.10 0.00349 0.01583 0.3 90 0.33 0.50 1451.64,~; 1450.54

,;+;~1=..~;;~+=+ 3+++++++++4+++++++++5+++++++++6+++++++++7+++.l.H++.l.8+++"-1<..........94-++·+..•...·10+++++···1i ...:~:~::~12 ..~:::~~;13
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- - - - - - - - - - - - - - - - -
Grovers Avenue storm ~In Lateral __ ' .•"'__ " _ . !
Inlet/Connector PiD. Confiauration SUfl1!!!!,':l":.~~~ (~m.'J,De.fa',')

lniM ~-----,,,._.-_.~ ..,-- ¥

No. •Qty Oft!.~i_on " ••..__ _ IL~UOf'l

1 1 catch Basin Type M:~~~I~:tl {P·1!ic)o MOd i30th W'} EG· f\T
2 1 Catch Basin TyPe Mo-;l..J..~.'! J~11 (po ,~¥Mod 3€Xh W.) WS • IT •

1---__..;::.3+-:- .-..;14 ca;:;.=;.:tCh.".;.,:...:B;.:::a=9i~,2-;L ::J~J.1!. (P-'~OMod 30th W.y f$ itT t
1--- ~<4+------.....;1+ca~-tC!hBasi~2:""b._':'J~.L~! {P·1569 Mod 3CXh WI} WS • to T t

5 1 C~t~ Basin Type M-:l..J..~.~J~J.t1 (p.,5ftQ Mod ~3Oth W.y Ea· AT. f
1--- =6~...............:..1~ca=tc;M~~~.!J~J.~ 1 (p·'50\l Mod ~ 30th W.'/. we . IT

t---"---.+------_+__ . .•.. _- I.... '. SutltotM!

t-- -::+ '~q,!I~hBasin riPe ~f:b!:j]P~1~t\'9)' 2,"" ~fe~ES,~Rf
,. catch Basin TVDe M-1..J..~..!~Je~1~~9) 29th Str.et W$ . LT

~ot ...

9

l
~

1
27

1-------+......-----+-----------------.--.--.--" .',c·,..··l,,·,· '-

29 1'(01") Catch Basin & Apron!TY~)~J!~ (P-'~70)

ADDITIONAL CATCH BASINS

30 1Jarl Catch Basin &hwon TYP.i""]~rj,gI,! lP,~,~ ~!O)

31 1Cateh Basin TYDe M-'1t:.~~ill:l~~~L ...

32 1 farj catch Basin &ADron T.YPi.~ii!·{J:j~tOJ ",
33 1 Carl catch Basin & ADron T.Yii@iii!(~:~'~7:0r.

34 "1 catch Basin TYDe M-1.L{~f(f:3 ~gl '=~::...,._,
35 1 Catch Basin TY~M-.1....~~!iP.:l~~~}

