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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 1is 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
detention basin #3A & 3B. Major project elements include park master
planning for the wultimate 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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Design Criteria

A. Basin Grading

Sideslopes 4:1 Granite areas
5:1 Turf areas

Walking grades 12:1 max. (8.3%)

Equest. grades 6d 21 max . {(15%)

Bottom slope 1 percent min.
B. Pipes
Manning’s n 0.013 (Concrete)
Min. Velocity 5 fps (desirable)
2 fps (Absolute)
Diameter 18 inch min.

C. Basin 3B outfall

Peak Qutlet Discharge

Desired 462 cfs
Allowed 522 cfs
Attained 500 cfs

The basin outfall discharges into a proposed 120 inch stormdrain in
20th Street.

D. Storage
Freeboard 0.5 ft. min.

Drain Time 36 hrs. max.



LOWRY

NBS



DETENTION BASIN NO. & DESIGN

Basin 3A — Outlet Rating Curve
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Culvert from A to B Analysis:

I
*Rxkk [INLET CONTROL *****  -co-c-ew- Reach 1 -----=wcweconmnan | --------- Reach 2 ---------- *xx%k QUTLET CONTROL ****%x [
No. Bbls= 3 K = 0.0078 |No. Bbls= 3 n = 0.013 No. Bbls= 3 n = 0.013 US Inv. = 1423.00 |
Shape =circ, concrete M= 2 |Shape =Circ. Concrete Shape =Circ. Concrete DS Inv. = 1416.00 |
Hgt/Diam= 4 ft. C= 0.0292 |Hgt/Diam= 5.5 ft. Kb = 0 Hgt/Diam= 4 ft. Kb = 0 L*So = 7.00 ]
Slope = 0.0224 ft/ft Y = 0.74 |Length = 72 ft Length = 174 ft. Ke = 0.2
Q inc = 15 cfs Area = 12.57 | [1+Kb+(29n"2L/Rh~1.33)1=  1.231033 [Ke+Kb+(29n*2L/Rh"1.33)1=  1.052774 |
|Area =  23.75829 Area =  12.56637 | Control | Control
Q Q@/bbl Q/AD".5 He(ft.) HWi/D | asbbt K1 (ft.) Dc(ft) Ho(ft) Q/bbt  H2 (ft.) HWo/D |Hl (ft.) HW/D Q | |
--------------------------------------------- ] B ] o]
0.00 0.00 0.000 0 0.00 | 0.00 0 2.75 0 0.00 -1.06 | 0.00 0.000 0 [Inlet |
15.00 5.00 0.199 0.87 0.21 | 5 0.00 0.6 3.05 5 0.00 -0.99 | 0.00 0.207 15 |Inlet |
30.00 10.00 0.398 1.25 0.30 | 10 0.00 0.85 3.18 10 0.01 -0.95 | 0.01 0.303 30 |Inlet |
45.00 15.00 0.597 1.54 0.38 | 15 0.01 1.04 3.27 15 0.02 -0.92 | 0.03 0.377 45 |Inlet |
60.00 20.00 0.796 1.79 0.44 | 20 0.01 1.21 3.36 20 0.04 -0.90 | 0.05 0.441 60 |Inlet i
75.00 25.00 0.995 2.02 0.50 | 25 0.02 1.35 3.43 25 0.06 -0.87 | 0.09 0.502 75 |intet |
90.00 30.00 1.194 2.23 0.56 | 30 0.03 1.48 3.49 30 0.09 -0.85 | 0.12  0.557 90 |Inlet |
105.00 35.00 1.393 2.43 0.61 | 35 0.04 1.61 3.56 35 0.13 -0.82 | 0.17 0.611 105 |Inlet |
120.00 40.00 1.592 2.62 0.66 | 40 0.05 1.72 3.61 40 0.17 -0.79 | 0.22 - 0.664 120 {Inlet ]
135.00 45.00 1.790 2.8 0.71 | 45 0.07 1.83 3.67 45 0.21 -0.76 | 0.28 0.714 135 |Inlet |
150.00 50.00 1.989 2.97 0.76 | 50 0.08 1.93 3.72 50 0.26 -0.74 | 0.34 0.762 150 |intet |
165.00 55.00 2.188 3.14 0.81 | 55 0.10 2.03 3.77 55 0.31 -0.70 | 0.42 0.811 165 {Inlet |
180.00 60.00 2.387 3.3 0.86 | 60 0.12 2.12 3.81 60 0.37 -0.67 | 0.49 0.858 180 |Inlet |
195.00 65.00 2.586 3.46 0.91 | 65 0.14 2.21 3.86 65 0.44 ~0.64 | 0.58 0.906 195 |Inlet |
210.00 70.00 2.785 3.61 0.95 | 70 0.17 2.3 3.90 70 0.51 -0.61 | 0.67 0.952 210 |Inlet |
225.00 75.00 2.984 3.77 1.00 | 75 0.19 2.38 3.94 75 0.58 -0.57 | 0.77 1.001 225. |inlet ]
240.00 80.00 3.183 3.92 1.05 | 80 0.22 2.46 3.98 80 0.66 -0.54 | 0.88 1.048 240 Jinlet |
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 |Inlet |
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 |Inlet |
285.00 95.00 3.780 4.37 1.15 | 95 0.3 2.7 4.10 95 0.93 -0.42 | 1.24 1.146 285 |inlet |
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 |Inlet |
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 |inlet ]
330.00 110.00 4.377 0 1.29 | 110 0.41 2.91 4. 21 110 1.25 -0.28 | 1.66 1.288 330 jInlet |
345.00 115.00 4.576 ] 1.34 | 115 0.45 2.98 4.24 115 1.37 -0.26 | 1.82 1.340 345 |lInlet |
360.00 120.00 4.775 0 1.39 | 120 0.49 3.05 4.28 120 1.49 -0.19 | 1.98 1.394 360 ]Inlet |
375.00 125.00 4.974 0 1.45 | 125 0.53 3.1 4.31 125 1.62 -0.14 | 2.15 1.451 375 |Inlet |
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 |Inlet |
405,00 135.00 5.371 ] 1.57 | 135 0.62 3.24 4.37 135 1.89 -0.03 | 2.50 1.571 405 jInlet |
420.000 140.00 5.570 0 1.63 | 140 0.66 3.3 4.40 140 2.03 0.02 | 2.69 1.635 420 |Inlet |
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Culvert from A to B Analysis:

*kkkk [NLET CONTROL *dx**x ~c-cewwo- Reach 1 --------=~cscccnnn |=-=mmm--- Reach 2 =--~---==- *kkkk OUTLET CONTROL Wx*x* :
No. Bbls= 3 K = 0.0078 |No. Bbls= 3 n = 0.013 No. Bbls= 3 n = 0.013 US Inv. = 1423.00 |
Shape =circ, concrete M= 2 |shape =Circ. Concrete Shape =Circ. Concrete DS Inv. = 1416.00 |
Hgt/Diam= 4 ft. C= 0.0292 |Hgt/Diam= 5.5 ft. Kb = 0 Hgt/Diam= 4 ft. Kb = 0 L*So = 7.00 i
Slope = 0.0224 ft/ft Y = 0.74 |Length = 72 ft Length = 174 ft. Ke = 0.2 ]
Q inc = 15 cfs Area = 12.57 | [1+Kb+(29n"2L/Rh"1.33)1=  1.231033 (Ke+Kb+(29n"2L/Rh*1.33)1=  1.052774 |
|Area =  23.75829 Area =  12.56637 | Control | Control
Q Q/bbl Q/AD*.5 Hc(ft.) HWi/D | asbbl H1 (ft.) Dc(ft) Ho(ft) Q/bbl  H2 (ft.) HWo/D |HL (ft.) KW/D Q | ]
--------------------------------------------- T Bl Mty
435.00 145.00 5.769 0 1.70 | 145 0.71% 3.36 4.43 145 2.18 0.08 | 2.89 1.701 435 |inlet
450.00 150.00 5.968 0 1.77 | 150 0.76 3.42 4.46 150 2.33 0.14 | 3.09 1.769 450 jIntet
465.00 155.00 6.167 0 1.84 | 155 0.81 3.48 4.49 155 2.49 0.20 | 3.30 1.839 465 |Intet
480,00 160.00 6.366 0 1.91 | 160 0.87 3.54 4.52 160 2.65 0.26 | 3.52 1.912 480 |Inlet
495.00 165.00 6.565 0 1.99 | 165 0.92 3.59 4.55 165 2.82 0.32 | 3.74 1.987 495 |Inlet
510.00 170.00 6.764 0 2.06 | 170 0.98 3.65 4.58 170 2.99 0.39 | 3.97 2.065 510 |inlet
525.00 175.00 6.963 0 2.4 | 175 1.04 3.7 4.60 175 3.17 0.45. | 4.21 2.145 525 {inlet |
540.00 180.00  7.162 0 2.23 | 180 1.10  3.76  4.63 180 3.35 0.52 |  4.45  2.227 540 |Inlet |
555.00 185.00 7.361 0 2.31 | 185 1.16 3.81 4.66 185 3.54 0.59 | 4.70 2.311 555 |Inlet
570.00 190.00 7.560 0 2.40 | 190 1.22 3.86 4.68 190 3.74 0.66 | 4,96 2.398 570 }inlet
585.00 195.00 7.759 0 2.49 | 195 1.29 3.91 4.7 195 3.94 0.73 | 5.22 2.487 585 |Inlet
600.00 200.00 7.958 0 2.58 | 200 1.35 3.96 4.73 200 4.14 0.81 | 5.50 2.578 600 |Inlet
615.00 205.00 8.157 0 2.67 | 205 1.42 4.01 6.76 205 4.35 0.88 | 5.77 2.672 615 |inlet
630.00 210.00 8.356 0 2.77 | 210 1.49 4.06 4.78 210 4.57 0.96 | 6.06 2.767 630 |Inlet |
645.00 215.00 8.555 0 2.87 | 215 1.57 4.1 4.81 215 4.79 1.04 | 6.35 2.866 645 |Inlet
660.00 220.00 8.754 0 2.97 | 220 1.64 4.16 4.83 220 5.01 1.12 | 6.65 2.966 660 }Inlet
675.00 225.00 8.952 0 3.07 | 225 1.7 4.16 4.83 225 5.24 1.20 | 6.96 3.069 675 |inlet
690.00 230.00 9.151 0 3.17 | 230 1.79 4.25 4.88 230 5.48 1.29 | 7.27 3.174 690 |Inlet
705.00 235.00 9.350 0 3.28 | 235 1.87 4.29 4.90 235 5.72 1.37 | 7.59 3.282 705 |Inlet
720.00 240.00 9.549 0 3.39 | 240 1.95 4.33 4.92 240 5.96 1.46 | 7.7 3.392 720 |Inlet |
735.00 245.00 9.748 0 3.50 | 245 2.03 4.37 4.94 245 6.21 1.55 | 8.25 3.504 735 |Inlet |
750.00 250.00 9.947 0 3.62 | 250 2.12 4,41 4.96 250 6.47 1.64 | 8.59 3.618 750 |Inlet |
765.00 255.00 10.146 0 3.73 | 255 2.20 4.45 4.98 255 6.73 1.73 | 8.93 3.735 765 ]inlet
780.00 260.00 10.345 0 3.85 | 260 2.29 4.49 5.00 260 7.00 1.82 | 9.29 3.854 780 }Intet
795.00 265.00 10.544 0 3.98 | 265 2.38 4.53 5.02 265 7.27 1.92 | 9.65 3.975 795 jintet |
810.00 270.00 10.743 0 4.10 | 270 2.47 4.57 5.04 270 7.55 2.01 | 10,02 4.099 810 |Inlet |
825.00 275.00 10.942 0 4.22 | 275 2.56 4.57 5.04 275 7.83 2.11 | 10.39 4,225 825 |Inlet |
840.00 280.00 11.141 0 4.35 280 2.66 4.64 5.07 280 8.12 2.21 | 10.77 4.353 840 [Inlet
840.00 280.00 11.141 1.7 5 280 2.66 4.64 5.07 280 8.12 2.21 | 10.77  5.000 840 |Inlet |



DETENTION BASIN NO. 3 DESIGN
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Low Flow Pipe Analysis:

I
**Ak%x INLET CONTROL ***** J===------ Reach 1 -------=--ccc-vu- j--------- Reach 2 ---<-=v=-- kkkhk OUTLET CONTROL **%** ]
No. Bbls= 1 K = 0.061 |No. Bbls= 2 n= 0.013 No. Bbls= 1 n= 0.013 US Inv, = 1420.93 |
Shape =Rect. Box M= 0.75 |Shape =Circ. Concrete shape =Circ. Concrete DS Inv. = 1411.50
Hgt/Diam= 4 ft. C= 0.04 |Hgt/Diam= 4.5 ft. Kb = 0.14 Hgt/Diam= 6 ft. Xb = 0.16 L*So = 9.43 |
Width = 10 ft. Y = 0.8 |Length = 1500 ft Length = 1320 ft. Ke = 0.2 ]
Slope = 0.2 ft/ft | L1+Kb+(29n"2L/Rh"1.33)1=  7.425547 [Ke+Kb+(29n*2L/Rh"1.33)]1= = 4.132743
Q inc = 10 cfs Area = 40.00 |Area =  15.90431 Area =  28.27433 | Control | control |
Q Q/bbt Q/AD*.5 Dc(ft.) Hc(ft.) BWi/p | Qsbbl H1 (ft.) Dc(ft) Ho(ft) Q/bbl  H2 (ft.) HWo/d  [HL (ft.) HW/D Q | |
------------------------------------------------------ ] ] ]
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 0 |inlet
10.00 10.00 0.125 0.315 0.47 0.03 | 5 0.01 0.63 2.57 10 0.01 1.7 0.02 0.031 10 |Intet
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 [Inlet
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 |Inlet
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 [Intet J.
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 }Intlet
60.00 60.00 0.750 1.040 1.56 0.34 | 30 0.41 1.57 3.04 60 0.29 -142 1 0.70 0.338 60 |Intet ]
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 |inlet |
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 |Intet
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 |Inlet
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 |Inlet |
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 |inlet
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 |Inlet
130.00 130.00 1.625 1.762 2.61 0.64 | 65 1.93 2.35 3.43 130 1.36 -0.68 | 3.28 0.639 130 |Inlet
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 ]inlet
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 |inlet |
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 |Inlet
170.00 170.00 2.125 2.083 3.12 0.79 | 85 3.29 2.Nn 3.61 170 2.32 -0.05 | 5.61 0.787 170 |Intet
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 |intet |
190.00 190.00 2.375 2.243 3.36 0.86 | 95 4.1 2.87 3.69 190 2.90 0.32 | 7.01 0.856 190 |Intet |
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 [intet |
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 [Intet 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 |[Inlet
230.00 230.00 2.875 2.548 3.81 0.99 | 115 6.03 3.16 3.83 230 4.25 117 | 10.27 1.169 230 |outlet
240.00 240.00 3.000 2.621 3.92 1.02 | 120 6.56 3.23 3.87 240 4.62 141 | 11.19 1.406 240 Joutlet |
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 |outlet
260.00 260.00 3.250 2.765 4.14 1.08 | 130 7.70 3.36 3.93 260 5.43 191 | 13.13 1.908 260 |outlet
270.00 270.00 3.375 2.835 4.24 1.11 | 135 8.31 3.42 3.96 270 5.85 217 |  14.16 2.172 270 |Outtet |
280.00 280.00 3.500 2.905 4.35 1.14 | 140 8.93 3.48 3.99 280 6.29 245 ] 15.23 2.447 280 Jouttet |
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Low Flow Pipe Analysis:

