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Introduction

This memorandum provides the supporting calculations for the design of the
67th Avenue stormdrain. Included in this presentation are the on-site hydro-
logy and catch basin design, hydraulic analysis of the stormdrain network
D-load calculations for mainline pipe and Taterals and supporting calculations
for the design of the junction structure located at Greenway Road and 67th
Avenue. The results summarized herein should provide the basis of design for
all future catch basins and major lateral connections.

Hydrology

The results of the approved "Off-site Hydrology Report," dated September 1988,
were used for sizing the” stormdrain mainline and the Taterals Tocated along
Bell Road, Paradise Land and Greenway Road. These results were also used for
sizing the proposed and future catch basins to be Tocated along the east proj-

ect right-of-way.
The Rational Method (Q = CIA) was otherwise utilized where:

C = 0.82 (paving and desert landscaping)
I = 3.85 in/hr (10-year storm)
A = area in acres

The 67th Avenue right-of-way was assumed to be developed to its full width of
130 feet.

The results of the on-site hydrologic calculations are provided in the attach-
ed "Pavement Drainage" worksheets.

Catch Basin Design

Street flow hydraulic analysis and catch basin sizing and Tocation calcula-
tions were performed in accordance with HEC No. 12, "Drainage of Highway
Pavements." The following criteria were used:

0 Pavement "n" value of 0.016

0 Allowable pavement spread limited to gutter and one travel Tlane
(12.5 feet).

0 Street cross slope is 0.2% Nb

0 Street longitudinal slope is 0.002 ft/ft

0 City of Phoenix type "M" catch basins are used (requested by City of
Glendale)

Catch basin design calculations are found attached on the "Storm Sewer System
Design Inlet Calculation" sheets.

Stormdrain Hydraulic Analysis

Hydraulic grade Tine elevations for the proposed stormdrain system were calcu-
lated using the "Storm" computer program developed by the Los Angeles County
Road Department.
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The program calculates the following:

Normal depth of flow

Critical depth of flow

Flow type (partial, full, seal)
Friction slope

Flow velocities

Hydraulic grade line elevations
Calculated depth of flow

O 00000 OoOO0o

Location and characteristics of hydraulic jump

Friction Tosses are computed from the Manning equation. Minor losses are

derived from the velocity head,
vt
29

Minor loss coefficients used are as follows:

K

Type
Curve 0
Manhole 0
Exit 1
Entrance 0
Tee (thru) 0
Junction (Greenway) 0
Junction (Paradise Lane) 0
Junction (Kings Avenue) 0
Junction (Phelps Road) 0

The program computes internally sharp bend losses
bends. Total junction Tosses are calculated by
momentum equation.

.08
J05
.0

.10
D

.54
D9
.49
.39

such as at 90° or 45° pipe
applying the pressure plus

Hydraulic analysis criteria input to the storm program are as follows:

o For precast concrete pipe, n = 0.012

0 The 10-year WSEL in the ACDC was set as downstream controlling HGL

0 Tailwater elevation 1limits of, 1 foot below pavement at catch basins
and 5 feet below pavement for mainline pipe were set.

The hydraulic analysis was performed for the fully

developed stormdrain system

including the Tlaterals along Bell Road, Paradise Lane and Greenway Road.
Minor catch basins were not incorporated. However, the results of the storm

program were checked to ensure that the calculated

mainline HGL is sufficient-

ly below the pavement (i.e. 5 feet or greater) to allow for future connections

to junctions.

The printout of the Storm program analysis is attached.
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Pipe Design Strength Analysis

Minimum pipe strength requirements were calculated for the various pipe sizes
and depths specified in the plans. Required minimum D-Toads to produce a 0.0l
inch crack were calculated using standard procedures described in the litera-
ture and then rounded to the nearest 50 1bs/L.F./ft (I.D.) The procedure
f011owé§ and a summary of the results is attached.

