
I

~
I
I
I
I
I
I

•
I
I
I
I
I
I
I,
I

FINAL DESIGN COMPUTATIONS

FOR

CROSSROADS PARK

Property of
Flood Control Dhrict c f ."C Library

Please eturn to
280 I W. Duran.-:o

Phoenix, AZ 85009

FCD NO. 90-43
SCI NO. 10924

JULY, 1991



I

I
I
I
I
I
I

•
I
I
I
I
I
I
I,
I

Final Design Computations

Pump Station and Associated Items
10o-year Flood Elevation '. . . . . . . . . . . . . . 2
Flood Pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Irrigation System Pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Water Levels and Pump Submergence 15
Irrigation System Pressure Tank Sizing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Irrigation System Water Line Size ................•...................... 23
~e Aeration System 26
Pump Station Intake Bar Screen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
wading on Intake Pipe .........................................•...... 39

Basin Inlet Structures
Basin Inlet I..ocation and Capacity 45
Inlet #1 Hydraulics

Weir Length at Headworks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
.Spillway Hydraulics 50
Assessment ofStilling Basin Requirements 55
Return Ditch Pipe Sizing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

Inlet #3 Hydraulics
Spillway Hydraulics . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Stilling Basin -. . . . . .. . . . . . ".. .. . .. .. 67

Grouted Riprap Design. 70
Plain Riprap Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

Structural
Intake Structure - 0_ • • • • • • • • 80
Out Fall Structure e- •••• 0 • 0- 85
Screen Wall 86
Pump Station 88
Inlet Structure No.3 96
Pressure Tank Foundation 98

Electrical 99

Roadway and Parking Lot Drainage 113

Detention Basin Volume 122

Pipe Class Determination 124



....... _- +, _,.-
1.... ,

. ... 1 ... _ ......

:zJob No___________________ Page No. _

Subject _CY:Q~s--.B.2.~ch---J>-Lie.!lt~-~-------
_~9)_QJ~b~ '== .LQ9---'1ta-~----f~lo-~.d-----.

__~JL~~-~~-l~-~----------------------------------------
SheetNo ~ of ~--------------

..+ _.._._-~

l Z..7...~tO

"
,+~ O\~ "Le p ~ ~
'4.f~--8Y ~"t1'\ J _!._ ~ "".j



GILBERT-CHANDLER AREA
Maricopa County, Arizona

FLOOD
ItlSUitfitiCE
STUDY

Prepared for the
Flood Control District
of
Maricopa County

DRAFT- October 1989
REVISED- July 1990

- ._- -- -_.. -. _.~ ---_.



I

I
I
I
I
I
I
It
I
I
I
I
I
I
I,
I

3 Q(. l.r
FLOOD INSURANCE STUDY

(CMCN) completed in 1986 by Greiner Engineering. The basis

for the CMCN are the benchmarks "RYAN" and "BM-F". "RYAN"
is an Arizona Department of Transportation monument
established in 1973. "BM-f" was established in 1977 by the
Maricopa County Highway Department.

The horizontal control is based on the Arizona State Plane
Coordinate system. The coordinates of the brass cap (BC) at

the quarter corner of Section 10/15, Township 1 South, Range
5 East were set by Greiner Engineering for the CMCN in 1985.
This BC is point 1 (RO-21) of the survey for the Gilbert­
Chandler floodplain delineation.

All of the control points, vertical and horizontal, used in
this study were established by Franzoy Corey during August
1987 through November 1987 and are shown on sheet G-1 of
appendix D titled "Survey Control and Sheet Index."

Topographic mapping used for this study were obtained from
photography taken in September 1987.

Locations of the cross sections used in the hydraulic
analyses are shown on the topographic plan and profile
drawings (appendix D).

Water-surface elevations at ponded locations were computed
utilizing the level-pool reservoir routing routines in the
COE HEC-l computer program. Tables 1 through 4 describe the
ponded areas along the Eastern Canal, Consolidated Canal,
SPRR (Arizona Avenue), and the SPRR (Rittenhou~e Road),
respectively. The description of the location on these
tables describes the concentration point where the ponding

occurs. The tables also give an approximate station along
the barrier and the cross sections closest to the pond. The

pond elevation is also given in the table.

Water-surface elevations of flows along the hydraulic
barriers between ponding sites were computed using the COE

HEC-2 water-surface profiles computer program. Peak flows
OCTOBER 1989 9
REV JULY 1990
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Approlti.a tit Water
station Location Cross Section Surface Elevation

217+10 5074 1261.2 1

217+10 5013 1261.2 1

218+40 - 245+50 5072 - 5010 Ipondedl 125').8

253+10 - 279+20 5061 - 5065.2 Iponded) 1252.5

293+80 - 349+00 5064 - 5055 lponeledl 1264.9

319+80 - 403+50 5054 - 5051 lpondedl 1265.8

404+00 - 433+50 5049 - 5042 lpondedl 12'11;.1\

433+10 467+40 5041 - 5038 Ipondeel) 1267.7

477+10 - 509+20 5037 5033 lpondeell 1271.4 -<
509+40 - 538+20 5032 - 5027 Ipondedl 1273.2

557+50 5026 1277.3

571+30 5025 1277.1 1

571+90 - 625+10 5024 - 5017 (ponded) 1277.1

U5+60 - 652+90 5016 - 5012 (pondedl 1279.4

653+30 - 679+20 5011 - 5007.1 Iponded) 1280.8

679+60 - 700+00 5007 - 5001 (pondedl 1282.48aseline Road north to Superstition
rreeway

l .. lowing water overtops the canal bank. The elevation of the canal .aintenance road plus 6 inches is us.d.