l
*kxkk INLET CONTROL **x* |===r----- Reach 1 ~--------c-vvvnu- |=m=v=---- Reach 2 ------+=-- *xkwk OUTLET CONTROL *****
No. Bbls= 1 K = 0.061 |No. Bbls= 2 n= 0.013 No. Bbls= 1 n= 0.013 US Inv. = 1420.93 |
Shape  =Rect. Box M= 0.75 [Shape . =Circ. Concrete Shape =Circ. Concrete DS Inv. = 1411.50
Hgt/Diam= 4 ft. C= 0.04 [Hgt/Diam= 4.5 ft. Kb = 0.14 Hgt/Diam= 6 ft. Kb = 0.16 L*So = 9.43 |
Width = 10 ft. Y = 0.8 |Length = 1500 ft Length = 1320 ft. Ke = 0.2 |
Slope = 0.2 ft/ft | [114Kb+(29n*2L/Rh"1.33)1=  7.425547 [Ke+Kb+(29n"2L/Rh"1.33))=  4.132743 |
@ inc = 10 cfs Area = 40.00 JArea =  15.90431 Area =  28.27433 | Control | control
Q Q/bbl  @/AD*.5 Dc(ft.) He(ft.) HWi/D | a/bbl H1 (ft.) De(ft) Ho(ft) Q/bbl H2 (ft.) HWo/D |[HL (ft.) HW/D Q | ]
------------------------------------------------------ T ]
290.00 290.00 3.625 2.973 4.45 1.17 | 145 9.58 3.54 4.02 290 6.75 2.3 | 16.33 2.731 290 |outlet
300.00 300.00 3.750 3.041 4.55 1.26 | 150 10.26 3.6 4.05 300 7.22 3.03 | 17.48  3.025 300 |outlet
310.00 310.00 3.875 3.109 4.65 1.30 | 155 10.95 3.65 4.08 310 7.7 3.33 | 18.67  3.328 310 {outlet
320.00 320.00 4.000 3.175 4.75 1.34 | 160 11.67 3.7 4.10 320 8.22 3.64 |  19.89  3.640 320 joutlet
330.00 330.00 4.125 3.241 4.85 1.38 | 165 12.41 3.75 4.13 330 8.74 3.96 | 21.15 3.962 330 joutlet |
340.00 340.00 4.250 3.306 4.95 1.42 | 170 13.17 3.8 4.15 340 9.28 4.29 | 22.45 4.293 340 joutlet |
350.00 350.00 4.375 3.370 5.04 1.47 | 175 13.96 3.85 4.18 350 9.83 4.63 | 23.79  4.635 350 [outlet |
360.00 360.00 4.500 3.434 5.14 1.51 | 180 14.77 3.89 4.20 360 10.40 498 | 25.17  4.984 360 joutlet |
370.00 370.00 4,625 3.498 5.24 1.56 | 185 15.60 3.93 4.22 370 10.99 5.34 | 26.59 5.344 370 {outlet
380.00 380.00 4.750 3.560 5.33 1.60 | 190 16.46 3.97 4.24 380 11.59 5.71 | 28.05 5.713 380 |outlet
390.00 390.00 4.875 3.623 5.42 1.65 | 195 17.33 4.01 4.26 390 12.21 6.09 | 29.54 6.092 390 |outlet
400.00 400.00 5.000 3.684 5.51 1.70 | 200 18.23 4.04 4.27 400 12.84 6.48 | 31.08  6.479 400 Joutlet
410.00 410.00 5.125 3.745 5.61 1.75 | 205 19.16 4.07 4.29 410 13.49 6.88 | 32.65 6.876 410 |outlet
420.00 420.00 5.250 3.806 5.70 1.80 | 210 20.10 4.07 4.29 420 14.16 7.28 | 34.26 7.279 420 |outlet
430.00 430.00 5.375 3.866 5.79 1.86 | 215 21.07 4.13 4.32 430 14.84 7.70 1 35.91 7.700 430 |outlet |
440.00 440.00 5.500 3.926 5.88 1.91 | 220 22.06 4.16 4.33 440 15.54 8.13 | 37.60  8.126 440 joutlet |
450.00 450.00 5.625 3.985 5.97 1.97 | 225 23.08 4.18 4.34 450 16.26 8.56 | 39.33  8.561 450 |outlet
460.00 460.00 5.750 4.044 6.05 2.02 | 230 26.11 4.21 4.36 460 16.99 9.0t | 41.10  9.006 460 {outlet |
470.00 470.00 5.875 4.102 6.14 2.08 | 235 25.17 4.23 4.37 470 17.73 .46 | 42.91 9.460 470 {outlet
480.00 480.00 6.000 4.160 6.23 2.164 | 240 26.26 4.25 4.38 480 18.49 9.92 | 44.75 9.924 480 |outlet
490.00 490.00 6.125 4.218 6.31 2.20 | 245 27.36 4.26 4.38 490 19.27 10.40 | 46.64 10.396 490 |outlet
500.00 500.00 6.250 4.275 6.40 2.26 | 250 28.49 4.28 4.39 500 20.07 10.88 | 48.56 10.880 500 |outlet
510.00 510.00 6.375 4.332 6.48 2.33 | 255 29.64 4.28 4.39 510 20.88 11.37 |  50.52 11.370 510 |outlet
520.00 52000 6.500 4.388 6.57 2.39 | 260 30.81 4.31 4.41 520 21.71 11.87 | 52.52 11.874 520 {outiet |
530.00 530700 6.625 4.445 6.65 2.46 | 265 32.01 4.5 4.50 530 22.55  12.41 | 54.56  12.407 530 |outlet |
540.00 540.00 6.750 4.500 6.74 2.52 | 270 33.23 4.5 4.50 540 23.41 12.93 | 56.64 12.927 540 joutlet |
550.00 550.00 6.875 4.556 6.82 2.59 | 275 34.47 4.5 4.50 550 24.28 13.46 | 58.76 13.456 550 joutlet
560.00 560.00 7.000 4.611 6.90 2.66 | 280 35.74 4.5 4.50 560 25.17 14.00 | 60.91  13.995 560 joutlet
570.00 570.00 7.125 4,665 6.98 2.73 | 285 37.03 4.5 4.50 570 26.08 1456 | 63.11  14.544 570 joutlet



DETENTION BASIN NO. 3 DESIGN

Basin 3B — Outlet Rating Curve
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Basin 3B Outlet Pipe Analysis:

l
*kkkk INLET CONTROL *ddx* *xkd* QUTLET CONTROL **¥*w* |
No. Bbls= 1 K = 0.0078 |[Mann. n = 0.013 us Inv. = 1417.00 |
Shape =circ, concrete M= 2 |Inlet Ke= 0.2 DS Inv. = 1416.00 ]
Hgt/Diam= 4 ft. C = 0.0292 |Length = 85 ft L*So = 1 |
Slope = 0.0118 fr/ft Y = 0.74 | [1+Ke+(29n"2L/Rh"1.33)}=  1.616585 |
Q inc = 10 cfs Area = 12.57 |Avg Slope 0.0118 | Controt
| | Control |
Q Q/bbl  Q/AD*.5 He(ft.) HWi/D | H(ft) Dc(ft) Ho(ft) HWo/D | HW/D Q ]
--------------------------------------------- D ] Rt
0.00 0.00 0.000 0 0.00 | 0.00 0 2.00 0.00 | 0.000 0 |outlet
10.00 10.00 0.398 1.25 0.31 | 0.02 0.93 2.47 0.37 | 0.370 10 |outlet
20.00 20.00 0.796 1.79 0.45 | 0.06 1.32 2.66 0.43 | 0.447 20 }inlet
30.00 30.00 1.194 2.23 0.56 | 0.14 1.63 2.82 0.49 | 0.563 30 jInlet
40.00 40.00 1.592 2.62 0.67 | 0.25 1.89 2.95 0.55 | 0.669 40 |Intet
50.00 50.00 1.989 2.97 0.77 | 0.40 2.13 3.07 0.62 | 0.767 50 |Inlet
60.00 60.00 2.387 3.3 0.86 | 0.57 2.34 3.17 0.69 | 0.864 60 |[Inlet
70.00 70.00 2.785 3.61 0.96 | 0.78 2.53 3.27 0.76 | 0.957 70 |Inlet
80.00 80.00 3.183 3.92 1.05 | 1.02 2.7 3.36 0.84 | 1.053 80 |inlet
90.00 96.00 3.581 4.22 1.15 | 1.29 2.88 3.44 0.93 | 1.149 90 |Inlet
100.00  100.00 3.979 0 1.20 | 1.59 3.03 3.52 1.03 | 1.196 100 {Inlet
110.00 110.00 4.377 0 1.29 | 1.92 3.18 3.59 1.13 | 1.293 110 |Inlet
120.00 120.00 4.775 0 1.40 | 2.29 3.3 3.65 1.23 }  1.400 120 |Intet
130.00 130.00 5.173 0 1.52 | 2.69 3.42 3.1 1.35 | 1.515 130 |Inlet
140.00  140.00 5.570 0 1.64 | 3.12 3.52 3.76 1.47 | 1.640 140 |Inlet
150.00 150.00 5.968 0 1.77 | 3.58 3.6 3.80 1.59 | 1.774 150 {Inlet
160.00 160.00 6.366 0 1.92 | 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 | 5.15 3.78 3.89 2.01 ] 2.232 180 |inlet
190.00 190.00 7.560 0 2.40 | 5.74 3.82 3.9 2.16 |  2.403 190 |Inlet
200.00 200.00 7.958 0 2.58 | 6.36 4 4.00 2.34 | 2.583 200 |inlet
210.00 210.00  8.356 0 2.77 | 7.01 4 4.00 2.50 ) 2.773 210 |Inlet
220.00 220.00 8.754 0 2.97 | 7.69 4 4.00 2.67 | 2.972 220 |inlet
230.00 230.00 9.151 0 3.18 | 8.41 4 4.00 2.85 | 3.180 230 |Inlet
240.00 240.00 9.549 0 3.40 | 9.16 4 4.00 3.06 | 3.397 240 |Inlet
250.06 250.00 9.947 0 3.62 | 9.94 4 4.00 3.23 ] 3.623° 250 |inlet
260.00 260.00  10.345 0 3.86 1 10.75 4 4.00 3.64 | 3.859 260 }inlet



DETENTION
FILENAME:
2 - 10" X
3881.34
3932.60
3932.60
4088.96
4088.96
4169.37
4189.37
4189.37

BASIN #3A & 3B DESIGN
PEPPER.DAT

INPUT FILE LISTING

107 BOX & PEPPERIDGE TRANSITION PROFILE -

36.89
37.12
37.12
37.89
37.89
44.46
44 47
4447

SN -

.013
.013
.013
.013
.013
.030

44.6

100 YEAR FLOWS
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WATER SURFACE PROFILE - CHANNEL DEFINITION LISTING PAGE 1
CARD SECT CHN NO OF AVE PIER HEIGHT 1 BASE L RNV Y(1) Y(2) Y(3) Y(4) Y(5) Y(6) Y(T) Y(8) Y() Y(10)
CODE NO TYPE PIERS WIDTH DIAMETER WIDTH DROP
cb 1 2 0 .00 7.0 40.00 .00
cd 2 2 0 .00 10.00 21.00 .00
co 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 1
WATER SURFACE PROFILE - TITLE CARD LISTING
HEADING LINE NO 1 1S -
DETENTION BASIN #3A & 3B DESIGN
HEADING LINE NO 2 IS -
FILENAME: PEPPER.DAT

HEADING LINE NO 3 IS -

2 - 10’ X 10’ BOX & PEPPERIDGE TRANSITION PROFILE - 100 YEAR FLOWS



PAGE NO 2

WATER SURFACE PROFILE - ELEMENT CARD LISTING

ELEMENT NO 1 IS A SYSTEM OQUTLET * * *
U/S DATA  STATION INVERT SECT W S 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 MAN 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 1S 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 W S ELEV
4189.37 44,47 4 .00

NO EDIT ERRORS ENCOUNTERED-COMPUTATION 1S NOW BEGINNING

** UARNING NO. 2 ** - WATER SURFACE ELEVATION GIVEN 1S LESS THAN OR EQUALS INVERT ELEVATION IN HDWKDS, W.S.ELEV = INV + DC



PAGE 1
WATER SURFACE PROFILE LISTING
DETENTION BASIN #3A & 3B DESIGN
FILENAME: PEPPER.DAT
2 - 10’ X 10’ BOX & PEPPERIDGE TRANSITION PROFILE - 100 YEAR FLOWS
STATION  INVERT DEPTH  W.S. Q VEL  VEL  ENERGY SUPER CRITICAL HGT/ BASE/  ZL NO AVBPR
ELEV OF FLOW  ELEV @/ , MEAD GRD.EL. ELEV  DEPTH DIA 1D NO. PIER
L/ELEM ) o) SFAVE  HF NORM DEPTH R
RRARAREARTRARKRXTAN KR RRAARK I ARk Rk dkdk ********:****tt*****ﬁ'\kgttt******t*****t'k*****ttt*tt***tﬁi*********ﬁtiﬁ****tt*ttt*tt*tttﬁ*t**
3881.36  36.89  7.71  44.60 4p 1590.0 g?/%\i/zﬁm 45.01 .00  3.66 7.00 40.00 .00 0 .00
TRANS STR 00449 \4- .00
V3932.60 3712 4.85 41.97101590.0 f;::(;; 3.79  45.76 .00 5.63 10.00 21.00 .00 0 .00
“/wALL EXIT ‘ (70 W‘Dez/ .00
JSios2.60 312 5.2 2.3 % 1590.0 15.26  3.61  45.95 .00  5.81 10.00 20.92 .00 1 .92
WALL EXIT \ .00
Ax.éo 3712 5.22  42.3¢ %0 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
~088.96 37.89 v 5.107 42.99Mm 1590.0 15.60  3.78  46.77 .00  5.81 10.00 20.92 .00 1 .92
WALL ENTRANCE . .00
- 4088.96  37.89 s 42,01.7%[ 1590.0 18.23% 5.7/ 4721 .00 .63 10.00 21.00 .00 0 .00
TRANS STR  .08171 ' -~ .00394 .32 .00
4169.37,  46.46 //%J 46.86 94 1590.0 8;3/ 3“1 07 47.94 .00 2.40 4.00 70.00 4.00 0 .00
740000 il 7 1) Goose ot s.e8 00
4170.11  44.46 2,51 46.97  1590.0  7.92 98 47.96 .00 2.40 4.00 70.00 4.00 O .00
2.53  .00050 .00826 .02 5.68 4.00
4172.64 4446 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
M77.43 4646 2.73 4719 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
g @



TN IR ONN OBN BN N B NN 0N0 N OB N N G m NN =N e -l
PAGE 2
WATER SURFACE PROFILE LISTING
DETENTION BASIN #3A & 3B DESIGN
FILENAME: PEPPER.DAT
2 - 10’ X 10’ BOX & PEPPERIDGE TRANSITION PROFILE - 100 YEAR FLOWS /%
- V -
STATION INVERT DEPTH W.S. Q VEL VEL ENERGY SUPER CRITICAL HGT/ BASE/ L NO AVBPR Q
ELEV OF FLOW ELEV HEAD GRD.EL. ELEV DEPTH DIA 1D NO. PIER Cé f‘j\ < 670
s T+ CUTTUTTUI ST UTUTUUTTUTI < - SU SOOI R xR R anranas V= ;{*‘ L7173
4189.37  44.47  2.90  47.37  1590.0 4.00 70.00 4.00 0 .00 = L3P
.00 .00050 5.68 4.00
4189.37 [V Y avad 2/9?\ 47.37 1590.0 4,00 70.00 4.00 O .00
,T-//
. S Ay Y
590 N N o A S Y
e \*2‘( R —— & \
(gAY 446 ol 13 4 ' v k!
. - > N
fopg 29 1 2" Vi , -
W AL T e Lt
TR/
l’lﬁvl H g{ 2\
{72y XY "N
A_/ > _’):___,,,,__Of ‘h? mcL\/ be A - <~7z><y £ o4y )
o-C7 / oy V7 : =
( T2+ %Y ) . +his
f ) iqher than b oz 8x))

1, VT 2% ]
Tokd 4 L{24d) 77 ”% 22l 26 X\/ ]
T de B D, vl 46 *Y /klfﬁi/ %t
npthd . 2% \Z9



STEPPED SPILLWAY ANALYSIS:
INPUT DATA:

Q= 1590 cfs Cf = 0.18
Width,W = 40 ft.
Step ht. h = 1.5 ft.

Step length,1 = 3.75 ft.