36 1 Ciltch Basin Type M-1..a.-~~.§jf~1.~~Ql

~.----'----,-28thst 0+98
28th 51 2.f(J2

30

110
11

°1)10

~~~f
ta I)

10

)0

30 Non4t
30 ~

)1 0j i
400 ) (()l

"00 )10 .) flO.
HHt Hal .2001
"H~i , 1 8 2l-,)'

18 ~J ~:j ~ 01>;t. ~ 2(Xl!neol -I
10 Of NOh4 ~ 00; 100;
00 ~

10°1 None ~ (X): ...0:
10 Nr>ne

~ oj ::1 ;: 00;
30

~n .+;'..n.
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GROVERS AVENUE STORM DRAIN

Compute the hydraulic profile for the inlet connector pipe,

RE: Storm Drain Design Manual. City of Phoeni)(. 1981, PUgo6 t8, 31 ..34 (OoaignAItf)fnaUv9)

Design data.

,
<J1

Location:
Pipe ·material:
Mannings N-Vatue, n a

Pipe diameter (0)=
Pipe Lengtb(l) =:

Horiz. Dist CS Face to Cl Ree Pipe
Pipe Slope at Inlet (s) ==
Top of Curb Elevation (to) I:

Curb Face Opening (cf)
Pipe Diameter, d -
Deflection Angle, anglo I: arctan (s).
Inlet Diameter, di- d I oos (angle) •
Maximum.Crown Elevation (MaxCEi)·. te - cIl12 .. ··.5·
Crown Elevation at Infet (CEi) a

Inl.et Invert Elevation (EU) •
[)esignFlow(Q) ••
Tailwater Elevation' (Tw) '.

Compute flow assuming outlet control.

Velocity. v =01 (11(dI12r'/4) a

Velocity Head,hv =v'+2g 111

Friction Slope,Sr- 4.66· n:t ·O:? ... (eJl'(16/3» •
Entrance LossCoeficient, KOIII

Exit Loss Coeficient, Ko &II

Pipe Loss,hp=Sf * I •
Entrance Loss, he= Ke·· hv •
Exit Loss, ho =Ko • hv ::I

Total Friction Loss, H -hp + he .. ho"
Headwater Elevation, Hoo .. Tw •• H IIll

compute flow assuming inlet control using HEC-12.

Square Edged Headwall
Q=
x =01 dA2.5::
Hw/d=
Hwi =Hw*d+ Eli =

Iriler"1 fntef2 fnlet'3 Ir,let4 Inlet 5 Inlet 6 Inlet.7
rep rep rep rop rep rep rep

0.012 0012 0.012 0.012 0.012 0.012 0.012
24 In 24. In 24·1" 2.4· In 24 In 24 In 24 In

11.30Ft 18:30Ft 11',40 Ft 19.10Ft 11.10Ft 19.20Ft 21.50 "PI
1250Ft 20.5OFt 12.50 Ft 20.50 Ft 12.50 Ft 20.00 Ft 23.50 PI

0.39470 FliFt OOסס0,4 FtiFt 0.41050 FtlFt 0.36850·' FtlFt 0.44230' PUFt 0.37360FVFt 0.12740 FlIF.
6238 FI 62.47·Ft 61.75 F, 61.85Ft 61.48 Ft 51.48Ft 57.56 FI

8 In 8 In 8 In 8 If' 8 In 81n 81n
200 Ft 2.00Ft 2.00 Pt 2.oo·'t 2.ooF' 2.00 Pt 2.00 PI

21 54 Dey 21.80 OftU 22.32 Dog 20.23 Deg 23.86 Deg 20.49Oeg 7.26 Deg
2,1S'Ft 2,15Ft 2.16 Ft 2.13 Ft 2.19 Fl 2.14 Ft 2.02 Ft

6121 61.30 60.58 80,68 60.31 60.31 56.39
5855 ft 5695 ft 58.56ft 56.80 ft 58.59ft 56.67·'" 52.27·.ft~·

5640 ·Ft 5480.Ft 5640 FI 54.61Ft 56.40 FI 54.53Ft 5O.25.Ff~

'OOO·d. 2600 dft 1100 cf~ 1100 of. 400 cfs 4.00 cf. 4.00 cfS
5891 Ft 5898 FI 5887 Ft 68,8S'Ft 58.77Ft 58.79 FI 52.74 F'

828 Fpti 828 Fps 3 SOFptl 350Fps 127 Fp. 1.27Fps 1.27·.F"
1 05 Ft 105 Ft 019 Ft 019 Ft 0.02 Ft 0.02 FI 0.02 Ft

00t'25 Ft/Ft o 01125 FtlF't 000201 rtfFt 000201 FtlFt 0.00021 Ft/F, O.OOO27FtlFt 0.00027 FIIFI
050 050 050 050 0.50 0.50 0.50

1 , 1 1 1 1 1
0 13 FI o 21Ft 002 PI 004 'I 0,00 Ft 0.01 F, 0.01 Ft
053 FI 053 Ft 000 FI OOOFt 0.01FI 0.01 FI 0.01··Ft
1 05 Ft 105 Ft o 19 Ft 019't 0.02Ft 0.02 FI 0.02 Ft
110 Ft 1 78 Ft a 31 F, 032 Ft O.G4 FI 0.04 FI 0.04 Ft

6067 Ft 6076Ft Sg 18Ft 5920" 58.81 Ft 58.83 Pt 52.78 FI

26 DOd. 2600 ·cf. 1100 (;fs 11,00 efs 4.00··of8 4.ooms 4.00 cfa
460 460 1.94 1.94 0.71 0.71 0.71
1.0e· FtlFt 1,06 Ft/F' 0.81 FtlFl 0.81 Ft/Ft 0.42 FtlF' 0.42 Ft/Fl 0.42 FlIFt

58.52 Ft 5fl92 Ft 58.01 Pt 56.28 Ft 57.24 Ft 55.37' FI 51.09·FI

MORRISON-MAIERLE/CSSA.INC. 27..Qc1..94

CALCULATE FREEBOARD AND DEPTH OF BASIN:

Controlling Headwater Condition (Max. ofHwo or Hwi),
HW=

Freeboard (gutter..HW),FB- te· 01+12 .. HW
Headwater-Tailwater=
Headwater...crownEle
HGI..Slope=

58.81 FI
2.00 Ft
0.04 Ft
0.22 Ft

0.3223 0/0

58.83Ft
1.98 Fa
O.04Ft
2.17Pt

0.2122%

52.78Ft
".11 FI
0.04 Ft
0.52 Pt

0.1832 0/0
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GROVERSAVENUE STORM DRAIN

Inlet 8 Inlel9 Inlet 10 Inlet·11 Intet 12 Inl8113 Inlet·14 Inlet 15 Inlet 16 Inlet 17

rep rop rop rep rep rop rep rep rep rep

0.012 0.012 0..012 0.012 0,012 0,012 0.012 0.012 0.012 0.012

2410 24 In 38 In 24 In 38 In 24 ·10 24 In 24.ln 24 In 24 In
13.70 Ft 3O.10F' 18.60 FI 18;30 FI 29.10F' 28.10'" 27.50 PI 15.30 Ft 27.80Pt 15.30 PI

15.50 Ft 31.00 FI 18.50" 18.50F' 3(150 Ft 30.50" 3O.50Ft 18.50 Ft 3O.60P' 18.50 FI
0.31240 FtlFt 0.07730 FtlFI 0.00330 PtlFt 0.08..70·PII', 022590· FtlFl O.23680FtlFl 0,HM90FtlF1 0,22160 FtlFl 0.18ODO FUFf 0.21310 FUF'

57.60 FI 53.60 PI 55,81 .. F' 55.63Ft 55.04.·FI 55.50FI e.,14FI 54.66 Pt 53.82Ft 53.SO·"
81n 0 In 81n 8 In 8 In 8 tn 8 In 81n 81n 8 In

2.00 Ft 2.00 F. 3.00F' 2.00 Ft 3.00 Ft 2,00 F1 2,00." 2.00 F. 2.00F' 2.00 Ft

17.35Deg 4,42 Oeg 5.33 0'0 4.84 Oeg 12.73 Oeg 13.27 Deo 11.03···..Deg. 12.50 ·Ceo 10.16Deg 12.03 Ceo
2.10 Ft 2.01 F, 3.01·Ft 2.01·'t 3.08·F. 2,05 FI 2.04 FI 2.06··PI 2.04 PI 2.04FI

56.43 53.10 64.64 5A,46 53,87 $4,42 52,97 53.49 52.65 52,63

54.20 ft 52.07ft 51.14 n 40.Q.4 n 52,51" 52.00n 5O.98ft 48.03 It 50.31 ft 48,25 ft

52.10 Ft 50.06 Ft 48.13 Ft 41.93 Ft 4949Ft 60.04" 48.MFI 48,88 Ft 48.27 FI 48,,21Ft
4.00 cfs 5.00018 52.50 of. 30,00 (If. 5250 of. 30.00 of. 20.50 ofa 20.50 cf. 12.60 ofa 12i.50cfs, 52.74 Ft 49.90 Ft 51.06 F. 5ttt3 F' 6O.73Ft &O.81F' 60,61 F. 50.80 Pt 50.16 Pt SO.58 ··FI

~
1.27 Fps 1.59 Fps 7.43·Fpa O.55Fpe 7.43 Ppe 8.56 .Fpa 8.53 Fps 8.53 FJ>' 3.98 Fpa 3.98 Fps

0.02 Ft 0.04 Ft 0.86 Ft 1.40 Ft 0.85 Ft 1.40·F1 0.65 FI 0.85 FI 0.24 FI O~24 FI

0.00027 FtlFt 0.00042 FtlFt 0.00528 .FIIFt 0.01498 FtlFt O.OO528FtlFt O,01498FtlFt 0.006. FlIFt 0.00699 .FtlFt 0.00280 ·FtlFt O.OO280FtIFt

0.50 0.50 0.50 0.50 0.50 0.50 0,60 0.50 0.50 0.50
1 1 1 1 1 1 1 1 1 1

0.00 FI 0.01F' O.OOFt 0.24 PI 0,15 Ft 0.43FI a.19Ft 0.11 Ft 0.07 Ft O.04·FI

0.01 Ft 0.02FI 0.42 F' 0.70 F, 0.42F, 0.70 F, O.33Ft 0.33 Ft 0.12 FI 0.12Ft

0.02 Ft O.04Ft 0.85 Ft 1.40 F' 0.85 FI 10401'1 a.65Ft 0.66 Ft 0.24.Ft 0.24 FI

0.04 FI 0.07 Fl 1.38Ft 2.34 Pt 1.42 PI 2.53 F1 1.17 FI 1.0SrFt O.44Ft O.40Ft

52.78Ft 49.97 Ft 52.42 Ft 53.27Ft 52.15 FI 53,14 F. 51.78Ft 51.88 F, 51.00·F' 5O.98·FI

4.00 cfs 5.00 efa 52.50 efa 30.00 ef. 52.50 cf. 30,00 of, 20.60··cfa 20,50· ofa 12.50 of, 12.50 ets

0.71 0.88 3.37 5.30 3,37 5.30 3.62 3,82 2.21 2.21

0.42 FtlFt 0.49 FtlFt 1.10 PUF' 0.65 FtlFt 1.10·FVFt 0.65 "tlFt 1.13 FVFt 1.13·FlIFt 0.87· FtlFt 0.87 FtlFt

52.94 Ft 51.04 FI 51 ..44Ft 49.23 PI 52.80. Ft 51.34·"t 51.21 PI 49.15<FI 50.01 Ft 47.95FI

52.94Ft
4.00 Ft
O.20·.Ft

-1.26 Pt
1.2753%

51.04 Ft
2.56 FI
1.14 FI

-1.02 PI
3.8888 %

52.42 FI
2.73 'FI
1.38 Ft
1.21 Ft

7.3377%

52,80 F.
1.57 FI
2,07 FI
024 Ft

6.7931 %

53.14 Ft
1.18 Ft
2.63 Ft
1.05 Ft

8,3047%

51.18 Ft
1.89 FI
1.17 Ft
0.81 Ft

3.8451 %

51.00 FI
2.16 Ft
0.44 Ft
0.89 Pt

1.4307 %
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GRaVERS AVENUE STORM DRAIN

Inlet 18 Inlet 19 Inl6120 Inlot 21 Inlet 22 Inl.t 23 Inlet 24 Inl.t25 Inlet 26 Inlet 27
rep fep rep re" rep rop rep rep rep rep

0.012 0.012 0.012 0.012 0,012 O.C)12 0.012 0.012 0.012 0.012
24 In 24 In 24 In ae In 36 In 24 In 24 In 24 In 24 In 24'10

27.70 Ft 15.50 FI 21.30 FI 23.4$0 FI 1470 Ft 23,30Ft 14,80 Ft 23.30 FI 14.80 PI 7.00 Pt
30.50 Pt 18.50 FI 22:00 FI 24.50 ftt 1650 Ft 24.50'" 18.60 Ft 241;50 " 16.50 FI 7.00 PI

0.21260 FlIF. 0.25610 FtlFt 0.92100 FtlFt ooסס0.0 FtlFt 0.48440 FtlFt ,ooסס0.0 FWt 0.48840 FIIPI ooסס0.0 FtlFt 0.46030 FtlFt ooסס1.0 'FUFt
53.42 Ft 53.42 Ft 51.19Ft 51.29 Pt 6122 FI 5O.76F' 5O.87Ft 50.46 Fe 50.~ FI 47.93 Pt

8 In 8 In 8 In 8 In 8 In 81n 8 In 81n 8 In 8 In
2.00 Pt 2.00 Ft 2;00 FI 3.00 Fl 300 Fe 2.00FI 2.00 Fa 2.00 PI 2.00 Ft 2.ooFt

12.00 Deg 14.37 Deg 42.65 Oeg 0.00 Deg 25,85Oeg 0.00 Oeg 26.03 0.0 0.00 Oeg 24.72 o.g 45.00Deg
2.04Ft 2.06 Ft 2.72 F. 300 Ft 333 F. 2.00 Fl 2.23F' 2.00 Ft 2.2O'Ft 2.83 FI, 52.25 52.25 50.02 5012 5005 49.59 49.50 49.29 49.29 4ft76

50.41 ft 48.43 f1 48.65 n 49.83 ft 4766 ft 48.87 n 46.80 ft 48.21 " '-&.81 ft 48;.78 ft

~
48.37 FI 46.37 FI 45,93F. 4863 Ft 4433 F' 48.87 Ft 44,31 FI 46,21 Ft 43,'-1 Ft 43.93 F.
12.00 cfs 12.00 ofs 3.00 of. 4000 cfa 40.00 cf. 19.50 of. 19,50 of. 18,50 me 18.50 of. 8.00 cfs, 50.52 'Ft 50.61 FI 45.70 Ft 47,41 FI 4740 F. 47,31 PI 41.29 Ft 41.20F' 47.18 FI 4~.29 FI

3.82 Fps 3.82 Fps 0;96 Pp1l 5.66 P,,. 5 ee Fptl 6.21 F,. 6;21 Fpe 1.91·Fps
0.22 FI 0.22 F, 0.01 FI 049 PI 049 PI OJSDFt 0.59 FI 0.06 Ft

0.00240 FtlFt 0.00240 FVFt 0.00015 FllFt 0.00306 PUFt 0,00306 FtlFt 0,00033 FIIFI 0,00633 Ft/Ft 0.00060 FIIF.
0.50 0.50 0.50 0.50 0,50 0.&0 0.50 0.50

1 1 1 1 1 1 1 1
0.07 FI 0.04 FI 0.00·" 0.07 ,. 0.05 PI 0;15 F. O.09r, O.OOFt
0.11, FI 0.11 Ft 0.01 P. 0.25 Pt 0.26 Ft 0.30 FI 0.30 FI 0.03 Pt
0.22 Ft 0.22 Ft 0.01F' 0.49 FI 0.49 FI 0,S9 FI 0.59 Pt 0.08 PI
0.40 Ft 0.37 Pt 0.02 Ft 0.81 F, 0.78 Ft 1.03Ft 0.98 FI 0.09 Ft

50.92 Ft 5O.88'Ft 45.81 Pt 48.22 Ft 48.18 Pt 48.34 Ft 48.27 Pt 44.38 Ft

12.00 cfs
2.12
0.85 PtlFt

50.07 Pt

18.50 of.
3.27
1.09 FtlFt

45.69 PI

8.00 cfe
1.06
0.56 FtlFt

45.04 Pt



- - - - - - - -- - - - - - - -
GROVERSAVENUE STORM DRAIN

Inlet 28
rep

0.012
2410

8.40F.t
8.40 Ft

OO0סס.1 FtlFt
47.64 Ft

81n
2.00Ft

45.00Deg
2.83Ft

46.37
46.37 ft
43.54Ft

7.00 efs
44.04·Ft

2.23·Fps
0.08 Ft

0.00082 FtlFt
0.60

1
0.01 Ft
0.04 Ft
0.08 Ft
0.12 Ft

44.16 Ft

7.00 efs
1.24
0.61 FtlFt

44.77 Ft

44.77 Ft
2.11 Ft
0.73 Ft

-1.60 FI
8.6666 0/0

Inlet 29
rep

0.012
24 In

40.00Ft
38.00 Ft

0.03550 FtlFt
46.00 Ft

Otn
2.00.FI
2.03 Deg
2.00Ft

45.50
45.00 ft
~.OO·Ft

3.00ofs
44.70FI

0.96 Fpe
0.01 FI

0.00015 FtJFI
0.50

1
0.01 Ft
0.01 Ft
0.01 Ft
0.03 Ft

44.73FI

3.00' afs
0.53
0.34 FtlFt

43.67 Ft

4-.,73 FI
1.27 F'
0.03 Ft

·O.27Ft

Inl.t .Hydra:ullcs
Gutter Elev • HHdWtl'.' e,.v

4.5r' 1

~ 1:t.·..! .,..1 -•.1. \). 0;v/-, II

~1 1. 1

C>os11·'3'!l'j 'Ii 'It''3'1;''7'lQ',; "'3',5"'1' I
Inlet Number I

I
I

Inlet HydraUlics
Headwater Elev • ra/lwrlt.r Elev

3r 1
> 2& Jl II·

<U " / \

~1:·~ j\'\ l I

1 3 5 1 9 11 11 15 11 1g 21 23· 25 27

Inlet Number

MQRRISON-MAIERLElCSSA,.INC. ·27..oct..94



6.83 Ft

0,707
0.638

0.27
2.67
50 lbsJlf/Oia

1.59
251

8,207 lbsIL.f

8.698 LbsILf <

137 Pst
4.83 R

12,113 lbs

0.707
0.638

0.26
2.65
50 'lbsILfIDia.Ft

1.75
275

9.007 l..bsJLf

9,445 LbSIU

29.31 A
710 LbsIt.f

10.33 A

0.707
0.638
0.31
2.82
50 l.bsIlfIDiaA.

1
19

1,150 LbsJI...fIDiaFt

0.93
1.46

14,224 lbsIl..f

14,934 lbsIlf

33.42 R
516"lbsJtJ

10.33 Ft

0.707
0.638
0.29
2.73

1,000 LbsILfJDia.Ft

48,00> lbs
1

22.49Ft
23.33 R

0.7
1.21
1.91

14.91 R
0.26
0.00

14.91 Ft
0.60

18.543 LbsIl.f

19.059 .LbsJLf

1
1.9

1,450· ,L.bsIl.VOIa.R

92 Pst
8.33 R

17,234Lbs

1.21
1.91

18,543 LbsJlt

'19,059. LbsJlf

,. TRENCH CONOfTIONS:
DEAD LOAD ([1) (~ 44):
Mimimum Trenctl Wdh =
Compute the transition~ far trench loading :: positive
projecting loading using Fag. 4. 11 t page 4-17,

rsd • p =Settlement • Projection, ratio =
HId =Height d cover I diameter ::
Q; :: load coefrdenl· positive projection ::
TryTransition Width (tw) ::
j=2~::

err :: (1-exp(i)f'tw'2J(Tku}-Cc·(1A2 ::
Design WIdth (b) ::
Cd =(1-ep(.~»)f(:MaI) ::
Ol.::Cd·w·b"2=
TOTAL. LOAD (TL):
TL=LL+[)L::

MINIMUM REQUIRED PIPE STRENGTH (4-07 - 4-68):
safety Factor (SF) =
Bedding Factor (SF) ::
D-LOAD ::TllSF • SF / (Q#12) ::

LF=
D-load :: TL ILF· SF I (0/12) ::

2.. POSmVE PROJECTION CONDmONS (4-12. '4-17):
DEAD LOAD (CL):
Hid =
Cc :: Load coefiCient, positive projection ::
OL =Cc·w· d"2::
TOTAl LOAD (TL):
TL.::Ll+Dt..=
MtNIMUMREQUIRED PIPE STRENGTH (4-67- 4-68)
safety Factor (SF) :: 1
Load Factor .(IF): <Po 4..s3 - 4-64)

LF :: 1.431/(N-xq)
Where: N=

x=
q =pKlCc(Hld+pI2) =

LIVE LOAD 00 EFFECTIVE PLANE AT TOP OF PIPE (U..)(Pg. 4-38 - 443):
Critical fiS.20 baciI
p= Point load =
IF =Impaet factor =
L =Length of pIcIne =
w= Wdhdplane =
Pavg =Averaoe~.8ctir

:: P·IF/W/L::
5 :: EIJee:ti¥e' WkIh ::
VVt :: AdNe ,weight on pipe::~, • L ·5 =
Le =Bfeetive~ length cI pipf!

=L+ 1.75·(.75·c:f}=
Ll=vvt/Le=

GROVERS AVENUE STORM DRAIN LATERAL
MAIN l1NE AND CONNECTOR PIPE CAlCUlATIONS
LOADING ON RIGIO CONCRETE PIPES.
RE: Concrete Pipe Handbook, ACPA, 1988.'Chapter 4.
======== . ,.' ======

For design use the greater Of D-loads for trench and positive
projecting conditions,

--------- --.- '-,--'--.-' --'- -.-'-

I

I

I
I

I

I

I
I

I

=====================~===================================-~I
D-Load = 1,450 LbsIlflDia.Ft 1,150 LbsJLfJDia.Ft. 1,250 LbslUlDia.Ft

======= =======

1,150 . LbsIL

================

I
I



I

10.33

84
8

8.33
6.64
0.6

0.1924
0.32
0.7

1
140
1.9

0.707
0.638

1

48.(0)
1

16.45
17.29

28th 84-"
Sta 2+62
rep

10.33R

29.17 A
719 l..bs4.f

1,150

84 In
81n

8.33 A
7.66 Ft
0.6

0.1924
0.32

Q.7
1

140 Pel
1.9

0.707
0.638

1

48.(XXl l.bs
1

18.23 A
19.07 Ft

0.707
0.638

0.31
2:83
50 LbsIl..fIDia.'Fl

0.7
0.92
1.45

14.51Ft
0.20

...Q.oo
14.51Ft
0.48

14,On LbSILf

14.796 Lbs4..f

1
1.9

1,150 L.bsIl...fIDiaFt

0.92
1.45

1;4,OnLbsltf

28th tw Max CYr
Sta. 1+-03
rep

================

LbslLflOia.Ft.1,450

0.707
0.638
0.26
2.66
50 LbsIL.f1Oi8.A.

60 In
8Jn

6.00 R
10 R

0.6
0.1924

0.32
0.7

1
140 Pet
1.9

0.707
0.638

1

8.00 A

93 Pst
6.00Ft

12,460' Lbs

30.2 A
413 l.bsIlJ

48JXXl Lbs
1

2233 A
23.17 A

0.7
1.67
263

11.17 A
0.34
0,00

11.17Ft
0.76

13~232 LbSJLf

13,645Lb&1l.f

1
1.9

1,450 l.bsIlf1DiaR.

1.67
263

13,232 LbsIl..f

13.645 l..bs4.f

26th f!I.r Min CYr
Sta.2·39
rep

================

LbsILflDia.Ft.1,650

0.707
0.638
0.26
2.63
50 '"lbsIl1/Oia.Ft

1
1.9

1;650 lbsIl..fIOia;A.

800R

60 In
61n

6.00 R
11.59 R

0.6
0.1924

0.32
0.7

1
140 Pet
1.9

0.707
0.638

1

48,(0) Lbs
1

25.11 Ft
25.95 A

74 Pst
6.00 Ft

11.150 Lbs

32.99 R
338 LbsILf

15,674 LbSJU

0.7
193
304

t1.42"Ft
039
000

11.42 Ft
0.84

15.336 LbsJLf

1.93
3.04

15,336 LbsIl.f

15.674 Lbs/Lf

26th 60" Max CYr
Sta 1+04
rep

LbsII...fJDia.Ft

0.707
0.638
0.25
2.63
50' LbsJUIDiaFl

1.98
3.12

7.892 LbsIU

8,289' lbsIl.f

6.25 A

120 Pst
4.25 A

9.978 lbs

25.14 A
397 Lb$Ilf

0.7
1.98
3.12
8.12 A
040
0.00
812 Ft
0.86

7.892 lbsIlf

8.289 LbsltJ

1
1.9

1.250 ',lbsll.f/OctR",c

.1,250

42 In
4_5 In

4.25 R
8.42 A

0.6
0.1924

0.32
0.7

1
140 Pet
1.9

0.707
0.638,

48.000 Lbs
1

19.56 A
2O.40R

Ml4T MinCvr
sta. 43+31
rep

======== :::'======

48,CXlO lbs
1

20.23 Ft
21.07 A

113·?sf
4.25 A

9,715 lbs

25.81 R
316 lbsIU

0.7
207
3.26
8.18 Ft
041
000
818Ft
088

8,248 LbsILf

8,624 L.bsILf

1
1.9

1.n LbsJUIDiaR

2.07
3.26

8.248 lbslLf

8.624 Lbs1lf

6.25 A

LbSlLflDia.Ft

0.107
0.638
0.25
2.62
50 lbsIlfIDia.A.

42 In
4.5 In

4.25 Ft
8.8 A
0.6

0.1924
0.32

0.7
1

140 Pet
1.9

0.707
0.638

1

wI.. 42"Maxevr
sa. 38+00
rep

I

I
I

I
I
I

.Ft

I
flDiaFt

I
I

I

I

I
I

I

I

I
I



8.947 lb&ILf

1
1.9

1,200'LbslLfJOfitFt.

0.7
1.64
259
89ElFt
034
000
898Ft
075

8.474 LbsJ1.J

48 In
5 In

4.83 Ft
7.95 A
0.6

0.1924
0.32
0.7

1
140 Pet
1.9

0.707
0.638

1

6.83, Ft

48.(xx) lbs
1

18.74 Ft
19.58 A

131 Pst
4.83 Ft

11.859 Lbs

25.09 R
473 LbsIU

30th 48"MaxCvr
StaO+96
rep

1
19

1.200 'lbsIUIDia.R

07
3.00
473
515Ft
056 '
000
5.15 A
112

4, 135 LbsILf

4,435" Lbs/lJ

3.83 Ft

142 Pst
2.50 A

6,374Lb&

21.24 R
3CX) 'lb&ILf

24 In
31n

250Ft
7.5 A
0.6

0.1924
0.32

0.7
1

140 Pel
1.9

0.707
0.638

1

48.CXXl lbs
1

17.95 Ft
18.79 A

29th 2.r'Min 'OW
Sta.1+26
rep

24 In
3 In

2.50 A
8.45 R
0.6

0.1924
0.32
0.7

1
140 Pet
1.9

0.707
0.638

1

48,000 Lbs
1

19.62 Ft
20.46 A

120 Pst
2.50 Ft

5,885 Lbs

22.9 A
257 lbsIU

3.83Ft

0.7
3.38
5.32
5,28 A
0.62
0.00
5.28 R
1.20

4,659 LbsIlf

4';916" LbsIU

1
1.9

. 1.300lbsIUIDia.Ft

29th 24- Max Cvr
$fa 0+96
rep

8.00 A

1
1,9

8501..bsJU/De.Ft.

0.7
0.89
1.41

1042 Ft
0.20
0.00

to.42Ft
0.47

7,092 LbsILf

7,957 'LbsJLf

48,CXXll.bs
1

14.21 R
15.05 R

224 Pst
6.00 R

19,098 Lbs

22.08 A
865 Lb&Jlf

28th ecr Min Cvr
Sta. 4+06
rep

0.7
1.11
1.74

10.63 A
0.24
0.00

10.63 A
0.56

8,786 LbsJlf

B.OlR

169 Pst
5.00R

16,680lbs

24.32 R'
686 tbsIlf