Houston Road north to 8aseline Roed

Guadalupe Road north to Rouston Road

Elliot Road north to Guadalupe Road

south .ide of Elliot Road

Approximately one-quarter .ile south
of Elliot Road

Warner Road north approxillately one­
hall lIi1e

SPRR north to Warner Road

Ray Road north ol the SPRR

Chandler 8lvd north to Val Vista
Road

One-quarter .. ile south of 'ecos Road
to one-hall mile north of 'ecos Road

Val Vista Road north to Ray Road

Ger.ann Road north approxiaately
one-hall mile

Ryan Road north approxi.ately one­
hall lIile

Location

TABLI 1 ('age 2 of 2)
Su••arr of .ater Surface Ile.ation.
lastern Canal
Gilbert-Cbandler Plood Insurance Stud,
October 1989
REV Jaauar, 1990

Approxi.ately one-hall .ile north ol
Queen Creek Road

Approxi.ately one-hall aile north of
Queen Creek Road

------------------
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IMPELLER
T7CA92

8M
7000

3550
RPM

TECHNICAL DATA

DATA VALUE

MAXIMUM OPERATING SPEED 3600 RPM
MAXIMUM NUMBER OF STAGES 8··
PUMP SHAFT DIAMETER " •• IN.
IMPELLER EYE AREA 6.93 SQ. IN.
MAXIMUM SPHERE SIZE .56 tN.
Kt (THRUST FACTOR) 4.15 LBS./FT.
K,.(ROTOR WT. PER STAGEI 5.25 LBS.
BOWL wr. (FIRST STAGEI 82 LBS.
BOWL WT. (EACH ADO'L. STAGE I 31 LBS.
ALLOWABLE SHAFT STRETCH .39 IN.··
WK2 (FIRST STAGEI .17 LBS.·FT.2
WK2 (EACH AOO'L. STAGEI .16 LBS.·FT.2
BOWL RING CLEARANCE .014/.018 IN.

FAIRBANKS MORSE PUMPS

··These are nominal values. Refer to "Application and
Reference Da.." for information further Iimting or
extending these values.

P.> 0" ~. i·41
DEEP WELL VERTICAL TURBINE PUMPS

PERFORMANCE

EFFICIENCY CORRECTIONS (1)

NUMBER OF EFFICIENCY
STAGES CHANGE

1 ·7.0 POINTS
"2 ·3.0 POINTS
J ·1.0 POINTS
4 NO CHANGE
5 NO CHANGE

60R MORE NO CHANGE

(1) R.fer to "Application and Refer.
ence 0..." for head correction.

BOWL EFFICIENCY
MATERIAL CHANGE

CAST IRON -2.0 POINTS
ENAMELED C.I NO CHANGE

IMPELLER EFFICIENCY
MATERIAL CHANGE

CAST IRON -'.0 POINTSBRO....ZE
NO CHANGE

E.... AM(LED C I NO CHANGE

-

I~

I·

I

I
I

I

I

I
I
I
I
I
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capacity. Ideally suited for farms,
dairies, and commercial establishments.
All fit 4" wells.
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CAPACITY IN GPM

20

.'f"~--+-':'" ....._' ..... t,~ .•· ...... ~...... - or"

.. t-' 0- .. ---.. ._-""1' -- - --- ...... "• ~ _._ _. __ ..._ •• ,_.!'"",._ .. __ • ._. __ 0"

STAGE "DC" SERIES

DESIGNED FOR COMMERCIAL CAPACITIES
FROM WATER LEVELS TO 500 FEET
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RED JACKET PUMP. A'MARLEY PUMP COMPANY
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28 GPM SERIES "DC" PUMPS

The efficient design of the 28 GPM
Series allows it to pump from deeper
than average wells and deliver rated

GUARANTEED AS MINIMUM PERFORMANCE ONLY IF CERTIFIED

MINIMUM WELL SIZE: 4" I. D.

MODEL 28 GPM "OC"
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Friction loss per 100 feet-schedule 40 steel pipe
air density 0.075 pounds per cubic feet
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PER 100 FT. OF PIPING

FRICTION lOSS IS DIRECTLY PROPORTIONAL TO AIR DENSITY
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'alli:iMU' 3· ,. 9· 12·

12· 5.88 1.15 2.94 ..... .....
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18· 13.22 1.45 3.86 6.61 .....
2.1' 23.50 1.10 UO 8.05 1l.7S IS· 18· 21·

30' 36.72 1.91 5.23 9.27 13.72 18.36 ..... .....
36· 52.88 2.12 5.79 10.34 15.43 20.85 26.4" ......z. 71.97 2.28 6.31 11.31 16.97 :!:J.07 29.-47 35.99 24· zt· 30·

To ascertain the contents 0' a tank over
48· 94.01 2.45 6.78 12.20 18.38 25.10 32.20 39_5" 47.00 ..... ...... nne-half full: Let .. -depth of un611eol54' 118.98 2.60 7.22 13.04 19.68 ~6.97 34.72 42.SO 51.08 59.49 ...... portion. Find (rom the table the quantity60· 146.89 2.75 7.64 13.82 20.91 28.72 37.06 45.82 54.87 64.l1 73.44 33· 36· 39" corresponding to a depth ... Subtract this

quantity from the contents of a full tank.
66' 177.73 2.89 8.04 14.56 22.07 30.37 39.28 48.65 58.39 68.41 78.59 88.86 ...... ......
72' 211.52 3.02 8.42 15.26 23.17 31.92 41.36 51.32 6t.71 72.45 83.41 9-4.54 105.76 ......
18· 248.24 3.15 8.78 15.94 2Ul 33.41 43.34 53.86 64.87 76.27 87.97 99.90 111.97 124.l3 42" 45" 48"