Structural Calculations

Calculations were performed for the structural design of the Jjunction
structure located at 67th Avenue and Greenway Road. Grade 60 steel is
specified. These calculations are also attached.
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PAVEMENT DRAINAGE WORKSHEET
LOCATION DATA DESIGN DATA

Highway A ' Frequency AL years

Location Qkﬁ

Project No. £ /1112 4
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PAVEMENT DRAINAGE WORKSHEET
LOCATION DATA DESIGN DATA

Highway 6 Frequency /O years

Location
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REINER ENGINEERING SCILENCES 01027 @ STODEM ORAIN ANALYSIS FAGE 1
VERSION 02.01

PROJECT 1 67TH AVENUE STORMUDKRAIN EELL <KOAD TO ACDC: DATE @ 28-NOV-88
DESIGNER @ MUSTAEA CHULNOEE INPUT EILE : ESU.UAT TIME @ 15:04:10
EINAL SI DESIGN, OUTEALL IS SHUORT RADIUS BEND TO ACDC
COMMENTS @ 1) THI1S ANALYS1S I$ FOR FULUKE FULL SYSLTEM CONDITIONS FER THE APFKOVE HYDROLOGY REFORT
2) THIS ANALYSIS DOES NOT INCORFORATE TEMPORARY INLETS AND CATCH BASING
3)  CATCH BASINS ALONG KINGS AVENUE AND FHELPS ROAD HAVE REEN INCOKPORATED
4)  TATILWATER LIMIT (TW) FOR THE MAINLINE WAS SET AT 5 FT. RELOW PAVEMENT AND
L ET. BELUW FAVEMENYT FOK CAYCH BASING
SsITHLS QUTPUY HAS BEEN EDITED MANUALLY FOR CLARITY
INEUT
Cir L2 MAX Q@ AUJ Q@ LENGTH EL 1 EL 2 CITL/TW o W S KJ KE KM LC L1 L3 L4 Al Al Al J N
&) 1 1198.35 <10-YR WSEL IN ACDCH
ACLIC T0 GREENWAY EKOAD
2 2 390.0 390.0 (1125.00 1191.0% 1193.50 1215.00 84. 0. 3 0.54 0.00 1.18 1 3 12 0 0. 90. 0. 0.00 0.012
GREENWAY KOAD TO SIA. 26455
2 3 170.0 170.0 644.00 1201.00 1203.49 1217.00 60. 0. 3 0.00 0.00 0.05 0 4 0 0 0. 90. Os 000 04012
STA. 29+65 10 S5tA. 32+50
2 4 170.0 170.0 59%.00 1203.49 1205.71 1220.00 60. 0. 3 0.00 0.00 0.0% 0 ] 0 0 0. 0. 0. 0.00 0.0J2
STA. 32450 TO STA. 39475
2 9 178.0 178.0 72.00 1205%.71 1208.47 1222.00 60. 0. 3 0.00 0.00 0.0% 0 6 0 0 0. 0. 0. 0.00 o0.012
STA 39+75 TO FARADISE LANE
2 6 178.0 178.0 660.00 1208.47 1210.97 1244.00 60. 0. 3 0.85 0.00 0.10 0 V2 16 0 0. 90. 0. 0.00 0.012
PARADISE LANE TO STA 3420
a 7 69.0 69.0 68H.00 12310.97 1213.00 1229%.00 42. 0. 3 0.49 0.00 0.30 0 8 19 0 0. 90. 0. 0.00 0.012
STA G3+20 10 STA. H9+70
2 8 41.0 41.0 650.00 1213.5%0 1214.97 122%.00 36. 0. 3 0.35% 0.00 0.30 0 9 22 0 0. 90. 0. 0.00 0.012
STA. $9+70 T0 BELL ROAD COEND THIS PROJ P
2 9 34.0 34.0 790.00 1214.97 1216.7% 1228.00 36. 0. 3 0.00 0.00 0.30 0 10 0 0 4u. 0. 0. 0.00 0.012
ALONG BEELL RID. TCEUTURE PROJEC
2 10 35.0 38 .+0 70.00 1216, 31.90 1287.00 36. 6. 3 0.00 0.00 0.30 0 11 0 0 45, 0. 0. V.00 0,412

ALONG BELL RD. CCEUTURE PROJECT =
2 11 24.0 24.0 1320.00 1232.40 1237.68 1243.00 30. 0. 1 0.00 0.00 0.30 o 0 0 0 0. 0.
ALONG BELL KD.  <<FULURE PROJEC

0 0.00 0,012

2012 220.0  220.0 1000.00 1200.%0 1208.50 1216.00 66. 0. 3 0.00 0.00 9.30 3 13 0 0 0. 0. 0. 0.00 0©.012
ALONG GREENWAY ROAD

