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Composite curve 
number (CN)

Directly connected 
impervious area

Time of 
concentration Lag a

(ac) (mi2) () (%) (h) (min) ()
A_001 26 0.0401 74 0.0 0.27 10 1.18
A_101 420 0.6563 78 0.0 0.57 20 1.17
A_102 219 0.3415 74 0.0 0.63 23 1.17
A_103 207 0.3233 74 0.0 0.51 18 1.18
A_104 123 0.1926 74 0.0 0.33 12 1.18
A_105 386 0.6036 74 0.0 0.70 25 1.18
A_106 93 0.1447 74 0.0 0.27 10 1.17
A_107 90 0.1402 74 0.0 0.38 14 1.18
A_108 30 0.0476 74 0.1 0.25 9 1.18
A_109 38 0.0598 74 0.0 0.26 10 1.17
A_110 440 0.6869 76 1.6 0.92 33 1.16
A_111 279 0.4353 75 0.4 0.93 33 1.17
A_112 517 0.8078 77 5.9 1.03 37 1.14
A_113 680 1.0626 75 1.0 0.82 30 1.16
A_114 334 0.5226 74 0.0 0.77 28 1.17
A_115 340 0.5317 78 16.3 0.58 21 1.12
A_116 579 0.9042 79 21.0 0.38 14 1.11
A_201 33 0.0509 74 0.0 0.53 19 1.17
B_101 1075 1.6790 75 0.0 0.98 35 1.17
B_102 962 1.5026 74 0.1 1.20 43 1.17
B_103 660 1.0313 74 0.0 0.86 31 1.17
B_104 845 1.3203 75 0.6 1.11 40 1.17
B_105 926 1.4468 75 0.4 0.76 27 1.17
B_201 491 0.7673 74 0.1 1.47 53 1.17
B_202 1047 1.6362 75 0.7 1.70 61 1.17
B_301 867 1.3551 74 0.0 1.23 44 1.17
C_101 1001 1.5640 74 0.0 1.43 51 1.17
C_102 981 1.5334 74 0.1 0.80 29 1.17
C_103 320 0.4999 74 0.1 0.45 16 1.17
C_104 527 0.8230 75 1.0 0.89 32 1.16
D_101 257 0.4021 75 0.7 0.91 33 1.16
D_102 297 0.4640 75 0.7 0.70 25 1.17
D_103 854 1.3350 75 0.6 0.87 31 1.16
D_104 388 0.6069 75 0.3 1.03 37 1.17
D_201 278 0.4337 75 0.2 0.76 27 1.17
E_101 635 0.9921 75 0.9 1.18 43 1.16
F_101 629 0.9822 74 0.0 1.04 37 1.17
F_102 614 0.9598 76 0.0 1.00 36 1.16
F_103 549 0.8582 74 0.0 0.72 26 1.17
G_101 1114 1.7411 74 0.0 1.10 40 1.17
G_102 940 1.4688 74 0.0 1.03 37 1.17
G_201 399 0.6230 74 0.0 1.13 41 1.17
H_101 788 1.2313 76 0.0 0.72 26 1.16

Bulking 
factor

Subbasin Parameters Loss Model Parameters Unit Hydrograph Parameters

Basin ID
Area
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Composite curve 
number (CN)

Directly connected 
impervious area

Time of 
concentration Lag a

(ac) (mi2) () (%) (h) (min) ()

Bulking 
factor

Subbasin Parameters Loss Model Parameters Unit Hydrograph Parameters

Basin ID
Area

H_102 333 0.5209 74 0.0 0.76 27 1.18
I_101 774 1.2101 77 0.0 0.98 35 1.16
I_102 462 0.7215 74 0.0 0.82 29 1.18
I_201 603 0.9419 75 0.0 1.01 36 1.17
I_202 120 0.1881 74 0.0 0.57 20 1.18
I_203 50 0.0788 74 0.0 0.45 16 1.18
J_101 502 0.7845 83 0.0 1.09 39 1.12
J_102 295 0.4606 74 0.0 0.87 31 1.17
J_103 324 0.5060 74 0.0 0.89 32 1.17
K_101 439 0.6859 74 0.0 1.36 49 1.17
L_101 335 0.5233 81 0.0 0.94 34 1.14
L_102 349 0.5459 82 0.0 0.83 30 1.14
L_103 293 0.4582 78 0.0 0.72 26 1.18
M_101 745 1.1647 78 0.0 1.09 39 1.17
M_102 561 0.8761 78 0.0 0.69 25 1.18
N_101 372 0.5812 74 0.0 1.04 37 1.17
N_102 518 0.8099 74 0.0 1.07 39 1.17
N_103 322 0.5032 75 0.0 0.82 29 1.17
N_104 602 0.9408 74 0.0 1.03 37 1.18
N_105 395 0.6166 75 0.1 1.00 36 1.17
N_201 687 1.0742 75 0.0 1.45 52 1.17
O_001 25 0.0388 74 0.0 0.46 16 1.18
O_101 194 0.3026 75 0.0 1.21 43 1.17
O_102 561 0.8763 74 0.0 1.06 38 1.18
O_103 311 0.4852 75 0.0 0.80 29 1.17
P_001 30 0.0476 74 0.0 0.41 15 1.18
P_002 14 0.0222 75 0.0 0.20 7 1.17
P_003 22 0.0339 74 0.0 0.22 8 1.18
P_004 26 0.0399 74 0.0 0.18 7 1.18
P_101 359 0.5609 75 0.0 1.33 48 1.17
P_102 491 0.7669 74 0.0 0.95 34 1.17

P_103a 294 0.4591 75 0.0 0.83 30 1.17
P_103b 77 0.1201 76 3.1 1.44 52 1.15
P_103c 459 0.7177 78 5.9 1.14 41 1.12
P_104 635 0.9923 75 1.4 0.93 34 1.16
P_201 31 0.0478 85 34.0 0.40 15 1.06
Q_101 310 0.4849 79 15.5 0.85 31 1.11
Q_102 294 0.4598 75 2.3 0.49 18 1.16
Q_201 62 0.0972 80 8.3 0.38 14 1.10
Q_202 19 0.0290 84 30.5 0.28 10 1.07
Q_301 53 0.0830 80 13.1 0.74 27 1.09
R_101 115 0.1798 77 3.8 0.57 20 1.13
R_102 205 0.3205 80 6.2 0.78 28 1.10
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Composite curve 
number (CN)

Directly connected 
impervious area

Time of 
concentration Lag a

(ac) (mi2) () (%) (h) (min) ()

Bulking 
factor

Subbasin Parameters Loss Model Parameters Unit Hydrograph Parameters

Basin ID
Area

R_103 187 0.2916 75 0.4 0.55 20 1.16
R_104a 177 0.2765 76 2.6 0.82 30 1.15
R_104b 109 0.1704 83 24.0 0.42 15 1.07
R_105 86 0.1340 83 28.2 0.32 11 1.07
R_106 129 0.2021 75 3.9 0.58 21 1.16
R_107 54 0.0845 77 0.0 0.34 12 1.15
S_101 274 0.4285 77 2.5 0.39 14 1.14
T_101 63 0.0981 78 1.8 0.52 19 1.14
T_102 70 0.1092 75 0.0 0.53 19 1.17
T_103 109 0.1701 86 22.6 0.39 14 1.06
T_104 27 0.0422 86 15.9 0.14 5 1.06
T_105 30 0.0475 85 2.6 0.43 16 1.06
T_106 29 0.0451 80 20.2 0.49 18 1.11
U_101 1112 1.7375 74 0.0 1.20 43 1.18
U_102 1132 1.7689 74 0.0 1.00 36 1.18
U_103 934 1.4590 74 0.0 1.35 49 1.18
U_104 419 0.6547 74 0.0 0.65 23 1.18
U_201 727 1.1358 74 0.0 0.80 29 1.17
U_301 1121 1.7522 75 0.0 1.11 40 1.17
U_302 1098 1.7163 74 0.0 1.13 41 1.17
U_401 498 0.7776 74 0.0 1.13 41 1.17
U_501 354 0.5537 74 0.0 1.58 57 1.18
W_101 1340 2.0934 74 0.0 1.42 51 1.18
W_102 820 1.2814 76 0.0 0.94 34 1.16
W_103 2261 3.5329 74 0.0 1.19 43 1.18
W_104 842 1.3164 75 2.6 0.68 24 1.16
W_105 275 0.4301 80 26.8 0.36 13 1.10
W_201 608 0.9501 79 23.5 0.61 22 1.11
W_202 148 0.2313 84 35.1 0.99 36 1.07
W_203 345 0.5394 81 33.8 0.32 12 1.08
W_301 95 0.1481 82 34.5 0.69 25 1.08
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Length Slope Manning's n Space-Time Method
Index 