U' 287.90 3.26 9.12 16"~7 ::!5.24 34.85 45.24 56.29 67.87 79.91 92.30 10·U8 117.85 130.87 143.95 •••• 0. ......
90" 330.49 3.43 9.46 17.20 :!6.20 36.21 -47.0.; 58.61 70.75 83.39 96.43 109.81 123.45 137.28 151.23 165.25 ......
96" 3;'6.02 3.50 9.79 17.80 27.13 37.52 48.81 6O.8-l 73.52 86.73 100.39 114.44 128.79 143.40 158.1i 173.06 188.01 51" 54" 57" 60"
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120' 587.54 Ul 10.98 20.02 30.57 42.39 55.26 69.CG 83.65 98.95 114.87 131.32 148.25 165.58 183.27 201.24 219.46 237.87 256.43 275.08 293.77
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HYDRAULIC FUNDAMENTALSI
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1.50

GALVANIC CORROSIONt

II

so40

t t

Percentage lines on chart represent
ratio of volume of water to total tank
volume at cut-out pressure

10

1.40

1.20

1.10

-1.00
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STORAGE CAPACITY. PERCENT

fiG. 24. Hydro-pneumatic tanks-relation between pressure range and
storage capacity.
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(a) Definition of Galvanic Corrosion - Galvanic corrosion may
be defined as the accelerated electro-chemical corrosion produced
when one metal is in electrical contact with another more noble metal,
both being immersed in the same corroding medium, which is called
the electrolyte. Corrosion of this type results usually in an accelerated
rate of solution for one member of the couple and protection for the
other. The protected member, the one that does not corrode, is called
the nobler metal. Note that as galvanic corrosion is generally under­
stood, it consists of the total corrosion; which comprises the normal
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~ TUTHILL ' M·D Pneumatics
~. CORPORATION ' Division .". . .-.' ," ~:- . ".01:~-:
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TUTHILL I M·D Pneumatics
CORPORATION Division
P.O. Box 2877, Springfield, MO 65801·0877

(417) 865·8715 TWX 910·775·4704
FAX 417·865·2950

Optional
Auxiliary External Lube System

When External Lube System is used, the series
numbers change as follows:

18 Series Horizontal Air Flow
85 Series Vertical Air Flow

Operating Specifications:
Check with sales rep or factory and instruction
manual for actual operating conditions and operating
recommendations.

Material Specifications:

Housing - Cast Iron

End Plates - Cast Iron

End Covers - Aluminum, Free End - Cast Iron, Gear End.

Rotors Ductile Iron - Shafts Cast integrally

Drive Shaft - Steel

Gears - Heat Treated Alloy Steel Helical, Matched

Seals - Lip and Labyrinth Type

Lubrication - Oil Splash System - Both EndsDlIlVC lIlA" IICY

N. IlIA" BALL 880.

IJIUV£ 8IfA" SEAL

~:'~.~" =*" ~~'Nom'
_...._. -- .._--------- _._-
..

;' Max "

~if; P~~~' . Inv':. . ~axR~pr· 1iIi::'~~~PM .@ ~o.: Max RPM Dlspl•
. dl .Dre8&. .J dlsch. DrltIllL C#R

3202 15 15 2.02:1 2250 3600 .028

3204 15 15 2.02:1 1750 3600 .045

3206 15 15 2.02:1 1750 3600 .0675- 3210 15 15 2.02:1 1750 3000 .112....
4006 15 15 2.02:1 1750 3600 .102

4009 15 15 2.02:1 1750 3600 .152

handling 4012 15 15 2.02:1 1750 3600 .203

me air is 5507 15 15 2.02:1 1750 3600 .238

et (water 5509 15 15 2.02:1 1750 3600 .286
and vac- 5511 15 15 2.02:1 1750 3600 .350

plies are 5514 15 15 2.02:1 1750 3600 .445

5516 12 15 1.82:1 1150 3600 .509
affle seal 5518 12 15 1.82:1 1150 3000 .572
d acts as 5520 8 12 1.54:1 1150 3000 .636

::::-OIUV&:IllArr

aag am PLATa:

BOT<lR IIlArr. Bor.....rr _L Aa'Y.
LABYRINTH SEAL

DalVEIIROTOA

Bi-Directional Rotation

This series has wide application in pneumatic conveying. gas
and the general process industry where high pressure, high volu
required. Vacuum applications may be used either dry or w
injection) for in-plant vacuum systems, machine vacuum pickUp.
uum conveying, where high volume, low cost vacuum sup
required.
This series has a vented seal area. The labyrinth seal acts as a b
to the air chamber. The lip seal is outboard of the vented area an
the oil seal.

17 Series Horizontal Air Flow
46 Series Vertical Air Flow

REA-JUNO SPACER F. E.

F.E.•ALL 1IlIO. - DaIVE-+=:=

"i/461series Heavy Duty
Igh Pressure Industrial Blowers
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MODEL SERIES A B C 0 E F G H J K L M N 0 P Q R S T U V W WT.