Unit Disch, q = 39.75 cfs/ft Yce = 3.67f
So = sin alpha= 0.3714 Yc/h = 2.45
Depth, yo = 2.28 ft. Regime = Skimming
Vel. Vo = 17.42 fps B

Energy E = 6.99 ft "~ Froude #= 2.03
Hydraulic Jump:

Conj. Depth,Y2= 5.51 ft. Length,Ll= 26.80 f




APPENDIX. REFERENCES SKIMMING FLOW IN STEPPED SPILLWAYS

Giil, M. (1977). “Routing of floods in river channels.” Nordic Hydr., 8, 163-170. '

Heggen, R. (1984). “Univariate least squares Muskingum flood routing.” Water Res. By N. Rejaratnam,” Member, AscE
Bull,, 20(1), 103-107.

O'Ponnell, T. (1985). “A direct three-parameter Muskingum procedure incorporat-
ing lateral inflow.” Hydro. Sci. J., 30(4), 479-496.

INTRODUCTION

In a stepped spillway, the spillway face is provided with a series of steps,
from near 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 in them because of significant cost savings. A recent
cxample is the Monksville dam (Sorensen 1985).

Based on the cxperimental observations of Essery and Homner (1971) and
Sorensen (1985), the flow over stepped spillways can be divided into nappe
flow and skimming flow regimes [Figs. 1(a) and (b)}. In the nappe flow
regime, the flow from each step hits the step below as a falling jet, with
the encrgy 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.

N T P B AR TR

ANALYSIS OF SKIMMING FLOW

For a stepped spillway of constant slope, S, = sin a, with a large number
of identical steps of height, A, and (horizontal) length, ! (note that sina =
h/\/l’ + hz), 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 V, and normal depth of y,, considering unit width of the spillway, we

write
FOY SIM G S T oottt

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

where ¢, = the cocfficient of fluid friction and would be equal to f/4, where
f = the Darcy-Weisbach friction factor; and p = the mass density of the
"Prof., Dept. of Civ. Engrg., Univ. of Albcrta, Edmonton, Alberta, Canada, T6G
2G7.
Note. Discussion open until September 1, 1990. To extend the closing date one
month, a written request must be filed with the ASCE Manager of Journals. The
manuscript for this paper was submitted for review and possible publication on July
11, 1988. This paper is part of the Journal of Hydraulic Engineering, Vol. 116,
No. 4, April, 1990. ©ASCE, ISSN 0733-9429/90/0004-0587/$1.00 + $.15 per page.
Paper No. 24515.
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(a) Nappe flow

RIS ITHAN .
EEaiamd

(b) Skimming flow
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R

FIG. 1. Definitlon Sketches for Flow Over Stepped Splliways

e
ppAs

fluid. Combining Egs. 1 and 2, we obtain

R

2y3g sin a
="
q
where g = the acceleration due to gravity; and ¢ = 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
spiliway. For example, this method has been used in developing flow equa-
tions for Denil, Vertical Slot, and other fishways (Rajaratnam and Katopodis
1984; Rajaratnam et al. 1986; Rajaratnam et al. 1988). For a Denil fishway,
with the depth of flow much larger than its width, so that the shear comes
mainly from the sides and for subcritical flows, ¢, has been found to be equal
to about 0.09 and for relatively smaller depths, values of ¢, have been found
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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°~10° for the prototype

and cqual to about 10* for the 1/3 scale model of the Denil fishway. For -

pool and weir fishways, ¢, has been found to be about 0.09. Ervine and
Baird (1982) used the same idca to express the apparent shear between the
main channcl and flood-plain channcl flows and found a value of 0.05 for
¢ 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
boundarics, the cocfficient of skin friction decreases from about 0.0035 to
0.0025 as R increases from 10° to 10°. ‘

To evaluate ¢ 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 approximatc height of 32 m are used. Steps at the crest were
fitted to the standard Waterways Experiment Station (WES) spillway profile.
But for the small number of steps ncar the crest, the height h of the re-
maining steps was 0.6 m with a spillway slope of 1 (vertical) on 0.78 (hor-
izontal). The horizontal length, /, of the steps was 0.47 m, thus giving a
valuc of 1.28 for h/l. e

For cxperiments (C1-C8), ¢, was found to vary from 0.11 to 0.2 with an
average value of 0.18. For experiments C9 and C10, with very small flow
ratcs, ¢, was found to be 0.25 and 0.28, respectively, and it is possible that
in these experiments the flow was in a transition state between nappe and
skimming regimes. It is realized that for the C-scrics, Sorensen measured
the flow depths downstream of the toc and on 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. Acration aspects arc also important. Hence, calculations of ¢, 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
fishway, ¢, was found to be equal to about 0.14 for 2 1/16 scale model with
R equal to about 5,000. For a pool and weir fishway, ¢, = 0.09 in the
streaming flow regime (Rajaratnam et al. 1988). Considering all these values
including 0.05 (Ervine and Baird 1982), ¢ is the range of 0.05-0.18 with
the Reynolds number in the approximate range of 5,000—10° It would be
intcresting and useful to find ¢, for skimming flow stepped spillways for a
range of slopes or A/l.

For convenience of use, rewrite Eq. 3 as

2 ,— :
Vo = - g)'o So .............................................. (4)
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ENeRraY Loss IN A STEPPED SPILLWAY

; ,: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

o4 e g sina M
E = (———) + (-———-) .................................. (7
) 249 sin « VA /29

If 5 and V§ = the corresponding depth and velocity at the toe of a smooth
spillway without steps

29
and one can write an equation similar to Eq. 7 with ¢/ replacing ¢;, where
¢} = 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 ¢j. If AE is
defined as

AE gives the energy loss caused by the steps over that caused by the smooth
spillway face. If the relative energy loss is defined as AE/E’, it can be
shown that

F& (A7~ 1)

AE (I—A)+-§- Ve

1+ —
2

where A = (¢;/¢})'"*; and F§ = the Froude number at the toc of the smooth
spillway. Taking ¢, = 0.18 and ¢; = 0.0065, A = 3 and for a relatively
large value of Fj, AE/E' is approximately equal to (A — 1)/A?, which
further reduces to 8/9. This indicates the considerable amount of encrgy loss
that can be produced by steps, as was found by Sorensen.

ONSET OF SKIMMING FLOW

Based on their experimental observations, Essery and Homer (1971) found
that for horizontal steps, for the onsct of skimming flow, the ratio y./1,
wherein y. is the critical depth, increased with A/l from about 0.32 for h/l
= 0.4 to about 0.69 for i/l = 0.9. By a reanalysis of their data, it was
found that for the whole range of h/! from 0.4 to 0.9, at the onset of skim-
ming flow, y./h was approximately equal to 0.8. This means that for y/h
greater than 0.8, skimming flow occurs. The observations of Sorensen for
h/l = 1.28 support this criteria. For y./h less than 0.8, one would expect
to get nappe flow and in Sorecnsen’s experiments, nappe flow occurred for
y./h = 0.16.
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CONCLUSIONS

This technical note presents a method of predicting the characteristics of
skimming flow on stepped spillways. For a stepped sgxllway with a slope
of 1 vertical on 0.78 horizontal, the fluid friction coefficient ¢, was evaluated
using the experimental results of Sorensen and found to be -about 0.'18. f\n
estimate has been made of the energy loss on stepped spillways for skimming

flow.
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MODEL INVESTIGATION

.By Robert M. Sorensen,' F. ASCE

AsstRacT: A physical hydraulic model investigation was conducted to evalu-
ate the performance of a stepped overflow spillway. The spillway has a stan-
dard opee protile with continnous steps cutinto the spiliway face from just
below the crest, to the toe, The steps significantly increase the rate of energy
dissipation on the spillway face, thas eliminating or preatly reducing the need
for a large energy dissipation basin at the spillway toe, Primary objeclives of
the investigation were to evaluate the effectiveness of the flow trapsition from
the smooth crest profile to the steps, to quantify the energy dissipation on the
spiflway face, and to define the flow characteristics on the steps, The investi-
gation demonstrated that this stepped spillway is quite effective at dissipating
energy and that smooth flow transition from the spillway crest to the stepped
face is casily achieved.

INTRODUCTION

A stepped spillway has been designed for the new Monksville Dam,
which is to be part of the Wanaque South Project being developed by
the North Jersey District Water Supply Commission and the Hackensack

“Water Company. This spillway will be a 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 dissipation taking place on the spillway face
and climinate or greatly reduce the need for a large energy dissipation
basin at the toe of the spillway. The performance of this type of spillway
has not been extensively investigated so the designers, O'Brien and Gere

" Engincers, Inc., contracted with 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; a stepped spillway was used
on the New Croton Dam built in 1892-1906 (8). However, the writer is
not aware of any madel or prototypical hydraulic investigations done on
this type of spillway prior to 1982. In 1982, results of a Bureau of Re-
cdamation model study of a stepped spillway for the Upper Stillwater
Dam (to be constructed in Utah) were published (9). The design cross
section for the Upper Stillwater Dam spillway is significantly different
from that proposed for the Monksville Dam spillway. Results from the
Bureau of Reclamation model study are generally useful for the design
of stepped spillways and provided incentive for the use of this concept
at Monksville Dam.

'Prof. of Civ. Engrg., Lehigh Univ., Bethlchem, PA 18015,

Note.—Discussion open until May 1, 1986. To extend the closing date one month,
a written request must be filed with the ASCE Manager of Journals. The manu-
script for this paper was submitted for review and possible publication on May
16, 1984. This paper is part of the Joumal of Hydraulic Engincering, Vol. 111,
No. 12, December, 1985, ©ASCE, ISSN 0733-9429/85/0012-1461/501.00. Paper No.

© 20220.
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m) and a toe elevation that will vary irregularly between 280 ft (85.3 m)
and 310 ft (94.5 m). Its crest width will be 200 ft (61 m). The design
discharge per foot of spillway crest for energy dissipation considerations
B s 65 sq ft/sec (6 m*/s) and the probable maximum flood discharge, used
i to determine the spillway profile, is 100 sq ft/sec (9.3 m?/s). For these
! two flow rates, the reservoir heads above the spillway crests are 6.3 ft
B (1.9 m) and 8.6 {t (2.6 m), respectively.
“HE During the preliminary design phase, alternate means of providing
Bii energy dissipation for these spillway flows were considered. They in-
clude:

1. A standard 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
m}) 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 ft (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 ft/sec (22.9
m/s) would develop a significant scour hole. Design of a successful spill-
way chute that converges from 200 ft (61 m) to 50 ft (15.2 m) in width
and conveys highly super-critical 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 constriiction cost for
this third alternative offers substantial savings over the first two alter-
natives.

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

1. The effectiveness of flow transition from the smooth surface profile
at and below the spillway crest, to the first few steps on the spillway
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.

SpiLtway DesiGN PROFILE

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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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 resulling 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, step sizes decrease in transition to the
standard nonstepped ogee profile.

EXPERIMENTAL SETUP

The experimental phase of this study consisted of tests on three two-
dimensional sectional models of the proposed spillway. Model scales of
1:10 and 1:25 were used.

Similitude Requirements.—Flow 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, Froude similarity criteria define model/prototype scale rela-
tionships.

Bureau of Reclamation (3) spillway models for large dams have typi-
cally been constructed to scale ratios between 1:30 and 1:100. The Bu-
réau 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.
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The Burcau of Reclamation recommends that the flow depth over the
crest of a spillway model be at least 75 mm (0.246 ft) at the design nor-
mal operating range to reduce effects of viscosity and surface tension.
They also recommend, for two-dimensional spillway models, that the
model crest width be at least 150 mm (0.492 ft). These recommendations
have been satisfied in this study.

For Froude similarity, the following scele relationships must hold:

§o= L )
B, = L ()

where L, is the model/prototype length ratio; g, is the discharge per unit
width of spillway ratio; and v, is the velocity ratio. For the 1:10 and 1:25
scale ratios used' in this study, this yields discharge ratios of 1:31.6 and
1:125, respectively, and velocity ratios of 1:3.16 and 1:5, respectively.
" Flume.—Fig. 2 shows schematic plan and profile sections of the test
flume. An 8-in. (20.3-cm) pipe with a butterfly valve for adjusting the
flow rate provided flow to the head box. Flow from the tailbox dropped
into a 5-ft (1.52-m) diam, 6-ft (1.83-m) high steel cylindrical volumetric
tank on the floor below. A flexible pipe from the tailbox allowed direc-
tion of the flow into the tank for a flow rate measurement or directly
into the sump for recirculation by the pump. The maximum discharge
through the flume was limited by the capacity of the tailbox to just under
3 cfs (0.085 m'/s). Flow in the head box passed two baffles before en-
tering the narrower (1-ft wide) test section. The first head box baffle,
made of plywood drilled with 1-1/2-in. (38.1-cm) diam holes, smoothed
the flow. The second and shorter baffle consisting of a thin aluminum
plate with fine holes was installed primarily to dampen surface waves.

There were two model test bays, each having a plywood back wall
painted white and a clear plexiglas front wall. The clear viewing sec-
tions of each were 45 in. by 70 in. (114 cm by 178 cm) and 42 in. by 52
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FIG. 2.—Schematic Plan and Profile of Model Test Flume
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in. (107 cm by 132 cm), respectively. The first and smaller model was
installed in model bay 2; the larger second and third models were placed
primarily in bay 1 and extended into bay 2.

Spillway Models.—Three cross-sectional plexiglas spillway models were
tested. Specifically, they were:

1. Model A—A 1:10 scale model of the upper 22.75 ft (6.9 m) of the
spillway. The model extended down to seven steps be-
Jow the point of tangency. Model A was used to eval-
uate the flow transition from the spillway crest to the
first several steps and the nature of flow over the steps,
for the range of spillway discharges of interest.

2. Model B—A 1:25 scale model of the standard WES ogee spillway
profile used as the basis for the stepped spillway. It was
a model of the entire 120 ft (36.6 m) spillway profile.
This model was briefly tested to provide comparison data
for the full stepped spillway profile medel (model C).

3. Model C—A 1:25 scale model of the entire stepped spillway pro-
file. Tests with model C were primarily to evaluate en-
ergy dissipation in the flow over the stepped spillway
and anticipated flow depths along the spillway, to es-
tablish training wall dimensions.

Measurements.—The water surface elevation upstream of the spillway
crest was measured by a point gage that could be read to the necarest
thousandth of a foot. The gage was located 1 ft (0.30 m) upstream of
the crest for model A and 0.4 {t (0.12 m) upstream of the crest for models
Band C.

The volumetric tank used to measure the flow rate in the system had
a capacity of over 115 cu ft (3.26 m®) and could be read to the nearest
half cubic foot. Flow rate measurements were probably accurate to within
£2%. A few repeat flow rate measurements made during the tesling
program were within these limits.

During cach test run with models A and C, color photographs of flow
conditions were taken. Also, for models A and C, flow conditions be-
tween zero flow and the peak flow at which the model was run, were
recorded on video tape.

A scale was used to measure the vertical water depth on the spillway
in model C, at the spillway crest and at the tips of steps 6, 15, 24, 33,
42, 51 and 59 (toe). When air-entrained flow was encountered, a con-
servative flow depth that included the bulk of the flow was recorded.

