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Upper East Fork Cave Creek Detention Basin #3A &3B
Project Description

The Upper East Fork Cave Creek Detention Basin #3A & 3B is being
designed as part of the implementation of the Drainage Master Plan for
the Upper East Fork Cave Creek watershed adopted by the City of Phoenix
and the Flood Control District of Maricopa County and presented in the
Upper East Fork Cave Creek Area Drainage Master Study, October 1987.

The project is located in the area north and south of Grovers Avenue
between 20th Street and Cave Creek Road. The purpose of the basin is
to reduce the 100 year peak discharge to the historic 2 year flow to

allow the basin to drain into the City of Phoenix 2 year storm drain
system in 20th Street. Upon completion of project construction the
basin is to be incorporated into the City of Phoenix Park system for
routine maintenance.

The project consists of providing all professional engineering services
. necessary for the design and preparation of plans, construction special

provisions and construction cost estimates for the construction of
detent i on basi n #3A & 3B. Major project el ements i ncl ude park master
planning for the ultimate park improvements, design plans for
landscaping and irrigation, site area lighting, grading plans, inlet
and outlet structure design, low flow drainage bypass system design,
water and sanitary sewer relocations, and half street paving
improvements around the perimeter of the basin.

Design calculations and descriptions of the major project elements
follow:

\
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The basin outfall discharges into a proposed 120 inch stormdrain in

20th Street.

A. Basin Grading
Sideslopes 4: 1 Granite areas

5:1 Turf areas
Walking grades 12:1 max. (8.3%)
Equest. grades 6.7:1 max. (15%)
Bottom slope 1 percent min.

Design Criteria
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B. Pipes
Manning's n
Min. Velocity

Diameter

C. Basin 3B outfall

Peak Outlet
Desired
All owed
Attained

D. Storage
Freeboard
Drain Time

\

0.013 (Concrete)
5 fps (desirable)

2 fps (Absolute)
18 inch min.

Discharge
462 cfs
522 cfs
500 cfs

0.5 ft. min.
36 hrs. max.



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

I ~WRY
I



-------------------
DETENTION BASIN NO. 3 DESIGN

Basin 3A - Outlet Rating Curve

800~1P~ 600400200~~o

-,- I T I I

-

I I I I "I

l
I I

1/
'/1

I
-

I

I
."flbJ'f I

-1

I
- -

I

V
--I

I f

I
V

I
-

~
iii

--1

-

_Vl \

I

[

I

-

t"

(

-

l

j;tt::l ......

l

~-a!'
~

I

--1

I

(

i

I- Cl
1 I \

Ir
I

I

I

l

-rl

I \

't 1 ~

\
I

I
"I

,
-

\

I
,

I I I I I

3

4

2

1

o

4.5

3.5

1.5

2.5

0.5

o

~
I

Discharge (cfs)



- - - - - - - - - - - - - - - - - - -
15-Jul-91 Page 1

I
I
I
I
I
I
I

I Control I
I 1
---------1
Inlet I
Inlet I
Inlet I
Inlet
Inlet
Inlet

Inlet
Inlet
Inlet
Inlet
Inlet
Inlet
Inlet
Inlet
Inlet

Inl~t

Inlet
Inlet
Inlet
Inlet
Inlet

Inlet

Inlet
Inlet

Inlet
Inlet
Inlet

Inlet
Inlet

0.0078

2
0.0292

0.74

12.57

K =
M=
C =
Y =

Area =

Culvert from A to B Analysis:
***** INLET CONTROL ***** --------- Reach 1 -----------------1---····-- Reach 2 ----------***** OUTLET CONTROL *****

INo. Bbls= 3 n = 0.013 No. Bbls= 3 n = 0.013 US Inv. = 1423.00
IShape =Circ. Concrete Shape =Circ. Concrete OS Inv. = 1416.00

IHgt/Diam= 5.5 ft. Kb = a Hgt/Diam= 4 ft. Kb = 0 L*So = 7.00
ILength = 72 ft Length = 174 ft. Ke = 0.2

I [1+Kb+(29nA 2L!Rh A l.33)]= 1.231033 [Ke+Kb+(29nA2L/RhA l.33)]= 1.052774

IArea = 23.75829 Area = 12.56637 I Control
Q Q/bbl Q/AD A .5 Hc(ft.) H~i/D I Q/bbl Hl (ft.) Dc(ft) Ho(ft) Q/bbl H2 (ft.) H~o/D IHl (ft.) H~/D Q

---------------------------------------------1------------------------------------------.-------------------- -------------.------.------
0.00 0.00 0.000 0 0.00 I 0 0.00 0 2.75 0 0.00 -1.06 0.00 0.000 a

15.00 5.00 0.199 0.87 0.21 I 5 0.00 0.6 3.05 5 0.00 -0.99 0.00 0.207 15
30.00 10.00 0.398 1.25 0.30 I 10 0.00 0.85 3.18 10 0.01 -0.95 0.01 0.303 30
45.00 15.00 0.597 1.54 0.38 I 15 0.01 1.04 3.27 15 0.02 -0.92 0.03 0.377 45
60.00 20.00 0.796 1.79 0.44 I 20 0.01 1.21 3.36 20 0.04 -0.90 0.05 0.441 60

75.00 25.00 0.995 2.02 0.50 I 25 0.02 1.35 3.43 25 0.06 -0.87 0.09 0.502 75
90.00 30.00 1.194 2.23 0.56 I 30 0.03 1.48 3.49 30 0.09 -0.85 0.12 0.557 90

105.00 35.00 1.393 2.43 0.61 I 35 0.04 1.61 3.56 35 0.13 -0.82 0.17 0.611 105

120.00 40.00 1.592 2.62 0.66 I 40 0.05 1.72 3.61 40 0.17 -0.79 0.22 0.664 120
135.00 45.00 1.790 2.8 0.71 I 45 0.07 1.83 3.67 45 0_21 -0.76 0.28 0.714 135
150.00 50.00 1.989 2.97 0.76 I 50 0.08 1.93 3.72 50 0.26 -0.74 0.34 0.762 150
165.00 55.00 2.188 3.14 0.81 I 55 0.10 2.03 3.77 55 0.31 '0.70 0.42 0.811 165
180.00 60.00 2.387 3.3 0.86 I 60 0.12 2.12 3.81 60 0.37 '0.67 0.49 0.858 180
195.00 65.00 2.586 3.46 0.91 I 65 0.14 2.21 3.86 65 0.44 '0.64 0.58 0.906 195
210.00 70.00 2.785 3.61 0.95 I 70 0.17 2.3 3.90 70 0.51 -0.61 0.67 0.952 210
225.00 75.00 2.984 3.77 1.00 I 75 0.19 2.38 3.94 75 0.58 -0.57 0.77 1.001 225
240.00 80.00 3.183 3.92 1.05 I 80 0.22 2.46 3.98 80 0.66 -0.54 0.88 1.048 240

255.00 85.00 3.382 4.07 1.10 85 0.24 2.54 4.02 85 0.75 '0.50 0.99 1.096 255
270.00 90.00 3.581 4.22 1.14 90 0.27 2.62 4.06 90 0.84 '0.46 1.11 1.144 270
285.00 95.00 3.780 4.37 1.15 95 0.31 2.7 4.10 95 0.93 -0.42 1.24 1.146 285
300.00 100.00 3.979 0 1.19 100 0.34 2.77 4.14 100 1.04 -0.37 1.37 1.191 300

315.00 105.00 4.178 0 1.24 105 0.37 2.84 4.17 105 1.14 '0.33 1.51 1.238 315
330.00 110.00 4.377 a 1.29 110 0.41 2.91 4.21 110 1.25 '0.28 1.66 1.288 330
345.00 115.00 4.576 0 1.34 115 0.45 2.98 4.24 115 1.37 -0.24 1.82 1.340 345
360.00 120.00 4.775 a 1.39 120 0.49 3.05 4.28 120 1.49 -0.19 1.98 1.394 360

375.00 125.00 4.974 a 1.45 125 0.53 3.11 4.31 125 1.62 -0.14 2.15 1.451 375
390.00 130.00 5.173 0 1.51 130 0.57 3.18 4.34 130 1.75 -0.08 2.32 1.510 390
405.00 135.00 5.371 a 1.57 135 0.62 3.24 4.37 135 1.89 -0.03 2.50 1.571 405

420.00 140.00 5.570 a 1.63 140 0.66 3.3 4.40 140 2.03 0.02 2.69 1.635 420

No. Bbls= 3
Shape =circ, concrete
Hgt/Diam= 4 ft.
Slope = 0.0224 ft/ft

Q inc = 15 cfs
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I Control I

Q/bbl H1 (ft.) Dc(ft) Ho(ft) Q/bbl H2 (ft.) HWo/D IHl (ft.) HW/D Q I I

---------------------------------------------------------------1---------------------------1---------
145 0.71 3.36 4.43 145 2.18 0.08 1 2.89 1.701 435 Iinlet
150 0.76 3.42 4.46 150 2.33 0.14 I 3.09 1.769 450 Iinlet
155 0.81 3.48 4.49 155 2.49 0.20 1 3.30 1.839 465 IInlet
160 0.87 3.54 4.52 160 2.65 0.26 3.52 1.912 480 Iinlet
165 0.92 3.59 4.55 165 2.82 0.32 3.74 1.987 495 Inlet
170 0.98 3.65 4.58 170 2.99 0.39 3.97 2.065 510 Inlet
175 1.04 3.7 4.60 175 3.17 0.45. 4.21 2.145 525 Inlet
180 1.10 3.76 4.63 180 3.35 0.52 4.4~ 2.227 540 Inlet
185 1.16 3.81 4.66 185 3.54 0.59 4.70 2.311 555 Inlet
190 1.22 3.86 4.68 190 3.74 0.66 4.96 2.398 570 Inlet
195 1.29 3.91 4.71 195 3.94 0.73 5.22 2.487 585 Inlet
200 1.35 3.96 4.73 200 4.14 0.81 5.50 2.578 600 Inlet
205 1.42 4.01 4.76 205 4.35 0.88 5.77 2.672 615 Inlet
210 1.49 4.06 4.78 210 4.57 0.96 6.06 2.767 630 Inlet
215 1.57 4.11 4.81 215 4.79 1.04 6.35 2.866 645 Inlet
220 1.64 4.16 4.83 220 5.01 1.12 6.65 2.966 660 Inlet
225 1.71 4.16 4.83 225 5.24 1.20 6.96 3.069 675 Inlet
230 1.79 4.25 4.88 230 5.48 1.29 I 7.27 3.174 690 Inlet
235 1.87 4.29 4.90 235 5.72 1.37 I 7.59 3.282 705 Inlet
240 1.95 4.33 4.92 240 5.96 1.46 I 7.91 3.392 720 Inlet
245 2.03 4.37 4.94 245 6.21 1.55 I 8.25 3.504 735 Inlet
250 2.12 4.41 4.96 250 6.47 1.64 I 8.59 3.618 750 Inlet
255 2.20 4.45 4.98 255 6.73 1.73 I 8.93 3.735 765 Inlet
260 2.29 4.49 5.00 260 7.00 1.82 I 9.29 3.854 780 Inlet
265 2.38 4.53 5.02 265 7.27 1.92 I 9.65 3.975 795 Inlet
270 2.47 4.57 5.04 270 7.55 2.01 I 10.02 4.099 810 Inlet
275 2.56 4.57 5.04 275 7.83 2.11 I 10.39 4.225 825 Inlet
280 2.66 4.64 5.07 280 8.12 2.21 I 10.77 4.353 840 Inlet
280 2.66 4.64 5.07 280 8.12 2.21 I 10.77 5.000 840 Inlet

--------- Reach 1 -----------------1--------- Reach 2 ----------**.*. OUTLET CONTROL *****
INo. Bbls= 3 n = 0.013 No. Bbls= 3 n = 0.013 us Inv. = 1423.00
IShape =Circ. Concrete Shape =Circ. Concrete OS Inv. = 1416.00
IHgt/Diam= 5.5 ft. Kb = 0 Hgt/Diam= 4 ft. Kb = 0 L·So = 7.00
ILength = 72 ft Length = 174 ft. Ke = 0.2
I [1+Kb+(29n"2L/Rh"1.33)]= 1.231033 [Ke+Kb+(29n"2L/Rh"1.33)]= 1.052774
Area = 23.75829 Area = 12.56637 1

15-Jul-91

Culvert from A to B Analysis:
***** INLET CONTROL *****

No. Bbls= 3 K = 0.0078

Shape =circ, concrete M= 2
Hgt/Diam= 4 ft. C = 0.0292

Slope = 0.0224 ft/ft y = 0.74

Q inc = 15 cfs Area = 12.57

Q Q/bbl Q/AD".5 Hc( ft.) HWi/D
---------------------------------------------

435.00 145.00 5.769 0 1.70

450.00 150.00 5.968 0 1.77

465.00 155.00 6.167 0 1.84

480.00 160.00 6.366 0 1.91

495.00 165.00 6.565 0 1.99

510.00 170.00 6.764 0 2.06

525.00 175.00 6.963 0 2.14

540.00 180.00 7.162 0 2.23

555.00 185.00 7.361 0 2.31

570.00 190.00 7.560 0 2.40

585.00 195.00 7.759 0 2.49

600.00 200.00 7.958 0 2.58

615.00 205.00 8.157 0 2.67

630.00 210.00 8.356 0 2.77

645.00 215.00 8.555 0 2.87

660.00 220.00 8.754 0 2.97

675.00 225.00 8.952 0 3.07

690.00 230.00 9.151 0 3.17

705.00 235.00 9.350 0 3.28

720.00 240.00 9.549 0 3.39

735.00 245.00 9.748 0 3.50

750.00 250.00 9.947 0 3.62

765.00 255.00 10.146 0 3.73

780.00 260.00 10.345 0 3.85

795.00 265.00 10.544 0 3.98

810.00 270.00 10.743 0 4.10

825.00 275.00 10.942 0 4.22

840.00 280.00 11.141 0 4.35

840.00 280.00 11. 141 11.7 5
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DETENTION BASIN NO.3 DESIGN

Lowflow Pipe - Rating Curve
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Low Flow Pipe Analysis: I
***** INLET CONTROL ***** 1--------- Reach 1 -----------------1--------- Reach 2 ---~--.---***** OUTLET CONTROL ***** I

No. Bbls= 1 K = 0.061 INo. Bbls= 2 n = 0.013 No. Bbls= 1 n = 0.013 us Inv. = 1420.93 I
Shape =Rect. Box M= 0.75 IShape =Circ. Concrete Shape =Circ. Concrete OS Inv. = 1411.50 I
Hgt/Diam= 4 ft- C = 0.04 IHgt/Oiam= 4.5 ft. Kb = 0.14 Hgt/Oiam= 6 ft. Kb '" 0.16 L*So = 9.43 I
lJidth = 10 ft. Y = 0.8 ILength = 1500 ft Length = 1320 ft. Ke = 0.2 I
Slope = 0.2 ft/ft I [1+Kb+(29nA 2L/RhA l.33)]= 7.425547 [Ke+Kb+(29nA 2L/RhA l.33)]: 4.132743 1
Q inc = 10 cfs Area = 40.00 IArea = 15.90431 Area = 28.27433 I Control I Control I

Q Q/bbl Q/AD A .5 Dc(ft.) Hc(ft.) HlJi /0 I Q/bbl Hl (ft.) Dc(ft) Ho(ft) Q/bbl H2 (ft.) Hllo/O IHl (ft.) HIJ/D Q I I
------------------------------------------------------ --------------------------------------------------------------- ---------------------------1----·----1

0.00 0.00 0.000 0.000 0 0.00 0 0.00 0 2.25 0 0.00 '1.80 0.00 0.000 o llnlet I
10.00 10.00 0.125 0.315 0.47 0.03 5 0.01 0.63 2.57 10 0.01 -1.71 0.02 0.031 10 \Inlet I
20.00 20.00 0.250 0.500 0.75 0.11 10 0.05 0.9 2.70 20 0.03 -1.66 0.08 0.109 20 Ilnlet 1
30.00 30.00 0.375 0.655 0.98 0.17 15 0.10 1.1 2.80 30 0.07 '1.61 0.17 0.174 30 pnlet I
40.00 40.00 0.500 0.794 1.19 0.23 20 0.18 1.28 2.89 40 0.13 '1.56 0.31 0.233 40 Ilnlet I
50.00 50.00 0.625 0.921 1.38 0.29 25 0.28 1.43 2.97 50 0.20 -1.49 0.49 0.288 50 Ilnlet I
60.00 60.00 0.750 1.040 1.56 0.34 30 0.41 1.57 3.04 60 0.29 ·1.42 0.70 0.338 60 Ilnlet I
70.00 70.00 0.875 1.153 1.73 0.39 35 0.56 1.7 3.10 70 0.39 -1.34 0.95 0.387 70 IInlet I
80.00 80.00 1.000 1.260 1.89 0.43 40 0.73 1.83 3.17 80 0.51 -1.26 1.24 0.432 80 pnlet I
90.00 90.00 1.125 1.363 2.04 0.48 45 0.92 1.94 3.22 90 0.65 ·1.16 1.57 0.477 90 pnlet I

100.00 100.00 1.250 1.462 2.19 0.52 50 1.14 2.05 3.28 100 0.80 ·1.05 1.94 0.519 100 IInlet 1
110.00 110.00 1.375 1.558 2.33 0.56 55 1.38 2.16 3.33 110 0.97 '0.94 2.35 0.560 110 pnlet I
120.00 120.00 1.500 1.651 2.47 0.60 60 1.64 2.26 3.38 120 1.16 '0.81 2.80 0.601 120 IInlet I
130.00 130.00 1.625 1.742 2.61 0.64 65 1.93 2.35 3.43 130 1.36 '0.68 3.28 0.639 130 IInlet 1
140.00 140.00 1.750 1.830 2.74 0.68 70 2.23 2.44 3.47 140 1.57 '0.54 3.81 0.678 140 pnlet I
150.00 150.00 1.875 1.916 2.87 0.71 75 2.56 2.53 3.52 150 1.81 '0.39 4.37 0.715 150 IInlet I
160.00 160.00 2.000 2.000 2.99 0.75 80 2.92 2.62 3.56 160 2.05 -0.22 4.97 0.751 160 pnlet I
170.00 170.00 2.125 2.083 3.12 0.79 85 3.29 2.71 3.61 170 2.32 '0.05 5.61 0.787 170 Ilnlet I
180.00 180.00 2.250 2.164 3.24 0.82 90 3.69 2.79 3.65 180 2.60 0.13 6.29 0.822 180 IInlet I
190.00 190.00 2.375 2.243 3.36 0.86 95 4.11 2.87 3.69 190 2.90 0.32 7.01 0.856 190 IInlet I
200.00 200.00 2.500 2.321 3.47 0.89 100 4.56 2.94 3.72 200 3.21 0.51 7.77 0.890 200 Iinlet 1
210.00 210.00 2.625 2.398 3.59 0.92 105 5.03 3.02 3.76 210 3.54 0.72 8.57 0.923 210 Iinlet I
220.00 220.00 2.750 2.473 3.70 0.96 110 5.52 3.09 3.80 220 3.89 0.94 9.40 0.956 220 Iinlet I
230.00 230.00 2.875 2.548 3.81 0.99 115 6.03 3.16 3.83 230 4.25 1.17 10.27 1.169 230 lout let I
240.00 240.00 3.000 2.621 3.92 1.02 120 6.56 3.23 3.87 240 4.62 1.41 11.19 1.406 240 lOut let I
250.00 250.00 3.125 2.693 4.03 1.05 125 7.12 3.3 3.90 250 5.02 1.65 12.14 1.652 250 lout let I
260.00 260.00 3.250 2.765 4.14 1.08 130 7.70 3.36 3.93 260 5.43 1.91 13.13 1.908 260 lout let I
270.00 270.00 3.375 2.835 4.24 1. 11 135 8.31 3.42 3.96 270 5.85 2.17 14.16 2.172 270 lout let I
280.00 280.00 3.500 2.905 4.35 1.14 140 8.93 3.48 3.99 280 6.29 2.45 15.23 2.447 280 lout let I
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Low Flow Pipe Analysis: I

***** INLET CONTROL ***** 1--------- Reach 1 -----------------1--------- Reach.2 ------ .• _-***** OUTLET CONTROL ***** I
No. Bbls= 1 K = 0.061 INo. Bbls= 2 n = 0.013 No. Bbls= 1 n = 0.013 US Inv. = 1420.93 1

Shape =Rect. Box M= 0.75 IShape =Circ. Concrete Shape =Circ. Concrete OS Inv. = 1411.50 I
Hgt/Diam= 4 ft. C = 0.04 IHgt/Oiam= 4.5 ft. Kb = 0.14Hgt/Diam= 6 ft. Kb = 0.16 L*So = 9.43 I
Width = 10 ft. Y = 0.8 ILength = 1500 ft Length = 1320 ft. Ke = 0.2 I
Slope = 0.2 ft/ft I [1+Kb+(29nA 2L/Rh A 1.33)]= 7.425547 [Ke+Kb+(29nA 2L/Rh A l.33)]= 4.132743 I
Q inc = 10 cfs Area = 40.00 IArea = 15.90431 Area = 28.27433 I Control I Control I

Q Q/bbl Q/AD A .5 Dc(ft.) Hc(ft.) HWi/D I Q/bbl Hl (ft.) Dc(ft) Ho(ft) Q/bbl H2 (ft.) HWo/D IHl (ft.) HW/D Q I I
------------------------------------------------------ ------------------------------------------------------------··-1--··-----------------------1---------1