3202 17 17·11/16 6·9116 11·118 2-13132 1·112 2 4 5·118 8 4 .938 6-3/4 11·112 3 6 1 9-118 5·1/8 1·5/16 '·112 3·114 13132 115
46 17·1116 5-13116 11·1/8 2·13/32 1·112 2·1116 4.118 5·1/4 10·11/16 5·17/32 931 5-112 9-1/2 3·314 7·1/2 9 9-1116 -- 1-3/8 1-5/8 3·1/4 '13/32

3204 17 19·3116 7·5/16 11·7/8 2·13/32 2 2·314 5-1/2 6·518 10 5 .938 6-3/4 11·1/2 3 6 7 9-1/8 5·1/8 1-5116 1-1/2 3-114 13/32 130
46 18·9116 6-11/16 11-718 2·13/32 2 2·13116 5-518 6-3/4 10·11116 5·17/32 :9J7 5-1/2 10-112 3·314 7-1/2 9 9-1116 -- 1-3/8 1-5/8 3-114 13/32

3206 17 21·3116 8·5116 12·7/8 2·13132 2-112 3·3/4 nl2 8-518 10 5 _938 6·3/4 11·112 3 6 7 9-1/8 5-1/8 1-5116 1-1/2 3-1/4 13/32 140
46 20-9/16 7·11116 12-718 2-13/32 2-1/2 3-13/16 7-518 8·314 10·11/16 5-17/32 .937 5·'12 10-1/2 3·314 7·1/2 9 9-1/16 -- 13/6 1-5/8 3·1/4 13/32

........ 3210 17 25·3116 10-5116 14-7/8 2·13132 3 5-314 11·1/2 12-518 11 5-1/2 .938 6·314 11-112 3 6 7 9·118 5·118 1·5116 1·112 3-1/4 13/32 200.. 46 24-9116 9·11116 14·718 2-13/32 3 5·13116 11-518 12-3/4 10-11116 5·17/32 931 5·112 11 3·3/4 7·1/2 9 9-1/16 -- 1-3/8 1·5/8 3-1/4 13/32

.006 17 23-3116 10-3/8 12-13116 3 3 4-1/2 9 10-1/2 12·1/2 4·1/. 1.125 8·1/4 12·1/. 4 8 9 8·5116 6·1/4 2-1/4 2-1/8 4 13/32 135
.6 22·19/32 9-25/32 12·13116 3 3 4·1/4 8·1/2 10-1/8 12·711' 6·13/32 ,"124 8 1.·11. 5·1/4 10-1/2 12 8·9/16 -- 2-1116 2·1/2 4 17/32

4009 17 26·3/16 11·716 14-5116 3 3 8 12 13·1/2 12·112 6-1/4 1.125 8·1/4 12-1/. 4 8 9 8·5/16 6-1/4 2-114 2·1/8 4 13/32 150
46 25-19/32 11·9/32 14-5116 3 3 5·3/4 11.1/2 13·1/8 12·7116 6·13/32 T.m 8 14-1/4 5-1/. 10·1/2 12 8-9116 -- 2-1/16 2-112 4 17/32

4012 17 29·3/16 13·318 15·13116 3 4 7·1/2 15 16·1/2 12·1/2 6-1/. 1.125 8·1/4 12-1/4 4 8 9 8-5116 6·1/4 2-1/4 2-118 4 13/32 185
.& 28-19/32 12-25/32 15·13116 3 4 7-1/4 14·1/2 16-1/8 12·7116 6-13/32 i:T24 8 14-1/4 5·1/4 10-1/2 12 8·9/16 -- 2·1116 2·1/2 • 17/32

5507 17 28·15116 12·5116 16-518 5 4 5·318 10-3/4 13 17 8·1/2 1.750 11·1/8 16-318 5·1/2 11 12-1/4 11-1/4 8-3/8 2-3/4 2-1/2 5-1/2 21/32 365
46 26-5/16 11·11116 16-518 5 4 5-1/4 10-1/2 12·1/2 17 8·21/32 1.749 10·1/2 19 7·1/4 14·1/2 16 11·3/8 -- 2-1/2 2·112 5·1/2 21/32

5509 17 30-7116 13·1/16 17·318 5 5 6·118 12·1/4 14·1/2 17 8·112 1.750 11·1/8 16-3/8 5·1/2 11 12-1/4 11·1/4 8·3/8 2-3/4 2·1/2 5-1/2 21/32 400
.6 29·13116 12·7/16 17·3/8 5 5 6 12 14 17 8·21/32 1.149 10-1/2 19 7·1/4 14·1/2 16 11·318 -- 2·1/2 2·1/2 5-112 21/32

5511 17 32·7/16 14·1/16 18·3/8 5 5 7·1/8 14·1/. 16-1/2 17 8·1/2 1.750 11·1/8 16-318 5·1/2 11 12-1/4 11·1/4 8-3/8 2·3/4 2-1/2 5·1/2 21/32 450
46 31·13116 13·7/16 18·3/8 5 5 7 14 16 17 8·21/32 1.749 10-1/2 19 7-1/4 14·1/2 16 17·3/8 -- 2·1/2 2-1/2 5-1/2 21/32

5514 17 35-7116 15·9116 19·718 5 6 fig. 8·518 17·1/4 19-1/2 20 10 1.750 11-1/8 16-3/8 5-1/2 11 12'1/4 11·1/4 8-3/8 2·3/4 2-1/2 5-1/2 21/32 530
46 34·13116 1.·15116 19-7/8 5 611g. 8·1/2 17 19 17 8·21/32 ITi9 10·112 20-1/2 7-1/. 14-1/2 16 11·3/8 -- 2·1/2 2·1/2 5-112 21132

5516 17 37·7116 16-9116 20-718 5 811g. 9-5/8 19-1/4 21·1/2 20 10 .tlli 11-1/8 16-3/8 5-1/2 11 12·1/4 11-1/4 8-3/8 2-3/4 2·1/2 5-1/2 21/32 515
.6 36-13/16 15·15116 20·718 5 811g. 9-1/2 19 21 17 8·21/32 1.749 10-1/2 20-1/2 7-1/4 14-1/2 16 11·318 -- 2-1/2 2-1/2 5-1/2 21/32

5518 17 39·7116 17·9116 21-718 5 811g. 10·518 21·1/4 23·1/2 20 10 1.750 11·1/8 16·3/8 5·1/2 11 12-1/4 11·1/4 8-3/8 2-3/4 2-1/2 5·1/2 21/32 600
.6 38·13/16 16-15116 21·718 5 811g. 10·1/2 21 23 17 8·21/32 r.m 10-1/2 20-1/2 7·1/4 14·1/2 16 11·3/8' -- 2-112 2·1/2 5-1/2 21/32

5520 17 41-7116 18-9116 22-7/8 5 a 119· 1HI/a 23·1/. 25-1/2 20 10 1.750 11-118 16-3/8 5·1/2 11 12·1/. 11·1/4 8·3/8 2-3/4 2-112 5·1/2 21/32 650
46 40-13116 17·15116 22·718 5 8 fig. .1·1/2 23 25 17 8·21132 U49 10-1/2 20-1/2 7·1/4 ,.·1/2 16 11·318 -- 2-1/2 2-1/2 5·1/2 21/32

M·D PNEUMATICS, INC.

