Part 650 Structures

Engineering Field Handbook

Chapter 6
Minnesota Supplement

MNG6-4 Conduit Desi Ke = The typical head loss coefficient for drop
-4 Londuit Design inlets is 1.0. Additional guidance on entrance
6-4.1 Full Pipe Flow: loss coefficients can be found in EFH Chapter
Spillway discharge capacity is calculated in the 3, Table 3-3.
following manner in the case of full pipe flow: Km = Miter-bend losses (bends other than at riser)
—n | 28" _ noc
Q (cfs)=a TR (Eq. 6-4.1) = 5 (for o < 300) (Eq. 6-4.2)
Symbols: = 0 when the entire length of conduit is on the
a = Areaof conduitin square feet same slope
o = Deflection angle of miter-bend in degrees Kp Head loss coefficient. Values are summarized
d; = Inside diameter of conduit in inches in NEH 5 Drawing ES-42 which is provided in
5 Exhibit 6-4.1
= 32.2ft/sec
g / __ 5087n?
H = Total available head in feet (difference in - di4/3 (Eq. 6-4.3)
elevation between design water surface in o
pool to a point 0.6D up from outlet invert or L = Lengthof conduit in feet
the tailwater level, whichever is higher) n = Manning’s Roughness Coefficient
Kp = Head loss coefficient for pipe bends Exhibit 6-4.2 through Exhibit 6-4.5 may be used to

obtain full flow pipe capacity for various pipe
materials. For other than full pipe flow, refer to NEH
5, Drawing ES-97 provided in Exhibit 6-4.6.

Kp will be O for a drop inlet or straight

spillway conduit. Bend loss values for bent
pipes can be obtained from EFH Chapter 3,
Exhibit 3-8.

Figure 6-4.1 Section along Centerline of Conduit Showing Heads Used for Design Capacities
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Exhibit 6-4.1