290.00 290.00 3.625 2.973 4.45 1.17 145 9.58 3.54 4.02 290 6.75 2.73 I 16.33 2.731 290 IOutlet I
300.00 300.00 3.750 3.041 4.55 1.26 150 10.26 3.6 4.05 300 7.22 3.03 I 17.48 3.025 300 IOutlet I
310.00 310.00 3.875 3.109 4.65 1.30 155 10.95 3.65 4.08 310 7.71 3.33 I 18.67 3.328 310 IOutlet I
320.00 320.00 4.000 3.175 4.75 1.34 160 11.67 3.7 4.10 320 8.22 3.64 I 19.89 3.640 320 IOutlet I
330.00 330.00 4.125 3.241 4.85 1.38 165 12.41 3.75 4.13 330 8.74 3.96 I 21.15 3.962 330 10utlet I
340.00 340.00 4.250 3.306 4.95 1.42 170 13.17 3.8 4.15 340 9.28 4.29 I 22.45 4.293 340 10utlet I
350.00 350.00 4.375 3.370 5.04 1.47 175 13.96 3.85 4.18 350 9.83 4.63 I 23.79 4.635 350 IOutlet I
360.00 360.00 4.500 3.434 5.14 1.51 180 14.77 3.89 4.20 360 10.40 4.98 I 25.17 4.984 360 IOutlet
370.00 370.00 4.625 3.498 5.24 1.56 185 15.60 3.93 4.22 370 10.99 5.34 I 26.59 5.344 370 lout let
380.00 380.00 4.750 3.560 5.33 1.60 190 16.46 3.97 4.24 380 11.59 5.71 I 28.05 5.713 380 IOutlet
390.00 390.00 4.875 3.623 5.42 1.65 195 17.33 4.01 4.26 390 12.21 6.09 I 29.54 6.092 390 IOutlet
400.00 400.00 5.000 3.684 5.51 1.70 200 18.23 4.04 4.27 400 12.84 6_48 I 31.08 6.479 400 IOutlet

410.00 410.00 5.125 3.745 5.61 1.75 205 19.16 4.07 4.29 410 13.49 6.&8 I 32.65 6.876 410 IOutlet
420.00 420.00 5.250 3.806 5.70 1.80 210 20.10 4.07 4.29 420 14.16 7.28 I 34.26 7.279 420 IOutlet
430.00 430.00 5.375 3.866 5.79 1.86 215 21.07 4.13 4.32 430 14.84 7.70 I 35.91 7.700 430 IOutlet
440.00 440.00 5.500 3.926 5.88 1.91 220 22.06 4.16 4.33 440 15.54 8.13 I 37.60 8.126 440 IOutlet
450.00 450.00 5.625 3.985 5.97 1.97 225 23.08 4.18 4.34 450 16.26 8.56 I 39.33 8.561 450 IOutlet
460.00 460.00 5.750 4.044 6.05 2.02 230 24.11 4.21 4.36 460 16.99 9.01 I 41.10 9.006 460 10utlet
470.00 470.00 5.875 4.102 6.14 2.08 235 25.17 4.23 4.37 470 17.73 9.46 I 42.91 9.460 470 IOutlet

480.00 480.00 6.000 4.160 6.23 2.14 240 26.26 4.25 4.38 480 18.49 9.92 I 44.75 9.924 480 IOutlet
490.00 490.00 6.125 4.218 6.31 2.20 I 245 27.36 4.26 4.38 490 19.27 10.40 I 46.64 10.396 490 10utlet

500.00 500.00 6.250 4.275 6.40 2.26 I 250 28.49 4.28 4.39 500 20.07 10.&8 I 48.56 10.880 500 lOut let
510.00 510.00 6.375 4.332 6.48 2.33 I 255 29.64 4.28 4.39 510 20.88 11.37 I 50.52 11.370 510 IOutlet

520.00 520~00 6.500 4.388 6.57 2.39 I 260 30.81 4.31 4.41 520 21.71 11.87 I 52.52 11.874 520 IOutlet
530.00 530.00 6.625 4.445 6.65 2.46 I 265 32.01 4.5 4.50 530 22.55 <12.41 I 54.56 12.407 530 lOut let
540.00 540.00 6.750 4.500 6.74 2.52 I 270 33.23 4.5 4.50 540 23.41 12.93 I 56.64 12.927 540 lOut let
550.00 550.00 6.875 4.556 6.82 2.59 I 275 34.47 4.5 4.50 550 24.28 13.46 I 58.76 13.456 550 IOutlet
560.00 560.00 7.000 4.611 6.90 2.66 I 280 35.74 4.5 4.50 560 25.17 14.00 I 60.91 13.995 560 IOutlet

570.00 570.00 7.125 4.665 6.98 2.73 I 285 37.03 4.5 4.50 570 26.08 14.54 1 63.11 14.544 570 IOutlet
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DETENTION BASIN NO. 3 DESIGN

Basin 3B - Outlet Rating Curve
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1417.00

1416.00
1

I Control

1.616585

US Iny. =

OS Iny. =

L*So =

***** OUTLET CONTROL *****

0.0078 IMann. n = 0.013

2 Ilnlet Ke= 0.2
0.0292 ILength = 85 ft

0.74 1(1+Ke+(29nA 2L/Rh A 1.33)]=

12.57 IAyg Slope 0.0118

I

1
I
I
1
I
I
1 Control

I
Q Q/bbl Q/AD A .5 Hc(ft.) HWi/D I H(ft) Dc(ft) Ho(ft) HWo/D 1 HW/D Q I

---------------------------------------------1------------------------------------1------------------1---------
0.00 0.00 0.000 0 0.00 1 0.00 0 2.00 0.00 0.000 0 IOutlet

10.00 10.00 0.398 1.25 0.31 1 0.02 0.93 2.47 0.37 0.370 10 IOutlet
20.00 20.00 0.796 1.79 0.45 I 0.06 1.32 2.66 0.43 0.447 20 Iinlet
30.00 30.00 1.194 2.23 0.56 I 0.14 1.63 2.82 0.49 0.563 30 Iinlet
40.00 40.00 1.592 2.62 0.67 1 0.25 1.89 2.95 0.55 0.669 40 Iinlet

50.00 50.00 1.989 2.97 0.77 I 0.40 2.13 3.07 0.62 0.767 50 Ilnlet
60.00 60.00 2.387 3.3 0.86 I 0.57 2.34 3.17 0.69 0.864 60 Ilnlet
70.00 70.00 2.785 3.61 0.96 I 0.78 2.53 3.27 0.76 0.957 70 Ilnlet
80.00 80.00 3.183 3.92 1.05 1 1.02 2.71 3.36 0.84 1.053 80 !Inlet
90.00 90.00 3.581 4.22 1.15 1 1.29 2.88 3.44 0.93 1.149 90 Iinlet

100.00 100.00 3.979 0 1.20 I 1.59 3.03 3.52 1.03 1.196 100 Inlet
110.00 110.00 4.377 0 1.29 1 1.92 3.18 3.59 1.13 1.293 110 Inlet

120.00 120.00 4.775 0 1.40 I 2.29 3.3 3.65 1.23 1.400 120 Inlet
130.00 130.00 5.173 0 1.52 I 2.69 3.42 3.71 1.35 1.515 130 Inlet

140.00 140.00 5.570 0 1.64 1 3.12 3.52 3.76 1.47 1.640 140 Inlet
150.00 150.00 5.968 0 1.77 I 3.58 3.6 3.80 1.59 1.774 150 Inlet
160.00 160.00 6.366 0 1.92 I 4.07 3.67 3.84 1.73 1.918 160 Inlet

170.00 170.00 6.764 0 2.07! 4.59 3.73 3.87 1.86 2.070 170 Inlet
180.00 180.00 7.162 0 2.23 I 5.15 3.78 3.89 2.01 2.232 180 Inlet
190.00 190.00 7.560 0 2.40 I 5.74 3.82 3.91 2.16 2.403 190 Inlet

200.00 200.00 7.958 0 2.58 1 6.36 4 4.00 2.34 2.583 200 Inlet

210.00 210.00 8.356 0 2.77 I 7.01 4 4.00 2.50 2.773 210 Inlet
220.00 220.00 8.754 0 2.97 I 7.69 4 4.00 2.67 2.972 220 Ilnlet
230.00 230.00 9.151 0 3.18 I 8.41 4 4.00 2.85 3.180 230 Ilnlet
240.00 240.00 9.549 0 3.40 I 9.16 4 4.00 3.04 3.397 240 !Inlet
250.00 250.00 9.947 0 3.62 I 9.94 4 4.00 3.23 3.623 250 Ilnlet
260.00 260.00 10.345 0 3.86 I 10.75 4 4.00 3.44 3.859 260 Ilnlet

Basin 38 Outlet Pipe Analysis:
***** INLET CONTROL *****

No. Bbls= 1 K =

Shape =circ, concrete M =
Hgt/Diam= 4 ft. C =
Slope = 0.0118 ft/ft Y =

Q inc = 10 cfs Area =



-------------------
INPUT FILE LISTING

T1 DETENTION BASIN #3A &3B DESIGN
T2 FILENAME: PEPPER.DAT
T3 2 - 10' X 10' BOX &PEPPERIDGE TRANSITION PROFILE - 100 YEAR FLOYS
SO 3881.34 36.89 1 44.6
TS 3932.60 37.12 2 .013
~ 3932.60 37.12 3 .013
R 4088.96 37.89 3 .013
WE 4088.96 37.89 2 .013
TS 4169.37 44.46 4 .013
R 4189.37 44.47 4 .030
SH 4189.37 44.47 4



- - - - - - - - - - - - - - - - - - -
SP

YATER SURFACE PROFILE - CHANNEL DEFINITION LISTING PAGE

CARD SECT CHN NO OF AVE PIER HEIGHT 1 BASE ZL ZR INV Y(1) Y(2) Y(3) Y(4) Y(S) Y(6) Y(7) Y(8) Y(9) Y(10)
CODE NO TYPE PIERS 11iDTH DIAMETER YIDTH DROP

CD 1 2 0 .00 7:1{0 40.00 .00
CD 2 2 0 .00 10.00 21.00 .00
CD 3 3 1 .92 10.00 20.92 .00 .00 .00
CD 4 1 0 .00 4.00 70.00 4.00 4.00 .00



-------------------
PAGE NO

WATER SURFACE PROFILE - TITLE CARD LISTING

HEADING LINE NO 1 IS -

DETENTION BASIN #3A &3B DESIGN

HEADING LINE NO 2 IS -

FILENAME: PEPPER.DAT

HEADING LINE NO 3 IS -

2 . 10' X 10' BOX &PEPPER lOGE TRANSITION PROFILE - 100 YEAR FLOWS



- - - - - - - - - - - - - - - - - - -
PAGE NO 2

WATER SURFACE PROFILE - ELEMENT CARD LISTING

ELEMENT NO 1 IS A SYSTEM OUTLET * * *
U/S DATA STATION INVERT SECT WS ELEV

3881.34 36.89 1 44.60

ELEMENT NO 2 IS A TRANSITION * * *
U/S DATA STATION INVERT SECT N

3932.60 37.12 2 .013

ELEMENT NO 3 IS A WALL EXIT *
U/S DATA STATION INVERT SECT

3932.60 37.12 3

ELEMENT NO 4 IS A REACH * * *
U/S DATA STATION INVERT SECT N RADIUS ANGLE ANG PT HAN H

4088.96 37.89 3 .013 .00 .00 .00 0

ELEMENT NO 5 IS A WALL ENTRANCE *
U/S DATA STATION INVERT SECT FP

4088.96 37.89 2 .013

ELEMENT NO 6 IS A TRANSITION * * *
U/S DATA STATION INVERT SECT N

4169.37 44.46 4 .013

ELEMENT NO 7 IS A REACH * * *
U/S DATA STATION INVERT SECT N RADIUS ANGLE ANG PT MAN H

4189.37 44.47 4 .030 .00 .00 .00 0

elEMENT NO 8 IS A SYSTEM HEADWORKS * *
U/S DATA STATION INVERT SECT \I S ELEV

4189.37 44.47 4 .00
NO EDIT ERRORS ENCOUNTERED-COMPUTATION IS NOW BEGINNING

** WARNING NO.2 ** - \lATER SURFACE ELEVATION GIVEN IS LESS THAN OR EQUALS INVERT ELEVATION IN HDWKDS, \I.S.ELEV = INV + DC
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PAGE

~ATER SURFACE PROFILE LISTING
DETENTION BASIN #3A &3B DESIGN
FILENAME: PEPPER.DAT
2 - 10' X 10' BOX &PEPPERIDGE TRANSITION PROFILE . 100 YEAR FLWS

STATION INVERT DEPTH ~.S. Q VEL VEL ENERGY SUPER CRITICAL HGT/ BASE/ ZL NO AVBPR
ELEV OF FLW ELEV (f?t/%) HEAD GRD.EL. ELEV DEPTH DIA ID NO. PIER

L/ELEM SO ~\W A SF AVE HF NORM DEPTH ZR
************************************** *****************************************************************************••************

UJ8' A \'7'(1)
r ~~~.3881.34 36.89 7•.71 44.60 Jw 1590.0 5 l>~ 30~? 1 45.01 .00 3.66 7.00 40.00 .00 0 .00

TRANS STR .00449 t4!~ .00 oY~I

~32.60 37.12 4.85 41.97WkJ1590.0 ~. 3.79 45.76 .00 5.63 10.00 21.00 .00 0 .00

(7 'D \r/ 'vet--- 6-
~ALL EXIT •00 ~.~ .

/'3932.60
I

37.12 5.22 42.3410 1590.0 15.24 3.61 45.95 .00 5.81 10.00 20.92 .00 1 .92 oJf~ ~lLL EXIT
.00

\ ({OV0

3932.60 37.12 5.22 42.34 '10 1590.0 15.24 3.61 45.95 .00 5.81 10.00 20.92 .00 1 .92

156.36 .00493 .00526 .82 5.28 .00

37.89 ./ 5.10 ../
\

'" 4088.96 42.99 IfV 1590.0 15.60 3.78 46.n .00 5.81 10.00 20.92 .00 1 .92

~ALL ENTRANCE .00

,/ I
18.2}vV 5• 17 ! 5.63V..; 4088.96 37.89 4.15 42.0411' 1590.0 47.21 .00 10.00 21.00 .00 0 .00

TRANS STR .08171 / .00394 .32 .00

44.46/r /

4169.37{ 46,.86.J1l1590.0 8~/ 1.07 47.94 .00 2.40 4.00 70.00 4.00 0 .00

17/ ' -\ilta .
.00050 l/~

!'" I 'f"-
.74 1/.00956 .01 5.68 4.00

4170.11 44.46 2.51 46.97 1590.0 7.92 .98 47.94 .00 2.40 4.00 70.00 4.00 0 .00

2.53 .00050 .00826 .02 5.68 4.00

4172.64 44.46 2.62 47.08 1590.0 7.55 .89 47.96 .00 2.40 4.00 70.00 4.00 0 .00

4.80 .00050 .00714 .03 5.68 4.00

41n.43 44.46 2.73 47.19 1590.0 7.20 .81 48.00 .00 2.40 4.00 70.00 4.00 0 .00

7.66 .00050 .00618 .05 5.68 4.00

4185.10 44.47 2.85 47.31 1590.0 6.87 .73 48.05 .00 2.40 4.00 70.00 4.00 0 .00

4.27 .00050 .00556 .02 5.68 4.00

~/ :-

of- D~~
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PAGE 2

Is lv

/&-73

"-"- 'I3 (.. . 'Z,~

A c_

~ -;; I(-It"

v:: ~.
A

"'. ,A!lf .. ;);J; /

\t········li;4:!
f4-'=;~;'-'~

,2J:

HGTI BASEl ZL NO AVBPR
DIA 10 NO. PIER

.70 48.07 .00 2.40 4.00 70.00 4.00 0 .00

.00 5.68 4.00

48.07 .00 2.40 4.00 70.00 4.00 0 .00

l~ ;>
4''1-& orz." '1) r 4

F - r--::-::::
I- 4y~ ~ ~ .01;'2iJ

VEL ENERGY SUPER CRITICAL
HEAD GRD.EL. ELEV DEPTH

VEL

'"

Q

1590.0

AQ..~r.;,

47.37 1590.0

WATER SURFACE PROFILE LISTING
DETENTION BASIN #3A &3B DESIGN
FILENAME: PEPPER.DAT
2 - 10' X 10' BOX &PEPPER lOGE TRANSITION PROFILE - 100 YEAR FLOWS

2.904189.37 44.47

STATION INVERT DEPTH W.S.
ELEV OF FLOW ELEV

LIELEM SO SF AVE HF NORM DEPTH ZR
***************************************************~** ************************************************ ••******•••****.*.*.******

.00 .00050

4189.37 44.47 V /~;V 47.37
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STEPPED SPILLWAY ANALYSIS:

INPUT DATA:

Length,L= 26.80 f

Yc = 3.67 f
Yc/h= 2.45

Regime = Skimming

Froude #= 2.03

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

Q =
Width,W =
Step ht. h =
Step length,l =

CALCULATED DATA:

Unit Disch, q =
So = sin alpha=
Depth, yo =
Vel. Va =

Energy E =

Hydraulic Jump:
Conj. Depth,Y2=

1590 cfs
40 ft.

1.5 ft.
3.75 ft.

39.75 cfs/ft
0.3714

2.28 ft.
17.42 fps
6.99 ft

5.51 ft.

Cf = 0.18
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Gill, M. (1977). MRouting of noods in river channels." Nordic /lydr., 8, 163-170.
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By N. Rajoratnom,l Member, ASCE

SKIMMING FLOW IN STEPPED SPILLWAYS-

587

where c/ = the coefficient of fluid friction and would be equal to//4, where
/ = the Darcy-Weisbach friction factor; and p = the mass density of the

'Prof., Dept. of Civ. Engrg., Univ. of Alberta, Edmonton, Alberta, Canada, TOO

207.
Note. Discussion open until September I, 1990. To extend the closing date one

month, a wriuen request must be filed with the ASCE Manager of Journals. The
manuscript for this paper was submitted for review and possible publication on July
I I, 1988. This paper is part of the Journal of Hydraulic Engineering, Vol. 116,
No.4, April, 1990. <DASCE, ISSN 0733-9429/90/()()()4..0587/SI.OO + S.15 per page.
Paper No. 24515.

For a stepped spil1way of constant slope, So = sin ex, with a large number
of identical steps of height, II, and (horizontal) length, I (note that sin ex =
1I/'.!'i'+Tl), the flow is assumed to become fully developed after the first
few steps. For such a fully developed flow, with a constant mean velocity
of Vo and normal depth of Yo, considering unit width of the spillway, we
write

ANALYSIS OF SKIMMING FLOW

Yo'Y sin ex = T ••••••••••••••••••••••••••••••••••••••••••••••••••• (1)

where 'Y = the weight per unit volume of the fluid (water); and,. = the
average Reynolds shear stress that exists between the skimming stream and
the recirculating fluid underneath. Let us assume

pV~
T = c/- " " (2)

2

INTRODUCTION

In a stepped spillway, the spillway face is provided with a series of steps,
from ncar the crest to the toe. The energy dissipation caused by the steps
reduces the size of the energy dissipator, generally provided at the toe of
the spillway. Stepped spillways have been built in the past but there appears
to be renewed interest iri them because of significant cost savings. A recent
example is the Monksvil1e dam (Sorensen 1985).

Based on the experimental observations of Essery and Homer (1971) and
Sorensen (1985), the flow over stepped spillways can be divided into nappe
flow and skimming flow regimes [Figs. l(a) and (b)]. In the nappe flow
regime, the flow from each step hits the step below as a falling jet, with
the energy dissipation occurring by jet breakup in air, jet mixing on the step,
with or without the formation of a partial hydraulic jump on the step. In the
skimming flow regime, the water flows down the stepped face as a coherent
stream, skimming over the steps and cushioned by' the recirculating fluid
trapped between them. The energy dissipation in the flow appears to be en­
hanced by the momentum transfer to the recirculating fluid. In this note, a
method for predicting the shear stress, thus frictional energy loss of the skim­
ming flow is presented.

---------
ApPENDIX. REFERENCES
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--------to be as large as 0.6. The Reynolds number R = Voyo/v, with v being the
kinematic viscosity of the fluid, was in the range of 10'-106 for the prototype
and equal to about 10' for the 1/3 scale model of the Deni! fishway. For
pool and weir fishways, c/ has been found to be about 0.09. Ervine and
Baird (1982) used the same idea to express the apparent shear between the
main channel and flood-plain channel flows and found a value of 0.05 for
cf' The slopes for Denil fishways had a maximum value of about 0.3 whereas
for the compound channel of Ervine and Baird, they were very small. The
point is that the idea of Eq. 2 appears to be generally valid for the range of
slopes studied so far and is used for stepped spillway only to attempt to
estimate its flow characteristics. It should be pointed out that for smooth
boundaries, the coefficient of skin friction decreases from about 0.0035 to
0.0025 as R increases from 10' to 106

•

To evaluate cf for skimming flow in a stepped spillway, the experimental
observations of Sorensen on a 1: 25 scale model of the new Monksville dam
spillway of approximate height of 32 m are used. Steps at the crest were
fitted to the standard Waterways Experiment Station (WES) spillway profUe.
But for the small number of steps ncar the crest, the height h of the re­
maining steps was 0.6 in with a spillway slope of 1 (vertical) on 0.78 (hor­
izontal). The horizontal length, I, of the steps was 0.47 m, thus giving a
value of 1.28 for h/I.

For experiments (CI-C8), cf was found to vary from 0.11 to 0.2 with an
average value of 0.18. For experiments C9 and CIO, with very small flow
~ was found to be 0.25 and 0.28, respectively, and it is possible that
in these experiments the now was in a transition state between nappe and
skimming regimes. It is realized that for the C-series, Sorensen measured
the flow depths downstream of the toe and pn the stepped spillway the flow
would have been aerated. Sorensen also admits to 10-15% error in depth
measurements between continuity calculations and stagnation tube measure­
ments. Aeration aspects are also important. Hence, calculations of cf and
energy loss on the spillway (presented later) would have to be considered
very approximate. The average value of 0.18 for the skimming flow in the
stepped spillway studied by Sorensen, is about twice as large as the value
for a Denil fishway with a relatively large depth of flow. For a vertical slot
fish way , cf was found to be equal to about 0.14 for a 1/16 scale model with
R equal to about 5,000. For a pool and weir fishway, cf::o< 0.09 in the
streaming flow regime (Rajaratnam et al. 1988). Considering all these values
including 0.05 (Ervine and Baird 1982), cf is the range of 0.05-0.18 with
the Reynolds number in the approximate range of 5,000-106

• It would be
interesting and useful to find cf for skimming flow stepped spillways for a
range of slopes or h/I.

For convenience of usc, rewrite Eq. 3 as

Vo = ~ Y9Y050 •••••••••••••••••••••••••••••••••••••••••••••• (4)

For the discharge per unit width q, write

_ I'!. 3/2 ~ 17q - YCf Yo V gSo .••...•..••••.•.•..•.......•••.•.•••••••••.•• (5)
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FIG. 1. Deflnltlon Sketches for Flow Over Stepped Spillways
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588

fluid. Combining Eqs. I and 2, we obtain

2)'~g sin a
cf = _ (3)

q

where 9 = the acceleration due to gravity; and q = discharge per unit width
of the spillway.