NOTE: Drive Shef1locellon Is oplIonll:
On 16 sene, Top DrIve Is ,lend8rd while Bottom DrIve Is Speclel
On.7 Series. Lell DrIve Is elendard while RighI DrIve Is SpecIe'
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iAfLE: I-a (cont.!
LOhDS u~ RIGID PIPES FuR
SATUF:ATED CLA'r

Attachment to Memo No. 13S.206-R;/(p
@

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

636 iOI
2 1244 1374
3 1827 2021
4 2384 2eU
5 2917 3240
6 3429 3B14
7 3916 4365
e 4383 4895
9 4831 5404

10 C'j~Q 51:101
~.."". v.v

11 s:lia 6363
1: 6060 69!4
13 c435 7243
14 6794 ib65
15 7137 90b5
I' 74=: 8450.0

17 7781 88!9
IS 9(·e2 9174
19 837(' 9515
20 =645 1E43
21 89~'9 1(1!55
22 ~!61 1'}461
2J 9403 10751
24 '?6~4 11031
'.~ o,~c; 11299.:oJ .v.Jv

26 IQ'Jt7 11557
27 10m, 11~1)5

28 104e~ 12043
29 10M;; 12271
3i) 1'11l~· .. 12491

1286
2~44

3774
4979
c1~5 ...

8434

20ta~

21('34
21662

10615
116:9
127(:1
13711
14698
15:04
166-)9
17S:3
Ie4:a
IO~~?........

214e5
24240
2m'c

9.00 10.00

1m
22e4
3384
4452
5507

7528
e5~2

~452

1032(i
11285
12!ee
13030
13e71
14H2
15~n

16275
170~a

177~L

le~I::9

!n!?
19909
2\15a~

21243
::18ail
22S13
2~125

8 :;(1.v.

~190

4199
5192

1091
2154

20911
21467
2201~ 2!723 27176
22538 24306 2727Q
2:0S~ 248:4 2~5~~

6141
7075
79S5
ssn
973b

10578
11393
1219B
12977
13736
H476·
15197
15900
16584
17251
!7901
19535
19!52
19754

1026
2024
2995
3939
4E5e
5752

7468
8292
9093
9872

lv630
11307
12')95

8.00

13462
14123
14765
15391

20309

15999
10591
17167
17727
19272
lE802
19319
1%20

207&:­
21245

o
2
2
~

?

a

.,

5

5..
~

961
1894

7.50

2B~O

1 - expl-2ku'H/8d)

Cd =------------------
2ku'

7.00

896
1764
2605

831
H:34
2411

6.50

130 Ib/cu H
0.110

766
1504
2216

6.00

?902 3161 3420 363'
3S43 3887 4211 4~~oJ.,)

4201 . 4see 4976 536
481b 5267 5719 617
5408 5922 6437 695
~O'l; b556 . 7134 77!.,).1.

6530 7169 7909 545,
7(,61 7161 6463 916/
7C;7? 9333 9097 986'v ••

8066 85B7 9711 1053
9541 9422 10307 1119
8999 9939 108B4 1183·
9441 10439 11443 12451
9867 10923 11985 13051

1(1279 11390 12510 1363
IOb74 1!9U 13018 1420"
11055 12279 13512 147S~

1!423 12701 13999 ISiS!!
1!778· 13!O~ 14452 15805
12120 135')4 14901' 1......,0

12.149 132e5 15331: 16799
12707 14254 15757 !7274
13':173 14610 161b6 !7735
13368 14955 IbS6! 18184
13e53 !52ee 16945 18:19
1":\in 15:!(1 !i31!l 19041~:'~

14192 lc;O':'i 1''' 7~ ~ 10... •·.w· ... ••• ,j~

I-B - 2

2
Ne (lbiftl =·Cd w (80) ;

where w=
kll' =

5.505.00

over

pipe, H
(ftl

HeIght
of f1ll

I
'I
I
I
I
I

•
I
I
I
I
I
I
I,
I



ICALE NONE
NO. FIEV.

CS-9 3
CLASS "A"
PIPE BEDDING

.~,:.l-I- #3 <TYP)

'---- SEE SPECIFICATIONS
FOR PIPE BEDDING

SEE NOTE I

BC + 8" MIN

CAREFULLY PLACED
BACKFILL

TYPICAL TRENCH CROSS-SECTION

CIVIL STANDARD
SANITARY

Q.
Oeo....
ffi-I- NOTE 2'-~
:>l.U
02:; ARCH MAY BE
~ 0- POURED TO FULL
L:~ TRENCH WIDTH

NOTES:
I. FOR ALLOWABLE TRENCH WIDTH SEE SPECIFICATIONS.
2. AREA TRANSVERSE STEEL:

CLASS A=0.004 XAREA CONCRETE ARCH AT CROWN; 12" MAXIMUM SPACING.
CLASS A* =0.010 XAREA CONCRETE ARCH AT CROWN; 12" MAXIMUM SPACING.
CLASS A+ =NO TRANSVERSE STEEL REQUIRED.