28th f!Af Max Cvr
Sta. 2+62

rep 'eo In
61n

6.00 A
6.64 R

0.6
0.1924

0.32
0.7

1
140 Pcf
1.9

0.707
0.638

1

4inCYr

I Pet

I
I

Ft
A

Pst
Ft

I
l.bS

R
l.bsIU

Ft

I Ft

I
I

I

=======.: .========

lbsllflOia.Ft.1,200

1.64
2.59

8,474 LbsIl.f

8,947Lbs1Lf'

0.707
0.638
0.27
2:66
50' l.bsILfIDia.Ft.

================

lbsIlflDia.Ft

3.00
4.73

4,135 lbsJU

4,435 LbsILf

0,707
0.638

0.24
258
50 LbsILfIOia.'A.

1,200

===============
lbsILflDia.Ft1,300

0.707
0.638
0.23
2.56
50 ",LbsILfIOia.A-

3,38
5.32

4,659 lbsILf

4;916 lbsILf

================

~ll-

lbsILflDiaFt850

0.707
0.638

0.32
2.84
50 LbsILfIOia.Ft

0.89
1.41

7,092 LbsJLf

7,957 lbsILf

=======.=======

lbsILflDia.Ft1,000

1.11
1.74

8,786 LbsIl.f

9,472 '-LbsIl.f

0.701
0~638

0.30
2.76
50 t.bsILfIDia.Fl

I
LbsIU

I LbsJt.f

I
I

LbsILfIOia.A-

I
lbsILflDia.Ft

==,==.===

I
I



0.1
3.01
4.74
5.15 R
0.56
0.00
5.15 A
1.12

4. 1.51 lbsIU

4,449. lbsll..f

3.83-R

24 In
31n

2.50 R
7.53 R
0.6

0.1924
0.32
0.7

1
140 Pet
1.9

0.707
0.638

1

48.00J lbs
1

18.01 R
18.85 R

0.7
2.J17
3.26
6.52 A
0.31
8 fit
6.52 A
0.68

4,064 l.bsILf

2.07
3.26

2,850 lbsJl.f

3,325 lbsILf

1
1.9

1,200 L.bsIl.fIDi8.A.

24 In
31n

2.50R
5.17 R
0.6

0.1924
(132
0.7

1
140 Pd
1.9

0.707
0.638

1

48.(00 lbs
1

13.88 A
14.72 R

3.20
5.03

4,405 lbsIlf

4,682 lbsILf

1
1.9

1,750 l.bsIlfIDia.R.

0.7
3.20
5.03
6.96 R
0.44

13.51
6.96 A
0.93

6,297 LbsA.f

6.S74 LbsILf

130 Pst
2.50R

6,114 lbs

22.a1 R
In. lbsILf

48.(00 lbs
1

18.81 A
19.65 A

3.83 R

1.39
2.19

1,919 l.bsIU

4.586 lb6Ilf

0.7
1.39
2.19
4.55 Ft
0.29
0.00.
4.55 A
0.66

1.,919 l.bsIU

2.S86 Lbs1l.f

1
1.9

700 l.b6A..fIDIa.A.

32.(XX) lbs
1

6.92 A
11.76 R

393 Pst
2.50 R

6,799 lbs

10.2 A
f!S7 lbIIlf

3.18
5.00

4,377 LbsILf

4.656 lbsIl.f

1
1.9

1,250 l.bs4JJDiaFl

1
1.9

1,100 lbsIUIOia.Fl

1.50
2.36

7,717 lb&Ilf

8,249 lbsllf

0~7

1.50
236
887 A
0.31
0:00
887 A
010

7,717 lbsJlJ

8,249 LbsllJ

0:707 0.707 0.707 0.707 0.707 0.707
0.638 0.638 0.638 0.638 0.638 0.638

0.27 0.24 0.28 0.24 0.25 0.24
2.68 2.57 2.70 2.57 2.62 2.58
50 t..bsILfJDia.R 50 LbsIJ...fIDiaR 50 LbsIl..fIDi8.Ft. 50 l.bsIUJDia.Fl 50 L.bsJI..fIOiaFl 50 tbsIl.flOia

------ -.----- ------ ------ ------ ------

I

I

I
I
I 48tn

51n
4.83 R

I
7.24 R
0.6

0.1924
0.32

0.7
1

I 140 Per
1.9

0.707
0.638

1

I ------ ------
48,(X)() lbs 48.CXX> lbs

1 1

I
17.50 Ft 18.72 A
18.34 R 19.56 A

150 Pst 131 Pst
4.83 A 2.50 R

I
12,619lbs 6,132 'lbs

23.84 R 22.01 A
532 lbsU 279 lb&Ilf

I
I

I
I

I
1j200 LbsIlflDia.Ft

======== ========
1.750 t..bsILfJDia.R.700 lbSILfJDiaF't1.250 lbsILflDia.Ft

=============
1.100 LbsII..flDia.Ft

======;:::----=:I
I
I



CP6 ..ax
Sta 1+67
rep

LbslLf/DiaFt.1,200

24 In
31n

2.50 R
7.49 A
0.6

0.1924
0.32
0.1

1
140 Pet
1.9

0.707
0.638

1

48.CXXl lbs
1

17.94 Ft
18.78 R

143 Pst
250 A

6,413 lbs

21.22 Ft
302 lbsIlf

4,431 LbsJU

1
1.9

1.200 L.bsJl..fIDiaFl/·

3.00
4.72

4, 129 LbsILf

4,431 L.bsIL.f

0.701
0.638
0.24
2.58
50 LbsILfIDiaFt.

3.83 A

CP5 MaxCYr
$ta.1+62
rep

======== =======

LbsILfIDiaFt850

0.707
0.638
0.26
2.64
50 LbsILfIDia.Ft

1
19

850 LbsJlfIOia.R

1.87
295

2,580 LbsILf

3,1 11 LbsIlJ

266 Pst
250 A

8.658 Lbs

16.3 Ft
531 LbsJU

3.83 Ft

0.7
1.87
295
4.73 Ft
038
000
473 Ft
082

2;58:) LbsIU

3,111 LbsJU

24 In
31n

2.50 Ft
4.68 Ft
0.6

0.1924
0.32
0~7

1
140 Pet
1.9

0.707
0.638

1

-\3 ~

48.(0) lbs
1

13.02 Ft
13.86 Ft

CP4MinCW
Sta. 2+01
rep

l.bsII..fIDia.Ft.1,200

3.83Ft

140 Pst
2.50 A

6't345 lbs

21.41 A
296 LbsIlf

3.04
4.79

4,190 LbsILf

4,486 LbsIlf

0.7
3.04
4.79
5.16 A
057
0.00
516Ft
1.12

,4.1.90 lbsJlf

4,486 LbsIU

1
1.9

.·1,200· Lbstl..fJDra.R.

48,000 Lbs
1

18.13 A
18.97 Ft

================

lbsILfJDia.Ft700

3.83.Ft

568 Pst
2.50 A

8,261 Lbs

9.1 A
908 lbsIlf

'2,479 LbsIlf

32,000 Lbs
1.1

5.82 A
10.66 Ft

================

I
I
I
I
I
I
I
I
I
I
I
I
I

flDia.Ft

I



283Psf 148 Pst
2.50 Ft 2.50 Ft

8,927 .l.b5 6.501 l.bs

15.9 Ft 16.53 Ft 20.85 A
561 Lb&tU 515 tbsJlf 312 l.b&Ilf------ ------ ------ -----'_.- ------
3.83 Ft 3.83 A 3.83 Ft 3.83 Ft 3.83 Ft

0.7 0.1 0.7 0.7
1.18 2.90 1:92 1.20
2.80 456 3.03 1.89
4.70 Ft 5.11 Ft 4.75 Ft 4.47 Ft
0.36 0.55 0.39 0.26
0.00 0.00 0.00 0,00
4.70 Ft· 5.11, Ft 4.75 Ft 4.47 Ft
0.79 1.09 0.84 0.59

2,453 lbsILf 3,992 LbsJt..f 2,652 .LbsJl.f 1,654 l...bsILfi.

3,014 L.bsI,U 4,306 ·LbsIlJ 3,167 LbsILf 4,326 LbsIU

1 '1 1 1
1.9 1.9 1.9 1.9

«Xl. LbsIL.fIOiaFt. 1,150 Lbs/t.f/Dia·Fl 850 LbsJlfIDiaR. 1~150 l.bsIl.fIDia.Ft
------ ------ ------. ------

1.78 2.90 1.92 2.91 1.20
2.80 4.56 3.03 4.59 1.89

2,453 LbsILf 3,992.- LbsILf 2,652 lbsILf 4,014 LbsIl.f' 1,654 lbsILf

3,014 t..bSIl..f 4,308 ..~ 3,167 .LbsIl.f 4.326 lbSJIJ 2.515 LbsIl.f

0.707
0.638

0.26
2.65
50 l.bsIUIDia.Ft.

0.707
0.638

0.24
2.58
50 LbsILfIDia.R.

0.707
0.638
0.26
2.63
50. L.bsILfIDia.Ft.

700

0.701
0.638
0.29
2.74
50 .L.bsIl..fIDi8.Ft.

LbsILflDiaFt.

0.707
0.638

0.24
2;58
50 LbsJlfIDiaR.

1,150lbs/LflDia.Ft.850LbslLflOia.Ft.1,150LbsILflDia.Ft.800

================ ============= =============== ====== ====-.-=:: ===========



I

I

I

3.83 A

2.08
3.28

2,867 LbsIlf

3,338 LbsIlf

3.984 'Lb$Il..f

2.63
4.15

3,628 LbsILf

3,984, LbSILf'

1
1.9

1,050 l.bsIl...fJ[)iaFl.

16.96 R
799 lbsIlf

1
19

750 lbsILfJDiaA.

4,179 lbsJlf ~

0.7
1.14
1.80
652 Ft
0.25
0.00
6.52 A
O~57

3,380 LbsIlf

1.14
1.80

3,380 LbsIlf

4,179 LbsILf

0.7
1.56
246
6.n A
0.33
0.00

·s.n Ft
c.n

4.625 LbsJLf

5,196lbs1U

1
1.9

950 lbsILfJDiaA.

1.56
2.46

4,625 LbsILf

5.196 LbsIl..f

206 Pst
3.67 Ft

11,219 Lbs

19.65 R
571 'LbsIlf

1
1.9

700 ,lbsILfJDia.Ft

6.81 R
1,685 ",lbsIl.f

0.62
0.97
849 Lbs1Lf

0.7
0.62
0.97
422 A
0.14
·0.00

. 4,22 Ft
0.34
849 i..bsJLf

2,534 ' l.bsIU

2,534 LbsILf

3.83 R

0.7
3AO
5,35
5,28 A
0.62

..Q.OO
5.28 A
1.20

4.681 LbsIU

4,936 ,LbSILf

119 Pst
250 R

5,851 lbs

22.97 Ft
255 "LbsIl.f

3.40
5.35

4,681 l.bsILf

4,936 LbsIlf

'I
1.9

1,300. ,lbsILfJDiaFl

48,000 Lbs
1

19.69 A
20.53 A

I

I
I

I

I

I

0.707 0.101 0.707 0.707 0.707 0.707
0.638 0.638 0.638 0.638 0.638 0.638

0.23 0.37 0.27 0.29 0.24 0.25
2.56 3.03 2.67 2.75 2.59 2.62
50 lbsIl1JOia.Fl 50 LbsILfIDia.Ft 50 LbsILfIDia.Fl 50 lbsIl..fJDia.Fl 50' lbsll.fJDiaFl 50 lbsILfJDia------ ------ ------ ---'--- -'-'---'- ----,,--

I
I
I
I
I

1,300 LbsII...fIDia.Ft 700 LbsILflDia.R 950 LbsILflDia.Fl

================

750 LbsILfIOia.Fl 1,050 LbsllffDia.Ft

=='==== ========



24 In
31n

2.50 Ft
8.06 A
0.6

0.1924
0.32

0.7
1

140 Pet
1.9

0.701
0.638

1

3.83

32,OOJ
1.1

5.55
10.39

1
1.9

1,250 lbsIl.fJOIa.Ft

3.83 Ft

48,()(X) Lbs
1

18.93 A
19.n.Ft

1
1.9

650 l.bsIt.fJOra.R

0.707
0.638

0.29
2.73
50 L.bsIl.fIOia.Ft.

3.83 A

1.22
1.92

1,682 LbsILf

2,450 lbsILf

0.7
1.22
1.92
448 A
026
0.00
4.48 A
0.60

1,682 J...bsILf

2.450 LbsJlf

0.7
3.19
5.02
5.21 Ft
0.59
000
5.21 A

,1.16
4.394 LbsIlf

4l 671' LbsIU

0.707
0.638
0.24
257
50 LbsIUIDia.A.

3.19
5.02

4,394 LbsIlf

4.671 lbsILf

1
1.9

1,250 L.bSILf1Dia.R

9.23 A
1,512 L.bsIl.f

0.56
0.88

1,658 LbsIlf

3,170 lbsILf

.3,170 ·LbsIU

1
1.9

eoo .. ;lbsIlfJDia.Ft

20.81 R
502 LbsJlf

5,661. LbsIU

1
1.9

1,00:> ·lbsIlfJDia.R

1.74
2.74

5.159 lbsILf

5,661 lbsILf

48,000 lbs
1

15.99 Ft
16.83 R

.R
I

I

I
I

I
I
I
I

I
I
I

flOia.Ft. 1,000 t..bsIl..fI[)ia.Ft LbSIl..fIOia.Ft. 1,250 650 LbslLfJDia.Ft.

================



3.83 A

0.707
0.638
0.23
2.57
50· lbsILfIOia.Ft

0.707
0.638
0~29

2.73
50 lbsILfIDia.Ft

650

3.83 A

9.45 A
768 l.bsILf

1.22
1.92

1,682 LbsILf

2,450 1..bsIIJ

0.7
1.22
1.92
4.48 A
0.26
0.00
4.48 A
0,60

1,682LbslLf

2.450' LbsIl.f

1
1.9

'650 1.bsI'JJOiaFt

lbsILflDia,Ft.1,300

3.32
5.22

4.570 lbsJl.f

0.707
0.638
0.23
2.57
50 LbsIl..fIOiaFt

3.83 R

0.7
3,32
5,22
5.25 A
0.61
0.00
5.25 R
1.18

4,57:0 LbsJLf

4,833, LbsILf

1
1.9

1,3CXl lbsILfIDia'Ft

========---===

LbslLflDia.Ft900

1
1.9

9CX)- 'LbsIl..fIOiaR

0.707
0.638

0.25
2.62
50 LbsIl..fIOiaFt

2.11
3.33

2,911 lbsILf

3.375 LbsJU

===========

LbsILflDia.Ft1,350

---'---

lbs

I
I
I
I A

I Ft

I
------

I 3.47
5.46

LbsIlf 4,780 LbsILf

I
I

LbsIl..fIOiaFt



0.707
0.638

0.26
2.64
50 L.bsJLfJDia.Ft.

0.707
0.638
0.23
2.56
50 L.bsJLfJDia.A.

0.707
0.638

0.30
2.79
50 l..bsIl.fIOiaFl

------ --'--,--
48,000 L.bs 48,000 I..b$

1 1

I 13.74 Ft 26.18 R
14.58 A 27.02 Ft

240 Pst 120 Pst 656 Pst 68 PsI
2.50 Ft 2.50 Ft 2.50 R 2.50 R

I
8,242 Lbs 5,880Lbs 8,680 l.bs 4,451 lbs

17.02Ft 22.88 A 8.57 Ft 23.02 A 16.07 A 29.46R
484 L.bsJl.f 257 LbsIl.f 1,013 Lb$4.f 253 L.b6Il..f 547 l.bIiJl.f 151 l..bIIl.f

-----,-- ---'-'-- ------ ------ ----,-- ------
3.83 Ft 3.83 A 3.83 A 3.83 A 3.83 R

0.7 0.7 0.7 0.7 0.7 0.7
2.04 3.38 1.02 3.41 1.82 4.88
3.21 5.32 1.61 5.37 2.87 7.69
.tao Ft 5.27 Ft 4.39Ft 5.28 A 4.11 A 5.76R
0.41 0.62 0.22 0.62 0.37 0.82
0.00 0.00 0,00 0,00 0.00 0.00
4.80 R 5.27 Ft 4.39 A 5.28 A 4.71 R 5.76 Ft
0.87 1.19 0.52 1.20 0.81 1.45

2,806 L.baIt.f 4,653 LbsIl..f 1.406 lbsILf 4,697 Lbs1l.f ~509 LbSIl..f 6,726 l...bsIt..f

3,290 l.bsIlf 4.910 lbsIlf 2,4'19LbsIU 4,950 LbsIU 3,056 LbsIl.f' 6.877 lbsIl.f

I 1 1 1 1 1 1
1.9 1.9 1.9 1.9 1.9 1.9

SDJ l.bS1t..fJDia.R. 1,300' LbsIl.fIOia.Ft. 650 'l..bsIl.fIOiaR.. 1,350 lbsIL.fJDia.R. 850 LbsIl.fIOia.R. 1.850 LbSIl.f/[.)iI

--'-'-'-- ------ ------ ------ ------ --'--'--
I 1.02 3.41 1.82 4.88

1.61 5.37 2.87 7.69
1,406 LbsJlf 4,697 LbsILf 2,509 tbsILf 6.726 LbsIl..f

I 2,419 LbsIU 4,950 l...bsIt..f 3,056 l...bsIt..f

======= ===========

lbsIl.flDia.Ft.850

============
LbsIUlDia.A.1,350L.bsJLfJDia.Fl650lbslLflDia.Fl



CP20MinCW CP 21. Max Cvr CP21 MinCM CP22MaxCvr CP22 MinCM CP23Ma:
Sta.13+28 sta.2+35 Sta. 2+35 Sta. 2+30 Sta. 2+30 Sta2+01
I'QP rep 'PP rep rep rep

24 In 36·ln 36 In 36 In 36 In 24
31ft 41n 41n 41n 41n 3

2.50 R 3.67R 3.67.R 3.67 R 3.67Ft 2.50
2.76R 10.65R 1.16 Ft to.51 Ft 3.39Ft 10.52
0.6 0.6 0.6 0.6 0.6 0.6

0.1924 0.1924 0.1924 0.1924 0.1924 0.1924
0.32 0.32 0.32 0.32 0.32 0.32
0.7 0.7 0.7 0.7 0.7 0.7

1 1 1 1 1 1
140 Per 140 Pcf 140Pcf 140 Pel 140 Pcf 140
1.9 1.9 1.9 1.9 1.9 1.9

0.707 0.707 0.707 0.707 0.707 0.707
0.638 0.638 0.638 0.638 0.638 0.638

1 1 1 1 1 1------ ----.-.- _.. _._--_.. _.__._-.-_.- -----_.

32,CXXl Lbs 48,(00 Lbs 16,CXXl Lbs 48,(0) Lbs 32,COO Lbs 48,(0)
1.1 1 1.2 1 1 1

5.66Ft 23.47 A 2.66 Ft 23.22 A 6.16 A 23.24
10.5OR 24.31·R 3.70 Ft 24.05 Ft 1'.60R 24.08

592Psf 84 PsI 1814 Pst 86 Pst 408 Pst 86
2.50R 3.67 Ft 3.67Ft 3.61 Fl 3.67 Ft 2.50

8,377 Lbs 7,235 Lbs 19,040 lbs 7,329 Lb6 10,126 Lbs 4,997

8.94Ft 28.28 Ft 7.67 Ft 28.03 Ft 1'.57Ft 26.52
937 L.bsILf 256 LbsILf 2.482 l.bsILf 261 lbsIl.f 875 LbsIl..f 188

------ ------ ----_.- ------ -----_.-
3.83 Ft 5.67 Ft 5.67R 5.61 Ft 5.67 A 383

0.7 0.7 0.7 0.7 0.7 0.7
1.10 290 0.32 2.87 0.92 4.21
1.74 4.58 0.50 4.52 146 663
4.43 Ft 7.50 A 5.99 A 7.48 A 6.39 Ft 555
0.24 0.55 007 0.54 020 073
0.00 0.00 0.00 0.00 000 000
443 A 7.50 A 5.99 Ft 7.48 A 639 Ft 555
0.55 1.09 0.19 1,()9 0.48 135

1,522 lbsIlf 8.612 l.bsILf 938 Lb6Jlf 8,498 L.bsILf 2.741 lbsILf 5,8CX)

2.459 LbsIU 8,868 LbsILf 3.420 LbsIL.f 8.759 LbsIl.f 3.616 LbsIl..t 5.988

1 1 1 1 1 1
1.9 1.9 '.9 1.9 1.9 1.9

650· ·LbsUIOia.R 1,6CX). ·l.bsII...fIDia.R 600 .l.bsIl..fIDiaR. 1,550 t.bsIl..fJDia.A. S50 lbsJlfJt.'laR 1,eco
-.---.-- -_.-. _._- ------ ------ ------

1.10 2.90 0.32 2.87 0.92 4.21
1.74 4.58 0.50 4.52 1.46 6.63

1,522 LbsIU 8,612 LbsIlf 938 LbsILf 8.498 LbsJLf 2,741 LbsIlf 5.800

2,459 LbsJlf 8,868 LbsILf 3,420 LbsILf 8,759 LbsIlf 3,616 LbsIU 5.988

0.707
0.638

0.30
2.76
50 LbsIUIDia..R

================

0.707
0.638
0.23
2.55
50

=====

l.bsIl.flDia.R650

0.707
0.638
0.31
2.82
50 LbsIUIDia..A.

l.bsIl.fIDiaA.

0.707
0.638
0.24
2.58
50 LbsILfIDia.A.

1,550 .

===========

LbsILfIOia.Ft.600

0.707
0.638

0.53
3.85
50 LbsIUIDia..Ft

LbsIl.fIDiaA.

0.707
0.638
0.24
2.58
50 .LbsILfIDia.A.

1,600lbsIUIDiaA.650

I
I
I
I
I
I
I
I
I
I
I
I .Ft

I
I
I
I

.Ft.

flDiaFl

I
I
I



LbSlLflDia.Ft.700

0.707
0.638
0.35
2.95
50 'tbsIl..fIDia.Ft.

======= ...........;.-==

LbSlLflDia.Ft

0.707
0.638
0.23
2.54
50 I..bsIl.fIOia.Ft.

1~700

============

LbslLflDia.Ft750

0.707
0.638
0.27
2.68
50 L.bsJ!..fIDia.Ft.

0.707
0.638
0.23
2.55
50 'lbs/lJJDiaFt.

24 In
31n

2.50 Ft
1.75 Ft
0.6

0.1924
0.32
0.7

1
Pet 140Pcf

1.9
0.707
0.638

1
-----,- -,----- ------ -"----- ------

L.b$ 32,(0) lbs 48,(0), t..bs 32.(XX) lbs 48,(XX) lbs 32,000 Lb$
1.2 'I 1 'I 1.2

I Ft 3.61 Ft 23.96 A 7.48 Ft 24.43 A 3.89 Ft
Ft 8.45 Ft 24.80 Ft 12.32 R 25.27 R 8.73 A

Pst 1258Psf 81Psf 347 Pst 78 Pst 1130 Psf
Ft 2.50 A 2.50 Ft 2.50 R 2.50 A 2.50 Ft

I
LbS 11,361 Lbs 4,851 'Cbs 6,489 LbS 4,764 Lbs 10,996' Lbs

Ft 6.89 R 27.24 A 10.76 Ft 27.71 R
Lbs4..f 1.649 l.bsII..t 178 LbsA..f 603 I..bsIl..f 172 LbSILf------ ------

I Ft 3.83 A 3.83 R 3.83 R 3.83 R

0.7 0.7 0.7 0.7 0.7
0.64 4.37 1.52 4.48 0.10
1.00 689 2.39 7.fWJ 1.10

Ft 4.23 A 5.60 A 4.60Ft 5.63 R 4.26 R
0.14 0.75 0.32 0.76 0.16
0.00 ClOO 0.00 0.00 0.00

A 4.23 Ft 5.60 Ft 4.60 Ft 5.63 Ft 4.26 A
0.35 1.37 0.71 1.39 0.38
877 LbsIlf 6.026 lbsIl..f 2.095 l.bsIl.f 6,175 lbsIU ·965 l.bsIL.f

6.204 Lb$Jlf 2.698 LbsJlf 6.347 L.bsllJ 2.499 LbsIl.f

'I 'I 'I 1 1
1.9 1.9 1.9 1.9 1.9

t...bsA.fOaFt 700 L.bsJ!..fIDia.Ft '1,650 .lbsII...fIDia.Ft. 750 L.bsJ!..fIDia.Ft 1,700 L.bsJ!..fIDia.Ft 700 ,LbsIl..fIDicl.Ft
------ --,-'--- ---'--- -----,-- ------

I 064 4.37 1.52 4.48 0.70
1.00 6.89 239 7.06 1.10

l...bSIU 877 LbsIlf 6,026 LbsILf 2,095 LbsIL.f 6,175 LbsIlf 965 L.bsIl.f

6,204 l.bsILf 2,698 l.bsIlf 6,347 LbsIl.f 2,499 I...bSII..f



0.7
0.00
0,95
421 A
014
0.00
•.21 R
0.33
827 LbsIlJ

32,000 lbs
1.2

3.45 Ft
8.29 R

1340 Pst
2.50 A

11,574 lbs

I
I ----,-- ------

48,000 lbs 48,000 32,000 48,00048.000 lbs Lbs lbs Lbs
1 1 1 1.2 1

I
24.55 Ft 12.79 Ft 20.14 Ft 3.45 Ft 20.74 Ft
25.39 A 13.63R 20.98 R 8.29 Ft 21.58 Ft

nPsf 1340Psf 107 Pst
2.50 A 2.50 Ft 2.50 A

I
4,726 Lbs 11,574 Lbs 5,547 Lbs

27.83 R 16.01 Ft 23.42 R 6.74 R 24.02 R
170 Lb6ILf 547 lbsflf 245 lbsIU 1.717 lbsJLf 231 l.bsIt.f------ ------ -,--'--,- ------

I 3.83Ft 3.83Ft 3.83 Ft 3.83 Ft 3.83 Ft

0.7 0.7 07 0.7 0.7

I 4.51 1.82 350 0.60 3.64
7.10 2.87 551 0.95 5.73
5.64 Ft 4.71 A 5.32 A 4.21 Ft 5.36 A
o.n 037 0.63 0.14 065
0.00 0.00 000 000 0.00

I 5.64 Ft 4.71 Ft 532Ft 4.21 Ft 5.36 A
1.39 081 1.22 0.33 1.25

6,213 Lbs1lf 2.509 l.bsILf 4,824 LbsILf 827 LbsILf 5,012 lbsILf

6,383 LbsIU 3.056 LbsIlf 5,069 ~J 2.544 LbsIl.f 5,243 LbsJlJ

I 1 1 1 1
1.9 1.9 1.9 1.9

1.700, 'LbsJI..fI[)faR. 850lbsiUIOia.A. 1,350l.bsIUIDiaFt 700 l.bsJlfJOIaR
------ ------ --,-,--- -'----- ------

3.50 0.60 3.64
5.51 0.95 5.73

4,824 LbsIlf 827 l.bsJLf 5,012 LbsILf

3,056 lbsILf 5,069 lbsILf 2,544 lbsILf 5,243 lbsILf,

I
I

0.707 0.707 0.707 0.707 0.701 0.707
0.638 0.638 0.638 0.638 0.638 0.638

0.23 0.26 0.23 0.37 0.23 0.37
2.54 2.64 2.56 3.05 2.56 3.05
50 l.bSILfIDia.Ft 50 lbsIl.fIOia.Ft 50 l.bsIl..fIOia.Ft 50 LbsILfIDiaFt 50 LbsIl.fIDiaFt 50 lbsIl.fIOia------ ------ ---'--,- ------ ------ ------

I
1,700 LbsIl.fIDiaFt

===========~~-

850 LbsILfIDia.Ft

================

; 1,350 lbsIlfIOia.Ft.

======= .=....-

700 LbslLflDia.Ft i 1,400 . LbsILfIDia.Ft 700 lbsIL

================



CP31Mir
Sta. 37+7!
rep

24 In 24 In 24
3ln 3m 3

2.50 R 2.50 A 2.50
1R a.59Ft 1.51

0.6 0.6 0.6
0.1924 0.1924 0.1924

0.32 0.32 0.32
0.7 0.7 0.7.. 1 1

I
140 Pel 140 Pet 140
1.9 1.9 1.9

0.707 0.707 0.707
0.638 0.638 0.638

1 1 1

I
-----,-- ------ ------

48,000 Lbs 16,00> Lbs 48.000lbs 32,000 Lbs 48,000 lbs ~OO>
1 1.3 1 1~2 1 1.2

I
21.16 A 2.58 A 19.74 A 4.33 A 19.86 A 3.47
22.00 A 3.,QR 20.58 A 9.17 A 20.70 R 8.31

103 Pst 2351 Pst 118 Pst 967 Pst 117 Pst 1330
2.50 Ft 2.50 R 2.50 A 250 A 2.50 Ft 2.50

I
5,448 lbs 15,203 Lbs 5,823 Lbs 10,468 Lbs 5,810 Lbs 11,546