During the tests with models B and C, at least six depth measure-
ments were made at equally spaced intervals across the toe of the struc-
ture. In model B, these measurements were made right at the toe while
in model C they were made on'the horizontal slope downstream of the
toe where air entrainment had significantly diminished. With the mea-
sured flow rate and the depth measurements, average flow velocities
could be calculated from continuity. As a check on this method of de-
termining flow velocities, some velocity measurements were made with
a stagnation tube. These measurements yielded results within 10-15%
of the values calculated from continuity.
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TesTs AND REsuLTs

Test Conditions

Table 1 lists the discharge and related upstream head (upstream sur-
face elevation minus spillway crest elevation) for each test run for the
three spillway section models. The head-discharge data are plotled in
Fig. 3. The rating curve for the line fit by eye to model A (the larger
scale model) data is

TABLE 1.—Model Test Data—Discharge, Upstream Head and Toe Velocity

Modsl B Model G
Modsl A
Toe Toe
Run Dis- Run Dis- veloc- | Run Dis- veloc-
num- | charge | Head | num- | charge | Head ity charge | Head ity

ber | (cis/it) ) ber | {cfs/ft) (f1) ('ps)
(1) 2) (3) {4) {5) (6) (7)

A-l 2.53 0.710 | B-1 1.56 0.432 | 213
A-2 2.27 0.658 | B-2 1.14 0.398 17.6
A-3 1.96 0.626 | B-3 0.78 0.321 16.7
A-4 1.90 0.621 | B-4 0.77 0.315 16.9
A-5 1.83 0.586 | B-5 0.70 0.300 { 16.5
A-6 1.30 0.476 | B-6 0.57 0.267 | 15.7
A-7 0.96 0.399 | B-7 0.47 0.240 | 179
A-8 0.55 0.275 | B-8 0.33 0.195 | 15.5
A-9 0.38 0.217 | B-9 0.16 0.115 | 15.2
A-10 | 0.056 | 0.063 | B-10 | 0.071 | 0.071 10.3

(cfs/f) (ft) {!ps)
(9) (10) (11)

1.20 0.413 7.5
1.06 0.377 | 6.6
0.89 0.333 7.4
0.65 0.283 6.7
0.55 0.255 5.9
0.40 0.213 4.7
0.28 0.168 4.4
0.20 0.137 3.8
0.097 | 0.080 2.7
0.067 | 0.068 | 2.5
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where Q is the discharge in cubic feet per second, for a crest width L
and upstream head H in feet. The smaller scale models (B and C) have
a head-discharge relationship that yiclds a slightly higher discharge for
a given head.

Fig. 4 is a plot of the discharge coefficient, C (from Q = CLIH'?), eval-
uated for each test run, versus the dimensionless head (head/spillway
design discharge head). The data very approximately fit a straight-line
relationship with a discharge coefficient that varies from 3.5 to over 5.
At the design head the discharge coefficient is approximately 4.4. This
range of discharge cocfficient values is typical (sce Ref. 2, Fig. 14-4), but
commonly the discharge coefficient increases at a decreasing rate rather
than increasing lincarly with increasing head. This suggests that the head
measuring station might not have been located far enough from the
spillway crest.

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 model discharge of 2.53 cfs/ft (0.233
m?*/s/m) down to Run A-9 with a discharge of 0.38 cfs/ft (0,035 m*/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 spillway section
for Runs A-1 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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FIG. 5.—Flow Conditions, Run A-8
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the air entrainment worked its way up to step 1.

For test runs A-1 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
the vortices and tips of the steps. Injection of dye indicated that flow
enters a vortex, rotates in the vortex for a brief period and then returns
to the main flow to- proceed on down the spillway face. Al the steps
where air entrainment oceurs, air bubbles penetrated the vortices and
could be scen rotaling with the vortex flow.

‘For Run A-10, which had a very low flow rate of 0.056 cfs/ft (0.0052
m'/s/m), a thin film of water approximately 0.01-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-10 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 modifications in the model A profile were made and tested for
low model rates of 0.2 cfs/ft (0.019 m"/s/m) and 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

P
4
Origin of Coordinates
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Original
Prototype .
Scols - 11 Profite
o] | 2 3

FIG. 6.—Original and Moditied Spiliway Crest Profiles

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 prototype.

With extremely low flows in the model of the order of 0.03 cfs/ft (0.0028
m*/s/m), the flow cascades over the steps, falling from step to step in
a thin choppy layer that clings to the face of each step.

Thus, with the modified profile, for flow rates from zero up to the
probable maximum flood, there is effectively a smooth flow transition
from the crest to the spillway steps.

Energy Dissipation.—Table 1also lists the flow velocities at the spili-
way toe for models B and 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 toc. However, the
expected trend of increasing toe velocity with increasing discharge is
dear and the general amount of velocity reduction caused by the ad-
dition of steps is well defined.

For the model probable maximum flood discharge of 0.80 cfs/ft (0.074
m*/s/m), the toe velocity was reduced from approximately 18 fps (5.5
m/s) for the standard 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 m?/s/m). Consequently,
the kinetic energy in the flow at the stepped spillway toe varies from
about 12 1o 6% of the encrgy 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 sclected steps along the spillway for model

TABLE 2.—Depth Measurements and Step at which Alr Entrainment Com-
mences—Modet C
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FIG. 7.—Toe Velocitles for Models B and C
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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-1 | 0.31810.308 { 0.230 | 0.213 | 0.230 | 0.279 | 0.279 0.295 36
c2 10.289]0.25610.187 | 0,197 | 0.230 | 0.262 | 0.279 0.295 31
c-3 |0.249]0.21310.148 | 0.171 [ 0.197 { 0.213 | 0.213 | 0.230 25-26
c-4 |0213]0.164 | 0,131 | 0.164 | 0.164 | 0.180 [ 0.180 | 0.196 22-23
C-5 | 0.150 | 0.144 | 0.131 1 0.164 | 0.180 | 0.197 0.197 { 0.213 19
c-6 |0.15710.112 | 0.131 | 0.164 | 0.164 | 0.180 | 0.197 0.197 15
c-7 10.11910.079 | 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-10 | 0.038 | 0.046 | 0.049 | 0.049 | 0.049 | 0.049 | 0.049 0.049 4

Note: Depths measured vertically, in feet, from tip of step to water surface.
Step at which air entrainment starts is listed in last column,
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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.

DiscussioN

The toe velocity and discharge data for the stepped and unstepped
spillway models (C and B, respectively) was scaled up to prototypical
conditions using the scale ratios given in a previous section. These data
are 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 0.6H:1V and 0.8H:1V. Toe velocities calculated using this chart
are 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 layer 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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FIG. 8.—Prototypical Toe Velocities for Stepped and Unstepped Spiliways
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(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 clements and defined three regimes: (1) Isolated
roughness flow in which cach clement generates a wake that diffuses
into the main flow before reaching the next element; (2) wake interfer-
ence flow where the elements are sufficiently close together that 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’ that flow skims over and between which stable depression vortices
form. In skimming flow, the vortices are maintained through transmis-
sion of shear 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 elements. 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 MacDonald (4) investigated subcrilical open channel flow
resistance caused by roughness elements with square cross sections at
10 uniform spacings including one that caused quasi-smooth flow. Their
results, and their evaluation of data from other authors, shed further
insight into the rectangular cross section depression dimensions for which

quasi-smooth flow will develop, 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 wake interference flow regime. :

Much fruitful research 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.

CONCLUSION

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

Research should be conducted to provide additional information nec-
essary to optimize the step geometry for a given spillway discharge, face
slope, and crest elevation.
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the sediment in suspension:”Uniform or gradually

AND DEPOSITION

By J. Akiyama' and H. Stefan’

AsstRacT: The © jons which govern the movement of two-dimensional
gradually varied turbidly currents in reservoirs and over beaches are derived
and solved numerically.| Turbidity currents are sediment-laden gravity curre

that exchiange sediment{with the bed by erosion or deposition as the flow Hav-
cls uver the downslupel Turbidity currents derive this driving, foree fpdm the
sediment in suspension. Yhey experience a resisting shear force on t bed and
entrain water from above. ity currents can be eroding or depositive, ac-
celerating or decelerating, dependention the combination of injtial conditions,
bed slope, and size of sediment particlgs. They can be controiled from upstream
(supercritical) or downstream (subcrit cal). Gravity currents”with and without
erosion and deposition are examined ih order to und:yﬁd the effects of sed-

iment exchange on the flow.

INTRODUCTION 7

Turbidity currents are gravity currentsfén isting of a sediment-water
mixture flowing over a sloping bottom{(Fig. ). Similar gravity currents
can be produced by salinity or temperature differences and have then
been referred to as inclined plumes of underflows (8;17,18,19,26). In tur-
bidity currents, suspended sediment makes the density of the mixture
greater than the density of the ambient water and ovides the driving
force; the sediment laden flow/must generate enougl turbulence to hold
ried turbidity cur-
rents with very fine sedimént and therefore without>ergsion or depo-
sition of sediment have been studied by Ashida and Egashiya (3), Bon-
nefille and Goddet (5),/4And Stefan (25) among others.

Turbidity currents Have been observed where inflows ¢ rrying a rel-
atively high concenfration of suspended material enter 1
ervoirs (11), or thé-ocean (16). Two types of turbidity cufrents can be
distinguished: (1) Yow velocily, low density (5); and (2) high velocity,
high density (16)/ High velocity, high density turbidity currefits often
carry suspended materials introduced near the shore to the degp sca,
and even havd enough erosive power to produce submarine cpnyons
(13).

Turbidity £urrents can be originated by various processes. Discharges
of large anfounts of sediments, e.g., mine tailings (Silver Bay in\lLake
Superior)/ underwater landslides caused by earthquakes (the Grand
Banks), ohd resuspension of suspended materials by waves during storm
are threk possibilities. Turbidity currents can be crosive or depositional.

'Grad. Student, St. Anthony Falls Hydraulic Lab., Dept. of Civ. & Mineral
Engrg/, Univ. of Minnesota, Minneapolis, MN 55414

Pedf. and Assoc. Dir., St. Anthony Falls Hydraulic Lab., Dept. of Civ. & Min-
cral Engrg., Univ. of Minnesota, Minneapolis, MN 55414.

Néte.—Discussion open until May 1, 1986. To extend the closing date one month,
a written request must be filed with the ASCE Manager of Journals. The manu-
script for this paper was submitted for review and possible publication on Au-
gust 20, 1984. This paper is part of the Journal of Hydraulic Engineering, Vol.
111, No. 12, December, 1985. ©ASCE, ISSN 0733-9429/85/0012-1473/$01.00. Pa-
per No. 20216.
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St b k\\\l«.}, Ave c.’lsts

DATE K ‘W'Q\ |
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BY _j ;2 ;"' CHKD

SHEET OF

R.C.C.

Lowes  Weiglded Creep;
J

TSV: 6 +0.5 = (3.5
ZH = Bl + Zo%x 8= 723 G4

o~

H = 1.4 - yz7.s = 199

Lane’s recommended weighted-creep ratios

arc:

Material Ratio

Very fine sand or silt 8.5:1
Fine sand 7.0:1
Mcdium sand 6.0:1
Coarse sand S5.0:1
Fine gravel 4.0:1
Medium gravel 3.5:1
Coarse gravel including cobbles 3.0:1
Boulders with some cobbles and gravel 2.5:1
Soft clay 3.0:1
Mecdium clay 2.0:1
Hard clay 1.8:1
1.6:1

Very hard clay or hardpan

NBS/L 015
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Hydraulic Grade Line Elevation (ft)

(Thousands)

DETENTION BASIN NO. 3 DESIGN

Basin 3B — TW Rating Curve (108" pipe)

1.436

1.434 —

1.432

1.43 —

1.428 -

1.426 —

1.424 —

1.422 —

1.42 —

Discharge {(cfs)

400

600



CIRCULAR PIPE RATING TABLE
l MANNINGS n = .013
SLOPE = .0011 FT./FT.
DIAMETER = 108 IN.
l EL.[FT.] DISCH [CFS] AREA [FT#2] Rh [FT.] VEL [FPS]
.1 7.843528E-02 .1261907
l.638476E—02 .6215616
.2 .3494734 .3555498 .1320117 .9829097
.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
l .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 10.786 3.864295 .6317238 2.791195
l 1.1 13.16245 4.442084 .6909823 2.963124
1.2 15.77537 5.042961 .7495194 3.128195
1.3 18.62251 5.665418 .8073304 3.287049
I 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
' 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
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
2.3 59.25609 12.829 1.344783 4.618918
l 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
l 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
2.999999 99.28598 18.56368 1.675629 5.3484
l 3.099999 105.6571 19.41567 1.719736 5.441849
3.199999 112.1736 20.2742 1.76304 5.532822
3.299999 118.829 21.13878 1.805534 5.621373
I 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
3.699999 146.7097 24.64753 1.967299 5.95231
l 3.799999 153.9612 25.53494 2.005657 6.029434
3.899999 161.3112 26.42549 2.043169 6.104379
3.999998 168.7528 27.31874 2.079828 6.17718
l 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
l 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
4.699998 222.7669 33.60708 2.311916 6.628573
l 4.799998 230.6683 34.50568 2.341468 6.684938
4.899998 238.5913 35.40295 2.37009 6.739306
I 4.999998 246.5273 36.29843 2.397772 6.791681




.099998
.199998
.299998
.399997
.499997
.599997
.699997
.799997
.899997
.999997
.099997
.199997
.299997
.399997
.499996
.599996
.699996
.799996
.899996
.999996
.099996
.199996
.299996
.399996
.499995
.599995
.699995
.799995
.899995
.999995
.099995
.199995
.299996
.399996
.499996
.599997
.699997
.799998
.899998
.999998

oooooooooooooooooooo\l\xw\1\1\:\1\1\1\lmmmmmmmmmmmmmmmmmmmm

254,
.4041
.3271
278.

262
270

286
293
301

317

339
353
360

367
374

404
415
424

435

441
443

444

4679

2279

.097
.925
.7022
309.

4187

.0644
324.
332.

6287
1011

.4707
346.
.8551
.8463
.687

.3642
380.
387.
393.
399.
.8007
410.
.3
420.
.6164
428.
432.
.951
438.

7258

8645
1735
2764
1578
1878
117

7739
5623

9047

.3828
.3361
444,
445.
445.
.3834
442.
438.
432.
414.

7045
4109
3528

2721
602

3717
2171

PIPE FLOWING FULL Q =

414.1293

.19167
.08223
.96963
.85343
.73314
.60829
.47839
.34297
.2015

.05349
.89841
.713572
.56486
.38528
.19638
.99755
.78817
.56758
.33509
.08999
.83153
.5589

27127
.96774
.64735
.30906
.95175
.57421
.17509
.75288
.3059

.83224
.32965
.79548
.2265

.61862
.96632
.26164
.49101
.6172

CFS

.424504
.450273
.475068
.498875
.521682
.543473
.564234
.58395

.602602
.620172
.636642
.651991
.666195
.679232
.691075
.701696
.711064
719147
.725907
.731304
.735293
737824
.738842
.738283
.736076
.732136
.72637

.718663
.708882
.696865
.682412
.665269
.645109
.621491
.593793
.561082
.521819
.473075
.407463
.250724

N O AN NN NN NN NN N NNNNNNNNNNYNNNNNSNNNNNNNNdO OO,

.842066
.89046

.936866
.981279
.023692
.064098
.102486
.138846
.173159
.205406
.235569
.263624
.289536
.31328

.334814
.354101
.371092
.385736
.397971
.407733
.414944
.419518
.421357
.420347
.416358
.409238
.398808
.384859
.367137
.345332
.319064
.287848
.251052
.207824
.156964
.096665
.023947
.933142
.809968
.511088
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LOWRY 2600 Horth 441h Streer 602 4431688 Tel
‘ Phoeni, Arizona 602 956-4538 Fax

85008-1599

April 24, 1991

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

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

Dear Mr. Fincel:

We have completed the preliminary sediment analysis as described in our
Scope of Work. It 1is our opinion that no significant sediment
deposition problems exist for Detention Basin 3 and recommend that a
detailed analysis not be conducted.

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.

If you have any questions about our conclusions please give me a call:
at 468-1688. '

Very Truly Yours,

NBS/LOWRY

Brian J. FQ?%?;;i?”’

Project Manager
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MEMORANDUM

To: Brian Fry Date: March 4, 1991
NBS/Lowry - Phoenix

Job No.: P79-086-016
From: Gary L. Guymon

Page 1 of 1_

Subject: EAST FORK CAVE CREEK
RETENTION BASIN PROJECT

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.