Method
Index 
Flow *

Shape Diamater Width Side Slope

ft ft/ft cfs ft ft xH : 1V
A_101_R1 9011 0.0125 0.0250 Auto DX Auto DT Flow 451 Trapezoid 30 2
A_102_R1 7729 0.0120 0.0250 Auto DX Auto DT Flow 973 Trapezoid 35 2
A_103_R1 6822 0.0116 0.0250 Auto DX Auto DT Flow 1109 Trapezoid 35 2
A_104_R1 3622 0.0130 0.0250 Auto DX Auto DT Flow 605 Trapezoid 35 2
A_104_R2 2644 0.0109 0.0250 Auto DX Auto DT Flow 1475 Trapezoid 75 2
A_104_R3 1252 0.0110 0.0250 Auto DX Auto DT Flow 2037 Trapezoid 160 2
A_105_R1 10476 0.0104 0.0250 Auto DX Auto DT Flow 2300 Trapezoid 120 2
A_106_R1 1818 0.0104 0.0250 Auto DX Auto DT Flow 2892 Trapezoid 160 2
A_107_R1 4502 0.0093 0.0250 Auto DX Auto DT Flow 3289 Trapezoid 130 2
A_108_R1 3970 0.0104 0.0250 Auto DX Auto DT Flow 3279 Trapezoid 160 2
A_109_R1 2214 0.0110 0.0250 Auto DX Auto DT Flow 3445 Trapezoid 160 2
A_110_R1 3693 0.0114 0.0250 Auto DX Auto DT Flow 3914 Trapezoid 200 2
A_111_R1 8676 0.0118 0.0250 Auto DX Auto DT Flow 4072 Trapezoid 100 2
A_112_R1 1905 0.0117 0.0250 Auto DX Auto DT Flow 4343 Trapezoid 100 2
A_112_R2 4661 0.0120 0.0250 Auto DX Auto DT Flow 4340 Trapezoid 130 2
A_113_R1 9037 0.0126 0.0250 Auto DX Auto DT Flow 5210 Trapezoid 160 2
A_114_R1 4492 0.0127 0.0250 Auto DX Auto DT Flow 6719 Trapezoid 170 2
A_115_R1 3834 0.0133 0.0250 Auto DX Auto DT Flow 8300 Trapezoid 200 3
A_115_R2 2352 0.0250 0.0130 Auto DX Auto DT Flow 268 Circle 8.5
A_116_R1 5896 0.0147 0.0250 Auto DX Auto DT Flow 8333 Trapezoid 120 3
A_116_R2 1186 0.0193 0.0250 Auto DX Auto DT Flow 1024 Trapezoid 50 2
A_116_R3 1500 0.0190 0.0130 Auto DX Auto DT Flow 53 Circle 5
A_116_R4 1913 0.0208 0.0250 Auto DX Auto DT Flow 1075 Trapezoid 50 2
B_102_R1 5430 0.0109 0.0300 Auto DX Auto DT Flow 343 Trapezoid 20 3
B_103_R1 11067 0.0113 0.0300 Auto DX Auto DT Flow 589 Trapezoid 20 3
B_104_R1 11374 0.0157 0.0300 Auto DX Auto DT Flow 711 Trapezoid 25 3
B_105_R1 9612 0.0150 0.0300 Auto DX Auto DT Flow 882 Trapezoid 20 3
B_105_R2 5002 0.0234 0.0300 Auto DX Auto DT Flow 329 Trapezoid 20 3
B_105_R3 2535 0.0157 0.0300 Auto DX Auto DT Flow 1200 Trapezoid 20 3
B_105_R4 7037 0.0141 0.0300 Auto DX Auto DT Flow 218 Trapezoid 10 3
B_105_R5 2023 0.0141 0.0300 Auto DX Auto DT Flow 1384 Trapezoid 40 3
B_202_R1 12869 0.0197 0.0300 Auto DX Auto DT Flow 108 Trapezoid 25 3
C_102_R1 10369 0.0139 0.0300 Auto DX Auto DT Flow 225 Trapezoid 25 3
C_103_R1 7188 0.0167 0.0300 Auto DX Auto DT Flow 379 Trapezoid 20 3
C_104_R1 9606 0.0153 0.0300 Auto DX Auto DT Flow 411 Trapezoid 15 3
D_102_R1 5627 0.0196 0.0300 Auto DX Auto DT Flow 87 Trapezoid 15 3
D_103_R1 11299 0.0151 0.0350 Auto DX Auto DT Flow 186 Trapezoid 40 6
D_104_R1 1848 0.0130 0.0300 Auto DX Auto DT Flow 400 Trapezoid 15 3
D_104_R2 8834 0.0167 0.0250 Auto DX Auto DT Flow 106 Trapezoid 30 3
D_104_R3 3936 0.0104 0.0350 Auto DX Auto DT Flow 498 Trapezoid 10 3
F_102_R1 9867 0.0139 0.0350 Auto DX Auto DT Flow 178 Trapezoid 20 3
F_103_R1 6712 0.0127 0.0350 Auto DX Auto DT Flow 347 Trapezoid 30 3
G_102_R1 10267 0.0131 0.0250 Auto DX Auto DT Flow 302 Trapezoid 40 4

Reach

Routing Parameters
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Length Slope Manning's n Space-Time Method
Index 

Method
Index 
Flow *

Shape Diamater Width Side Slope

ft ft/ft cfs ft ft xH : 1V
Reach

Routing Parameters

G_102_R2 8053 0.0155 0.0350 Auto DX Auto DT Flow 106 Trapezoid 15 3
G_102_R3 2916 0.0122 0.0250 Auto DX Auto DT Flow 395 Trapezoid 30 3
H_102_R1 6763 0.0135 0.0250 Auto DX Auto DT Flow 333 Trapezoid 50 2
I_102_R1 9568 0.0145 0.0250 Auto DX Auto DT Flow 283 Trapezoid 60 2
I_202_R1 4776 0.0174 0.0300 Auto DX Auto DT Flow 188 Trapezoid 25 3
I_203_R1 2611 0.0167 0.0300 Auto DX Auto DT Flow 211 Trapezoid 60 2
J_102_R1 8406 0.0147 0.0350 Auto DX Auto DT Flow 242 Trapezoid 15 3
J_103_R1 8846 0.0162 0.0350 Auto DX Auto DT Flow 313 Trapezoid 75 6
L_102_R1 3949 0.0149 0.0350 Auto DX Auto DT Flow 162 Trapezoid 75 6
L_103_R1 7960 0.0145 0.0350 Auto DX Auto DT Flow 337 Trapezoid 30 3
M_102_R1 5919 0.0132 0.0300 Auto DX Auto DT Flow 272 Trapezoid 40 3
N_102_R1 9082 0.0141 0.0350 Auto DX Auto DT Flow 106 Trapezoid 35 6
N_103_R1 7840 0.0115 0.0350 Auto DX Auto DT Flow 229 Trapezoid 75 6
N_104_R1 3502 0.0113 0.0350 Auto DX Auto DT Flow 274 Trapezoid 85 6
N_104_R2 4669 0.0134 0.0350 Auto DX Auto DT Flow 164 Trapezoid 65 6
N_104_R3 5520 0.0108 0.0250 Auto DX Auto DT Flow 434 Trapezoid 50 3
N_105_R1 10455 0.0103 0.0300 Auto DX Auto DT Flow 504 Trapezoid 30 3
O_102_R1 9787 0.0138 0.0350 Auto DX Auto DT Flow 53 Trapezoid 70 6
O_103_R1 9484 0.0134 0.0350 Auto DX Auto DT Flow 158 Trapezoid 15 3
P_102_R1 7106 0.0114 0.0350 Auto DX Auto DT Flow 92 Trapezoid 65 6
P_103a_R1 5267 0.0084 0.0350 Auto DX Auto DT Flow 180 Trapezoid 55 6
P_103b_R1 1403 0.0098 0.0350 Auto DX Auto DT Flow 51 Trapezoid 55 6
P_103c_R1 2490 0.0080 0.0130 Auto DX Auto DT Flow 51 Circle 3.5
P_103c_R2 1594 0.0131 0.0170 Auto DX Auto DT Flow 14 Trapezoid 30 3
P_104_R1 8526 0.0100 0.0350 Auto DX Auto DT Flow 208 Trapezoid 70 6
Q_102_R1 504 0.0165 0.0250 Auto DX Auto DT Flow 174 Trapezoid 10 2
Q_102_R2 1858 0.0100 0.0130 Auto DX Auto DT Flow 95 Circle 1.5
Q_102_R3 4234 0.0124 0.0250 Auto DX Auto DT Flow 259 Trapezoid 10 2
Q_102_R4 2503 0.0284 0.0250 Auto DX Auto DT Flow 259 Trapezoid 25 3
Q_202_R1 1759 0.0110 0.0130 Auto DX Auto DT Flow 55 Circle 2.5
Q_301_R1 930 0.0100 0.0130 Auto DX Auto DT Flow 66 Circle 2
R_102_R1 3490 0.0126 0.0250 Auto DX Auto DT Flow 64 Trapezoid 30 3
R_103_R1 4244 0.0123 0.0250 Auto DX Auto DT Flow 176 Trapezoid 30 3
R_104a_R1 989 0.0027 0.0250 Auto DX Auto DT Flow 67 Trapezoid 10 4
R_104b_R1 2358 0.0110 0.0300 Auto DX Auto DT Flow 92 Trapezoid 30 4
R_105_R1 1246 0.0142 0.0350 Auto DX Auto DT Flow 135 Trapezoid 15 10
R_106_R1 4469 0.0154 0.0350 Auto DX Auto DT Flow 224 Trapezoid 15 10
R_107_R1 2044 0.0206 0.0250 Auto DX Auto DT Flow 287 Trapezoid 10 2
R_107_R2 2043 0.0520 0.0130 Auto DX Auto DT Flow 91 Circle 5.0
T_106_R1 1750 0.0100 0.0130 Auto DX Auto DT Flow 17 Circle 4.0
T_106_R2 2625 0.0100 0.0130 Auto DX Auto DT Flow 84 Circle 5.5
U_101_R1 3240 0.0099 0.0300 Auto DX Auto DT Flow 892 Trapezoid 40 4
U_102_R1 14798 0.0124 0.0250 Auto DX Auto DT Flow 1157 Trapezoid 60 4
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Length Slope Manning's n Space-Time Method
Index 

Method
Index 
Flow *

Shape Diamater Width Side Slope

ft ft/ft cfs ft ft xH : 1V
Reach

Routing Parameters

U_103_R1 5532 0.0139 0.0250 Auto DX Auto DT Flow 1327 Trapezoid 60 4
U_104_R1 11542 0.0147 0.0250 Auto DX Auto DT Flow 1509 Trapezoid 60 4
U_302_R1 2037 0.0122 0.0300 Auto DX Auto DT Flow 328 Trapezoid 30 10
U_302_R2 1489 0.0105 0.0350 Auto DX Auto DT Flow 133 Trapezoid 25 10
U_302_R3 6670 0.0107 0.0250 Auto DX Auto DT Flow 460 Trapezoid 30 4
U_302_R4 6721 0.0145 0.0350 Auto DX Auto DT Flow 74 Trapezoid 20 10
U_302_R5 3875 0.0092 0.0300 Auto DX Auto DT Flow 511 Trapezoid 30 4
W_102_R1 8786 0.0125 0.0350 Auto DX Auto DT Flow 304 Trapezoid 20 6
W_103_R1 13847 0.0179 0.0300 Auto DX Auto DT Flow 462 Trapezoid 15 6
W_104_R1 10536 0.0140 0.0250 Auto DX Auto DT Flow 916 Trapezoid 20 6
W_105_R1 2357 0.0164 0.0250 Auto DX Auto DT Flow 1001 Trapezoid 25 3
W_202_R1 2480 0.0055 0.0250 Auto DX Auto DT Flow 470 Trapezoid 25 3
W_203_R1 2250 0.0052 0.0300 Auto DX Auto DT Flow 562 Trapezoid 35 4
W_203_R2 2237 0.0190 0.0130 Auto DX Auto DT Flow 36 Circle 5.0