3. MAINTAIN ARCH THICKNESS OVER BELL AND BARREL.
4. MINIMUM CONCRETE COMPRESSIVE STRENGTH: 2,500 PSI.
5. CAREFULLY PLACED BACKFILL SHALL BE FINELY DIVIDED MATERIAL FREE

FROM DEBRIS OR STONES MEETING OR EXCEEDING SPECIFICATIONS FOR
REMAINING BACKFILL.

·1
I
I
I
I
I

•
I
I
I
I
I
,I,
1

I,
I



I

8CALE NONE
NO. nEV.

CS-IO 5

=t
o Z
1­

... ~

CLASS "B"
PIPE BEDDING

SEE NOTE I

CIVIL STANDARD
SANITARY

~- SEE SPECIFICATIONS
FOR PIPE BEDDING

TYPICAL TRENCH CROSS-SECTION

CAREFULLY PLACED
BACKFILL
(SEE NOTE 2)-------

NOTES:
I. FOR ALLOWABLE TRENCH WIDTH SEE SPECIFICATIONS.
2. CAREFULLY PLACED BACKFILL SHALL BE CAREFULLY COMPACTED, FINELY DIVIDED,

JOB EXCAVATED MATERIAL, FREE FROM DEBRIS, STONES LARGER THAN Yz",
ORGANIC MATTER AND FROZEN MATERIAL, COMPACTED TO 901 MAXIMUM DENSITY,
ASTM 01551. SELECT BACKFILL MAY BE SUBSTITUTED FOR JOB EXCAVATED
MATERIAL AND SHALL BE USED WHERE REMAINING BACKFILL IS SPECIFIED
TO BE SELECT BACKFILL MATERIAL. ·

I
I
I
I
I
I
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I
I
I
I
I
I
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I
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rv ..,2...'t @}
sh~~J 4- o ~ -- '±---

BASIN MAXIItJM TIME OF
AREA STAGE MAX STAGE

0.52

0.52 1.68 14.33

0.21

0.73

0.73 1301.26 13.25

0.73

0.73

0.73 1.71 14.33

0.97

1.70

1.70 2.24 15.17

0.67

2.37

2.37 2.37 15.67

0.22

0.25

2.84

2.84 80.04 15.58

2.84 2.38 16.50

3.16

0.18

3.34

6.18 It 5~
~.18 >- - 3'fr 'jQV-)~~ 50
6.18

6.18 1271.13 18.50

6.18 At.'t" ~ C'o.tl I

6.18

6.18

6.18

0.00

0.00

11.21

11.21

11.21

11.21 1273.00 16.67

0.00

11.21

11.21

11.21

0.00

0.00

14.

2.

13.

13.

20.

33.

33.

14.

47.

47.

5.

5.

56.

~ yI'l52. 51.

\ /152. 51.

~11. 172.
~ 11. 4.

521. ~76.
673.:.'3~ 227.

227. : '+SJ' 7;:--.--.....,--.

453. 151.

393. _ ...15_1....__...;.;.__

188. 63.

205. 88.

205. 88.

o. o.
205. 88.

5. 2.

595. 365.

77. 26.

518. 339.

518. 339.

188. 63.

706. 402.

208. 69.

498. 333.

77. 26.

208. 69.

42. 13.

139. 45.

135. 42.

17. 5.

118. 38.

116. 38.

174. 60.

290. 98.

284. 98.

130. 42.

403. 139.

378. 139.

44. 14.

49. 16.

437. 168.

13.25

13.25

13.25

14.33

14.75

14.67

15.17

13.67

14.42

15.67

12.75

13.00

15.50

15.58 \'" \~+ 4~

\ ~\c.\-4~

t
. \ 1085.
~ .t~ '*36.

1570. 14.50 1115.

1906. 15.00 1446.

1906. 15.75 897.

1800. 15.75 1037.

963. 18.50 746.

736. 18.50 521.

227. 18.50 225.

227. 0.08 225.

O. 0.08 o.
227. 18.50 225.

29. 13.25 17.

1546. 14.75 1237.

603. 13.58 308.

943. 13.58 929.

943. 16.17 923.

736. 18.50 521-

1679. 18.50 1259.

1029. 13.67 609.

650. 13.67 650.

603. 14.75 308.

1029. 18.50 609.

PEAK
FlOJ

222.

153.

125.

206.

206.

29.

176.

163.

262.

422.

404.

260.

567.

490.

136.

138.

531.

