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INSTRUCTIONS FOR
STORM DRAIN AND ROAD CULVERT DESIGN

Storm drain and road culvert design will be based on an engineer-
ing analysis. The design will be reviewed by the Hydraulics Div-
ision.

The engineering analysis should include a layout of the entire
drainage area, runoff rates, slopes and storm drain or culvert
size, The entire drainage system in the development should be
shown on a plat map. Off site drainage contributing to the flow
in the plat may be shown on a U, S, Geological Survey quadrangle
sheet, The engineer should conduct a field inspection or check
the existing plats in the County office for off site drainage.

Runoff rates can be determined by the rationale formula:
Q=C1IA

Q = Runoff in cfs

C = Runoff coefficient -

I Rainfall intensity in inches per hour
A = Contributing area in acres

A runoff coefficient (C) of 0.4 should be used for normal suburban
development (see Page 3 for other runoff coefficients). The rain-
fall intensity (I) will be based on the Rainfall Intensity-Dur-
ation Curves, prepared by the U, S, Weather Bureau for the area.
The curve that is the closest to the plat will be used (see charts
6, 10, 12, 18, 21, 31, and 33). Where other data of the same na-
ture are used, the engineer should submit the curve along with the
design analysis. Forsdrainage areas less than 50 acres or produc-
ing a runoff of less than 20 cfs, a 10-year design frequency may be
used. For areas greater than 50 acres or producing a runoff great-~
er than 20 cfs, a 25-year design frequency will be used regardless
of the size of plat.

The time of concentration for rainfall should be computed for all
culverts and pipe systems. An initial collecting time of 10 min-
utes for unpaved areas and 5 minutes for paved areas may be taken
at the most distant point of flow from a catch basin or culvert,
From this point, the overland flow time to the nearest ditch, channel
or gutter may be computed by assuming a velocity of 1 foot per
second for a distance which does not exceed 600 feet in areas

zoned for residential or commercial land use. Graph Figure 1-2

may be used for determinations of times of concentrations for flows
from areas not zoned for development, 1In ditches, channels or
gutters, the velocity can vary depending on the slope from 1.5 feet



Ingtruction for
Storm Drain and Road Culvert Design

per second to 5 feet per second. Once the runoff has reached a storm
drainage system, the concentration time can be computed by the pipe
velocity through the system.

The following minimum roughness coefficients will be used:

n = 0,012 for concrete, clay or smooth
interior metallic pipes

n = 0,021 for corrugated metal pipe

Storm drain pipe sizes may be selected by nomograph or calculators
based on the Manning Formula, Culverts and pipes that are placed
in ditches which will pass flows into storm drainage systems should
be designed from a booklet entitled Hydraulic Charts for the Selec-
tion of Highway Culverts, by the Bureau of Public Roads. Culverts
should be designed to carry the design runoff with a headwater depth
not greater than 2,0 times the culvert diameter for culverts 18
inches and under, or 1,5 times the culvert diameter for culverts
greater than 18 inches, At all times, the computed water surface
must be at an elevation which will not saturate the base course
under the paving.

The following table of "N" values for friction factors for helical
corrugated metal pipes will be used:

PIPE
DIAMETER MANNING "N
’

6" 0.013
8" 0.013
12" 0.015
15" . 0.016
18" 0,016
21" 0.017
24" 0.018
30" 0.020
36" 0.021
42" 0.023
48" 0.024

-2~



RUNOFF COEFFICIENTS

Zone_Type

Pavements and Roofs

Gravel Pavement

Commercial

Apartment Dwelling Areas
Suburban, Normal Residential
Residential High Density
Industrial Areas, Light
Industrial Areas, Heavy

Park and Cemeteries
Playgrounds

School Grounds with Buildings

Trailer Parks

’

Coefficient

0.90
0.55
0.80
0.60
0.40
0.50
0.65
0.75
0.20
0.25
0.35

0.70



EXAMPLES
RUNOFF CALCULATIONS

AREA 1 C=20.4 A =5.,0 AC
Pt. "A" to Road Ditch 420 feet V=10 ft/sec.
Road Ditch Culvert "A'" 165 feet V=20 ft/sec.
Time = 420 + 165 + 10 = 7+1.4+10 = 18.4 min.

(60) (1) (60) (@)
I = 1,15
Q= (.4)(5.0(1,15) = 2,30 cfs

From Hydraulic Charts for the selection of Highway Culverts by
Bureau of Public Roads:

12 inch concrete for Q = 2,3 cfs 12-inch CMP for Q = 2.3 cfs
HW = 0,956<C 2.0 OK HW = 1.1<7 2.0 OK
D D

Use 12 inch concrete or CMP for Culvert M"A"™

AREA 2 C=20.4 A =4,3 AC
Pt, "B" to Road Ditgh 300 feet V=1.0 ft/sec.
Road Ditch to C.B. #1 350 feet V= 2,0 ft/sec,

Time = 300 + 300 + 350 + 10 = 54+3+10 = 18 min.,
@®0) (D) (60 (2) (CIOXE))

I =1.15

Q - (.4)(4.3)(1.15) = 2,0 CFS

Use 12 foot concrete or CMP (See Area i)

CB #1 to CB #2 Slope = 1.0%
12 inch concrete @ 1,0% = 3.8 CFS > 2.0 CFS OK
Use 12 inch concrete @ 1.0%



RUNOFF CALCULATIONS (Continued)

AREA 3 C=0.4 A =1.8 AC
Length = Culvert "A" to CB #2 = 260"
Time = 18 min. 4+ 260 = 18 + 2 = 20 min.
@Y™
I = 1.05

“ Area 3 Area 1
Q=(.4)(1.8)(1.05)+(.4)(5.0)(1.05) = (.4)(6.8)(1.05)= 2.9 cfs

From Hydraulic Charts for the selection of Highway Culverts
by Bureau of Public Roads:

12" Conc. for Q = 2.9 cfs 12" CMP for Q = 2.9 cfs
HW = 1.1 << 2.0 OK HW = 1.3 << 2.0 OK
1 b
Use 12" Conc. or CMP for entrance- pipe @ CB #2
CB #2 to CB #4 Slope = 1.5%
Area 1 & 3 Area 2

Q=(.4)(6.8) (1.05)+(.4) (4.3)(1.05)=(.4) (11.1)(1..05) = 4.7 cfs
12" conc. @ 1.5% = 4.8 cfs == 4.7 cfs OK

12" CMP @ 1.5% 2.6 cfs =< 4.7 cfs Try 15" CMP

4.9 cfs > 4.7 cfs 0K

]

15" CMP @ }¥.5%
Use 12" conc. or 15" CMP @ 1.5%

..



RUNOFF CALCULATIONS (Continued)
AREA 4 C=20.4 A =1.0 AC

Pt, "C" to Road Ditch or Gutter 240’ V=1.0 ft/sec.
Road Ditch or Gutter to Inlet 3A 180' V = 2.0 ft/sec.

Time = 240 + 180 4+ 10 = 442410 = 16 min.
@& @

I =1.25
Q = (.4)(1.0)(1.25) = 0.5 cfs

- Inlet 3A to CB #3 : Slope = 1.0%
8" conc. @ 1.0% = 1.2 cfs > 0.5 cfs OK

Use 8" conc., @ 1.0%

AREA 5 | C =20.4 A =1,1 AC
Time = 16 min. (Same as Area 4)
Q= (.4)(2.1)(1.25) = 1.1 cfs
CB #3 to CB #4 Slope = 1.0%
12" conc. @ 1.0% = 4.0 cfs == 1.1 cfs OK
12" CMP @ 1.0% = 2.3 cfs = 1.1 cfs OK

Use 12" conc. or CMP @ 1.0%
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RUNOFF CALCULATIONS (Continued)

‘ AREA 6 C =0.4 A = 0.5 AC

Inlet 4A to CB #4
By inspection, use 8" conc., or CMP

CB #4 to CB #5 C = 0.4 A = 13.7 AC
Time = 20 min. (See Area 3)
Q = (.4)(13.7)(1.05) = 5.8 cfs
12" conc. @ 1.0%

4.0 cfs =T 5.8 cfs Try 15" conc.