The idea of Eq. 2 is to represent the turbulent shear stress between the
main stream and the recirculating fluid, trapped between the steps of the
spillway. For example, this method has been used in developing flow equa­
tions for Deni!, Vertical Slot, and other fishways (Rajaratnam and Katopodis
1984; Rajaratnam et al. 1986; Rajaratnam et al. 1988). For a Deni! fishway,
with the depth of flow much larger than its width, so that the shear comes
mainly from the sides and for subcritical flows, (i has been found to be equal
to about 0.09 and for relatively smaller depths, values of cf have been found
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ONSET OF SKIMMING FLOW

t.E = £' - £ , (9)

6£ gives the energy loss caused by the steps over that caused by the smooth
spillway face. If the relative energy loss is defined as 6£/£', it can be
shown that
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CONCLUSIONS

This technical note presents a method of predicting the characteristics of
skimming flow on stepped spillways. For a stepped spillway with a slope
of I vertical on 0.78 horizontal, the fluid friction coefficient cl was evaluated
using the experimental results of Sorensen and found to be about 0.18. An
estimate has been made of the energy loss on stepped spillways for skimming

flow.

-------
'.
ENERGY Loss IN A STEPPED SPILLWAY

t.E

F~2 (A 2 - 1)

(I - A) + 2" A
2

••••••••••••••••••• , •••• (10)-= F,2 .
£' 1+_0

2

Based on their experimental observations, Essery and Homer (1971) found
that for horizontal steps, for the onset of skimming flow, the rutio yJI,
wherein y~ is the critical depth, increased with h/I from about 0.32 for h/I
= 0.4 to about 0.69 for h/I = 0.9. By a reanalysis of their data, it was
found that for the whole range of h/I from 0.4 to 0.9, at the onset of skim­
ming flow, yc/h was approximately equal to 0.8. This means that for yc/h
greater than 0.8, skimming flow occurs. The observations of Sorensen for
h/I = 1.28 support this criteria. For yc/h less than 0.8, one would expect
to get nappe flow and in Sorensen's experiments, nappe flow occurred for
yJh = 0.16.

1 An estimate of the energy loss for skimming flow in a stepped spillway
is presented using the analysis presented in the previous sections. If E is the
energy in the flow at the toe of the stepped spillway

V5
£ = Yo + - (6)

29

(
1" )1!3 ( . )2/3

£ = 2gC~in a +:~ (7)

If y~ and V~ = the corresponding depth and velocity at the toe of a smooth
spillway without steps

V,2
£' = )'~ + _0 ..•......•....•..........•..••..•.•.••.•....•.••.• (8)

29

and one can write an equation similar to Eq. 7 with ci replacing c!' where
ci = the coefficient of skin friction for the smooth spillway. Sorensen's tests
(B series) on a smooth spillway give a value of 0.0065 for ci. If 6£ is
defined as

where A = (CI/ci)I!3; and F~ = the Froude number at the toe of the smooth
spillway. Taking cf =:< 0.18 and ci "" 0.0065, A "" 3 and for a relatively
large value of F~, 6£/£' is approximately equal to (A

2
- I)/A 2

, which
further reduces to 8/9. This indicates the considerable amount of energy loss
that can be produced by steps, as was found by Sorensen.

"kdij(...· _
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.PED~LLMHY_LI"
MODEL INVESTIGATION-

ABSTRACT: A physic"I h}'drnulic mndd invl',li~atiun was c"nduetl'll lu evalu­
ah' II", l",rfmm.lI1l·" uf a 'h'pl'l·,1 "v"rfl"w spillway. '1'1,,' 'pillw.,y hilll a ,Ian­
dM.! u/I"I' prulil,· wilh ",,"linll<lIlS sll'ps cui inl" II,,· spillw"y f.ll'" fWIll jusl
b,'II,,\' tl1l' n,·s!. III 111l' h ..•. 'II", sh'p" sif:nili..anlly in..n'.lSl' till' ratl' "f "nNf:Y
,li..lp.,tI,,,, '''' tI ... "pith\'.,)· f.Il·.·. Ihlls ,'lillll".,lillg II,. gll·"tly "',Indnl: lh., 1I1·,·tI
f"r il l.trlll· "IlNIIY tIi..lp.1Ii"n l>~sin ill th,' spillw.1y Ill". I'rimary IIbj""livl's of
IIII' Im',·slig.1Ii,," W,'f(' til 1'\,illIl.,ll' till' dl,·..liv"I1l'SS 01 11ll' IImv lra.n,iliun lwm
Ih,' smllllth n"sl pwlil,' h. Ih,' sl,'p'_ 10 'llI.,"til)' thl' "ncr~y dissip"lion nn the
spillway 1.1('1', alld I" ,tdinl' Ihl' flnw char.1c!I'rislics un Ihe S\I'pS. The invl'sli­
~aliun ,1,'m"nslr.,ll'd 11",1 Ihis sll'l'll('d spillway is '1uile dfl·..IiVl· at Jis,ip.,linl;
elll'rf:y and thai smnulh IInw tro1llsili"n fwm tIll' srillway crest tn Ihe slepped
filel' is cilsily ill·hicv~d.

'Prof. of Civ. Engrg., Ll'Iligh Univ., Ill'lhlehem, I'A 18015.
NOle.-Discussion opt'n until May I, 1986. To extl'nl! the closing dale one month,

i'I written request Illust be filed with the ASCE Managl>r of Journals. The manu­
script for this papl'r was suhmittl'd for rl'view and possible publication on May
16, 19H4. This paper is pari of the !ollmal of Hydralllic £lIgilll'l'rillg, Vol. Ill,
No. 12, December, 1985. ©ASCE, ISSN 0733-9429/85/0012-1461/$01.00. Paper No.
20220.

A slepped spillw<ly has been designed for (he new Monksville Dmn,
which is to be pari of the Wanaque South Project being developed by
the North Jersey District Water Supply Commission and the Hackensack
Water Comp<lny. This spillway will be <I modification of the Waterways
Experiment Station (WES) standard profile for an uncontrolled ogee
spillway. At a point just downstream of the spillway crest, steps are

, designed into the profile so that the envelope of their tips follows the
standard profile down to the toe of the spillway. The steps significantly
increase the rate of energy dissipiltion laking place on the spillwily face
and eliminate or greatly reduce the need for a large energy dissipation
basin at the toe of the spillw<lY. The performance of this type of spillway
has not been extensively investigated so the designers, O'Brien and Cere
Engineers, Inc., contracted wilh the Hydraulics Division, Fritz Engi­
neering Laboratory, Lehigh University, to conduct hydraulic model in­
vestigations of the proposed design.

The stepped spillway concept is not new; <I stepped spillway W<lS used
on the New Croton n.lIll hll ill in IHlJ2-llJO/1 (H). Ilo\\'evl'r, the writer is
nut <lWilre of any Ilwdel or prototypical hydraulic investigations done on
this type of spillw<ly prior to 1982. In 1982, results of a Bureau of Re­
clamation model study uf a stepped spillway for the Upper Stillwater
Dilm (10 be constructed in Ut"h) were published (9). The design cross
section for the Upper Stillwater Dam spillway is significantly different
from that proposed for Ihe Monksville Dam spillway. Results from the
Bureau of Reclamation model study nre generally useful for the design
of stepped spillways and provided incentive for the use of this concept
at Monksville Dam.
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were fitted to this profile. The standard profile from the upstream face
to the point of tangency on the spillway face, which depends on both
the design head and the upstream face slope, is shown in Fig. 1. Below
the point of tangency the spillway profile has a 0.78 H: 1V slope.

Owing to construction techniques for the concrete dam and spillway,
the designers decided to use 2 ft (0.61 m) vertical steps below the initial
few transition steps. Fig. 1 also shows the resulting step geometry on
the face of the upper portion of the spillway. Below the point of tan­
gency, 2 ft by 1.56 ft (0.61 m by 0.48 m) steps continue down to the toe.
Above the point of tangency, stcp sizes decrease in transition to the
standard nonstepped ogee profile.

EXPERIMENTAL SETUP

The l'xp~'rillH'lItal ph.lse of this study cOllsisted of tests 011 thrcl' two­
dimensional sectiullal mudels of the proposed spillway. Model scales of
1: 10 and 1:25 were used.

Similitude Requircments.-Fluw over a spillway involves significant
horizontal and vertical components of velocity and acceleration. Thus,
a spillway model should be built to undistorted scale. Since gravity forces
dominate, FroudI.' similarity criteria define model/prototype scale rela­
tionships.

Bureau of Reclamation (3) spillway models for large dams have typi­
cally been constructcd to scale ratios between 1:30 and 1: 100. The Bu­
reau recommends that medium-size spillway models not be smaller than
a 1:60 scale. Sharp (7) concurs with this recommendation. Thus, the
1: 10 and 1:25 scale models used in this study quite well satisfy these
recommended minimum scale requirements. The surface roughness of
a concrete spillway is relatively small so the models were built of plex­
iglas.

FIG. 1.-WES Standard Profile and Stepped Profile, UpperPorllon of Spillway
(Prototypical Dimensions)

The WES standard spillway profile (see Ref. 2, p. 364) was determined
for the design flow conditions (probable maximum flood) and then steps
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I. TIl(' effectiveness of flow transition from the smooth surface profilt'
at ;mcl bcl~lw the spillway crest, to thl' first ft'w steps on the spillw,,>,
face.

2. The amount of energy dissipation in the flow over the stepped
spillway and resulting flow velocities at the spillway toe.

3. Training wall heights required to contain the flow along the stepped
spillway face.

The specific spillway design being investigated is basic in that it is a
straightforward modification of a standard ogee spillway profile. Results
of this investigation, which addrtess the aforementioned concerns and
indicate that this stepped spillway design is effective, are thus of general
value to spillway designers.

The objective of this study was to investigate the specific stepped spill­
way design proposed by the design engineers. Primary concerns in­
cluded:

SPILLWAY DESIGN PROFILE

1. A standmd hydraulic jump stilling basin, which would dissipate a
sufficient percentage of the flow energy. However, since the water sur­
face elevation at the spillway toe commonly will fluctuate by 20 ft (6.1
Ill) or more, extensive rock excavation would be required to set the basin
floor at the proper elevation or a large basin end sill would have to be
constructed.

2. A 50 fl (15.2 m) wide flip bucket at the toe to deflect the flow suf­
ficiently far from the toe. A resulting jet velocity of about 75 H/sec (22.9
m/s) would develop a significant scour hole. Design of a successful spill­
way chute that converges from 200 H (61 m) to 50 fl (15.2 m) in width
and conveys highly super-crHical flow would be difficult.

3. A properly designed and constructed stepped ogee spillway should
dissipate sufficient energy to not require a stilling basin. It would allow
full aeration of spillway flows and should be aesthetically pleasing for
typical flow rates over the spillway. The estimated constT1lction cost for
this third aHernative offers substantial savings over the first two alter­
natives.

~1~he.svillMn spWy wil""e a c""'levaBf 4M21.9
m) and a toe elevation that will vary irregularly between 280 fl (85.3 m)
and 310 H (94.5 m). Its crest width will be 200 fl (61 m). The design
discharge per foot of spillway crest for energy dissipation considerations
is 65 sq H/sec (6 m2Is) and the probable maximum flood discharge, used
to determine the spillway profile, is 100 sq Hlsec (9.3 m2Is). For these
two flow rates, the reservoir heads above the spillway crests are 6.3 ft
(1.9 m) and 8.6 H (2.6 m), respectively.

During IIll' preliminary ~ksigl\ phase, altt'mate nll'ans of provldln~

energy dissipation for these spillway flows were considered. They in­
clude:



1464

FIG. 2.-Schematlc Plan and Profile of Model Test Flume
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Measurements.-The waler surface elevalion upstrenm of the spillway
crest was mensured by n point gage thnl could be rend to the nenresl
thousnndlh of n foot. The gnge wns locnted 1 fl (0.30 m) upstrenm of
the crest for model A nnd 0.4 ft (0.12 m) upstrenm of the crest for models
13 nnd C.

The volumelric tank used to mensure Ihe flow rale in Ihe system had
n cnpncity of over 115 cu ft (3.26 m~) nnd could be read to the nearest
hnlf cubic fool. Flow rate mensurements were probnbly accurnte to within
±2 r;.;., A f('w repenl flow rilte mensurements mnde during the lesting
progrillll w('n' within tl1('s(' limits.

(Juring ('nch test run with nwdels A and C, color pholographs of flow
('(llldilions w('r(' 100k('n. Also, fOf' lllo(h,ls A ilnd C, flow conditions Il('­
tween zero flow and the peak flow at which the model wns run, were
recorded on video Inpe.

A senlc \Vns lIsed 10 measure Ihe verlicnl wnter depth on the spillwny
in model C, nt the spillway crest nnd at the tips of steps 6, 15, 24, 33,
42, 51 and 59 (Ioe). When nir-entrnined flow was encountered, a con­
servnlive flow depth Ihnt included Ihe bulk of Ihe flow wns recorded.

During the tests with models Band C, at least six depth measure­
ments were mnde al equally spnced intervnls across the toe of the struc­
lure. In mod('] Il, ~h('se 111('nsurements were milde right nt Ihe toe while
in mod('1 C they were Illndt' on the horizontnl slope downstream of the
toe where nir enlrninment hnd significnntly diminished. With the mea­
sured flow rate and the depth mensurements, nvernge flow velocities
could be enkulnted from continuity. As n check on this method of de­
termining flow velocities, some velocily measurements were made with
a stngnntion tube. These mensurements yielded results within 10-15%
of the values cnlculated from continuity.

in. (107 cm by 132 cm), respectively. The firsl and smnller model wns
inslnlled in model bny 2; Ihe Inrger second nnd Ihird models were placed
primnrily in bny I nnd extended into bny 2.

Spillway Models.-Three cross-seclional plexiglns spillway models were
lested. Specificnlly, they were:

I. Modd A-A 1:10 senle model of the upper 22.75 ft (6.9 m) of the
spillwny. TIll' modd ('xtended down to seven sleps be­
low the point of Inngeney. Modd A WilS uSl·d to evnl­
unle the flow tmnsition from the spillway crest to the
firsl several steps and Ihe nnture of flow over the steps,
for the ranl;e of spillwny discharges of interest.

2. Model I3-A 1:25 scale model of the standnrd WES ogee spiIlway
profile used ns the basis for Ihe stepped spillway. It was
a model of Ihe entire 1'20 fl (36.6 m) spillway profile.
This model was briefly lested to provide comparison data
for the full stepped spillway profile meldel (model C).

3. Modl'! C-A 1:25 scale model of the entire stepped spillway pro­
file. Tesls with model C were primnrily to evaluale en­
ergy dissipation in the flow over the stepped spillway
nnd anticipated flow depths nlong the spillway, to es­
Inblish training wnll dimensions.
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The 13ureilu of Reclill1lillion rl'eoml1lcnds thilt Ihe flow deplh overlhc
cresl of a spillwily model be at leilst 75 111m (0.246 £I) ilt the design nor­
mill opemting rilnge to reduce effects of viscosity and surfilce tension.
They also recommend, for two-dimensional spillwily models, Ihill the
model crest widlh'be at least 150 mm (0.492 £I). These recommendations
have been satisfied in this sludv.

For Froude similnrity, the following scrle reliltionships must hold:

'/, = 1.:/2 ••••••••••••••••••••••••••••••••••••••••••••••••••••••• (I)

1', = L~/2 ••••••••••••••••••••••••••••••••••••••••••••••••••••••• (2)

where L, is the model/prototype length ratio; 'I, is the dischilrge per unit
width of spillwil)' ratio; and t', is the velocity ratio. For the 1: 10 ilnd 1:25
sCille ratios used'in Ihis study, this yields dischilrge ratios of 1:31.6 ilnd
1: 125, respectively, and velocity riltios of 1:3.16 and 1:5, respectively.
. Flume.-Fig. 2 shows schemillic plan ilnd profile sections of Ihe tesl

flume. An 8-in. (2U.3-cm) pipe with a butterfly villve for adjusting the
flow mle provided flow 10 the head box. Flow from Ihe lailbox dropped
into a 5-ft (1.52-m) diilm, 6-£1 (1.83-m) high steel cylindricill volumetric
tank on the floor below. A flexible pipe from the tailbox allowed direc­
tion of the flow into the tilnk for a flow mte meilsurement or directly
into the sump for recirculiltion by the pump. The milximum dischnrge
through the flume WilS limited by the capacity of the tnilbox to just under
3 cfs (0.085 m'/s). How in Ihe hend box pilssed two baffles bcforeen­
tering the nnrrower (l-ft wide) lest section. The first hend box bnffle,
milde of plywood drilled with 1-1/2-in. (38. I-em) diam holes, smoolhed
the flow. The second nnd shorter baffle consisting of a thin aluminulll
plnte with fine holes was inslalled primnrily to dnmpen surface waves.

There were two model tesl bnys, each hnving a plywood bnek wnll
painted white and a clenr plexiglas front wnll. The clear viewing sec­
tions of ench were 45 in. by 70 in. (114 cm by 178 cm) nnd 42 in. by 52

-



TABLE 1.-Model Test Datn-Dlscharge. Upstream Hend and Toe Velocity

Test Conditions
Table 1 lists the discharge and related upstream head (upstream sur­

face elevation minus spilhvay crest elevation) for each test run for the
three spillway seclion models. The head-discharge data are plotted in
Fig. 3. The rating curve for the line fit by eye to model A (the larger
scale model) data is

FIG. 5.-Flow Conditions. Run A-a

Model A
Scale - II.

I I I ,

o 0.1 0.20.3

Results
Test results are presented in three sections as they address, in order,

the three study objectives listed in the introduction.
Flow Transition from Crest to Initial Steps.-The 10 test runs with

model A were conducted specifically to determine whether any unde­
sirable disturbance of flow developed in the flow transition from the
crest to the stepped portion of the spillway profile. For the range of
discharges from the highest modc1 discharge of 2.53 cfs/ft (0.233
mJ/s/m) down to Run A-9 with a discharge of 0.38 cfs/ft (0.035 mJ/s/
m), there was a smooth transition of flow onto the steps. The free sur­
face was smooth down to the point of initiation of air entrainment. This
point of air entrainment was located past the end of the spiIlway section
for Runs A-I to A-6 and moved progressively up from step 10 in Run
A-7 to step 4 in Run A-9. For flow rates less than the flow rate in A-9,
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---------Q = 4.1 LHI.54 ..... I •••••••• , ••••••••••••••••••••••••••••••••••• (3)

where Q is the discharge in cubic feet per second, for a crest width L
and upstream head H in feel. The smaller scale models (B and C) have
a head-discharge relationship that yields a slightly higher discharge for
a given head.

Fig. " is a plot of tIll' discharge c(ll"fficil'nt, C (from Q = CUll.~), eval­
uated for each test rlln, versus the dimen~ionless head (head/spillway
design disrhargl' Iwad). TIH' data vC'ry approximatl'ly fit a straight-linl"
rc1ationship with a discharge coefficient that varies from 3.5 to over 5.
At the design head the dischilrge coefficient is approximately 4.4. This
range of discharge coefficient values is typical (sec Ref. 2, Fig. 14-4), but
commonly the discharge coefficient increases at a decreasing rate rather
than increasing linearly with increasing head. This suggests that the head
measuring station might not have been located far enough from the
spillway crest.

-

"ode' A •
8 0
C A

A

-

1\

II
o

A

A
o

A

A

I
40 ~o

DISCHARGE corrrK:ltHT

-

00
o

oll.

., 0 ~

o •

o •

'II

-

FIG. 4.-Dlmenslonless Head versul
Discharge Coefficient for each Model

..--

1466

-

Model B Model C
Model A Toe Toe

Run Dis- Run Dis- veloc- Run Dis- veloc·
nurn· charge Head nurn- charge Head ity "urn- charge Head ity
bel. (cis/it) (It) ber (cis/it) (It) (Ips) ber (cIs/it) (It) (Ips)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

A-I 2.53 0.710 B-1 1.56 0.432 21.3

~m
1.20 0.413 7.5

A-2 2.27 0.658 B-2 1.14 0.398 17.6 l'IC-2 t 1.06 0.377 6.6
A-3 1.96 0.626 B-3 0.78 0.321 16.7 X\C-3 • 0.89 0.333 7.4
A-4 1.90 0.621 B-4 0.77 0.315 16.9 I,C-4, 0.65 0.283 6.7
A-5 1.83 0.586 B-5 0.70 0.300 16.5 ';C-5 '\ 0.55 0.255 5.9
A-6 1.30 0.476 B-6 0.57 0.267 15.7 !c-61 0.40 0.213 4.7
A-7 0.96 0.399 B-7 0.47 0.240 17.9 flc-7 ji 0.28 0.168 4.4
A-8 0.55 0.275 B-8 0.33 0.195 15.5 !C-8 (, 0.20 0.137 3.8
A-9 0.38 0.217 B-9 0.16 0.115 15.2 C-9 0.097 0.080 2.7
A-IO 0.056 0.063 B-)o 0.071 0.071 10.3 ~C.I9l:' 0.067 0.068 2.5

FIG, 3.-Head versus Discharge for
each Model

5

t
I

0/
If- I.. -

II)

f

... ;! 1
~

1.0

W

'"a:

/ J
<t
:I:

~

U
II)

...

a
%

z
11

011-

~ o,~1 M
"'" •

,
0•

o B 0 ...
%

C •

0.031 I I I " ,I ,
0.03 0.1

I , , , , 1I I

IlEAD , It.

I 0
S4

TESTS AND RESULTS



1468

FIG. 7.-Toe Velocilles for Models Band C

, i

Step Step Step Step Step Step Step Air entrain-

Run Crest 6 15 24 33 42 51 59 ment step

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

C-l 0.318 0.308 0.230 0.213 0.230 0.279 0.279 0.295 36

C-2 0.289 0.256 0.187 0.197 0.230 0.262 0.279 0.295 31

C-3 0.249 0.213 0.148 0.171 0.197 0.213 0.213 0.230 25-26

C-4 0.213 0.164 0.131 0.164 0.164 0.180 0.180 0.196 22-23

C-5 0.190 0.144 0.131 0.164 0.180 0.197 0.197 0.213 19

C-6 0.157 0.112 0.131 0.164 0.164 0.180 0.197 0.197 15

C-7 0.119 0.079 0.131 0.148 0.148 0.164 0.164 0.180 11

C-8 0.097 0.052 0.082 0.082 0.082 0.092 0.098 0.115 8-9

C·9 0.056 0.046 0.059 0.059 0.059 0.066 0.066 0.069 6

C-I0 0.D38 0.046 0.049 0.049 0.049 0.049 0.049 0.049 4

TABLE 2.-Depth Measurements and Step at which Air Entrainment Com­
mences-Model C

Note: Depths measured \'crtically, in feet, from tip of step to water surface.
Step at w.hich air entrainment starts is listed in last column.
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---------original and final modified spillway profiles near the crest. Three steps,
each having a vertical rise of 0.75 ft (0.23 m) and one step with a rise
of 0.5 ft (0.15 m) were added. The worst jet from the new first step only
deflected to the new third step, a vertical distance of 1.5 ft (0.46 m) in
the prototYIw,

With extrellH'ly low flows in the model of tlll' order of 0.03 ds/ft (0.0028
m'/s/m), the flow cascades ovcr the steps, falling from stl'p to step in
it thin dHll'l'Y Iayl'r th.lt dings to till' fan' of each stlT·

Thus, with the lIlodified profile, for flow rates frolll zero up 10 thc
probable maximum flood, there is effectively a smooth flow transition
from the crcst to the spillway steps.