* Based on 100-year model run, no depth-area reduction factor
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Reach Rate (cfs/ac) Reach Rate (cfs/ac) Reach Rate (cfs/ac)
A_101_R1 1.5 G_102_R1 1.5 U_101_R1 1.5
A_102_R1 1.5 G_102_R2 1.5 U_102_R1 1.5
A_103_R1 1.5 G_102_R3 0.0 U_103_R1 1.5
A_104_R1 1.5 H_102_R1 1.5 U_104_R1 1.5
A_104_R2 1.5 I_102_R1 1.5 U_302_R1 0.0
A_104_R3 1.5 I_202_R1 1.5 U_302_R2 0.0
A_105_R1 1.5 I_203_R1 1.5 U_302_R3 0.0
A_106_R1 1.5 J_102_R1 0.0 U_302_R4 0.0
A_107_R1 1.5 J_103_R1 1.5 U_302_R5 1.5
A_108_R1 1.5 L_102_R1 0.0 W_102_R1 0.0
A_109_R1 1.5 L_103_R1 1.5 W_103_R1 1.5
A_110_R1 1.5 M_102_R1 0.0 W_104_R1 1.5
A_111_R1 1.5 N_102_R1 0.0 W_105_R1 1.5
A_112_R1 1.5 N_103_R1 0.0 W_202_R1 0.0
A_112_R2 1.5 N_104_R1 0.0 W_203_R1 0.0
A_113_R1 1.5 N_104_R2 0.0 W_203_R2 0.0
A_114_R1 1.5 N_104_R3 1.5
A_115_R1 1.5 N_105_R1 1.5
A_115_R2 1.5 O_102_R1 0.0
A_116_R1 1.5 O_103_R1 0.0
A_116_R2 1.5 P_102_R1 0.0
A_116_R3 1.5 P_103a_R1 0.0
A_116_R4 1.5 P_103b_R1 0.0
B_102_R1 0.0 P_103c_R1 0.0
B_103_R1 1.5 P_103c_R2 0.0
B_104_R1 1.5 P_104_R1 0.0
B_105_R1 1.5 Q_102_R1 0.0
B_105_R2 0.0 Q_102_R2 0.0
B_105_R3 1.5 Q_102_R3 0.0
B_105_R4 0.0 Q_102_R4 0.0
B_105_R5 1.5 Q_202_R1 0.0
B_202_R1 0.0 Q_301_R1 0.0
C_102_R1 1.5 R_102_R1 0.0
C_103_R1 1.5 R_103_R1 0.0
C_104_R1 1.5 R_104a_R1 0.0
D_102_R1 0.0 R_104b_R1 0.0
D_103_R1 0.0 R_105_R1 0.0
D_104_R1 0.0 R_106_R1 0.0
D_104_R2 0.0 R_107_R1 0.0
D_104_R3 0.0 R_107_R2 0.0
F_102_R1 1.5 T_106_R1 0.0
F_103_R1 1.5 T_106_R2 0.0

Transmission Loss Parameters
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NOAA Atlas 14, Volume 1, Version 5
Location name: Rio Rancho, New Mexico, USA*

Latitude: 35.27°, Longitude: -106.7844°
Elevation: 5894 ft**

* source: ESRI Maps
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey

Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.177
(0.152‑0.206)

0.229
(0.197‑0.266)

0.307
(0.263‑0.358)

0.368
(0.314‑0.427)

0.451
(0.383‑0.523)

0.515
(0.436‑0.597)

0.582
(0.489‑0.675)

0.653
(0.546‑0.757)

0.750
(0.620‑0.870)

0.827
(0.680‑0.960)

10-min 0.269
(0.231‑0.313)

0.349
(0.299‑0.406)

0.468
(0.400‑0.545)

0.560
(0.478‑0.650)

0.686
(0.583‑0.796)

0.784
(0.663‑0.909)

0.887
(0.745‑1.03)

0.995
(0.831‑1.15)

1.14
(0.944‑1.32)

1.26
(1.04‑1.46)

15-min 0.334
(0.287‑0.388)

0.432
(0.371‑0.503)

0.580
(0.496‑0.676)

0.694
(0.593‑0.806)

0.851
(0.723‑0.987)

0.972
(0.822‑1.13)

1.10
(0.924‑1.27)

1.23
(1.03‑1.43)

1.42
(1.17‑1.64)

1.56
(1.28‑1.81)

30-min 0.449
(0.387‑0.523)

0.582
(0.500‑0.677)

0.782
(0.669‑0.911)

0.935
(0.798‑1.09)

1.15
(0.973‑1.33)

1.31
(1.11‑1.52)

1.48
(1.24‑1.72)

1.66
(1.39‑1.92)

1.91
(1.58‑2.21)

2.10
(1.73‑2.44)

60-min 0.556
(0.478‑0.647)

0.721
(0.618‑0.838)

0.967
(0.828‑1.13)

1.16
(0.988‑1.34)

1.42
(1.20‑1.64)

1.62
(1.37‑1.88)

1.83
(1.54‑2.12)

2.06
(1.72‑2.38)

2.36
(1.95‑2.74)

2.60
(2.14‑3.02)

2-hr 0.651
(0.557‑0.772)

0.835
(0.711‑0.991)

1.10
(0.937‑1.31)

1.32
(1.12‑1.56)

1.62
(1.36‑1.90)

1.86
(1.55‑2.18)

2.11
(1.75‑2.48)

2.38
(1.96‑2.78)

2.75
(2.24‑3.22)

3.06
(2.47‑3.58)

3-hr 0.699
(0.602‑0.824)

0.889
(0.764‑1.05)

1.16
(1.00‑1.37)

1.38
(1.18‑1.62)

1.69
(1.43‑1.98)

1.93
(1.63‑2.26)

2.19
(1.84‑2.56)

2.47
(2.05‑2.88)

2.85
(2.34‑3.32)

3.16
(2.58‑3.69)

6-hr 0.806
(0.701‑0.940)

1.02
(0.888‑1.19)

1.31
(1.14‑1.53)

1.54
(1.34‑1.79)

1.86
(1.60‑2.16)

2.11
(1.81‑2.44)

2.37
(2.02‑2.74)

2.64
(2.24‑3.05)

3.01
(2.53‑3.48)

3.31
(2.76‑3.84)

12-hr 0.907
(0.798‑1.04)

1.14
(1.01‑1.31)

1.45
(1.27‑1.65)

1.69
(1.48‑1.93)

2.02
(1.76‑2.29)

2.27
(1.97‑2.58)

2.54
(2.18‑2.88)

2.81
(2.40‑3.19)

3.17
(2.69‑3.61)

3.47
(2.92‑3.95)

24-hr 1.06
(0.935‑1.20)

1.33
(1.18‑1.51)

1.67
(1.48‑1.90)

1.94
(1.71‑2.20)

2.31
(2.03‑2.61)

2.59
(2.27‑2.93)

2.88
(2.52‑3.26)

3.19
(2.76‑3.60)

3.59
(3.10‑4.06)

3.91
(3.35‑4.42)

2-day 1.13
(1.00‑1.27)

1.42
(1.26‑1.60)

1.79
(1.58‑2.01)

2.08
(1.84‑2.34)

2.47
(2.18‑2.78)

2.78
(2.44‑3.12)

3.10
(2.71‑3.48)

3.43
(2.98‑3.86)

3.87
(3.34‑4.36)

4.22
(3.62‑4.76)

3-day 1.27
(1.14‑1.41)

1.59
(1.43‑1.76)

1.98
(1.78‑2.20)

2.29
(2.06‑2.54)

2.71
(2.43‑3.00)

3.03
(2.71‑3.36)

3.36
(2.99‑3.72)

3.70
(3.28‑4.10)

4.15
(3.66‑4.61)

4.51
(3.95‑5.01)

4-day 1.41
(1.29‑1.55)

1.76
(1.61‑1.93)

2.17
(1.98‑2.38)

2.50
(2.28‑2.74)

2.94
(2.67‑3.22)

3.28
(2.97‑3.59)

3.62
(3.27‑3.97)

3.97
(3.57‑4.35)

4.44
(3.97‑4.86)

4.79
(4.27‑5.26)

7-day 1.64
(1.50‑1.79)

2.04
(1.86‑2.23)

2.50
(2.29‑2.74)

2.86
(2.62‑3.13)

3.34
(3.05‑3.65)

3.71
(3.37‑4.05)

4.08
(3.69‑4.45)

4.44
(4.01‑4.84)

4.92
(4.42‑5.37)

5.28
(4.72‑5.77)

10-day 1.83
(1.67‑2.00)

2.28
(2.08‑2.48)

2.81
(2.57‑3.06)

3.22
(2.94‑3.51)

3.78
(3.44‑4.10)

4.20
(3.82‑4.56)

4.63
(4.19‑5.03)

5.06
(4.56‑5.50)

5.62
(5.05‑6.12)

6.05
(5.40‑6.60)

20-day 2.35
(2.15‑2.56)

2.92
(2.68‑3.19)

3.57
(3.27‑3.89)

4.05
(3.71‑4.41)

4.68
(4.28‑5.10)

5.14
(4.69‑5.60)

5.59
(5.09‑6.08)

6.03
(5.47‑6.56)

6.58
(5.95‑7.17)

6.99
(6.30‑7.62)

30-day 2.84
(2.61‑3.08)

3.54
(3.25‑3.84)

4.28
(3.93‑4.65)

4.84
(4.43‑5.24)

5.54
(5.07‑6.00)

6.05
(5.52‑6.56)

6.54
(5.96‑7.09)

7.01
(6.38‑7.60)

7.59
(6.88‑8.24)

8.01
(7.24‑8.70)

45-day 3.49
(3.21‑3.78)

4.33
(3.98‑4.69)

5.18
(4.77‑5.62)

5.81
(5.33‑6.29)

6.58
(6.03‑7.13)

7.12
(6.52‑7.72)

7.63
(6.98‑8.27)

8.10
(7.39‑8.79)

8.68
(7.90‑9.42)

9.08
(8.24‑9.87)

60-day 4.02
(3.70‑4.36)

5.00
(4.60‑5.42)

5.99
(5.52‑6.49)

6.70
(6.17‑7.26)

7.57
(6.96‑8.21)

8.18
(7.52‑8.87)

8.75
(8.03‑9.50)

9.28
(8.50‑10.1)

9.91
(9.07‑10.8)

10.4
(9.46‑11.3)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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Hydro ID Name Source
Compiled 

by
Date

Drainage 
area 

(mi 2 )

Emergency 
spillway 

(ft) a

V EmSp

 (ac-ft)

Top of 
embankment 

(ft)  a

V TOP 

(ac-ft)
Existing peak 
depth (ft)  a

Depth-area 
reduction b

R_103_Pond Rainbow Pond
Memo, Rainbow Pond Ported 

Riser Design
SSCAFCA Oct-18 0.79 8.5 49.1 9.9 59.8 5.1 None

P_103a_Pond Cholla Pond
Cactus Dam Design Analysis 

Report
Stantec Mar-19 1.79 8.0 46.7 11.0 77.2 8.0 TP40 TP49 (2 mi2)

P_103b_Pond Nopal Pond
Cactus Dam Design Analysis 

Report
Stantec Mar-19 1.91 10.0 6.4 12.0 11.0 8.1 TP40 TP49 (2 mi2)

P_201_Pond
Camino 

Crossings Pond
Drainage Report for Camino 

Crossings
Wilson & 
Company

Apr-07 0.05 6.0 1.6 5.8 None

S_101_Pond Harley's Pond
Design Analysis Report for 

Harley's Pond
Respec May-21 0.43 10.0 35.5 11.0 40.4 5.3 None

R_107_Pond
Los Diamantes 
Regional Pond

Los Diamantes Subdivision 
Regional Drainage Analysis 

Report

Mark 
Goodwin & 
Associates

Dec-20 1.66 16.3 59.1 18.0 71.3 10.7 TP40 TP49 (2 mi2)

W_203_Pond
Las Ventanas 

Dam
Construction Plans for Las 
Ventanas Detention Dam

Bohannan 
Huston Inc. 