15" conc. @ 1.0% 7.0 cfs == 5.8 cfs OK

Il

15" CMP @ 1.0% 4.2 cfs =T 5.8 cfs Try 18" CMP

18" CMP @ 1.0% 6.6 cfs = 5.8 cfs OK

(]

Use 15" conc. or 18" CMP @ 1%

AREA 7 C=0.4 A=0.8AC

Inlet 5A to CB #5
By inspection, use 8" conc. or CMP

AREA 8 C =0.4 A = 1.3 AC
Length = 300 V = 5.5 ft/sec.
Time = 20 min. + 300 =20 + 1 = 21_min.

(60) (5.5)
I =1.01

Q = (0.4)(15.8)(1.01) = 6.4 cfs
CB #5 to outfall ‘ Slope = 1.0%
Use 15" conc. or 18" CMP @ 1.0% (See Area §$)

-l -
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- FLOOD REGIONS

VALUES OF C+ (Min./Ft.)

(C.8.%.3. Paper 1687, 88, 89 * Average

Natural

TYPE OF AREA

| part 12, 13, 14 and Aldridge- Annual drainage | Overland Sewered

| Bledgett Reports) ‘ ' Runoff Basins Flow Areas
o _ | 0.25
Regions 0.5 - 1.0 0.60 0.20 - 0.15
RN 1.0 = 10 + 0.40 0.15 0.10.
P . - 10 - 30 1.00 0.30 0.25
-Western Washington. 30 - 50 T 0.80 0.20 0.15
~ and Region A. 60 - 70 L ©0.50 0.10 0.10
S : 70 - 100+ 0.30 0.08 0.05

-
"n" VALUE

Avoraqe‘NatﬁraI Channels, overall

Paved Channels .
OVQrIand Flow and I-provod Chnnnnls'
- Smooth paving -
Bare packed soil
Poor grass cover
. Aversge grass cover
Dense grass cover

0.05

0.016

~ 0.100

. TABLE 1-2 |
CHANNEL FRICTION FACTOR

0.300
0.400
0.500

0,014 to 0.040°




For solution of trapezoidal channels,
‘use equation (7-39) in King's Handbook,
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- DISCHARGE IN C.F S.
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SOLUTION OF MANNING'S EQUA . ON—FOR CIRCULAR PIPE

i A | R _ -'-;“—‘uxl’l’(brm:nhunn)
.
il ol B R Varisus Valaes of n
L 02 | o3 | o4 | ms | o6 | o | o8 [ w0 | oz | o2 | o024 | w2zr | o0 | 31 | 032 | o3
6 20 125 250 049 6.08 5.61 5.21 4.86 4.56 4.29 4.05 3.84 - 3,47 3.17 3.04 2.70 243 2.35 2.28 2.21
8 35 167 .303 .106 13.09° . 12.08 11.22 10.47 982 9.24 8.73 8.27 748 6.83 6.55 5.82 5.24 5.07 4.91 4.76
10 55 208 .351 191 23.74 21.91 20.34 18.99 17.80 16.75 13.82 14.99 13.56 12.38 11.87 10.55 9.49 9.19 8.90 8.63
12 .78 250 .397 312 38.60 35.63 33.08 30.88 28,98 27.24 25.73 24,38 22.06 20.14 19.30 172.15 15.44 14.94 14.47 14.04
15 1.23 312 461 566 69.98 64.60 59.98 55.98 52.49 49.40 46.65 44.20 39.99 36.51 34.99 31.10 27.99 27.09 26.24 25.45
18 1.77 375 520 919 113.8 105.0 97.54 91.04 85.35 80.33 75.86 71.87 65.03 59.37 56.90 50.58 45.52 44.05 42.67 41.38
21 241 437 876 1.385 171.6 158.4 147.1 1373 128.7 121.2 114.4 108.4 98.09 89.56 85.83 76.29 68.66 66.45 64.37 62.42
24 .14 500 630 1.979 245.1 226.2 210.1 196.1 183.8 173.0 163.4 154.8 140.0 1279 1225 108.9 98.03 94.87 91.90 89.12
30 4.91 625 731 3.588 444.3 410.2 380.9 355.5 a3 313.7 296.2 280.6 254.0 231.8 222.2 197.5 177.7 172.0 166.6 161.6
36 7.07 750 825 5.832 722.6 667.0 619.3 578.1 541.9 510.1 481.7 456.4 512.9 3770 361.3 311 289.0 279.7 271.0 262.7
42 9.62 875 915 8.803 1089 1006 934.2 871.9 817.4 769.4 726.6 688.4 §22.8 ‘568.7 v 545.0 484.4 436.0 421.9 408.7 396.3
48 12.6 1.00 1.00 12,57 1556 1436 1333 1244 1167 .1098 1037 982.2 * 889.2 ‘81 1.9 778.1 691.6 622.4 602.4 583.5 565.9
54 15.9 1.125 1.082 172.21 2130 1966 1826 1704 1597 1563 1420 1345 1217 1111 * 1065 946.8 852.1 | 824.7 7989 774.7
60 19.6 1.25 1.16 22.78 2821 2604 2418 2257 2116 1991 1880 1781 1612 1472 1410 1253 1128 1092 1058 1028
66 238 1375 1.236 29.37 3637 3358 3118 2910 2728 2567 2425 2297 2078 -1898 1818 1616 1455 1408 1364 1322
72 28.3 1.50 1310 37.04 4588 4235 3932 3670 3441 3238 3058 2897 2621 2393 2294 2039 1835 1776 1720 1668
78 33.2 1.625 1.382 4586 5679 5242 4868 4543 4259 4009 3786 3587 3245 2963 2839 2524 2271 2198 2129 2065
84 38.5 1.75 1.452 55.88 6920 6388 5932 5536 5190 4885 4613 4370 3954 3610 3460 3075 2768 2678 2595 2516
90 442 1.875 1.521 67.20 8318 7678 7130 6654 6238 5871 5545 5253 4753 4340 4159 3697 3327 3220 3119 3024
96 50.3 2.00 1.587 79.77 9880 9120 8469 7904 7410 6974 6587 6240 5646 5155 4940 4391 3952 3824 3705 3593
102 6.7 2.125 1.647 93.39 11614 10721 9955 9291 8710 8198 7743 7335 6636 6059 5807 5162 4645 4495 4355 4223
108 63.6 2.25 1.717 109.2 13526 12486 11594 10821 10145 9548 9017 8543 7729 7057 6763 6011 5410 5236 5072 4918
114 70.9 2.375 1.780 126.2 15624 14422 13392 12499 11718 11029 10416 9868 8928 8152 7812 6944 6249 6048 5859 5681
120 78.5 2.50 1.842 144.7 17915 16537 15355 14332 13436 12645 11943 11314 10237 9347 8957 7962 7166 6934 6718 6514
126 86.6 2.625 1.902 164.7 20404 18834 17489 16323 15303 14403 13602 12887 11659 10645 10202 9068 8161 7898 7651 7419
132 95.0 2.750 1.963 186.5 23099 21322 19799 18479 17324 16305 15399 14589 13199 12051 11549 10266 9239 8941 8662 8399
138 103.9 2.875 2.022 210.1 26006 24005 22291 208035 19504 18357 17337 16425 14860 13568 13003 11558 10402 10067 9752 9456
144 113.1 3.00 2.080 235.2 29132 26891 24970 23305 21849 20563 19421 18399 16646 15199 14566 12947 11652 11276 10924 10593
150 122.7 3.125 2.137 262.2 32482 29983 27841 25985 24361 22928 21654 20515 18561 16947 16241 14436 12992 12573 12180 11811
156 132.7 3.250 2.194 291.1 36063 33289 30911 28850 27047 25456 24042 227717 20607 18815 1803t 16028 14425 13960 13523 13114
162 143.1 3.375 2.250 322.0 39882 - 36814 34184 31905 29911 28152 26588 25188 22789 20808 19941 17725 15952 15438 14985 14502
168 153.9 3.50 2.305 354.7 43943 40563 37665 35154 32957 31018 29295 27753 25110 22927 21971 19530 17577 17010 16478 15979
174 165.1 3.625 | 2360 | 389.6 48254 44542 41360 38603 36190 34061 32169 30476 27573 25176 24127 21446 19301 18679 18095 17546
180 176.7 3.750 | 2.414 426.6 52819 48756 45274 42255 39614 37264 35213 33359 30182 27558 26409 23475 21127 20446 19807 19207

iote: To obtain fiow, Q, multiply values given in table by siope, S'/2,




#

'SOLUTION OF MANNING'S EQUATION—FOR PIPE ARCH’