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. _ _ '

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 matenal is attached. Almost thirty percent of the materal 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

IRVINE\P1355016 MEM
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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 particularly 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 approxmately 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 Ib. 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. 28W, - Wy
%u

(a = particle radius, u = absolute fluid velocity, W, = soil unit weight, and W, = 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

IRVINE\P1355016 MEM
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SIEVE-ANALTYSTIS

Description of soil:

Location:

Sample No.: O Welght of oven dry sample, W (g): 499.5
Sieve| Sieve |Welght retained Percent of Cumulative |Percent
No. l|opening| on each sieve |welght retalned| percent finer
(mm) (g) on each sieve retained

4 4.750 43.50 9.9¥%¥ 9.91 90.09
10 2.000 85.90 17;202 27.11 72.89
20 0.850 106.20 21.26 48.37 51.63
40 0.425 55.90 - 11.18 59.56 40.44
60 0.250 28.20 5.65 65.21 34.73

140 | 0.106 42.80 8.57% 73.717 26.23
200 0.075 9.30 1.86 75.64 24.36
Pan - 120.90

L 498.70 = Wl
Loss during sieve analysis=[(W-¥1)/W}x100= 0.16% (OK if less than 2%)
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28 B

10 ) 1 L . | 0_a1
Grain size, I {(mm)

FPlot of percent finer UsS . grain size
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REINFORCED CONCRETE PIPE: Job No: P79-086-016
D-load Calculations Filename:C:\WORKSHT\RCPPIPE.WK1
Line: A1l 18" D{0.01")= 1423

From Sta: N/A To Sta: N/A
1. DETERMINATION OF EARTH LOAD:

Input Data:
Km* = 0.13v )/

Ht. of fill, H = 1 ft. y

fill unit wt, w = 120 1b/ftr3”
Trench width, Bd = 3.7 ft7 In Diam.= 18 inj
Outside Diam, Dt = 25.75 in_ Wall Th.= 3.875 in
Calculated Data:

Cd = 0.2610, 0
2. DETERMINATION OF LIVE LOAD
A. No Pavement (Boussinesq Egns.):
Wl = (2,774 1bs/ft of trench.

CalcuTated Data:

Avg Intens., W1 = 2357.31 psf/

Wheel Loads, P = 16,000 1b”/

Impact Fact. If = 30%

Dist LL Area, AlLl= 8.8 sf./

Tot Live load, Wt= 13,051 1b%/ Wt = 17,300 1b//

La = 2.58 ft Lb = "3.42 ftv)
Sla =2.145833 ft/ STb =2.145833 ft

Eff Supp len. Le = 5.4 ft Le = 6.2 ft ,




REINFORCED CONCRETE PIPE: Job No: P79-086-016
D-load Calculations Filename:C:\WORKSHT\RCPPIPE.WK1
Line: A1l 18" D(0.01")= 1423

From Sta: N/A To Sta: N/A

Fixed bed fact.= 1.50
Reinforced As = 0.00% (Class A only)
’ See  Table Page

Trans. width, Bdt= 3.50 CPDM 18 112
Project. Ratio, P= 0.8 CPDM
Settle Ratio, rsd= 0.5 CPDM 43 162
H/Bc = 0.47
rsd*P = 0.4
Bfe = 1.50 62 180

* CPDM=Concrete Pipe Design Manual

D(0.01) = j w
Dult = 2135 41
_______________________________ \goq Vel
Class IV (ASTM C 76 Strength Classification) 2774
2 2&3

?\ i (\ ;‘ c}i&f:%i. s 1“’57//
d{\lh p ]gﬁéﬁb

9.0




REINFORCED CONCRETE PIPE: Job No: P79-086-016
D-load Calculations Filename:C:\WORKSHT\RCPPIPE.WK1
Line: "B" D(0.01")= 1231

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

Input Data:

Km’ = 0.13
Ht. of fill, H = 13 ft.
fill unit wt, w = 120 1b/ft~3
Trench width, Bd = 10 ft. In Diam.= 72 in
Qutside Diam, Dt = 84 in Wall Th.= 6 in
Calculated Data:
Cd = 1.1031 0
2. DETERMINATION OF LIVE LOAD
R___&o Pavem;;£_z§;a;s1nesq Egns 5 ___________
Wl = 0 1bs/ft of trench
Calculated Data:
Avg Intens., Wl = 61.24 psf
Wheel Loads, P = 48,000 1b
Impact Fact. If = 0%
Dist LL Area, ALL= 783.8 sf
Tot Live load, Wt= 11,823 1b Wt = 12,183 1b
La = 27.58 ft Lb = 28.42 ft
Sla = 7 ft S1b = 7 ft
Eff Supp len. Le = 36.8 ft Le = 37.6 ft



REINFORCED CONCRETE PIPE: Job No: P79-086-016
D-load Calculations Filename:C:\WORKSHT\RCPPIPE.WK1
Line: "B" D(0.01")= 1231

From Sta: 25+00 To Sta: 38+20

Fixed bed fact.= 1.50
Reinforced As = 0.00% (Class A only)
See Table Page

Trans. width, Bdt= 11.83 CPDM 30 136
Project. Ratio, P= 0.8 CPDM
Settle Ratio, rsd= 0.5 CPDM 43 162
H/Bc = 1.86
rsd*p = 0.4
Bfe = 2.06 62 180

* CPDM=Concrete Pipe Design Manual

D(0.01) = 1231
Dult =

Class III (ASTM C 76 Strength Classification)




REINFORCED CONCRETE PIPE: Job No: P79-086-016
D-load Calculations Filename:C:\WORKSHT\RCPPIPE.WK1
Line: "F" D(0.01")= 1069

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

Input Data:

Km’ = 0.13
Ht. of fill, H = 11 ft.
fill unit wt, w = 120 1b/ft”3
Trench width, Bd = 7 ft. In Diam.= 48 in
Qutside Diam, Dt = 56.25 in Wall Th.=  4.125 in
Calculated Data:
Cd = 1.2900 0
2. DETERMINATION OF LIVE LOAD
A. No Pavement (Boussinesq Eqns.):
Wl = 0 1bs/ft of trench.
Calculated Data:
Avg Intens., W1 = 79.99 psf
Wheel Loads, P = 48,000 1b
Impact Fact. If = 0%
Dist LL Area, ALL= 600.1 sf
Tot Live load, Wt= 9,029 1b Wt = 9,344 1b
La = 24.08 ft Lb = 24.92 ft
Sla = 4.6875 ft S1b = 4.6875 ft
Eff Supp len. Le = 30.2 ft Le = 31.1 ft
3. SELECTION OF BEDDING:
A—__%r;nch Bedding:
Bedding Class C (A,B,C, or D)




W

REINFORCED CONCRETE PIPE: Job No: P79-086-016
D-load Calculations Filename:C:\WORKSHT\RCPPIPE.WK1
Line: "F" D(0.01")= 1069

From Sta: 10+00 To Sta: 10+85

Fixed bed fact.= 1.50
Reinforced As = 0.00% (Class A only)
See Table Page

Trans. width, Bdt= 8.33 CPDM 26 128
Project. Ratio, P= 0.8 CPDM
Settle Ratio, rsd= 0.5 CPDM 43 162
H/Bc = 2.35
rsd*p = 0.4
Bfe = 2.05 62 180

* CPDM=Concrete Pipe Design Manual

D(0.01) = 1069
Dult =

Class III (ASTM C 76 Strength Classification)




REINFORCED CONCRETE PIPE: Job No: P79-086-016
D-Toad Calculations Filename:C:\WORKSHT\RCPPIPE.WK1
Line:  "L" D(0.01")= 690

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

Input Data:

Km’ 0.13

Ht. of fill, H = 4 ft.
fill unit wt, w = 120 1b/ft”3
Trench width, Bd = 7 ft. In Diam.= 48 in
OQutside Diam, Dt = 56.25 in Wall Th.= 4.125 in
Calculated Data:
Cd = 0.5310 0
2. DETERMINATION OF LIVE LOAD
A. No Pavement (Boussinesq Eqns.):
Wl = 1,018 1bs/ft of trench.
Calculated Data:
Avg Intens., Wl = 322.56 psf
Wheel Loads, P = 32,000 1b
Impact Fact. If = 0%
Dist LL Area, AlLlL= 99.2 sf
Tot Live load, Wt= 11,839 1b Wt = 19,157 1b
La = 7.83 ft Lb = 12.67 ft
Sla = 4.6875 ft S1b = 4.6875 ft
Eff Supp len. Le = 14.0 ft Le = 18.8 ft
3. SELECTION OF BEDDING:
A. Trench Bedding: o
Bedding Class C (A,B,C, or D)




- REINFORCED CONCRETE PIPE: Job No: P79-086-016
D-load Calculations Filename:C:\WORKSHT\RCPPIPE.WK1
Line: "L D(0.01")= 690

From Sta: 10400 To Sta: 13+34

Fixed bed fact.= 1.50
Reinforced As = 0.00% (Class A only)
See Table Page
Trans. width, Bdt 6.50 CPDM 26 128
Project. Ratio, P= 0.8 CPDM

Settle Ratio, rsd= 0.5 CPDM 43 162
H/Bc = 0.85
rsd*p = 0.4

Bfe = 1.50 62 180

* CPDM=Concrete Pipe Design Manual

D(0.01) =
Dult = 1035

Class 1 (ASTM C 76 Strength Classification)
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CORRUGATED METAL PIPE: Job No: P79-086-016

Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1
Line: A1l 18"

From Sta: N/A To Sta: N/A

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

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

Pv = 1,920 psf Pre DLYLL s« P . pL+ o5l
[ee 4 120
Live Loading =H-20 (H-20 or H-25) - <
Ht. of fil1, H 1 ft. 19 2o pef

fill unit wt, w
Diameter
Load Factor

120 1b/ft”3
18 in

DL

_______________________________ C - QL‘V‘) 40/ (xﬁ{ﬂ@"’ﬁﬁfﬁ%ﬁ
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l CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1
Line: A11 18"
l From Sta: N/A  To Sta: N/A
4. ALLOWABLE WALL STRESS
TS s N N R R S T S S S S S S S T T N S R I N s s ssss === = === %g lsog
l fc = 19,186 psi P <7 .
............................... or = < 294 / ‘(4\ o
Corrugation Profiles 000
I fb = 33,000 psi =~ ----c-meeomm--omes YT 2%,
Load Fact, K =  0.86 1-1/2 x 1/4" fy 7 e e
Corrug. Prof. =2-2/3 x 1/2" 2 x 172" 2% L ‘
l D/rmin = 106 2-2/3 x 172 A\, \BepE
0 5x 1" |
. 6 x 2"
5. WALL CROSS-SECTIONAL AREA
' A= 0075 in*2/ft  required ) - 9_ ) lﬁf&_q Welse _ S \_:\f V{;@a}gQ
""""""""""""""""" 5, 1G, 1 €6 W[ n* o
' Required thick. = 0.052 in A=( 0.619).—
= 18 ga
l 6. HANDLING STIFFNESS
i FF = 0.0072 OK v ﬂ """" DT k= .
------------------------------- B B (o b G — ol
I Max FF = 0.043 - S o
l 7. SERVICE LIFE:
======================__—_:,7/5532~======================"‘ _ S EEESESEmmmmE=ET
Life = 85 yrs (fco first perforation) |\ gso
l ------------------------------ o 4|
Soil pH= 7.9 Y= 248 oa
Min Res, R = 1000 ohm cm g ad (\ovo)
Selected th. = 8 gage o ve
ga Fact = 3.4 Aﬂﬁy(ag ¥3%3:-4 - 10 Ykt
l Avg life= 170 yrs (25% avg th1ckness reduction)
|




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

=
m
nal
m
=
m
=
()
rm
w

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

L
[y

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

............................... o Qs de) fb
l DL = iw%&lx(\ ) | sbo |4
Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 13 ft.
' fill unit wt, w = 120 1b/ftA3
’ Diameter = 72 in
Load Factor = 1
LL = 0 psf
' DL = 1560 psf




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

_______________________________ 55,0 33,000
Corrugation Profiles ?b” 2 2l %)
fb = 337000 pSi ------------------ ~ lc,i ‘%é) %l
Load Fact, K=  0.86 1-1/2 x 1/4" T ERP
Corrug. Prof. = 3 x 1" 2 x 1/2" ,
D/rmin = 211 2-2/3 ; %2" frc = 14,15b pst
5x 1"
6 x 2"

5. WALL CROSS-SECTIONAL AREA:

s -ttt -ttt -ttt e - 2
A= 0.244 in*2/ft required A = L . HegoMr | o4k K%
------------------------------- e g, (%6 ¥

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

6. HANDLING STIFFNESS:

================================================================ﬁ=======

FF = 0.0251 OK L (1) 5 - oo 2!
............................... T — 8"
Max FF =  0.06 T 30%l0
F1zw?VN(€fﬁ Factor
7. SERVICE LIFE:
Life = 85 yrs (to first perforation) "
_______________________________ o4
- Q‘%ﬂz g
Soil pH = 7.9 )i a Croon “
Min Res, R = 1000 ohm cm - =z WAl
Selected th. = 8 gage A& 2N G
ga Fact = 3.4 A‘a a e
Avg life= 170 yrs (25% avg thickness reduction)
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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

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

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

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 13 ft.
fill unit wt, w = 120 1b/ft~3
Diameter = 72 in
Load Factor = 1
LL = 0 psf
DL = 1560 psf /




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

s g 7 ISP
Corrugation Profiles [ <'767 . ‘
fb = 25,560 pSi  m-me-oem-mmmmame- ) 1 \Aﬁ@ﬂ
Load Fact, K =  0.86 1-1/2 x 1/4" 40 wop - 01 (#7770
Corrug. Prof. =2-2/3 x 1/2" 2x 172> { | AR
D/rmin = 422 . V2-2/3 X 1/2" T )
3 x 1"
5x 1" ‘
6 x 2"
5. WALL CROSS-SECTIONAL AREA
Az 035 ing/ft required k> Clge ~EEE o pms vy
4,900
Required thick. = 0.052 in A=( 0.619) Lse '3 gt
__________________________ B e = TR
6. HANDLING STIFFNESS
FF = Wgo HIGH New Th = 12 ga e = &1
Max FF =  0.06 New Th = 0.109 in - C:i%)w
New FF = 0.0505 20w (7. @)
7. SERVICE LIFE: o - o6
Life = 85 yrs (to first perforation) L
TTTTTmeTmmommmomsssmsmemosomsess O
L, . ol
Soil pH = 7.9 e N
Min Res, R = 1000 ohm cm
Selected th. = 8 gage 12— n
ga Fact = ) y = (72)
Avg life= 170 yrs (25% avg thickness reduction)

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

From Sta: 10+00 To Sta: 10+85

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

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

------------------------------- DL = l@\j”m (n g )
HE
Live Loading =H-20 (H-20 or H-25) — 220 pst
Ht. of fill, H = 11 ft.
£i11 unit wt, w = 120 1b/ftA3 e = «
Diameter = 48 in 2
Load Factor = 1 b o« 1320 £ @ = 100

LL = 0 psf v
DL = 1320 psf




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

From Sta: 10400 To Sta: 10+85

------------------------------- 33,000 35500
Corrugation Profiles 4L“' e ¥ -
fb = 33,000 psi @ ----emmee-eo-oo---
Load Fact, K = 0.86 1-1/2 x 1/4" ~ 19 {gg -
Corrug. Prof. =2-2/3 x 1/2" 2 x 1/2" A
D/rmin = 281 2-2/3 x 1/2"
I x 1"
5x 1"
6 x 2"
5. WALL CROSS-SECTIONAL AREA
"""" A= 0.138 in"2/ft required L, Cf, = L& _ , \z33.,5
------------------------------- k /{c ICEM%“ 7 S
Required thick. = 0.052 inv/// A=( 0.619)
= 18 ga
6. HANDLING STIFFNESS
_________ L L
Max FF =  0.06 oo
7. SERVICE LIFE
Life = 85 yrs (to first perforation) ¥
_______________________________ o b
- —C ‘ 1% &
Soil pH = 7.9 [,je‘ = 4’*5“k“ A
Min Res, R = 1000 ohm cm GG A leTe
Selected th. = 8 gage -
ga Fact = 4 te

Avg life= 1}0 yrs (25% avg thickness reduction)

W usiNg 4n focboe =24 Ufte = 24 # 44-G = 170 Yoars



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

From Sta: 10+00 To Sta: 13+34

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

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

- e e e e ws e e e e R e W M N M W A M e dm e e A N S M G ML S W e MR GE e e A e W W e e e e e

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 4 ft.
fill unit wt, w = 120 1b/ft”3
Diameter = 48 1in
Load Factor = 1
LL = 400 psf
DL = 480 psf




CORRUGATED METAL PIPE: Job No: P79-086-016

Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1
Line: "L"