24.44 A 5.86 A 23.02 A 7.61 A 23.14 Ft 6.75
223 lbsIl.f 2,594 l.bsIl.f 253 LbsILf 1,376 lbsJlJ 251 l.bsIlf 1,711------ ------ ------ ------ ------
3.83 R 3.83 Ft 3.83 A 3.83 A 3.83 A 3.83

0.7 0.7 0.7 0.7

I 3.73 0.40 3.41 0.80
5.88 0.63 5.37 1.26
5.39 A 4.12 A 5.28 A 4.30 R
0.67 0.09 0.62 0.18

..a.co 0.00 ..a.co ..a.ex>

I 5.39 R 4.12 R 5.28 A 4.30 R
1.26 0.23 1.20 0.43

5,144 lbsIlf 551 LbsJlf 4,691 lbsJlf 1.103 LbsJlf

5,367 LbsIl1 3.145 LbsIU 4.950 lbsIlf 2,479 LbsIl.f

1 1 1 1
1.9 1.9 1.9 1.9

.Ft 1,450 LbsII...fIDiaFt 850 lbsIl.fIOIaR 1,350 Lb6ILfJDia.Ft 700 lbsII...fIOicl.R
-'----- ------- -----'- ------ ------

3.73 0.40 3.41 0.80 3.44 0.60
5.88 0.63 5.31 1.26 5.41 0.95

5,144 lbsIl.f 551 LbsJLf 4.697 lbsILf 1,103 Lb6Ilf 4.736 LbsIlf 832

5.367 lbsIl.f 3.145 lbsJlf 4,950 LbsILf 2,479 lbsILf· 4,987 lbsILf 2,543

0.707
0.638
0.37
3.05
50

0.707
0.638
0.23
2.56
50 l.bsILfIDia.Ft

700 LbsILfIDia.Ft

0.707
0.638
0.33
2.89
50 L.bsIUJOia.Ft

0.701
0.638
0.23
256
50 LbsIJ..fJDia.A.

1,350 LbsILflOiaFl

============
LbslLflDia.Fl850

0.707
0.638

0.46
3.45
50 l.bsILfIDia.Fl

l...bsII...fJOia.Fl',450

.Ft

flDia.A.

I
I
I
I



LbsIL700

1
1.9

700 ··lbsIlfIDia

0.707
0.638

0.33
2.89
50 LbsILfIOia

0.80
1.26

" 103 LbsILf

==========

LbslLflDia.Ft.

0.707
0.638
0.23
2.56
50 LbsILfIDiaFt

3.70
5.83

5.100 lbsJlf

I Pet

I
Lbs

I
I A 7.61 R

LbsIlf 1.376 .lbsILf---.--- --_._--

I A 3.83 Ft 3.83 R

I A

I



0.7
0.60
0.95
4.21 A
0.14
0.00
4.21 A
0.33
827 lbsIlf

2,544 lbSIlf

1
1.9

700 LbsII..fIOia

0.701
0.638
O~23

2.55
50 LbsII..fIDiaFt.

1,650

6,129 LbsII..f

================

3.83 Ft

700 LbsIl.fIDiaFt

0.707
0.638
0.33
2.89
50 l.bsJl..fJDiaA.

0.80
1.26

1,103 LbsIlJ

2,479 LbsJLf

==============
LbsILfJDia.Ft

18.96 A
382 lbsIlf

2.48
3.91

3,418 LbsJLf

3,800 LbsJLf

0.707
0.638

0.24
2.60
750 l.bsII..fJDia.Fl

3.83 Ft

3,800 LbsILf

0.7
2.48
3.91
4.96 Ft
0.48
0.00
4.96 A
0.99

3.418 l.bsJlJ

1
1.9

1,050 l.bsII..fJDia.R

185 Pst
2.50 A

7,252lbs

48,000 lbs
1

15.68 A
16.52 R

11,050D-Load:

x:

LF-
D-Load -TI../ LF* SF I (0/12) ::

safety Factor <SF):

2. POSmVE PROJECTION CONOmONS (4-12, 4-17):
DEAD LOAD (tl..):
Hid:
Cc :: Load coeficient.. positive projection ::
Dl - Cc·w ·<1"2
TOTAllOAO (TL):
Tl.: Ll+ Dl=
MINIMUM REQUIRED PIPE STRENGTH (4-67 ..: 4-68)
safety Factor (SF) : 1
Load Factor (If): (pg 4-63 - 4-64)

LF :: 1.431/{N-xq)
Where: N=

x::
q - pK1Cc(HId+pI2) :

1. TRENCH CONDmONS:
DEAD LOAD (t1) ( Pg.4-4):
Mimimum Trench Wdh ::
Compute the transition wicIh for trench loading : positive
projecting loading using Fag. 4.11, page 4-17,

r&d • p :: settlement • Projection ratio ::
Hid :: Height d cover I diameter =
Cc :: Load coeficient, positive projection ::
Try Transtion WIdth (tw) ::
j::2~::

err:: (1-exp(i»~21(Z"kurcc·(fA2::
Design WIdth (b) ::
Cd :: (1--exp(-rku"'H.'b)}I(2'1aJ) ::
DL::Cd·w·~::

TOTAL LoeD (Tl):
TL :: Ll '+~a.. ::

MINIMUM REQUIRED PIPE STRENGTH {4-67 - 4-68}:
safety Factor (SF) ::
Bedding Factor (BF) =
[)..lOAD:: TL I 8F • SF I (0112) :

For deSign use the greater d Q..I..Oads. tor·trench and positive
projecting conditions,

LIVE LOAD ON EFFECTIVE PlANE AT TOP OF PIPE (ll)(Pg. 4-38 - 4-43):
Critical HS-20 IoaCII
p :: Point load ::
IF :: Impact factor ::
L =Length a plane 
w: YYidth d plane :
Pavg : Averaoepressure actir

::P·IF/W/l:
s :: EffectM! width ::
WI :: Active weight on pipe :: Pavg • L• s :
Le =BIectiwt supporting length d pipe

:: L+ t 75 • (.75 • d) :
LL:wtlLe=

==========--======== ======== ========' ======== ======== ======

------------ -.-------- -_.-

I
I

I

I

I

I

I

I
I

I
I



3.83 A

LbslLflDiaFt650

0.7
1.00
1.58
4.39 A

. 0.22
0.00
4.39 A
0.51

1,378 l.bsJLf

Z409 ·LbsIU

1
1.9

650'· .·l.b6Il.fIOia.R

m.ps
2.50R

8.757····Lbs

8.49 A
1,031 .L.bsIl.f

0.707
0.638
0.31
2.79
50 L.bsIUIDiaFt

1.00
1.58

1,378 Lbs/l.J

2,409 .LbsILf

24 In
31n

2.50 R
2.5 A
0.6

0.1924
0.32
0.7,
140 Pet
1.9

0.707
0.638

1

CP36Min Cvr
Sta. 9+42
rep

LbSlLflDiaFt1.650

0.707
0.638
0.23
2.54
50 LbsIUIDiaR.

24 In
3 In

2.50 A
11.01 R

0.6
0.1924

0.32
0.7

1
140 Pet
1.9

0.707
0.638

1

4.40
6.94

6,070 LbsJlf

6,246 .LbsILf

1
1,9

1,650 Lbs1l..fJOia.Ft

07
440
694
561. A
076
000
5.6fFt
1.38

6.070LbslLf

6,245 1.b$ILf

48.COO Lbs
1

24.10 Ft
24.94 A

80 Pst
2.50 A

4,819 Lbs

27.38 A
176 lbsILf

3.83 Ft

CP·36 Max Cvr
Sta. 9+42
rep

=======.=======

-i!3 -

LbslLflDia.Ft700

0.60
0.95
827 LbsJLf

2,544 LbsILf

0.7
0.60
095
421 Ft
014
0.00
4.21 A
0.33
827 Lbs1Lf

2.544 LbsIU

0.707
0.638
0.37
3.05
50 Lbstt..fIDia.Ft

1
1.9

700. l.bsIl...fJOSa.Ft.

24 In
3 In

2.50 A
1.5 A
0.6

0.1924
0.32
0.7

1
140 Pet
1.9

0.707
0.638

1

3.83 Ft

32.00J Lbs
1.2

3.45 Ft
8.29 Ft

1340 Pst
2.50 A

11,574 Lbs

6.74 A
1,717 LbsILf

CP35MinCvr
Sta 18+93
rep

================
LbsIl..flDia.Ft.

75 Pst
2.50 A

4.669 Lbs

28.18 A
166 L.bsIU

1,750

4.59
7.23

6,324 LbsILf

6.490 LbsILf

0.707
0.638
0.23
2.54
50 LbsIUIDiaR.

1
1.9

1,750 l.bs/lf.IOIaFt.

0.7
4.59
723
567 Ft
0.78
0.00
5.67 Ft
1.41

6',324 lbsIiJ

6,490 LbsILf

24 In
3 In

2.50 A
11.47 R

0.6
0.1924

0.32
0.7,
140 Pet
1.9

0.707
0.638

1

48.000 Lbs
1

24.90 A
25.74 A

CP35 MaxCvr
sta. 18+93
rep

================

,..--~--------

I
I
I
I
I
I
I
I
I
I
I
I

.Ft

I
I
I
I

.Ft

I
flDia.Fl

I
I



C. RCP REPLACING CBC ALTERNATIVE CALCULATIONS
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I JOB·· HAME:
JOB HUMBER:
B¥:

1Date:
.·Tile:

GROVERSAVDftJE STORM DRAIN LATERAL' (RCP-ALTERNATIVE)
8156.001
BROCE FRIEDHOFF
09-22-1994
11:51:51

:

:

12
5,146 Feet

11.89 fps
2.55 fps

19.13 Feet
6.64 Feet

525.00 cfs
8.00 cfs

1,348.00 Feet
12.00 Feet

:

:

:

IJOb statistics:

Htmberof PipesI Total Le1lgt.h of Pipe

Longest Pipe

1
Shortest .... Pipe

MaxilUi flow
MinilUi flow

I Maxilttl Velocity =
MinilUiVelocity :

I Kalil-ttl Covet Above croliIl=
KinilUi COver AbOve crown·':

6.35 Feet
2.25 Feet

11.81 Feet
0.12 feet

:

:

:

:Cro-ll )
Crown)

MaxilUi (HGL
MinilUi (BCL

1MaxilUi (Ground. - BGL)
MinilUi (Ground - BGL)

I

Pipe Opstreal
IltUlber Station

L.ength Type DiaJeter
.of .Pipe .('Inches)

Span Rise
(feef).; tFeet)

KUlber flo.
of Pipes' refS)

flow Per Ground CrOill ~.1lStreal

Pipe· Elevation 50.

HGL
(Feet)

EGL
(Feet)

1437.80 1437.80

3.86 1440.00 1437.80
1443.85 1441.66

0.00 1444.91 1444.70
1444.91 1444.70

2.20

1.06

o

o

K ~.ngle Minor .,. Loss Pipe Loss
(Feet) (Feet)

Pipe
Slope

0.00857'1.02.20 0.01627

0.21 0.00020 0.429171.0

-2-~-

3.65

0.00

11.89

3.00

1.8424.00

48.00

44.16

144.002

outfall Conditions

1

0fP 0.024 90 .1 525.00" 525.00 1446.95 142~.85

CBC 0.012 12.00 12.00 1 525.00 525.00 1446.95 1435.C~J

1,2.98 RCP, 0.012 108 1 509.00 ·509.00. 1450.'98 1440.89 2
2,646 ReP 0.012 84 1 349.00 349.00 1453.44 I4'45.72 3
3,293 RCP· 0.012 48 1 90.00 90.00 1457.30 1448.85 4
3/800507 RCP 0.012 42 1 82.00 82.00 1460.48" 1451.69 5
41331 537RCP 0.012 42 1 82.0082.00 1461.97 1453.55 6
1,437 139 RCP 0.012 60 1 157.00 ;' 157.00 . '1451~26 114~1.33 3
2,810 164 ReP', 0.012 84, 1 255.00 255.00 1455.00 144$.36 4
3,35259RCP 0.012 24 1 8.00 8.00 '1457.35 1449.82 5

I. 12 . t:~ . i;; : ~:~i~:: . i 1:;:~ 1~;:~ i::;:;~ i:~:~: .:
+++++++++1++++:+++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13

IABLE2- .HYDRAOLIC DESIGHDATA

Pipe Are.aPerileter Radius Velocity Vel. Head Energy
Number (SqFt) (Feet) (Feet) (fps) (Feet) Slope

I
I
1



0.09

0.01

0.02

0.01

0.00

0.99

0.10

0.68

0.66

o

o

o

o

o

0.00358 0.3

0.004840.3

0.00346 0.3

0.00560 0.3

0.01092 1.0 90

1.00 0.00139 0.00482 0.3

0.68 0.00135 0.01610 1.0 90

0.10 0.00100 0.01644 1.0 90

8.01

2.55

9.07

2.27

1.75

1.i5

0.97

0.526.00

22.00

28.00

13.00

11.00

13.00

3.14

9.62

9.62

38.47

12.56

63.59

12.56

4

3

5

6

7

11

10

1.70 1445.00 1444.00
1446.70 1445.70

3.42 1446.70 1445.42
1450.12 1448.~4

2.26 1450.14 1449.34
1452.39 1451.60

2.86 1452.40 1451.27
1455.26 1454.13

3.03 1455.26 1454.13
1458.29 1457.16

0.44 1447.69 1446.70
1448.13 1447.14

0.22 1450.80 1450.12
1451.02 1450.34

0.06 1452.49 1452.39
1452.55 1452.45

0.38 1458.95 1458.29
1459.33 1458.67

12 19.63 16.00 1.23 8.41 1.10 0.00349 0.01583 0.3 90' 0.33 0.50 1451.35 1450.26

.:~+;+~1~;:+;;.;~+;.~;.3+++++H...·4++++++........5+++++++--6.......:.++++++7+H......+++...S+++++++++9HHH-·..I0HtHH+11+~::~~~ 12+:;~:r: 13

I
I
I
I
I
I

I Pipe station Ground EGt BGt Crowll Invert Cover -Ground-BCL
NUIber (feet·); Elevation Elevation Elevation.Elevation·llevation (Feet) (Feet)

143i.80 1437.80
1 -172 1440.00 1437.80 1427.82 1420.32 19.13

65 1443.85 1441.6·6 1429.85 1422.35 17.l0
") 65 1444.91 1444.70 1429.85 1417.85 17.10"

1444.91 1444.70 1435.00 1423.00 11.95
1445.00 1444.00 1435.00 1426.00' 11.95
1446.70 1445.70 1440.89 1431.89 10.09
1446.70 1445.42 1440.89 1433.89': 10.09
1450.12 1448.84 1445.72- 1438.72 7.72
145Q.14 1449.34 1445."72 1441.72 7.72
1452.39 1451.60 1448.85 1444.85 8.45
1452.40 1451.27 1448.85 1445.35 8.45
1455.26 1454.13 1451.69 1448.19 8.79
1455.26 1454.13 1451.69 1448.19 8.79
1458.29 1457.16 1453.55 1450.05 8.42
1447.69 1446.70 1440.89 1435.89 10.09
1448.13 1447.14 1441.33 1436.33 9.93

9 1450.80 1450.12 1445.72 1438.72 7.72
1451.02 1450.34 1448.36:, 1441.36 6.64
1452.49 1452.39 1448.85 1446.85 8.45
1452.55 1452.45 1449.82 144i.82 i.53
1458.95 1458.29 1453.55 1449.55 8.42
1459.33 1458.67 1454.98 1450.98 7.18

12 1451.35 1450.26 1448.36 1443.36 6.64
1451.86 1450.76 1450.64 1445.64 5.06
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3.0

110
710
31 Q
310
18"
18.6

-

Grover'Ave NS ;'LT '
,., '-' .. Subtoteit ,

Nf,(COme' GrOV/CCOL1
. . Subtot.l,

SI! Comer OrovlC C· R
$Ubtotelt f

TOTAl.SI "

GtoYOnAw SS . liT 1

I

Gt_.".,.NS.lT I
Grover,"~ 55: RT t

I
28th S't 0.. e.. Ot.tn· AT

o,OWf. Ave N6 • l T

IOrOYer. Ave SS' RT

(kov.tr. 'we NS· t T

i·
t

----

20

10
11
12
13
14
15
16
17
18
19

27 1 catch Basin Type M-1..t..b~j~=(~~I560L.

ADDITiONAL CATCH BASfN-S-----'-"-'--' ...-

30 tCQr)catcihB~J)i~:K~~(P.1~·'O)

31 1 CatchB~1:.~~€:~<e:1§6g}·

32 1CQr} Catch Basin &Apron:!yp!:@~{p·:1~!of

33 1 Car} C8!.~!!!n. &~Jj~:~:~~ lP··1570}·

---34 1 ~!Oh BaSin Type M:I:(~:~C[f:-:1~9)

Grovers Avenue Storm Drain Lateral ~ _ I i
lnIet1Connector Pipe Configuration S~=~~~==~ ~8C MIIir\ llne

j
,Pipe II R.ptae~ by ReT~gn .

Inlet f'ow
No. Qtv DescriDtlon _._-- . - LO<*tlon I (cf.)

1 1 Catch Bastn Type M-~~~Th:f! tp-156Q Mod 30th Way ES' RT
2 1 catch Basin Twe M-~1_::_g~7j.~·~~~QMod .30" Wly WI,oll
3 1 catch Bastn Typ~1':_~~1J.:.~·1~Q.Mod .~ Way E$ ° RT
4 1 catch Basin TyPe M-2, .~_=..9...1-1!.(P.~ ~ ~~~ Mod 3OthW.y WS- ~.T

5 1 Catch Basin Tvoe M:t.b.=_J2.1.!..tP.15~9~04301h W.y fS· RT.
6 1 Catch Basin Type M-t.1':_~J.1J.l~15~9.Mod. .3Qttt WI} we· LT

Subtotaa.

91(Qr} catch Basin.&~;f~!]::j~~ .. !e~j~tO) §~.c~)8tt1StiGto.v ~·A
SUbtotalt

.. I:~.lt:~~1.if.;f...~.:.:.·.•.~.:E.~.i.·.:.:.·.•...~.•..•••,.~.i..~••~.••~.-~.:::.t.·.i...·.··
1 catch Bastn TM-2 ~"::'~1.1,te:-.1~QMOd 28th St....c WS ~ l.T
1 catch Basin T 14 M-~.b..::J.~_1!.~15~9 ~2"h St, ES . RT
1 catch BasinT e M-2 l.:=_~1I{P- .15~9 Mo4X 28th $tI WI· LT
1C8tch Basin Te M-2 l =1.!&11 tp.1569 Mod 128th stmt ~$ • RT .

i cateh Basin T 1& M:2.::t..,.~:~.Jf{P. 1.. ~.·e.:9· Mo<1'..'. .2.It.. h. St.. ', WI... • l..T. I.1 catch Basin T .. M-t.k!..~J.~..?_~J~~~,Mc?<t ~8th st, f!$ . FU
.J---____.-++..........---...-+--..........--------------...•~....-'--..._ ....... _ _..... . .... _, ~ot.tt

1 Catch BasinTypeM-'L.l.€19~~I~L ~ . f.stfcQ! 26th 6t fGtov· A

J
Subtot...

................ 21 . 1 catch B~~~.IYeel!fll.~~I~:1f[P-1S69 Mod 20th 51,,,, WS· IT
~ ~~ .,;.."..,......._1 9~~!tJ~~.~!!."-tyP!_M:~~.~.t;J.!'1 (p·15eQ.Mod i2Oth!)t S6· RT

_~,.~ __-:-.~ 9.~.~~h.._J~.'~,...~~t'J..YR.!_~...~.l.l.....! ..1;\i.~.7...tP•. 16.a.Q. M.•'.d 2.ttlh st.fe W.S. .tTb' 74 1 C~j~....J)~!~r'-T.Y.P.'~~Ll ..~.J.~.IJ 7 {P: 150' Mod 20th St es . HI
25 1 CatC;h Basin Typ!..M:;Z.L~ ..~.J}J.1.7..(~ 15~9 Mod. 20th StrMtWS . LT.
26 1 Catch Basin Type M-6.I:.~.~J.~!.{~:l~t!~fw~d 2~h ~,..t fa -RT

&d>Cotatt

1---____.3;;..;;5,+-,.......---.;;1r-;:;c=at..C..h;.;..=..Ba=sl~[(!:~=~-: 1~OO)

1-----'3:;,.;;6+:-..............i=-tC.::;.a=tc~h.:..:B;;.a==si~I:·~:~:~=(!i~1~~g}-

.......-"---+---1-------...--------" .. -..-

.. I--~---+--- -+------------_ _._---_._ .._ ..

-



---

Inl6t 1 Inlet 2 Inlet 6 Inlet 7
_rep rep rep rep

0.01'2 0:012 0.012 0.012
24 In 24 In 24 In 24 In

11.30 Ft 1830 Ft 1G.20 Fl 21.50 Ft
12,50 Ft 20,50 Ft 20.00 Ft 23.50 Ft

0.39470 FtlFI 0.40000 Fl/Ft 0.37360 FtlFt 0.12740 FtlFt
6238 Ft 62.47 Ft 61.48 Ft 57.56 Ft

8 In 8 In 8 In 8 In
2,00 Ft 2,00 Ft 2.00 Ft 2.00 Ft

21,54 Dog 2180 Deg 20.49 Oeg 7.26 Oeg
2,15 Ft 2,15 Ft 2.14 Ft 2.02 Ft

61 21 6130 60.31 56.,39
58,55 n 56,95 n 56.67 ft 52:;27 ft
56.40 FI 5480 Ft 54.53 F1 50.25 ·Ft
2600 efa 26.00 cis 4.00 cfa 4tOO .cfs
58,68 fl 58,69 Ft 58.50 Ft 52:.45 Ft

828 Fpa 8.28 FpI 350 Fps 1.21 Fpe 1.27 Fpa 1:.27 Fps
105 rl 105Ft a 19 Ft 0.02 FI O.02Ft O~02 Ft

0.01125 FUFI 001125 FtfFI 000201 Ftlft 0.00027 FUFt 0.00021 FVFt 0.00027 FllFt
050 050 0,50 0.50 0.50 O~50

1 1 1 1 1 1
013 Ft 0.21 FI 0.02 Ft 0.00 FI 0.01 Ft 0.01 Ft
0,53 Ft 0.53 Ft 0.09 FI 0.01 Ft 0.01 FI 0.01 Ft
1 05 Ft 1,05 Fl 0.19 Fl 0.02 FI 0.02 Ft 0.02 Ft
1,70 Ft 1.78 Ft 0,31 FI 0.04 FI 0.04 Ft 0.04 Ft

60,38 Ft 60.47 FI 58.89 Pt 58.52 Ft 58.54 Ft 52.49 FI

Velocity, v =Q I m(d/12)a/4) III

Velocity Head, hv II v2+2g •
Friction Slope, Sf- 4.66· nJ • Qa + (d"(1613» ..
Entrance Loss Coeficient t Ke •
Exit Loss Coefieient, Ko •
Pipe Loss, hp = Sf ill I :II

Entrance Loss, he =Ke • hv III

Exit Loss, ho = Ko ill hv ::
Total Friction Loss, Hill: hp'" he + ho SIt

Headwater Elevation, Hwo -= Tw ... H •

Location:
Pipe material:
Mannings N-Value, n :=

Pipe diameter '(0) =
Pipe Length (I) i=

Horiz. DistCB Face to CL RecPipe •
Pipe Slope at .Inlet (s) =
Top of Curb Elevation (te) =
Curb Face Opening (cf)·
Pipe Diameter, d =
Deflection Angle, angle" arctan (8)"
Inlet Diameter, di =.d I cos (angle) •
Maximum Orown Elevation (MaxCEi)" to .. cf/12 ...5"
Crown Elevation at Inlet (CEi) a

Inlet Invert Elevation (Ell)"
Design Flow (0) ::
Tailwater Elevation (Tw) III

compute flow assuming outlet control.

Compute the hydraulic profile for the inlet connoctor pipe. (Rep REPLACE~cac BOX IN THISCONFfO)

GROVERS AVENUE STORM DRAIN

-

\

~

-

Square Edged Headwall
0=
x= Q/dA.2.5=
Hw/d=
Hwi =Hw ill d + Eli =

CAL..OULATEFREEBOARD ANO DEPTH OF' BASIN:

Controlling Headwater Condition (Max. of t+No or Hwi).
HW=

FreebOard (gutfer..HW), FB • te • ef+12 • HW •
Headwater..Tailwater =:

Headwater-erownEf •
HGLSlope-

26.00 cfs
4.60
1.06 FVFt

56,92 Ft

11.00 efa
1;94
0.81 FtlFt

58.01 PI

11.00 cfa
1.94
0.81 PUFt

56.28 FI

4.00 cfs
0.71
0.42 PUFt

57.24 Fl

4.00 ofa
0.71
0.42 FtlFt

55.37 FI

4.00 cfa
0.71
0.42 FtlFt

51.09 Ft



------------
GROVERS AVENUE STORM DRAIN

-

Inlet 8 Inlet 9 Inlet 13 'nlotl"
rep fep >,u:p rep

0.012 0.012 0.012 0.012
24 In 24 In 24 'In 24'10

13.70 Ft 30.10 Ft 28.90 Pt 27.50 PI
15.50 Ft 31.00 Ft :lO.50 Ft 30.50 Ft

0.31240 FtiFt 0.07730 FUFI 0.23580 FUFt 0.19490 FI/Ft
57.60 Ft 53.60 'FI 55.59 FI 54.14 FI

8 In o In 8 In 8 In
2.00'Ft 2.00 FI 2.00 f'1 2.00 PI

17.35 Ceg 4.42Deg 13.21 Oeg 11.03 Deg
2.10 Ft 2.01 PI 2.05FI 2.04 FI

56.43 53.10 54.42 52.97
54.20 ft 52.07 ft 52.09 ft 50.98 n
52.10 Ft 50.06 F't 50,04 Ft 48.94 FI

4.00 cfs 5.00 crs 3000 cf. 20.50 ,ds
52.45 Ft 46.91Ft 5032 Ft 50,32 Pt

,
1.27 Fps 1.59 Fps 7.43 Fps D55 FP8 1.43 Fp. 955 Fflt' (; 53 Fps 6.53Fps 3.98 Fps 3.98 Fps

~
0.02 Ft 0.04 Pt 085 FI 140 ft 065 Ft 140 FI 065 Ft 0.65 PI 0.24 FI 0.2'4 FI