NEH Section 5, ES-42 Head Loss Coefficients
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Exhibit 6-4.2  Head Discharge Table for Annular CMP, Full Pipe Flow Condition
]
Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 5 64 71 78 84 90 96 101 106 111 115 119 | 0.116 | 0.785
15 96 111 124 136 147 157 167 176 184 193 201 20.8 | 0.086 1.23
18| § | 150 173 194 212 229 245 260 274 288 300 313 324 | 0.067 1.77
21 § 218 251 281 308 332 355 377 397 416 435 453 470 | 0.055 241
24| 1 1298 344 384 421 455 486 516 544 570 596 620 643 | 0.046 3.14
30| ©|50.1 579 647 709 766 819 868 915 960 100 104 108 | 0.034 491
36| &4 | 761 878 982 108 116 124 132 139 146 152 158 164 | 0.027 7.07
42 108 124 139 152 164 176 186 196 206 215 224 232 | 0.022 9.62
48 145 167 187 205 221 236 251 264 277 290 301 313 | 0.018 | 1257
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ko Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 52 60 67 73 79 84 89 94 99 103 107 111 | 0.116 | 0.785
15 9.0 104 117 128 138 148 157 165 173 181 188 195 | 0.086 1.23
18| 8 |142 163 183 200 216 231 245 258 271 283 295 30.6 | 0.067 1.77
21 Hé 206 238 266 291 315 336 357 376 394 412 429 445 | 0.055 241
24| 1 1283 327 365 400 432 462 490 517 542 566 589 611 | 0.046 3.14
30| ©| 480 554 619 679 733 784 831 876 919 960 999 104 | 0.034 491
36| & | 732 845 945 104 112 120 127 134 140 146 152 158 | 0.027 7.07
42 104 120 134 147 159 170 180 190 199 208 216 225 | 0.022 9.62
48 140 162 181 199 215 229 243 256 269 281 292 303 | 0.018 | 1257
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ko Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 49 56 63 69 74 79 84 89 93 97 101 105 | 0.116 | 0.785
15 85 99 110 121 130 139 148 156 164 171 178 184 | 0.086 1.23
18| 8 | 134 155 173 190 205 219 233 245 257 268 279 29.0| 0.067 1.77
21 E 196 22,6 253 27.7 299 320 340 358 375 392 408 423 | 0.055 241
24| L | 270 312 349 382 413 441 468 493 518 541 563 584 | 0.046 3.14
30| @|461 532 595 652 704 752 798 841 882 922 959 995 | 0.034 491
36| 4 |706 816 91.2 999 108 115 122 129 135 141 147 153 | 0.027 7.07
42 101 116 130 142 154 164 174 184 193 201 210 218 | 0.022 9.62
48 137 158 176 193 209 223 236 249 261 273 284 295 | 0.018 | 1257
Assume: n=0.025 Q= A\/ 2gh
Ko+ K= 1 1+K,+K, +K,L
(210-VI-EFH, Amend. MN15, Nov. 2011) MN6-52.11
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Exhibit 6-4.2 Head Discharge Table for Annular CMP, Full Pipe Flow Condition
——
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ky Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 4.6 53 5.9 6.5 7.0 7.5 8.0 8.4 8.8 9.2 9.6 9.9 0.116 0.785
15 8.1 94 105 115 124 133 141 148 155 16.2 169 175 0.086 1.23
18 § 12.8 148 165 181 195 209 222 234 245 256 266 276 0.067 1.77
21 é 187 216 242 265 286 306 325 342 359 375 39.0 405 0.055 241
24 - 259 299 335 36.6 396 423 449 473 49.6 51.8 539 56.0| 0.046 3.14
30 E" 444 513 573 628 678 725 769 810 850 888 924 959 0.034 491
36| % 68.3 789 882 96.6 104 112 118 125 131 137 142 148 0.027 7.07
42 97.8 113 126 138 149 160 169 178 187 196 203 211 0.022 9.62
48 133 153 172 188 203 217 230 243 254 266 277 287 0.018 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ky Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 4.4 5.1 5.7 6.2 6.7 7.2 7.6 8.0 8.4 8.8 9.1 9.5 | 0.116 0.785
15 7.7 89 100 110 11.8 12,7 134 141 148 155 16.1 16.7 0.086 1.23
18 ‘g 123 141 158 173 187 200 212 224 235 245 255 265 0.067 1.77
21 §\ 180 208 232 254 275 294 311 328 344 360 374 389 0.055 241
24 o 249 288 322 352 381 40.7 432 455 477 498 519 5338 0.046 3.14
30 ‘go 429 495 553 606 655 700 742 783 821 857 89.2 926 0.034 491
36| 9 66.2 76.4 855 936 101 108 115 121 127 132 138 143 0.027 7.07
42 95.0 110 123 134 145 155 165 173 182 190 198 205 | 0.022 9.62
48 130 150 167 183 198 211 224 236 248 259 270 280 0.018 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ky Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 4.2 4.8 5.4 5.9 6.4 6.8 7.3 7.6 8.0 8.4 8.7 9.0 0.116 0.785
15 - 7.4 8.6 9.6 10.5 11.3 121 129 136 142 149 155 16.0 0.086 1.23
18 ﬁ’_; 11.8 136 152 166 180 19.2 204 215 225 235 245 254 0.067 1.77
21| 8 173 200 224 245 264 283 30.0 316 332 346 360 374 0.055 241
24| 7 240 278 31.0 340 36.7 393 416 439 460 481 50.0 519 0.046 3.14
30 ?o 415 479 536 587 634 678 719 758 795 830 864 89.6 0.034 4.91
36 § 643 742 830 909 982 105 111 117 123 129 134 139 | 0.027 7.07
42 92.5 107 119 131 141 151 160 169 177 185 193 200 0.022 9.62
48 126 146 163 179 193 206 219 231 242 253 263 273 | 0.018 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ky Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 4.0 4.6 5.2 5.7 6.1 6.6 7.0 7.3 7.7 8.0 8.4 8.7 0.116 0.785
15 - 7.1 8.2 9.2 101 109 11.7 124 13.0 13.7 143 149 154 0.086 1.23
18 § 113 131 146 160 173 185 19.6 20.7 21.7 227 23.6 245 0.067 1.77
21| g 16.7 193 216 236 255 273 289 305 320 334 348 36.1| 0.055 241
24| 7 232 268 300 329 355 380 403 424 445 465 484 50.2 0.046 3.14
30 ﬁ, 40.2 465 520 569 615 657 697 735 771 805 838 869 | 0.034 491
36 § 625 722 80.7 884 955 102 108 114 120 125 130 135 0.027 7.07
42 90.2 104 116 128 138 147 156 165 173 180 188 195 | 0.022 9.62
48 123 143 159 175 189 202 214 225 236 247 257 267 0.018 12.57
MN6-52.12 (210-VI-EFH, Amend. MN15, Nov. 2011)
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Exhibit 6-4.3  Head Discharge Table for Helical CMP, Full Pipe Flow Condition
I