Energy Dissipation.-Table 1 also lists the flow velocities at the spill­
way toe for models Band C. Fig. 7 is a plot of toe velocity versus dis­
charge for both models. Data scatter is somewhat greater for model B,
owing to the smaller depths being measured at the toe. However, the
expected trend of increasing toe velocity with increasing discharge is
clear and the general nmount of velocity reduction caused by the ad­
dition of steps is well defined.

For the model probable mnxil1\um flood dischnrge of 0.80 cfs/ft (0.074
ml/s/m), the toe velocity was'reduced from approximately 18 fps (5.5
m/s) for the stnndnrd spillway to 6.5 fps (2.0 m/s) for the stepped spill­
way. At the model energy dissipation design discharge of 0.52 cfs/ft
(0.048 m'/s/m), the toe velocity was reduced from approximately 16.5
fps (5.0 m/s) to 5.5 fps (1.7 m/s). The model B to model C toe velocity
ratios thus were 2.8 and 3.0, respectively, and increased to just over 4
for a low model discharge of 0.1 cfs/ft (0.009 m3/s/m). Consequently,
the kinetic energy in the flow at the stepped spillway toe varies from
about 12 to 6% of the energy at the standard spillway toe for this range
of model discharges.

Training Wall Heights.-Verlical water depth measurements made at
the crest and at the tips of selccted steps along the spillway for model
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the air entrainment worked its way up to step 1.
For test runs A-I to A-9, the typical flow conditions over the steps

were as demonstrated in Fig. 5 for Run A-8. At each step, whether air
entrainment was occurring or not, a stable rolling vortex developed in
the step. The overlying flow moved down the spillway supported by
till' vortiC<.'s and tips of tlll' steps. Injection of dye indicated that flow
entl'rs a vortex, rotatl's in the vorll'x for a brid period aml then rt!lurns
to tlll' main flow to, procl'l'd on down the spillway fan'. At 1111' step's
where air entrainnwnt occurs, air bubbles penL'lratl'd till' vortices and
could be seen rotating with the vortex flow.

For Run A-IO, which had a very low flow rate of 0.056 ds/ft (0.0052
m'/s/m), a thin film of water approximately O.OI-ft (0.3-cm) thick flowed
off the spillway crest, hit the top of the first step, and deflected out­
ward/downward hitting the spillway face again several steps further down
the spillway. The model flow rate in Run A-lO represents a prototypical
flow rate of 1.8 cfs/ft (0.16 m'/s/m), which is typical of normal daily
summertime flows at the site..

The spillway designers wanted to eliminate this deflecting jet of water
so that modificiltions in the model A profile were Illilde and tested for
low Illodel rates of 0.2 cfs/ft (0.UI9 m'/s/m) ilnd less. These tests in­
dicated that the best way to eliminate the deflecting jet of water was to
add a few smaller steps on up the face of the spillway. Fig. 6 shows the
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FIG. B.-Prototypical Toe Velocities for Stepped and Unstepped Spillways
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C are listed in Table 2. Also listed for each run is the step at which air
entrainment commenced. Typically, the depth decreased as flow de­
scends from the crest to the point at which air entrainment commences.
Beyond this point, owing to bulking of the flow by the air entrainment,
the depth continually increased toward the spillway toe.

-

CONCLUSION
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An ogee spillwny with a stepped face can be designed to perform sat­
isfactorily for the full range of dischnrges encountered by the spillway.
A stepped spillway's energy dissipation chnraderistics are comparable
to those of an unstepped spillway with a hydraulic jump stilling basin
at the toe.

Resenrch should be conducted to provide additional information nec­
essary to optimize the step geometry for a given spillway discharge, face
slope, and crest elevation.

--------(22.9 m/s) for a prototypical unstepped spillway. This represents a ki-
netic energy dissipation of 84%, which is as good as or superior to the
energy dissipation achieved in a typical well-developed hydraulic jump
(see Ref. 2, p. 396).

Morris (5,6) investigated flow past surfaces with large uniformly spaced
surface roughness elements and defined three regimes: (1) Isolated
roughness flow in which each clement generates a wake that diffuses
into the main flow before reaching the next element; (2) wake interfer­
ence flow where the dClllents nrc sufficiently close together thnt the wake
extends to the following element; and (3) skimming or quasi-smooth flow
in which surface clements are spaced so close as to form a "pseudo­
wall' thnt now skims over nnd between which stable depression vortices
form. In skimming flow, the vortices are maintnined through transmis­
sion of shenr stress from the fluid flowing past the tips of the elements.
In addition, small-scale vorticity will be generated continuously at the
tips of the clements. Energy is expended to generate the tip vorticities
and to maintain the stable depression vortices. Quasi-smooth flow well
defines the conditions observed on the stepped spillway.

Knight and MncDonald (4) investigated subcriticnl open channel flow
resistance caused by roughness elements with square cross sections at
10 uniform spncings including one that caused quasi-smooth flow. Their
results, and their evaluation of dala' from other authors, shed further
insight into the rectangular cross section depression dimensions for which
quasi-smooth flow will devc1op, and they recommend an improved form
of bed resistance equation for quasi-smooth flow. They also demonstrate
that the maximum bed resistance for square resistance elements will oc­
cur for the wnke interference flow regime.

Much fruitful resenrch can still be done to develop useful information
to guide the design of steps for spillway faces, designs that will optimize
response to construction and energy dissipation requirements. Specifi­
cally, the optimum depression shapes, sizes and spacings for supercrit­
ical flow need to be determined.

------
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The toe vdodty and discharge data for the stepped and unstepped

spillway models (C and 5, respectively) was scaled up to prototypical
conditions using the scale ratios given in a previous section. These data
<Ire plotted in Fig. 8.

Bradley and Peterka (1) present a chart based on "experience, com­
putation, and a limited amount of experimental information obtained
from prototype tests on Shasta and Grand Coulee Dams," that yields a
preliminary design estimate of toe velocities for ogee spillways with slopes
between O.6H: 1V and 0.81/: 1V. Toe velocities calculated using this chart
arc also plotted in Fig. 8. Velocities scaled from model B test results for
the unstepped spillway typically exceed velocities calculated from Ref.
1 by 15-20%. Even at discharges exceeding the probable maximum flood
in model B, there was no air entrainment on the spillway face. In the
prototype, air entrainment would be expected. This scale effect is likely
to be the primary cause for the unstepped spillway velocity differences
in Fig. 8. In other words, the model surface roughness and resulting
turbulent boundary byer growth and air entrainment were not sufficient
to exactly simulate the prototypical conditions.

For the stepped spillway, the scaled steps form the dominant "surface
roughness." So with typical model spillway face depth Reynolds num­
bers in the order of 10', scale effects should be less and predicted pro­
totypical toe velocities should be closer (but still probably a bit higher)
to true prototypical values.

Thus (see Fig. 7), the prototype stepped spillway designed for Monks­
ville Dam will typically have toe velocities of 30 fps (9.2 m/s) at the
probable maximum flood discharge, compared to toe velocities of 75 fps
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INTRODUCTION /

Turbidity currents are gmvity current~n isting of a sediment-water
mixture flowing over a sloping potton4Fig. ). Similar gravity currents
can be produced by salinity or temp~ture . rences and have then
been referred to as inclined plumes2,£ underflows ( , 7,18,19,26). In tur­
bidity currents, suspended sedim.ent makes the den ity of the mixture
greater than the density of the jrfubient water and ovides the driving
force; the sediment laden flO\rmustgenerate enougl turbulence to hold
the sediment in suspensiorv.'Uniform or gradually ried turbidity cur­
rents with very fine sedi nt and therefore without osion or depo­
sition of sediment have en studied by Ashida and Eg~a (3), Bon­
nefille and Goddet (5), c nd Stefan (25) among others.

Turbidity currents ave been observed where inflows c rrying a rel­
atively high conce ration of suspended material enter I es (20), res­
ervoirs (11), or tl ocean (16). Two types of turbidity cu rents can be
distinguished: () .ow velocily, low density (5); lind (2) h 1 velocity,
high density (16 . Iligh velocity, high density turbidity curren often
carry sllspcnd\' matl'rinls illlrodllCl'd Iwar thl' short' to til<' dl' P Sl'lI,
and even hllv enough erusive power to produce submarine c nyuns
(13).

Turbidity urrents can be originated by various processes. DiSC~rges
of large a ounts of sediments, e.g., mine tailings (Silver Bay in Lake
Superior) underwater landslides caused by earthquakes (the G d
Danks), d resuspension of suspended materials by waves during storm
are thr possibilities. Turbidity currents can be erosive or depositional.

IGra . Student, St. Anthony Falls Hydraulic L,b., Dept. of Civ. & Mineral
En~r~ , Univ. IIf Minnl'slIlil. Minneilplllis, MN 55414.

ll'r f. and Assoc. Dir., 5t. Anthony Fillls Ilydrilulic 1Alb., Dept. of Civ. & Min­
erai ngrg., Univ. of Minnesota, Minneapolis, MN 55414.

Nlte.-Discussion open until May I, 1986. To extend the closing dale one month,
a written request must be filed with the A5CE Manager of Journals. The manu­
script for this paper was submitted for review and possible publication on Au­
gust 20, 1984. This pilper is part of the Joumal of Hydraulic Engi"eering, Vol.
111, No. 12, December, 1985. ©A5CE, ISSN 0733-9429/85/0012-1473/$01.00. Pa­
per No. 20216.

ABSTRACT: The c nns which /;overll lhe movemenl o( two-dimensional
gradually varied lurbid. y currenls In reservoirs and over beaches are derived
and sl,lvt'd num.'rkall)·. Turbidily currents art' sedimt'nl·ladt'n /;ravity curre
Ih.lt 1'~"h'\IlI:I' 51·.1111I,'111 with IIII' I"'d hy 1'11,,1,," or ,11·!,,,silinn .15 1111' nnw l1',lV'
cis llv{'r th.· 1I11\vIISIll!'I' Tur!>llIlIy furr'mls III'rlv(' t!llq IIrlvil'l: (ur...• ( 1I\ Ihl'
sediment III suspensilln. 'hl'Y ('xperlellce a resisting shear (orce on t bed and
entrain \Valer from above. . currenls can be erodin/; or d ositive, ac­
celerating or decelerating, dependen on the combination o( in: al conditions,
bed slope. and sl1.e of sediment parlid s. They can be conlroUciI (rom upstream
(supercritical) or downslream (subcril cal). Gravil)' curren\.-q/with and without
erosion and deposition arc examined I order III und.ersrd the eHects o( sed·
Iment exchan/;e on theOow./

--
By J. Akiyama' and H. Stefan'
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Material Ratio

Lane's recommended weighted-creep ratios
are:

~-
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JOBNO ?J5 -DCOCo -0\1:,

BY 'B.>E CHK'D _

SHEET OF _
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1353)

\~.~ ~ \ 3 ~

\~,~

c.=

Very fine sand or silt 8.5: I
Fine sand 7.0: 1
Medium sand 6.0: I
Coarse sand S.O: 1
Fine gravel 4.0: I
Medium gravel 3.5: I
Coarse gravel including cobbles 3.0: 1
Boulders with some cobbles and gravel 2.5: 1
Soft clay 3.0: 1
Medium clay 2.0: I
liard clay 1.8: 1
Very hard clay or hardpan 1.6: 1
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I
I
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I
I
I
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I
I
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-------------------
DETENTION BASIN NO. 3 DESIGN

Basin 3B - TW Rating Curve (108" pipe)
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1.434

1.432

,......,
+' 1.43'+--c 1.4280.-+'
0
> 1.426
~,......,
I.LJ VJ
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"'D 1.416'"I
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0 200

Discharge (cfs)

400 600



1
CIRCULAR PIPE RATING TABLE

I MANNINGS n = .013
SLOPE = .0011 FT./FT.

1

DIAMETER = 108 IN.

EL.[FT.] DISCH [CFS] AREA [FT"2] Rh [FT.] VEL [FPS]

1.638476E-02
.1 7.843528E-02 .1261907

.6215616
.2 .3494734 .3555498 .1320117 .9829097

I
.3 .8352627 .6508675 .1969418 1.283307
.4 1.546808 .9985724 .2611726 1.54902
.5 2.490708 1.39068 .3247023 1. 791
.6 3.670993 1.8217 .387527 2.015147

I .7000001 5.09001 2.287532 .4496445 2.22511
.8000001 6.748866 2.784939 .5110516 2.423344
.9000001 8.647728 3.311272 .5717457 2.611603

1
1 10.786 3.864295 .6317238 2.791195
1.1 13.16245 4.442084 .6909823 2.963124
1.2 15.77537 5.042961 .7495194 3.128195

I
1.3 18.62251 5.665418 .8073304 3.287049
1.4 21.70128 6.308112 .8644124 3.440218
1.5 25.00877 6.969824 .9207629 3.58815
1.6 28.5417 7.649433 .9763779 3.731218

I 1.7 32.29649 8.345898 1.031253 3.869744
1.8 36.2694 9.058269 1.085387 4.004009
1.9 40.45632 9.785642 1.138774 4.134253

I 2 44.85302 10.52718 1.191411 4.260688
2.1 49.45503 11.28208 1.243295 4.383503
2.2 54.25767 12.04959 1.29442 4.502864

1

2.3 59.25609 12.829 1.344783 4.618918
2.4 64.4453 13.61962 1.394381 4.731798
2.5 69.8201 14.4208 1.443208 4.841626
2.6 75.37513 15.23189 1. 49126 4.948507

1
2.7 81.10492 16.05231 1.538533 5.052541
2.8 87.00389 16.88146 1.585022 5.153815
2.9 93.06618 17.71876 1.630722 5.25241

1

2.999999 99.28598 18.56368 1.675629 5.3484
3.099999 105.6571 19.41567 1. 719736 5.441849
3.199999 112.1736 20.2742 1.76304 5.532822

1

3.299999 118.829 21.13878 1.805534 5.621373
3.399999 125.6169 22.00888 1.847213 5.707552
3.499999 132.5308 22.88403 1.888071 5.791408
3.599999 139.564 23.76374 1. 928101 5.872981

1
3.699999 146.7097 24.64753 1.967299 5.95231
3.799999 153.9612 25.53494 2.005657 6.029434
3.899999 161.3112 26.42549 2.043169 6.104379

I
3.999998 168.7528 27.31874 2.079828 6.17718
4.099999 176.2785 28.21422 2.115627 6.247859
4.199999 183.881 29.11149 2.150557 6.316444
4.299999 191.5529 30.01009 2.184612 6.382951

1
4.399998 199.2866 30.90959 2.217785 6.447403

- 4.499998 207.074 31.80952 2.250064 6.509814
4.599998 214.8954 32.70758 2.281445 6.570201

1
4.699998 222.7669 33.60708 2.311916 6.628573
4.799998 230.6683 34.50568 2.341468 6.684938
4.899998 238.5913 35.40295 2.37009 6.739306

1

4.999998 246.5273 36.29843 2.397772 6.791681



PIPE FLOWING FULL Q= 414.1293 CFS
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5.099998
5.199998
5.299998
5.399997
5.499997
5.599997
5.699997
5.799997
5.899997
5.999997
6.099997
6.199997
6.299997
6.399997
6.499996
6.599996
6.699996
6.799996
6.899996
6.999996
7.099996
7.199996
7.299996
7.399996
7.499995
7.599995
7.699995
7.799995
7.899995
7.999995
8.099995
8.199995
8.299996
8.399996
8.499996
8.599997
8.699997
8.799998
8.899998
8.999998

254.4679
262.4041
270.3271
278.2279
286.097
293.925
301.7022
309.4187
317.0644
324.6287
332.1011
339.4707
346.7258
353.8551
360.8463
367.687
374.3642
380.8645
387.1735
393.2764
399.1578
404.8007
410.1878
415.3
420.117
424.6164
428.7739
432.5623
435.951
438.9047
441.3828
443.3361
444.7045
445.4109
445.3528
444.3834
442.2721
438.602
432.3717
414.2171

37.19167
38.08223
38.96963
39.85343
40.73314
41.60829
42.47839
43.34297
44.2015
45.05349
45.89841
46.73572
47.56486
48.38528
49.19638
49.99755
50.78817
51.56758
52.33509
53.08999
53.83153
54.5589
55.27127
55.96774
56.64735
57.30906
57.95175
58.57421
59.17509
59.75288
60.3059
60.83224
61.32965
61. 79548
62.2265
62.61862
62.96632
63.26164
63.49101
63.6172

2.424504
2.450273
2.475068
2.498875
2.521682
2.543473
2.564234
2.58395
2.602602
2.620172
2.636642
2.651991
2.666195
2.679232
2.691075
2.701696
2.711064
2.719147
2.725907
2.731304
2.735293
2.737824
2.738842
2.738283
2.736076
2.732136
2.72637
2.718663
2.708882
2.696865
2.682412
2.665269
2.645109
2.621491
2.593793
2.561082
2.521819
2.473075
2.407463
2.250724

6.842066
6.89046
6.936866
6.981279
7.023692
7.064098
7.102486
7.138846
7.173159
7.205406
7.235569
7.263624
7.289536
7.31328
7.334814
7.354101
7.371092
7.385736
7.397971
7.407733
7.414944
7.419518
7.421357
7.420347
7.416358
7.409238
7.398808
7.384859
7.367137
7.345332
7.319064
7.287848
7.251052
7.207824
7.156964
7.096665
7.023947
6.933142
6.809968
6.511088
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Dear Mr. Fincel:

Very Truly Yours,

Re: ST-896829 W.0.#69209, East Fork Cave Creek Detention Basin #3
Preliminary Sediment Analysis Results.

If you have any quest icns about our conc1us ions please give me a call I

at 468-1688.

2600 North 44th Streer 602 468-1688 Tel
Phoenix, Arizono 602 9S6-4538 Fox
85008·1599

ENGINEERS 8. PlUNERS

NBS/LOWRY

~~
Brian J. Fry, P.E.
Project Manager

On February 15, 1991 Dr. Gary Guymon, a special consultant to
NBS/Lowry, and myself conducted a field investigation of the area that
would potentially deliver sediment to detention basin 3. We considered
the primary source of sediment to be the mountain northwest of the
intersection of Beardsley and Cave Creek Roads and the easterly slopes
of Buffalo Ridge. We took one grab sample of sediment at approximately
Rose Garden Lane at the base of the mountain to get a feel for grain
size distribution in the area. The other areas tributary to detention
basin 3 are mostly developed and shouldn't produce much sediment.
Attached is a memo from Dr. Guymon describing his findings and
recommendations relative to this investigation.

We have completed the preliminary sediment analysis as described in our
Scope of Work. It is our opinion that no significant sediment
deposition problems exist for Detention Basin 3 and recommend that a
detailed analysis not be conducted.

\lEOWRY
I

Mr. John Fincel, P.E.
City of Phoen ix
Engineering Department
125 E. Washington St.
Phoenix, Al 85004

April 24, 1991
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IRV/NEIP1355016.MEM

levine Office • 171~ Sl.)'park Circle: • Suite 100 • levine:, CA 92714~· (7H) 261·7086 • FAX (7H) 261-6132

The purpose of the memorandum is to record my impressions of the East Fork Cave
Creek watershed area during our 15 February 1991 reconnaissance and provide some
follow-up estimates of sediment production.

Page Lof-L

Date: March 4, 1991

Job No.: P79-086-016

MEMORANDUM

Brian Fry
NBS/Lowry - Phoenix

Subject: EAST FORK CAVE CREEK
REfENTION BASIN PROJECf

From: Gary L. Guymon

To:

From my observations of the watershed above the proposed retention basins there
probably will be only a slight tendency to erode the top soil. In upland areas in the
northern portion of the watershed, soil profiles are shallow with considerable outcrops
of highly weathered plutonic rock. This rock provides the courser. angular rock fragments
seen on moderate slopes closer to the East Fork Cave Creek. Soil profiles are deeper
on moderate slopes and are very deep close to the creek system. Soils appear to be
colluvial in nature; i.e. formed in place, and do not appear to have been washed from
upland areas to subsequently be deposited. There is very little evidence of significant
erosion on moderate slopes where drainage pathways are poorly defined. Soils on
moderate slopes appear to be resistent to extensive erosion and where drainage rills or
other similar features are seen, medium to course sands are in the bottoms indicating
the fines have been washed out. On the basis of what I saw I would conjecture that the
bed load during intense rainfall events is very small and that the main form of sediment
transport is suspended load. t

To get some idea of what kind of soils we are dealing with, one sample was obtained
on a moderate sloping area near the upland and northern portion of the watershed
(about a mile from the East Fork Cave Creek watercourse). Analysis of the grain size
of the material is attached. Almost thirty percent of the material is angular rock
fragments greater than 2mm in diameter. Another thirty percent is in the medium sand
range. There is very little fine sand and about twenty five percent of the sample consists
of fines. Although we did not do a hydrometer test on the fines they appear to be
predominantly in the silt range with very little clay. Although not tested, the soil appears
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P79-086-016
Brian Fry
NBS/Lowry - Phoenix
March 4, 1991
Page 2

to have a very low plasticity. The soil appears to be a SW soil based upon the unified
soil classification system. The soil is strong and hard with a very low compressibility.
Such a soil is not easily eroded by rain drop impact or flowing water panicularly with
moderate to low velocities which would be the case in much of the watershed.