From Sta: 10+00 To Sta: 13434

fc = 19,186 psi
_ Corrugation Profiles
fb = 33,000 psi ™ c--m-mmeme-ceoana-
Load Fact, K = 0.86" 1-1/2 x 1/4"
Corrug. Prof. =2-2/3 x 1/2"“ 2 x 1/2"
D/rmin = 281 o 2-2/3 x 1/2"
3 x 1"
5x 1"
6 x 2"
5. WALL CROSS-SECTIONAL AREA:
A= 0.092 in*2/ft required
Required thick. = 0.052 in A=( 0.619)
= 18 ga
6. HANDLING STIFFNESS:
FF = 0.0512 0K
Max FF = 0.06
7. SERVICE LIFE:
Life = 85 yrs (to first perforation)
Soil pH = 7.9
Min Res, R = 1000 ohm cm
Selected th. = 8 gage
ga Fact = .4
Avg life= 170 yrs (25% avg thickness reduction)




\

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

From Sta: 10+00 To Sta: 22+00

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

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

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 15.5 ft.
fill unit wt, w = 120 1b/ft~3
Diameter = 54 in
Load Factor = 1
LL = 0 psf
DL = 1860 psf




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

From Sta: 10+00 To Sta: 22400

fb = 31,877 psi = --emeemeemmeeo--
Load Fact, K = 0.86 1-1/2 x 1/4"
Corrug. Prof. =2-2/3 x 1/2" 2 x 172"
D/rmin = 317 2-2/3 x 1/2"
3 x 1"
5x 1"
6 x 2"
5. WALL CROSS-SECTIONAL AREA:
A= 0.226 in"2/ft required
Required thick. = 0.052 in A=( 0.619)
= 18 ga
6. HANDLING STIFFNESS:
FF = 0.0648 TOO HIGH New Th = 16 ga
Max FF = 0.06 New Th = 0.064 in
New FF = 0.0514
7. SERVICE LIFE:
Life = 85 yrs (to first perforation)
Soil pH = 7.9
Min Res, R = 1000 ohm cm
Selected th. = 8 gage
ga Fact = 3.4
Avg life= 170 yrs (25% avg thickness reduction)
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CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1
Line: "B"

From Sta: 10400 To Sta: 22400

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

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

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 15.5 ft.
fill unit wt, w = 120 1b/ft~3
Diameter = 54 in
Load Factor = 1
LL = 0 psf
DL = 1860 psf




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

From Sta: 10+00 To Sta: 22400

fb = 33,000 psi = -------eme--ea-o---
Load Fact, K = 0.86 1-1/2 x 1/4"
Corrug. Prof. = 3 x 1" 2 x 172"
D/rmin = 158 2-2/3 x 172"
3 x 1"
5x 1"
6 x 2"
5. WALL CROSS-SECTIONAL AREA:
A = 0.218 in*2/ft requi;ed
Required thick. = 0.052 in A=( 0.711)
= 18 ga
6. HANDLING STIFFNESS:
FF = 0.01410C
Max FF = 0.06
7. SERVICE LIFE:
Life = 85 yrs (to first perforation)
Soil pH = 7.9
Min Res, R = 1000 ohm cm
Selected th. = 8 gage
ga Fact = 3.4

Avg life= 1}0 yrs (25% avg thickness reduction)




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

From Sta: 22+00 To Sta: 25+00

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

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

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 21 ft.
fill unit wt, w = 120 1b/ft”3
Diameter = 54 in
Load Factor = 1
LL = 0 psf
DL = 2520 psf



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

From Sta: 22+00 To Sta: 25+00

-
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fb = 31,877 psi = ------meeemeenoo--
Load Fact, K = 0.86 1-1/2 x 1/4"
Corrug. Prof. =2-2/3 x 1/2" 2 x 1/2"
D/rmin = 317 2-2/3 x 1/2"
3 x 1"
5x 1"
6 x 2"
5. WALL CROSS-SECTIONAL AREA:
A= 0.306 in*2/ft required
Required thick. = 0.052 in A=( 0.619)
= 18 ga
6. HANDLING STIFFNESS:
FF = 0.0648 TOO HIGH New Th = 16 ga
Max FF = 0.06 New Th = 0.064 in
New FF = 0.0514
7. SERVICE LIFE:
i;fe = 85 yrs (t;-;grst perforation) -
Soil pH = 7.9
Min Res, R = 1000 ohm cm
Selected th. = 8 gage
ga Fact = 4
Avg Tlife= 170 yrs (25% avg thickness reduction)




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

From Sta: 22+00 To Sta: 25+00

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

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

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 21 ft.
fill unit wt, w = 120 1b/ft*3
Diameter = 54 in
Load Factor = 1
LL = 0 psf
DL = 2520 psf




CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1
Line: "B"
From Sta: 22+00 To Sta: 25+00
4. ALLOWABLE WALL STRESS:
fc = 19,186 psi S
Corrugation Profiles
fb = 33,000 psi @ -------e-co-oo---
Load Fact, K = 0.86 1-1/2 x 1/4"
Corrug. Prof. = 3 x1" 2 x 172"
D/rmin = 158 2-2/3 x 172"
3 x 1"
5x 1"
6 x 2"
5. WALL CROSS-SECTIONAL AREA:
A= 0.296 in*2/ft required )
= 0.052 in A=( 0.711)
= 18 ga
6. HANDLING STIFFNESS:
FF = 0.0141 0K

l Required thick.

Life = 85 yrs (to first perforation)
Soil pH = 7.9
Min Res, R = 1000 ohm cm
Selected th. = 8 gage
ga Fact = 4
Avg life= 170 yrs (25% avg thickness reduction)




CORRUGATED METAL PIPE: Job No: P79-086-016
Min. Gage Ca]cq]ations Filename:C:\WORKSHT\CMPPIPE.WK1
Line: "H'

From Sta: 22+38 To Sta: 23+08

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

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

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 14.5 ft.
fill unit wt, w = 120 1b/ft*3
Diameter = 66 in
Load Factor = 1
LL = 0 psf
DL = 1740 psf




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

From Sta: 22+38 To Sta: 23+08

fc = 16,201 psi
Corrugation Profiles
fb = 27,866 psi = ---------mmooee-
Load Fact, K = 0.86 1-1/2 x 1/4"
Corrug. Prof. =2-2/3 x 1/2" 2 x 1/2"
D/rmin = 387 2-2/3 x 1/2"
I x 1"
5 x 1"
6 x 2"
5. WALL CROSS-SECTIONAL AREA:
A= 0.295 in*2/ft required
Required thick. = 0.052 in A=( 0.619)
= 18 ga
6. HANDLING STIFFNESS:
FF = 0.0968 TOO HIGH New Th = 12 ga
Max FF = 0.06 New Th = 0.109 in
New FF = 0.0424
7. SERVICE LIFE:
Life = 85 yrs (to first perforation)
Soil pH = 7.9
Min Res, R = 1000 ohm cm
Selected th. = 8 gage
ga Fact = .4
Avg life= 170 yrs (25% avg thickness reduction)




Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1
Line: "H"

l CORRUGATED METAL PIPE: Job No: P79-086-016
' From Sta: 22+38 To Sta: 23+08

1. "Handbook of Steel Drainage & Highway Construction

. Products," American Iron & Steel Institute, Third Edition,
1983.
l 2. "Modern Sewer Design," America Iron & Steel Institute,
1990.

l Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 14.5 ft.
l fill unit wt, w = 120 1b/ft”3
Diameter = 66 in
Load Factor = 1
LL = 0 psf
' DL = 1740 psf




CORRUGATED METAL PIPE: Job No: P79-086-016

Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1
Line:  "H"
From Sta: 22+38 To Sta: 23+08

fb = 33,000 psi = ~---eemecmmooooa-
Load Fact, K = 0.86 1-1/2 x 1/4"
Corrug. Prof. = I x 1" 2 x 1/2"
D/rmin = 194 2-2/3 x 1/2"
3 x 1"
5x 1"
6 x 2"
5. WALL CROSS-SECTIONAL AREA:
A= 0.249 in*2/ft required
= 0.052 in A=( 0.711)
= 18 ga
6. HANDLING STIFFNESS:
" FF = 0.0211 OK -
Max FF = 0.06
7. SERVICE LIFE:
Life = 85 yrs (to first perforation)
Soil pH = 7.9
Min Res, R = 1000 ohm cm
Selected th. = 8 gage
ga Fact = 4

Avg life= 170 yrs (25% avg thickness reduction)

l Required thick.




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

From Sta: 23+13 To Sta:24+85.34

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

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

Live Loading =H-20 (H-20 or H-25)
Ht. of fill, H = 15 ft.
fill unit wt, w = 120 1b/ft~3
Diameter = 48 in
Load Factor = 1
LL = 0 psf
DL = 1800 psf




CORRUGATED METAL PIPE: Job No: P79-086-016

Min. Gage Calculations Filename:C:\WORKSHT\CMPPIPE.WK1
Line: "H"
From Sta: 23+13 To Sta:24+85.34

fb

Load Fact, K
Corrug. Prof.
D/rmin

33,000 psi = c-e--emeeeeoooo---
0.86 1-1/2 x 1/4"
2-2/3 x 1/2" 2 x 172"
281 2-2/3 x 1/2"

X

X

X

1"

7.9

1000 ohm cm
8 gage
4

Soil pH

Min Res, R
Selected th.
ga Fact
Avg life

1}0 yrs (25% avg thickness reduction)

' Required thick. = 0.052 in A=( 0.619)
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625
615
615
615
401
401

l 11-Sep-91 BASIN 3a/3b PRELIMINARY CONSTRUCTION COST ESTIMATE PAGE 1
Item Description Unit Qty. Unit Amount
Price

Mobilization & Demobilization L.S. 1 $100,000 $100,000.00
Clearing & Grubbing L.S. 1 $30,000.00 $30,000.00
Removal of Exist. Improvements L.S. 1 $3,000.00 $3,000.00
18" Storm Drain Pipe L.F. 1978 $22.00 $43,516.00
48" Storm Drain Pipe L.F. 923 $48.00 $44,304.00
54" Storm Drain Pipe L.F. 3000 $55.00 $165,000.00
66" Storm Drain Pipe L.F. 210 $70.00 $14,700.00
72" Storm Drain Pipe L.F. 1320 $80.00 $105,600.00
72" x 113" Storm Drain Pipe L.F. 237 $175.00 $41,475.00
66" x 48" Storm Drain Reducer L.F. 15 $170.00 $2,550.00
Catch Basin (Type N) Ea. 8 $1,400.00 $11,200.00
48" M.H. (MAG 520 & 522) Ea. 1 $2,200.00 $2,200.00
Manhole Ea. 2 $1,900.00 $3,800.00
Concrete (Class A) C.Y. 492  $200.00 $98,400.00 w7
Reinforcing Steel Lbs. 24648 $0.50 $12,324.00 - Y
Sidewalk S.F. 20112 $1.25 $25,140.00 )
Untreated Aggregate Base c.yY. 48 $35.00 $1,680.00 $}
Excavation C.Y. 666021 $1.20 $799,225.20
Surplus Material C.Y. 665788 $0.75 $499,341.00
Backfill C.Y. 233 $4.00 $932.00
Grasscrete S.Y. 210 $45.00 $9,450.00
Trash Rack Ea. 1 $4,000.00 $4,000.00
Pipe Support Ea. 3 $100.00 $300.00
6" Tapping Sleeve & Valve Ea. 1 $1,300.00 $1,300.00
6" ACP & Fittings L.F. 691 $18.00 $12,438.00
6" DIP & Fittings L.F. 84 $22.00 $1,848.00
12" DIP & Fittings L.F. 104 $42.00 $4,368.00
6" Valve, Box & Cover Ea. 2 $1,100.00 $2,200.00
12" Valve, Box & Cover Ea. 2 $2,300.00 $4,600.00
Pavement Replacement S.F 75 $2.50 $187.50
48" Manhole (P-1430) Ea. 3 $2,200.00 $6,600.00
8" Sewer Pipe L.F 56.5 $43.00 $2,429.50
Drop Sewer Connection Ea. 1 $510.00 $510.00
Manhole Plug Ea. "1  $100.00 $100.00
Detours & Traffic Control " 1 $10,000.00 $10,000.00
Traff. Cont. - Unif. Officer S 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

Sub-total $2,085,352
Salvaged Tree - 36" Box Ea. 38 $335.00 $12,730.00
Salvaged Tree - 48" Box Ea. 30 $669.00 $20,070.00

NBSH
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ll-Sep-91 BASIN 3a/3b PRELIMINARY

Item Item Description

No.
Salvaged Tree - 54" Box
Salvaged Tree - 60" Box
Salvaged Tree - 66" Box
Salvaged Tree - 72" Box
Salvaged Tree - 96" Box
24" Box Trees (New)

5 Gal. Shrubs

1 Gal. Shrubs

Turf

Concrete Header (6" x 8")
Concrete Curb (8" x 24")
Decomposed Granite Type "A"
Decomposed Granite Type "B"
Stabilized Granite

Sand (12" depth)

River Rock

Concrete Tire Stops

CONSTRUCTION COST ESTIMATE PAGE 2
Unit Qty. Unit Amount
Price
Ea. 25 $950.00 $23,750.00
Ea. 9 $1,140.00 $10,260.00
Ea. 2 $1,330.00 $2,660.00
Ea. 2 $1,520.00 $3,040.00
Ea. 2 $2,229.00 $4,458.00
Ea. 301 $225.00 $67,725.00
Ea. 1260 $17.50 $22,050.00
Ea. 848 $7.50 $6,360.00
S.F. 881571 $0.10 $88,157.10
L.F 6108 $5.50 $33,594.00
L.F. 468 $9.00 $4,212.00
S.F. 486283 $0.22 $106,982.26
S.F. 58208 $0.22 $12,805.76
S.F. 36189 $0.70 $25,332.30
Ton 443 $10.00 $4,430.00 -
S.F. 2775 $3.00 $8,325.00
Ea. 98 $20.00 $1,960.00

Sub-total $458,901

(E I = G I N &N N G B S B BN D e Ea

RRIGATION
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
S700C Series Rotary Sprinkler Ea. 36 $70.00 $2,520.00
570C Series Pop-up Sprinkler Ea. 25 $18.00 $450.00
EFB-CP-1" (Turf) Valve Ea. 1 $160.00 $160.00
EFB-CP-1-1/2" (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
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 Controlier Ea. 4 $5,000.00 $20,000.00
3/4" Quick Coupler Valve Ea. 33 $70.00 $2,310.00
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
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
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
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
NBSH
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Asphalt Conc. Pvmt D 1/2 Mix Tons 1340 $25.00 $33,500.00
Asphalt Conc. Pvmt A 1-1/2 Mix Tons 2919 $25.00 $72,975.00
Concrete Sidewalk S.F. 41913 $1.25 $52,391.25

. 11-Sep-91 BASIN 3a/3b PRELIMINARY CONSTRUCTION COST ESTIMATE PAGE 3
Item Item Description Unit Qty. Unit Amount
No Price
#14 Common Wire (White) L.F. 13400 $0.18 $2,412.00
l #14 Common Wire (Red) L.F. 166100 $0.18 $29,898.00
2" Turbine Water Meter Ea. 6 $2,000.00 $12,000.00
l Sub-total  $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
#2 Type XHHW Wire L.F. 5520 $1.13  $6,237.60
l #4 Type XHHW Wire L.F 1440 $0.85 $1,224.00
#6 Type XHHW Wire L.F 4060 $0.64 $2,598.40
#8 Type XHHW Wire L.F 4260 $0.56 $2,385.60
I #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
#6 Bare Copper Bond L.F 2030 0.32 $649.60
I #8 Bare Copper Bond L.F 2130 0.26 $553.80
#12 Bare Copper Bond L.F 470 0.19 $89.30
1-1/4" PVC Conduit L.F 3480 2.73  $9,500.40
l 1" PVC Conduit L.F. 4160 2.62 $10,899.20
3/4" PVC Conduit L.F 470 2.47 $1,160.90
l Sub-total $72,057
PAVING
Catch Basin - Type M Ea. 3 $2,000.00 $6,000.00
Catch Basin - Type M-1 Ea. 2 $2,500.00 $5,000.00
l Catch Basin - Type N Ea. 1 $2,000.00 $2,000.00
Drainage Scupper Ea. 1 $400.00 $400.00
18" RCP Connector Pipe L.F. 396 $25.00 $9,900.00
l Remove & Salvage Exist. Trees Ea. 18 $500.00 $9,000.00
Construct Drainage Swale L.F. 255 $5.00 $1,275.00
l 2" water service Ea. 5 $750.00 $3,750.00
Relocate Exist. Block Wall L.S. 1 $3,000.00 $3,000.00
l Remove Exist. Signs Ea. 6 $15.00 $90.00
Remove Exist. Wire Fence L.F. 1314 $2.00 $2,628.00
Remove Exist. Curb & Gutter L.F. 904 $1.00 $904.00
l Remove Exist. Pavement S.Y. 165 $1.00  $165.00
Remove Exist. Sidewalk S.Y. 411 $1.00 $411.00
Ro11 Curb, MAG 220 Type "C" L.F. 49 $8.00 $392.00
l Survey Monument Ea. 15 $250.00 $3,750.00
Relocate Traffic Sign Ea. 3 $75.00 $225.00
l NBSH
JLOWRY
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l 11-Sep-91 BASIN 3a/3b PRELIMINARY CONSTRUCTION COST ESTIMATE

Item Description

Amount

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

NBS™

Unit Qty. Unit
Price
L.F. 6173 $8.00
Ea. 4 $500.00
Ea. 4 $75.00
S.F. 1842 $2.60
Sub-total
Total

15% Contingency
GRAND TOTAL

$49,384.00
$2,000.00
$300.00
$4,789.20

$264,229

$3,160,871
$474,131

$3,635,001

JLOWRY

PAGE 4
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THOMAS-HARTIG & ASSOCIATES, INC.