Aug-98 1.72 9.8 164.8 13.0 323.1 8.4 TP40 TP49 (2 mi2)

W_301_Pond
Little Window 

Dam
Construction Plans for Little 

Window Detention Dam
Bohannan 

Huston Inc. 
Apr-98 0.15 7.5 8.4 10.0 13.7 6.9 None

Swinburne_Dam Swinburne Dam
Construction Plans, Swinburne 

Dam
Wilson & 
Company

Jul-91 80.12 33.6 999.1 26.9 TP40 TP49 (80 mi2)

Q_202_Pond Redwood Pond
Drainage Report for Tierra del 

Sol
Isaacson & 

Arman
Sep-06 0.13 6.8 2.1 7.9 None

a Depth vaule relative to pond invert   No concern
b Depth-area reduction for pond analysis is based on the drainage area contributing to each pond   High concern
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Hydro ID:  R_103_Pond

Pond rating curve based on:
Memo, Rainbow Pond Ported Riser Design
SSCAFCA project number RA_P0001_01

Depth Volume Discharge
ft ac‐ft cfs

Pond Invert 0.00 0.00 0.0
Culvert Invert 0.09 0.01 0.0

0.43 0.02 0.0
Invert of Bottom Row of Ports 0.67 1.16 0.0
Top of Bottom Row of Ports 1.24 3.94 6.6

1.43 4.91 8.0
Invert of Middle Row of Ports 1.82 6.89 10.3
Top of Middle Row of Ports 2.40 9.94 18.5

2.43 10.12 18.8
Invert of Top Row of Ports 2.98 13.11 23.7

3.43 15.65 31.6
Top of Top Row of Ports 3.55 16.33 33.6

Slated Top Grate Lowest EL (Top of Concrete) 3.94 18.60 38.9
4.43 21.51 57.9

Top of Side Face Slopes for Grate 5.09 25.58 132.5
Slanted Top Grate Highest EL 5.30 26.90 144.9

5.43 27.73 147.9
6.43 34.25 167.8
7.43 41.16 182.9
8.33 47.61 194.7
8.43 48.35 196.0

Emergency Spillway EL 8.53 49.09 197.5
9.43 55.89 456.1

Top of Pond 9.93 59.78 696.6
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SSCAFCA 

Memo 
To: Andres Sanchez, Design Services Director 

From: Junko Boat, Drainage Engineer 

Date: 10/3/2018 

Re: Rainbow Pond Ported Riser Design 

  

Due to anticipation for high sediment yield in the Rainbow Pond and the downstream culvert’s 
likelihood for sediment issues (length approximately 200’ and slope of 0.04%), a ported riser 
was considered for the pond. 

Design criteria included: 

• Likely square shaped ported riser to match the 2-cell 3’ by 3’ culverts. 

• A few rows of reverse incline ports 

• D = 6” ports 

• A metal grate provided at the top. The top grate will be slanted for ease of maintenance.  

• No low flow opening at the riser slab elevation (concern for sediment) 

Based on these criteria and constructability for steel reinforcement in the walls, a rectangular 
ported riser with 3 rows of the reverse incline ports (ports at 30-degree angle from outside face 
to inside face) was designed. 

1. Storage-Stage-Elevation 

Storage-Stage-elevation relationship was developed using Civil3D elevation and contour area.  

 

Elevation (ft) Note 

5670.57 Pond Invert 

5670.66 Culvert Invert 
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Elevation (ft) Note 

5671.24 Invert of Bottom Row of Ports 

5671.81 Top of Bottom Row of Ports 

5672.39 Invert of Middle Row of Ports 

5672.97 Top of Middle Row of Ports 

5673.55 Invert of Top Row of Ports 

5674.12 Top of Top Row of Ports 

5674.51 Slanted Top Grate Lowest EL 

5675.87 Slanted Top Grate Highest EL 

5678.8 Original Emergency Spillway EL 

5679.1 Proposed Emergency Spillway EL 

5680.50 Top of Pond 

Orifice equation was used for determining discharge through the ports, while weir equation was 
used for the top grate flow and emergency spillway flow. Handbook of Hydraulics, 6th Edition, by 
Brater and King was used to determine coefficients for orifice and weir conditions. The diameter 
of circular orifice being 0.5’ and anticipated head between 0.4 – 10’, a coefficient of discharge of 
0.598 was selected using Table 4-3 Smith’s Coefficients of Discharge for Circular and Square 
Orifice with Full Contraction in aforementioned reference. Table 5-3 was used for two different 
cases of weir condition; assuming average head in the table, weir coefficients of 3.0 and 2.6 
were chosen based on the weir breaths of 1.0’ and 12.0’ for the top grate and the emergency 
spillway, respectively.  

Discharges from each row of orifices were computed, and the combined discharges from all 
rows of ports & the grate were compared with the box culvert discharge of the pond outfall. 
Once the outfall culvert is fully submerged, the pond discharge will be governed by the pond 
outlet CBC, not by the ported riser. Discharge from the emergency spillway ( for incoming flows 
in excess of the 100-year recurrence interval storm) was added to the overall rating curve in 
order to ensure that the 500-year water surface elevation (WSEL) remains at or below the top of 
the pond embankment. 

Elevation 

(ft) Note 

Cumulative 

Volume -

conic 

(acre-ft) 

Total Discharge 

Rating Curve 

(cfs) 

5670.57 Pond Invert 0 0.0 

5670.66 Culvert Invert 0.00 0.0 

5671.00   0.02 0.0 

5671.24 Invert of Bottom Row of Ports 1.16 0.0 

5671.81 Top of Bottom Row of Ports 3.94 6.6 

5672.00   4.91 8.0 

5672.39 Invert of Middle Row of Ports 6.89 10.3 

5672.97 Top of Middle Row of Ports 9.94 18.5 

5673.00   10.12 18.8 

5673.55 Invert of Top Row of Ports 13.11 23.7 
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Elevation 

(ft) Note 

Cumulative 

Volume -

conic 

(acre-ft) 

Total Discharge 

Rating Curve 

(cfs) 

5674.00   15.65 31.6 

5674.12 Top of Top Row of Ports 16.33 33.6 

5674.51 Slated Top Grate Lowest EL (Top of Concrete) 18.60 38.9 

5675.00   21.51 57.9 

5675.66 Top of Side Face Slopes for Grate 25.58 132.5 

5675.87 Slanted Top Grate Highest EL 26.90 144.9 

5676.00   27.73 147.9 

5677.00   34.25 167.8 

5678.00   41.16 182.9 

5678.90   47.61 194.7 

5679.00   48.35 196.0 

5679.10 Emergency Spillway EL 49.09 197.5 

5680.00   55.89 456.1 

5680.50 Top of Pond 59.78 696.6 

2. HEC-HMS 100-year Model 
 
Basin Model: Rainbow_Trib_Ult100_PR 
Method at Pond: Outflow Curve 
Storage Method: Elevation-Storage-Discharge 
Storage-Discharge Function: Ported_Riser 
Elevation-Storage Function: Ported_Riser 
Run: Ultimate100_PR 

The rating information was input in HEC-HMS, specifically Elevation-Storage Function 
(Ported_Riser) and Storage-Discharge Function (Ported_Riser) and run to check the 100-year 
24-hour WSEL. After running the HEC-HMS model, it was identified that the 100-year WSEL 
would exceed the original emergency spillway elevation of 5678.8’. In order to contain the 100-
year peak flow without spilling over the emergency spillway, the pond emergency spillway 
elevation was raised from 5678.8’ to 5679.1’. This is 0.3’ increase over the elevation provided in 
the original construction plans. It should be also noted that during final design phase of the 
original construction plans, the pond footprint was slighted modified. We now know it resulted in 
changes to the originally calculated WSEL. We accounted for the (previously unknown) change 
in the pond footprint in addition to the ported riser hydraulic analysis during the ported riser 
design & hydraulic re-analysis of the pond.  