0.00027 FtlFt oIX)042 Ft/Ft 0.00528 Flirt 001498 FlIFt 000528 fvn 001408 FliP' o00699 PUFt O.OO6\lQ FIIFI 0.00260' FtlFt o.00260 FtlFt
0.50 0.50 0.50 050 050 050 050 050 0.50 0.50

~ 1 1 1 1 1 1 1 1 1 1
0.00 Ft 0.01 PI 0.09 FI 024 Ft 0.15 F' 043 FI 019 Pt 0.11 FI 0,07 PI 0.04 Pt
0.01 Ft 0.02 FI 0:42 Ft 010 Ft 042 Ft 0,70 F:t 0.)3 Ft 0.33 Pt 0.12 PI OJ2 Pt
0.02 Ft 0.04 Ft 0.85 FI 140 Fl 085 PI 140 F. 065 Ft 0.65 Ft O~24, Ft 0.24 Ft
0.04 Ft 0.07 FI 1.36 FI 234 Ft 142 Ft 253 Ft 1.17 FI 109Ft 0.44 Ft 0.40 Ft

52.49 Ft 46.98 Ft 52.11 Ft 52J17Ft 5186 FI 52.85 Fl 51.49 Ft 51.40 Pt 50~71 Ft 5O.67Ft

-

52.50 cfs
3.37
1.10 FtlFI

52.80 FI

12.50 efs
2.21
0.87 FlIFt

47.95 Ft



6.00 ets
1.06
0.56 Ft/Ft

45.04 Ft

-

3.00 era
0.53
0.34 Ft/Ft

46.60 Fe

12.00 efa
2.12
0.85 FUFt

48.07 Ft

---

Inlet 18 Inlo119 Inlet 20 Intet 21 lnlat 22 Int.,t 23 In'. 28 Inlet 27
rep rep rop ,r~ll fCJ', .. rep rep rep

0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012
2410 24 In 2A In J6 In 36 'In 2:4 In 24 In 2410

27.701=t 15.50 Ft 21.30 Ft 23.40 Ft 1470 Ft 23.30 F. 14.60 FI 7.00 Ft
30.50 Ft 18.50Ft 22.00 Ft 24:50 F.t 1650 Fl 2A:60 Fe 18.50 Ft 7.00 Ft

0.21260 FlIFt 0.25610 FUFt 0.92100 FI/Ft 0.00000 FtlFt 0.484440 FtlFt 0,(}()O()QFttFt 0.46030 FWt 1.00000 FtlFt
53.42 Ft 53.42 Ft 51.19 FI 5129Ft 51.22 Ft 50.76"1 60.46 Ft 47.93 Ft

8·ln 8 In 8 In 8 In 8 In 8'1" 8 In 81n
2.00 Ft 2.00Ft 2.00 Ft 3.00 Ft 300 Ft 2.00Ft 2.00 Ft 2.00Ft

12.00 Deg 14.37 Deg 42.85 Oeg 0.00 Deg 25.850.tg 0.00 PtlO 24.72 Peg 45.00 Deg
2.04 Ft 2.06 Ft 2.72 Ft 3.00 Ft 3.33Ft 2.00 FI 2.20Ft 2.83 Ft

52.25 52.25 50.02 50.12 50.05 49.59 49.29 46.16
50.41 ft 48.43 n 48.65 ft 49,63 fl 47,66 fl 48.87ft 45.61 ft ~76 ft

\ 48.37 Ft 46.37 Ft 45.93 Ft 46,63 Ft 44.33 Ft 46.67 Ft 43.41 'Ft 43~93 Ft
12.00 efs 12.00 efs 3.00 cfs 40,00 cfs 4000 cf. 19.50 cf. 18.50 cf. o.DO cfs
50.23 Ft 50,22 Ft 45.50' FI 47.13 Ft 47.12Ft 47.03 Ft 48.90 Ft 44':-24 'Ft

(»
---'

\

\ 3.82 Fps 3.82 Fps 0.96 Fpa 5.66 Fp. 566 Fpa 6.21 F'Pf' 6.21 Fps 5.89Fps
0.22 Ft 0.22Ft 0.01 FI 0.49 Ft 049 FI 0,59 Ft 0.59 FI 0.53 F'

0.00240 FlIFt 0.00240' FtlFt 0.00015 FUFI 0.00306 FtlFt 0.00306 FllFt 0,00633 FVFt 0.00633 .FIIFI 0.00570 FUFt

0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

1 1 1 1 1 1 1 1
0.07 Ft 0.04.Ft O.DOFt 0.07 FI 0.05 FI 0.15 Ft 0,09 Ft 0.13 Ft

0.11 Ft 0.11 Ft 0.01 FI a,25Ft 025 Ft 0,30 Ft 0.30 Pt 0.27 Ft

0.22 Ft 0.22 FI 0.01 Ft 0.49Ft 0,49 Ft 0.59 Ft 0.59 FI 0.53 PI

0.40 Ft 0.37 ·Ft 0.02 FI 0.81 Ft 0.78 Ft 1.03 Ft 0.98 Ft 0.93 Ft

50.63 Ft 50.59 PI 45.52 Ft 47,94 Ft 4790Ft 48.06FI 47,99 Pt 47.85 Ft

-

MC>RRISON..NIAIERLE/CSSA.INC. 27..Oct~94

48.39 Ft
1.40 FI
1.47 Ft
0.18 Ft

5.9934 %

47.78 Ft
2.01 Ft
0.88 Ft
2.17 FI

5.3440%

45.04 Ft
2.22 Ft
0.80 Ft

..1.72 Ft
11.4558 0/0



MORRISON-NIAIERLE/CSSA. INC. 27..QC1-94

2.23 Fps
0.08 Ft

0.00082 FtlFt
0.50

1
0.01 Ft
0.04Ft
0.08 Ft
0.12 Ft

44.15 Ft

7.00cfs
1.24
0.61 FtlFt

44.77 Ft

0.96 Fps
0.01 Ft

0.00015 FtlFl
0.50

1
0.01 Ft
0.01 Ft
0.01 Ft
0.03 Ft

44.73 Ft

3.00 cfs
0.53
0.34 FtlFt

43.67 Ft

Inlet Hydraulics
Headwater E/ev- Tal/wat.r E/ev

- - - - - - -
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ADDITiONAl CATCH BASINS

27 1 Catch Basin Type M:1tI~jQI~:j ~l

-----

. i

34 1 Catch Basin Type Mo1 I.=BP_:,1.~69r :.~ ._.

35

33

32

28th St 0+98

21 1 catch Basin Tvoe ~~:k~I~3!]f>.i·tseQMod.
~~ 1 C..!9h-~.!.~.!nJlp!t..M:~J. ~.=.~ ~ 7{P.~589 Mod

__~.~ f=...__.1 S!!~t:L~!.!L'LTlp!_M:~J.!_..~.J.~.17 (~~1580 Moil
24 1 Catch B.!S~-M:6.~..~J2HJP~ 1~Mod
25 1 CatCh Basin Type M-~~_':'1.~1 ~jP~1569 Mod
26 1 Catch Basin Type M-2 .~-=.J.~El~: 1~~O ..M()~t

26th St 0+98

301(eJ') Catch Basin & ADro'1!ip.!:@~ '(P:!5!Q)

31

14
13
12
11
10

9

3

16

2

15

~~:~'::-I---------'--""--"'''-. OSSTA

t---;lnIet-;-:-+---+-----c--;.---~~-··--·-·~_... -

No. Qty Description

l-~29th28::;;:th~:::;:.;:+-;::~::...+6~962 ,-,-_..._~ .._..

30thWy 0+96

)

~
\



-

1.27 Fps
0.02 Ft

0~OO107 FtlFt
0.50

1
0.02 Ft
0.01 Ft
0.02 Ft
0.06 FI

52.51 Ft

Inlet 7
cmp

0.024
24 In

21.50 Fe
23.50 Ft

0.12740 FtiFt
51.56 Ft

8 In
2.00Fl
1.26 Oeg
2.02 Ft

56.39
52.27 11
50.25 Ft

4.00 cfs
52.45 Ft

-

IntetG
cmp

0.024
24 In

19~20 Ft
20.00 Ft

0.37360 FtlFt
61.48 Ft

8 In
2.00 Ft

20.49 Deg
2.14Ft

60.31
56.67 ft
54.53 FI

4.00 01a
58.50 Ft

-

8.28 FP5 828 F'J)6 3,50 Fps 3.50 Fps 1.27 Epa 1.27 Fps
105 Ft 105Ft 0,19F' 019 Fa 0.02. FI 0.02 Ft

0.04501 F'lIft 004501 F'tlft 0,00800 FtlFt oJJ()806 Ft/Ft 0,0C-H07 FtlFt 0.00107 FlIFt
0.50 050 0.50 0.50 0.50 0.50

1 1 1 1 1 1
051 Fe 082 FI DOQ Ft 0.15 ft 0.01 Pt 0.02 Ft
053Ft 053 FI 009 Ft 009 Ft 0.01 Ft 0;01 FI
10SFt 105 FI 0.19 Ft 019 Ft 0.02 FI 0.02 P't
209 ft 240 Ft 0.37 Ft 0,44 Ft 0.05 Ft 0.06 Ft

60.77 F. 6109F' 58.95't 59.03 Ft 58.53 Ft 58.56 FI

Velocity, v =Q I (11(d/12)J/4) •
Velocity Head, hv II v2+2g"
Friction Slope, Sf =4.66 .. nJ .. Q;l + (d"(16/J» ..
Entrance loss Coetleient, Ke I:

Exit loss Coeflclent, Ko •
Pipe loss, hp • Sf * I =
Entrance Loss, 00 :: Ke • hv II

Exit Loss, ho:: Ko *hv 11

Total Friction Loss, H :I hp + ho + ho·
Headwater Elevation, H'No iii Tw + H a

location:
Pipe material:
Mannings N-Value, n =
Pipediameter (0) =
Pipe Length (I) ==
Hafiz. Dist. CS Face to CL Rae Pipe :=

Pipe Slope at Inlet (8) :=

Top of Curb Elevation (to) D

Curb Face Opening (cO •
Pipe Diameter, d =
Deflection Angle, angle D arctan (5) II

Inlet Diameter, di =dl cos (angle) •
Maximum Crown Elevation (MaxCEi):= te - ef/12· .5 D

Crown Elevation at Infet (CEl)·
Inlet Invert Elevation (Eli) •
Design Flow (0) ell

Tatlwater Elevation (Tw)·

Compute the hydraulic profile fOf the inlet connector pipe. (Concrota·lhuufCMP relaces cae BQX and Rep cornblnatkln in this oonfiguf9Uon, however, connec1or pipe In unlined CMP)

Design data.

Compute flO'JV assuming outlet control.

52.51 Ft
4.38·FI
0.06 Ft
0.24 Ft

0.2563 %

4.00 cfa
0.71
0.42 FtlFt

51.09 Ft

4.0001.
0.71
0.42 FtlFt

55.37 FI

4.00 eta
0.71
0.42 FtlFt

57.24 Ft

11.00 cfs
1.94
0.81 FUFI

56.28 Ft

11.00 cfa
1.94
0.81 FIIF.

58.01 Ft

2600 ct"
<460
1.00 F'VFt

56,92 Ft

26.00 e's
4.60
1.06 FlIFt

58.52 FI

Square Edged Hoadwall
Q=
x= Q/d1\2.5 =
Hwld=
Hwi =Hw • d + ELi ::

Controlling HeadYJater Condition (Max. of Hwo or Hwi).
HW=

Freeboard (gutter..HW). FB= te -cl+12 .. HW:I
HeadWater...Tailwater =
Heactwater-CrownEI·
HGl Slope:

CALCULATEFREEBOARDANO DEPTH OF BASIN:



----------

Inlet 8 Inle19 Inlet 10 Inlel11
cmp omp ,omp ,ClUJ>

0.024 0.024 0.024 0024
24 In 24 In 36 In 24 In

13.70 Ft 30.10 Ft 16.50 FI 16.30 Ft
15.50 Ft 31.00Ft ,18.SO PI 1850 FI

0.31240' FIIFt 0.07730 FtlFt 0.09330 FtlFt 0.08470 FtlFt
57.60 Ft 53.60 Ft 55.81 FI 55.63 Ft

81n o In 8 In 8 In
2.00 Ft 2.00Ft 3,00 FI 200 Pt

17.35 Deg 4.42 Deg 5.33 Deg 484 Deg
2.10 Ft 2.01 Ft 3,01 Ft 201 Ft

56.43 53.10 54.64 54.46
54.20 ft 52.07 ft 51.14 f\ 4Q94 n
52.10 Ft 50.06 FI 48.13 Ft 47,93 Ft

4.00 cfs 5.00 cfs 52.50 cIa 3000cfs
52.45 Ft 46.91 Ft 50.75 Pt 50.63 Ft

G\
lY' 1.27 Fps 1.59 Fps 7.43 Fps 9.55 Fpa 1.43 Fpa 9.65 'Fps 6.53 Fps 3.98,Pptl 3.98' Fps

0.02 Ft 0.04 PI 0.85 FI 1.40 FI 085 Ft 1.40FI 0.65 FI 0.24,Ft 0.24 Ft
0.00107 FIIFt 0.00166 FtlFt 0.02111 Ft/Ft 0.05992 FUPt 0.02111PtlFt 0,05992 FllFt 0.02798 PtlFt 0.01040 FtlFt 0.01040 FtlFt

0.50 0.50 0.50 0.50 0,50 0.5O 0.50 0.50 0.50
1 1 1 1 1 1 1 1 1

0.01 Ft 0.05 Ft 0.35 Ft 0.98 Pt 0.61 Pt 1.73 Ft 0.43 PI 0.29 Ft 0.16 Ft

0.01 Ft 0.02 Ft 0,42 Ft 0,70 PI 0,42 Ft 0.70 Ft 0.33 Ft 0.12 Ft 0.12 Pt

0.02 Ft 0.04 Ft 0.85 FI 1,40 FI 085 Ft 1.40 Ft 0.65 Ft 0.24, Ft O.24Ft

0.05 Ft 0.11 Ft 1.62 FI 3.08 Pt 1.88 Ft 3.83 Ft 1.41 Pt 0.65 Ft 0.52 Ft

52.50 Ft 47.02FI 52.37 FI 53.71 Ft 52.32 Pt 54.15 FI 51.72 Ft 50.92 FI 50.79 FI

4.00 cfs
0.71
0.42 FtlFt

52.94, Ft

5.00 cfs
0.88
0.49 FIIFI

51.04 PI

3000 cfs
5.30
0.65 Flirt

49.23 Ft

12.50 cfs
2.21
0.87 FtlFt

47.95 Ft



-

tnlet 18 Inlet 19 Inlet 20 Inlet 21 Intet 22 Inlet 23 Inlot24 Inlet 25 Inlet 26 Inlet 21
cmp cmp CtTlP cmp cmp orop cmp cmp cmp cmp

0.024 0.024 0,;024 0,024 0;024 0,024 0.024 0.024 0.024 0.024
24 In 24 In 24 In 36 In 36 In 24 In 24 In 24 In 24 In 24 In

27.70 Ft 15,50 PI 21.30 PI 23401=1 1470 FI 23.30 FI 14.60 Ft 23.30 Ft 14.60 PI 1.00Ff
30.50 Ft 18.50 Ft 22.00 PI 2~50F, 1650 PI 24.5,0 Itt 16.50 FI 24.50 PI 18.50 FI 7.00 PI

0.21260 FtlFt 0.25610 FtlFl 0.92100 FlIFt ooסס0.0 FlIrt 048440 Fl/PI ooסס0.0 Ftlr:t 0.48840, FtlF1 ooסס0.0 FtlFt 0.46030 FtlFt ooסס1.0 ,PtlFf
53.42 Ft 53.42 FI 51.19 Pt 51.29 FI 5122 PI 50.76 Ft 50.67 PI 50.46 PI 50.46 Ft "1.93 FI

81n 8 In 8 In 8 In 8 In 8 In 8·ln 8 In 8 In 8 In
2.00FI 2.00 Ft 200 PI 300 Ft 300 PI 2.00 FI 2,00't 2.00 FI 2.00 FI 2.00 FI

12.00 Deg 14.37 Dog "2:65Deg 0.00 Dflg 2585 Oflg 000 Ceo 26.03 Deg 0.00 Deg 24.72 Peg 45.00 ~
2.04 Ft 2.06 Ft 2.72 FI 300 Ft 333 PI 200 't 2.23 Ft 2.00 Ft 2.20 FI 2.83 Ft

52.25 52.25 50.02 50 12 5005 49,59 49.50 49.29 49.29 46.76
50.41 ft 48.43ft 48.65 ft 4963 ft 41.66 n 4861 n 4660 n 48,21 ft 45.61 ft 46~'76 ft
48.37· Ft 46.37 FI 4593 Ft 4663 PI 4433 PI 46.61 PI 44.37 FI 46.21 PI 43.41 FI 4S~93 FI, 12.00 cfs 12.00 cfa 3,00 efa 4000 et" 4000 cffi 19.50 cf. '9,50cfs 18.50 of. 18.50cf. 8.00 cfs

~
50.23 Ft 50.22 Ft 45.50 FI 47 13 Pt 47 12 Ft 4703 Ft 4701Ft 46,92 FI 46.90 FI 44·.24 FI

1 3.82 Fps 3.82 Fps 0,96 Fps 5.66 Fps 566 FP8 6.21 Fps 6.21 Fps 5.89 Fps 5.89Fps l~91 Pps
0.22 Ft 0.22 FI 0.01 Ft 0.49 FI 0.49 Ft 0.59Ft 0.59 Ft 0.53 FI 0.53 FI 0.06 Pt

0.00959 FtlFt 0.00959 FUFf 0.00060 Ft/FI 0.01225 FliP, 001225 FUFt 0.02532 Ft/Ft 0.02532 Flirt 0.02279 FtfFt 0.02279 FtlFt 0.00240 FtlFt
0.50 0.50 0.50 0.50 0,50 0.50 0.50 0.50 0.50 0.50

1 1 1 1 1 1 1 1 1 1
0..27 Ft 0.15 Ft 0.01Ft 0.29 Ft 0.18 FI 0.59 FI 0.37 Ft 0.53 F, O.33Ft 0.02 FI
0.11 Ft 0.11 Ft 0.01 FI 0.25 Pt 0.25Ft 0.30 PI 0.30 FI 0,27 PI 0.27 PI 0.03 Pt
0.22 Ft 0.22 Ft 0.01 Ft 0.49 Ft 0.49 FI 0.59 F, 0.59 Ft 0.63 PI 0.53 Pt O.06'Ft

0.60 Ft 0.48 Ft 0.03 FI 1.02 Ft 0.92 FI 1.48 FI 1.26 FI 1.33Ft 1.13 FI 0.10 Ft
50.83 Ft 50.70 FI 45.53 FI 48.15 PI 48,04 FI 48.51 Ft 48.27 Pt 48.25 Ft 48.03 Ft 44.34 FI

-

12.00 cfs
2.12
0.85 FtlFt

50.07 Ft

12.00 cfs
2.12
0.85 FUFf

48.07 Ft

3.00 cfs
.0.53
0;34 FUFI

46.80Ft

40,00 efa
2.57
0.95 FlIFt

49.48 PI

40,00 cia
2.57
0.95 FlIFt

4118 FI

10.50 cf.
3.45
111 FtlFt

48,90 PI

19.50 cfs
3.45
1.11 FtlFt

46.60 PI

18.50 cf.
3.27
1.09 FVFf

48.39 Pt

18.50 cfs
3.27
1.09 FtlFt

45.59 Ft

6.00 cfs
1.06
0.56 FtlR

45.04 Ft



o · • I j •• • • j I j • j I j I I I I I I

1 3 5 7 g " 1:\ 15 " 19 ~l1 23 2527

Inlet Number

----------
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Inlet Hydraulics
Headwater E/ev • Ta/lwater Elev

-
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-

3.00 cfs
0.53
0.34 FUFt

43.67 Ft

Intet29
cmp

0.024
24 In

40.00 Pt
38.00 Ft

0.03550 FUFt
46.00 Ft

o In
2.00 Pt
2.03Deg
2.00 Ft

45.50
45.00 ft
43.00 Ft

3.00 c(s
44.70Ft

0.96 Fps
0.01 FI

0.00060 FIIFI
0;50

1
0.02 FI
0.01 Ft
0.01 FI
0.04 Ft

44.74Ft

7.00 cfs
1.24
0.61 FtlFt

44.77 Ft

2.23 Fps
0.08 Ft

0.00326 FtlFt
0.50

1
0.03 Pt
0.04 Ft
0.08 Ft
0.14 Ft

44.17 Ft

Inlet 28
cmp

0.024
24 In

8.40 Ft
8.40 Pt

1.00000 FtlFt
41.54 PI

8 In
2.00 Ft

45.00 Ceg
2.83 Ft

46.37
46.37 ft
43.54 ·Pt

7.00 cfs
44.03 Pt
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0.00
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 0.49
0.00 049
0.00 0.49
0.00 0.49
0.00 0.49
0,00 049
0.00 0.49
0.00 0.49
0.00 0.49
0.01 0.49
0.03 0.49
0.71 0.49
1.74 0.49
1.84 0.49
1.91 0.49
1.95 0.49
200 0.49
2.04 0.49
2.06 0.49
2.07 0.49
2.09 0.49
2.10 0.49
2.12 0.49
2.14 0.49
2.15 0.49
2.17 O~49

2.18 0.49
2.19 0.49
2.21 0.49
2.23 0.49
2.24 0.49
2.26 0.49
2.28 0.49
2.29 0.49
2.30 0.49
2.32 0.49

o=Duration =

CN =SCS Curve Number =
S =' Soil moiStUre defICit = (1()()()"'10·CN)/CN=
la= Initial abStraction = .~S =
p= Rainfall =
Q =Cumulative excess rainfall runoff =(p-laf21{p-la+s) =
i = lnt~ofrunoff=deIta(Q)IdeIta(t)



Rearrange incremental excesses in Order of decreasing average intensity.

m

-0.309
-0.361
.Q.426
-0.512
-0.626
-0783
-1 007·
-1.389
-'.112
-0.910
-Q.759
-0.684
-0.586
-0.508
-0.445

2.231
2.193
2.149
2.097
2.034
1957
1862
1738
1.568
1.432
, .321
1.228
'.144
1.072
1.010
0.956

deJta(Q)

-2 4 ....--~--'---------,

iu L
~ i

1!1 I:::::::~.~~~~i: ...::.:::.~l:::::::~
o 0.5 1 1.5 2

11me of Concentration(hrs)

avg(i)
(nlhr)

--39 -

0.273
0.537
0.789
1.027
1.245
1.438
1.596
1.703
1.728
1.753
1.Tl9
1.804
1.821
1.838
1.855
1.872

delta(t)

a
(L'lChes)

Q

t
(hrs)

p

deIta(Q)
(anches)

avg{i) = Average excess intensity = OIl
i =Compute.by interpolation =m t + b

deIta(t)
(hrs)

Tabulate period of peak rainfallexoess.
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I
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I
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-------- - -
GROVERS AVENUE STORM DRAIN LATERAl..

Compute the time of concentration (FCDMC Chp.3).
Drainage Design Manual for Maricopa County, Arizona, Volume I, Hycirolog,y,June 1,1992.

Variable Description Unit Value

# = Subarea number = 1 2 3 4 5 6 7 8 9 10 11 12a
A = .Drainage Area .= ac 7.8 17,7 27,3 47.8 111 ~6 137.2 9,1 208.3 20.1 17.0 33.6 28.9

= sq ml 0.012 0.028 0.043 0.015 0.174 0.214 0.014 0.325 0.031 0.027 0.052 0.045
L= Stream length = rt 1,200 1,800 2.250 4.200 4,200 6,600 1,650 6,900 950 1,t5O 1,800 2,100

= 15280 = mile 0.227 0.341 0.426 0,795 0.795 1.250 0.313 1.307 0.180 0.218 0.341 0.398
EL1 = Upstream Elevation = ft 1485.0 1490.0 1490.4 1496.0 1488 1520.0 1484.0 1520.0 1478.2 1475.0 1472.0 1471.5
EL2 = Downstream Elevation = ft 1478.5 1475.0 1472.0 1471.0 1465.5 1414.5 1471.5 1465.0 1471.5 1468.0 1461.5 1458.0

S = Stream Slope:: (EL1 ..EL2)/L = fUmile 28.60 44.00 43.18 31.43 28.29 36.40 40.00 42.09 37.24 32.14 30.80 33.94
(; ., fUn 0.0054 0.0063 0.0082 0,0060 0,0054 0.0069 0.0076 0.0080 0.0071 0.0061 0.0058 0.0064

m = Factor from Table..3':1"~ ..._ ., .0.00625 ..Q.00625 ..Q.00625 -0.00625 ..Q.00625 -0.00625 -0.00625 -0.00625 ..Q.00625 ..Q.OO625 ..Q.00625 ..Q.00625
b = Term from Table 3-rt-'t: ? I t;; " 0,04 0,04 0.04 0.04 0,04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Kb = Resistance coefficient from Table~ Equation
= m·fog(A)+b = 0.034424 0.0322 0.031027 0.029504 0.021202 0.026642 0.034009 0.025509 0.031858 0.032313 0.000464 0.030869

Tc =Tdal t = hrs 0247 0256 0.283 .0.420 0.415 0.419 0.260 0.457 0.194 0.226 0'.278 0.294
i = Excess rainfall intensity by interpolation = inltlr 2.192 2.189 2,179 2:121 2.128 2.101 2:188 2.111 2.209 2.199 2J81 2.175

~
Tc = Time of concentration from Eq.~ S.s

= 11.4*L"O.5*Kb·O.52·S" .Q.31·i" ..Q.38 -50 = min 14.642 15371 16.984 25.171 24.929 26.728 15.598 27.407 11.655 13.544 16.703 17.645
0 = 160 = hours 0.247 0256 0.283 0.420 0.415 0.479 0.200 0.457 0.194 0.226 0.278 0.294

\ err(t) = To - To =o? hours 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (l,OOO 0.000
Lag = 0.6*To = hra 0.148 0.154 0.170 0.252 0.249 0.287 OJ56 0.274 0.117 0.135 0.167 0.176

INPUT TO HEC-1 NO. 1 2 3 4 5 6 7 8 9 10 11 12a
AREA 0.012 0.028 0.043 0.075 0.174 0.214 0.014 0.325 0.031 0.027 0.052 0.045
LAG 0.148 0.154 0.170 0.252 0.249 0,287 0.156 0.274 0.117 0.135 0.167 0.176

Q ~ Estimated flow :: i a :: cfs 17 39 59 102 238 288 20 440 44 37 73 63
Va = Average flow velocity :: LlTcl3600 = fps 1.3 2.0 2.2 2.8 2.8 3;8 1.8 4.2 1.4 1.4 1.8 2.0



------------
GROVERS AVENUE STORM DRAIN LATERAL

12b 12c 12d 13 14 15 16 17 18 19 20 21
4.8 5.6 0.5 3.7 9.8 25.3 68;6 6.1 0.1 0.9 2.1 6.1

0.008 0.009 0.001 0.006 0.015 0.039 0;108 0.011 0;001 0.001 0.003 0.010
750 765 650 500 650 1.510 3,200 1,000 950 1.000 2.660 1,340

0.142 0.145 0.123 0.095 0.123 0.286 0.606 0.189 0.100 0.201 0.504 0.254
1458.0 1456.0 1457.0 1472.0 1472.0 1468.0 1469.0 1463.8 1465.0 1462.0 1465.0 1456.0