To make some rough estimates of long term sediment transport, the Leopold, Wolman,
and Miller book entitled Fluvial Processes in Geomorphology (Freeman Co., 1964) has
some information that applies to the area. From Figure 3-11 in the book, average annual
effective precipitation for the area may be approximately 1.2 inches. From Figure 3-7
and using the 1.2 inches of effective rainfall, the annual sediment yield is approximately
100 tons per square mile per year. This value is based upon desert shrub lands.
Assuming the suspended load soils unit weight is 120 lb. per cubic foot, the average
annual suspended load is 62 cubic yards per square mile per year. I am assuming that
this load will be predominately suspended and would consist of silt range sizes.
Depending on the retention time in the purposed retention basin a fraction of this
suspended sediment may drop out. Using stokes equation for a particles fall velocity;

v '" 2 a2(Ws - WI) vr
9u

(a = particle radius, u = absolute fluid velocity, Ws = soil unit weight, and WI = fluid
unit weight), the fall velocity, V, is estimated to be about 22 feet per hour for the largest
particle at the top of the silt syes (diameter equal 0.075 mm). As you can see some of
the largest particle in the silt size might tend to drop out in the retention basin, but ,most
finer sizes would pass through the retention basin system.

In summary, it is my view the sedimentation is not a problem in the area of the proposed
project.

GLG/paj

Attachment

IRVTNE\P13SS016.MEM

Irvine Office • 17748 Skyparl: Circle • Suite 100 • Irvine. CA 92714~ • (714) 261·7086 • FAX (1\.\) ~\.Q131
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I S I EVE - A N A L Y SIS I
De~cription of ~oil:

Location:
Sample No.: 0 Weight of oven dry ~ample, W (g): 499.5

Sieve Sieve Weight retained Percent of Cumulative Percent
No. opening on each sieve ...eight retained percent finer

(mm) (g) on each sieve retained

4 4.750 49.50 9.91 9.91 90.09
10 2.000 85.90 17.20 27.11 72.89
20 0.850 106.20 21.26 48.37 51.63
40 0.425 55.90 11.19. 59.56 40.44
60 0.250 28.20 5.65:

f
65.21 34.79

140 0.106 42.80 8.57' 73.77 26.23
200 0.075 9.30 1.86 75.64 24.36
Pan --- 120.90

1: 498.70 = W1
Lo~~ during sieve analy~i~=[(W-W1)/W)x100=0.16\ (OK if less than 2\)
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========================================================================

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

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

A. Trench type installation:

6.2 ftj

18 ~nj
3.875 1n

Le =

.../Wt = 17,300 lb /
Lb =3.42 ft~

Slb =2.145833 ft/

Job No: P79-086-016
Filename:C:\WORKSHT\RCPPIPE.WK1
0(0.01")= 1423

5.4 ft

0.13 v ./

126 f~ift"3/
3.7 ft,-/ In Di am. =

25.75 in Wall Th.=

0.2610 v 0

(A,B,C, or D)

Eff Supp len. Le =

Input Data:
Km' =

Ht. of fill, H =
fill unit wt, w =

Trench width, Bd =
Outside Diam, Dt =
Calculated Data:

Cd =

Wd = 429 lbs/ft of trench.

Bedding Class C

A. Trench Bedding:

3. SELECTION OF BEDDING:

~:--~~i~~~=~~;;~~=~~-~;~~~~:------------------------------------.
----C~l~~~-D~t~~-----------

Avg Intens., Wl = 2357.31 psf)
Wheel Loads, P = 16,000 1b j

Impact Fact. If = 30%.
Dist LL Area, ALL= 8.8 sf../

, J

Tot Live load, Wt= 13,0511b"/
La = 2.58 ft

Sl a =2.145833 ft I

2. DETERMINATION OF LIVE LOAD:

REINFORCED CONCRETE PIPE:
D-load Calculations

Line: All 18"
From Sta: N/A To Sta: N/A
1. DETERMINATION OF EARTH LOAD:

I
I
I
I

, I

I
I
I
I
I
I
I
I
I
I
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========================================================================

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

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

Page

Job No: P79-086-016
Filename:C:\WORKSHT\RCPPIPE.WKl
0(0.01")= 1423

3.50 CPOM 18 112
O~8 CPOM
0.5 CPOM 43 162

0.47
0.4

1.50 62 180
* CPDM=Concrete Pipe Design Manual

1.50
0.00% (Class A only)

See Table

N/A

Fixed bed fact.=
Reinforced As =

Trans. width, Bdt=
Project. Ratio, P=
Settle Ratio, rsd=

H/Bc =
rsd*P =

Bfe =

Bfv = 1.50 (Trench variable bedding factor)

F.S. = 1.5

0(0.01) = 1423

-------~~~:-:----~~~:-~~------- \~J4 /;hI \t '
Cl ass IV (ASTM C 76 Strength C1 assification) 2-7' 11

~~--~.".

?to,3
--/

(

5. APPLICATION OF FACTOR OF SAFETY:

A. Trench Bedding:

6. SELECTION OF PIPE STRENGTH:

REINFORCED CONCRETE PIPE:
D-load Calculations

Line: All 18"
From Sta: N/A To Sta:

4. DETERMINATION OF BEDDING FACTOR:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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========================================================================

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

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

Wl = o lbs/ft of trench.
-------------------------------

Calculated Data:
Avg Intens., Wl = 61.24 psf

Wheel Loads, P = 48,000 lb
Impact Fact. If = 0%

Dist LL Area, ALL= 783.8 sf

Tot Live load, Wt= 11 ,823 1b Wt = 12,183 lb
La = 27.58 ft Lb = 28.42 ft

Sla = 7ft Slb = 7 ft

Eff Supp len. Le = 36.8 ft Le = 37.6 ft

72 in
6 in

Job No: P79-086-016
Filename:C:\WORKSHT\RCPPIPE.WK1
0(0.01 11 )= 1231

0.13
13 ft.

120 1b/ftl\3
10 ft. In Oiam.=
84 in Wall Th.=

1.1031 0

(A,B,C, or D)

Km' =
Ht. of fill, H =

fill unit wt, w =
Trench width, Bd =
Outside Diam, Dt =
Calculated Data:

Cd =

Input Data:

Bedding Class C

Wd = 13,237 lbs/ft of trench.

A. Trench Bedding:

3. SELECTION OF BEDDING:

A. No Pavement (Boussinesq Eqns.):

2. DETERMINATION OF LIVE LOAD:

A. Trench type installation:

REINFORCED CONCRETE PIPE:
D-load Calculations

Line: "B II

From Sta: 25+00 To Sta: 38+20
1. DETERMINATION OF EARTH LOAD:

I
I
I
I
I
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========================================================================

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

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

F.S. = 1.5

Page

Job No: P79-086-016
Filename:C:\WORKSHT\RCPPIPE.WKl
D(0.01")= 1231

1.50
0.00% (Class A only)

See Table

11.83 CPDM 30 136
0.8 CPDM
0.5 CPDM 43 162

1.86
0.4

2.06 62 180
* CPDM=Concrete Pipe Design Manual

(ASTM C 76 Strength Classification)

Fixed bed fact.=
Reinforced As =

Class III

D(O.Ol) = 1231
Dult = 1846

Trans. width, Bdt=
Project. Ratio, P=
Settle Ratio, rsd=

H/Bc =
rsd*P =

Bfe =

Bfv = 1.79 (Trench variable bedding factor)

5. APPLICATION OF FACTOR OF SAFETY:

A. Trench Bedding:

6. SELECTION OF PIPE STRENGTH:

4. DETERMINATION OF BEDDING FACTOR:

REINFORCED CONCRETE PIPE:
D-load Calculations

Line: "B"
From Sta: 25+00 To Sta: 38+20

I
I
I
I
I
I
I
I
I
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I
I
I
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========================================================================

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

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

Wl = o lbs/ft of trench.
-------------------------------

Calculated Data:
Avg Intens., Wl = 79.99 psf

Whee1 Loads, P = 48,000 lb
Impact Fact. If = 0%

Dist LL Area, ALL= 600.1 sf

Tot Live load, Wt= 9,029 lb Wt = 9,344 lb
La = 24.08 ft Lb = 24.92 ft

Sla = 4.6875 ft Sl b = 4.6875 ft

Eff Supp len. Le = 30.2 ft Le = 31.1 ft

48 in
4.125 in

Job No: P79-086-016
Filename:C:\WORKSHT\RCPPIPE.WKl
0(0.01")= 1069

0.13
11 ft.

120 1b/ft"3
7 ft. In Diam.=

56.25 in Wall Th.=.

1.2900 0

(A,B,C, or D)

Input Data:
Km' =

Ht. of fi 11, H =
fill unit wt, w =

Trench width, Bd =
Outside Diam, Dt =
Calculated Data:

Cd =

Bedding Class C

A. Trench Bedding:

Wd = 7,585 lbs/ft of trench.

3. SELECTION OF BEDDING:

A. No Pavement (Boussinesq Eqns.):

2. DETERMINATION OF LIVE LOAD:

A. Trench type installation:

REINFORCED CONCRETE PIPE:
D-load Calculations

Line: "F"
From Sta: 10+00 To Sta: 10+85
1. DETERMINATION OF EARTH LOAD:

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



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

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

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

F.S. = 1.5

Page

Job No: P79-086-016
Filename:C:\WORKSHT\RCPPIPE.WK1
D{O.Ol")= 1069

8.33 CPOM 26 128
0.8 CPOM
0.5 CPOM 43 162

2.35
0.4

2.05 62 180
* CPDM=Concrete Pipe Design Manual

1.50
0.00% (Class A only)

See Table

10+85

(ASTM C 76 Strength Classification)

Fixed bed fact.=
Reinforced As =

Class III

D{O.Ol) = 1069
Dult = 1604

Trans. width, Bdt=
Project. Ratio, P=
Settle Ratio, rsd=

H/Bc =
rsd*P =

Bfe =

Bfv = 1.77 (Trench variable bedding factor)

5. APPLICATION OF FACTOR OF SAFETY:

6. SELECTION OF PIPE STRENGTH:

A. Trench Bedding:

REINFORCED CONCRETE PIPE:
D-load Calculations

Line: "F"
From Sta: 10+00 To Sta:

4. DETERMINATION OF BEDDING FACTOR:

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



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

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

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

Wl = 1,018 lbs/ft of trench.
-------------------------------

Calculated Data:
Avg Intens., Wl = 322.56 psf

Wheel Loads, P = 32,000 lb
Impact Fact. If = 0%

Dist LL Area, ALL= 99.2 sf

Tot Live load, Wt= 11 ,839 1b Wt = 19,157lb
La = 7.83 ft Lb = 12.67 ft

Sla = 4.6875 ft Sl b = 4.6875 ft

Eff Supp len. Le = 14.0 ft Le = 18.8 ft

48 in
4.125 in

In Diam. =
Wall Th.=

o

Job No: P79-086-016
Filename:C:\WORKSHT\RCPPIPE.WK1
D(O.OI")= 690

0.13
4 ft.

120 1b/ft"3
7 ft.

56.25 in

0.5310

(A,B,C, or D)

Input Data:
Km' =

Ht. of fill, H =
fill unit wt, w =

Trench width, Bd =
Outside Diam, Dt =
Calculated Data:

Cd =

Bedding Class C

Wd = 3,122 lbs/ft of trench.

A. Trench Bedding:

3. SELECTION OF BEDDING:

A. No Pavement (Boussinesq Eqns.):

2. DETERMINATION OF LIVE LOAD:

A. Trench type installation:

REINFORCED CONCRETE PIPE:
D-load Calculations

Line: "L"
From Sta: 10+00 To Sta: 13+34
1. DETERMINATION OF EARTH LOAD:

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



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

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

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

F.S. = 1.5

Page

Job No: P79-086-016
Filename:C:\WORKSHT\RCPPIPE.WKl
0(0.01")= 690

1.50
0.00% (Class A only)

See Table

6.50 CPOM 26 128
0.8 CPOM
0.5 CPOM 43 162

0.85
0.4

1.50 62 180
* CPDM=Concrete Pipe Design Manual

13+34

(ASTM C 76 Strength Classification)

Fixed bed fact.=
Reinforced As =

Class I

0(0.01) = 690
Dult = 1035

Trans. width, Bdt=
Project. Ratio, P=
Settle Ratio, rsd=

H/Bc =
rsd*P =

Bfe =

Bfv = 1.50 (Trench variable bedding factor)

5. APPLICATION OF FACTOR OF SAFETY:

6. SELECTION OF PIPE STRENGTH:

A. Trench Bedding:

REINFORCED CONCRETE PIPE:
D-load Calculations

Line: "L"
From Sta: 10+00 To Sta:

4. DETERMINATION OF BEDDING FACTOR:

I
I
I
I
I
I
II
I
I
I
I
I
I
I
I
I
I
I
I
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C = 1,440 lbs/ft of trench.
========================================================================

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

(H-20 or H-25)
1 ft.

120 1b/ft"3
18 in
1

1800 psf
120 psf

Live Loading =H-20
Ht. of fi 11, H =

fill unit wt, w =
Diameter =

Load Factor =
LL =
DL =

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

c?- ~XJz

? ~ ~ Zo *- lS
Z

\~ 4: Q L~ ~ (fr- Db ~'frWt'1 u~

3. RING COMPRESSION:

2. DESIGN PRESSURE (DEAD & LIVE LOAD):

=====~~:::::~~~~~:~~~::::::~~:~:::~~=;;:'=L:===:t=~=====~:=~==;=L==~=;:'~=U-
~ I<:6 0 c.." -4 \ UJ

/" I q ,,",0 ?Gf

REFERENCES:

1. BACKFILL DENSITY:
===================================================;:=======~============

De~~ _: ~::_:~~~:~~ ~~~ ~_~~e_ ~t· rtJvd\l1~ ~(/oe;)

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WKI

Line: All 18"
From Sta: N/A To Sta: N/A
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========================================================================

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

~. ~~Q l(t~ ISf ::

111 l <6'&>)kst! \~"J

0.619 ) v--

c,-1c
A =(

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WK1

N/A

Required thick. = 0.052 in
18 ga

A = 0~\(}7-5 in"2/ft required

o

fc = 19,186 psi

fb = 33,000 psi
Load Fact, K = 0.86

Corrug. Prof. =2-2/3 x 1/2"
D/rmin = 106

7. SERVICE LIFE: ~

============Lif;=:===~~~~;~=fi;;~=;;;f~;:~i~==;;:~=========
~/------------------------ ~----- D' kl

Soil pH = 7.9 Y-:;:- ~'14' e. 04\

Min Res, R = 1000 ohm cm r ;). qtr C'L7tN)
Selected tho = 8 gage

ga Fact = 3.4 ~. 4-'1'1 Y(2.,$. *3·4 ~ 17 0 yet,..
Avg life= 170 yrs (25% avg thickness reduction)

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:
==============FF=:==~7~~;~=~~=~=======~======(;~=======t~=~===========

t:: €.. '0' ;=--.~... ,.-r:..- I ,. P
- - - - - - - - ---- -- - ---- - - - -- - -- -- - - \ t _i_. 3-~.>- \0'" '* . (;> l<;(·

Max FF = 0.043 v/ y',,-

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: All 18"
From Sta: N/A To Sta:

4. ALLOWABLE WALL STRESS:

I
I
I

II
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I
I
I
I
I
I
I



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

(H-20 or H-25)
13 ft.

120 1b/ftA 3
72 in

1
o psf

1560 psf

Live Loading =H-20
Ht. of fill, H =

fill unit wt, w =
Diameter =

Load Factor =
LL =
DL =

Pv = 1,560 psf

=========================================================~==============

C = 4,680 lbs/ft of trench.

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron & Steel Institute, Third Edition,
1983.

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

2. DESIGN PRESSURE (DEAD & LIVE LOAD):

3. RING COMPRESSION:

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

1. BACKFILL DENSITY:
===D:~;=:======~5~=c~;~:~~i~~===[=V;r~=;~==ro~rn~=~6~3================

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

REFERENCES:

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1

Line: "B"
From Sta: 25+00 To Sta: 38+20

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



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

5. WALL CROSS-SECTIONAL AREA:

=====~~~:~~~~~~~~~~~:~~~~~~~~~~~~~~~============A==~=~===:==~~~:,o.~~ l~~

Required thick. = 0.052 in A =( 0.711)
= 18 ga

6. HANDLING STIFFNESS:
===============================================================~=======

FF = 0.0251 OK ,/ 1J2-- L1'2.-) __ 0- • eO~\

-----M~~-FF-:----O~06---------- fr- ~0 ';. i::;(;b x .o~j

________________________________________~~!_~~t5~_~~~~_~ _
7. SERVICE LIFE:

~-"'l ",to" ~?tOOO---";.. -_._.,---"
2.1L ?-lo, ~G )

'":.. 1'1, I£.;'0 r<ti1
Corrugation Profiles

1-1/2 X 1/4 11

2 X 1/2 11

2-2/3 X 1/2 11

3 X III
5 X 111
6 X 211

p,41

'f ~ ;) '9'tYC. C> "~H
2 - CiA C\ /::J'Vl? ')

~

-cO: 41 ~ •1 'f<i':cvv ~ ,

(25% avg thickness reduction) ,
L{<t,fV1Lt (Y)1{L-h°rhv f~ y~ ; .. 4:*,4/;-1

I '?" \ l'0 'IRAN'S '

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WK1

7.9
1000 ohm cm

8 gage
3.4
170 yrs

33,000 psi
0.86
3 x 111

211

85 yrs (to first perforation)

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg life=

Life =

fb =
Load Fact, K =

Corrug. Prof. =
D/rmin =

fc = 19,186 psi
========================================================================

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: IIB II
From Sta: 25+00 To Sta: 38+20

4. ALLOWABLE WALL STRESS:

I
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I
I
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I
I
I



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

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

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

2. DESIGN PRESSURE (DEAD &LIVE LOAD):

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WK1

(H-20 or H-25)
13 ft.

120 1b/ft"3
72 in

1
o psf /'

1560 psf

Live Loading =H-20
Ht. of fill, H =

fill unit wt, w =
Diameter =

Load Factor =
LL =
DL =

Pv = 1,560 psf

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

C = 4,680 lbs/ft of trench. ~/

3. RING COMPRESSION:

1. BACKFILL DENSITY:
======================================~===============================

Dens = 85% Compaction

REFERENCES:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "B"
From Sta: 25+00 To Sta: 38+20

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



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

New Th = 0.109 in
New FF = 0.0505

New Th = 12 ga

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WK1

7.9 ~o~~

1000 ohm cm
8 gage rv

3 4 ~ ~.
170 yrs (25% avg thickness reduction)

required

85 yrs (to first perforation)

0.06

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg life=

Life =

0.315 in"2/ft

6-4'
){{;;r 2' q et ~ --

--- f1 '~ 3t %{tI'>c

1 <;,f r;'tr

Max FF =

A =

FF = ~O HIGH------- ~?P:i~ _

'2-

~,. CI\(. --~. ? O. ~\ '5 ,n/ ~ ,
------------------------------- 141~~o

Required thick. = 0.052 in A =( 0.619) k~L, \q-- Cx"'L.
18 !J e;,-""''''Jf__________________________: ~~ ~.~_. l~;)' ~ . -~~

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

7. SERVICE LIFE:

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

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "B"
From Sta: 25+00 To Sta: 38+20