Appendix B

Calabacillas WMP - Aug 2024 B-6

Draf
t



4 

 

3. HEC-HMS 500-year model 
 
Basin name: RainbowTrib_Ult_rev2 
Method at Pond: Outflow Structures 
Pond Storage Method: Elevation-Storage 
Elevation-Storage Function: Ported_Riser 
Run: Ultimate500_rev2 
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Hydro ID: P_103a_Pond
Pond rating curve based on:
Cactus Dam Design Analysis Report & 
Construction Plans for Cactus Ponds Project
SSCAFCA project number CA_P0005 From DAR:

Depth Volume Depth Elevation Area Inc. Volume* Cum. Volume
ft ac-ft ft ft ac ac-ft ac-ft

Pond and Principlal Spillway Invert 0.00 0.00 0.0 5779 0.679 0.000 0.000
1.00 1.63 1.0 5780 2.578 1.628 1.628
2.00 5.64 2.0 5781 5.437 4.008 5.636
3.00 11.24 3.0 5782 5.767 5.602 11.238
4.00 17.18 4.0 5783 6.110 5.938 17.176
5.00 23.59 5.0 5784 6.727 6.418 23.594
6.00 30.66 6.0 5785 7.409 7.068 30.662
7.00 38.36 7.0 5786 7.991 7.700 38.362

Emergency Spillway EL 8.00 46.72 8.0 5787 8.722 8.356 46.718
9.00 55.87 9.0 5788 9.590 9.156 55.874

10.00 66.03 10.0 5789 10.714 10.152 66.027
Top of Pond 11.00 77.21 11.0 5790 11.644 11.179 77.206

* average end area method
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Hydro ID: P_103b_Pond
Pond rating curve based on:
Cactus Dam Design Analysis Report & 
Construction Plans for Cactus Ponds Project
SSCAFCA project number CA_P0005 From DAR:

Depth Volume Depth Elevation Area Inc. Volume* Cum. Volume
ft ac-ft ft ft ac ac-ft ac-ft

Pond and Principlal Spillway Invert 0.00 0.00 0.0 5752 0.605 0.000 0.000
1.00 0.63 1.0 5753 0.651 0.628 0.628
2.00 1.30 2.0 5754 0.698 0.675 1.303
3.00 2.03 3.0 5755 0.747 0.723 2.025
4.00 2.80 4.0 5756 0.798 0.773 2.798
5.00 3.62 5.0 5757 0.85 0.824 3.622
6.00 4.50 6.0 5758 0.904 0.877 4.499
7.00 5.43 7.0 5759 0.96 0.932 5.431
8.00 6.42 8.0 5760 1.017 0.989 6.419
9.00 7.47 9.0 5761 1.075 1.046 7.465

Emergency Spillway EL 10.00 8.57 10.0 5762 1.136 1.106 8.571
11.00 9.74 11.0 5763 1.199 1.168 9.738

Top of Pond 12.00 10.97 12.0 5764 1.268 1.234 10.972

* average end area method
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Engineer’s Certification 

I, Charles M. Easterling, NMPE # 6411 do hereby certify that this report and 
the design analyses summarized herein were prepared by me or under my 
supervision and that the contents are true and correct and were prepared in 
accordance with standards of care common in the State of New Mexico. 
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Design Hydrology and Hydraulic Analyses for Cholla Dam, Nopal Pond and 
Associated Appurtenances 

I. Introduction - The purpose of this brief report is to document the design intent and basis 
for design of the Cactus Ponds project.   

II. Hydrology – Design Objective: provide 100-yr flood protection for the areas 
downstream of the proposed Cholla Dam and Nopal Pond to Northern Blvd. 
A. Performed Hydrologic assessment using base model SSCFCA DevX v2. 
B. Added future pond at the upstream of the project area as directed by SSCAFCA 

Staff. 
C. HEC-HMS ver 4.2.1 used for modeling (CAWMP_DEVX_TribP.hms) 
D. 100-yr, 24-hr storm used in the DevX v2 Model. 
E. 500-yr, 24-hr storm used as check design of dam and spillways. 
F. Future pond as constructed in the base model had to be modified by adding a 100 

ft wide spillway (weir 3.0) to the dam model 1 ft below top of maximum volume 
of elevation-storage table to allow model to operate 

G. Iteratively modeled Cholla Dam and Nopal Pond configurations to optimize 
reservoir storage/dam configuration/auxiliary spillway/principal spillway system 
in order to minimize downstream discharges and construction costs.   

H. See HEC-HMS Summary Tables below:    
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Stage/Area Tables for Cholla and Nopal Dams 
 
 

VI.  
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Hydro ID:  P_201_Pond

Pond rating curve based on:
Drainage Report for Camino Crossings

Depth Volume Discharge
ft ac‐ft cfs

Pond Invert, culvert invert 0.00 0.00 0.0
1.00 0.08 15.4
2.00 0.20 21.8
3.00 0.39 25.0
4.00 0.67 27.0
5.00 1.07 27.2

Top of pond 6.00 1.60 27.4
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Hydro ID:  S_101_Pond

Pond rating curve based on: Inflow‐diversion
Design Analysis Report for Harley's Pond function, emergency
SSCAFCA project number BL_P0019 spillway discharge

Depth Volume Discharge
Emergency spillway 

discharge
Inflow Diversion

ft ac‐ft cfs cfs cfs cfs
0.00 0.00 0.0 0.0 0.0 0.0

Pond invert 1.00 0.33 6.3 0.0 47.0 0.0
2.00 1.91 12.6 0.0 63.9 16.3
3.00 5.10 19.9 0.0 94.2 46.0
4.00 9.07 28.0 0.0 133.2 84.4

Top of principal spillway grate 5.00 13.15 33.2 0.0 179.3 130.0
6.00 17.36 36.4 0.0
7.00 21.70 39.4 0.0
8.00 26.16 42.1 0.0
9.00 30.76 44.6 0.0

Emergency spillway invert 10.00 35.49 47.0 0.0
10.25 36.69 63.9 16.3
10.50 37.91 94.2 46.0
10.75 39.13 133.2 84.4

Top pf pond 11.00 40.36 179.3 130.0
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CERTIFICATION 
I, Edward C. Naidu, do hereby certify that this report was duly prepared by me or under my direction and 
that I am a duly registered Professional Engineer under the laws of the state of New Mexico. 

Edward C. Naidu, P.E. 
NMPE No. 22997 

Date 
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Contour 
Elevation NAD 

1983
Depth  

Contour
Area

Incremental
Volume

Incremental
Volume

Cumulative
Volume

1st Row of Reverse 
Incline Ports 

Discharge

2nd Row of 
Reverse Incline 

Ports 
Discharge

3rd Row of Reverse 
Incline Ports 

Discharge

4th Row of Reverse 
Incline Ports 

Discharge

Principal Spillway 
Grate Discharge

Principal Spillway 
Outfall Pipe
Discharge

Total  Principal 
Spillway / Outfall 

Pipe
Discharge

Emergency
Spillway

Discharge Total Discharge 
Rating Curve

Comment

7.8 6 6 6 24

4 4 4 4 1

(ft) (sq ft) (cu ft) (ac-ft) (ac-ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

(d) (a) (a) (a) (a) (b) (a)  ( e ) (b)

5447 0.0 20 0 0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Pond Invert

5448 1.0 29112 14566 0.33 0.33 6.3 0.0 0.0 0.0 0.0 7.4 6.3 0.0 6.3

5449 2.0 107726 68419 1.57 1.91 8.9 3.7 0.0 0.0 0.0 21.0 12.6 0.0 12.6

5450 3.0 170404 139065 3.19 5.10 10.9 5.3 3.7 0.0 0.0 25.8 19.9 0.0 19.9

5451 4.0 175453 172928 3.97 9.07 12.6 6.4 5.3 3.7 0.0 29.7 28.0 0.0 28.0

5452 5.0 180646 178049 4.09 13.15 14.1 7.4 6.4 5.3 0.0 33.3 33.2 0.0 33.2 Top of Principal Spillway Grate

5453 6.0 186017 183332 4.21 17.36 15.4 8.3 7.4 6.4 36.0 36.4 36.4 0.0 36.4

5454 7.0 191549 188783 4.33 21.70 16.6 9.1 8.3 7.4 101.8 39.4 39.4 0.0 39.4

5455 8.0 197252 194400 4.46 26.16 17.8 9.8 9.1 8.3 187.1 42.1 42.1 0.0 42.1

5456 9.0 203132 200192 4.60 30.76 18.9 10.5 9.8 9.1 288.0 44.6 44.6 0.0 44.6

5457 10.0 209177 206155 4.73 35.49 19.9 11.2 10.5 9.8 402.5 47.0 47.0 0.0 47.0 Invert of Emergency Spillway

5457.25 10.25 210669 52481 1.20 36.69 20.1 11.3 10.7 10.0 433.1 47.6 47.6 16.3 63.9

5457.50 10.50 212165 52854 1.21 37.91 20.4 11.5 10.8 10.2 464.4 48.2 48.2 46.0 94.2

5457.75 10.75 213665 53229 1.22 39.13 20.6 11.6 11.0 10.4 496.4 48.8 48.8 84.4 133.2

5458 11.00 215402 53633 1.23 40.36 20.8 11.8 11.2 10.5 529.1 49.3 49.3 130.0 179.3

C = 0.590    g=32.2 ft/sec^2,  a=area (sq ft)   h=head (ft)

 
1.00

Emergency Spillway flows were computed based on the following data used in the weir equation

Q = CLH^ 1.5    C = discharge coefficient,  L = spillway length perp. to flow (ft), H = head (ft)

Emergency Spillway  C = 2.60 L = 50 Emer. Spill. Elev.= 5457.00

Grate / Weir C = 3.00 L = 12 El. 4'x4' grate 5452.00

Data Source : Ground Survey 2020

Table C.4

Harley's Pond
Elevation Storage Discharge Table

( f ) Length assumed along top of pond embankment and elevations extended above emergency spillway to allow for rating curve 
to function if flow spills over top

Orifice equation and coefficient were obtained from Equation 4-10 and Table 4-3 from "Handbook of Hydraulics" Sixth Edition, by Brater & King, 1976.

(e) The combined discharge of the reverse incline ports and  the grate (A),  will govern the discharge until the principal spillway 
outfall pipe becomes fully submerged.  When the sum of (A)s is greater than outfall pipe capacity then outfall pipe capacity 
governs the discharge  

    Principal Spill. Pipe radius r in feet =

d = depth of water in the pipe in feet Weir equation and "C" coefficients were obtained from Equation 5-10 and Table 5-3 from "Handbook of Hydraulics" Sixth Edition, 
by Brater & King, 1976.