1456.0 1454.0 1454.0 1468.0 1465.8 1462.0 1450.5 1458~0 1462;0 1458.0 1454.0 1450.5

14.08 13.80 24.31 42.24 50.36 20.98 30,53 30,62 16.67 19J~2 21.83 21J37
0.0027 0.0026 0.0046 0.0080 0.0095 0.0040 0.0058 0.0056 0.0032 0.0038 00041 0.0041

...Q.OO625 ...Q.00625 -0.00625 -0.00625 -0.00625 -0.00625 ..0.00625 -0.00625 -0.00625 -0.00625 ,,(),00625 -0.00025
0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

0.035742 0.035338 0.041673 0.036455 0.033812 0.031236 0.028515 0.034819 0.040968 . 0.040347 0.037986
0.248 0.251 0.211 0.145 0.151 0.292 0.362 0.222 0.285 0.283 0.427
2.192 2.191 2.204 2.224 2.222' 2.176 2.151 2.200 2.178 2.179 2.124

..t 14.906 15.060 12.653 8.699 9.034 17.473 21.692 13.325 17.130 16.984 25.595 17.305
0.248 0.251 0.211 0.145 0.151 0.291 0.362 0.222 0.285 0.283 0.427 0.288
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.149 0.151 0.127 0.087 0.090 0.175 0.217 0,133 0.171 0.170 0,256 0.173

12b 12c 12d 13 14 15 16 17 18 19 20 21 22 23 24
0.008 0.009 0.001 0.006 0.015 0.039 0,108 0.011 0.001 0.001 0.003 0.010 0.009 0.002 0.002
0.149 0.151 0.127 0.087 0.090 0.175 0.217 0.133 0.171 0.170 0,256 0.173 0.168 0.223 0.199

11 12 1 6 22 55 146 15 :2 2 4 13 12 3 2
0.8 0.8 0.9 1.0 1.2 1.4 2,5 1.3 0.9 1.0 1.7 1.3 1.2 1.0 1.0
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GROVERS AVENUE STORM DRAIN

Concentration Point No. 1.2: Union Hills Drive and aOth Way

Sia elev ONS= 101.18 101.68 102.18
P a P a P a

0.00 0.00 5.05
0.00 0.00 4.88
3.60 2.09 3.60
7.12 8.61 7.12

10.02 15.35 10.02
27.40 25.62 21.40
33.32 39.29 33.32

0.50 0.14 0.50
5.61 5.96 5.61

10.70 9.74 10.70

Sum = 98.21 51.96 98.21 106.81 108.21 151.73
r= 0.59 1.09 1.61
s= 0.008 0~OO8 0.008
\/= 6.25 9.39 12.18
Q= 362 1003 1921

5.00 0.48
4.50 0.54
0.38 0.03

18.90 8.32
17.00 7.31
0.36 0.00
4.80 0.43
6.90 1.17

Sum = 0.00 0.00 57.85 18.28
r= 0.00 0.19
s= 0.0226 0.0226
\/= 0.00 4.86
Q= 0 89

362 1092 2349

362 1092
362 1003

- Lt~-

MORRISON-MAIERlE/CSSA, INC. 21-Mar-94





GROVERS AVENUE STORM DRAIN

Concentration Point No. 3.2: Union.·Hills Drive and 29th Street

sta elev CVfS = 100.37 100.87
R a P a

Union Hills Drive
120.0 101.10
86.0 100.90
80.0 100.10
68.7 100.69
54.2 100.68
29.6 100.00
18.0 99.30
10.0 100.90
0.0 100.80
0.0 100.80
0.0 100.80

44.39 86.26 43.82 120.26
0.99

0.0036
5.91
259

0.00 0.00 12.13 1.03
0.00 0.00 10.30 4.33
0.00 0.00 18.80 7.71
0.00 0.00 0.48 0.02
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00' 0.00 0.00 0.00
0.00 0.00 0.00 0.00

Sum= O~OO 0.00 41.71 13.09 61.42 40.74
r= 0.00 0.29 0.92
s= 0.004 0.004 0.004
v= 0.00 2.78 5.93
Q= 0 36 242

Total Q.= 27 295 1256

27 295 1·256
27 259 1014

- 4S-
MORRISON-MAIERLElCSSAt INC.··21-Mar-94



MORR1SON-MAIERlE.lCSSA,····INC.·21-Mar-94

sta elev ONS= 10t.2
P a P

Union H1IIsDrive
120.0 100.20
103.0 101.00 17.02 1.10 11.02 10.20 17.02 18.70

94.0 99.20 9.18 5.40 9.18 9.90 9.18 14.40
78.0 100.35 16.04 14.80 16.04 22.80 16.04 30.80
69.0 100.63 9.00 1.89 9.00 6.39 9.00 to.89
29.8 100.00 39.21 15.09 39.21 34.69 39.21 54.29
29.7 100.56 0.57 0.04 0.57 0.09 0.57 0.14
24.2 100.76 5.50 0.22 5.50 2.97 5.50 5.72

0.0 100.90 0.00 0.00 24.20 8.95 24.20 21.05
OJ) 100.90 0.00 0.00 0.00 0.00 0.00 0.00
0.0 100.90 0.00 0.00 0.00 0.00 0.00 0.00

Sum = 96.52 39.14 120.72 96.00 120.72 156.00
r= 0.41 0.99 1.62
s= 0.008 0.008 0.008
v= 4.87 8.85 12.24
0 = 190 850 1909

28th Street
27.2 101.29
3t.8 101.20 0.00 0.00 0.00 0.00 4.60 2.09
3t.9 100.70 0.00 0.00 0.51 0.02 0.51 0.07
55.4 100.81 0.00 0.00 23.50 10.46 23.50 22.21
75.0 101.00 0.00 0.00 19.60 5.78 19.60 15.58
75.0 101.00 0.00 0.00 0.00 0.00 0.00 0.00
75.0 101.00 0.00 0.00 0.00" 0.00 0.00 0.00
75.0 101.00 0.00 0.00 0.00 0.00 0.00 0.00
75.0 101.00 0.00 0.00 0.00 0.00 0.00 0.00'

Sum = 0.00 0.00 43.61 16.26 48.21 39.96
r= 0.00 0.17 0.41
s= 0.0092 0.0092 0.0092
v= 0.00 2.90 5.29
Q= 0 47 211

Total Q= 190 897 2121

Oi= 190 897 2121
Qd = 190 850 1909

Concentration Point No. 4.2: Union Hills Drive and 28th Street

GROVERSAVENUE STORM DRAIN
I
I
I
I
I
I
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I
I
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I
I
I
I
I
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GROVERSAVENUESTORMDRAIN

Concentration Point No. ·5: Union Hills Dnve an~ 26th Street

101.3 101.8
a p a

Union HiUsDrive
120.0 101.20

95.0 99.60 25.05
66.1 100.21 28.31
56.5 100.43 10.20
21.5 100.00 35.00
21.4 100.58 0.59
15.8 100.73 5.60

0.0 101.10 15.80
0.0 101.10 0.00
0.0 101.10 O~OO

0.0 101.10 0.00

120.56 118.59 120.56 178.59 120~56 238.59
0.98 1.48 1.98

0.008 0.008 0.008
8.79 11.55 14.01
1042 2062 3342

102.21
102.12 0.00 0.00 0.00 0.00 4.50
101.64 0.00 0.00 0.00 0.00 0.49
101.51 0.00 0.00 38.80 8.73 38.80
102.08 0.00 0.00 0.58 0.00 0.58
102.08 0.00 0.00 0.00 0.00 4.40
101.30 0.00 0.00 1-5.42' 1.69 15.42
101.30 0.00 0.00 0.00 0.00 0.00
101.30 0.00 0.00 0.00. 0.00 0.00

0.00 0.00 54.80 10.42 . 64.19 39.19
0.00 0.09 0.33

0.0092 0.0092 0.0092
0.00 1.86 4.50

0 19 176

Total 0 = 1042 2082

Oi= 1042 2082 3519
Qd= 1042 2062 3342



GROVERS AVENUE STORM DRAIN

Concentration Point .Nos. 13 & 14:

sta elev cws= 101.51 102.01 102.51

P a P a P a

16.5 101.60
21.5 101.51 0.00 5.00 2.13
26.0 10t.55 0.00 4.50 2.03
26.1 101.18 0.01 0.38 0.06
45.0 t01.30 5.10 18.90 14.55
62.0 101.20 4.42 17.00 12.92
62.0 t01.56 0.00 0.36 0.00
66.8 101.62 0.00 4.80 2.02
73.7 101.40 0.00 6.90 3.45
78.7 101.40 0.00 0.00 0.00
73.7 101.40 0.00 0.00 0.00

Sum = 36.64 9.54 51.85 37.15 57.85
r= 0.26 1.01
5= 0.008 0.008
v= 3.62 8.97
Q= 35 333

101.93
101.90 0.00 5.00 0.48 5.00
101.88 0.00 4.50 0.54 4.50 -~

101.51 0.00 0.38 0.03 0.38
101.63 0.00 18.90 8.32 18.90
101.53 / 0.00 17.00 7.31 17.00
101.89 0.00 0.36 0.00 0.36
101.95 0.00 4.80 0.43 4.80
101.73 0.00 6.90 1.17 6.90

Sum= 0.00 0.00 57.85 18.28 57.85 46.88
r= 0.00 0.50 1.28
5= 0.0226 0.0226 0.0226
v= 0.00 9.39 17.60
Q= 0 172 825

Total Q = 35 505 1688

Qi= 35 505 1688
Qd= 35 333 863

MORRISON-MAIERlE/CSSA, INC. 21-Mar-94



ConcentrationPoint.Nos. 12B.2@28th Street & libby

Sta ele" ONS·= 100.66 101.16

P a P a P

6.64 16.00
2.50 4.00
0.46 0.69

22.68 23.50
20.93 23.00

0.40 0.11
1.96 4.00

26.73 18.61
22.42 9.50

6.56 4.19

84.21 104.21 111.28 104.21 163.03
1.32 1.94

0.0054 0.0054
8.79 11.34
978 1849

0.00 0.00 16.00 2.80 16.00
0.00 0.00 4.00 0.40 4.00
0.00 0.00 0.61 0.14 0.61
0.00 0.00 15.50 7.28 15.50
0.00 0.00 15.40 7.55 15.40
0.00 0.00 0.68 0.20 0.68
0.00 0.00 4.00 0.48 4.00
0.00 0.00 15.00 0.22 .15.00

Sum= 0.00 0.00 71.20 19.08 71.20 54.58
r= 0.00 0.23 0.65
s= 0.0016 . 0.0016 0.0016
v= 0.00 1.48 2.98
Q= 0 28 162

Total Q = 358 1006 2011

Qi= 358 1006 2011
Qd= 358 978 1849

MORRISON-MAlERLE/CSSA, INC.· 21-Mar-94



Concentration. Point Nos. 12A.2@28th Street & Charleston

sta alev Wis= 100.75 101.25
P a P a

0.00 16.01 6.40
4.00 4.00 2.80
0.11 0.11 0.50

23.50 23.50 24.32
23.00 23.00 23.00

0.11 0.11 0.41
4.00 4.00 2.48
0.00 0.00 0.00

14.34 14.34 11.20
0.00 0.00 0.00

86.27 71.17
1.01

0.0066
8.14
579

Chadeston
0.0 101.10

16.0 101.15 0.00 0.00 16.00 2.00 16.00
20.0 101.10 0.00 0.00 4.00 0.50 4.00
20.5 100.80 0.00 0.00 0.58 0.15 0.58
36.0 100.80 0.00 0.00 15.50 6.98 15.50
51.2 100.15 0.00 0.00 15.20 7.22 15.20
51.5 101.07 0.00 0.00 0.44 0.10 0.44
56.0 101.15 0.00 0.00 4.50 0.63 4.50
11.0 t01.40 0.00 0.00 0.00 0.00 15.00

Sum = 0.00 0.00 56.22 17.58 11.22 52.70
r= 0.00 0.25 0.75
s= 0.0118 0.0118 0.0118
v= 0.00 4.28 8.91
Q= 0 75 469

Total Q = 137 654 1845

137 654 1845
137 579 1376
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HEC-l INPUT

11•••••••1•••••••2•••••••3••••••• 4••••••• 5••.•••• 0 •••••••1••••••• 3••••••• 9••••••10

"ORRISON-"AIERlE/CSSA~

SiUCE J. fRIEDHOFF, P.E
PROJECT NO.

6ROvtRS AYENUE STORft DRAIN LATERAL
FROM CAVE CREEl ROAD T032ND STREET

13

PASE 1



rASE

14

13-14

13-15
50 0

HEC-l IHPUT

83 v

RETRIEVE DIVERTED FLuW

0.0052 0.015

14

.- ....tJ •.;

!D •. ~ •.•• 1.•••••• 2.• ~ •••. 3•••.•• &4 .•.•••• 5••••..•6•.••••• 7•••••.•8•••••••9•••••• 10

47 SA 0.015

41 n; 13.2

51
rK 14.1 AnD HVDRDSRA?H
He ~:.

DIVERT FLOW

35 5u5 168S
DG {; 1 1"'~ 825Ii.

REACH ROUTE FRD" 14-15
1150 0.0033 O.OlS TRAP 50 0

15
RUNOFF FROM ~uBAREA 15

""53 -



~£M'"rHo:: v

18

17-21)

17

18-17
eIRe 3.5 0

15
1.J

HEC-l INPUT

83 \)

i.S

RUNOFF FRO"· SUBAREA

DIVERT FLOW

KK 11
UN
f"'.l

SA 0.vl1
L~<II

UD t'. , .......

V••~~

lK 11.1

K"
DT ,... '"

.I.t.

01 0
nQ \1

.]1 REACH ROUTE.· FHO"
R[ 6bO 0.0061 0.012 eIRe

tK t'" ...1 • .,)

K}I P£TRIEVE DIVERTED FLOW
DR t" "".1.1.

KK 19
(" RUNOFF FRO" SUBAREA
SA 0.001
lS ,8 ;)

un O.liO

ADD HYDROSRAPH

84

81

86

is

85

83

aa

91

87 HynR06RAFH

95

99

93
94

103 REACH ROUTE FRO" 19-12D
104 660 0.0061 0.015 TRAP 50 0

105 KK 12D
106 Kit RL~DFF FRO" SUBAREA 120
107 BA 0.001
108 lS
109 un 0.127

110 KK 12D.1
111 He 2

L. !HE i D••••••• 1••••••• 2••••••• 3 4· •••••• ~. 5••••••• 6•••••..~ • j ••••••• 8••••••• ~ ••• II •• 1i)



l!NE 1D••••.•• l 2•••.•.•3••..••• 4 5.•..•..6...• ~ ..7•• ~ ••• ,a ..•....;..••••10

....... 1.2111

DI G
DQ 0 1921

i:! 1-9
K~ REACH ROUTE FRQ~

f· ....
~ ...~

RI 900 0.0078 v.015 TRAP ~... (j",v

KK "'i

RUNOFF FROM ""·''''''·A~'''4 ..~U~ •.~:H

C.j !J

tK 9.1 Ann HY!}ROGRAPHIiIM

HC ..
IK RET!
ttl ROUTE INfLOW THROUGH ~ETENTIOH BASIN
KG .)

RS 1 ElEY 1466
SA 0.05 J\ 11'!. 0.24 0.24V••~

SE 1460 1468 1410 1472
1470 50 3 1.S

KK 9-10
KPI REACH ROUTE FROM ;-10
RK 450 0.0078 0.015 TRAP 50 "

RUNOFF FRO" SUBAREA 2

83 0
0.154

12B

125

141
142



10

2-3
50 0TRAP

ADD· KYDROeRAFH

ROUTE INFLOW THROUGH RETENTION BASIN

REACH .. ROUTE FRO"
180 0.0038 0.015

154 [l: 10-11
18S (PI REACH ROUTE FROM 10-11
ISc It;: 1550 0.0v.42 0.015 TRAP 50 V

2.2
RETRIEVE DIVERTED FLOW

191
192



ADD·. HYDROGRAFH

REACH ROUTEFRu" ... ",'"

1.:. - .L,~'

0.0070 0.015 r""'''' 4 0wlHL

221 [k .; ...)
"""""" 1M ,.,,...,... ., .... 'u... DIYERTE& FLOWt.~J,. ~tHUtVt

JIlt""'" u~ 3.2l.l~

If 3-4
D REACH ROUTE FRO" 3-4
RK 680 O.Otj15 0.015 TRAP 50 0

RUNOFF FROM SUBAREA 4
v.Oi5

83 0
0.252

4.1 ADD HVDR06RAPH
2

4.1
DIVERT fLO. -

2121
1909

4-12A
TRAP 50 0

12A























CQl1?UTED STGRABE"'ElEvHTIOH DATA

1.96
1468.06

159.83

~·.OO

1466.10

1.27 . ..."" 1.30 . ..."'"i..L(j .L •.).)

1.96 4.66 :IlliIt .~.:-\ 1........
'"f.U"! .j.ll.

1468.06 1468.10 1468.15 11A~ ??•..,w ......

1 .. "".... Ii.
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42" Rep

Qp= 82 CPS
65

4S" Rep

Qp=90 crs
...,---------_._._--.~.......--.....-.--.-..

4

®--~

-®

84" RCP

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

@--~

--@
3 Op= 349 CPS

10S* RCP

Qp= 509 CPS

~

w
w
.Cl! .-: b .-:0 (/) (/) (/)

W .£ ..c .£:> "fJ +> 44
<I ....n OJ (J\
0 ru (\J (\J

......... ~ ,.....I..--_,__-------...---r--------.--- -"

00= 525 CPS
1 2

)

-J1
0:>

@ INLET TO STORM DRAIN

(/) (./')

u.. l..\..
U U

M M

24 23

CONCENTRATION
AND CORRESPONDING

Op:: 349 crs
84' Rep



'F. ADDITIONAL HYDRAULIC·ANALYSIS
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I Waterbu~y! Ccnnectlcut

,. ,'.- ••.• 11.1 .. 11'1· &.,., ,., .1.1 i •••• ' •• a. :I •• l·.:C
J, • - ~ I' • -f ; .. a a I ,I' :c • i •••' &' I .. , l I •• I * • j .... ,- I • & ,j •. I • I: a a

I- 'I 'I: " " 'I •• " , • , 'l .. I; ••• ~ • I • ~ t a. , .... 1: ... , ...... " '& ••• t ... -.. 1-.... '•• •••'., •• a&,' •••• a • .et •••- •• , •••••••••• &.- •••••
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l iUUHHUlum.lUUUlHitHi-Hit tttl UtUHHlU
wATER SURFACE PROFILES •

I VERSION OF 3EPTEMBER 1988 t

i· E.RR.DR: 01,02,03,04 I
UPDATED: JUNE 1990 i
RUN DATE 9J94 *

t**lit*•i •*j itt t tilt **t*t *t tj tit itt t j ittit tl'j i t*t t t***
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5LANK_L !H:
tL~NK_i..IN:

. .. '" ..-=~. ~~. ~. ~:.. .; ~~:

Groyers Avenue Storm Drain Lateral 11

28th St. -Catch Basin Type 'K' 72
Wing Basin - Weir Inlet £ontrol Analysis
Flood Control District of Maricopa County
Gtotal :,30 c1s; Wing Slope: 10:1, PiB Length: 15 1t; Width: 3ft
Morrison~MaierlelCSSA Phoenix, AZ to

- > J'!. •••• 1'.-
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I 1 24
12 4 IJ 3.02 1 0 H
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11 10 4 0 3.02 1 !I 0

I 1~)5 0 97.67 0.01 9i .67 3.01 105 3.02
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1Fage

51

THIS RUN EXECUTED 21 ~J94 15:21~42

24

.¥::'-

Data····.Fi 1e:·, 6ROVWBSB.HC2

1.1.

ft; ~lctn= : i:

14

HMVersion: ·5.30

t.tt.ll.REQUESTED SECTION NUMBERSttttttt.

STeHl STeHR RBEL

Run Time: 15:21:42

1t , i 1til itt t 1t t t tit ttl! -. t ttl t t t t

-10

Control Option
HUJlfSECL?RINT

re~in Detailed Cross Section Input

IntHtUUi
~nD!FICAT!DN ...

I
74

I
1
1......_....._.....
1
I
J2

1
I
I
I
I

I
1-10

I
I Run Date: 21 ;/94
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.~ I ., ..:.

....-.".

.; ,1)1

3.01

'1; .oJ

HMVersion: 5.30

~). Vl

.,-. ,.:'.
V.!Jl

:)

9T.Si

:-- _...
'"Ii !;

Run Time: 15:21:42

14

13

IData is presented froll LOB to ROB ifacing downstream)
Data is presented with most downstream Secno first {subcritical regIme}

I
I
~,{.:1

I

•
I
3.1.

I
I
I
J1

I
I
I

.;..

I

•
I
11

I
I
I

I Run Date: 21 9! 94



o

SROVWBSB.HC2

105 3.02

1~)--5

Data File:

1

',".. ,t':-t
.. & .....

... -.....
HI

JISU

98.07

"M'"I'1nVerS10n:

0.01

RunTime: 15:21:429194I
I
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I
I
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I
I
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I
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THIS RUN EXECUTED 2l 9/94 15:21:45

6RDVWBSB,HC2Data File:

~'~:B tid_ :- 7 ... 'i-- :~3) i:j:~:_-",

c ~ .;. 4.·-:

:: ... ' ; · 1.: ..

; iii. '. :.s : 4 .. :;
t'!_·· ."

:J~} O~) ~:. ;-i=. .. .. ..

~)t· :.};} - .,,'." · .~. ;. (~'e

~ .,;' t.t - -. i - -;
!.;.-. ."' ... f'".•.. . ...

illi !)t} 4 P} I L~ It i)6

i}~j ~}~} .. 1 tlo 100 ". 't~.
t"......-i''; ..;. .. ~}~ tLi

i)(! O(i .. '7 if 11 1j..( (~'5 .. (H) (~!} 98 65 .j 56

~)\}
Ii'. ~ :=L I ;;

~
,

lUI C~~) ':'d )0( ...... ~.; .. . .. "WeI

!}t) I Pj .' OS ; ')e OS 1~}.i) ~)l} 'tij .S7 J .1..:)

It (:0 00 .. ov 1 (\ '.' 04 10~j 00 98 .til j 08

~j~.~ ~)~} i '}} 97 04 100 0i 98 .87 1"\. 90l..
!JV uv I 48 ~v .0'.. 100.\oJV 98.85 10

VI)
,•• J'\

81 '-''' .02 lOt) 98 81 2.47.vv . ~L alP) .
.00 }:) •01 98 .67 2.20

4.00

3.00

2.00

6.00

,..- ' .... -.
lL.'J!·}

.. ....... .... ,..
i.~J •.!.f~.l

HMVersion:5.3Q

18. (i~)

... ... ...

;; ."..tV

3.00

3.00

3.00

~,9 .34

99'.• 15

~9.40

99.39

Run"Time: 15:21:42

4.00

2.00

2/ 9i94

1.000

I
I Run Date:

ItHilttttUlUUtUnttuuttttttluttUttUtttt
HEC2 RELEASE DATED SEP BE UPDATED JUN 1990

I

irtnUUUuiUtntuUnutmuHHtttHUttU

1••..•....1;.

I_in: .
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I
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I
I
I
I
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I '1InID· ~tcp 'f ~ ;44Hw.: ~ ...... , "t Run" Tifte: "15:21:,42 Hr1Verslon: 5.3!} Data Fil~: SROVWBSB..HC2 Fage 5
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15.000 PROF ILE= ·.·1 CR ITICAL>DEPTH. ASSUMED

9/'14 Run.·Time: ·15:21:4.2 HMVersion: ..5.30 Data File: 6ROVWBSB.HC2
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IOFILE FOR STREAM Wing Basin - Weir Inlet
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I 5. C W , E
C Vi · E
C W · E

I
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I UUUU*tUiitfUUUiUiUUttttUttuutunu*u
WATER SURFHCE FROFILES . i

• VERSION OF SEPTEMBER 1988 •

I ERROR: 01,02,03,04 t
UPDATED: JUNE 1990 t

• RUN DATE 9/94 TIME l
l*tttttUtttUtUtttUuUUtttt*ttttttuuttttutttt

ltltltlilli ttll••*.,t j *.*1**tl,.*li .tltt