530. -
500. "-16.50

1553. ~14.50

'146. p!l{"12.50

OPERATION STATION

HYDROGRAPH AT SUBA

RlllTED TO OT01

HYDROGRAPH AT SUBB

2 Ca4BINED AT PT1a

I
RlllTED TO PT1b

DIVERSION TO DIV1

HYDROGRAPH AT PT1c

I RlllTED TO 1T02

HYDROGRAPH AT SUBC

2 Ca4BINED AT PT2

I RlllTED TO 2T03

HYDROGRAPH AT SUBD

I
2 Ca4BINED AT PT3

RlllTED TO 3T04

HYDROGRAPH AT SUBE

I HYDROGRAPH AT SUBF

3 Ca4BINED AT PT4

RlllTED TO PT4

I RlllTED TO 4TOS

HYDROGRAI?H AT SA10a

It
HYDROGR4PH AT SUBG

2 Ca4BINED AT SA10b

2 Ca4BINED AT PT5a

I
DIVERSION TO BASIN

HYDROGRAPH AT DIJolMY

RlllTED TO PT5b

I DIVERSION TO DIV5c

HYDROGRAPH AT PT5c

I
DIVERSION TO DIV5d

HYDROGRAPH AT PT5d

HYDROGRAPH AT PT5e

I
HYDROGRAPH AT PT5f

HYDROGRAPH AT PTWr1

DIVERSION TO DIWr2

I HYDROGRAPH AT PTWr2

RlllTED TO WrTORR

HYDROGRAPH AT PTRR1a

I 2 Ca4BINED AT PTRR1b

DIVERSION TO DIVRR1

I
HYDROGRAPH AT PTRR1c

HYDROGRAPH AT PTWr3, HYDROGRAPH AT PTRR2

*** NORMAL END OF HEC-1 ***
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6.3 GROUTED ROCK

Grouted rock revetment consists of rock slope-protection having voids filled with
concrete grout to form a monolithic armor. See section 2.5 for additional descriptive
information and general performance characteristics for grouted rock. Sample
specifications for components of grouted rock revetments are provided in appendix A.

6.3.1 Design Guidelines for Grouted Rock

Components of grouted rock riprap design include layout of a general scheme or
concept, bank preparation, bank slope, rock size and blanket thickness, rock grading,
rock quality, grout quality, edge treatment, filter design, and pressure relief.

General: Grouted riprap designs are rigid monolithic bank protection schemes. When
complete, they form a continuous surface. A typical grouted riprap section is shown in
figure 56.

Grouted riprap should extend from below the anticipated channel bed scour depth
to the design high water level plus additional height for freeboard (see section 3.6.2).
The longitudinal extent of protection should be as described in section 3.6.1.

During the design phase for a grouted riprap revetment, special attention needs to
be paid to edge treatment, foundation design, and mecha"nisms for hydrostatic pressure
relief. Each of these items is discussed below.

Bank and Foundation Preparation: The bank should be prepared by first clearing all
trees and debris from the bank, and grading the bank surface to the desired slope. In
general, the graded surface shquld not deviate from the specified slope line by more
than six in (l5.2 em). However, local depressions larger than this can be
accommodated since initial placement of filter material and/or rock for the
revetment will fill these depressions.

Since grouted riprap is rigid but not extremely strong, support by the
embankment must be maintained. To form a firm foundation, it is recommended that
the bank surface be tamped or lightly compacted. Care must be taken during bank
compaction to maintain a soil permeability similar to that of the natural, undisturbed
bank material. The foundation for the grouted riprap revetment should have a
bearing capacity sufficient..to support either the dry weight of the revetment alone, or
the submerged weight of the revetment plus the weight of the water in the wedge
above the revetment for design conditions, whichever is greater.

Any large boulders or debns found buried near the edges oi the revetment shouid
be removed.

Bank Slope: Bank slopes for grouted riprap revetments should not exceed
1.5:1.

Rock Size and Blanket Thickness: Blanket thickness and rock size requirements for
grouted riprap installations are interrelated. Figure 57 illustrates a relationship
between the design velocity and the required riprap blanket thickness for grouted
riprap designs. The median rock size in the revetment should not exceed 0.67 times the
blanket thickness. The largest rock used in the revetment should not exceed the
blanket thickness.
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BELOW SCOlft OR
TO BEDROCK

GROUT PENETRATION (MIN)

NON- GROUTED RIPRAP
TOE PROTECTION

(0)

GROUTED RIPRAP

COMPACTED, VEGETATED BACKFILL

(b)

(c)

Figure 56. Grouted riprap sections: (a) section A-A;
(b) section B-B; and (c) section C-C.

(refer to figure 39 for section locations)
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Figure 57. Required blanket thickness as a function
of flow velocity.

Rock Grading: Tabie 6 provides guidelines for rock gradation in grouted riprap
installations. Six size classes are listed.

Rock Quality: Rock used in grouted rock slope-protection is usually the same as that
used in ordinary rock slope-protection. However, the specifications for specific
gravity and hardness may be lowered if necessary as the rocks are protected by the
surrounding grout.

The finished grout should leave face stones exposed for one-fourth to one-third
their depth and the surface of the grout should expose a matrix of coarse aggregate.

•The volume of grout required will be that necessary to provide penetration to the
depths shown in table 6.

In addition, the rock used in grouted riprap installations should be free of fines
in order that penetration of grout may be achieved.

Grout Quality and Characteristics: Grout should consist of good strength concrete
using a maximum aggregate size of 3/4 in and a slump of 3 to 4· in (7.6 to 10.2 cm).
Sand mixes may be used where roughness of the grout surface is unnecessary.
provided sufficient cement is added to give good strength and workability.
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Edge Treatment: The edges of grouted rock revetments (the head, toe, and flanks)
require special treatment to prevent undermining. The revetment toe should extend to
a depth below anticipated scour depths or to bedrock. The toe should be designed as
illustrated in figure 56(a). After excavating to the desired depth, the riprap slope
protection should be extended to the bottom of the trench and grouted. The
remainder of the excavated area in the toe trench should be filled with ungrouted
riprap. The ungrouted riprap provides extra protection against undermining at the
bank toe.

To prevent outflanking of the revetment, various edge treatments arc required.
Recommended designs for these edge treatments are illustrated in figure 56, parts (a),
(b), and (c).

FUter Design: Filters are required under all grouted riprap revetments to provide a
zone of high permeability to carry off seepage. water and prevent damage to the
overlying structure from uplift pressures. A 6-in (lSA-cm) granular filter is required
beneath the pavement to provide an adequate drainage zone. The iiiter can consist of
well-graded granular material or uniformly-graded granular material with an
underlying filter fabric. The filter should be designed to provide a high degree of
permeability while preventing base material particles from penetrating the filter, thus
causing clogging and failure of the protective filter layer, chapter 4 contains more
specific information for filter design.