Principal Spillway Orifice Diameter (inches)

Number of Orifices

(full area formula)

(partial area formula)

4
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Appendix B

Calabacillas WMP - Aug 2024 B-26

Draf
t



Hydro ID:  R_107_Pond

Pond rating curve based on:
Los Diamantes Subdivision Regional Drianage Analysis Report
SSCAFCA project number CA_P0007

Elevation Depth Volume Discharge
ft ft ac‐ft cfs

Pond/culvert invert 5490.00 0.00 0.00 0.0
First row invert 5490.58 0.58 0.01 0.0

5491.00 1.00 0.08 5.0
First row top 5491.15 1.15 0.12 7.3

Second row invert 5491.73 1.73 0.30 12.8
5492.00 2.00 0.41 14.7

Second row top 5492.31 2.31 0.57 22.7
Third row invert 5492.89 2.89 1.00 30.2

5493.00 3.00 1.10 31.1
Third row top 5493.46 3.46 1.56 43.1

Slated top grate lowest elevation 5493.85 3.85 2.03 50.4
5494.00 4.00 2.23 55.3
5494.34 4.34 2.76 72.2
5495.00 5.00 4.03 97.0
5496.00 6.00 6.34 116.0
5497.00 7.00 9.30 133.0
5498.00 8.00 13.00 147.0
5499.00 9.00 17.38 160.0
5500.00 10.00 22.11 172.0
5501.00 11.00 27.12 183.0
5502.00 12.00 32.48 193.0
5503.00 13.00 38.13 203.0
5504.00 14.00 44.10 212.0
5505.00 15.00 50.39 220.0
5506.00 16.00 57.02 229.0

Emergency spillway crest 5506.25 16.25 59.07 231.0
5507.00 17.00 64.02 605.0

Top of pond 5508.00 18.00 71.30 1558.0
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Pond Design 

The Los Diamantes Regional Pond is designed to mitigate all of the upstream developed conditions 100-

year discharge that would otherwise result from the development of the Los Diamantes Subdivision and the 

rest of Unit 10 that drains to the existing 102” Saltillo Outfall (CA_01S in the CAWMP) including the diverted 

244 acres of the Black Arroyo. The Los Diamantes Regional Pond was modeled in HEC-HMS as a storage 

routing feature utilizing an Elevation-Storage-Discharge outflow curve.  The Elevation-Storage curve was 

calculated based on the pond design using drafting software.  The Storage-Discharge curve was calculated 

based on the proposed outlet structure, which consists of a ported riser box and 48” RCP outlet pipe.  The 

discharge curve was calculated based on the three (3) rows of orifices on the ported riser and the weir 

located at the top of the riser box.  The orifice equation was utilized to calculate the capacity of the orifices 

using an orifice coefficient of 0.598.  The weir equation was utilized to calculate the capacity of the weir 

discharge at the top of the riser box using a weir coefficient of 3.0.  The weir length for the riser box was 

calculated using the perimeter length around the top of the three-sided riser box.  Near the top of the riser 

box elevation, the capacity of the riser box orifice and weir combination was compared to the capacity of 

the 48” RCP to determine the limiting discharge.  It was determined that the riser box controls the pond 

outflow up to an elevation of 5495.00 at which point the 48” RCP becomes the limiting outflow.  At this 

elevation, the 48” outlet pipe controls the outflow based on inlet control calculations using the Federal 

Highway Administration’s (FHWA) HY-8 culvert hydraulics software.  The 48” RCP was modeled in HY-8 

using the first section of pipe immediately downstream of the ported riser.  This section has a proposed 

slope of approximately 0.034 ft/ft, a Manning’s n-value of 0.013, and a downstream tailwater condition set 

to a WSEL equal to the HGL located in the proposed manhole at Station 19+15.10.  The weir equation was 

utilized to calculate the discharge through the emergency overflow spillway using a coefficient of 2.65.  The 

spillway consists of a 214’ wide weir at an elevation of 5506.25.  The overall rating curve utilized in the 

HEC-HMS model can be found below.  Detailed calculations for the outlet can be found in Appendix F.  

 
Table 3:  Regional Detention Pond Rating Curve 

Elevation 
(ft) 

Notes 
Cumulative 

Volume 
(ac-ft) 

Discharge 
(cfs) 

Methodology

5490.00  Pond / Culvert Invert  0  0 

Outlet Calcs 

5490.58  First row invert  0.00  0.0 

5491.00    0.08  5.0 

5491.15  First row top  0.12  7.3 

5491.73  Second row invert  0.30  12.8 

5492.00    0.41  14.7 

5492.31  Second row top  0.57  22.7 
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5492.89  Third row invert  1.00  30.2 

5493.00    1.10  31.3 

5493.46  Third row top  1.56  43.1 

5493.85  Slated top grate lowest EL (top of concrete)  2.03  50.4 

5494.00    2.23  55.3 

5494.34    2.76  72.2 

5495.00  Top of Side face slopes for grate  4.03  97 

HY‐8 

5496.00    6.34  116 

5497.00    9.30  133 

5498.00    13.00  147 

5499.00    17.38  160 

5500.00    22.11  172 

5501.00    27.12  183 

5502.00    32.48  193 

5503.00    38.13  203 

5504.00    44.10  212 

5505.00    50.39  220 

5506.00    57.02  229 

5506.25d  Emergency spillway crest  59.07  231 
HY‐8 + Outlet 

Calcs 5507.00    64.02  605 

5508.00  Top of pond  71.30  1558 
 

The pond was designed as a single storage area with a bottom elevation of 5490.  A 214’ wide spillway is 

provided to convey the 500-year ultimate conditions overflow discharge.  The 214’ wide emergency spillway 

crest is at elevation 5506.25 and the top of dam elevation is 5508.0. In ultimate conditions, the 100 year 

peak stage is 2.5’ below the spillway crest and the 500 year peak stage is only approximately 0.85’ above 

the spillway crest with approximately 476 cfs going through the spillway. The width of the emergency 

spillway is measured along the crest of the weir.  According to the Rules and Regulation Governing Dam 

Design, Construction and Dam Safety (Bureau, 2010)Title 19, Chapter 25, Part 12, 19.25.12.7.D.(1)(a) 

defines a “Jurisdictional Dam” as being among other things “6’ or greater in height”. The height of this dam 

is about 2.0’ measured from the crest, elevation 5506.25, to the downstream toe, elevation 5504.3.  

Therefore, this dam is defined as a “Non-Jurisdictional dam” according to19.25.12.7.D. (1)(b) since it does 

not meet the height requirement of a Jurisdictional dam.  A scour calculation was prepared for the 

downstream toe of slope of the emergency spillway based on the 500-year storm event.  The 500-year 

scour depth was calculated to be 2.2’ based on Equation 3.57 of the SSCAFCA Sediment and Erosion 

Design Guide.  A 4’ deep toe wall is proposed at the downstream edge of the shotcrete spillway along with 

wire enclosed riprap to prevent erosion from occurring.  The table below summarizes the proposed pond 

results. 
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Hydro ID:  W_203_Pond

Pond rating curve based on:
Construction Plans for Las Ventanas Detention Dam
PMP Hydrologic Analysis for West Branch Calabacillas Arroyo

Depth Volume Discharge
ft ac‐ft cfs

Pond/principal spillway invert 0.0 0.0 0.0
1.0 0.1 5.4
2.0 0.7 9.4
3.0 2.2 12.2
4.0 4.8 27.7
5.0 10.1 43.0
6.0 30.5 53.3
7.0 58.2 65.1
8.0 92.9 70.6
9.0 132.2 75.7

Emergency spillway crest 9.8 164.8 79.3
10.0 176.2 384.6
11.0 223.3 3500.1
12.0 272.0 9595.1
13.0 323.1 17993.1

Appendix B

Calabacillas WMP - Aug 2024 B-32

Draf
t



Appendix B

Calabacillas WMP - Aug 2024 B-33

Draf
t



Appendix B

Calabacillas WMP - Aug 2024 B-34

Draf
t



Appendix B

Calabacillas WMP - Aug 2024 B-35

Draf
t



Appendix B

Calabacillas WMP - Aug 2024 B-36

Draf
t



Appendix B

Calabacillas WMP - Aug 2024 B-37

Draf
t



Appendix B

Calabacillas WMP - Aug 2024 B-38

Draf
t



Appendix B

Calabacillas WMP - Aug 2024 B-39

Draf
t



Hydro ID:  W_301_Pond

Pond rating curve based on:
Construction Plans for Little Window Detention Dam
PMP Hydrologic Analysis for West Branch Calabacillas Arroyo

Depth Volume Discharge
ft ac‐ft cfs

Pond/principal spillway invert 0.0 0.0 0.0
1.5 0.8 16.0
2.5 1.5 21.0
3.5 2.5 24.0
4.5 3.5 27.0
5.5 5.0 29.0
6.5 6.8 33.0

Emergency spillway crest 7.5 8.4 34.6
8.5 10.0 61.0
9.5 13.0 263.0

Top of pond 10 13.7 403.6
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Hydro ID:  Swinburne_Dam

Pond rating curve based on:
Construction Plans, Swinburne Dam

Elevation Depth Volume* Discharge
ft ft ac‐ft cfs

Pond/principal spillway invert 5254.0 0 0.0 0
5260.0 6.0 12.2 400
5265.0 11.0 69.7 1500
5270.0 16.0 194.2 3000
5275.0 21.0 373.2 4900
5280.0 26.0 587.6 7990
5285.0 31.0 844.3 12800

Emergency spillway crest 5287.6 33.6 999.1 15700
5290.0 36.0 1154.0 19900
5295.0 41.0 1514.1 46200

Top of pond 5298.0 44.0 1751.2 68000

* see record drawings, interim grading
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Hydro ID:  Q_202_Pond Length (ft) 40
Pond rating curve based on: C 2.6
Drainage Report for Tierra del Sol

Depth Volume Discharge
Principal spillway 

discharge
Dam top discharge 
(broad‐cresetd weir)

ft ac‐ft cfs cfs cfs
Pond Invert, culvert invert 0.0 0.0 0.0 0.0 0.0

1.0 0.1 1.5 1.5 0.0
2.0 0.3 2.1 2.1 0.0
3.0 0.6 2.6 2.6 0.0
4.0 0.9 2.9 2.9 0.0
5.0 1.2 3.3 3.3 0.0
6.0 1.7 3.6 3.6 0.0

Top of pond 6.8 2.1 3.8 3.8 0.0
7.0 2.2 13.2 3.9 9.3
8.0 2.7 140.9 4.2 136.7
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Notes: 
(1) Model results reported in this table are for the 100-year design storm without a depth-area reduction factor.

     Please modify the storm area in the HEC-HMS model for analyses with larger contributing areas. 
(2) Qp and V values for ponds correspond to peak outflow and outflow volume, respectively. For detailed pond 
     routing  including peak inflow, peak storage and peak elevation values, please consult the HEC-HMS model. 