Dia. Cubic Feet per Second
in Head on Pipe in Feet Ko Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 59 6.8 7.6 83 90 9.6 102 107 113 118 122 12.7 | 0.098 | 0.785
15 10.2 11.8 131 144 156 166 176 186 195 204 212 22.0 | 0.073 1.23
18 § 15.8 182 204 223 241 258 274 288 302 316 329 341 | 0.057 1.77
21| & [228 263 294 322 348 372 395 416 436 456 474 492 | 0.046 241
24 2 31.1 359 401 440 475 508 538 56.7 595 622 647 67.1 | 0.039 3.14
30 *go 520 601 671 736 794 849 90.1 950 99.6 104 108 112 0.029 491
36| & |785 90.7 1014 111 120 128 136 143 150 157 163 170 0.023 7.07
42 111 128 143 156 169 181 192 202 212 221 230 239 0.018 9.62
48 148 171 192 210 227 242 257 271 284 297 309 321 0.015 12.57

Dia. Cubic Feet per Second
in Head on Pipe in Feet Ko Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 55 6.3 7.1 7.8 84 90 95 100 105 110 114 11.9 | 0.098 | 0.785
15 9.6 111 124 136 146 157 166 175 184 19.2 20.0 20.7 0.073 1.23
18 EJ 149 173 193 211 228 244 259 273 286 299 311 323 0.057 1.77
21| & 217 250 280 306 331 354 375 395 415 433 451 46.8 | 0.046 241
24 z 29.7 342 383 419 453 484 514 541 568 593 617 64.1 | 0.039 3.14
30 *go 50.0 57.7 645 70.7 763 816 865 91.2 957 999 104.0 108 0.029 491
36| Y | 758 87.6 979 107 116 124 131 138 145 152 158 164 0.023 7.07
42 107 124 139 152 164 175 186 196 205 215 223 232 0.018 9.62
48 144 167 186 204 221 236 250 264 277 289 301 312 0.015 12.57

Dia. Cubic Feet per Second
in Head on Pipe in Feet Ko Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 52 6.0 6.7 7.3 79 85 9.0 95 9.9 104 10.8 11.2 | 0.098 | 0.785
15 9.1 105 11.7 128 139 148 157 16.6 174 182 189 19.6 | 0.073 1.23
18 § 142 164 183 201 217 232 246 259 272 284 296 30.7 | 0.057 1.77
21 § 20.7 239 26.7 29.2 316 338 358 37.7 396 413 43.0 447 | 0.046 241
24| . | 284 328 367 402 434 464 492 519 544 568 591 61.4 | 0.039 3.14
30 Eo 48.1 556 62.1 68.1 735 786 834 879 922 963 100.2 104.0 | 0.029 491
36| & | 734 848 948 103.8 112 120 127 134 141 147 153 159 0.023 7.07
42 104 120 135 147 159 170 181 190 200 209 217 225 0.018 9.62
48 141 163 182 199 215 230 244 257 270 282 293 304 0.015 12.57

Assume: n=0.023 Q=A 2gh
Ko+ Kp=1 1+K.+K, +K,L
(210-VI-EFH, Amend. MN15, Nov. 2011) MN6-52.13
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Exhibit 6-4.3 (Cont) Head Discharge Table for Helical CMP, Full Pipe Flow Condition