GEOTECHNICAL, MATERIALS TESTING, AND ENVIRONMENTAL CONSULTANTS



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.

TOM W. THOMAS, P.E. - HARRY E. HARTIG, P.E.
Geotechnical, Materials Testing, and Environmental Consultants
7031 West Oakland Street » Chandler, Arizona 85226

James R. Morrow Frank M. Guerra, PE. Dale V. Bedenkop, PE.
John P. Boyd, PE. Steven A. Haire, PE. John C. Patton
Charles H. Atkinson, P.E. Kenneth L. Ricker, P.E. Kenneth D. Walsh, PE.
James M. Willson, PE. Judith A. McBee rOteom—
NBS/Lowry Engineers & Planners 11 April 1991

2600 North 44th Street
Phoenix, Arizona 85008-1599

Attention: Brian J. Fry

Project: Detention Basins 3A & 3B Project No. 91-0524
City of Phoenix No. ST-896829
24th Street and Grovers Avenue
Phoenix, Arizona

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 fow
feet. Inlet and outlet structures, a low flow outlet, and a storm drain will be included. Ele -
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 21st 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.

Representative samples obtained during the test drilling were subjected to the

following laboratory analyses: = r”jﬁr- -
. pH Y& LurE
Test Sample(s) Purpose . \lf =
Compression Undisturbed (3) Foundation settlement . pecis™V T
analyses

Expansion

Sieve Analysis
and Plasticity Index

Dry Density and
Moisture Content

Agronomy

Compacted sub-
surface soil (2)

Representative
surface soil (2)

Undisturbed (8)

Representative
subsurface soil (4)

Expansion potential
of excavated soils

Pavement design
criteria

In situ density and moisture
determination to correlate
engineering properties

Horticultural evaluation

éjLH él(,” uka

Ied U ' [ ¢ v“' °(
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 appended.

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
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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 feet at 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 Il and Il 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.

Maximum
Footing Footing Allowable Foundation Foundation Load
Type Depth Bearing Pressure Walls  Columns
Mat 0.5’ 2000 psf - =
Mat 1.5’ 2500 psf - -
Wall or Col. 1.5 1500 psf 3 Kif 20 kips
Wall or Col. 2.5’ 2000 psf 5 Kif 40 Kkips

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 bearing
level should be either stepped down to penetrate these undesirable materials or
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the undesirable materials should be removed and be replaced with lean concrete
or other materials as directed.

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@g@je 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.

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.

Lateral Design Parameters: The following tabulation presents recommendations

for lateral stability analyses assuming compacted granular backfill. The values do
not include compaction forces.

TFoundation TOE PreSSUIES ..o eeeeeeeee . 1.33 X allowable

2| ateral Backfill Pressures:
Above Water Level:

Unrestrained walls ......cccoooeeieieieeiieece e 35 psf/ft.

Rigid, permanently braced walls ........c..cccoeveeuneee. 50 pst/it.
Below Water Level:

Unrestrained walls ..o 80 psf/ft.

Rigid, permanently braced walls .........cccoeeeeiinnnns 92 psf/ft.

3lLateral Passive Pressures:
Above Water Level:

Continuous walls/footingS.......cocveeiieiieeeriieee e 250 psf/ﬁ.l/v
Isolated columns/fOotings ......c..vveveveeeeeeeeeern . 350 psf/ft.”
Below Water Level:
Continuous walls/footingS.......ccccoevveiviciie e 125 psf/ft.
Isolated column/footings ....ccovevvevereececnriniriienee 180 psi/ft.
PROJECT NO. 91-0524 4




Coefficient of Base Friction: y
Independent of passive resistance...........ccccee... 0.40V,
In conjunction with passive resistance................. 0.30/

Tincrease 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 suitably braced during backfilling to prevent
damage and excessive deflection.

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

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.

Saturation 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 clayey 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
structures.

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
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provide subgrade support for flexible pavements. A compacted subgrade of on-site
soils or soils with comparable supporting properties is assumed.

Traffic Asphalt Concrete Granular
Classification Surfacing Base Course
Automobile Parking 2.0" 7.0"

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. Base
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 paved

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.

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 graded
sand and gravel (ABC) is recommended beneath all unreinforced, interior slabs-at-
grade. In our opinion, base course is not required beneath reinforced 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.
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Soils encountered in our test borings were non-cemented to lightly cemented, and
can probably be removed with conventional excavating equipment. The soils
primarily contained cohesive fines, although silty fines were encountered at Test
Borings 3 and 4. Stability problems ranging from slope raveling to caving may

occur in _excavations which encounter random non-cohesive sand and gravel
lenses or layers. All excavations should be braced or sloped as required to
provide personnel safety and satisfy local safety code regulations.

Site Soil Workability: In building areas, the_moisture content of existing site soils
should be maintained between optimum and optimum plus 3 percent (ASTM D698)
during and subsequent to site grading to reduce expansive potentials. At these
conditions, some pumping may be experienced under dynamic 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.

In bituminous paved areas, the moisture content of the subgrade 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 higher than this during construction,
pumping may occur and cause early pavement 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 soils, removal and replacement of wet soils, construction of temporary gravel

roads at channelized traffic areas, and/or use of lighter compaction equipment.

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 steeper than 2:1 (H:V.). The stability of slopes with greater height or which are
used for structural support must be analyzed on an_individual 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
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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 soils 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 BIZ8 .c..aommamssisisssssssssss 6 inches”
Maximum percent expansion ..........ccceceeeeceveenencne 10
Maximum percent passing 200 sieve.................. 25"
Maximum plastiCity iNdeX ......ccceceeeeerevencrcieenes 5

*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 D6S8 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.
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1. Remove vegetation and organic contaminants, subsurface remnants of any
former facilities, all surface fills, any backfills, and any unstable soils
(loose, disturbed, etc.) from structure and pavement areas. Observe the
of debris-laden soils, 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.

3. Scarify, moisture condition and compact exposed surface soils to a
minimum 8-inch depth in areas beneath structures, concrete slabs, and
pavements.

4. Place backfill or fill materials required to elevate site areas to specified
subbase grade. Fill materials should be placed and compacted in
horizontal lifts of thicknesses compatible with the compaction equipment
used.

5. Compaction of cleaned exposed soil and each lift of backfill, subbase fill,
and base course materials should be accomplished to the following
density criteria:

Percent
Compaction
Material (ASTM D698)
Cleaned Exposed Soil, Backfill, and Subbase Fill:
Below foundation level:
Lioss than 5 160l deen.....cewsmssenmmsssssveinssssseivssisiss 95/min.”
MO than S leel dReh...cmseremmmamisamsisswmsmsmi 1001min.~
Below concrete slabs above foundation level:
ON=SItE SOIIS ettt ere e e eeae e ereaese e saeeeas 90/min.
IMPOMEA SOIIS ... 95/min.
Below asphalt paving.........coeeeieiiiieeeceee e 95/min:
*Miscellaneous BaCKTill ... .. et s e e esseveee e 90/min..
Base Course:
Below CONCIrete SIabS ...t e 95/min.:
Below asphalt Paving.......cccoeerieeeerieerereceiceeneeesaienes e 100/min.
PROJECT NO. 91-0524 9
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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.

~

by: & A ‘

/Kenn h LeRicker, B.
&, Al

‘}i‘fn.ﬁ.- 4

QLo s

Reviewed
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FIELD AND LABORATORY TEST RESULTS
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SOIL CLASSIFICATION

COARSE-GRAINED SOIL

More than 50% larger than 200 Sieve size

LEGEND

FINE-GRAINED SOIL

*Aore than 50% smatler than 200 sieve size

SYMBOL | LETTER DESCRIPTION MAJOR DIVISIONS SYMBOL | LETTER DESCRIPTION MAJOR DIVISIONS
o . WELL-GRADED GRAVELS OR GRAVEL-SAND INORGANIC SILTS. ROCK FLOUR. AND
GH 4
T S - ML FINE SANDY OR CLAYEY SILTS OF LOW
MIXTURES. LESS THAN 5% - #2200 FINES s RO Ao AASTTY
- POORLY-GRADED GRAVELS OR GRAVEL-SAND s ‘NORGANIC CLAYS. GRAVELLY CLAYS SILTS AND CLAYS
&P MIXTURES. LESS THAN 5% - #200 FINES More tham nalf of cL SANDY CLAYS. SILTY CLAYS. AND LEAN
coarse fraction is /] CLAYS OF £OW TO MEDIUM PLASTICITY Liquid hmit
oM SILTY GRAVELS. GRAVEL-SAND-SILT ‘arger ihan No. 4 I less than 50
MIXTURES. MORE THAN 12% - #200 FINES sieve size HHEHH ORGANIC SILTS AND ORGANIC SILT-CLAY
el MIXTURES OF LOW TO MEDIUM PLASTICITY
o CLAYEY GRAVELS. GRAVEL-SAND-CLAY
MIXTURES, MORE THAN 12 - #200 FINES INORGANIC SILTS. MICACEOUS OR
MH JIATOMACEQUS. AND FINE SANDY OR
Sw | WELLGRADED SANDS OR GRAVELLY SANDS. CLAYEY SWLTS OF HIGH PLASTICITY
LESS THAN S - 200 FINES INORGANIC CLAYS. FAT CLAYS, AND SILTY
CH ’ i SILTS AND CLAY
| POORLY-GRADED SANDS OR GRAVELLY SANDS. SANDS CLAYS OF HIGH PLASTICITY ars
LESS THAN 5 - #200 FINES More than hatt ot 2200 Liguid hmit
coarse fraction is YIASS]  on ORGANIC CLAYS AND ORGANIC SILTS OF greater than 50
" SILTY SANDS, SAND-SILT mxruaes smaller than No. 4 A S MEDIUM TO HIGH PLASTICITY
= MORE THAN 12%, - #200 FI sieve size P00
pLLALLL
sc CLAYEY SANOS. SAND-CLAY MIXTURES PT PEAT AND OTHER HIGHLY ORGANIC SOiLS
MORE THAN 12%, - #2200 FINES

LEGEND FOR GRAPHICAL BORING LOGS:

Log denotes visual approximation unless accompanied by mechanical analysis and Atterberg limits.

In situ density/ 102pcf 96.2° — Surface Elevation

In sit ist t —
n Situ moisture con ent' 12% 1674 9 —___ Continuous Penetration Resistance,
Penetration Resistance, " 12 2.0” O.D. Bullnose.
2.42" 1.D. ring sampler 42
Standard Penetration Resistance (ASTM D1586), —L75]
2.0" O.D. split spoon sampler

53 .
RF.. /Total depth of auger penetration

Soil classification symbol 4/17/86 — Date boring drilled

PENETRATION RESISTANCE: Blows per foot using 140 Ib. hammer with 30" free-fall unless otherwise noted.

GRAIN SIZES
U.S. STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS
200 40 10 4 374" 3" 12"
SILTS & CLAYS B
DISTINGUISHED ON SAND GRAVEL 5
BASIS OF PLASTICITY "ei0e™ | MEDIUM | COARSE FINE COARSE | COBBLES | BOULDERS

MOISTURE CONDITION (INCREASING MOISTURE ==i)

DRY SLIGHTLY DAMP DAMP MOIST VERY MOIST WET (SATURATED)
(Pastic Limit) (Liquid Limit)
CONSISTENCY CORRELATION RELATIVE DENSITY CORRELATION
CLAYS & SILTS BLOWS/FOOT SANDS & GRAVELS BLOWS/FOOT*
VERY SOFT 0-2 VERY LOOSE 0-4
SOFT 2-4 LOOSE 4-10
SF"I'TN; 48 MEDIUM DENSE 10-30
VERY ;TlFF 1%—152 DENSE 30-50
HARD OVER 32 VERY DENSE OVER 50

*Number of blows of 140 Ib.

hammer failing 30" to drive a 2" O.D. (1-3/8" 1.D.) split-spoon sampler (ASTM D1586).

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 groundwater was encountered in any of the
borings during drilling.

All borings drilled with 7" diameter hollow stem
auger unless otherwise noted.

NOTE: The data presented on the boring logs represants subsurfaca conditions only at the spacific locations and at the time designated. This data may not represent conaitions at
other locations and/or times. Contacts betwean soil strata are approximate and changes betwean soil types may be gradual rather than abrupt. This boring data was compiled
pumanly for design purposas and should not be construed as part of the plans governing construction or dafining construction techniques. Bidders are fully responsible for
intaroretations or conclusions they draw from the boring log.

Project No. 91-0524
Thomas-Hartig & Associates
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GRAPHICAL BORING LOGS
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Stratified with gravel. [
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No free groundwater was encountered in any of the borings during drilling.

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 spacific 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 typss may be gradual rather than abrupt. This boring data was compited
primarily for design purposes and should not be construed as part of the plans governing construction or defining construction techniques. Bidders are fully responsible for
inlarpratations or conclusions they draw from the boring log.
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GRAPHICAL BORING LOGS

3
1444°

SONNUNINNAN
N

8 1]
Stratified with gravel.
<105
NR < 50/77}:H
i34
3-29-91

ey
=Y
w
[o¢]
<

F oy

o)

Stratified with gravel. [777;

9%

104 pot <100/877

N ANNNNN

3%

113 pef <50/7"

29"

3-29-91

*Sample too disturbed to determine density.

No free groundwater was encountered in any of the borings during drilling.

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 tha specific locations and at the time designaled. 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
primarily for design purposes and should not be construed as part of the plans governing construction or defining construction techniques. Bidders are tully rasponsible for
interpretations or conclusions they draw from the boring log.
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GRAPHICAL BORING LOGS

Elevation
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1415 Not recorded.

99 pef <100/9" 17

4% /7] Stratified with gravel.

1410

| 101 pef <100/10747;

9%

1405 Viog

— 3-29-91

1400

No free groundwater was encountered in any of the borings during drilling.

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 and/or times. Contacts betwsen soil strata are approximate and changes between 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 for
intarpratations or conclusions thay draw from the boring log.
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REPORT ON GRADATION AND PLASTICITY INDEX

-

SAMPLE: Date: 4-4-91

Source: Noted Below

Type: Driven Ring Samples

Material: Subsurface Soil A(b‘

Sampled By: TH/Thompson 0 °
TESTED: Sieve Analysis and Plasticity Index ¢ 4 \ g

‘ 0els ¢ ‘3,/70 '
Ao
RESULTS
¥ Sieve Size - Actumulative % Passing *

Sample LL { Pt t 200 J1o0 |50 |30 (16 | 8/ | 4 |34 1 1" J 2" | 3" Class.