Area Qp Time of Peak V
(mi2) (cfs) (ac-ft)

A_001 0.040 33 21 November 2023, 06:14 2.1
A_001_Playa 0.040 33 21 November 2023, 06:14 2.1

A_101 0.660 480 21 November 2023, 06:26 42.8
A_101_J1 2.700 1112 21 November 2023, 06:48 164.2
A_101_J2 4.220 1947 21 November 2023, 06:50 265.9
A_101_R1 2.040 890 21 November 2023, 06:53 121.5

A_102 0.340 173 21 November 2023, 06:30 17.8
A_102_J1 4.570 2016 21 November 2023, 06:56 271.4
A_102_J2 5.250 2219 21 November 2023, 06:56 307.0
A_102_R1 4.220 1932 21 November 2023, 06:56 253.6

A_103 0.320 189 21 November 2023, 06:25 16.9
A_103_J1 5.580 2258 21 November 2023, 07:01 313.4
A_103_J2 7.330 2949 21 November 2023, 07:03 402.0
A_103_R1 5.250 2204 21 November 2023, 07:01 296.5

A_104 0.190 144 21 November 2023, 06:17 10.1
A_104_J1 10.470 4073 21 November 2023, 07:04 534.5
A_104_J2 12.410 4600 21 November 2023, 07:03 622.7
A_104_R1 3.140 1203 21 November 2023, 06:55 140.5
A_104_R2 7.330 2940 21 November 2023, 07:05 394.1
A_104_R3 10.470 4066 21 November 2023, 07:05 526.3

A_105 0.600 289 21 November 2023, 06:33 31.6
A_105_J1 16.850 5785 21 November 2023, 07:11 783.5
A_105_R1 12.410 4545 21 November 2023, 07:12 575.7

A_106 0.140 118 21 November 2023, 06:14 7.5
A_106_J1 19.790 6580 21 November 2023, 07:12 911.0
A_106_R1 16.850 5772 21 November 2023, 07:13 770.7

A_107 0.140 97 21 November 2023, 06:19 7.4
A_107_J1 19.930 6562 21 November 2023, 07:15 895.4
A_107_R1 19.790 6552 21 November 2023, 07:15 888.0

A_108 0.050 41 21 November 2023, 06:13 2.5
A_108_J1 21.640 6895 21 November 2023, 07:18 962.1
A_108_R1 19.930 6535 21 November 2023, 07:19 870.2

A_109 0.060 50 21 November 2023, 06:13 3.1
A_109_J1 26.230 7842 21 November 2023, 07:20 1163.4
A_109_R1 21.640 6881 21 November 2023, 07:20 947.0

A_110 0.690 323 21 November 2023, 06:41 41.1
A_110_J1 27.910 8160 21 November 2023, 07:23 1231.1
A_110_R1 26.230 7813 21 November 2023, 07:23 1134.7

A_111 0.440 187 21 November 2023, 06:42 24.2

Existing Conditions

HMS ID
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Area Qp Time of Peak V
(mi2) (cfs) (ac-ft)

Existing Conditions

HMS ID

A_111_J1 32.010 8706 21 November 2023, 07:27 1432.5
A_111_R1 27.910 8120 21 November 2023, 07:28 1194.2

A_112 0.810 401 21 November 2023, 06:45 54.0
A_112_J1 32.060 8701 21 November 2023, 07:28 1425.5
A_112_J2 40.530 10450 21 November 2023, 07:26 1837.3
A_112_R1 32.010 8698 21 November 2023, 07:28 1422.8
A_112_R2 32.060 8676 21 November 2023, 07:31 1399.5

A_113 1.060 498 21 November 2023, 06:38 59.4
A_113_J1 53.490 13477 21 November 2023, 07:30 2450.7
A_113_R1 40.530 10391 21 November 2023, 07:32 1774.2

A_114 0.520 232 21 November 2023, 06:36 27.2
A_114_J1 67.220 16645 21 November 2023, 07:32 3064.1
A_114_R1 53.490 13442 21 November 2023, 07:32 2414.8

A_115 0.530 476 21 November 2023, 06:25 42.7
A_115_J1 68.700 16714 21 November 2023, 07:34 3138.8
A_115_R1 67.220 16614 21 November 2023, 07:34 3027.1
A_115_R2 0.940 535 21 November 2023, 06:20 69.1

A_116 0.900 1147 21 November 2023, 06:17 79.0
A_116_J1 80.120 18588 21 November 2023, 07:36 3799.3
A_116_R1 68.700 16678 21 November 2023, 07:37 3101.8
A_116_R2 8.650 2056 21 November 2023, 07:11 446.1
A_116_R3 1.870 105 21 November 2023, 07:38 181.1
A_116_R4 10.520 2156 21 November 2023, 07:12 618.5

A_201 0.050 29 21 November 2023, 06:25 2.6
Black_Arroyo 0.000 0 20 November 2023, 24:00 0.0

B_101 1.680 686 21 November 2023, 06:44 92.5
B_102 1.500 493 21 November 2023, 06:54 78.3

B_102_J1 3.180 1177 21 November 2023, 06:52 170.8
B_102_R1 1.680 685 21 November 2023, 06:52 92.5

B_103 1.030 429 21 November 2023, 06:40 53.6
B_103_J1 4.210 1421 21 November 2023, 07:02 212.0
B_103_R1 3.180 1158 21 November 2023, 07:06 158.4

B_104 1.320 500 21 November 2023, 06:49 73.8
B_104_J1 5.530 1764 21 November 2023, 07:10 271.1
B_104_R1 4.210 1401 21 November 2023, 07:14 197.4

B_105 1.450 710 21 November 2023, 06:35 80.5
B_105_J1 10.740 2966 21 November 2023, 07:21 534.1
B_105_R1 5.530 1747 21 November 2023, 07:19 259.8
B_105_R2 2.400 657 21 November 2023, 07:24 131.6
B_105_R3 7.940 2394 21 November 2023, 07:22 387.8
B_105_R4 1.360 435 21 November 2023, 07:05 70.5
B_105_R5 9.290 2763 21 November 2023, 07:22 453.6

B_201 0.770 216 21 November 2023, 07:05 40.0
B_202 1.640 451 21 November 2023, 07:13 91.6

B_202_J1 2.400 657 21 November 2023, 07:19 131.6
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(mi2) (cfs) (ac-ft)
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HMS ID

B_202_R1 0.770 216 21 November 2023, 07:25 40.0
B_301 1.360 435 21 November 2023, 06:55 70.4
C_101 1.560 450 21 November 2023, 07:03 81.3
C_102 1.530 669 21 November 2023, 06:37 79.9

C_102_J1 3.100 758 21 November 2023, 06:58 148.7
C_102_R1 1.560 436 21 November 2023, 07:18 68.7

C_103 0.500 314 21 November 2023, 06:22 26.0
C_103_J1 3.600 830 21 November 2023, 06:47 166.9
C_103_R1 3.100 749 21 November 2023, 07:06 140.8

C_104 0.820 364 21 November 2023, 06:41 46.0
C_104_J1 4.420 1115 21 November 2023, 06:52 203.8
C_104_R1 3.600 817 21 November 2023, 06:58 157.8

D_101 0.400 175 21 November 2023, 06:41 22.3
D_102 0.460 242 21 November 2023, 06:33 26.0

D_102_J1 0.870 373 21 November 2023, 06:40 48.3
D_102_R1 0.400 175 21 November 2023, 06:50 22.3

D_103 1.330 596 21 November 2023, 06:40 73.9
D_103_J1 2.200 801 21 November 2023, 06:55 122.3
D_103_R1 0.870 372 21 November 2023, 07:02 48.4

D_104 0.610 241 21 November 2023, 06:46 33.7
D_104_J1 3.240 1207 21 November 2023, 06:59 180.0
D_104_R1 2.200 800 21 November 2023, 06:57 122.3
D_104_R2 0.430 212 21 November 2023, 06:49 24.0
D_104_R3 2.630 998 21 November 2023, 07:00 146.3

D_201 0.430 212 21 November 2023, 06:35 24.0
E_101 0.990 357 21 November 2023, 06:53 55.3
F_101 0.980 357 21 November 2023, 06:47 51.1
F_102 0.960 413 21 November 2023, 06:45 55.5

F_102_J1 1.940 694 21 November 2023, 06:55 97.4
F_102_R1 0.980 345 21 November 2023, 07:04 41.8

F_103 0.860 401 21 November 2023, 06:34 44.6
F_103_J1 2.800 871 21 November 2023, 07:02 132.8
F_103_R1 1.940 682 21 November 2023, 07:05 88.2

G_101 1.740 605 21 November 2023, 06:50 90.5
G_102 1.470 535 21 November 2023, 06:47 76.3

G_102_J1 3.830 1220 21 November 2023, 07:01 176.1
G_102_R1 1.740 586 21 November 2023, 07:03 73.1
G_102_R2 0.620 206 21 November 2023, 07:06 26.6
G_102_R3 2.360 791 21 November 2023, 07:07 99.7

G_201 0.620 213 21 November 2023, 06:51 32.4
H_101 1.230 665 21 November 2023, 06:33 71.2
H_102 0.520 236 21 November 2023, 06:36 27.3

H_102_J1 1.750 880 21 November 2023, 06:40 86.2
H_102_R1 1.230 651 21 November 2023, 06:41 58.9

I_101 1.210 565 21 November 2023, 06:44 74.0
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(mi2) (cfs) (ac-ft)
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HMS ID

I_102 0.720 312 21 November 2023, 06:38 37.8
I_102_J1 1.930 779 21 November 2023, 06:52 91.3
I_102_J2 3.140 1210 21 November 2023, 06:52 145.8
I_102_R1 1.210 543 21 November 2023, 06:57 53.5

I_201 0.940 376 21 November 2023, 06:46 51.9
I_202 0.190 103 21 November 2023, 06:27 9.9

I_202_J1 1.130 421 21 November 2023, 06:49 56.4
I_202_R1 0.940 370 21 November 2023, 06:52 46.5

I_203 0.080 50 21 November 2023, 06:22 4.1
I_203_J1 1.210 431 21 November 2023, 06:53 54.4
I_203_R1 1.130 415 21 November 2023, 06:54 50.3

J_101 0.780 483 21 November 2023, 06:46 63.3
J_102 0.460 189 21 November 2023, 06:40 23.9

J_102_J1 1.250 627 21 November 2023, 06:55 87.2
J_102_R1 0.780 482 21 November 2023, 06:59 63.3

J_103 0.510 204 21 November 2023, 06:41 26.3
J_103_J1 1.750 715 21 November 2023, 07:08 88.5
J_103_R1 1.250 599 21 November 2023, 07:11 62.2

K_101 0.690 204 21 November 2023, 07:00 35.7
L_101 0.520 324 21 November 2023, 06:40 38.9
L_102 0.550 392 21 November 2023, 06:36 42.7

L_102_J1 1.070 674 21 November 2023, 06:43 81.6
L_102_R1 0.520 323 21 November 2023, 06:50 38.9

L_103 0.460 290 21 November 2023, 06:32 30.1
L_103_J1 1.530 840 21 November 2023, 06:51 101.6
L_103_R1 1.070 660 21 November 2023, 06:54 71.5

M_101 1.160 545 21 November 2023, 06:48 75.9
M_102 0.880 570 21 November 2023, 06:31 57.6

M_102_J1 2.040 903 21 November 2023, 06:44 133.5
M_102_R1 1.160 544 21 November 2023, 06:56 75.9