Size,bn. | A R , -'—':—'—‘lhl’l’(brnﬂmnlluofn)
Area, rie.| R2/P | ARIN .
$pan| Rise} tq. td Yarious Yalues of n
ft.
012 013 014 015 EiH 017 F 1l 019 021 023 024 kivij 030 031 032 033
18] 1 1.1] 280 .428 471 58.33 53.84 49.99 46.66 43.74 41.17 38.88 36.84 33.33 30.43 29.16 25.92 23.33 22.58 21.87 21.21
22§ 13 1.6] 340 .478 779 | . 9647 89.05 82.69 77.17 72.35 68.09 64.31 60.93 55,12 50,33 48.23 4287 38.59 37.34 36.17 35.08
25| 16| 22| .400] .543 1.195 | 1480 136.6 126.8 118.4 1110 1045 98.65 93.46 84,56 77.21 73.99 €5.77 59.19 57.28 55.49 53.81
29| 18| 28| .447| 567 1.644 | 2036 187.9 174.5 162.9 152.7 143.7 135.7 128.6 116.3 106.2 101.8 90.48 81.43 78.81 76.34 74.03
36| 22| 44| .560| 679 2988 3700 3115 3171 296.0 2775 2612 246.7 2337 211.4 193.0 185.0 164.4 148.0 143.2 138.8 134.5
43| 27| 64] .678| .773| 40947| 6126 565.5 525.1 490.1 459.4 4324 408.4 386.9 350.1 319.6 306.3 272.3 245.0 237.1 220.7 2228
so | 31 87| .790| .855| 7.439| 921.2 8503 789.6 737.0 690.9 6503 614.1 581.8 526.4 480.6 460.6 409.4 368.5 356.6 3454 335.0
58 | 36 | 11.4] .905) .935 | 10.66 | 1320 1218 1131 1056 990.0 9318 880.0 833.7 754.3 688.7 660.0 586.7 528.0 511.0 495.0 480.0
65 40 14.3] 1.02 1.007 14,40 1783 1646 1528 1426 1337 1258 1188 1126 1018 930.4 891.6 7925 713.3 690.3 668.7 648.4
72| 44| 176} 1.12 | 1,078 | 18.97 | 2349 2168 2013 1879 1761 1658 1566 1483 1342 1225 1774 1044 939.6 909.3 880.9 854.2
84| 55| 253) 134 | 1215} 30.74 | 3806 3513 3262 3045 2854 2687 2537 . | 2404 2175 1086 1903 1691 1522 1473 1427 1384
71| 64 | 25 ) 1.38 | 1.239 | 310 3838 3543 3290 3071 2879 2709 2559 2424 2193 2002 1919 1706 1535 1486 1439 1395
76| 66| 27 | 143 | 1269 | 34.3 4247 3920 3640 3397 3185 2998 2831 2682 2427 2216 2123 1887 1698 1644 1592 1544
80 67 29 1.48 1.299 376 4656 4297 3990 3724 3492 3286 3104 2940 2660 2429 2328 2069 1862 1802 1746 1693
83| 69| 32 | 157 | 1351 | 43.2 5349 4938 4585 4279 | 4012 3776 3566 3378 3056 2791 2674 2377 2139 2070 2006 1945
88| 71| 34 | 161 | 1374 | 466 5770 5326 4946 4616 4327 4073 3847 3644 3297 3010 2885 2564 2308 2233 2163 2098
92 73| 37 | 169 | 1.413] 522 6464 5966 5540 5171 4848 4562 4309 4082 3693 3372 3232 2872 2585 2502 2424 2350
96| 74 | 39 | 171 | 1.430 ] 57.8 7157 6606 6135 | 5726 5368 5052 4771 4520 4090 3734 3578 3181 2863 2770 2684 | 2602
00| 76 | 42 | 1.78 | 1469 | 61.7 7640 7052 6549 6112 5730 5393 5093 4825 4366 3986 3820 3395 3056 2957 2865 2778
103 78 45 1.85 1.507 68.0 8420 7772 7217 6736 6315 5944 5613 5318 4811 4393 4210 3742 3368 3259 3157 3062
108| 80| 48 | 191 | 1539} 73.9 915} 8447 7843 7321 6863 6459 6100 5779 5229 4774 4575 4067 3660 3542 43 3327
112 82| 50 | 1.92 | 1.545! 77.5 9597 asse 8226 7677 7197 6774 6398 6061 5484 5007 4798 4265 3838 3715 3598 3489
117 | 83| 53 | 199 | 1.582 ; 83.7 | 10364 9567 8884 8291 7773 7316 6909 6546 5922 5407 5182 4606 4145 4012 agse 3769
120 85| 56 | 2.04 | 1.608 | 90.2 11169 10310 9574 8935 8377 7884 7446 7054 6382 5827 5584 4964 4467 4323 4188 4061
125 87| 60 | 213 | 1.655 | 99.6 12333 11385 10571 9867 9250 8706 8222 7789 7047 6435 6166 5481 4933 4774 4625 4485
129| 89| 63 | 217 | 1.676 | 105 13002 12002 | 11145 10402 9751 9178 8668 8212 7430 | 6783 6501 5778 5201 5033 4875 4728
135| 50| 66 | 2.20 ! 1.691 | 112 13869 |12802 | 11888 11095 | 10402 5790 9246 8759 7925 7236 6934 6164 5547 5368 5201 5043
137 92| 69| 225 | 1.717 | 119 14736 13602 | 12631 11788 11052 | 10402 9824 9307 8420 7688 7368 6549 5894 5704 5526 5358
140 | o4 | 73 | 232 | 1.752 j 128 15850 14631 13586 12680 | 11888 | 11188 [10567 |10010 9057 8269 7925 7044 6340 6135 5944 5763
146 | 96 | 76 | 236 | 1.772 | 134 16593 15317 14223 13274 12445 11713 [11062 | 10480 9482 8657 8296 7374 6637 6423 6222 6034
149 | 98 | 80 | 242 | 1.802 | 144 17832 16460 | 15284 14265 13374 [ 12587 |11888 [11262 | 10189 9103 8916 7925 7132 6902 €687 6484
154 99 83 2.45 1.817 | 151 18698 17260 16027 14959 14024 13199 12465 11809 10685 9755 9349 8310 7479 7238 7012 6799
157 | 101 | 87 | 251 | 1.847 | 161 19937 18403 17089 15949 | 14952 |14073 |13291 12591 11392 | 10462 9968 8860 7974 7717 7476 7249
163103 | o1 | 256 | 1.871 ] 170 21051 19432 18044 | 16841 15788 14860 14034 |13295 | 12029 10983 10525 9356 8420 8149 7894 7655
166 | 105 | 95 | 2.63 | 1.905} 181 22413 | 20689 | 19211 17931 1681C | 15821 14942 | 14156 | 12807 11694 11206 2961 8965 8676 8405 8150
171 | 106 98 2.65 1.915 | 188 23280 21489 19954 18624 17460 16433 15520 14703 13303 12146 11640 10346 9312 9011 8730 8465
174 | 108 [102 | 270 | 1.939 | 198 24519 | 22632 | 21016 |[19615 | 18389 17307 16346 |15485 | 14010 12792 12259 | 10897 9807 9401 9104 8916
177 110|107 | 278 | 1977 | 212 26252 | 24233 [22502 |21002 | 19689 18531  |17501 16580 | 15001 13697 13126 | 11667 10501 10162 9844 9546
183 | 112 (111 | 2.82 | 1.996 | 222 27491 25376 | 23563 | 21992 | 20618 19405 {18327 |17362 |15709 | 14343 13745 - [12218  |10996 | 10641 10309 9996
186 | 114 | 115 | 2.86 | 2.015 | 232 28729 | 26519 | 24625 22983 | 21547 | 20279 {19152 |18B144 |16416 | 14989 |14364 | 12768 11491 11121 10773 | 10447
192 | 115 (119 | 2.90 | 2.034 | 242 29967 27662 | 25686 |23974 22475 |21183 (19978 18926 17124 |15635 |14983 13318 }11987 | 11600 | 11237 | 10897
194 | 117 | 123 2.95 2.057 | 253 31329 28919 26854 25063 23497 22115 20886 19787 17902 16346 15664 13524 12531 12127 11748 11392
200|119 [ 128 | 301 | 2.085 | 268 33187 | 30634 |28446 |26549 |24890 | 23426 22124 |20960 | 18964 17315 | 16593 | 14749 | 13274 | 12846 |12445 |12068
203 | 121 | 132 | 3.05 { 2.108 | 277" 34301 | 31663 | 29401 (27441 25726 | 24213 |22867 |21664 | 19601 17896 | 17150 |15245 [13720 | 13278 |12863 |12473