Pressyre Relld: Weep holes should be provided in the revetment to relieve hydrostatic
pressure build-up behind the grout surface [see figure 56(a)]. Weeps should extend
through the grout surface to the interface with the gravel underdrain layer. Weeps
should consist of 3-in (7.6-cm) diameter pipes having a maximum horizontal spacing of
6-ft (1.8 m) and a maximum vertical spacing of 10-ft (3.0 m). The buried end of the
weep should be covered with wire screening or a fabric filter of a gage that will
prevent passage of the gravel underlayer.

6.3.2 Construction

Construction details for grouted riprap revetments arc illustrated in figure 40.
The following construction procedures should be followed:

Step 1. Normal construction procedures include (a) bank clearing and grading;
(b) development of foundation; (c) placement of the rock slope
protection; (d) grouting of the interstices; (e) backfilling toe and flank
trenches; and (f) vegetation of disturbed areas.

Step 2. The rock sh\.iu!d be wet immedi:ltcly prior to ccmmencing the grol!ting
operation.

Step 3. The grout may be transported to the place of final deposit by chutes.
tubes. buckets. pneumatic equipment, or any other mechanical method
which will control segregation and uniformity of the grout.

Step 4. Spading and rodding are necessary where penetration is achieved by
gravity flow into the interstices.

Step S. No loads should be allowed upon the revetment until good strength has
been developed.
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Rock SiMI CI....
(Percent Larrer Than Given Rock SiMI)

Equivalent
Diameter WeiCht

(ft) 1 Ton 1/2 Ton 1/4 Ton Licht Facinc Cobble

S•• 2-Ton 0-5
2.71 I-Ton 10-100 0-1
2.21 1/2-Ton -- 10-100 0-5

I[P~ 1.75 li4-Ton 81-100 --- 5D-l00 0-5
....0;" .o;uu-&.u. .,,-..uu --- oU-1UU 0-5
1.00 71-Lb. 95-100 95-100 50-100 D-5
0.50 21-Lb. 8&-100 85-100

Minimum ..
Penetration of
Grout (in) 24 . 18 14 10 8 6
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Table 6. Recommended grading of grouted rock slope protection.

Table 7. Dimensions for concrete slab

REVETMENT
CLASS DIMENSION

A B C D E F G H I J K L

LIGHT DUTY 4" 0" 9'" 1'-10" 1'-10" 6" 4" 4-5' 2'-S' 1-6" 15'-20' 6"

HEAVY DUTY 6" 9" 8" 1'9" 2'-0" 9" 6" 4'-5' 2'-S' 1'-6" 25'-SO' 9"
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I 6.16

Pipe Diameter Conveyance Factor (K)
(inches)

n = 0.011 n = 0.013

8 14 12
10 . 26 22 •
12 42 36
15 76 65
18 124 105
21 188 158
24 267 226
27 367 310
30 485 410
33 625 529
.:16 789 666
39 977 82 ~

4~ 1189 1006
4S 1429 1209
48 1698 1436

Friction Slope = sf= (~)2

FIGURE 1

Q in cfs
A in Square Feet
P in Feet

A= -P

A'R 2/3

Area

1.486
n

Wetted Perimeter

FRICTION SLOPE
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K •
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Class IV

t ..,,_._~...", ..
C r 8; A.- .

o

OaSSo III

A

Oan !l

A 0 C

Class I

;

6edding....::~ 0 C'
claSS r

j i
Load --:t 1.1: 1.5. 1.9: 3.0; 1.1; 3.0: 1.1 1.5: 1.9 3.0 I' 1.1 I.!>: 1.9 3.0' l.l 1.5; 1.9. 3.0
facto~.~ ! ' • , I

/ ' j :;" I : t '., ~ II
I
I
I
I
I

•
I

90 /6.6~ 11.4 18.0 18.2111.2 14.2 22.5111.1 115.2119.2 I30.4! I I ! i j
96 7.0 I 9.6: 12.2119.2 8.3112.0 15.2 24.01 11.9 16.2! 20.5 32.4 i I I I : I !

102 7.5 jl0.2! 12.9 120.4 9.3 12.7 16.1 125.5 12.6 17.2 i 2l.S 34.41 iii I !

·Supoortinc strengths shown in table are for concrete pipe meet,ngASTM specilications (3.edge bearing test) and include safety and beddin; factors
as indicated.I

108 I I I ' I I i7.9 10.8: 13.7 21.6 9.9 13.5 17.1 27.0 13.4 18.2 23.1 37.0 I . I

T,ABLE 13. Values of N for various classes of bedding
=

Projection ratio p Values of x Values oi x'

0.0 0 0.150

0.3 0.217 0.743

0.5 0.423 I 0.856

0.7 0.594 _I 0.811

0.9 0.655 I 0.678

1.0 0.638 I 0.638

37

TABLE 14. Values of x for various projection ratios p

those thnt can he' supported with stn.ndn.l·d cl~sses of
pipe' and usual methods of in5tn.lln.tion. Thi!" n.uto­
matically reserves the imperfect trench method for
high fills. .

This method also en.n be used to reduce the backfill

.505

.707

.840

1.310

Value of NMethod of bedding

Class 8. First class

Class A. Concrete cradle

Class C. OrdInary

Class D. Impermissible

-=,(,.;-----------------------
I

It should be emph:lSized thn.t this is 0. construction
method for high fills. In order t.o prevent settlement
of the surface of the embo.nkment over the pipe, the
height of the embankment O\'er the pipe must. bc grcn.ter
than the height of the theoretical "pln.nc of cqun.l
settlemenL" Genern.lI,r, it will not be economicn.l to go
to this type of construction unless thc fill heights exceed

I
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I
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