1.0- 1 25 |7 55 63 |70 |76 |84 9;{ 99 1100 CL-ML
4-5 53 |29 |16 17 |19 |25 |38 |56 |83 100 SC

N . W EN mm me W e

oe—

Project No. 91-0524
Thomas-Hartig & Associates, Inc.

* Unified Soil Classification
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REPORT ON REMOLDED EXPANSION TEST

SAMPLE: Date: 4-5-91
Source: Noted Below
Type: Bulk Sample
Material: Subsurface Soil
Sampled By: TH/Thompson

TESTED: Percent expansion upon soaking of remolded sample compacted to
approximately 95% of the maximum ASTM D698 dry density at approximately 2% less
than optimum moisture content.

JEST RESULTS
Dry Initial Surcharge Expansion
Density Moisture Pressure Upon Soaking
Sample (pcf) (Percent) (psf) (Percent)
3;,0-8 115 9 100 0.65
3,18 - 26’ 118 7 100 1.90

Project No. 91-0524

Thomas-Hartlg & Associates, Inc.




REPORT ON COMPRESSION TESTS

SAMPLE: Date: 4-4-91

Source: Test Boring 4; 24' - 25'

Type: Driven Ring Sample; 113 pcf Dry Density; 3% Field Moisture
Material: Silty Sand (SM)

Sampled by: TH/Thompson

TESTED: Compression; test sample soaked at 2770 psf

10

12

Compression - Percent

14

16

18

20

100 1000 10000

Pressure - pst
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REPORT ON COMPRESSION TESTS

SAMPLE: Date: 4-4-91

Source: Test Boring 5; 19' - 20

Type: Driven Ring Sample; 99 pcf Dry Density; 4% Field Moisture
Material: Clayey Sand (SC)

Sampled by: TH/Thompson

TESTED: Compression; test sample soaked at 2770 psf
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REPORT ON COMPRESSION TESTS

SAMPLE: Date: 4-4-91

Source: Test Boring 6; 9' - 10’

Type: Driven Ring Sample; 126 pcf Dry Density; 2% Field Moisture
Material: Clayey Sand (SC)

Sampled by: TH/Thompson

TESTED: Compression; test sample soaked at 2770 psf
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Laboratory Consultants, Ltd.
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Thomas—tHari g & 13s30Clales
7031 West Takiand Slreet

Thandier. Ariycona 35225

Jased on Lhe onciosed reports of anaiyvialrs.,
normai for this area. bul high enoudh 1o alfect ablrrenid
avatiabilitly to piants. To jower 0o a more desiyat
appiy 20 pounds sulfur per (000 sqguare feei prepiant
Tncorporate and water in Lthoroudhly.

!
i

The =alinily ievels are low to medium and not damaging to iur? or
ornamentals.

The cxchandeabie sodium perceniages are within an acceptable
rande 1ndicating that water vermeability problems and/oc foiliar
burn due to eveess sodium will not accur.

The ardanic matter content o these s0iis 1s 00w, Tooannudt
beds/planiers. appls~ 20 ubie sards ser 1000 spuare T T raded
stabilized ordanic material o ine surlface and (hocorporaie 1nto
Lhe Lop i2 inches of so011. Lotight surface mulaoh (1/74-:1/Z inch

>

S ¢

deep) will suffice fTor lawn areas. These applications are not
mandatory. bhuit wiil increase water and nutrient hoiding capacity
and mprove soil siructure,

G fhe nutrionis fested. piturogen. phosphorus. and 2ine wer
found to be defli1cirent. To carrect. apply 2 pounds niirogen. 2 1o
3 pounds phosphorus and 172 pound .ine {(as sulfaie) por 1000
square feelb preplant. Tncorporatbte and water -n ‘horoughly. To
matniain nilroaden Tevels. appty Do cunds per TR opnnee U 1
June Lo trees and sarubs, Toogonuais and Sroune covers Joonern

or
Than 'urifY. aop!y 1 to 1 72 pounds rer 1000 sauare Doedl eveny

Lo 8 weerns dduring the active grawing season. To tawn areas.
i

apply ¢ pound per (000 square Jeet once per monih durinyg ine

.

Achive drowing season.  Water i oapplications Lo incerperate.

-

Phosphorus can be split with nitroden applicalions.

5861 South Kyrene, Suite 15 Tempe, Arizona 85283 Telephone (602) 491-9655

e,
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1 vou have any aguestions or 1 ooan be of Turithior 2ss12lanee
ieane callo &t TR aNNEREY'S ) ANE S ST IVED UL

Hespechtful by cubmiobed.
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BUBMITTED 8YH THOMAS—HARTIG
ADDRESS:

Laboratory Consuitants, Lid.

I 5861 South Kvrene, Suite 15  Tempe, Arizona 85283 ! GROWER:

Telephone (302) 491-9655 | LAB NO.: 71-324
: QIHS37R7
SOIL FERTILITY REPORT
- CROP ) !DATE RECEIVED
SAMPLE 2 ORNAMENTAL i 4/1/91
l MARKING ]
~ YIELD GOAL "DATE REPORTED
a 0— '3’ . @ N/A : ' 4/4/91
i EREE [ELECTRICAL T EXCHANGEABLE
- LIME {cCONDUCTIVITY ; 30DIUM ‘
8.2 ! YES ! mmhos/cm |  PERCENTAGE
g " R - 'SUGGESTED " ' .
lfNIC MATTER, % Q. ; s/ A
X " L H —
EC BRCO | SIDEDRESS ins/ A
DRGANIC NITROGEN ‘ 36
i TOPDRESS . 55/ A
Deopth. in. 4 LY A ;
ATE - NITROGEN 2 - 36 7 76 i STARTER o5 A
. i - .
3 FERTIGATION ’ 08 A
IILABLE NITROGEN - 112 N 3 x A TOTAL Ibs/ A
AVAILABLE : ' /
PgspHORUS | ThAY Plopem o . _F‘j 0 Ibs/A BROADCAST
1 . .
' BICARBONATE P, ppm i8 M 2ms 2 % mA
| EXCHANGEABLE POTASSIUM, ppm. . 271 VH Ko0 @ x YA !
Depth. in, l v ‘
FATE-SULFUR, pem @ _ =g 10 ¢ i
. ) ¢ S :
Ibs/ A i
i
eXCHANGEABLE MAGNESIUM, ppm . 937 VH % MgO 0 * los/A '
N i
':iANGEAaLE CALCIUM.ppm oo M
: . T F, R R i
 EXCHANGEABLE SODIUM, ppm e 392 H |
!
ILABLE ZINC, ppm 8.5 L | Zn 4 xx A ARTER
; 'AILABLE COPPER, ppm @.7 H ‘ Cu @ wx PVA
| AVAILABLE IRON, ppm 19.2 H | Fe B wx BSA
: lﬂlLABLE MANGANESE, ppm 11.@ H ' Mn @ xx YA
© AVAILABLE BORON, ppm ! B ibs/A
: t 2.5 L | B *x
: E REQUIREMENT (Goﬁgﬂ-':xiiv"::ossl Tons/A l
| GYPSUM REQUIREMENT Gypsum TonsiA |
: {100% basis)
-OIL TEXTURE | %SAND ‘ % SILT | % CLAY
. ! i
i I * = lbs. per 1000 sq. ft *%¥ = ozs. per 1000 sq. ft ‘/// ‘ ‘
l U NN y - TR S B B RE ) »..\.:;A,. e h 2Y: \/<'k"/("/lz)2\" /7L IL“I"’(.".I
PLEASE NOTE SPECIAL COMMENTS ON BACK .




weMiTTED 2 THOMAS-HARTIG

LDDRESS:

4

Laporatory Consuxtams. —id.

I 3261 Souin Kyrene, Suite 15 Tempe. Arizona 55283 " 3ROWER: 91-5724

Telepnone 1302) 491-9655 4B NO.: : 91AS37B8

SOIL FERTILITY REPCRT

T

; . 5 ' : f
g e P j cROP | ORNAMENTAL (DATERECEIVED 1 4/1/91
' MARKING i i
la 16~-18" | YiELD GoAL : @ N/A (OATE REPORTED | 4/4/91
: soIL i : FREE . EI_ECTR;CAL{ | EXCHANGEABLE !
© ew | 7.9 ¢ Ume | YES ,“03,?,;’5,’;‘;;”{ @.65 VLI L 20000M

PERCENTAGE | 1.7

" SUGGESTED: -
. RECOMMENDATIONS: . -

ANIC MATTER, % psi A
T SIDEDRESS % s A
DRGANIC NITROGEN i o3 ; .
: TOPDRESS : 250 A
Suoth. in, .- -
ATE - NITROGEN B -24 |, 4 29 STARTER y r5 A
i { FERTIGATION § S A
{
lILABLE NITROGEN | &0 ¢ N 4 % cuA TOTAL s A
AVAILABLE i :
P SPHORUS BRAY P1, ppm ! 5.0 s/ A BROADCAST
2Us ) .
BICARBONATE P, ppm 2 VL . 5 % A
EXCHANGEABLE POTASSIUM, ppm 319 YH , K0 @ % TuA
Oepth. an. N
FATE-SULFUR, ppm @y _ o4 7 j
. ; S
l ; 1 * 58/ A
; , 5
EXCHANGEABLE MAGNESIUM, ppm I 513 VH MgO @O * vsA
i
I HANGEABLE CALCIUM, ppm 3044 H ! ‘
; i |
ANGEABLE SODIUM, ppm 79 L i i
tlLABLE ZINC, ppm 2.5 L . Zn 4 %% - X
'AILABLE COPPER, ppm 0.8 H Cu : . BE T I
AVAILABLE IRON, ppm 18.2 H Fe B *x esA
rLAeLE MANGANESE, ppm 10.9 H Mn B %% s A
i .
AVAILABLE BORON, ppm 1.4 H | B ! B %% A
l . Li i
€ REQUIREMENT -soignl_'mi Tons. A
\ % affectivencssy
GYPSUM REQUIREMENT (i‘;i“m) Tans A
% basis
i
SOIL TEXTURE . % SAND i %SILT ;% CLAY |
[ ; : Fl !
] * = lbs. per 1000 sq. ft. %% = ors. per 1000 sq. ft ., i /L - }L .
1 Sy Y A3 UM e ae B T AL - A [ A [ Ibl b

PUEASE NOTE SPECIAL CCMMENTS ON BACK
e




SUBMITTED £ THOMAS—-HARTIG

' “DDRESS: '
aporatory Consuitanis, iid.
5861 South Kvrene, Suite 15 Tempe, Arizona 85283 SROWER: ! -
Talephone (302) 491-56565 LAB NO.: } 91-324
L 21A53709

l SOIL FrERTILITY REPORT

sameLe |5 cRoP ORNAMENTAL A R l4/1/91
MARKING | :

' 2 15-18° : YIELD GOAL 2 N/A 'DATE REPORTED 4/4/91
SATURATION — ELECTRICAL " EXCHANGEABLE |
E LIME YES ;vor:r?-::gsr/i:\ﬁ;rv 1.6 M PE:??AJ‘#'Z‘GE !

RECOMMENDATIONS?: . FERTILIZATION PLANz: -

f y
limc MATTER, % l 3.4 i toss A
T T A SIDEDRESS s A
ARGANIC NITROGEN l ‘ 63 i
i X TOPDRESS ; 35/ A
Ceptn. in. : LA
| :
IATE-NITROGEN 2 - 346 : 4 43 | STARTER ing A
: FERTIGATION ; Hs A
ILABLE NITROGEN 106 ' N . 3 % oA TOoTAL Ihs/ A
AVAILABLE . '
PHOSPHORUS BRAY P1, ppm ' ibs/A » BHOADCAS.F
BICARBONATE P, ppm 2 VL i 5 % s A
H }
i
EXCHANGEABLE POTASSIUM, ppm 195 H ! K,0 0 * Ibs/A
Depth, in. 1
FATE - SULFUR, ppm 8 - 36 43 !
! S
B * s/ A
!HANGEABLE MAGNESIUM, ppm 983 VH | MgO @ x oA
.HANGEABLE CALCIUM, ppm 1979 M 5
i
EXCHANGEABLE SODIUM, ppm !
474 H :
!
1|LABLE ZINC, ppm 2L Zn : 4 %% e A
-
ELABLE COPPER, ppm Q.4 H Cu @ xx A
ILABLE IRON, ppm 9.1 H | Fe @ *x OSA
'
|
IILABLE MANGANESE, ppm 5.0 H ' Mn B xx VYA
q
AVAILABLE BORON, ppm 1.2 H ! B B %% TSA
- 1
1 REQUIREMENT ‘sof:g’""ime TonsiA
ettectivenesss
GYPSUM REQUIREMENT Gypsum Tons/A
l {100% basis) X
{
TEXTURE . 3% SAND | % SILT i ! % CLAY
t H £ .

lbs. per 1000 sq. ft. *¥# = pzs. per 1800 sq. ft '\;"/ § L/!
. e NG T I P fegred

P EASE NOTE SPECIAL COMMENTS CON BACK

ST LN . < e eam AN




SUBMITTED 3Y: THOMAS—-HARTIG
“DDRESS: ‘

Laporatory Consuitants, Lid. |
|

l 2861 South Kyrene, Suite 15 Tempe, Arizona 85283 {GROWER:

Talept 502) 491-9655  1=a24
ie non ol - [ .l
alephone | ) 1 ,L.AB NO 91A8371@
SOIL FERTILITY REPORT
T X
[ : P - . DATE RECEIVED
SAMPLE e | €Ro ORNAMENTAL j DATE RECE 4/1/91
l MARKING i
'a 11—-14" YIELD GOAL @ N/A DATE REPORTED 4/4/91
FREE SLECTRICAL ' T EXCHANGEABLE |
CONDUCT IVITY! i SODIUM -
LIME YES i mmhos/cm | 0.70 VL| PERCENTAGE .9
-SUGGESTED: . - O
RECOMMENDATIONS:. * - - -
o
ANIC MATTER, % | los/A
BEENRCTR SIDEDRESS ‘r tos/ A
JRGANIC NITROGEN i S 131 T
._ i i TOPDRESS : s/ A
Depth. in. ) PR e A :
RATE - NITROGEN 2 -3 | 8 84 ; STARTER o "5/ A
; FERTIGATION : s/ A
1
IAI_LABLE NITROGEN I 217 i N B.5 ¥ oA TOTAL ibs/A
: t
AVAILABLE ‘ A B
. PEISPHORUS BRAY P1, ppm ) ] PO . ibs/A BROADCAST .
' BICARBONATE P, ppm 1 VL 275 5 % usA ‘
" EXCHANGEABLE POTASSIUM, ppm - 243 UH K0 @ x VA ;
Depth. in, ]
FATE - SULFUR, ppm B - 36 14 i
' . i i B * YA
<XCHANGEABLE MAGNESIUM, ppm 957 VH | MgO @ % iovA
1
| :
ﬂNGEABLE CALCIUM, ppm 2476 M ?
| i
. i i
EXCHANGEABLE SODIUM, ppm 144 M :
i |
'AILABLE ZINC, ppm L 2.3 L : Zn 4 ®% oviA 3 . STARTER"- .-
.AILABLE COPPER, ppm 2.3 H . Cu @ w*x i
AVAILABLE IRON, ppm 18.1 H { Fe B %% bsA
lAILABLE MANGANESE, ppm ' 3.9 H l Mn @ *% w0sA
AVAILABLE BORON, ppm 2.8 M ' B B %% bsA
ts REQUIREMENT ‘60':9",":"“: ’ TonsiA
% ettecti:venass.
' GYPSUM REQUIREMENT Gypsum ~onsiA -
{100% basis) ¢
JOIL TEXTURE | %SAND . % SILT i % CLAY
. J
i % = lbs. per 1000 sq. ft. *% = ozs. per 1000 sa. ft ) 4 .. )L
i . R LOn GO DIUN e e B e VERY HIGHR P 3Y: ] \ ) /\— ’(' //G 4 ‘L/IT-(M!

v

PLEASE NOTE SPECIAL COMMENTS ON BACK