Note: To obtain flow, Q, multiply values given in table by slope, 8'/2




-

MAXIMUM COVER (FEET) BY INSTALLATION DESIGN

D\A:::s‘ER PLAIN CLASS 1T | CLASS I CLASS ™ CLASS ¥
(neres) T e Tclalelclalelclalelclalslc
12 o |s2f57] 13|33 |37|17|4as|50]| 26| 60| 783387100
18 29| 77)8e] 13|29 371]17|38|5s0] 20|58 783373100
24 32537 17| 33| 50| 26| 50| 78]33]|6c2]l00
30 1321|3117 20|50 20]44]| 78] 33| 54 |100
36 31|37 17{26]|50}26]|3]|78]33]|48 100
A8 Bt |31|i7| 23| s0]26]35]78]33]43 00
6o 13 |16 |32} 17|21 |43) 26| 32|65 33|41 |82
72 13|12 |31 | 17| 20]43) 26 31| 65]33 |40 82
T84 3 {15f20]17] 20|40} 26| 30|60|33|38]74
26 B |15 2|17 |19]|34]2c| 30|51 |33|3864
jo8 3 |is 2317|1831 J26|29]4ac]|33|37]|58

NOTE: 2'Min. Cover for Concrete Pipe for primaries and arterials,
1' Min. Cover for Concrete Pipe for residential roads.

CONCRETE PIPE

' *
: HE\GHT OF COVER
SCHEDULE \ (TFEET)
" A i - 15
fB %5 - 25
c 25 - 40
D 40 - GO

* The heights of cover. shown on this
. table are to be used as a guide in
designing only. See standard plan
B-35 for alternate pipes.

SCHEDULE GUIDE FOR
“12" THRU 30" DIAMETER
CULVERT PIPE

TABLE T




MAXIMUM COVER (FEET)
' (PLATE THICKNESS)
D‘A'."‘::-“ Mc':“l:‘;“ S/cvrivets or hadical]  3/8 "rivets or helical
oncues) | ¢reem) oca | o719 | 109 | .38 | .ie8”
clelcjejele]cieE|lc]E
3 \ 32 38 | 44|47 87| 72{cc|{7e
42 ] 1 -2 Y s¢| 59l42]c2l4n{GS
48 ] 4 26 | 33 80| 32| 34| 54 3857
54 ) a1 29 |29]|2¢ |46} 28| 48] 31 | 50
G0 1 19 21 |2c]23 |41 | 25| as] 27|45
66 ] [¥] 20| 2422 37 23| 39] 2841
Tz ] 16 19| 22]20( 34| 221 36| 23] 38
78 ' 14 9 |20 20| 32]21j33]|21]35
84 i 1) wlz2|20] 3 |21]32
[ % ) 17 19| 27| 19| 29| 20 30
°% ' 8| 26|19 ] 27] 19|28
oL 2 wlaa|s]25]12]26
108 2 823|183 | 26|18 2%
iHa 2 18] 22] 18|24
120 2 1872118} 22
Spot waided or bolted (Va' A32% bolh)
or 3/g" rivens or ViG" Nivats
*% 1 4 |ar | B |sT{ar[ea|sT]00 | 6ef06
41 1 2r (e [30] 49|36 |72 |42 |  BajaB| B
a8 [ 2432|242 fs0[cofsalce]es]| TG
54 i 2z 2823 |safzc|S2f28|se| a2
&0 1 W |25 ]2 | 3af2yjde |25 50| 2T | 54
P 1 vo [2s 20|30 |22 [as]23ac]2s]se
12 ' wj2a|w|zsfzojsof2z]aaf23]as
T8 [ wlwlw|acjaolao |2 [a2f21]a2
aa ) 182419 ;37| 20|40 2] |42
[ \ w22 j3s[w|sa]2o]ac
*®% \ (33|18l ] 38
oz 2 w3 |sjas)ofsr
o8 1 w|2o] 8| 3] 18]35
ha 2 sl 3jia] N
120 2 w|n|la}n
€ Cs Circular, €= Siongatad ’

CORRUGATED STEEL PIPE
3"x1” Corrugations

. MAXIMUM, COVER (FEET)
DIPE | MINIMUM (PLATE THICKNESS) .
DIAMETER| COVER 064" 079" -1 1387 168"
(VNCHES) | (FEET) ‘FI el cTel el el N
2 \ as 91 |
15 ] 67 Tz 3
8 \ 47 |55 | 55| e |7t ]| 18
24 ) 29 |41 [ 33 [45 |40 | 58|47 | @
' 30 v, 23 |33 | 25| 36| 28] 4c |32 |40 |%c | s
%% ' 20| 27|21 | %023 39]2¢ |40 ]| 28 |a2
42 ' 19 | 30|20 (4021 ]| 4222 aa |24 |4e
48 ] 18 | 261193719 38} 20 a0 21 |42
L 7% ' 8 | 3312 | 3819 |sa]z20/(a0
1] 1 i8 3|19 (38 9|3
[ 43 ] '8 29 8 % 18 a6
T2 ' 8| 29]18 | %6
18 I 18 | 28
8e ' 17 ] 23

® C= Circutar | E= Elongated .

CORRUGATED STEEL PIPE

27%"x " Corrugations

. MAYIM

onmensons” | CORNER |"CaUE | Mot | e T
5:3:‘::«:‘: )E (ncues) [ BT/ | Gieues) il s ek

(FEET) 2 ToNs 3 Tons
. X1 v TY 0C4" 12 I
21 xw 4 L5 064" 2 18
2% X 16 4 L5 .0GA " 10 e
29 x 18 Avs L5 064" ) 15
86 x 22 s LS 064" 9 T
Ay X 27 Sva (3 .0GA" 8 2
50 X 31 % X LoT9" 1 "
58 X 3G 1 5 e [ 12
6% X 40 s X 09" s 7Y
T2 X 44 9. T s ) “n
79 x 49 10 15 TR a 12
8% X %4 1] L5 a8 a 12

mrE " MAXIMUM COVER (FEET)
omemsons | SRR [ Mo [t | S
“(1ucnEs) (nevesy | (FEET) (INCHES) pa— 3 Tons
4 x 27 Tva LS .04 "7 a8
0 %X 3 K ) LS o84 1 Ly
38 X 3 10vs L5 064 12 18
8% X 40 2 %3 Oad 12 18
72 X 44 IS Va s 064 12 L
™ X 4% [} LS 064 e )
s X 39 L) LS 079 14 1Y
8T x é3 8 LS .QT9 13 8
s X &7 8 S 109 12 18
103 X T 7] 2 109 " 3}
[LE T S [ 1 [ ] 2 |09 10 s
[T B S+ | 8 2 09 o 15
ue x 83 18 2 38 9 .