I
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ky Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 4.9 5.7 6.4 7.0 7.5 8.0 8.5 9.0 9.4 9.8 10.2 10.6 | 0.098 0.785
15 8.6 10.0 11.2 12.2 13.2 141 150 158 16.6 173 180 18.7 | 0.073 1.23
18 E 13.6 157 175 19.2 20.7 222 235 248 26.0 27.2 283 29.3 | 0.057 1.77
21 é 19.8 229 256 28.0 303 324 343 362 379 396 412 42.8 | 0.046 241
24 B 273 315 353 38.6 417 446 473 499 523 546 56.8 59.0 | 0.039 3.14
30 E" 46.5 53.7 60.0 65.8 71.0 759 805 849 89.0 93.0 96.8 1004 | 0.029 491
36| % 712 822 919 100.7 109 116 123 130 136 142 148 154 | 0.023 7.07
42 101.4 117 131 143 155 166 176 185 194 203 211 219 | 0.018 9.62
48 137 159 177 194 210 224 238 251 263 275 286 297 | 0.015 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ky Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 4.7 5.4 6.1 6.6 7.2 7.7 8.1 8.6 9.0 9.4 9.8 10.1 | 0.098 0.785
15 8.3 9.5 10.7 11.7 126 135 143 151 158 165 17.2 17.9 | 0.073 1.23
18 E 13.0 15.0 16.8 18.4 199 213 226 238 249 261 271 28.1 | 0.057 1.77
21 é 19.1 22.0 246 26.9 29.1 311 33.0 348 36.5 381 397 41.2 | 0.046 241
24 B 263 304 340 37.2 40.2 430 456 481 504 526 54.8 56.9 | 0.039 3.14
30 Eo 450 520 581 63.7 688 735 780 822 862 90.0 0937 97.2 | 0.029 491
36| 9 69.2 799 893 97.8 106 113 120 126 132 138 144 149 | 0.023 7.07
42 989 114 128 140 151 161 171 180 189 198 206 214 | 0.018 9.62
48 134 155 173 190 205 219 232 245 257 268 279 290 | 0.015 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ky Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 4.5 5.2 5.8 6.4 6.9 7.3 7.8 8.2 8.6 9.0 9.4 9.7 | 0.098 0.785
15 | 7.9 9.2 10.2 11.2 121 130 138 145 152 159 165 17.2 | 0.073 1.23
18 § 125 145 16.2 17.7 19.1 205 217 229 240 251 261 27.1 | 0.057 1.77
211 8 18.4 212 237 26.0 28.1 30.0 31.8 336 352 36.8 383 39.7 | 0.046 241
24 | < 254 294 328 36.0 389 415 441 464 487 509 53.0 55.0 | 0.039 3.14
30 ﬁ) 43.7 504 56.4 61.7 66.7 713 756 79.7 836 873 909 94.3 | 0.029 491
36 § 673 77.7 86.9 95.2 1028 110 117 123 129 135 140 145 | 0.023 7.07
42 96.5 111 125 136 147 158 167 176 185 193 201 208 | 0.018 9.62
48 131 152 169 186 201 214 227 240 251 263 273 284 | 0.015 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ky Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 4.3 5.0 5.6 6.1 6.6 7.1 7.5 7.9 8.3 8.6 9.0 9.3 | 0.098 0.785
15 | 7.6 8.8 9.9 10.8 11.7 125 132 140 146 153 159 16.5 | 0.073 1.23
18 § 12.1 140 156 17.1 185 19.8 209 221 232 242 252 26.1 | 0.057 1.77
21| g 17.8 205 229 25.1 27.1 29.0 30.8 324 340 355 370 38.4 | 0.046 241
24| < 246 284 318 34.8 376 40.2 427 450 472 493 513 53.2 | 0.039 3.14
30 ﬁ) 424 49.0 54.8 60.0 648 693 735 775 812 849 883 91.6 | 0.029 491
36 § 65.6 75.7 847 92.8 100.2 107 114 120 126 131 137 142 | 0.023 7.07
42 942 109 122 133 144 154 163 172 180 188 196 204 | 0.018 9.62
48 129 148 166 182 196 210 223 235 246 257 268 278 | 0.015 12.57

MN6-52.14 (210-VI-EFH, Amend. MN15, Nov. 2011)



Part 650 Structures
Engineering Field Handbook

Chapter 6
Minnesota Supplement

Exhibit 6-4.4  Head Discharge Table for Welded Steel Pipe, Full Pipe Flow Condition