4. ALLOWABLE WALL STRESS:
======================~================================================ ~Yb

~:_: __ ~~~~~~_~=~_______________ Q~ 12- ~ ~I /1,91

~~~~~~~: ~ ~~ _~~~~~ ~es r .176"( ( )1- 1 tr; Jf\(6'fb = 25,560 psi ) ( ~~I
Load Fact, K = 0.86 1-1/2 x 1/4" <;'. CYl lt1-t \ I

Corrug. Prof. =2 -2/3 x 1/2" 2 x 1/2" ':( ~ ~ I 4-0/)00 -, ~~.--~ ;0-

D/rrni n = 422 . v2 - 2/3 x 1/2 II c' \,. ~~ib)
3 x 111 1-l
5 x 111
6 X 211

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



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

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WKl

(H-20 or H-25)
11 ft.

120 1b/ft"3
48 in

1
o psf

1320 psf

10+85

Live Loading =H-20
Ht. of fill, H =

fill unit wt, w =
Diameter =

Load Factor =
ll=
DL =

Pv = 1,320 psf

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

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

C = 2,640 lbs/ft of trench.

I's 1A' ~_ £ (: Z b+O lbs: Iit·
v

2. "Modern Sewer Design," America Iron & Steel Institute,
1990.

3. RING COMPRESSION:

2. DESIGN PRESSURE (DEAD &LIVE LOAD):

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

1. BACKFILL DENSITY:
===============================================1=======1~===============

Dens = 85% Compaction llA-~q;{ \(01 \1{~')t{J'1 ....)
-------------------------------

REFERENCES:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "F"
From Sta: 10+00 To Sta:

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



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

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

A =(

1-1/2 X 1/4"
2 x 1/2"

2-2/3 x 1/2"
3 x 1"
5 x 1"
6 x 2"

0.052 in~
18 ga v'

85 yrs (to first perforation)Life =

fb = 33,000 psi
Load Fact, K = 0.86

Corrug. Prof. =2-2/3 x 1/2"
D/rmin = 281

Required thick. =

A = 0.138 inA2/ft required

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg 1ife=

0/ U~ll~b

7. SERVICE LIFE:

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:
=======================================================~~==============

FF = 0.0512 OK Af p~ l4-~ ) -==----s\'2-....: ..- ~'_"_~--. . ~ t?
-----M;~-FF-:----O~06---------- =--- ei(l --- ~o ~ 10& >to. ~ o\~

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WKl

Line: "F"
From Sta: 10+00 To Sta: 10+85

4. ALLOWABLE WALL STRESS:
==============================================={========================

fc = 19, 186 psi P'r <:; 4<~ 07 " U t _ eft eo'O
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - \'1 P ~ S lJ150 .5'-"

Corrugat ion Profi 1es 1\') ~ ~ ~ -z;:"2tL".

'I
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I
I
I
I
I
I
I



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

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

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

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

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WK1

(H-20 or H-25)
4 ft.

120 1b/ft"3
48 in

1
400 psf
480 psf

13+34

85% Compaction

Live Loading =H-20
Ht. of fill, H =

fill unit wt, w =
Diameter =

Load Factor =
LL =
DL =

Pv = 880 psf

Dens =

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

C = 1,760 lbs/ft of trench.

2. DESIGN PRESSURE (DEAD &LIVE LOAD):

3. RING COMPRESSION:

1. BACKFILL DENSITY:

REFERENCES:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "L"
From Sta: 10+00 To Sta:

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



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

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

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

A =( 0.619)

Corrugation Profiles

1-1/2 x 1/4"
2 x 1/2"

2-2/3 x 1/2"
3 x 1"
5 x 1"
6 x 2"

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WKl

7.9
1000 ohm cm

8 gage
3.4
170 yrs (25% avg thickness reduction)

13+34

required
\

85 yrs (to first perforation)

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg life=

Life =

0.092 inA 2/ft

fb = 33,000 psi e--/
Load Fact, K = 0.86v/'

Corrug. Prof. =2-2/3 x 1/~' {/
D/rmi n = 281 [../'"

Required thick. = 0.052 in
= 18 ga

A =

Max FF = 0.06

FF = 0.0512 OK

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

7. SERVICE LIFE:

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "L"
From Sta: 10+00 To Sta:

4. ALLOWABLE WALL STRESS:

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



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

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

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

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

85% CompactionDens =

C = 4,185 lbs/ft of trench.

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 15.5 ft.

fill unit wt, w = 120 lb/ftA3
Diameter = 54 in

Load Factor = 1
LL = 0 psf
DL = 1860 psf

Pv = 1,860 psf

3. RING COMPRESSION:

2. DESIGN PRESSURE (DEAD &LIVE LOAD):

1. BACKFILL DENSITY:

REFERENCES:

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1

Line: "8"
From Sta: 10+00 To Sta: 22+00

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



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

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

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

========================================================================
16 ga

A =( 0.619)

New Th = 0.064 in
New FF = 0.0514

New Th =

1-1/2 x 1/4"
2 x 1/2"

2-2/3 x 1/2"
3 x 1"
5 x 1"
6 x 2"

Corrugation Profiles

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WK1

7.9
1000 ohm cm

8 gage
3.4
170 yrs (25% avg thickness reduction)

85 yrs (to first perforation)

0.06

Soil pH =

Min Res, R =
Selected tho =

ga Fact =
Avg life=

Life =

fb = 31,877 psi
Load Fact, K = 0.86

Corrug. Prof. =2-2/3 x 1/2"
D/rmin = 317

FF = 0.0648 TOO HIGH

Max FF =

Required thick. = 0.052 in
18 ga

A = 0.226 inA2/ft required

fc = 18,533 psi

7. SERVICE LIFE:

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "B"
From Sta: 10+00 To Sta: 22+00

4. ALLOWABLE WALL STRESS:

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



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

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

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

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

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WKl

85% CompactionDens =

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 15.5 ft.

fill unit wt, w = 120 lb/ftA3
Diameter = 54 in

Load Factor = 1
LL = 0 psf
DL = 1860 psf

Pv = 1,860 psf

C = 4,185 lbs/ft of trench.

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

3. RING COMPRESSION:

2. DESIGN PRESSURE (DEAD &LIVE LOAD):

1. BACKFILL DENSITY:

REFERENCES:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "B"
From Sta: 10+00 To Sta: 22+00

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



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

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

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

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

A =( 0.711)

1-1/2 x 1/4"
2 x 1/2"

2-2/3 x 1/2"
3 x 1"
5 x 1"
6 x 2"

Corrugation Profiles

7.9
1000 ohm cm

8 gage
3.4
170 yrs (25% avg thickness reduction)

33,000 psi
0.86
3 x 1"

15S

85 yrs (to first perforation)

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg life=

Life =

fb =
Load Fact, K =

Corrug. Prof. =
D/rmin =

Required thick. = 0.052 in
IS ga

A = 0.218 in A2/ft required

fc = 19,186 psi

Max FF = 0.06

FF = 0.0141 OK

7. SERVICE LIFE:

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WKl

Line: "B"
From Sta: 10+00 To Sta: 22+00

4. ALLOWABLE WALL STRESS:

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



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

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

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

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

(H-20 or H-25)
21 ft.

120 lb/ftA3
54 in
1
o psf

2520 psf

85% Compaction

Live Loading =H-20
Ht. of fill, H =

fill unit wt, w =
Diameter =

Load Factor =
LL =
DL =

Pv = 2,520 psf

Dens =

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

C = 5,670 lbs/ft of trench.

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

3. RING COMPRESSION:

2. DESIGN PRESSURE (DEAD & LIVE LOAD):

1. BACKFILL DENSITY:

REFERENCES:

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WKl

Line: "B"
From Sta: 22+00 To Sta: 25+00
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========================================================================

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

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

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

16 ga

A =( 0.619)

New Th = 0.064 in
New FF = 0.0514

New Th =

Corrugation Profiles

1-1/2 x 1/4"
2 x 1/2"

2-2/3 x 1/2"
3 x 1"
5 x 1"
6 x 2"

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WKl

7.9
1000 ohm cm

8 gage
3.4
170 yrs (25% avg thickness reduction)

25+00

85 yrs (to first perforation)

0.06

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg 1He=

Life =

fb = 31,877 psi
Load Fact, K = 0.86

Corrug. Prof. =2-2/3 x 1/2"
D/rmin = 317

Max FF =

FF = 0.0648 TOO HIGH

Required thick. = 0.052 in
= 18 ga

A = 0.306 in A2/ft required

fc = 18,533 psi

7. SERVICE LIFE:

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "B"
From Sta: 22+00 To Sta:

4. ALLOWABLE WALL STRESS:

I
I
I
I
I
I
I
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I
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========================================================================

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

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

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

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WK1

(H-20 or H-25)
21 ft.

120 1b/ft"3
54 in
1
o psf

2520 psf

85% Compaction

Live Loading =H-20
Ht. of fi 11, H =

fill unit wt, w =
Diameter =

Load Factor =
LL =
DL =

Pv = 2,520 psf

Dens =

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

C = 5,670 lbs/ft of trench.

2. DESIGN PRESSURE (DEAD & LIVE LOAD):

3. RING COMPRESSION:

1. BACKFILL DENSITY:

REFERENCES:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "B"
From Sta: 22+00 To Sta: 25+00

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



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

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

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

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

A =( 0.711)

1-1/2 X 1/4"
2 x 1/2"

2-2/3 x 1/2"
3 x I"
5 X I"
6 X 2"

Corrugation Profiles

7.9
1000 ohm cm

8 gage
3.4
170 yrs (25% avg thickness reduction)

33,000 psi
0.86
3 x I"

158

85 yrs (to first perforation)

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg 1He=

Life =

fb =

Load Fact, K =
Corrug. Prof. =

Dlrmin =

Required thick. = 0.052 in
= 18 ga

A = 0.296 in A2/ft required

FF = 0.0141 OK

fc = 19,186 psi

Max FF = 0.06

7. SERVICE LIFE:

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WKl

Line: "B"
From Sta: 22+00 To Sta: 25+00

4. ALLOWABLE WALL STRESS:

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



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

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

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

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

85% CompactionDens =

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 14.5 ft.

fill unit wt, w = 120 lb/ftA3
Diameter = 66 in

Load Factor = 1
LL = 0 psf
DL = 1740 psf

Pv = 1,740 psf

C = 4,785 lbs/ft of trench.

2. DESIGN PRESSURE (DEAD & LIVE LOAD):

REFERENCES:

3. RING COMPRESSION:

1. BACKFILL DENSITY:

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WKl

Line: "H"
From Sta: 22+38 To Sta: 23+08
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========================================================================

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

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

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

12 ga

A =( 0.619)

New Th =

New Th = 0.109 in
New FF = 0.0424

Corrugation Profiles

1-1/2 X 1/4 11

2 X 1/2 11

2-2/3 X 1/2 11

3 X 111
5 X 111

6 X 211

7.9
1000 ohm cm

8 gage
3.4
170 yrs (25% avg thickness reduction)

85 yrs (to first perforation)

0.06

Soil pH =

Min Res, R =
Selected tho =

ga Fact =
Avg life=

Life =

fb = 27,866 psi
Load Fact, K = 0.86

Corrug. Prof. =2-2/3 x 1/2"
D/rmin = 387

Max FF =

FF = 0.0968 TOO HIGH

Required thick. = 0.052 in
18 ga

A = 0.295 inA2/ft required

fc = 16,201 psi

7. SERVICE LIFE:

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WKl

Line: "H"
From Sta: 22+38 To Sta: 23+08

4. ALLOWABLE WALL STRESS:
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I
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I
I
I
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I
I
I



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

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

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

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

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WK1

85% CompactionDens =

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 14.5 ft.

fill unit wt, w = 120 lb/ftA3
Diameter = 66 in

Load Factor = 1
LL = 0 psf
DL = 1740 psf

Pv = 1,740 psf

C = 4,785 lbs/ft of trench.

1. "Handbook of Steel Drainage &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

3. RING COMPRESSION:

2. DESIGN PRESSURE (DEAD &LIVE LOAD):

1. BACKFILL DENSITY:

REFERENCES:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "H"
From Sta: 22+38 To Sta: 23+08

I
I
I
I
I
I
I
I
I
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I



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

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

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

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

A =( 0.711)

Corrugation Profiles

1-1/2 X 1/4"
2 x 1/2"

2-2/3 x 1/2"
3 x 1"
5 X 1"
6 X 2"

Job No: P79-086-016
Filename:C:\WORKSHT\CMPPIPE.WKl

7.9
1000 ohm cm

8 gage
3.4
170 yrs (25% avg thickness reduction)

33,000 psi
0.86
3 x 1"

194

85 yrs (to first perforation)

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg life=

Life =

fb =
Load Fact, K =

Corrug. Prof. =
D/rmin =

Required thick. = 0.052 in
= 18 ga

A = 0.249 in A2/ft required

fc = 19,186 psi

FF = 0.0211 OK

Max FF = 0.06

7. SERVICE LIFE:

6. HANDLING STIFFNESS:

5. WALL CROSS-SECTIONAL AREA:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "H"
From Sta: 22+38 To Sta: 23+08

4. ALLOWABLE WALL STRESS:
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========================================================================

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

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

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

Job No: P79-08G-OIG
Filename:C:\WORKSHT\CMPPIPE.WKI

(H-20 or H-25)
15 ft.

120 1b/ft"3
48 in

1
o psf

1800 psf

85% Compaction

Live Loading =H-20
Ht. of fill, H =

fill unit wt, w =
Diameter =

Load Factor =
LL =
DL =

Pv = 1,800 psf

Dens =

2. "Modern Sewer Design," America Iron &Steel Institute,
1990.

1. "Handbook of Steel Drai~age &Highway Construction
Products," American Iron &Steel Institute, Third Edition,
1983.

C = 3,GOO lbs/ft of trench.

3. RING COMPRESSION:

2. DESIGN PRESSURE (DEAD & LIVE LOAD):

1. BACKFILL DENSITY:

REFERENCES:

CORRUGATED METAL PIPE:
Min. Gage Calculations

Line: "H"
From Sta: 23+13 To Sta:24+85.34
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========================================================================

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

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

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

A =( 0.619)

1-1/2 X 1/4"
2 x 1/2"

2-2/3 x 1/2"
3 x 1"
5 X 1"
6 X 2"

Corrugation Profiles

7.9
1000 ohm cm

8 gage
3.4
170 yrs (25% avg thickness reduction)

85 yrs (to first perforation)

Soil pH =
Min Res, R =

Selected tho =
ga Fact =
Avg 1ife=

Life =

fb = 33,000 psi
Load Fact, K = 0.86

Corrug. Prof. =2-2/3 x 1/2"
D/rmin = 281

Required thick. = 0.052 in
18 ga

A = 0.188 inA2/ft required

FF = 0.0512 OK

fc = 19,186 psi

Max FF = 0.06

7. SERVICE LIFE:

5. WALL CROSS-SECTIONAL AREA:

6. HANDLING STIFFNESS:

CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WKl

Line: "H"
From Sta: 23+13 To Sta:24+85.34

4. ALLOWABLE WALL STRESS:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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CIVIL
Mobilization &Demobilization L.S. 1 $100,000 $100,000.00

201 Clearing &Grubbing L.S. 1 $30,000.00 $30,000.00
350 Removal of Exist. Improvements L.S. 1 $3,000.00 $3,000.00
618 18" Storm Drain Pipe L.F. 1978 $22.00 $43,516.00
618 48" Storm Drain Pipe L.F. 923 $48.00 $44,304.00
618 54" Storm Drain Pipe L.F. 3000 $55.00 $165,000.00
618 66" Storm Drain Pipe L.F. 210 $70.00 $14,700.00
618 72" Storm Drain Pipe L.F. 1320 $80.00 $105,600.00
618 72" x 113" Storm Drain Pipe L.F. 237 $175.00 $41,475.00
618 66" x 48" Storm Drain Reducer L.F. 15 S170.00 S2,550.00
505 Catch Basin (Type N) Ea. 8 $1,400.00 $11,200.00
625 48" M.H. (MAG 520 & 522) Ea. 1 $2,200.00 $2,200.00
625 Manhole Ea. 2 $1,900.00 $3,800.00
505 Concrete (Class A) C.Y. 492 $200.00 $98,400.00
505 Reinforcing Steel Lbs. 24648 $0.50 $12,324.00
340 Sidewalk S.F. 20112 $1.25 $25,140.00
310 Untreated Aggregate Base C.Y. 48 $35.00 $1,680.00
206 Excavation C.Y. 666021 $1.20 $799,225.20
206 Surplus Material C.Y. 665788 $0.75 $499,341.00
206 Backfill C.Y. 233 $4.00 $932.00

Grasscrete S.Y. 210 $45.00 $9,450.00
618 Trash Rack Ea. 1 $4,000.00 $4,000.00

Pipe Support Ea. 3 $100.00 $300.00
630 6" Tapping Sleeve &Valve Ea. 1 $1,300.00 $1,300.00
610 6" ACP &Fittings L.F. 691 518.00 $12,438.00
610 6" DIP &Fittings L.F. 84 $22.00 $1,848.00
610 12" DIP & Fittings L.F. 104 $42.00 $4,368.00
630 6" Valve, Box &Cover Ea. 2 $1,100.00 $2,200.00
630 12" Valve, Box &Cover Ea. 2 52,300.00 $4,600.00

Pavement Replacement S.F. 75 $2.50 $187.50
625 48" Manhole (P-1430) Ea. 3 $2,200.00 $6,600.00
615 8" Sewer Pipe L.F. 56.5 $43.00 $2,429.50
615 Drop Sewer Connection Ea. 1 $510.00 $510.00
615 Manhole Plug Ea. ~ 1 $100.00 $100.00
401 Detours & Traffic Control cr:s..~~ 1 $10,000.00 $10,000.00
401 Traff. Cont. - Unif. Officer ~ 120 $40.00 $4,800.00

Rip-Rap C.Y. 15 $45.00 $675.00
Pre-fab Grating S.F. 1702 $5.50 $9,361.00
Structural Steel Lbs 5798 $1.00 $5,798.00

BASIN 3a/3b PRELIMINARY CONSTRUCTION COST ESTIMATE PAGE 1

Amount

$2,085,352

$335.00 $12,730.00
$669.00 $20,070.00

Unit
Price

Sub-total

38
30

Ea.
Ea.

Unit Qty.Item Description

OOWRY

Item
No.

LANDSCAPE
Salvaged Tree - 36" Box
Salvaged Tree - 48" Box

I
I ll-Sep-91
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I
11-sep-91 BASIN 3a/3b PRELIMINARY CONSTRUCTION COST ESTIMATE PAGE 2

l Item
No.

Item Description Unit Qty. Unit
Price

Amount

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

I Salvaged Tree - 54" Box Ea. 25 $950.00 $23,750.00
Salvaged Tree - 60" Box Ea. 9 $1,140.00 $10,260.00
Salvaged Tree - 66" Box Ea. 2 $1,330.00 $2,660.00

I
Salvaged Tree - 72" Box Ea. 2 $1,520.00 $3,040.00
Salvaged Tree - 96" Box Ea. 2 $2,229.00 $4,458.00
24" Box Trees (New) Ea. 301 $225.00 $67,725.00
5 Gal. Shrubs Ea. 1260 $17.50 $22,050.00

I 1 Gal. Shrubs Ea. 848 $7.50 $6,360.00
Turf S.F. 881571 $0.10 $88,157.10
Concrete Header (6" x 8") L.F. 6108 $5.50 $33,594.00

I Concrete Curb (8" x 24") L.F. 468 $9.00 $4,212.00
Decomposed Granite Type "A" S.F. 486283 $0.22 $106,982.26
Decomposed Granite Type "B" S.F. 58208 $0.22 $12,805.76

I
Stabilized Granite S.F. 36189 $0.70 $25,332.30
Sand (12" depth) Ton 443 $10.00 $4,430.00
River Rock S.F. 2775 $3.00 $8,325.00
Concrete Tire Stops Ea. 98 $20.00 $1,960.00

I ------------
Sub-total $458,901

IRRIGATION

I
1401 Bubbler (0.25 gpm) Ea. 2094 $12.00 $25,128.00
1404 Bubbler (1.00 gpm) Ea. 499 $15.00 $7,485.00
1408 Bubbler (2.00 gpm) Ea. 116 $15.00 $1,740.00
640 Series Rotary Sprinkler Ea. 429 $80.00 $34,320.00

I S700C Series Rotary Sprinkler Ea. 36 $70.00 $2,520.00
570C Series Pop-up Sprinkler Ea. 25 $18.00 $450.00
EFB-CP-l" (Turf) Valve Ea. 1 $160.00 $160.00

I EFB-CP-I-1/2" (Turf) Valve Ea. 19 $180.00 $3,420.00
EFB-CP-2" (Turf) Valve Ea. 86 $200.00 $17 ,200.00
EFB-CP-PRS 1" Valve Bubbler Ea. 44 $170.00 $7,480.00

I
EFB-CP-PRS 1-1/2" Valve Bubble Ea. 16 $190.00 $3,040.00
EFB-CP-PRS 2" Valve Bubbler Ea. 2 $210.00 $420.00
MIR-5000F Controller Ea. 4 $5,000.00 $20,000.00
3/4" Quick Coupler Valve Ea. 33 $70.00 $2,310.00

I 3" Cast Iron Gate Valve Ea. 22 $300.00 $6,600.00
825Y-Series 2" Backflow Preven Ea. 6 $700.00 $4,200.00
HYDROVISOR Moisture Sensor Ea. 4 $200.00 $800.00

I 3" Class 200 PVC Pipe L.F. 8660 $3.00 $25,980.00
2" Class 200 PVC Pipe L.F. 4600 $1. 75 $8,050.00
1-1/2" Class 200 PVC Pipe L.F. 4080 $1.50 $6,120.00

I
1-1/4" Class 200 PVC Pipe L. F. 9400 $1.30 $12,220.00
1" Class 200 PVC Pipe L. F. 15640 $1.10 $17 ,204.00
3/4" Class 200 PVC Pipe L. F. 8620 $1.00 $8,620.00
1/2" Class 315 PVC Pipe L. F. 21060 $0.90 $18,954.00

I 8" Sch 40 PVC Pipe - Sleeve L. F. 80 $10.00 $800.00