2 13 212.0 212.0 180.00 1203.%0 1204.22 1217.00 66. 0. 3 0.00 0.00 0.30 0 14 0 0 0. 0. 0. 0.00 0.012
ALONG GREENWAY ROAD

2014 13%.0 138.0 1320.00 1204.72 1210.00 1220.00 60. 0. 3 0.00 0.00 0.30 0 15 0 0 0. 0. 0. 0.00 o0.012
ALONG GREENWAY KOAD

2 18 45.0 45%.0 1330.00 1214.00 1220.28 1223.00 36. 0. 1 0.00 0.00 0.30 0 0 0 0 0. 0. 0. 0.00 0.012
ALDONG GREENWAY ROAD

2 16 109.0 109.0 900.00 1210.97 1216.70 1224.00 54. 0. 3 0.00 0.00 0.30 7 17 0 0 0. 0. 0. 0.00 0.012
ALONG PARADISE LANE

2 17 84.0 84.0 1620.00 1217.20 1222.06 1249.00 48, 0. 3 0.00 0.00 0.30 0 18 0 0 0. 0. 0. 0.00 c¢.0!12
ALONG PARADISE LANE

2 18 ar.0 27.0 1320.00 12¢3.46 1227.%4 1230.00 36. 0. 1 0.00 0.00 0.30 0 0 0 0 0. 0. 0. 0.00 0.012
ALONG KNGS AVENUE

219 26,0 26.0 74.00 1220.00 132420.%0 0.00 24. 0. 3 0.00 0.00 0.30 =1 20 21 0 90. Y0. 0. ©0.00 0.012

ALONG KINGS AVENUE
2 20 13.0 13.0 28.00 1220.%0 1286.18 1228.00 24. 0. 1 0.00 0.00 0.40 0 0 0 0 0. 0. 0. 0.00 0.012
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ALONG KINGS AVENUE

2 21 13.0 13.0 15.00 1220.50 1222.64 1228.00 24. 0. 1 0.00 0.00 0.40 19 0 0 0 0. 0. 0. 0.00 0.012
ALONG FHELFS ROAD

2 22 10.0 10.0 62.00 1215.80 1216.00 0.00 18. 0. 3 0.00 0.00 0.30 9 23 24 0 90. 45. 0. 0.00 0.012
ALONG PHELFS ROAD

2 23 5.0 5.0 18.00 1216.17 1226.83 1229.%0 18. 0. 1 0.00 0.00 0.40 0 0 0 0 0. 0. 0. 0.00 0.012
ALONG PHELPS ROAD

2 24 5.0 5.0 18.00 1216.2% 1223.81 1229.50 18. 0. 1 0.00 0.00 0.40 22 0 0 0 0. 0. 0. 0.00 0.012