l U.S•. ARMY CORPS OF· ENGINEERS t
l THE HYDROLOGIC·ENSINEERIN6CENJER *
t 609 ·S'ECOt,jDSTREET, SUITE D *
• DAVIS, CALIFORNIA 95616-4687 *
i l
ttlttliiitiilt'tlttttltttiitttltltttlti

......
.................................................
• I; ... _. a" ... '~- •• I-: •• -•••.••••• " • I ••• -•••• '& ••.•• I :I '••••• -••

, .. """"".""." ""." " .
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•• ••• a.- •• t •••••• -. II' · , ••,. 'II:: ,a.a.l."
............................ a ··••••••• , •••••••, ••

"" '1. •• , .' l> ." ••__ ' ..
a#I:- ••-a ••• la ,-a-tl..' •• I- •• &.,c- •• a ••• I •• ; I.a •• , ••-I_I
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Ha EST AD ~ E THDDS
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37 Brooksioe Road • Waterbury~ Connecticut 06'08 J
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16

I

Grovers Avenu~ Storm Drain Lateral
28th St. - Catch Basin Type 'M:
Wing Basin" Weir Inlet Control Analysis
Flood Control District of Maricopa County
Gtotal =30 Cf5; Wing Slope =10:1,199 Length =15 ft; Width: 3ft
Morrison-Maierle/CSSA Phoenix, AZ
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BLANK_LINE
BLAt~K_t. IHE
BLANK_LINE

*

.... 1- 1-\' II 1·' ~ "'C'.-

=L~N~~_L 1Nt:
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Run< Time: ··15:52: HMVersion: 5.30 Data File: SROVWBSP.HC2 Page 1

I
THIS RUN EXECUTED 2/ 9/94 15:52:1

518

ISw

15

DEPTH DIFfJSX

1314

XSECH

FH

STCH~

?!ETRIC

ttitttttREQUE5TED SECTION NUMBERS!ttjit ••

4

21
V.' .1"".'''''
AL~tLSTeHl

25
AREA

43

HUMSEe

PrintcutControl Option
LPRINT NUMSEC

LPRNT

I
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I
I
I
I
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I
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J
I C~~U}P

I

J
1~1V



I RuaDite: 9i94 Run lime: 15: 52:1 HMVersion :5. 6RDVWBSF.HC2 Page 2

IData ~s presented f ~om LOB to RuB (facing do~nstream) ...", ..
Data 15 presented wlth most upstream Secno fIrst lsupercrltlcal regIme}
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I Run llate: 9/94 Run Time: 15:52: 1 HMVersion: Data file: IROVWBSP~HC2 Page
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1
1

Date: 2/9194 RunTime: J5:52:1 HHVersion: 5.30 Data File: 5ROVWBSP.HC2 Page 4

THIS RUNfXECUTED 219/94 lS~52:4

.97

1.49

~'- j ~.>

L .l.!}

.' ".~'.1.el

·).re

4.12

4.36

- '1<6 --

.00

.00 .00
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.00 ,00
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18.00
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.. -. " .. -£
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~.~ .83 .) tH).'t~
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':'~ 75 '.' 00

'10 7-2 ~ 00
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98. 64 3 00

98 I ~

..} 00.o..! .
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I Run Date: 21 9/94 Run TilDe: 15:52:1 HHVersiorn 5.30 Data File: P,age 6

I
~UHrtARY OF ERRORSANu SPECIAL MOTES

CAUTION SEeND:

I rIoN SEeriO:
.llIDN SEeND:

1.000
1.000
1.000

FROFILE=
PROFILE=
PROFILE=

CRITICAL DEPTH ASSUMED
PROBABLE MINIMUMSPECIFIS
20 TRIALS ATTEMPTED TO BALANCE

20

CRITICAL

eRI TICAL
PROBABLE

CRITICAL DE~TH ~SSU~ED

20 TRIALS ATTEMFTED TO B~LANCE ~SEL

CR!TICALDE?JH ASSUMED

CRiTICAL DEFTHASSUHED

20 TRIALS A1TE~PTED TG

FRDFILE:

FROFiLE:

FRO-F·ILE: 1

FR0FILE:

PROFILE::

~tO~O PRDFILE: 1 PROBABLE MINiMUM SPEC1FIC ENERGY

8.

9.000

1.

,...','\.!·i, ..,..;.•...r ~! f4.I.
~..., ,

QluN
L,HU! lU~.

'1IUON SECIlQ=
to.JI!ON SECNO=
CAUT! ON SECNLt::

CAUTiON SECNu:

1..... '···;..·····-.·r ... ,.:...i.iAv.'
........ -,

LHuTIDN

PROFILE= 1 FROBABLE'MINI"UM SP~C!F!C ENE26~

PROFILE: 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

CAUTION

1.

·T...l.fi lt.f>- « 1 ... -.::1

iTION

SEeliD=
SECNQ=
SEeriD:

11.000
11.000

PROFILE=

PROFILE:

PROFILE=
PROFItE=
PROFILE=

20 TRIALS ATTEMPTED TO

CRITICAL DEPTH ASSUMED

CRITICAL DEPTH ASSUMED
1 PROBABLE ~INI"UM SPECIFIC ENERSY

20 TRIALS ATTEMPTED TO BALANCE W~t~

1 CRITICAL DEFTH ASSUMED
PROBABLE ftINI"UM SFECIFIC ENERGY

12.000 PRDFILE=
12.000 PRDFILE:
12.000 PROFILE= 1 20 TRIALS ATTEMPTED TO

IL.. TIDN
t. . T! ON SEerlD:
CAUTIDN SECNO=

I

PROFILE: CRliICALDEPTH ASSUMED
l~.OOO PROFILE: 1 PROBABLE M1NIMUM SPECIFIC ENERSY
13 PROFiLE: 2\) 'TRIALSATiEMPTED .TDBALANCEWSEL



Page ~
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RBELSTeHR

9(94 ttun Ilme: 15:52: 1 HMVersion: 5.30 Data File: 6ROVt'SSF.HC2

XLBEl

Ing Basin - Weir Inlet
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I rtun i l.lne: 15: 52:,;1 Data File: GRQYWBSP.HC2 Page 7

14.000 PROFILE= MlrHMUMSPECIFIC ENERGY

l«tal

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

15.000 PROFILE= 1 CRIIICALDEPTHASSUMED
15 i ()(H) PROFILE= 1 PROBABLEMINIMUMSPECiFICENER6Y
15.000 ?ROFH.E= 1 20 TRiALS ATTErlPTEDTO BALANCEwSEL

progral termlnatlon

- \0\-



IOFIlE FOR STREAK Wing fiasin - Weir Inlet
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TABLE 2-HYORAULICDESIGN DATA

Velocity Vel. Head Energy
(f05) (Feet) Slope

HGL
(Feet)

1439.50
1439.50
1440.37
1442.59
1442.50 '

1445.C5
;448.48
1448
1451.73

1449.89

1441.5~

:444.77

:445.58
1449.77

1454.84
1454.84
:457.12

ESL
(Feet)

1.8So
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Grovers .Storm Drain

Gravers Avenue,
32nd Street to Cave Creek Road
Phoenix,··Arizona

Flood Control District of
Maricopa. c;ounty
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Page 2

-.. \ \1. ---

Pavement base.·course.material should·beA.B.C. per M.A.G. Section 702 Specifications. Asphalt

concrete materials and mix design ,should conform to M.A.G. 710. It is recommended thatmix designation
D~1/2 orC-3/4 be used far tile pavements. While theC-3/4 mix has a somewhat rougher texture, it offers

Illore stability. Pavement installation should be carried out under applicable portions of M.A.G.Section

321.

The scope of this investigation and report does not include regional considerations such a.s seismic

activity and ground fissures resulting from subsidence due to groundwater withdrawal, nor any
considerations of hazardous releases or.toxic contamination of any ~.



I

January 18, 1993



--1 \ L\ -





SOIL LEGEND

.
LargcButl:S&mple- A ,rab samp'etaJc:cn directly (romauter 1Hehts

i
I
i,
,

SAMPLE DESIGNATION

AS

BS

s

I
Auger Sample-

Spoon Sample-

Ring Sample-

DESCRIPTION

A grab sampletakendircc:dy from lugcrnighu

Standard PCn¢lratioft Test(ASlM 0.1586) Driving .. 2.0 inchouuidc
diameut split spoonsampJer into undisturbed soil rOt lb.rcc JUcce;ssive
6-inch increments by mc.anso(.. 140 lb. 'Weiaht(ree r..lling throup a
distance of30inches.1'he cumuJ.uvc number of blows tot'chcfia."d
12· inc.hc.s of ~netrationiJthcSLtod.rdPenetration Ruist.tac.e 00.

Drivin, • 3.0 itdl outside diamctc.tspoon equippe.d with a Jerie.t. of
2.42 inch insidedia.meter, 1· ioch Jong brus riDgS,into uDdiaurbed
$Oil for one 12"incll increment by the same muns or the Spoon
Sunplc. ThcbJow,~uircdfor the 12 i:xhcso(pcnctntiOft arc
recorded.

Q-4
5-10
11-30
31-50
:> 50
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StlndarclPenetralion Test driving .. 2.0 ~h ouuidcdiameter split
JpOOQ equipped with t'Wo3 inch 1001. 1.".. inch ir..sidecfiametcr brass
Iinc~sep&ntcdby .. 1.·ineh long $plcer, intoundistut'bed soil by the:
same me.a.m of t.~e spoon sample:.

A 3.0inchoulside diamet.er1..\in-walJed tube continuously pushed into
undi.s~rbcd :-oil by .. ··rspid motion, ,.,it.~out imp.et or ~inf
(AS'TMD-1587).
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TABULATION OF TEST DATA

PROJECT: GroversStonnDrafn- GroversAve.32ndSt. to c.e.
Nl.MBER: 930314SA

Test~le I water Dry I <1200 <140 <110 <14 <3- I LIquid Plastic Piast- I ASTM

Boring . Deptb I Content Density [Sieve Sieve Sieve Sieve Sieve IU.it Ll.it city 'Classification
Ntaber (feet) J : (pet)': : : X X 'X : Index: I

.-_ - _ - - - - -.-_ - --- -- _-- _..__ ..- .
B· 1 21.015 27 53 75 100 37 26 12 I SIC

B- 2 4.0 43 58 77 85 10032 20 12 I sc
S· 3 6.0 63 83 94 97 100 40 24 17 leL
B-4 16.0 11 23 50 n 100 3824 14 J $V-se
B- 5 2.0 5.4 116.3 20 32 62 83 100 32 19 13 I SC

SPEECIE
AND ASSOCIATES



25.0

14.0%

22.520.017.5

OPTIMUM MOISTURE CONTENT:

15.0

SPEECIEE
AND ASSOCIATES

_. ll~--

MOISTURE CONTENT (%)

12.510.0

117.8 PCF

7.55.0

125 "
\

"\,
120 I ,

I "", "-
, ..----. '\

~ ~

IX, " "\ i
115 IAI t \ '\

/1 ,
f t ~. I~ t j

V I J
J • ~ :,

/ I .'"• " I ......

110 I I ,
" I t

""-

""
105

I t ,
.'"'
" ~N..

"100
,

"-

95

MOISTURE·[)ENsrrv RELATIONS

PROJECT: GroversStorm Ora in PROJECT NO.: 930314SADATE: 12/18/93

LOCAnON:Gr'oversAve.32nd St. toC.C.

BORING NO.: B- 2 SAMPLENO.:8S-2 SAMPLE DEPTH: 4.0e

METHOOOF COMPACTION: AS1l1D698A

UQUID UMIT: 32 PLASnCUMIT: 20 PLASnCllYINDEX: 12

CLASSIFICATlON:SC ASTM SOil DESCRIPTION: CLAYEYSANDulfh GRAVEL

MAXlMUM.DRY·DENSITY:

>....
Henz
lJJo
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.. - - - - - ~--~----~--_..-- - _._----....
SWELL TEST DATA

BORING/
PIT NO.

B-2

SAMPLE
DEPTH (FT.)

4.0

REMOLDED
DRYDENSI TY·

(peF)

113.1

INITIAL
MOISTURE
CONTENT
PEHCENT

11 .1

PERCENT
COMPACTION

96.0*

INITIAL'DEGREE
OF SATURATION

PERCENT

64

FINAL DEGREE
OF SATURATION

PERCENT

83

TOTAL
SWELL

PERCENT

2.2

*Based ana maximum dry density of 117.8 pef at 1/•• 0 percent opt.inlummoisture

Gravers Storm Drain
Gravers Avenue
32nd St. to Cave Creek Rd.
Phoenix, Arizona

SPEEDIS
ANC .A5S0CIATSS
o I 0' I eM H • C A \ A H OS., f r H GUf ... " s

P 930314SA
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Morrlson~1\ .
Malerlel\.i.}.):\_\2-0 -

LOCATION MAP

GROVERSAVENUESTORMDRAIN LATERAL

FLOO'I) CONTROL DISTRICT OFMARICOPACOlJNTY
(FCD#93-21)



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

N

NOTES

L TYPES ARE DESIGNATED AS FOLLOWS,'M'·· NO WING
, . I.. ... ,... . ..J

M-I · ·ONE WING.M-2 ··TWO WINGS.
2. ALL CONCRETE SHALL BE CLASS 'A'. .

3.ALL REINFORCING STEEL SHALL BE DEFORMED
BARS AND SHALL CONFORM TO A.S.t M.

DETAILNO~ .~m, . CITY. OF PHO.ENI.X
F?-1569 ~. STANDARD DETAIL



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

T= SU IFV 154' OR lESS
T=SnIF·V·1S4' TO S·
(IFV ,E~~EEDS·8', SPECIAL.OESIGNISREQUIRED)
'1= :;'-0 UNLESS OTHERWISE NOTED.

CATC BAS Al

----r,
\ I
V-,

--'

3.FLOOR OF BASIN SHALL8ETROWELLED TO A
t:-lr:o.~=:ot~~=-!.:::flll---...-t- HARD,SMOOTH SURFACE AND SHALL SLOPE

FROM ALL.DIRECTIONSTO OUTLET.

4.THE CONSTRUCTION DRAINS SHALL BE
INSTALLED IN ALL INLETS BUILT WITH PAVING
PROJECTS.(SEE OET. (?-1575): ..

5. CONNECTOR PIPE SHALL BE TRIMMED TO THE
FINAL SHAPE AND LENGTH BEFORE CONCRETE
ISPOUREO.

6.PLANSSHOULD SPECIFY GRATE ELEVATION
AND INVERTE'LEVATION.

7. THE'TYPE'N'CATCH 'BASIN MAY BE
PREFA8RICATEOPROVIOING A SHOP DRAWING
IS APPROVED .BY THE ENGINEER PRIOR TO
FABRICATION.

a.THE FRAME SHALL BE DET. P-1564,TYPEIANO
THE GRATE SHALLBEDET P-1565,TYPE I.

9. STEPS(M.A.G. OET.428POLYPROPYLENE)-V=3'
(INCl), PLACE ONE STEP 12" ABOVE THE FLOOR
OF. THE BASIN. V OVER 3', PLACE STEPS .AT
12"INTERVAlS . FROM THE FLOOR OF THE BASIN
WITH THE TOP STEP AT 12

u
(MIN.l BELOW THE

TOP OF THE GRATE.

RIPLE CATCHBASINl?LAN

SINGLE. CATCH BASIN PLAN
6'·5"

~,~~7~
h~--r-J_B.. ./~ ('
tf~~~~#:Z:-:-> ,.J
..,-- . . '1ft, rr -----.-.1:'

"';';"'''::'':~A''''''''' ~~:"".

DOUBLE. CATCH BASIN PLAN
9' .. 101/2"

.~ 2'..1I112"..p:.J.,- NOTE S
.~;:t".... : )'" --;:-LALL CONCRETE SHALL8E CLASS t A'

GRATE FRAME AND . . -.- - .'
FRAME ANCHORS . ~ ~-.-""'...( ..J~.·N.. 2.. C.O.N. N.EC.TO.RP.IPES MAYBE PLACED IN ANY WALL

,"\.~ AS PER PLAN.
t' '_-.I. •
.. (\J

V2" STOVE BOLT
2 PER FHAME

(COUNTERSINK
BOLT HEADS)

SECTION B-B

GRATE FRAME
AND FRAME .
ANCHOR S r-+-~--- -4-"-:""""_-4-+--,-----------l-

DETAIL NO. .~Jti. CITY OF PHOENIX

P-1570 9 STANDARD DETAIL

'N' CATCH. BASIN IN
VERTICAL CURB a GUTTER

GRATE SUPPORT FOR
DOUBLE t;lTRIPLE ONLY
SEE SECl:B-:B

1
,.--

N
N
l
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Cost Summary

Alternative

Rep
CIPP
cae

Minimum

Cost

$1,654,750
$1,489,982
$1,440,817

$1,440,817

Ditt.

$213,933
$49,164

$0

Morrison..Maierle/CSSA, Inc. 21-Mar...94
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Gravers Avenue Storm Drain Lateral

Preliminary Construction Cost Estimate for ReP-Altemative

No. Description Unit Quantity Unit Cost Cost

1 1Ox10x10 Foot'Junction,Structure ea 1 $8,000 $8,000
2' 12x12x16 Foot Junction Structure ea 1 $12,000 $12.000
318 Inch Reinforced Concrete Connector·Pipe feet 68 $45 $3,060
4241nchReinforced Concrete Connector,Pipe feet 70 $60 $4,200
5 36 Inch Reinforced Concrete Connector Pipe feet 202 $100 $20,200
6 241neh Reinforced Concrete Pipe feet 60 $48 52.880
7,36 Inch Reinforced Concrete Pipe feet 18 $90 $1,620
8 42Jnch Reinforced Concrete 'Pipe feet 1.114 $84 $93.580
9 ,48 Inch ,Reinforced Concrete Pipe feet 613 $96 $64.610

10 54 Inch Reinforced,Concrete Pipe feet 35 5135 $4.730
1160 Inch Reinforced Concrete Pipe feet 72 $150 $10,800
1272 Inch'Reinforced,Concrete Pipe feet 34 $180 $6,120
13 84 Inch Reinforced Concrete Pipe feet 1.410 $210 5296.100
14 108 Inch Reinforced Concrete Pipe feet 1,245 5420 $522,900
15 54x36 Inch Pre-Fab Tee ea 2 $500 $1,000
16 6OX361nch Pre-Fab Tee ea 2 $550 $1,100
17 72x36 InchPre-Fab Tee ea 2 $650 51.300
1884X36lnch Pre-Fab Tee ea 2 $750 $1,500
19 ,1 08x1 08x60 Inch,Pre-Fab Tee ea 1 $1,500 51,500
20 108x10Bx18Jnch Pre-Fab Wye ea 2 $700 $1,400
21Blnch Vitrified Clay Pipe Sewer Relocation feet 167 $18 $3.010
22 Adjust Man Hole Frame & Cover (MAG-270) ea 7 $250 $1.750
23 Adjust VaJve'Box& Cover (MAG-270) ea 2 $250 .$500
24, Allowance for EXTRA Work Job 1 $50,000 $50,000
25 Anowance 'for Public Information and Notifteation Job 1 COP $0
26 AUowance for Quality Control &Testing Job 1 $50,000 $50,000
27 catch Basin & Apron, Type N , Single (P-1570) ea 1 $1.200 $1,,200
28 catch Basin Type M-1,L= 6 (P-1569) ea 2 $1.500 $3.000
29 Catch Basin Type M-1, L =, 10 (P-1569) ea 1 $1,800 $1,600
30 catch Basin,Type M-1,'[ = 17 (P-1569) ea 4 $2,225 $8.900
31 Catch Basin Type M-2, L = 6.17 (P-1569 Mod.} ea 1 $2,500 $2,500
32eatchBasin TypeM-2, L = 13,17 (P-1569 Mod.) ea 11 $2,800 $30,800
33 Catch Basin Type N, L = 28 (P~1570 Mod.) ea 1 $4,200 $4.200

,34 Catch Basin Type N,L =36 (P-1570 Mod.) ea 1 $5,400 $5,400
35 Catch Basin Type N , L=42 (P-1570Moct) ea 1 $6,300 56,300
36 Channel Excavation cuyd 620 $3.00 $1,860
37 Concrete Sewer ,Manhole (MAG-420 & 422) ea 1 $2.000 $2.000
38 ConcreteSidewaJk (P-1230) sqft 3,712 $2.00 $7,420
39Conctete Valley Gutter & Apron sqft 1,290 $4.00 $5,160'
4Q Curb and Gutter, Type 'A',H~ (MAG-220) feet 285 $7.00 $2.000
41, Large Diameter Plugs ,(MAG-427) ea 2 $1.000 $2,000
42 Manhole Base Transition (P-1560 & MAG-522) ea 3 $3.500 $10.500
43' Pavement, Replacement, C-314 x 'Z' Thick sqyd 1,228 $15.00 $18,420
44 Permanent Pipe Support (MAG-403-1 &2) ea 9 $660 $5,940
45 'Pipe Conar(MAG-505) ea 44 $350 $15.400
46 Storm Drain Man Hole (P-1520&MAG-522) ea 7 $1,800 $12.600
47 ,Survey Job 1 $30,000 S30,OOO
48 Survey Marker, Type tBt (MAG-120-1) ea 8 $150 $1,200
49 TrafflC and Access Control job 1 $30,000 $30,()(X)
50 Uniformed Off-Duty Law Enforcement hour 100 $21 $2.100
51 "WaterUne Realignment ea 2 $2,200 $4,400

Subtotal $1,378,960
Contingencies job 20% $275,790

Engineer's Opinion of Construction Cost $1,654,750

Morrison-MaierlelCSSA, Inc.'21 ..Mar..94
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Grovers.Avenue Storm Drain Lateral

Preliminary Construction Cost EstimateJorCIPP-Altemative

No. Description Unit Quantity Unit Cost Cost

1 1Ox10x1 0 Foot Junction Structure ea 1 $8,000 $8,000