CORRUGATED STEEL PIPE ARCH
3':!"Corruga+ions

CORRUGATED STEEL PIPE ARCH
2¥"x " Corruaaﬁons

TABLE I




bioE MINTMUM MAXIMUM COVER (FEET)

DIAMEYER COVER 1Z GAGE [ 10 GAGE | 8 GAGE | 7TGAGE [ S GAGE | 3 GAGE | | GAGE

(INcHES) | (FEET) | CilEJCc|E]cle|c]e}jc]EjJCclE|C]|E
(1. 2 A% S0 | 62381 8 [&63] 93T e | 7L 3| 68|44
T2 2z 32|35 |3 | St 40| GCTjAa |77 fan |03 | 53 We] 58 e
[YY 2 2% [ olaaiaal{s2isy|33fceinc]{72]29] 843} 8c
LT 2 23| 2%l2s (38|37 |50 |20 |sc]%0{co|32|calsa|cs
108 z 21| 2322 (3aj2a{as|2ss0|2e |2 27 561 29] %8
e 2 2w nf2|njrzjaf12]44]22 {46 |24} 48] 25] 50
132 z 19 2|2 21362 [422z]44 |23 4c] 24| 48
e 1 3 34 Bias{2m{33f20)38 |21 )4z |2 |az]22]44
1% 3 -} |lazja|3dv]@iss|awla|20]a0] 21| 42
%8 2 15 1@j22]|18(28]i19]33] 0 |3]i19]|38]20] 40
180 2 14 sire|lw|272]w@| 2| [37fwiss]| o] 3
192 2 i jwslas]wizatie [350i8 |36 12} 38
204 3 vimsjmwizfie|l27rlwaj3z|wB]|3c] 8]136
246 3 Mmjazfws|25{w |31 }a]|36]i8] 386
218 3 V217 22fpejar]|a]si)1a]3s
240 3 l20117 23] 18] 26} I8 ?
252 3 17120] 17| 23} 18| 26

8 CsCirgylar, E2 Elongated .

CORRUGATED STEEL STRUCTURAL PLATE PIPE

€% 2" Corrugations

i Ci R® ET
DIME:ZTONS mﬁ: M::;v:':(M Ml:;::m “A;o:ﬂ L;:rng?:nn::ffs )
3PAN - RISE 2T/ 42 i fons pes 3q. 1,
. (FRET {inoes) Cnicwesd (FEET) | AR T s | 5 Tons | & Tons
G-\ R 4-7 s s 2 ™ 24 3z
70 R B » 5 12 - 2\ 28
Tl X 5eT [y 5 12 12 \8 28
#-10 X G- ™ 2 1 n . 22
-3 x &-7 ™ 2 [ o " 20
w-l X 7=l ™ 2 2 9 (E T 8
-0 X 77 ™Y 2 ” 8 2 e
m=io X 8-4 T z [ ? T -
M-l X &-9 " 2 2 7 0 14
m-4 X 9-3 ™ 2 © . 9 3
-0 X 910 8 2 10 G ? 2
-1 X io-t ™ 3 0 ¢ 12
13-% X 9-4 s 2z 2 12 19 1Y
“-2 X e-i0 3l 2 7 1 8 a8
B4 K 10-4 3y 1 0 " ™ 'Y
63 X w0-10 M 3 10 0 s 1)
-2 X ti-4 ) [ 0 0 s 18
-1 X -0 »n 3 8 9 i 8
19-3 X 12-4 Y 3 8 . [ '
1.-1l X 12-10 ) 3 [] [ 2 17
207 X 1%-2 3 3 k] a 12 16

CORRUGATED STEEL STRUCTURAL

€“x 2" Corrugations

PLATE PIPE ARCH

TABLE I



MAXIMUM COVER (FEET)
PIPE | MINIMUM (PLATE THICKNESS)

DIAMETER, COVER "
(NCHES) | (FEET) g.o9" | oo | 0a2s*] 015" | o178} 0.20° | 0.225" | 0.2%
cleleclelcl{elclejec|ejcie]lc|ejc]|E
72 ] 18 20 27)20{28 | 8730|4422 |50]| %555} 3660
78 ' 1 20 24|26 2c [ 34|28 [a0f20f4ac] 3| 508255
&4 ] 15 . 23| 24] 24 3125|3727 ]|42]| 28|47 ] 29] 5!
80 ) " ¥ 22 | 23] 23 {2024 | 35|25 [a0] 26| aa]| 27|48
% ) Y s 21 22 (a1 |22 | 332337 ] 24| 41| 25]4s
[[-+-& | i3 -} 20 226 | 2 31|22 as | 23| 38| 24 | 42
o8B 2 2 4 19 w{z2al2t{2a|2r|33]22]|236|22]40
"a z. n 13 '8 20i23f20{27|20 |3 |21 | 3a|22] 7
120 2 s ] wlza |20 2c]20]|30 J20]33]21]3¢
'_llc ?-. ‘2 e 92y (19| 25]20 28|20, 31| 20 34
32 2 12 15 wl2o[w]zale]27lwiw]z0]
+
138 2 1% wiw|i2l22]|w|2|1d|28]19]31
144 2 ia 11-3 16| 22]{19 25|19 27 19 | 30
150 2 . 13 VI, 8 2t{18j28 |19 26) 19 28
156 2 3 17 @ |20|18]23|wla2s|v]27
: 16z 2 e wliofiws|22|18|2a|18]26
* v 168 2 5 ) Bsl21|w|23] |25
. 174 2 1) if20|18{22] 1824
. 1Y% z 134 igl2o]18|22]) 18| 24
CeCirgular, Es Elongated -
CORRUGATED ALUMINUM STRUCTURAL PLATE PIPEL
9 x 2% orrugations
MAXIMUM COVER (FEET) PIPE MiNM | W:wcl",m CI_OVEF:F(F’E'ET)
BIPE | MiNiMuM (PLATE THICKNESS) D;rf: > ;?:: zc‘_o;gz; THICKNE SS in mmm: 3q. 57,
DIAMETER| COVER 060" 015" 0% | 135" AGA" (veeT b inemEs)| (REET) (INcHES) 2 TONS 3 TONS
(NCWES)) (FEET) F T [cJe [c]elc e€lcle - "
5-11 X 5-4 l a2s 26 27
2 ! 45 45 |y - ‘ 6-1l x 5-9 I 125 22 23
» [ 27| 30 ] 30 36 |52 [42 [ 54| 56 30 x 6-2 2 28 Py 20
24 1 2 |22l22 28| 3927 |40 37|42z 90 %X 68 2 2% = s
10 K 18 20 | %[22 | 32 ] 24 " 33 PP —— 2 m -y "
% K 5 “l9fas [20f27 ] 2128 w7 % 1o 2 s ‘3 "
42 ' Twlas]is|3fe|3m)io28 -2 X 8-0 2 s 2 s
48 1 o288 [3c] 18] 3¢ 31 % 85 z s " 1
s4 ' 720 8 |26] 181 -3 X 8-10 2 1S 1o %
€0 1 17 lw)iries 193 X 9-4 2 20 © "
s ! T i \7! -2 X 99 2 2118 14
72 ' EX| 6=\l X 10-1 2 2% 3
NOTE: Pipas bulow heavy line cxcead the Flexibitity facter imit of 76 x 1072,
C-Cmbr € s tlongated. |
CORRUGATED ALUMINUM PIPE CORRUGATED ALUMINUM STRUCTURAL PLATE PIPE ARC
2 ¥y V2" Corrugohlons 9“x 2%" Corrugations
l .
[
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SPAN = RISE o r/5+9) in Tons per aq f1.
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25 X 16 4avs 15 060 2 a .
‘f 29 x 8 av .8 060 10 5
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4% x 27 5V .8 .07S s 12
20 % 31 '3 LS 105 7 1
28 X 3% 7 1% 3% a 13
83 X 40 8 LS 435 8 12
72 X 44 9 £ e a 2
NOTE: Pipn-arches below heavy line exceed the Flenbility factor of 7.6 » 1075,
CORRUGATED ALUMINUM PIPE ARCH TABLE I¥