KEINEK ENGINEERING SCIENCES 01027 : STORM DRAIN ANALYSIS PAGE 3
VERSIUN 02.01
PROJECT : 67TH AVENUE STORMDRAIN BELL <ROAD Tu ACDC: DATE © 28-NOV-88
DESIGNER @ MUSTAFA CHUDNOEE INFUT FILE @ ESL.DAY TIME @ 15:04:10
OUTEUT
L INE Q I 0] ON oe FLUW SE-FULL v v a 3 EL 2 HG 1 H53 2 o1 o2 v TW
NO (CES) C(IN)CIN) C(FY) (FY1) TYVE (EL/FL) (EPS) (EFPS) (ET) (E1) CALC CALC (EFT) (ET) CALC CK KENMAKKS
1 HYDRAULIC GRADE LINE CONIROL = 1198.35 <CCAT ACDC:>
2 390.0 84 0 7.00 5.20 FULL 0.00318 10.1 10.1 1191.05 1193.50 1198.35 1203.80 7.30 10.30 0.00 0.00
3 170.0 60 0 3.97 3.74 FULL 0.00363 8.7 8.7 1201.00 1203.49 1206.45 1208.79 5.49 5.30 0.00 0.00
4 170.0 60 0 4.04 3.74 FULL 0.00363 8.7 8.7 1203.49 1205.71 1208.79 1210.95 9.30 5.24 0.00 0.00
3 178.0 60 0 .00 3.82 FULL 0.00398 Yv.1 9.1 1205.71 1208.47 1210.73 1213.62 5.02 $.15 0.00 0.00
6 178.0 60 0 %5.00 3.82 FULL 0.00398 9.1 9.1 1208.47 1210.97 1213.62 1216.25 S5.10 5.28 0.00 0.00
7 69.0 42 0 3.%0 2.60 FULL 0.00401 7.2 7.2 1210.97 1213.00 1218.63 1221.37 7.66 8.37 0.00 0.00
8 41.0 36 0 3.00 2.08 FULL 0.00342 5.8 5.8 1213.50 1214.97 1222.33 1224.42 8.83 9.45 0.00 0.00
9 34.0 36 0 2.44 1.89 FULL 0.00221 4.8 4.8 1214.97 1216.735 1224.79 1226.50 9.78 9.75 0.00 0.00
10 35.0 36 0 1.73 1.92 SEAL 0.002395 5.0 7.3 1216.75 1231.90 1226.68 1233.8% 9.93 1.92 0.00 0.00 HYL JUMP
X = 1952.57 X(N) = 2300.64 X(J) = 2117.61 E(J) = 12.15 D(BI) = 1.73 DAY = 2.12
11 24.0 30 0 1.78 1.66 SEAL 0.0029Z 4.9 6.4 1232.40 1237.68 1234.94 1239.46 2.54 1.78 1240.10 1243.00
X = 33.59 X(N) = G§516.53
3 HYURAULIC GRADE LINE CONTROL = .1205.123 REGIN GREENWAY KOAL SYSTEM
12 220.0 66 0 5.50 4.15 PAKRI 0.00366 10.3 9.6 1200.%0 1203.50 1205.13 1208.61 4.63 5.11 0.00 0.00
13 212.0 66 0 4.17 4.07 FPART 0.00340 9.0 9.2 1203.5%0 1204.22 1208.88 1209.34 5.38 $5.12 0.00 0.00
14 138.0 60 0 3.30 3.36 SEAL 0.00239 7.0 9.6 1204.72 1210.00 1210.77 1213.45 6.035 3.45 0.00 0.00 HJ @ UJT
X = 6H52.31 X(N) = 1453.25 ,
15 45.0 36 0 2.23 2.18 PART 0.00388 7.1 8.0 1214.00 1220.28 1216.5%4 1222.51 2.54 2.23 1223.50 1223.00
X = 0.00 X(N) = 181.10
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REINER ENGINEERING SCIENCES p1027 : STORM DRALN ANALYSI1S FAGE 4
VERS ION 02.01
PROJECT @ 67TH AVENUE STORMDKAIN EELL <RUAD TO ACDCE DATE @ Z8-NUV-88
DESIGNER @ MUSTAEA CHULNOEE INPUT FILE * ESD.DAT TIME @ 15:04:10
OUIEUL
L INE Q I W ON ne FLUOW SE-FULL v 1 v o2 FL 1 EL 2 Hi5 1 HG 2 o1 o2 ™ TW
NO  (CES) CIN)CIN) (FY) (ET) TYPE (FL/EY) (EFS) (EFS) (E1) (E1) CALC CALC CET) (ET) CALC LK KENAKKS
7 HYURAULIC GRADE LINE CONTROL = 1217.44 BEGIN PARADISE LANE SYSTEM
16 109.0 54 0 2.62 3.07 SEAL 0.00262 6.9 9.5 1210.97 1216.70 1217.44 1219.77 6.A47 3.07 0.00 0.00 HYL JUMP
X = %H24.60 X(N) = 0.00 X(I) = 6Y3.02 EWI) = 48.98 D(BI) = 2.66 OD(AT) = 3.53
17 84.0 48 0 3.23 2.78 PAKL 0.00291 6.9 7.7 1217.20 1222.06 1220.95 1225.31 3.75 3.25 0.00 0.00 HJ @ UJT
18 27.0 36 0 1.82 1.67 SEAL 0.00140 3.8 6.0 1223.56 1227.52 1227.18 1229.34 3.62 1.82 1229.90 1230.00
X = 387.26 X(N) = 1220.07
8 HYDKAULIC GRADE LINE CONTROL = 1221.835 REG 1IN KINGS AVENUE SYSTEM
19 26.0 24 0 2.00 1.78 SEAL 0.0112%5 8.6 8.3 1220.00 1220.%0 1221.85 1222.72 1.89 2.22 0.00 0.00
X = 21.41 X(N) = 0.00
20 13.0 24 0 0.46 1.29 SEAL 0.004281 4.1 6.1 1220.%0 1226.18 1224.85 1227.47 4.35 1.29 1248.04 1248.00 HYD JUMF
X = 8.30 X(N) = 0.00 X(J) = 8.30 E(J) = 6.97 D(RI) = 0.59 DCAJ) = 2.67
18 HYURAULIC GRADE LINE CONTKOL = 1225.60
21 13.0 24 0 0.%1 1.29 FULL 0.00281 4.1 4.1 1220.50 1284.64 1225.60 1225.74 5.10 3.10 1226.01 1228.00
9 HYDRAULIC GRADE LINE CUNLROL = 1224.59 BEGIN PHELPS KRUAD SYSTEM
22 10.0 18 0 1.20 1.22 FULL 0.00772 57 5.7 121%.5%0 1216.00 1224.59 1225.21 9.09 9.2 0.00 0.00
23 5.0 18 0 0.24 0.86 SEAL 0.00193 2.8 4.8 1216.17 1226.83 1226.03 1227.69 9.86 0.86 1228.04 1229.50 HYD JUNF
X = 13.76  X(N) = 0.00 XW1) = 13.76 E(J) = 2.19 DGR = 0.39 D(A)) = 1.73
21 HYUEAULIC GRADE LINE CONTROL = 1225.17
24 5.0 18 0 0.26 0.86 SEAL 0.00193 2.8 2.9 1216.2% 1223.81 1245.17 122%.19 8.92 1.38 122L.32 1229.50