2 12><12x16 Foot Junction Structure ea 1 $12,000 $12,000
3 18.lnch.·ReinforcedConcrete Connector Pipe feet 68 $45 $3,060
4 24.Inch Reinforced Concrete Connector Pipe feet 70 $60 $4,200
5 36 Inch Reinforced Conerete.ConnectorPipe feet 202 $100 $20,200
6 .24 Inch Reinforced Concrete Pipe feet 60 $48 $2,880
7 36 Inch Reinforced Concrete Pipe feet 18 $90 $1,620
848 Inch cast In Place Concrete.Pipe feet 1,114 $108 $120,312
9 54 Inch Cast In Place Concrete Pipe feet 673 $122 $81,710

10 54 Inch Reinforced Concrete Pipe feet 35 $135 $4.725
1160 Inch· Reinforced Concrete Pipe feet 72 $150 $10.800
12 .72 Inch Reinforced·Concrete Pipe feet 34 $180 $6,120
13.96 Inch Cast In Place Concrete Pipe feet 1,410 $216 $304,560
14 ·120 Inch Cast In Place Concrete Pipe feet 1,245 $270 $336,150
1554x36lnchPre-Fab Tee ea 2 $500 $1,000
16 6OX36 Inch Pre-Fab Tee ea 2 $550 $1,100
17 72X36 Inch Pre-Fab Tee ea 2 $650 $1,300
18 84X36lnchPre-Fab Tee ea 2 $750 $1,500
19 108X1 08x60 InchPre-FabTee ea 0 $1,500 $0
20 108x1 0Bx18lnchPre-Fab Wye ea 0 $700 $0
21 8 Inch Vitrified Clay Pipe Sewer Relocation feet 167 $18 $3,006
22··Ac.fJUstMan Hole Frame &Cover(MAG-270) ea 7 $250 $1,750
23 AdjuslVaJveBox & Cover (MAG-270) ea 2 $250 $500
24.AJIoYvanoe for EXTRA Wod< Job 1 $50,000 $50,000
25 Allowance for Public .·Informationand NotifICation Job 1 COP $0
26. ADowanceJor Quality Control & Testing JOb 1 $50,000 $50,000
27 .Catch·Basin &.Apron, ... Type N , Single (P"1570) ea 1 $1,200 $1,200
28 Catch Basin TypeM-1. L = 6 (P-1569) ea 2 $1,500 $3,000
29 Catch Basin Type M-',L =10 (P-1569) ea 1 $1,800 $'.800
30 Catch Basin Type M-l. L= 17 (P-t569) ea 4 $2,225 $8.900
31 Catch Basin Type M-2. L =6.17 (P-1569 Mod.) ea 1 $2,500 $2,500
32 Catch Basin TypeM.2, L = 13,17(P-1569Mod.) ea 11 $2,800 $30.800
33.Catch Basin Type N ,L = 28 (P-1570 Mod.) ea 1 $4,200 $4,200
34 Catch Basin TypeN. L = 36 (P-1570 Mod.) ea 1 $5,400 55,400
35 Catch Basin Type N , L = 42 (P-1570Mod.) ea 1 $6,300 $0,300
36 Channel ·Excavation cuyd 620 $3.00 $1.860
37 Concrete Sewer Manhole (MAG-420 &422) ea 1 $2.000 $2,000
38 Concrete Sidewalk (P-1230) sqft 3,712 $2.00 $7,424
39 .. Concrete Valley Gutter & Apron sqft 1,290 $4.00 $5,160
40 Curb and Gutter, Type 'A', H=E)' (MAG-220) feet 285 $7.00 $1.995
41 ·Large Diameter Plugs (MAG-427) ea 2 $1,000 $2,oex>
42 Manhole Base Transition (P-1560 &MAG-522) ea 3 $3,500 $10.500
43 Pavement Replacement, 0-314 x 2"' Thick sqyd 1,228 $15.00 $18,420
44 Permanent Pipe Support (MAG-403-1 &2) ea 9 $660 $5,940
45 Pipe CoIJar(MAG-505) ea 44 $350 $15,400
46 Storm Drain Man Hole (P-1520 &.MAG-522) ea 7 $1,800 $12.600
47· Survey Job 1 $30,000 $30.000
48 Survey Marker, Type 'S'(MAG-120-1 ) ea 8 $150 $1,200
49 Traffic and Access Control job 1 $30,000 $&l,OOO
50 .Uniformed Off-Duty Law Enforcement hour 100 $21 $2,100
51 Water One Realignment ea 2 $2,200 $4,400

Subtotal $1,241,652
Contingencies job 20% $248,330

Engineers Opinion of Construction Cost $1.489,982

Morrison-MaierlelCSSA, Inc. 21-Mar-94
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Gravers Avenue Storm~Drain Lateral

Preliminary Construction Cost Esti.matefor CBC-Altemative

No.· DescriptiOn Unit Quantity Unit Cost Cost

1 1OX1OX10Foot Junction Structure ea 0 $8,000 $0
2· 12x12x16 Foot Junction Structure ea 1 $12,000 $12,000
3 18 Inch Reinforced Concrete Connector Pipe feet 68 $4S $3,060
4 ·24 Inch Reinforced.Concrete Connector Pipe feet 70 $60 $4,200
5 36 Inch Reinforced Concrete Connector Pipe feet 202 $100 $20,200
6 24 Inch Reinforced Concrete Pipe feet 60 $48 $2,880
7 36Jnch Reinforeecl Concrett! Pipe feet 18 $90 $1,620
8 42 Inch Reinforced Concrete Pipe feet 1,114 $84 $93,576
948lnchReinforced Concrete Pipe feet 673 $96 $64,608

10 54 Inch Reinforced Concrete Pipe feet 35 $135 $4,725
11 60 Inch Reinforced Concrete Pipe feet 72 $150 $10,800
12 72 .Inch Reinforced .Concrete Pipe feet 34 $180 $6,120
13 84 Inch Reinforced Concrete Pipe feet 1,410 $210 $296,100
14 8' x 8' Concrete BoxCooduit feet 1.245 $284 $354,133
15 54x361nch Pre-FabTee ea 2 $500 $1,000
1660X36lnch Pre.Fab Tee ea 2 $550 $1.100
17 72x36lnchPre-FabTee ea 2 $650 $1,300
18 ··84x36 loch Pre-FabTee ea 2 $750 $1,500
19 108x100x60 InchPre-Fab Tee ea 0 $1,500 $0
20 .1·a-· SpurConnectionto ..·8'X8' cac ea 2 $700 $1.400
218 Inch VrtrifiedClay Pipe Sewer Relocation feet 167 $18 $3.006
22. Adjust Man Hole Frame·&.Cover.(MAG-270) ea 7 $250 $1,750
23 Adjust Valve Box & Cover'(MAG-270) ea 2 $250 $500
24 .AIbNance for EXTRA Work Job 1 $50,000 $50,000
25 A.UoWancefor Public Information and Notification Job 1 COP $0
26 ·AIIaNanoe for.·Quality Control &Testing Job 1 $50,000 $50,000
27 Catch· Basin & Apron, Type N , Single (P-1570) ea 1 $1.200 $1,200
28 ... CatehBasin Type Mo.1, l =6 (P-1569) ea 2 $1,500 $3,000
29 catch BasinType M-1.l = 10 (P-1569) ea 1 $1,800 $1,800
30 ..Catch Basin Type ·M-1 , L =17 (P-1569) ea 4 $2.225 $8,900
31· catch Basin Type M-2. L = 6,17 (P-1569 Mod.) ea 1 $2,500 $2,500
32Cateh Basin Type M-2, L =13,17 (P-1569 Mod.) ea 11 S2,8OO $30,600
33 Catch Basin Type N·, L =28 (P-1570 Mod.) ea 1 $4.200 $4.200
34 Catch BasinTypeN, l = 36 (P-1570 Mod.) ea 1 $5,400 $5,400
35 Catch Basin Type N , L= 42 (P-1570Mod.) ea 1 S6.300 $6,300
36Channe!Excavation cuyd 620 $3.00 $1,860
37 Concrete· SeYJerManhole (MAG-420 & 422) ea 1 $2,QCX) 52.000
38 Concrete Sidewalk (P-1230) sq ft 3,712 52.00 $7,424
39 .Concrete Valley Gutter & Apron sqft 1.290 $4.00 $5.160
.4Q Curb and Gutler, Type 'A', H=O' (MAG-220) feet 285 $7.00 $1.995
41· Large··Diameter· Plugs (MAG-427) ea 2 $1,OCX:> $2,000
42 .Manhole·aase Transition·(P-1560 & MAG-522) ea 3 $3.500 $10,500
43 Pavement Repiacement,C-314x T Thick sqyd 1,228 $15.00 $18,420
44 Permanent Pipe Support (MAG-403-1 &2) ea 9 $660 $5,940
45 Pipe Collar (MAG-50S) ea 44 $350 $15,400
46 .Storm Drain Man Hole (P-1520 &MAG-522) ea 7 $1,800 $12,600
47 Survey Job 1 $30,000 $30,000
48 ·Survey Marker, Type'S' (MAG-12Q..1) ea 8 $150 $1.200
49. Traffic and Access Control job 1 $30.000 $30,000
50 Uniformed Off-Duty Law Enforcement hour 100 $21 $2,100
51 .Water UneRealignment ea 2 $2.200 $4,400

Subtotal $1,200,677
Contingencies job 20% $240,140

Enginee(s Opinion of Construction Cost $1,440,817

--\ Z·u,·. --

Morrison-MaierlelCSSA, Inc. 21-Mar-94



If you have any questions or wish to discuss these alternates in more detail
please call me.

EN~JNEeRS

PLANNERS
SURVEYORS

1:\8158001\topez.109

4621 North 16th Street
Suite 0-401

Phoenix, Arizona 85016
Phone: 60~·2828

5153,240
$176,640
$185,030

Alternate 1
Alternate 2
Alternate 3

An Arizona Corporation

2. Constructing Alternates 2 and 3 will require closing the school
drop-off area.

3. Alternates 2 and 3 have more pipes that could conflict with future
utilities.

Alternate 1 uses a grated inlet in sump condition between the 'cunb returns
to capture the flo\,,-byfromtheupstream on-grade drop inlets. Alternate 2
uses drop inlets in sump condition to capture the flow-by. And, Alternate 3
uses drop inlets on-grade to intercept all of the flow.

We recommend that Alternate No.1 be selected for use on this project for
the following reasons:

1. Alternatel is the least expensive alternate and can be 'constructed
in less time thanA lternates 2 and 3. The probable, cO.nstruction
costs including the junction structure areas follows':

Dear Mr. Lopez:

We have <completed our evaluation of three different inlet alternatives
that will intercept the incoming design flow of 245cubfc feet per second at> the
28th Street and ·GroversAvenue ·.intersect ion. Attached herewith ·.·for·.. your.· use
are the geometric conf i gurat ions and construct ion cost estimates for these three
al.ternates.

March 9, 1994

Mr. Michael Lopez, P.E.
Planning & Project Management Division
Flood Control District of Maricopa County
2801 West Durango
Phoenix, Arizona 85009

RE~ INLET ALTERNATIVES AT 28TH STREET
Grovers Avenue Storm Drain lateral
Cave Creek Road to 32nd Street
Project No. 93-21
MMICSSA Job No. 8156.001
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ALTERN ATE NO. 1

28TH STREET INLETS

DESIGN FLOW = 245 CFS
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28th Street Inlets - Alternate No. 1 Construction Cost Estimate

--',\'30.-- Morrison-Maierle/CSSA, Inc. 08-Mar-94

Unit Quantit Unit Cost Cost

$0
$12,420

$4,590
$6,120

$11.220
$2,800
$3.200
$4,000
$1,500

$12,000
$22,500

$3,500
SO

$9,000
S350

$1,000
$1,670
$3,040

$17,630
52,960
52,200

$127,700
525,540

5153,240

$45
$90

$135
$180
$210

$1,400
$1,600
$2.000
$1,500

$12,000
$4,500
$3,500

$90
$9.000

$350
S1,OOO

$5.50
$2.50

$24.00
$4'.00

52,200

o
138

34
34
82

2
2
2
1
1
5
1
o
1
1
1

304
1,216

734
740

1

job

feet
feet
feet
feet
feet
ea
ea
ea
ea
ea
ea
ea
If
ea
ea
ea
feet
sqft
sq yd
sqft
ea

Subtotal
Contingencies

Engineers Opinion of Construction Cost

1 30 'Inch Corrugated Metal Pipe
2361nch Reinforced Concrete Pipe
354 Inch Reinforced Concrete Pipe
4 12 Inch Reinforced Concrete Pipe
5 84 Inch Reinforced Concrete Pipe
6 54x36···lnch· Pre-Fab'Tee
7 12x3S.·.·lnch Pre-Fab Tee
8 84x36lnchPre-FabTee
948 Inch Man Hole Shaft (MAG 420)

101Ox10x1oFoot Junction Structure
11 Catch Basin Type M-2,l =13,17 (P-1569 Mod.)
12 Catch8asinType M-2, l= 6,17 {P-1569 Mod.)
13 .Slotted Drain, 30" CMP
14 Catch Basin Type N , l = 36 (P.. t570 Mod.)
15 .Pipe Colfar(MAG-505)
16 .Large Diam.eterPlugs (MAG-427)
11 Curb and Gutter, Type tA', H=6" (MAG-220)
18 Concrete Sidewalk (P-1230)
t9Pavement.Replacement,C-314 x 2" Thick
20 Concrete VaHey Gutter & Apron
,21·' Waterline Realignment

No. Description
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ALTERNATE NO. 2

28TH STREET INLETS

DESIGN FLOW = 245 CPS
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28th Street Inlets - Alternate No. 2 Construction Cost Estimate>c->

Unit Quantity UnilCost

Morrison~Maie~e/CSSA.lnc.08-Mar-94

Cost

$176,640

$2,970
$14,580

$6.750
$6,120

$24,780
$1,400
$3,200
$8,000
$1,500

$12,000
$27,000

$3,500
$2,250

$0
$350

$t,OOO
$1,840
$3,340

$23,OtO
$3,610

$147,200
$29,440

$45
$90

$135
$180
$210

$1,400
$1,600
$2,000
$1,500

$12.000
$4,500
$3,500

$90
$9,000

$350
$1,000
$S~50

$2.50
$24.00

$4.00

66
162

50
34

118
1
2
4
1
1
6
1

25
o
1
1

334
1,336

959
903

feet
feet
feet
feet
feet
ea
ea
ea
ea
ea
ea
ea
If
ea
ea
ea
feet
sq ft
sq yd
sqft

job
Subtotal
Contingencies

Engineer's Opinion of Construction Cost

1 30 Inch Corrugated Metal Pipe
236 Inch.Reinforced concrete Pipe
3 54 Inch Reinforced Concrete Pipe
4 12 Inch Reinforced Concrete Pipe
584 Inch Reinforced Concrete Pipe
6 54x36 Inch Pre-FabTee
7 72x36 Inch Pre-Fab Tee
884x361nch· Pre-FabTee
9 48 Inch Man Hole Shaft (MAG 420)

101 Ox1 Ox10Foot Junction Structure
11 Catch Basin TypeM-2, l =13,17 (P...1569 Mod.)
12 Catch BasinTypeM-2, l =6,17 (P-1569 Mod.)
13.·Slotted Drain, 30" eMP
14 Catch Basin Type N,L =36 (P-t570Mod.)
15··Pipe Collar (MAG-50S)
16 large Diameter Plugs (MAG-427)
17 Curb and GuttertType fA'.H=6" (MAG-220)
18 .. Concrete Sidewalk (P-1230)
19PavementReplacement,C-3/4 x 2" Thick
20 Concrete ValJeyGutter & Apron

No. Description
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ALTERNATENO. 3

28TH STREET INLETS

DESIGN FLOW = 245 CPS

"'---- - - -----.- ------. ---. - - -----..

-- --- .......,..- ---"- - .--- -.-.....-.. ........
.",.,/r C --- ------,..-----_.

--'~3-



28th Street Inlets- Alternate·No. 3 Construction Cost .. Estimate

Unit Quantit Unit Cost

130lnch Corrugated Metal Pipe feet
2 36 Inch Reinforced Concrete Pipe feet
3 54 Inch Reinforced Concrete PIpe feet
4 72 Inch·Reinforced·Concrete Pipe feet
584.lnchReinforcedConcrele Pipe feet
6 54x36 Inch Pre-Fab Tee ea
7 72x36 InchPre-Fab Tee ea
8 84x36InchPre-FabTee ea
9· 48 Inch Man Hole Shaft (MAG 420) ea

to tOx10x10FootJunctionStructure ea
11 Catch Basin TypeM-2, l = 13,17(P-1569Mod.)ea
12 Catch Basin TypeM-2,l =6,11 (P-t569 Mod.) ea
t3Slotted Drain, 30" eMP If
14 Catch Basin Type N ,l=36{P-t570 Mod.) ea
15 Pipe Collar (MAG-50S) ea
16 large Diameter Plugs (MAG-427) ea
17 Curb and Gutter, Type 'A', H=6" (MAG-220) feet
18 Concrete Sidewalk (P-1230) sq ft
t9PavementRepiacement C-3/4 x2" Thick sq yd
20 Concrete Valley Gutter & Apron sq ft

Cost

$5,940
$12,420
$tO,800

$6,120
$24,180

$2,800
$3,200
$8,000
$1,500

$12,000
$31,500

$3,500
$5,040

$0
$350

$1,000
$1·.,370
$2,490

$19,960
$1,420

$185,030

$154,190
$30,840

Morrison-Maiene/CSSA,lnc.08·Mar-94

$45
$90

$135
$180
$210

$1,400
$1,600
$2,000
$1,500

$12,000
$4,500
$3.500

$90
$9,000

$350
$1,000

$5.50
$2.50

$24.00
$4.00

132
138

80
34

118
2
2
4
1
1
7
1

56
o
1
1

249
996
832
355

job

-\3 tt -

Subtotal
Contingencies

Engineer's Opinion of Construction Cost

No. Description
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QUANTITYTAKE.QFFFOR ENGINEER'SCOST ESTIMATE

GROVER AVENue STORM DRAIN LATERAl
FLOOD CONTROl OtSTRICT OF MARICOPA COUNTY
FC0#93-21

Mav 15,1995
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2 12x12x15Ft.JvncttonStnlctur.t_... __·_.·_•._..•__.,_._':_.:.._.. f-.--~ 1 ,~,_.. _. I----,----------if--..-+--.......--+--,--....-+---.:-~1""1
3 12k12x9Fl Junction Structure '. .... . .....' .EAt1
.. 2.. lnchConnectorPloe ·_·-.·.-··..---;=FT·~~45 2t ~. '...1[= .. ~·--·31 80 218 .~4----:..It~ 691
5 36tnct.COnneetorPioe FT .' ~.--.r--"--'-~""'~-'~,....-....-_ f-:-o--._._.'1--._. _ 40 44 &4
6 24 k'lch Pi fL.~.· '..... __,_.~__. ......- .... ; - -.-.' 59 59
7 42 Inch Pi FT.. ...• ~._... f--'-' f---. . .' _, 107. ............, 500..:;,:....,...--.,....4.......t.;...·J-----+---:. .......-.. F------- -_~~lf__--f..... "f-__+--_ --+- -+__~11.i-048~·H·

8 48 Inch Pi FT • __---'"- __. ~._._._.. f-----....~ . .---..m... _...,+ .---+.......~~.......-~~r----..._+_ __1!t.•.._~........."f-__--+--__- ........__..- ~...__+--...:7~86.
9 60 Inch Pi .E:.!-~.' .. !--._.+ .~ . 141 144 2&5
10 84 Inch Pi . fL.. .f--.-. I---.J.Q~;.-. 5O<L ..-.~. f--~ f--- 15& 1506
11 8Ft. xSft. Concrete Box Conduit fT .~ _.~ f--. )OO..!--._.I---_ ~, . .__._.- __. .' 1.221
12 42x24lnchPre·FebTee EA . .'. __~_. p.-._. !--'--f-o---' f-- . "I 1 3
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16 84x 24 Inch P....Flb Tee EA .__. t, ---1. !-'-.-........-; -+----"'""...---..,--t----.i-...........,....-L .__._-+- -+ .....- -+..---........- "'*"'----.....-...---..-.;9.....
17 8InchVitriftedC'avPiDe~rR.'OCltton FT. _._'_.f---'r--.__._._.f--._.i---.!---; 147 '47
18 IAdjust V.1ve Box & CW{MAO 270} .~. ,"-, ,_, 6
19 Conorete PloeCoft.1'8 24" & ~!lrger __~_ ,--. 1 11 1 --.1 .. fo---__••........--.l21:1'......_.,_....' ....._._....L+3 -.m.2 +-.-..:...+----:.-,.J;,..31-.--__-t----+--.---+- --+-............--+---'..-.;,...;..;.~11
20 SubaradePreoeraUon _"~ . • .~,-. .. __.~_................._-~. 5551312 A36 1.'430 3733
21 Remove and Reolece Hvdrent '. • M..... _._._'. _._._. .~. .~_. 1

22 CatehBasin. TypeN.SiflQfe{P·1570) ~~__..__J. __. __. f------ -'-'f---1. ~,_._. 1.---1. .......Lf--o.- 5
23 C8tehBasinTypeM.1L=8(P.1569Mod.}.. . '. _~__._. _._. --'f---"-'--.~-. ..... fo----..........---i--.-!----. 2 2
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28lDh 8¥ln Tm!.M~.J,.~...12..re:~.M...09.J_"-- --_.!t.. __... _.... _.._.,-..-..~- .......-- >---._- f-----.. ..----. 1 2
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Manhol.Ba••'P·,560&~~ . ..__.~. f--.._. .__....f---._,_..J~_._ ..__ _..1 1 3
34 StormOra'nManhole(P·t~20&MAO~ EA ~_._~__._~___ .. ~-'-'--f---- .. --.' _ ..J...,--::~ .. ' " 5
35 PermanentPlwmentRirii8cement . Sy. , . ~_~, l--".M9. ~-l:Q.f--'~'~~-' . JO -!! 21 40 18 5551.312 436 828 5666
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