B2 Vot et



it I A N 7 TTT TV 11T j |
1 EENERRNN SR AT S 1T
{ i | ENEN _Llnfi_liT.i I B w,_ Ll 1] ! REE Ny
| 4p b + N i Lo ; il
I o S0 S I Lot [ .
= i T3 bl i BN ]
N g 1 I S 1 L 11 1
] H i i RN ENNEN [ T
Tt AR RROEE 113
T 1T . N
: ) 1 ; i
11 I L - 1 _ [l
. A : - L B P .
11 a1 [ K Lol 1y i e
£ ; ! . - At
G444 . m i =
} d— +- —~ 4 & B s e
> milay ap _ T T
I . b4y It L L
o 1 1 ' '
¢ + - + -+ 1y o 4 ]
1. L | “JL.Q\V Ml . - _I.Hl_T. .*I | : Hnl
T ! I PP FE . ! L1
[ 1 gt - Lind - DS I ¥ { o
M. J s +|A_ “ ! . 1 i . | . } »L,.l 1
| 1 ! T Ll L1
1 [ : Ay ] ; ] | ! n 0= 4]
1 1 i ! 4 W ! b 14
| T i 1ty / i RERN
I ! ' T ] il ; ; i
' | L Vi 15 B N
L 1 R L 1 !
I i1 |d o i N
R i ] - | N o SR DA N
i T SRR ] IFRENEE B ERERS
] S I T 1 JEEERENY 1 SR
I A it ! ddd i L { [
_ EESNEAI THYSIY ST O N EIANIFRR IR ) P
N | 1 w.; 4 1.4 - I ke ! P —_— . [ .
Y s m ! i _ ~ | bl L 1 _* » ITF_I\M.[
L 4 4. : A TR 1} g . o . [ I A
A N _ ‘ _ I N IR SRRSO I 1 5 B
- N TR I |0 P IM T R
~ I Ce L il 1 N S ~_ F_E 10 '
11 - {4 1 e “ |
] . N A N ISR R A /Ny
W : I R iy e a1
. L N NS SR N F U et b
] 1 LI CETL j
1 H il . ! i 1
w T T
N 4 4ocdemi b N Il
! ] i [ZA1d |
h : M i SR A0 A A BENER .
EWEREREmREEEE imRmun /1|11 aR
N " I LI ! a4
I N B i ] ..,IFTT;TU“; ___;If
. o L P T Y.
| ] i ! H e beed oy e o ok ) I
_ fl*.lw iy Tﬂ._ J _h — 4 .
U lad 4 | A i ;
MEN VR _ . i Ti !
h { i -} I { | N \r_y _,Hh
RN ] i HE R S R A | N D ]
il B A i I AT A1 A
I é ?.xf “ 4 _ O I ; 4 ! [ U ;
i | VAR N L l IR
X N1 L4t A L L il ]
L RIS [ X [ i i Y I
~J 1 A I I L I | I 1
; gt j M | | ' X
: | B 1 1 H )]
} R 4 iy ~ i i I i
I} PR i & 4+ y ._.[ } ”.*E —+ 1
. T ; ; 4 | ! M e r 3 m__ % |
|M 0 N H 5‘ Y\rrn_ilTb . + 4 _NNI. . 44 “%
4.4 i A 4o R S O S L. = - 4
T T N s~ n 4\;\_.1 SRS ERERE RS
4 i - : - i " + —
T S, W T | A o )
1 ] b fifi
+- : _ —f—
4 l+ s N A AL
1 I I U ] N
1 H4— : { I N + R
! RN TN Ve R
! i e H R ! a y
e H No " AP L1 N
. _ 1 _ 1 B ]
4.4 i ANy A
_Fer . + i H { W 4
Lo 1 i HEP 4P FAR R 1L
T I I ) T ! 1 p. 4 0 41 N . L ]
1t ™ T ¥ T N
+ . N 11T av = \HM.HI_iYL- m
—ti 4 - — 4y " + ¥ - ST 4
w i — +— 714 .\i\ T = Dy 4_
: fent 21 rJr».._l.Lnl i i 1—&4.1141 e pbdn - 1
, 4 o rloray : R iy ...iI+ _].LILLLL. H
pe _N 4 s"4x LAL[M [, o ww..ff. I .,L: H i
— 4 i 44 4 ds b d T - - 1 —+ 4 —r ——+
A 0 5 0 A 0 O O N B 5 DSOS S N A i daane T DS REN
“ ™~ P -

20 J0 <0 50 &0 70 8o 90 /00

/0



Chart /0

ol A TR 0 oot R T I T _
] A I A i o ! | T ]
! I R : | T -
o oo 17T 1 o ] 1
i SR R A n ! !
: ORISR O A -1
S Rmas Ry -+ T T
" e B
; |
L : 1 1+
S,
. NES gREREN
E~ wT.A ‘Jv ;»“ > : \w ”.
lm; ] ML m ; - u[[ , B
T i 1 4
. H “
{ ,;.. i L « )
1 [ I Y ” .Ml ) 111_‘ | LT.Jlll %ﬂiu
I -4 + _ 1y -+
4 i— IM i M 4 ,ﬁ,Lr 4 _W
1T 1 ' g
% i » ! T
1 + § | MA_I ll,“x ! .
Y | Il | It i H
M - i 1 I M ~
= e LR L T
bbes RS T . + s
_ ﬂ T T | 11 -4 144 4]
A, - R e T —t 44 3o b4
NN I . 1
H ; - | F N .
. [ i } 1y
11 L T 1 P
L s L ] I ] AR
: ud R t : SR SR
4 b 4 1 4 i ! LEdr:

: ! ¥ ) S S A -
£ SasgaEn : iEas
] R E {

] i ] o [

] i EiViRN N
JI_- v L 1
R A I H: ‘I,.-ﬁ

- R FEP f BE ¥ Hu -
- # 4 7 ...‘I|.|4l| i IrlM# - .” ,, {4 . ‘ 1
13 g _ ST
i TS
n T i T e R
] | ppm [ 1 i 1 { A
,er o 4 _ : AN
! I
— -+ 4—- 4 _ - 1]
L1y ¥ f
bt o - L
HE THL
e ks + +—1 - -
,.I.H!” L ; _lLIL;} Iaw
~ “ ; : L - . |
T e : ” Wiy )
M - m ; qw + T 3 " 1
N 1 . Ly
+- ; N8 N
H J J W } |- —be ot -+
IR 1 4 1Y 4 N
A BRI N A 48y Ay ane
Lo, Lhl - /A } - - T -
il W Hru,l.w i 4 { JS Sy "M » A A 4“\ i i
! Yo + . af VRN O 0 N
MA;.l._ ; M ».v .»l‘M -+ -1 ” 4 \Yl + i . | - r1
i L Y i A L1 ] l; L] ﬁvl
1 L P A LA ] 4\ N ARNEERN +
-4 ded 0 - _ 1. o WRN
I T i,_h_ T : 4Fv\.\ P LT
A uy Ao S
O ENEREE SR” JARR" < AN"SERNREY ppuay
——t PR - I 4 b .
SESNRSREREGUENENAS SENi (N Beaiinsaban
» . ‘ e s i 4 . i + . R e R b |+.|+ ,,,,, 4
1 4oL ALNS fd i AR R

/00

S0

80

70

60

50

40

Jo

20

/0



Chorr 72

I 1 i 1 B B
T i ! m
|
1
=
4 |
w. + i
_AirIM i ]
[ B §
* T w
W 1y A _
- " 3 § Bis
|
J i
4
N

5

: N
I | ;
I La_” A|Y|T 1« T "
! ! ! T 1
: 4 ; ] ; .k :
§ B S : LT
§ 4
, _
— 1
! | 1
1 H !
] 11
T 11
_ i
| ;
T
H
{
T .
] ! ]
) +
I s b . ;
e i
BEARN i 7 _
I m_ _ } ! _A
1o It -
il B I -
l;,Tm ) i . H FUN I . “
S 7 IS ARG 140 0 Y i3
. e sy R S il § in &/ am S
+ — I B ! i
; y I/ N
M Y Y& WY i - ™
P R _4 H 3 \ i |
! 1 - : H ; : il ifa {
1 w1 B SR 1y -
-t ; N v T . Ay i
sl - = A - Q- Ao . : ine
I 4 e S .' 1 RwN N N» { —
4 (. . B . S -+ - Ca
, by R R AL LT M
| IR , s A ; !
! S N AR AT i I
; i AT ANV ED A 1
L + . Y- 4
M iy A gy T w;
L - 3 A —+ 1 T
H T
nl ; 1 M‘Ji.l1
} $ _ EEREEEEL
» SRR .
T , t ]
R i
R
s
(-4 I f M _,.+ sl nSusuSnise
1 1 B 1 1 RN