6" Sch 40 PVC Pipe - Sleeve L. F. 100 $8.00 $800.00

I NB
WRY

I
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11-Sep-91 BASIN 3a/3b PRELIMINARY CONSTRUCTION COST ESTIMATE PAGE 3

I Item Item Description Unit Qty. Unit Amount
No. Price

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

I #14 Common Wire (White) L. F. 13400 $0.18 $2,412.00
#14 Common Wire (Red) L. F. 166100 $0.18 $29,898.00
2" Turbine Water Meter Ea. 6 $2,000.00 $12,000.00

I
------------

Sub-tota1 $280,331
ELECTRICAL/LIGHTING

20' Cemtec Pole Ea. 35 $600.00 $21,000.00

I 100 Watt Sodium Fixture Ea. 35 $200.00 $7,000.00
225A - 120/240V Control Cabine Ea. 1 $2,750.00 $2,750.00
400A - 277/480V Control Cabine Ea. 1 $3,500.00 $3,500.00

I
#2 Type XHHW Wire L. F. 5520 $1.13 $6.237.60
#4 Type XHHW Wire L.F. 1440 $0.85 $1,224.00
#6 Type XHHW Wire L. F. 4060 $0.64 $2,598.40

I
#8 Type XHHW Wire L. F. 4260 $0.56 $2.385.60
#12 Type XHHW Wire L.F. 940 $0.37 $347.80
#2 Bare Copper Bond L. F. 2760 $0.66 $1 ,821.60
#4 Bare Copper Bond L. F. 720 0.47 $338.40

I #6 Bare Copper Bond L.F. 2030 0.32 $649.60
#8 Bare Copper Bond L. F. 2130 0.26 $553.80
#12 Bare Copper Bond L.F. 470 0.19 $89.30

I
1-1/4" PVC Conduit L. F. 3480 2.73 $9,500.40
1" PVC Conduit L. F. 4160 2.62 $10,899.20
3/4" PVC Conduit L. F. 470 2.47 $1,160.90

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

I Sub-total $72,057
PAVING

Catch Basin - Type M Ea. 3 $2,000.00 $6,000.00

I Catch Basin - Type M-1 Ea. 2 $2,500.00 $5,000.00
Catch Basin - Type N Ea. 1 $2,000.00 $2,000.00
Drainage Scupper Ea. 1 $400.00 $400.00

I
18" RCP Connector Pipe L. F. 396 $25.00 $9,900.00
Remove &Salvage Exist. Trees Ea. 18 $500.00 $9,000.00
Construct Drainage Swale L.F. 255 $5.00 $1,275.00
2" water service Ea. 5 $750.00 $3,750.00

I Asphalt Cone. Pvmt D 1/2 Mix Tons 1340 $25.00 $33,500.00
Asphalt Cone. Pvmt A 1-1/2 Mix Tons 2919 $25.00 $72,975.00
Concrete Sidewalk S.F. 41913 $1.25 $52,391.25

I
Relocate Exist. Block Wall L.S. 1 $3,000.00 $3,000.00
Remove Exist. Signs Ea. 6 $15.00 $90.00
Remove Exist. Wire Fence L. F. 1314 $2.00 $2,628.00

I
Remove Exist. Curb &Gutter L. F. 904 $1.00 $904.00
Remove Extst. Pavement S.Y. 165 $1.00 $165.00
Remove Exist. Sidewalk S.Y. 411 $1.00 $411.00
Roll Curb, MAG 220 Type "C" L.F. 49 $8.00 $392.00

I Survey Monument Ea. 15 $250.00 $3,750.00
Relocate Traffic Sign Ea. 3 $75.00 $225.00

I NB$o
i WRY

I
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BASIN 3a/3b PRELIMINARY CONSTRUCTION COST ESTIMATE

Vert. Curb &Gutter
Adjust M.H. Frame &Cover
Adjust Water Valve Box
Driveway Entrance

Item
No.

PAGE 4

AmountUnit
Price

L.F. 6173 $8.00 $49,384.00
Ea. 4 $500.00 $2,000.00
Ea. 4 $75.00 $300.00
S.F. 1842 $2.60 $4,789.20

------------
Sub-total $264,229

Total $3,160,871
15% Contingency $474,131

============
GRAND TOTAL $3,635,001

Unit Qty.Item Description

I
Ill-sep-91
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THOMAS-HARTIG & ASSOCIATES, INC.
GEOTECHNICAL, MATERIALS TESTING, AND ENVIRONMENTAL CONSULTANTS
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REPORT FOR
GEOTECHNICAL ENGINEERING SERVICES

DETENTION BASINS 3A & 3B
CITY OF PHOENIX NO. ST-896829

24TH STREET AND GROVERS AVENUE
PHOENIX, ARIZONA

Submitted To:

NBS/Lowry Engineers & Planners
2600 North 44th Street

Phoenix, Arizona

Project No. 91-0524

11 April 1991



THOMAS-HARTIG & ASSOCIATES, INC.

Dale V. Bedenkop, P.E.
John C. Patton
Kenneth D. Walsh, P.E.
~Iill Ob~1I

TOM W. THOMAS, P.E.• HARRY E. HARTIG, P.E.
Geotechnical, Materials Testing, and Environmental Consultants

7031 West Oakland Street • Chandler, Arizona 85226

Frank M. Guerra, P.E.
Steven A. Haire, P.E.
Kenneth L. Ricker, P.E.
Judith A. McBee

James R. Morrow
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I NBS/Lowry Engineers & Planners
2600 North 44th Street
Phoenix, Arizona 85008-1599

11 April 1991

Attention: Brian J. Fry

I

Project: Detention Basins 3A & 3B
City of Phoenix No. ST-896829
24th Street and Grovers Avenue
Phoenix, Arizona

Project No. 91-0524

In accordance with your authorization, geotechnical engineering services were

performed for the proposed storm water detention basin facilities. The detention

basins will include approximately 37 acres divided into two areas and will range

from about 15 to 20 feet below existing grade with a low point at Elevation 1417 'Q-l-V.~ t

feet. Inlet and outlet structures, a low flow outlet, and a storm drain will be included~ ~- \1((
The basin will be landscaped for recreational use when empty, and paved parking

lots may be added in the future.

Site Description; The site is vacant, undeveloped desert terrain divided into two

interconnected areas, designed to allow stormwater flow from northeast to

southwest. The upper or northeastern basin is bounded by Grovers Avenue on the

south, Cave Creek Road on the east, and by an irregular northern boundary of

John Cabot, 22nd Place, and Libby Street. A small panhandle extends along the

Libby Street cul-de-sac toward 21 st Street. The lower or southwestern basin is a

roughly rectangular area bounded on the north by Grovers Avenue, on the east by

22nd Street, on the west by 20th Street, and by a line approximately 600 feet south

of Grovers Avenue on the south.

The surface topography is slightly irregular and slopes down to the southeast with

an overall elevation differential of about 20 feet across the site. At the time of test

drilling, surface vegetation consisted of sparse to moderate desert flora including

Chandler: Phone (602) 961-1169, Fax (602) 940-0952 • Phoenix Phone (602) 437-5450



low grass and weeds, bushes, and small trees. Construction debris and fill dirt had

been dumped in some areas, particularly in the lower basin area. The site is

surrounded by residential developments including a mobile home park,

apartments, and horse properties.

Investigation: Subsurface conditions at the basin were evaluated by drilling six test

borings advanced with a CME-55 drill rig using 7-inch diameter, hollow-stem

augers. During the field exploration, soils encountered were visually classified,

and representative soil samples were obtained at selected depths. The boring logs

are attached and test locations are shown on the site plan, also attached.

2
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Expansion potential
of excavated soils
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determination to correlate
engineeri ng properties

Horticultural evaluation

Sample(s)

Undisturbed (3)

Compacted sub­
surface soil (2)

Representative
surface soil (2)

Undisturbed (8)
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The results of the dry density and moisture content tests are presented on the

graphical boring logs, and other test results are tabulated on the attached data

sheets. The agronomy test results and recommendations are also appe,nded.

Representative samples obtained during the test drilling were

following laboratory analyses:

Soil Conditions: As shown on the attached graphical boring logs, the soil profiles

at test boring locations vary somewhat. At all test borings but Test Boring 2, surface

soils consisted of sandy silty clay with low plasticity and stiff consistency. These

soils were underlain at depths of 4 to 8 feet at all locations except Test Boring 3 by

a clayey sand deposit of dense to very dense consistency with granitic sand

particles. This materials was encountered at the surface at Test Boring 2. Below

I

I
I
I
I
I
I
I
II



the surface clay at Test Boring 3, the underlying soils below about 8 feet deep

consisted of a silty sand of dense to very dense consistency. This material was

coarser grained, with fine to medium gravel particles. Many of the coarse particles

were vesicular basalt in various stages of weathering. The silty sand was also

encountered below the clayey sand at a depth of about 22 fee t Test Boring 4.

Soils were described as slightly damp to damp, and no groundwater was

encountered in the test borings during drilling.

Foundations: Spread or mat foundations based at or below the bottom elevation of

the detention basins appear suitable for supporting the various outlet/inlet and

culvert structures. However, temporary inundation is likely and could induce some

post-construction differential settlements as well as temporarily reduce the bearing

capacity of supporting soils. Therefore, structures should be designed to

accommodate some differential foundation movements.

The following tabulation presents foundation bearing design recommendations for

footings and/or structure base slabs at selected depths. These values have been

developed for buoyant conditions. The bearing materials should be either natural

undisturbed soils or fill materials compacted as recommended in Parts II and III of

this report. However, support of shallow footings on backfills of an adjoining buried

structure is not recommended. Recommendations for other foundation conditions

are possible and will be considered upon request.

Footing depth refers to the depth of the base of the footing below finish grade which

is defined as structure floor level or basin bottom for interior footings or mats, and

the lowest adjacent grade (either floor level or outside grade) within 5 feet for

perimeter or exterior footings. All footing excavations should be observed by a

representative of the geotechnical engineer to evaluate bearing conditions. If

disturbed soils or other unsuitable bearing conditions are observed, the bearin"g

level should be either stepped down to penetrate these undesirable materials or

I
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Footing
~
Mat
Mat

Wall or Col.
Wall or Col.

Footing
Depth
0.5'
1.5'
1.5'
2.5'

Allowable Foundation
Bearing Pressure

2000 psf
2500 psf
1500 psf
2000 psf

PROJECT NO. 91-0524

Maximum
Foundation Load
Walls Columns

3 kif 20 kips
5 kif 40 kips

3
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the undesirable materials should be removed and be replaced with lean concrete

or other materials as directed.

Lateral DesiQn Parameters: The following tabulation presents recommendations

for lateral stability analyses assuming compacted granular backfill. The values do

not include compaction forces.

Estimated foundation settlements for estimated structural loading conditions are on

the order of 1/4 to 3/8 inch provided foundation bearing soils remain at normal

moisture conditions. Additional post-construction differential foundation

movements of comparable or slightly greater magnitude could be experienced if

the natural bearing soils become wet after construction.

The recommended bearing pressures should be considered allowable maximums

for dead plus design live loads, and may be increased by one-third when

considering total loads including wind or seismic forces. The weight of the

foundation concrete below subgrade may be neglected in dead load computations.

Two (2.0) feet and 1.33 feet are recommended as the minimum width of isolated

column and continuous footings, respectively, and mats should have a minimum

dimension Of~ At locations of grade change between adjoining structures,

footings in the higher area should be positioned so that a surface projected

downward at 45 degrees from the lower edge of the footing passes below the

adjoining walls, foundations, backfills, etc., at the lower level.

4PROJECT NO. 91-0524

1Foundation Toe Pressures 1.33 X allowable
2Lateral Backfill Pressures:

Above Water Level:
Unrestrained walls 35 psf/ft.
Rigid, permanently braced walls 50 psflft.

Below Water Level:
Unrestrained walls 80 psflft.
Rigid, permanently braced walls 92 psf/ft.

3Lateral Passive Pressures:
Above Water Level: t/

Continuous walls/footings 250 psflft.~
Isolated columns/footings 350 psflft.

Below Water Level:
Continuous walls/footings 125 psflft. -/
Isolated column/footings 180 psf/ft. V

I
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I
Coefficient of Base Friction:

Independent of passive resistance 0.40 1/
In conjunction with passive resistance 0.30 V

1Increase in allowable foundation bearing pressure (previously
tabulated) for foundation toe pressures due to eccentric or lateral
loading. The entire footing bearing surface should remain in
compression.

2Equivalent fluid pressures for vertical walls and horizontal backfill
surfaces (maximum 12-foot height). Pressures do not include
temporary forces imposed during compaction of the backfill,
swelling pressures developed by over-compacted clayey backfill,
hydrostatic pressures from inundation of backfill, or surcharge
loads. Walls should be suitabl braced durin backfillin to revent
damage and excessive deflection.

3Allowable values for confining soils below the base level of the
detention basin, or on slopes for forces perpendicularly away from
the basin.

On-Site Pavements: Parking areas to service public recreation facilities in the

proposed basins may be added in the future. The following recommendations are

provided for potential use in these parking areas. Site grading should be

accomplished within pavement areas as recommended later in this report to

Structural Backfills: Backfill behind structure walls should be compacted to density

criteria presented later in this report. If backfills are not compacted as

recommended, subsidence may result in areas adjoining backfilled subsurface

walls or over utilities. Even properly compacted deep backfills may tend to settle

differentially relative to subsurface walls and should not be used for support of

adjoining facilities or utilities prone to damage from differential settlements.

Saturatio~ of backfill and development of hydrostatic pressures is possible in

below-grade areas due to infiltration of retained water through backfills. Backfills

should consist of granular soils which exhibit low expansive potentials, although

we recommend a cia e soil blanket at exterior, exposed backfill surfaces to

impede water infiltration. Backfill compaction should be accomplished by

mechanical methods. Water jetting or flooding of loose, dumped backfills must be

prohibited in all structure backfills and in utility trench backfills within 10 feet of the

structu res.

5PROJECT NO. 91-0524
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I
provide subgrade support for flexible pavements. A compacted subgrade of on-site

soils or soils with comparable supporting properties is assumed.

Concrete Slab/Mat Foundation Support: Site grading should be accomplished

within facility areas as recommended later in this report to provide subgrade

support for concrete slabs-on-grade. A minimum 4 inch thickness of well raded

sand and gravel (ABC) is recommended beneath all unreinforced, interior slabs-at­

grade. In our opinion, base course is not required beneath . forced concrete mat

foundations on natural subgrades at in situ moisture content. Disturbed soils

should be removed and either compacted to specified densities or be replaced

prior to placement of base course.

Excavation Conditions: The test drilling and field sampling at the site were

performed for design purposes. It is not possible to accurately correlate auger

drilling results with the ease or difficulty of digging for various types and sizes of

excavation equipment. We present the following general comments regarding

excavateability for the designers' information with the understanding that they are

approximations based only on test boring data. More accurate information

regarding excavateability should be evaluated by contractors or other interested

parties from test excavations using the intended equipment.

These pavement sections are considered minimal sections, but they are expected

to function with some periodic maintenance or overlays where subgrades are

compacted and drainage is provided and maintained. If the subgrade soils

experience a significant increase in moisture content, accelerated pavement

deterioration and increased maintenance costs should be anticipated. ~

course or pavement materials should not be placed when the subgrade surface is

wet. Good surface drainage should be provided away from the edges of _ aved

areas to minimize lateral moisture transmission into the subgrade. The bituminous

surfacing should be sealed after an initial summer of use of after weathering is

apparent to minimize water infiltration directly through the pavement section.

I
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Traffic
Classification

Automobile Parking

Asphalt Concrete
SurfacinQ

2.0"

PROJECT NO. 91-0524

Granular
Base Course

7.0"
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Soils encountered in our test borings were 0 -cemented to ~.b1lY- cemented, and

can probably be removed with conventional excavatin equipment. The soils

primarily contained cohesive fines, although silty fines were encountered at Test

Borings 3 and 4. Stability problems ranging from slo e ravelin to caving may

occur in excavations which encounter random non-cohesive sand and gravel

lenses or layers. All excavations should be braced or slo ed as required to

provide ersonnel safet and satisfy local safety code regulations.

Permanent Slopes; Low cut or fill slopes in site soils (height less than about 20

feet) which do not support or adjoin structures, roads, or other facilities should be

no stee er than 2:1 (H:V.). The stability of so es with greater b.e.i.Qht or which are

used for structural su ort must be analyzed on a 'ndividual basis. Subgrade

preparation and fill compaction for fill slopes should be performed as

recommended in "Fill Materials" and "Site Grading". Fills should be constructed

beyond the design slope surface and trimmed to final configuration. Erosion

Rrotection will be re uired for both cut and fill slo es.

In bituminous paved areas, the moisture content of the sub rade and fill should be

maintained at 2 percent below optimum or lower during site grading to reduce the

potential for pumping. If moisture contents are hi her than this during construction,

pumping may occur and cause early Qavement failure. Special precautions should

be taken to prevent disturbance, equipment mobility problems, and loss of shear

strength in the subgrade. These precautions may include spreading and drying to

wet ils, removal and replacement of wet soils, construction of temporary _ravel

roads at channelized traffic areas, and/or use of Ilgh er com action equipment.

7PROJECT NO. 91-0524

Site Soil Workability: In building areas, the moisture content of existing site soils

should be maintained between Q. i um and 0 timum Ius 3 ercent (ASTM 0698)

during and subsequent to site grading to reduce expansive potentials. At these

conditions, some um in ma be ex erienced under d namic loading if the

compaction is done by very heavy equipment (i.e., loaded scrapers, water-pulls,

etc.). We would not consider some pumping detrimental in areas below

foundations or floor slabs (i.e. static loading conditions) provided specified

densities are obtained. Lighter compaction equipment and/or drying of wet soils

may be used to reduce pumping if this condition becomes severe.
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Percolation Rates: Based on our experience in this area and the soil types,

percolation rates are likely to be moderate to slow. Predicted percolation rates are

on the order of 25 to 35 minutes per inch for bottom area seepage. Compaction or

silting of basin surfaces from introduction of turbid water could significantly reduce

seepage rates.

Fill Materials: All fill materials should be inorganic soils free of vegetation, debris,

organic contaminants and fragments larger than +6 inches in size. Clayey site

soils exhibit low to moderate expansion potentials when compacted. These soils

may be used in embankment fills, and in fills below structures and concrete slabs;

however, in areas below structures and concrete slabs these soi Is should be

compacted at or above optimum moisture content as recommended in "Site

Grading". These soils are not recommended for use in retaining wall backfill.

Rather, granular soils meeting the requirements tabulated below are

recommended.

Any imported fill or backfill materials for use within structure, concrete slab areas,

and as retaining wall backfill should conform with the following specification

requirements:

Maximum particle size 6 inches*
M . . 1 5**aXlmum percent expansion .
Maximum percent passing 200 sieve 25***
M · I'" d 5***aXlmum p astlclty In ex .

*Maximum size may be reduced at engineer's direction to
satisfy trenching and landscaping requirements, etc.

**Performed on sample remolded to 95 percent of the
maximum ASTM 0698 density and 2 percent below
optimum moisture under a 100 psf surcharge pressure.

***Materials for structural wall backfill.

Site Grading: The following recommendations are presented for site grading within

structure, concrete slab, and pavement areas. These recommended site grading

procedures are intended to provide support for structural elements and pavement

sections constructed on-grade. Therefore, all phases of earthwork should be

performed under observation and testing directed by the geotechnical engineer.

