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STORMWATER DRAINAGE PRELIMINARY DESIGN

Design Criteria:

1. Process areas and building floor slabs minimum of one (1) foot above 100-year Flood
Plane. (Humboldt County Flood Ordnance Section 335-5, 3a)

2. Plant grade to be established 3 feet above 100-year Flood Level. (PG&E Exhibit E, Sec.
9.7)

3. Surface drainage / storm water drainage to be designed to discharge 10-year runoff without
flooding roads and 50-year runoff without flooding plant facilities (PG&E Exhibit F, Secs.
(9.7 &9.9.1)

References:

Flood Insurance Rate Map Community Panel Number 060060 0950 C, august 5, 1986.
ASCE-77, Design and Construction of Urban Stormwater Management Systems.
American Concrete Pipe Institute, Design Data

NOAA Atlas 2, Volume 11, 6-hour & 24-hour Rainfall Intensities for Northern California

California Department of Water Resources, Rainfall intensities fo Station F60 2907 00
(Eureka).

SN RS

Plant Elevations

Plant is located in a Flood Hazard Zone A. Closest Zone with a 100 year flood elevation is
established is approximately one-half mile Southwest of site. Flood Elevation +6. A review of all
established flood elevations along Humboldt Bay in adjacent areas reveals that the Flood
Elevation of +6 is constant. Therefore, utilize El +6 as the base flood elevation.

Plant grade established on new areas to be +11 to 12’ elevation.
Finished floor elevations established at +13’.
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Sewers, both sanitary and storm, are designed to carry a
peak flow based on anticipated land development. The hydrau-
lic capacity of sewers or culverts constructed of precast circular
concrete pipe flowing full under gravity conditions on a known
slope is readily calculated from the Manning Formula. Most
sewers, however, are designed to operate under partial flow
conditions. Culverts operate under either inlet control or outiet
control. The type of control under which a particular culvert
operates is dependent upon all the hydraulic factors present.
Culverts operating under inlet control will always flow partially

full while those operating under outlet control can flow full or
partially full,

Determination of the depth and velocity of flow in pipe
flowing partially full is therefore frequently necessary. This
design data presents a method for determining the values of the
partial flow depth and velocity in circular concrete pipe through
the use of a series of pantial flow curves which eliminate tedious
trial and error computations.

A complete discussion of the hydraulics of sewers is pre-
sented in Design Data 4, and the hydraulics of culverts is
presented in Design Data 8.

HYDRAULICS OF CONCRETE PIPE

The most widely accepted formula for evaluating the hy-

draulic capacity of nonpressure pipe is the Manning Formuta.
This formula is:

Q= 1288 Axmuxsn (1)
n
where
Q = flow quantity, cubic feet per second
n = Manning's roughness coefficient
- A = cross sectional area of flow, square feet
R = hydraulic radius, feet
S, = slope, feet of vertical drop per foot of

horizontal distance

Table | provides values of S . Table Il lists the full flow area, A,
hydraulic radius, R, and a constant, C,. For a specific pipe size
under full flow conditions, the first three terms of the right hand

PARTIAL FLOW CONDITIONS
CIRCULAR CONCRETE PIPE

side of Manning's Formula equal a constant [C, = (1.486/n) >

A x R¥]. Values of C, are presented for the more commoni

used values, 0.010, 0.011, 0.012, and 0.013, for the roughnes.
coefficient n for precast concrete pipe. Utilizing the appropriate
value of S* from Table | and C, from Table /I, the full flow
quantity, Q., may be determined from Manning's Formulz
conveniently expressed as:

Q. =C, xS * (2

Once the full flow quantity, Q;, has been determined, the aver-
age velocity, V., for full flow conditions may be calculated from
the basic hydraulic relationship:

(3)
where

Q. = flow quantity, flowing full, cubic feet per second
Ve = the average velocity, flowing full, feet per second
A. = cross sectional area, flowing full, square feet

PARTIAL FLOW HYDRAULIC ELEMENTS

For any size of pipe, curves showing the partial flow rela-
tionship of the hydraulic elements, flow quantity, area of flow,
hydraulic radius, and velocity of flow in terms of the fuil flow
conditions can be plotted. Figure 1 provides such hydraulic
element curves for circular concrete pipe.