]
Dia. Cubic Feet per Second
in Head on Pipein Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 9.0 104 116 128 13.8 14.7 156 165 173 180 188 19.5| 0.019 0.785
15 14.7 170 190 209 225 241 255 269 282 295 30.7 319 | 0.014 1.23
18 E 21.8 252 282 309 334 357 378 399 418 437 455 47.2 0.011 1.77
21 8 30.3 350 392 429 463 495 525 554 581 60.7 631 655 0.009 241
24| L | 401 463 518 56.7 613 655 695 732 768 802 835 86.7( 0.007 3.14
30 *té'b 640 739 82.6 905 97.8 104.5 1109 116.9 122.6 128 133 138 0.005 491
36| Y 934 1079 120.6 132 143 153 162 171 179 187 194 202 0.004 7.07
42 128 148 166 181 196 209 222 234 246 256 267 277 0.003 9.62
48 169 195 218 239 258 275 292 308 323 337 351 364 0.003 12.57
Dia. Cubic Feet per Second
in Head on Pipein Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 8.7 10.1 11.3 124 134 143 15.2 16.0 168 17.5 18.2 18.9 0.019 0.785
15 144 166 186 203 220 235 249 263 275 288 299 311 0.014 1.23
18 E 214 247 276 30.2 327 349 370 39.0 409 428 445 46.2 | 0.011 1.77
211 @ [ 298 344 385 421 455 487 516 544 571 596 620 644 | 0.009 2.41
24 _": 395 456 510 559 603 645 684 721 757 79.0 822 853 0.007 3.14
30 ED 633 73.1 81.7 89,5 96.6 103.3 109.6 1155 121.1 126.5 131.7 137 0.005 491
36| 4 92.5 106.8 1194 131 141 151 160 169 177 185 193 200 0.004 7.07
42 127 147 164 180 194 208 220 232 244 254 265 275 0.003 9.62
48 168 193 216 237 256 274 290 306 321 335 349 362 0.003 12.57
Dia. Cubic Feet per Second
in Head on Pipein Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 8.5 9.8 11.0 120 13.0 139 14.7 155 16.3 17.0 17.7 18.4 0.019 0.785
15 140 16.2 181 199 215 229 243 256 269 281 29.2 303 | 0.014 1.23
18 E 210 242 271 296 320 342 363 383 401 419 436 453 0.011 1.77
21 ’9 293 338 378 414 448 478 50.7 535 56.1 586 610 633 0.009 241
24 _": 389 449 503 550 595 636 674 711 745 779 810 84.1 0.007 3.14
30 *té'b 62.5 722 80.7 884 955 102.1 1083 114.2 119.7 125.1 130.2 135.1| 0.005 491
36| Y 91.6 105.8 118.3 129.6 140 150 159 167 175 183 191 198 0.004 7.07
42 126 146 163 179 193 206 219 230 242 252 263 273 0.003 9.62
48 166 192 215 235 254 272 288 304 319 333 346 360 0.003 12.57
Assume: n=0.010 Q — 29h
Ke +Kp = 1 1+ K, + K, +K,L
(210-VI-EFH, Amend. MN15, Nov. 2011) MN6-52.15
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Exhibit 6-4.4 (Cont) Head Discharge Table for Welded Steel Pipe, Full Pipe Flow Condition

Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 8.3 9.5 10.7 11.7 12.6 13.5 14.3 15.1 15.8 16.5 17.2 17.9] 0.019 0.785
15 13.7 15.9 17.7 19.4 21.0 22.4 23.8 25.1 26.3 27.5 28.6 29.7] 0.014 1.23
18 E 20.6 23.7 26.5 29.1 31.4 33.6 35.6 37.5 39.4 41.1 42.8 44.41 0.011 1.77
21 ‘S 28.8 33.3 37.2 40.8 44.0 47.1 49.9 52.6 55.2 57.6 60.0 62.3] 0.009 2.41
24 O? 38.4 44.3 49.5 54.3 58.6 62.7 66.5 70.1 73.5 76.7 79.9 82.9] 0.007 3.14
30 E) 61.8 71.4 79.8 87.4 944 101.0 107.1 1129 1184 123.7 128.7 133.6|/ 0.005 491
36 § 90.8 1049 117.2 1284 139 148 157 166 174 182 189 196 0.004 7.07
42 125.3 145 162 177 191 205 217 229 240 251 261 271| 0.003 9.62
48 165 191 213 234 253 270 286 302 317 331 344 357] 0.003 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ko Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 8.1 9.3 10.4 11.4 12.3 13.2 14.0 14.7 15.4 16.1 16.8 17.4] 0.019 0.785
15 13.4 15.5 17.3 19.0 20.5 21.9 23.3 24.5 25.7 26.9 28.0 29.0] 0.014 1.23
18 g 20.2 233 26.1 28.5 30.8 33.0 35.0 36.9 38.7 40.4 42.0 43.6| 0.011 1.77
21 ‘S 28.4 32.7 36.6 40.1 43.3 46.3 49.1 51.8 54.3 56.7 59.0 61.3] 0.009 241
24 o-‘ 37.8 43.7 48.8 53.5 57.8 61.8 65.5 69.1 72.4 75.7 78.8 81.7] 0.007 3.14
30 %o 61.2 70.6 78.9 86.5 93.4 99.9 1059 111.6 117.1 1223 127.3 132.1] 0.005 491
36 § 90.0 1039 116.2 1273 137 147 156 164 172 180 187 1941 0.004 7.07
42 124.3 144 160 176 190 203 215 227 238 249 259 269| 0.003 9.62
48 164 190 212 232 251 268 285 300 315 329 342 355] 0.003 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 7.9 9.1 10.2 11.1 12.0 12.8 13.6 14.4 15.1 15.7 16.4 17.0] 0.019 0.785
15 " 13.2 15.2 17.0 18.6 20.1 21.5 22.8 24.0 25.2 26.3 27.4 28.4] 0.014 1.23
18 qu_J 19.8 229 25.6 28.0 30.3 324 34.3 36.2 38.0 39.7 41.3 42.8| 0.011 1.77
21 8 27.9 32.2 36.1 39.5 42.7 45.6 48.4 51.0 53.5 55.8 58.1 60.3] 0.009 241
24 F,' 37.3 43.1 48.2 52.8 57.0 60.9 64.6 68.1 71.5 74.6 77.7 80.6] 0.007 3.14
30 %o 60.5 69.8 78.1 85.5 92.4 98.8 104.8 1104 1158 121.0 1259 130.7| 0.005 491
36 § 89.2 103.0 115.1 126.1 136.2 146 154 163 171 178 186 193] 0.004 7.07
42 123.4 142 159 175 188 202 214 225 236 247 257 267| 0.003 9.62
48 163 188 211 231 249 267 283 298 313 326 340 353] 0.003 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Ko Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 7.7 8.9 9.9 10.9 11.7 12.5 13.3 14.0 14.7 15.4 16.0 16.6( 0.019 0.785
15 - 12.9 14.9 16.7 18.2 19.7 21.1 22.3 23.6 24.7 25.8 26.9 27.9| 0.014 1.23
18| § 19.5 22.5 25.2 27.6 29.8 31.8 33.8 35.6 37.3 39.0 40.6 42.11 0.011 1.77
21 ‘é 27.5 31.8 355 38.9 42.0 44.9 47.6 50.2 52.7 55.0 57.3 59.4] 0.009 2.41
24 ‘_,' 36.8 42.5 47.6 52.1 56.3 60.1 63.8 67.2 70.5 73.7 76.7 79.6] 0.007 3.14
30 %n 59.9 69.1 77.3 84.6 91.4 97.7 103.7 109.3 114.6 119.7 124.6 129.3|] 0.005 491
36 § 88.4 102.1 1141 125.0 1351 144 153 161 169 177 184 191 0.004 7.07
42 122.5 141 158 173 187 200 212 224 235 245 255 265| 0.003 9.62
48 162 187 209 229 248 265 281 296 311 324 338 350 0.003 12.57
MNG6-52.16 (210-VI-EFH, Amend. MN15, Nov. 2011)