Chorr /8

T TTT] 17 T T _ w
ST s = 1 H - A
L 1 I |
- _ , ! —
L — + _ L |
Easenays gt _ %
- f ] } + | ] b
m_ i ) - T ”
1 LT
i —d I i
LH ; HL | 1 AF_
Ny il , , A + e
|t L +t “
i O i.l_lﬁ(.., _ : + t ' _ 11
me T T TR T -+ - -M t b
. L A ) i 4.4 L _] | 4. 4l L1 fa
- I R o B _ Emm R 11T w
h [ R N - L } 4 4 L. f vl
- A O O R 6 i NS N L5
4 P+ R T ettt
N + , I N R I T | NHINENEY
By IR T ] " T
0 ] S I 8 B P
EREC NS T T : : 1
Yy 4 _ -
. AT RENRuESaRaEE T T Q
u T paw T wEny! 4 N
TR AR~ B SEpaEsuunuas —
EB RS R o WA T T T IS NN i
. T UL 53 - SRR RS
- L -1 r -t = Frb o _:
&l R E RE - B! i _ 11 i A
' S b et RO o O ¢ + : 454 = T of
iR nen LT e R |
sEsEel T
u R TRy [ TR S IR
ﬁi » ; : U T ur++ e
s MR e e e S
; o r | BEERENEN R AR 1 1
N W R N T
y P T | o BRI —
i _ . JE i :
» “ 7 f ! R T
. AR\ RN T _ -+
5] 3 R EREST I
- 3 . SIS N N 1
. Ly Iig B iy
- T e T T T S + A _ +1
ST ST EEeNNEBERE RN miy dral!
N EP_ERE. I pEsShs: yEmsags. on -
EL'TH TS T N IREBE _ : T
» [ HEEHR. N : ! I |
RSN TR WEN AT
= KN I 1 Lk
AR EEVR BRI
-4 4 1 o 1 + .w 4
- l ; iy }
1 2 TN T 1
n WSS BLUBTVENY i/ Y L S (N
m : ! ! T l Y il ..0.,
- 1 1
] i 4 1 I T
n T 1 L |
= - N - + «:waLj i i
[Tl [ I [ . F 1/ . f
\ L1k JM, mER TR iy R 5y )
3 d : RN ' _ I 4
] ‘ D I N / D o V.
! H : | ] S
- PR . : . L 1 P 1 J H\uﬂ ! _‘mlll_ — , N
| 4. i " 3.4 H M aanifd A4 N |
N T T T T T 1
| . ot ] i ,”ilh-lr, .._J:I.Jl. - -~ s+ 7 D Jﬁ .i|+ i
- e U T 1t S Ims et S B et
_IT_ i PMLIH\MXH LI.T.TJL. \ |4 " I Jl.t!Lu
«.Ai.-.,.ﬂ.r.r.I : +4 ¥ A - %.m, 3 N
T I 5 .m : .4|r“l1wfr ! A -l nw\ &, w\\ ia Q
« SN B R ] B <
1 i T 1 1 4 | hE T3 T
I ..q:.l. cemeg ' L -+ + H y H..q +—- 4+
T ¥ y 1 : h Mx T
I BB RS ans b g A hl ﬂ au w : } ]
+ i t + It R o e T o o e )
b~ " L 4 L.+|u.. et |_ + .
g ¥ - —— I «H, T “Lﬁ R
L!l.ljvl rI.Wu i i R ! I * +r|_ o M| N _ LJ ! ‘J:\*y

/



Charr 27

T T ..
f S ISR [ M 3 T T
1 t hu Iirl_!'” ﬁ L N 1
o | YT } - NS
! i
+ 1 T
i _ _
R A
11
—4— ¥
I |
L = RIS
W T i K T
+ e b AL 1
) A I
I et | ! i J
] : ] H——Hrt
; : - 1! _, 1 M
3 _ . SRR ) -
i i " + — : i 1 i +
N Y t el : : I N
L T _ A REE
- b T [ . R — - s il
WV __vh _ ] ¥ 1 1 s + .L i m A . A U
o [ T ; ! S ST AR .
i i Pt e T | Pt
7 T L_._...m“ L i i I I B 1T
” L L _. e
L1 e R -+ ! HRE ]
| e e e ek
1 C i g
i ! | b ot | AR IT L% i
o T ; T R T +
1 r : L » N
- ; Jr . T L ,t: :
- [ N . " }
= -
I : ; ; Tty -
T 4+ . !
\ [ B . [L+ vvvvv i L
. ”” i [ w _»—.TTL. . _ +
i b : R R ] L]
L _ : i 140 I
" 1 ] N S
i 1 T T
+ L 1 I A
: T T TS
Y R AR
J S
S
—
: 1 { Ad e g g 4
| | 1) . [t :
; AT - IJL }
I _I ) 1 i ;|1|4.
L { i—+ ] N ! A
L 1 U SR
: i L ,.T.Tlpl.bil.lwﬂ
’ . i) i a
i i — ! AJ#.».J}
ot _ BRI -
1] T 1 T
i ! SN RSN
M ' - ,
" RE R . -
N : T bt --1—+ _wr.m e
+ E . b—i IR | bt —-
] 1 ,_ i B N \‘.JIH|LLF )
1 ¢ et = j-) | [P SR S
i 1 H ,.+Lr i
L I T - T
- | M J
11 f NN it
; 1 M T i H ¥
i f : I 1
Jvl t l H |
§ N 1 1 f {
| ]
!
T ! ] H
| " i s
, I ! o
1 4 ! T .
T i
1 1 1 ; “!wss*it#aw!.
- N t — ;
- » —+ “ _ f + JlTLV.nn
N — - - ; 1 i bohed e
1 H ' ' 1 ) .._ls.l.“ v
| AlJ T R
i - R
T tos e
! IR t BRI
_ L b T
1 .;\,T._NT\HW Ll
Sl == S R
bbb b T I S
4 , -t N
1 ' - \< “ ITTImIL I s ot
Z ?__: e

70

60

50

40

F0

20

/0



/0

Charr 3/
[ R RN RN ERNE RN ! i) i .MT- Rl l
NEREE | R w HW ! 23 4jT _ _"abﬂ? B NS I N ]
i 3L I} PLAH L 41 4
LTI % 11 RN A I ] f i RN INEENaE
1] T BT ‘ RN AN R T IT Ly T
[ | . jEma L i
T i i
41 |.+4 #Jr _ - m N : M_ — -l.._.
{ -+ |+ 4 i e 2t + et - —4-ida-
N A1l . 4 i RN ] { m
nan - =t I e I
. I : 1. P -
] ! ! | T T O™
qifi. : - N p N _
14 L d-d L 4 - L
1 T
: EReles e
} g +H~HLL i :
i He CrE
M JL J T . i i [ B
RS EEES RE . -
: | w .L«l Jro‘v RIS
Ll AL H N I I T 4 S U N T
L..T*lT s LI II*.L _. | . ;“iua*i 4 L
M I ! 1 : : il ﬁ .
S AR cHEE E
ng—L ._W.L.Lt,l _ ﬁ M
. Y oA i }
L] A
1 T
ﬂ!ﬂ_i. boode 4 ddo L |
Y e L1 SeSuis
: + - yyl.I_y N F 41 B
b S _V : ERRERE ti I RREN
n} ”I.r.m | S l_erw + —+ o mt o . _ .* .inw.i
— = ; 40 i I Y G
- ; H ulu,!... LlA - ,_ 1 i %‘!rh % HJTFL. .
TN N 17 I NENE R I i
i il . .* " | 1 . P ml. ! ‘~ H o
T T u N N T s | T [ ' 5
N SO S U S I RO O | - o
DL S SR A iy AR ; by ot B!
SR NN iRk
1 - S IO ST UUU S N S N O S it -
Ba,ﬁ, S R L ¥ H _A._, 1[. L Lld e e N Ly Ly REA %
N ,_rﬁlJ_JTTHL e o gt N U S A . i
S e e e TR e 170
T e T YT 3 T .
R e e As
N ; VR RN | Lot sl §- LI P 0
- - } [ S - N ,_T_ N toad 4 § L
- _ KR T ES . ‘. TszJA .g . . “‘ ; S b
R N embidm - At g - i + ..*i N
.Iy‘ﬂ\u T 1 ‘Td_ ﬁ ..L .1w‘lu| 0 ! .:%r_trwiﬁi - = ¥ i I 1]
I I T ) S o 0 e Y _ RS-

1 ' i T B ! . i 7T 1§
L il e rt e il -
LAY+ A i N o
1 A IS 1 ! i %
AT T TN T _ SR
AU U N A M N A 1
vrﬁ L.iFJx,..,. I M - 4
-4 — .u; b e g rembs 4 !