DESIGN METHOD

To determine the value of any one of the partial flow hydrau-
lic elements for circular concrete pipe, the following three step |
design method is suggested: ‘

1. Determine the full flow quantity, Q;, and velocity, V.,
utilizing Tables | and !/ or othegw appropriate methods.

2. Determine the value of the ratio of partial flow to full flow
of the known hydraulic elements. |

3. Determine the values of the unknown hydraulic elements |
through use of the partial flow curves. |




V; : TABLE {l: Fuli Flow Coefficient Values
TABLE!: ValuesofS_72in Manning’s Formula. Yo .
° s Circular Concrete Pipe.
E ! e et - e . i O . o ’
: i ? ! S : ! ? : D A R Value of Cy = 1288, py g
-000 | .00000 | .01000 | .01414 | 01732 | 02000 | 02235 | .02449 | 02648 | 02928 | 03000 Pipe Area Hydraulic n
001 | 03162 | 03317 | 0346¢ | 03606 | 00742 | 02873 | .04000 | 04123 | 04243 | Oe3sa | Diameter | (Square Radius
002 § .04472 | 04583 | 04890 | .04796 | 04899 | .08000 | .05009 | .05198 | .05292 | 08385 {inches) Feet) (Feet) n=0.010 | n-0,011 | n=0.012 { n=0.013
003 | 05477 | .05568 | 05857 | 05745 | .05831 | .05918 | .08000 | .06083 | .0618< | .08245
004 | .08325 | 08403 | .08481 | 06557 | .08633 | .05708 | .087e2 | .0sass | .oeses | .07000 3 0.349 0.167 15.8 143 131 121
005 | 07071 | 07141 | 07211 | 07280 | 07348 | 07418 | .07¢e3 | 07550 | .07618 | .o7881 10 0.545 0.208 28,4 258 236 | 218
008 | 07746 | 07810 | 07874 | 07937 | .08000 | .08082 | .08124 | .08185 | .08245 | .08307 12 0.785 0.250 464 a2l 386 37
007 | .08367 | .08426 | .08485 | .0854¢ | .08s02 | .08680 | .08718 | .08775 | .08832 | .0ss0e 15 1,227 0312 84.1 765 0.1 84.7
008 | .08844 | .09000 | .09055 | .09%10 | 09185 | .09220 J09274 | 09327 | .0838t 09434 18 1.767 0.375 137 124 114 105
009 | 09487 | 09539 | 09592 | 09644 | .09695 | .09747 | .09798 | 08843 | .09899 | .0s850
010 | .10000 | .10050 | .10700 | .10%49 | .10198 { .10247 | .10286 | .10344 | 10982 | .10440 2] 24035 0437 208 187 172 158
01 | .1000 | 1088 | 1085 | 1120 | 183 | .zs | azes | 1308 | 4342 | 378 2 142 0.500 84 67 25 226
02 | a4 | 460 | oia83 | asz | asee | aser | stz | ees | 673 | L1703 27 3.976 0.562 402 366 33 30
03 [ ars2 | s 789 | 1817 | 1844 187 1897 | 1924 | 1949 | 1975 30 4.909 0.625 533 485 444 410
04 | 2000 | 2025 | 2049 | 2074 | 2008 | 2121 | .2145 | .2188 | 2191 | .2214 74
05 | 2206 | 2258 | 2280 | 2302 | 292¢ | 2345 | 2086 | 2087 | 2008 | 2429 3 3340 0588 L sz 5 5%
06 | 2443 | 2470 | 2490 | 2510 | .2530 | .2550 | 2563 | 2588 | 2608 | .2827 3 ) 0.750 i 788 722 et
07 | 2848 | 2665 | .2888 | 2702 | 2720 | v | 2vs7 | 2775 | 27 | 28n a2 §.621 0.875 1308 1183 1650 1006
08 | 2828 | 2848 | .2884 | .28%:1 2898 | 2915 | 2633 | 2950 | 29088 | .2883 48 12.566 1.000 1867 1698 1556 1438
09 [ .3000 | 3017 | 3033 | 3050 | .3088 | 3082 | 3088 | A114 | 3130 | 3148 54 15.904 1,125 2557 2325 2131 1867
10 | 3162 | 3178 | 2194 | 3209 | 3225 | 9240 | 3258 | 3271 | 3288 | 3302 60 19.635 1250 3388 077 2871 2604
66 23.758 1378 4364 3967 3638 3357
2 28.274 1.500 5504 5004 4587 423
78 33.183 1.625 6815 6195 §679 5242
84 38.485 1.750 8304 7549 6920 6388
90 44.170 1.875 9585 9078 8321 7681
9 50.266 2.000 11850 10780 9878 9118
102 §6.745 2125 13940 12670 11820 10720
108 63.617 2250 16230 14760 13530 12490
114 70,882 2375 18750 17040 15620 14420
120 78.540 2.500 21500 19540 17920 16540
126 86.590 2,625 24480 22260 20400 18830
132 95.033 2.780 2720 25200 23100 21330
138 _103.870 2875 31210 28370 26010 24010
14 113,100 3.000 34060 31780 28130 26890
FIGURE 1: Relative Velocity and Flow in Circular Pipe for Any Depth of Flow.
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Given:

Find:

Solution:

Answer:

EXAMPLE1

A 48-inch diameter circular concrete pipe storm
sewer, with n equal to 0.012 and flowing one-third full.

Slope required to maintain a minimum velocity of 3
feet per second.

Enter Figure 1 on the vertical scale at Depth of Flow
= 0.33 and project a horizontal line to the curved line
representing velocity. On the horizontal scale directly
beneath the point of intersection read a value of 0.81
which represents the proportional value for full flow:

\'4

’\7; = (0.81

Since the actual velacity required is 3 fest per sec-
ond:

Ve =081
Ve =3.7
Entering Table I at a pipe diameter of 48 inches and

an n value of 0.012, the C, value is 1556 and A is
12.566 square feet.

Combining Equations 2 and 3 and solving for S,:
V, 2
s [%]

s = [ 8.7 (12.568) |2
0 1556

S, = C.00089 feet per foot

The slope required to maintain a minimum velocity of

3 feet per second at one-third full is 0.00089 feet per
foot.

Given:

Find:

Solution:

Answer:

EXAMPLE 2

A 42-inch circular concrete culvert with a slope, S.
equal to 0.01 and n equal to 0.012. The design dis
charge, Q, is 100 cubic feet per second and th
culvert is under inlet control.

The outlet velocity.

Entering Table /i at a pipe diameter of 42 inches ar
an n value of 0.012, the C, value is 1090 and A;
9.621 square feet. From Table /, the value of S *
0.1. From Equation 2:

Q. =C, xS§,*

Q= 1090 x 0.1

Q, = 108 cubic feet per second
From Equation 3:

Ve = Q/A:

Ve = 109/9.621

Ve = 11.3 feet per second
Calculating the ratio of partial flow Q to full flow Q;.:

Q/Q; = 100/109 = 0.92

Enter Figure 1 at 0.92 on the horizontal scale ang
project a vertical line to the flow, Q, curve. From the
intersection project a horizontal line to the vélocit
curve, V, and from this intersection project a vertic:
line to the horizontal scale. The ratio of partial flow
to full flow V. is 1.13:

Sy
v, = 118

V=113%1.13
V = 12.8 feet per second

The outlet velocity is 12.8 feet per second.
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