Part 650 Structures

Engineering Field Handbook

Chapter 6
Minnesota Supplement

Exhibit 6-4.5  Head Discharge Table for RCP, Full Pipe Flow Condition
—
Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 8.2 9.4 10.6 11.6 12.5 13.3 14.2 14.9 15.7 16.3 17.0 17.7 0.031 0.785
15 13.6 15.7 17.6 19.2 20.8 22.2 23.6 24.8 26.0 27.2 28.3 29.4 0.023 1.23
18 § 20.4 23.5 26.3 28.8 31.1 33.3 35.3 37.2 39.0 40.8 42.4 44.1 0.018 1.77
21 § 28.6 33.0 36.9 40.5 43.7 46.7 49.6 52.2 54.8 57.2 59.6 61.8 0.015 2.41
24 - 38.1 44.0 49.2 53.9 58.2 62.3 66.0 69.6 73.0 76.3 79.4 82.4 0.012 3.14
30| & 61.5 71.0 79.4 87.0 94.0 100.5 106.6 1123 117.8 123 128 133 0.009 491
C
36|l 9 90.4 104.4 116.8 128 138 148 157 165 173 181 188 195 0.007 7.07
42 125 144 161 177 191 204 216 228 239 250 260 270 0.006 9.62
48 165 190 213 233 252 269 286 301 316 330 343 356 0.005 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 7.8 9.0 10.1 11.1 12.0 12.8 13.6 14.3 15.0 15.7 16.3 16.9 0.031 0.785
15 13.1 15.2 16.9 18.6 20.0 21.4 22.7 24.0 25.1 26.2 27.3 28.3 0.023 1.23
18 § 19.8 22.8 25.5 28.0 30.2 32.3 34.3 36.1 37.9 39.6 41.2 42.7 0.018 1.77
21 é 27.9 32.2 36.0 394 42.6 45.5 48.3 50.9 534 55.7 58.0 60.2 0.015 2.41
24 - 37.3 43.0 48.1 52.7 56.9 60.8 64.5 68.0 71.3 74.5 77.5 80.5 0.012 3.14
30 E" 60.4 69.7 78.0 85.4 92.3 98.6 104.6 110.3 115.7 120.8 125.7 130 0.009 491
36| 9 89.1 102.9 115.0 126 136 145 154 163 171 178 185 192 0.007 7.07
42 123 142 159 174 188 201 214 225 236 247 257 266 0.006 9.62
48 163 188 211 231 249 266 282 298 312 326 339 352 0.005 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 7.5 8.7 9.7 10.7 11.5 12.3 13.1 13.8 14.4 15.1 15.7 16.3 0.031 0.785
15 12.7 14.7 16.4 18.0 19.4 20.7 22.0 23.2 24.3 25.4 26.4 27.4 0.023 1.23
18 g 19.2 22.2 24.8 27.2 29.4 31.4 33.3 35.1 36.8 38.4 40.0 41.5 0.018 1.77
21 :c\; 27.2 31.4 35.1 38.4 41.5 44.4 47.1 49.6 52.0 54.4 56.6 58.7 0.015 2.41
24 - 36.4 42.1 47.0 51.5 55.7 59.5 63.1 66.5 69.8 72.9 75.9 78.7 0.012 3.14
30 ‘é’o 59.3 68.5 76.6 83.9 90.6 96.9 102.8 108.3 113.6 118.7 123.5 128.2 0.009 491
36| 9 87.8 101.4 113.3 124.1 134 143 152 160 168 176 183 190 0.007 7.07
42 122 141 157 172 186 199 211 222 233 244 253 263 0.006 9.62
48 161 186 208 228 246 263 279 295 309 323 336 349 0.005 12.57
Assume: n =0.013 Q — Zgh
Ke + Ko =1 1+K, +K, +K,L
(210-VI-EFH, Amend. MN15, Nov. 2011) MN6-52.17
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Exhibit 6-4.5 (Cont) Head Discharge Table for RCP, Full Pipe Flow Condition

Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 7.3 8.4 9.4 10.3 11.1 11.9 12.6 13.3 13.9 14.5 15.1 15.7] 0.031 0.785
15 12.3 14.2 15.9 17.4 18.8 20.1 21.3 22.5 23.6 24.6 25.6 26.6| 0.023 1.23
18 § 18.7 21.6 24.2 26.5 28.6 30.6 32.4 34.2 35.8 37.4 38.9 40.4] 0.018 1.77
21 é 26.5 30.6 34.3 37.5 40.5 43.3 46.0 48.4 50.8 53.1 55.2 57.3] 0.015 241
241 35.7 41.2 46.1 50.5 54.5 58.3 61.8 65.1 68.3 71.3 74.3 77.1] 0.012 3.14
30 ﬁ, 58.3 67.4 75.3 82.5 89.1 953 101.0 106.5 111.7 116.7 121.4 126.01 0.009 491
36 § 86.5 99.9 111.7 1224 132 141 150 158 166 173 180 187|] 0.007 7.07
42 120.3 139 155 170 184 196 208 220 230 241 250 260| 0.006 9.62
48 160 184 206 226 244 261 277 292 306 319 332 345| 0.005 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 7.0 8.1 9.1 9.9 10.7 11.5 12.2 12.8 13.5 14.1 14.6 15.2] 0.031 0.785
15 12.0 13.8 15.4 16.9 18.3 19.5 20.7 21.8 22.9 23.9 24.9 25.8| 0.023 1.23
18 § 18.2 21.1 23.5 25.8 27.9 29.8 31.6 333 349 36.5 38.0 39.4] 0.018 1.77
21 S 25.9 30.0 33.5 36.7 39.6 42.4 44.9 47.4 49.7 51.9 54.0 56.0] 0.015 2.41
24 o? 35.0 40.4 45.1 49.4 534 57.1 60.5 63.8 66.9 69.9 72.8 75.5] 0.012 3.14
30 %n 57.4 66.2 74.1 81.1 87.6 93.7 99.4 104.7 109.9 114.7 1194 123.9| 0.009 491
36 § 85.4 98.6 110.2 120.7 130 139 148 156 163 171 178 184| 0.007 7.07
42 118.9 137 153 168 182 194 206 217 228 238 247 257| 0.006 9.62
48 158 183 204 224 241 258 274 289 303 316 329 341] 0.005 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 6.8 7.9 8.8 9.6 10.4 11.1 11.8 12.4 13.0 13.6 14.2 14.7| 0.031 0.785
15 11.6 13.4 15.0 16.4 17.8 19.0 20.1 21.2 22.3 23.3 24.2 25.1] 0.023 1.23
18 :83 17.8 20.5 23.0 25.2 27.2 29.1 30.8 32.5 341 35.6 37.0 38.4] 0.018 1.77
21 S 25.4 29.3 32.8 35.9 38.8 41.4 44.0 46.3 48.6 50.8 52.8 54.8] 0.015 2.41
24 r,' 34.3 39.6 44.3 48.5 52.4 56.0 59.4 62.6 65.6 68.6 71.4 74.1] 0.012 3.14
30 %n 56.5 65.2 72.9 79.8 86.2 92.2 97.8 103.1 108.1 1129 117.5 122.0f 0.009 491
36 § 84.2 97.2 108.7 119.1 128.6 138 146 154 161 168 175 182| 0.007 7.07
42 117.5 136 152 166 180 192 204 215 225 235 245 254 0.006 9.62
48 156 181 202 221 239 256 271 286 300 313 326 338] 0.005 12.57
Dia. Cubic Feet per Second
in Head on Pipe in Feet Kp Area
Inches 6 8 10 12 14 16 18 20 22 24 26 28 Sq. Ft.
12 6.6 7.6 8.5 9.4 10.1 10.8 11.5 12.1 12.7 13.2 13.8 14.3| 0.031 0.785
15 11.3 13.1 14.6 16.0 17.3 18.5 19.6 20.7 21.7 22.7 23.6 24.5] 0.023 1.23
18 § 17.4 20.1 22.4 24.6 26.6 28.4 30.1 31.7 333 34.8 36.2 37.6] 0.018 1.77
21 § 24.9 28.7 32.1 35.2 38.0 40.6 43.1 454 47.6 49.7 51.7 53.7] 0.015 2.41
24 r,' 33.6 38.8 43.4 47.6 51.4 54.9 58.3 61.4 64.4 67.3 70.0 72.7] 0.012 3.14
30 %n 55.6 64.2 71.8 78.6 84.9 90.8 96.3 1015 106.4 111.2 115.7 120.1] 0.009 491
36 § 83.1 96.0 107.3 117.5 127.0 136 144 152 159 166 173 180 0.007 7.07
42 116.2 134 150 164 178 190 201 212 223 232 242 251 0.006 9.62
48 155 179 200 219 237 253 268 283 297 310 323 335| 0.005 12.57
MN6-52.18 (210-VI-EFH, Amend. MN15, Nov. 2011)
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NEH Section 5, ES-97 Hydraulics: Flow Area in Circular Conduits for Various Depths of Flow

|
. 2
HYDRAULICS: FLOW AREAS (a—ft") IN CIRCULAR CONDUITS FOR VARIOUS
DEPTHS OF FLOW (d —feet)
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