- ¥). RPN SR S
| _ m&. ﬁ.“l h‘, [ x,e ]
| i ——— .
aL\ D A B bd i

: el L.l 1,» . N|WIL wl_ i a

_A"..N .|Jl_o. i ‘,“.iT._ ] : ] 3
W ¥ B, il it e : RN e
Dy N T T . T
T aEEh SERSEs
L = H T At bty »—.1 J,Iﬁﬁ +
B LT L R B

"J H -|l_ | “|1 n 1y i
TN Tl “-h 1T

A\ BEESSuS Sa R i T 9
T.qlfl. : IDJ _Jllf 4 !M!_.. Iw + hil. z
F-r r Fmtm 4oy —4 -4 +— Lo —-T I 1+
-4-+ Jodod 4 | PR ."17 R i—t m 11

b i 4,“..+.4L_ - - (- 4 “I_.i.l
A A - it

J.v_— ,f M I“I+IT|~1L - _4- ” .-
. Fok e | + I
- - +—+ Mlﬁl. = ‘w\. Y
ot f A I
T "
SEm it W 11 |
s ;Ailwr.n.l 1 - S -
e S 1 4
Jj.f = 2= ; -;{
gt A ol s ok -+ — LIRS o - + -
-r+ — . »l - :
- SR g nRh RN EREd NN «
‘ ‘IH |....«.|+.. L-a ._;_.I., fode o J .
i EE) NERRERE NUDRNE] I SRS ER: RS R | R EY - ma
e, i L e R | A . : " Bl




W\wQ\.\ J3

T T

/aa

7a

: L ! N
i PR W A I 4 . 4 i .
L N o I 1 i
N IR T I 0 ST B AV I UL O O A0 0 TS AR RN I I I
g EdannuE! LT :t T B iy
| . ENEEREESnRE.) Tyt By
._m N | ]
1T 1 11
1 | _
! i ;
- . ! |
! I I
| . ]
M; - - ‘ ~ —~ m
i 1
; I
i —~4
‘ , puHTL ] N_
_ ! i i 1 NN | I
Ly d _ A ! ! -
" w 1 m » bt ] L—LA. A
. + N i D } ~ ] »
i CTT T k | ‘
: | ! (Y I
— “ _ Hf
(1 .
; w o L /! i
i - 1 i i
—r T & —t N 3 H T |_||....|
1 T o
M “ I
i _ I AN iy BEws !
N : 1 J IR

: et —r . i
+ ._iJ:‘“l N« ~ 4 L.
A H A + i3 - ]
1, L. lﬂtﬁ i Lvl L 1
- Y o 1 7§ -
d I bt 4 P T I
I 1 [ T I il I
L

60

S50

T
ol
it ot
} L . ]
\ I i LIy R |
I P i ] D A J1
8 1 L B SO | i
- T T S EA S , : _
— o ;
ﬁ + —_— +
- : i ; {
+—+ ! -t *
- Lg e y b o . !
- __ —
N 1
b bd. —— S T SR - s -
— - } H : .
w + ! B n )
h _ i M i I ‘- PR SR e
X } 4 L]l —+ L 1 4
Ag ¥ t A T "
— + R i | 4L |Hu<|_ i
e ' ] ; I _ 1V N i1
i , petep gt L N Rf /R IR
1 MU B ! i ¢ f—
' i i | i , i HI
il v I . H
L4 H
i. A
; T Dl
4 _ i ;
H !
T T T T
T H
+- ri
L1 : 14
: o Y. 4B
i ]
: ! — ) ) e
I 1T T
S Raar i _—
-1 +Av| . - 4
+ _LIL. <11
] ! 1
! 1
- 1
N §
A 1
H 1
rT .‘u.. 44 f.u
b—y-—4 i i
i L | T e
H .| HI
n [l —
4 i : : .*Irr
+ +. bdn b
4 m I 1 d

40

30

20

/70



-

B

RUNOFF COMPUTATION

DESIGN STORM

£ N
B

(18)

(8T)X(ST)
840 LIONQY

(17)

"WH/HONI
ALISNELINI
TIVINIVY

(18) -

J X STV
TVIOL

(15)

| ———

J X 8JIWOV

(14)

(13)

(12)

(11)

(10)

(9)

VIUV/STUOV

(raym)
aMIL TVIOL

—(arn)
ENIL °‘ONOD

_(cupm)
INIL AOIX

A0Ud
‘O¥S/1I%X

RLONET

(3) [(4)] (5| (B)| (7))} (B)

ROYd

(2)

oL

- LOCATION

(1)

FC 40:00

3-25-68



' . "y : MmN, ___ dw
Srecned b5’ vkt STORM BEWER DESIAN CALCULATIONS 0. A Srajact Mistaide_ja
‘_OCAT’ON ’ : ) : OIOCWARGS' . SEWER DESIAN SEWVER PROS/ILE )
ke/ | o :
R T 7 o o e el ]y TS menenancs
AT B e o e S 0ty 1ee| Lok otor| Prpe %9 T |sewe] iz 0|8z | St /| ¥ 4y
Pl A oy larais |75 U sy | /e | s |7 A |Cw2icatd|co 2 catd
s, | s, cfs IC 7%, ]
8 il /3|81 7 s e jeo| 2 &2 23 | M & 26
os2\|S.0 Q|50 |280|//4 | - [f/£ /2 O 70 |270 | 50 | 200(masowads/ios.
I02O0R | 2708 Femt |OQ20|O900C/8 | .
Gross O35 1235 |02 (oAt 40 (a6 (6 (2201287 § - lr8r ) /2 QLSO | 6/0\ 70 | 270 | 6.75 oM SH224/5] s/
(2704 |2+70R \Pvmit (020 |\0.90 0./& a8 150 | O |80 |210|as0| - (a2 Q0800 70\ 970 SO | ZOOUAMIAMIARM/SHILZIATE.2Y
(2 +7OR WOOOO\FPimd 0.20]090(0/8 .
Gress (0251035009127 56 (08|6.4 [ £/0(266] - |266)/2 laazso|6./0] 760 300) 50 WI/5WW5 e
540 L YOO-00\Pim¥ (020 aéa Q78 |0/8\50 | O |80 \220\040| - |Q#0) 1L |QOH50| 82024 65 |297 pZPOMEAS &7 73
voo-00 0 | Fimd (065 Q0| Q59

P Gwsa|2/5 020loes | 2e7 64 |12 |76 (250625 ‘%5 /5 95 | 6.80|5.50|rc0| 380 amatarsdansoasr)

O+00 | 2400 | P | QA0 ORI 1009 ;
Gress 095040038 O] 90 - _1a80) /L |20/80] 5.20 & 50| 200 | 3 OYOI0ANRAVOMNE BRI

2+00 2900 |Prmé (030 000|027

Gress Q20250 0O

PGrsi/28 025 03712/ 194 o« /2 o8B0 |5.20\6 50 350|620 lazrooparrsiear.os s o4

WOR OO |1O0F 8N Pime |0 325|ap0)O

Ggarss |85 Q 153 OLICE A8 4195(8.90 - . 18901/8 pPooes5 /o |640)/ 50 |/142 W2 sonswsssosod
/4

Vo5 +80) 107450 Pimd |O/F |O L 469108 |08 17 V90 (890 B OOL/8 Q020 50|64 200 | 200 M5 W S &N ODSYP0328Q Drop AN

07-;5‘0 /0 TO VP Grss P05 |QXO 4/0 (870 | 240 08 |248 L20 YOS50 R50/8 (0000 /350 640 og A8 NI ]

N

8| R

050 o/ ] - - - - a7\ &8 - - {80 MBSV B/ DT 5Y 9987

N
B

o2 | - o GO060 Y720 | 540