X = 17.74  X(N) 0.00




REINER ENGINEERING SCIENCES 01027 : STUKM DRAIN ANALYS1S FAGE 5
VERS ION 02.01
FROJECT : 67TH AVENUE STORMDKAIN RELL <ROAD TO ACDC:H DATE @ 28B-NUV-88
DESIGNER @ MUSTAEA CHUDNOEE INPUT EILE : ESD.DAT TIME @ 15:04:10
OQUIEUL
L INE Q I W ON ne FLOW  SE-FULL V1 v 2 EL 1 EL 2 HG 1 HG 2 o1 o2 TWw TW
NO  (CF8) C(IN)CIN) (EY) (FY) TIYVE (E1/F1) (EFS) (EPS) (ET) (ETY) caLC CALC (ET) (ET1) CALC CK KEMAKKS
V1, FL 1, I 1 AND HGG 1 REFER TO DOWNSTREAM END
vV 2, FL 2, I 2 ANL HG 2 REFEK TO UFSTREAM END
X - DISTANCE IN EEET EFROM DOWNSTREAM END TO FOINT WHERE HG INTERSECTS SOFFIT IN SEAL CONDITION
X(N) - DISTANCE IN FEET EROM DOWNSTKREAM END TO FOINT WHERE WATER SURFACE REACHES NOKMAL DEFTH BY EITHER DRAWDOWN OR BACKWATER
X(J) - DISTANCE IN FEET FROM DOWNSTREAM END TO POINT WHERE HYDRAULIC JUMP OCCURS IN LINE

F(J) - THE COMPULED FORCE AT THE HYODRAULIC JUMP

0(EJ) - DEPIH OF WALER EEFORE THE HYDRAULIC JUMP (UPSTREAM SIDE)

I(AJ) - DEFTH OF WATER AETER THE HYLRAULIC JUMP (DOWNSTREAM SILE)

SEAL INDICATES FLOW CHANGES FROM FART TO FULL Ok FROM FULL TO PART

HYD JUMP INDICATES THAT FLOW CHANGES FKROM SUPERCRITICAL TO SUBCRITICAL THROUGH A HYDRAULIC JUMP
HJ @ UJT INDICATES THAT HYDRAULIC JUMP OCCURS AT THE JUNCTION AT THE UFSTREAM END OF THE LINE
HJ @ DJIT INDICATES THAT HYDRAULIC JUMP OCCURS AT THE JUNCTION AT THE DOWNSTREAM END OF THE LINE
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