I
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1. Remove ve etation and QIganic contaminants, subsurface remnants of any

former facilities, all surface fills, any backfills, and any unstable soils

(loose, disturbed, etc.) from structure and Qavement areas. Observe the

cleared surface before and during subsequent scarification for evidences

of debris-laden i, disturbance, or loose zones requiring additional

removal.

2. Widen any resulting depressions as necessary to accommodate compac­

tion equipment and provide a level base for placing fill.

Com action of cleaned exgosed soil and each lift of bac fi , subbase fill,

and base course materials should be accomplished to the following

density criteria:

Scarify. moisture coodition a~d com act ex osed surface soils to a

minimum a-inch de th in areas beneath structures, c=o,-,-,n=c,-"re,-,-""--",-,-,,,..-....., and

Ravements.

Place backfill or fill materials required to elevate site areas to specified

subbase grade. fill materials should be Rlaced and com acted in

horizontal lifts of thicknesses compatible with the com action equipment

used.

Cleaned Exposed Soil, Backfill, and Subbase Fill:
Below foundation level:

Less than 5 feet deep 951.min.v

More than 5 feet deep 1OO'lmin ../
Below concrete slabs above foundation level:

On-site soils 90f.min."'"
Imported soils 95fmin.,/

Below asphalt paving 951·miw
*Miscellaneous Backfill 901-rnin.J

9

Percent
Compaction
(ASTM 0698)Material

PROJECT NO. 91-0524

Base Course:
Below concrete slabs 951.min.lf

Below asphalt paving 1OO~min. J

4.

5.

3.I
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·Utility trench and exterior fill or backfill not intended for utility line,
floor slab, foundation or pavement support.

Compaction of exposed site soils or fills of site soils within structure and

concrete slab areas should be performed with soils uniformly mixed at a

moisture content between optimum and optimum plus 3 percent.

Compaction of imported fill soils with low expansive potentials should be

accomplished at optimum content ±3 percent in areas beneath structures

and exterior concrete slabs. Compaction of subgrade soil and fill material

below asphaltic pavement should be accomplished at a moisture content 2

percent below optimum, or lower.

Natural undisturbed soils or compacted soils subsequently disturbed or removed

by construction operations should be replaced with materials compacted as

specified above.

Please call if you have any questions or if we may be of further service.

Respectfully submitted,

THOMAS-HARTIG & ASSOCIATES, INC.

/dkl-s
Copies to:

PROJECT NO. 91-0524 10



FIELD AND LABORATORY TEST RESULTS
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LEGEND

SOIL CLASSIFICATION

I COARSE-GRAINED SOIL
More 'han 'it1'!, larger than 200 Sieve Size

FINE-GRAINED SOIL
~"ore than :U'o smaller than 200 sieve size

LEGEND FOR GRAPHICAL BORING LOGS:

I
I
I
I
I

SYMBOL LETTER

':.":.':.':. ':.', G'/i
:.:~ :.:~ :.:~:.:~ :.:~:.

•••••••••• GM.....
GC....., .

.................... SW..............-,.

~ SC

DESCRIPTION

WELL.<JRAOED GRAVELS OR GRAVEL·SANO
MIXTURES. LESS THAN 5',· lI200 FINES

POQRLY.<JRADED GRAVELS OR GRAVEL·SANO
MIXTURES. LESS THAN $', • lI200 FINES

SILTY GRAVELS. GRAvEL·SAND-SILT
MIXTURES. MORE THAN 12", • lI200 FINES

CLAYEY GRAVELS. GRAVEL·SAND-CLAY
MIXTURES. MORE THAN 12", • lI200 FINES

WELL.<JRAOED SANDS OR GRAVELLY SANDS.
LESS THAN "", • lI200 FINES

POQRLY.<JRADED SANDS OR GRAVELLY SANDS.
LESS THAN ~" • lI200 FINES

SILTY SANDS. SAND-SILT MIXTURES
MORE THAN 120'0 • .r2Cf) FINES

CLAYEY SANDS. SANQ.CLAY MIXTURES
MORE THAN 12", • lI200 FINES

MAJOR DIVISIONS

GRAVELS

More lnaR naif at
coarse tractlon IS
larger Inan No.4
SIeve size

SANDS

More Ihan halt of
coarse traction IS
smaller than No 4
sIeve size

SYMBOL LEnER

1111' III1 ML

~ CL

: 1 fl'

I f I I I Ol
1'1 I I

MH

~ CH

OH

PT

DESCRIPTION

iNORGANIC SILTS. ROCK FLOUR. ANO
FINE SANOY OR CLAYEY SILTS OF LOW
TO MEOIUM PLASTICITY

;NORGANIC CLAYS GRAVELLY CLAYS
SANOY CLAYS. SILTY CLAYS AND LEAN
CLAYS OF LOW TO MEDIUM PLASTICITY

ORGANIC SILTS AND ORGANIC SILT.cLAY
MIXTURES OF LOW TO MEDIUM PLASTICITY

INORGANIC SILTS. MICACEOUS OR
JIATOMACEOUS. ANO FINE SANDY OR
CLAYEY SILTS OF HIGH PLASTICITY

INORGANIC CLAYS. FAT CLAYS. AND SILTY
CLAYS OF HIGH PLASTICITY

ORGANIC CLAYS AND ORGANIC SILTS OF
MEDIUM TO HIGH PLASTICITY

PEAT AND OTHER HIGHLY ORGANIC SOOLS

MAJOR OIVISIONS

SILTS AND CLAYS

LIQUid limit
less than 50

SILTS AND CLAYS

LIQuid limn
greater tnan 50

I
I
I
I
I
I
I
I
I
I
I

Log denotes visual approximation unless accompanied by mechanical analysis and Atterberg limits.

In situ density/ 102pcf 96.2" -Surface Elevation

In situ moisture content 12%~6 . ..9 -........ Continuous PenetratIon ReSIstance,
Penetration Resistance,~ 12 2.0" 0.0. Bullnose.
2.42" 1.0. ring sampler 42

Standard Penetration Resistance (ASTM 01586), -- 75 53 Total depth of auger penetration
2.0" 0.0. split spoon sampler ~ RFS"/ . .

Soil classification symbol 4/17/86- Date bOring drilled

PENETRATION RESISTANCE: Blows per foot using 140 lb. hammer with 3D" free-fall unless otherwise noted.

GRAIN SIZES
U.S. STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS

200 40 10 4 3/4" 3" 12"

SILTS & CLAYS SAND GRAVEL
DISTINGUISHED ON
BASIS OF PLASTICITY

FINE I MEDIUM I COARSE FINE I COARSE
COBBLES BOULDERS

MOISTURE CONDITION (INCREASING MOISTURE -..)
DRY SLIGHTLY DAMP DAMP MOIST VERY MOIST WET (SATURATED)

(Plastic Limit) (Liquid Limit)

CONSISTENCY CORRELATION RELATIVE DENSITY CORRELATION
CLAYS & SILTS BLOWS/FaaI' SANDS & GRAVELS BLOWS/FaaI'

VERY SOFT 0-2 VERY LOOSE 0-4
SOFT 2-4 LOOSE 4-10
FIRM 4-8 MEDIUM DENSE 10-30
STIFF 8-16 DENSE 30-50

VERY STIFF 16-32
VERY DENSE OVER 50

HARD OVER 32

"Number of blows of 140 lb. hammer falling 30" to drive a 2" 0.0. (1-3/8" 1.0.) split-spoon sampler (ASTM 01586).

Project No. 91-0524

THOMAS-HARTIG & ASSOCIATES. INC.
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LEGEND OF SOIL TYPES

SANDY SILTY CLAY (CL-ML); light brown to brown; stiff; with fine to medium
subrounded to subangular sand; low plasticity; damp.

CLAYEY SAND (SC); light brown to reddish brown; dense to very dense; fine
to coarse subrounded to subangular granitic sands; medium plasticity fines;
stratified with traces to some fine to medium gravel; damp.

SILTY SAND (SM; SP; SP-SM); light brown to reddish brown; stiff; with fine to
medium subrounded to subangular sand; low plasticity; damp.

No free groundw,ater was encountered In any of the
borings during drilling.

All borings drilled with 7" diameter hollow stem
auger unless otherwise noted.

I NOTE: The data presented on the boring logs represents subsurface conditions only atlhe specific locations and at the time designated. This data may not represent cono,tlons at
o:h9r locations and'or times. Contacts betwaan soil strata are approximate and changes betwaan soil types may be gradual ralher than abrupt This boring data was complied
primarily for design purposes and should not be construed as part of the plans governing construction or defining construction tachniques. Bidders are fully responsible for

in:eroretations or conclusions they draw from the boring log.

I ProJect No. 91-0524
Thomas-Hartig & Associates
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I

Elevation

I
I 1445

I 1440

I
I

1435

I 1430

I
1425

I
I 1420

I
1415

I
I 1410

I
I

GRAPHICAL BORING LOGS

2
1448'

111 pef
12%

113 pef """"'-"':::'="--J

4%

Stratified with gravel.

Stratified with gravel.

NR

NR
'.:'.: 34'

3-29-91

No free groundwater was encountered In any of the borings during drilling.

I
I
I

All borings drilled with 7" diameter hollow stem auger unless otherwise noted.

NOTE: The data presented on the boring logs represents subsurface conditions only at the specific locations and at the time designated. This data may not represent conditions at
other locations andlor times. Contacts between soil strata are approximate and chenges between soil types may be graduel rather than abrupt This boring data was compiled
prlnnarily for design purposes and should not be construed as part of the plans governing construction or defining construction techniques. Bidders are fully responsible for

interpretations or conclusions they draw from the boring log.

Project No. 91-0524
Thomas-Hartig & Associates



GRAPHICAL BORING LOGS

I
I Elevation

.'
"

29'

3-29-91

4
1438'

50/7"
.'

---~

104 pef
9%

113 pef
3%

Stratified with gravel.

" ,

.' .

~'. 34'

3-29-91

..... ~

3
1444'

~
~

~
~
~., .... 8'

.< 105 ".

._---i" .

NR < 50/7" ~::::

'Sample too disturbed to determine density,

Stratified with gravel.

No free groundwater was encountered in any of the borings during drilling.

1435

1440

1430

I
I

I 1425

I
1420

I
I 1415

I
1410

I
I 1405

I
I

Project No. 91-0524
Thomas-Hartig & Associates

I
All borings drilled with T' diameter hollow stem auger unless otherwise noted.

NOTE: The dala presentlld on the boring logs represents subsurface conditions only at the specific locations and at the tima designated. This data may not represent conditions at
other locations and/or times. Contects betwoon soil strate are approximate and changes betwoon soil types may be gradual rather than abrupt. This boring data was compiled
primarily for design purposes and should not be construed as part of the plans governing construction or defining construction techniques. Bidders are fully responsible forI interpretations or conclusions they draw from the boring log.



GRAPHICAL BORING LOGS

Stratified with gravel.

6
1434'

3-29-91

'-Not recorded.

108 pcf
5%

~vi 126 pet

~1' 2%

8'

5
1434'

99 pcf
4%

101 pcf
9%

I
I

Elevation

I
I 1435

I 1430

I
I

1425

I 1420

I
1415

I
I 1410

I
1405

I
I 1400

I
I No free groundwater was encountered In any of the borings during drilling.

I
I

All borings drilled with T' diameter hollow stem auger unless otherwise noted.

NOTE: The data presented on the boring logs represents subsurface conditions only at the specific locations and at the time designated. This data may not represent conditions at
other locations and'or times. Contacts between soil strata are approximate and changes between soil types may be gradual rather than abrupt. This boring data was compiled
primartly for design purposes and should not be construed as part of the plans governing construction or defining construction tachniques. Bidders are fully responsible for

interpretations or conclusions they draw from the boring log.

Project No. 91-0524
Thomas-Hartig & Associates



I
REPORT ON GRADATION AND PLASTICITY INDEX

ISAMPLE: Date: 4-4-91

/- RESULTS (
I jJ Sieve Size- Ac¢umulative % Passing .

Sample LL PI 200 100 50 30 16 8/ 4 3/4" 1" 2" 3" Class.

I
1; 0 - l' 25 7 55 63 70 76 84 94 99 100 CL-ML

\j

1: 4 - 5' 53 29 16 17 19 25 38 56 83 100 SC

I
I
I
I
I
I
I
I
I

I Source: Noted Below

Type: Driven Ring Samples

I
Material: Subsurface Soil

. Sampled By: THlThompson

TESTED: Sieve Analysis and Plasticity Index

I ~b'11

I
I
I

Project No. 91-0524
Thomas-HartIg & AssocIates, Inc.

•Unified Soil Classification



REPORT ON REMOLDED EXPANSION TEST

TESTED: Percent expansion upon soaking of remolded sample compacted to
approximately 95% of the maximum ASTM 0698 dry density at approximately 2% less
than optimum moisture content.

TEST RESULTS

Dry Initial Surcharge Expansion
Density Moisture Pressure Upon Soaking

Sample fQQfl (Percent) U&fl (Percent)

3; 0 - 8' 115 9 100 0.65
3; 18 - 26' 118 7 100 1.90

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
il
I

SAMPLE:

Source: Noted Below

Type: Bulk Sample

Material: Subsurface Soil

Sampled By: THffhompson

Project No. 91-0524

Thomas-Hartig & Associates, Inc.

Date: 4-5-91



4

2

6

8

10000

Date: 4-4-91

1000

Pressure - pst

Project No. 91-0524

Thomas-Hartig & Associates, Inc.

REPORT ON COMPRESSION TESTS

Source: Test Boring 4; 24' - 25'
Type: Driven Ring Sample; 113 pet Dry Density; 3% Field Moisture
Material: Silty Sand (SM)
Sampled by: THffhompson

TESTED: Compression; test sample soaked at 2770 pst

SAMPLE:

..,
I
j

<). -.~
..... -'<'\

100

o

18

14

20

16

I
I
I
I
I
I
I
1
I

c

1 ~
~ 10

1"112
E

1 8

I
1
I
I
I
I
I



<;

-?
I
I

0.-
...... ...

"-

1'0

TESTED: Compression; test sample soaked at 2770 pst

SAMPLE:

Source: Test Boring 5; 19' - 20'
Type: Driven Ring Sample; 99 pct Dry Density; 4% Field Moisture
Material: Clayey Sand (SC)
Sampled by: THfThompson

I
I
I
I
I
I 0

I 2

I 4

I 6

C 8

I
Q)

~
Q)
a..
c 10

I
0
";n
Ul

~ 12a.
E

I
0
()

14

I 16

I 18

I
20

I
I
I

:1,

100

REPORT ON COMPRESSION TESTS

1000

Pressure - pst

Project No. 91-0524

Thomas-Hartig & Associates, Inc.

Date: 4-4-91

10000



SAMPLE: Date: 4-4-91

Source: Test Boring 6; 9' - 10'
Type: Driven Ring Sample; 126 pet Dry Density; 2% Field Moisture
Material: Clayey Sand (SC)
Sampled by: THffhompson

TESTED: Compression; test sample soaked at 2770 pst

v
V
y- -- -- -,..

I
I
I
I
I
I 0

I 2

I 4

I
6

C 8

I
Q)

2
Q)
a..
c 10

I
0

"iii
(J)
Q)..... 120-
E

I
0
()

14

I 16

I 18

I
20

I
I
I
I

100

REPORT ON COMPRESSION TESTS

1000

Pressure - psf

Project No. 91-0524

Thomas-Hartig & Associates, Inc.

10000
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Laboratory Consultants, Ltd.

RECEiVED 'f\9~1~ I

I
;'!! 0 In ii:-:; - Ha. r i : S (L \"' s (, C U.l '- e' S

-; n:3 I ,;, !' :.:; t r:, a h I ,oj 11 d ·S L r /~ t" t

('!i(}ndipf', \rl,'ona '~5221)

I
" '~ l~ •

: ~:i_ b 0 [" a 1. t.) r ~ ='I : -' .J - :-, -; '1 ;­

~ 4 ! -~! S- :) 7 ; C1

I
I
I
I

:')(lSC'tl ('If) L~lC ('!1("lust--.d repnr-r.s Ilf ;1nai:,·:':'lS. t.h(~ ~··H l: l
\·( .. i ...; ~-:i''':-'

ilormal ['or thls ilrp:·l. bIll. hig'h "n()u~'il i,) :'lCf",,', :·'I:':').·;ti
(l\'iil i<dlll i I.y t.o piant.s, T\) i::'hr'r 'n il more :i/~Slj'::bi\' :',:)n~,:,

a p p i y 20 p () U n d S S u 1 ru r !l f? riO() 0 s qua !'t' i e e 1. pre!J i :l n t.

TIH'orporaLI' iJnd ',,·at.I'-!· in t.horoughly,

Tht-: sa.llniLy ;/.\'('\:.... are loh' t.o medium and not. damal£ing!.o turf ur
ol'narr.pnta Is,

;'lw t·':cil(1n~t·abit·' '.;odium :~erc("ntages arc hithln :,:;) ;-\\'('f'ptablr'
ran1l.' Inell/'atlng t.hat. h'aler permeabllit.y problt~ms and/or follar
!)Ilrr~ ,!up tn ,'\'ress sodium hi 1] not occur.

T!It-' l'lr~'anic matL,"r l.~onl.p.nt ;;1' 111C5e Sails 1<-: i"", ,.) ;i:1iiU<:\1

iJ(·~ds/p I ani.r:r·s. app i ~,' 20 ':Jb: l :. :\rlls :,,'1' ; iJOG "",~~:l"" ..... , . I' ;-'l>;t-ii

o;ta.bll~/.:I:"d or~anlc' matt'rlal :,) :.flC s::rI'act' anti !rl<:orpO!'al'- Into
t.h~ Lop i2 inches nf :':;011. ii~l1t.;ur'face mul,;h (1/·-l-:/2 inch
deep) \, iIi :.;u f f i "I' ;01' ] il\\ll :ll'eas. T"llPse app 1 i ca t ions :.l re iii) t
lllalld,~t(H'Y. l,ut ',iii incrl'<.lse hater ant! l1utri!'nT ":oldin~ "ap:-i,;iL::
and ; mpn)\'f' ·.;n 11 ."' i. rile t urt'.

. !:

T" .0

I l.1

I
I
I
I
I
I
I

.:: l h r' : \t.l 1. r 1 (. il i. s : (., s l. f.. Ii, nit. r n g' '~n, ! ' t1l):'; P i I 0 I' \J S. ;:. 11 d ':';: , . \''- I' ,

found to be dellf'lent. fo corr."ct apply:2 pounds nli;'()~'/'n, 'J

:i pounds phosphorus and 1/2 pound ,: In,' (as su I ";:t1 ',' \ :" ..'r' : .:(~(i

square rppt prt"'plant. Incor;)oraL,: and ha!:pr '£1 ~!lt:ll'('ll~'hl~',

in(l!;ll:·~i:l f'it.I··J"';'·:~11 ;:_\i_\I:~. :'~1~'::" '.2 ;\·'\::~I:S ~:·t:·!" 1'~,'\~': :"~~;:~i"':"' 1;--":

.r\jn{·~ Le t-. rt~t-~S and ~~!l["ub~. ~t) ~jnnL1~~ t;; ~"i.n{i ::;~r-(_"\un(: ('n\ ~·~~s ~ t:;":'ii~f'

ihan lijf'f), :JPP!~ j i,) ./'i. !),:,ullds :,'r inOD .<;tw.r',·' ,'·:·,·i '>\l":'~'

i.n \) hl·'ei.,s dUI'lliS il1t' a"I:\'" ~[["\1\\'ln\1 :",t~ason. TI) :,11'!1 ;Irl'as.
:Jllpl:' plJund !"~r lOOO squar'\J ;',"P.t Olh'e p\::r mO[li.:l (!~lI'I;I~' 1:1P.

a(~l.l\(' :";r·(.l\\'lt:~s/'as()n. ',\;1[,(-'[" i:l appiicatL)l1s if) ;[lc,·rp(~ratt~.

P!IosplllJrus (:all he Sill it h·Il.h Ili trt)g't?1l a.ppl i('al.l,.:n:",
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5861 South Kyrene. Suite 15 Tempe. Arizona 85283 Telephone (602) 491·9655
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Laboratory ConsultanIs~ .Ltd.
5861 South Kvrene, Suite 15 T8mpe, Arizona 85283

Telephone (602) 491·9655

:;uBMITTED BY

o.,ODRESS:

I GROWER:

: !..AB NO.:

THOMAS-HARTIG

91-524
91 HS371Z17

'tJ'>. A !

ORNAMENTAL

SIDEDRESS

DATE RECEIVED

~ : ..
FERTILIZATION PLAN,

IbsiA

ibs;A

ORGANIC NITROGEN

lATE' NITROGEN

Depth. In.

o - 36
;.:;rn '." "..

7 76

TOPDRESS

STARTER

:JS/A

'oS:A

FERTIGATION ;os,A

ILABLE NITROGEN 112 N 3 * :t:s/A TOTAL Ibs/A

AVAILABLE

PISPHORUS
B!'lAY P1. ppm .".

BICARBONATE P, ppm 18 M

Ibs/A

2 * :hs:A

BROADCAST

271 VH I2l * IbsfA

FATE· SULFUR, ppm 0 36 10
s

o * Ibs/A

! %SILT

, . STARTER ,'. '

Ibs/A

:?y'

o *

per 1000 sq.** = OZS.

MgO

Zn 4
'!:-s,'A

**
Cu 0 **

'~s:A

Fe 1ZI **
IbsfA

Mn lZl **
IbsfA

B 0 ** :bs/A

Ag· Lime TonsfA
(60% effectiv.ness)

Gypsum
(100'" bo,.,)

937 VH

264 M

392 H

0.5 L

121.7 H

19.2 H

'11 • 121 H

0.5 L

per 1000 sq. ft.Ibs.

ILABLE COPPER. ppm

ILABLE ZINC, ppm

ILABLE MANGANESE, ppm

GYPSUM REQUIREMENT

HANGEABLE. CALCIUM, ppm

E REQUIREMENT

~OIL TEXTURE

AVAILABLE BORON, ppm

"XCHANGEABLE MAGNESIUM, ppm

I * =

I "VAILABLE IRON. ppm

?LEASE NOTE SPECIAL COMMENTS ON BACK



:v3MITTC::: 3(' THOMAS-HARTIG
~DDRESS:I

I
I

@
'Laboratorv Consultants.. .~td.

"
~361 Soutn K'Irene, Suite 15 Tempe. Arizona 65283

Teleonone 1'302) 491·9655

, ::';ROWER:

,-/,8 NO.:
91-524
91AS3708

__Il..-- --,- ~_~O_I_L_'_':_C_R_T_I_L_I_T_Y_R_E_P_0_~_R_T ~-------

I
SAMPLE

MARKING

13
I

@ 16-18'

I CROP

I
I YIELD GOAL

ORNAMENTAL

o N/A

'DATE RECEIVED

DATE REPORTED

4/1/91

4/4/91

JRGANIC NITROGEN

lATE' NITROGEN
.::IuOth. In.

o - 24

0.3

4 29

I

ISIOEDRESS

i TOPDRESS

i
i STARTER
I

0.65 VLI
EXCHANGEABLE

SODIUM
PERCENTAGE

;oslA

,e':.: ;...

.~S/ A

1.7

I'LABLE NITROGEN

AVAILABLE IBRAY P1, ppm ...
PISPHORUS IBICARBONATE P, ppm

EXCHANGEABLE POTASSIUM, ppm

I OePtn••~
FATE - SULFUR, ppm 0 - 24

60

2 VL

319 VH

7

N

s

i
i FERTIGATION
I
i
i 4 *

5 *

o *

IbsfA

.. ;;, A

TOTAL

,;,:.S,;:'"

leSfA

BROADCAST

11-- ---''-- l_*__'_o_Si_A_

EXCHANGEABLE MAGNESIUM, ppm

:lHANGEABLE CALCIUM, ppm

EXCHANGEABLE SODIUM, ppm

MgO o * ',wA

; . : . ,'. STARTER"· . . ".". .:iILABLE ZINC. ppm

:fILABLE COPPER, ppm

..... VAILABLE IRON, ppm

ILABLE :\lANGANESE, ppm

~VAILABLE BORON, ppm

IE REQUIREMENT

GYPSUM REQUIREMENT

....OIL TEXTURE

I
i 0.5 L

Ii 0.8 H
I

118• 2 H

I,10.9 H
1

1. 4 H

Zn 4 ** ... ;.

Cu 0 ** ... ;.

Fe 0 ** ,t;s .. A

Mn 0 ** :.,$ ""

B 0 ** :,'S' ~

I Ag· Lime i
70115. A

t (60% ortt"Ct,veno",1

i
Gypsum I i ;ons: ""

(100% batls)

;"SAND I I %SILT
I

: "bCLAY I

* = lbs. per 1000 sq.
.-:.:' '...:,'.t ,-. '. ,,:.~

ft. ** = OZS. per 1000 sq. ft i/. (

\ .

!Jl_E!~SE ~JOTE SPECIAL CC:I;lMENTS 0;-": SACK
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I Laboratorv ConsultanIS~

,;

T . ."

,LIO.

:;UBMITT=:D c',: THOMAS-HARTIG
~DDRESS:

L...AB NO.:I
5861 Soutn J<vrene. Suite 15 Tempe. Arizona 85283

-:-eleohone 1'302) 491-9655
SROWER:

91-524
____--'-~9.;1-'-'AS3JJZ.w19~ _

4/4/91
EXCHANGEABLE

SODIUM
6 r.. r..

", " FERJ:ILlZATION PLA~;"~ ," " '(. . _. ."'. ,"

DATE RECEIVED

'DATE REPORTED
N/A

eLECTRICAL i
,CONDUCTIVITYI
! mmhos/cm i

o

YES

ORNAMENTAL

FREE
LIME

, ,SUGG~~ ,
., RECOMMEND'ATlON$t "

, CROP

I
! YIELD GOAL@ 15-18'

SAMPLEI MARKING

SOIL r=ERTILlTY REPORT11------'-1----..,----­
1
5

3ATURATIONj
" ENTAGE

JANie MATTER, %

0RGANIC NITROGEN

lATE - NITROGEN

Deptn. in.

o - 36

0.4

4 43

lbs/A

",:A

IlABlE NITROGEN 106 TOTAL ItlsiA

AVAILABLE
PHOSPHORUS

I
BRAY P1, ppm

BICARBONATE P, ppm
!

2 VL

BROADCAST

EXCHANGEABLE POTASSIUM, ppm 195 H
Deoth. In.

o - 36 43
s

4
"c'A

**

0 **
.. $'A

0 ** ios/A

l2l ** ,DSiA

0 **
'!')s,' A

70rlS/A

Ton./A

IHANGEABLE MAGNESIUM, ppm

, IHANGEABLE CALCIUM, ppm

EXCHANGEABLE SODIUM, ppm

IlABlE ZINC. ppm

IlABlE COPPER, ppm

_ ILABlE IRON, ppm

ILABLE MANGANESE. ppm

AVAilABLE BORON, ppm

REQUIREMENT

GYPSUM REQUIREMENT

1983 VH

1
1979 M

474 H

i 0.2 L

0.4 H

9. 1 H

5.l2l H

1.2 H

MgO

Zn

Cu

Fe

Mn

B

I Ag- Lime
'60% effectlveneSSI

Gypsum

(1 00% b,UIS~

l2l *

l2l *

Itls/A

IbsiA

TEXTURE '.SAND ! ';(, SILT : %CLAY

* = Ibs. per 112100 sq.
--,.: "'". . ",.

ft. ** = ozs. per 1000 sq.
:""t. t J."~ I

"')U:,~SE NOTE SPECIAL COMMENTS ON SAC:<



;U3MITTEiJ SY;: THOMAS-HART I G
'~DDRESS:I

1
1

Laboratorv ConsultanIs. Ltd.
'"

S861 South Kvrene, Suite 15 Tempe, Arizona 85283

Telephone I-J02) 491-9655
: GROWER:

i..AS NO.:
91-524
91AS3710

Ibs/A

,;)s/A

!~s/A

::JsiA

%CLAY

4/1/91

%SILT

TOTAL

DATE REPORTED

>::.. : '.:.. '.' STARTER~· .. , .': :'<":.". '::~
-.. ·'1

,DATE RECEIVED

. BROADCAST

o N/A

ORNAMENTAL
I
i YIELD GOAL
I

i CROP
I

0.8
I :";:.'T' I '~a A SIDEDRESS

1311
TOPDRESS

;'i A- I

8 86 STARTER

FERTIGATION

217 N 0.5 *' D~iA

Ibs/A

1 VL
P20S

5I *' ::s,A

243 VH K20 0 *'
:bSJA
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EXCHANGEABLE SODIUM, ppm

.... VAI LAB LE IRON, ppm

IILA8LE NITROGEN

:)RGANIC NITROGEN

IRATE' NITROGEN

11-----'----......,-----­
",XCHANGEABLE MAGNESIUM, ppm

*' = Ibs. per 1000 sq. ft.
:4",' ;..::. .. ....:;.... \~·~Cll:'."'" :;_" "". \,~~Y Hlljh

*'*' = ozs. per 1000 sq.
3'1':

PLEASE NOTE SPECIAL CO:\1MEi'lTS ON BACl<