N_101 0.580 211 21 November 2023, 06:47 30.2
N_102 0.810 287 21 November 2023, 06:49 42.1

N_102_J1 1.390 457 21 November 2023, 07:00 72.3
N_102_R1 0.580 211 21 November 2023, 07:08 30.2

N_103 0.500 233 21 November 2023, 06:38 27.7
N_103_J1 1.890 547 21 November 2023, 07:15 100.1
N_103_R1 1.390 456 21 November 2023, 07:17 72.4

N_104 0.940 347 21 November 2023, 06:47 49.3
N_104_J1 3.910 1007 21 November 2023, 07:27 195.8
N_104_R1 1.890 546 21 November 2023, 07:23 100.1
N_104_R2 1.070 328 21 November 2023, 07:14 59.2
N_104_R3 2.970 855 21 November 2023, 07:28 146.5

N_105 0.620 249 21 November 2023, 06:45 34.1
N_105_J1 4.530 1054 21 November 2023, 07:40 213.3
N_105_R1 3.910 985 21 November 2023, 07:41 179.2
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N_201 1.070 328 21 November 2023, 07:03 59.2
O_001 0.040 24 21 November 2023, 06:22 2.0

O_001_Playa 0.040 24 21 November 2023, 06:22 2.0
O_101 0.300 106 21 November 2023, 06:54 16.7
O_102 0.880 315 21 November 2023, 06:48 45.9

O_102_J1 1.180 315 21 November 2023, 06:48 62.7
O_102_R1 0.300 106 21 November 2023, 07:27 16.7

O_103 0.490 229 21 November 2023, 06:37 26.7
O_103_J1 1.660 447 21 November 2023, 06:58 89.4
O_103_R1 1.180 315 21 November 2023, 07:05 62.7

P_001 0.050 32 21 November 2023, 06:20 2.5
P_001_Playa 0.050 32 21 November 2023, 06:20 2.5

P_002 0.020 23 21 November 2023, 06:10 1.2
P_002_Playa 0.020 23 21 November 2023, 06:10 1.2

P_003 0.030 31 21 November 2023, 06:11 1.8
P_003_Playa 0.030 31 21 November 2023, 06:11 1.8

P_004 0.040 40 21 November 2023, 06:10 2.1
P_004_Playa 0.040 40 21 November 2023, 06:10 2.1

P_101 0.560 183 21 November 2023, 06:58 30.9
P_102 0.770 296 21 November 2023, 06:44 39.9

P_102_J1 1.330 360 21 November 2023, 07:04 70.8
P_102_R1 0.560 183 21 November 2023, 07:19 30.9

P_103a 0.460 211 21 November 2023, 06:38 25.3
P_103a_J1 1.790 454 21 November 2023, 06:52 96.1

P_103a_Pond 1.790 103 21 November 2023, 08:48 96.1
P_103a_R1 1.330 359 21 November 2023, 07:17 70.8

P_103b 0.120 42 21 November 2023, 07:02 7.3
P_103b_J1 1.910 116 21 November 2023, 07:25 103.5

P_103b_Pond 1.910 102 21 November 2023, 09:48 103.5
P_103b_R1 1.790 103 21 November 2023, 08:53 96.1

P_103c 0.720 345 21 November 2023, 06:49 49.4
P_103c_J1 2.670 416 21 November 2023, 06:51 158.2
P_103c_R1 1.910 102 21 November 2023, 09:51 103.5
P_103c_R2 0.050 27 21 November 2023, 06:44 5.3

P_104 0.990 431 21 November 2023, 06:42 55.9
P_104_J1 3.660 695 21 November 2023, 07:00 214.1
P_104_R1 2.670 415 21 November 2023, 07:12 158.2

P_201 0.050 78 21 November 2023, 06:17 5.3
P_201_Pond 0.050 27 21 November 2023, 06:39 5.3

Q_101 0.480 349 21 November 2023, 06:36 39.5
Q_102 0.460 308 21 November 2023, 06:23 26.4

Q_102_J1 0.690 519 21 November 2023, 06:33 56.6
Q_102_J2 1.150 715 21 November 2023, 06:37 83.0
Q_102_R1 0.480 349 21 November 2023, 06:36 39.5
Q_102_R2 0.210 180 21 November 2023, 06:30 17.0
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Q_102_R3 0.690 518 21 November 2023, 06:38 56.6
Q_102_R4 0.690 518 21 November 2023, 06:40 56.6

Q_201 0.100 109 21 November 2023, 06:17 7.4
Q_202 0.030 55 21 November 2023, 06:12 3.1

Q_202_J1 0.130 152 21 November 2023, 06:17 10.5
Q_202_Pond 0.130 131 21 November 2023, 06:23 10.5

Q_202_R1 0.100 109 21 November 2023, 06:19 7.4
Q_301 0.080 65 21 November 2023, 06:31 6.7

Q_301_J1 0.210 190 21 November 2023, 06:26 17.2
Q_301_R1 0.130 130 21 November 2023, 06:25 10.5

R_101 0.180 128 21 November 2023, 06:26 11.5
R_102 0.320 224 21 November 2023, 06:34 23.8

R_102_J1 0.500 351 21 November 2023, 06:33 35.3
R_102_R1 0.180 127 21 November 2023, 06:33 11.5

R_103 0.290 175 21 November 2023, 06:26 16.1
R_103_J1 0.790 484 21 November 2023, 06:36 51.4

R_103_Pond 0.790 135 21 November 2023, 07:22 51.3
R_103_R1 0.500 351 21 November 2023, 06:39 35.3

R_104a 0.280 143 21 November 2023, 06:37 16.7
R_104a_J1 1.070 185 21 November 2023, 07:14 68.1
R_104a_R1 0.790 135 21 November 2023, 07:26 51.3

R_104b 0.170 239 21 November 2023, 06:18 16.7
R_104b_J1 1.240 270 21 November 2023, 06:21 84.8
R_104b_R1 1.070 185 21 November 2023, 07:19 68.1

R_105 0.130 226 21 November 2023, 06:13 13.6
R_105_J1 1.370 447 21 November 2023, 06:18 98.4
R_105_R1 1.240 270 21 November 2023, 06:24 84.8

R_106 0.200 127 21 November 2023, 06:27 12.0
R_106_J1 1.570 573 21 November 2023, 06:27 110.4
R_106_R1 1.370 446 21 November 2023, 06:27 98.4

R_107 0.080 76 21 November 2023, 06:16 5.1
R_107_J1 1.660 621 21 November 2023, 06:28 115.5

R_107_Pond 1.660 181 21 November 2023, 07:59 115.5
R_107_R1 1.570 573 21 November 2023, 06:29 110.4
R_107_R2 1.660 181 21 November 2023, 08:00 115.5

Swinburne_Dam 80.120 13073 21 November 2023, 08:10 3799.3
S_101 0.430 372 21 November 2023, 06:18 27.0

S_101_div 0.430 34 21 November 2023, 07:16 27.0
S_101_J1 0.430 34 21 November 2023, 07:16 27.0

S_101_Pond 0.430 34 21 November 2023, 07:16 27.0
T_101 0.100 76 21 November 2023, 06:24 6.4
T_102 0.110 67 21 November 2023, 06:25 6.0
T_103 0.170 270 21 November 2023, 06:17 17.9
T_104 0.040 103 21 November 2023, 06:06 4.2
T_105 0.050 59 21 November 2023, 06:19 4.1
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T_106 0.050 51 21 November 2023, 06:21 4.0
T_106_J1 0.640 167 21 November 2023, 06:26 39.4
T_106_J2 0.940 536 21 November 2023, 06:19 69.6
T_106_R1 0.430 34 21 November 2023, 07:19 27.0
T_106_R2 0.640 167 21 November 2023, 06:28 39.4

Upper_Calabacillas 80.120 13073 21 November 2023, 08:10 3799.3
U_101 1.740 573 21 November 2023, 06:54 91.1

U_101_J1 7.670 2316 21 November 2023, 07:03 392.0
U_101_R1 5.940 1775 21 November 2023, 07:05 300.9

U_102 1.770 666 21 November 2023, 06:46 92.7
U_102_J1 9.440 2659 21 November 2023, 07:14 443.4
U_102_R1 7.670 2272 21 November 2023, 07:17 350.7

U_103 1.460 441 21 November 2023, 07:00 76.5
U_103_J1 10.900 3023 21 November 2023, 07:17 504.5
U_103_R1 9.440 2642 21 November 2023, 07:18 428.0

U_104 0.650 329 21 November 2023, 06:31 34.3
U_104_J1 11.560 3047 21 November 2023, 07:26 506.7
U_104_R1 10.900 2987 21 November 2023, 07:26 472.4

U_201 1.140 494 21 November 2023, 06:37 59.0
U_301 1.750 655 21 November 2023, 06:50 96.6
U_302 1.720 585 21 November 2023, 06:51 89.2

U_302_J1 5.940 1784 21 November 2023, 07:02 307.9
U_302_R1 1.750 655 21 November 2023, 06:53 96.6
U_302_R2 0.780 266 21 November 2023, 06:55 40.4
U_302_R3 2.530 919 21 November 2023, 07:02 137.0
U_302_R4 0.550 148 21 November 2023, 07:27 29.0
U_302_R5 3.080 1013 21 November 2023, 07:11 159.7

U_401 0.780 266 21 November 2023, 06:51 40.4
U_501 0.550 148 21 November 2023, 07:09 29.0
W_101 2.090 608 21 November 2023, 07:03 109.7
W_102 1.280 573 21 November 2023, 06:42 74.1

W_102_J1 3.370 924 21 November 2023, 07:05 183.9
W_102_R1 2.090 607 21 November 2023, 07:18 109.8

W_103 3.530 1172 21 November 2023, 06:53 185.2
W_103_J1 6.910 1832 21 November 2023, 07:08 352.5
W_103_R1 3.370 900 21 November 2023, 07:22 167.3

W_104 1.320 729 21 November 2023, 06:31 76.2
W_104_J1 8.220 2012 21 November 2023, 07:09 412.3
W_104_R1 6.910 1807 21 November 2023, 07:18 336.2

W_105 0.430 615 21 November 2023, 06:16 40.9
W_105_J1 8.650 2059 21 November 2023, 07:10 449.2
W_105_R1 8.220 2008 21 November 2023, 07:11 408.2

W_201 0.950 939 21 November 2023, 06:26 85.5
W_202 0.230 210 21 November 2023, 06:40 25.5

W_202_J1 1.180 1124 21 November 2023, 06:30 110.9
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W_202_R1 0.950 936 21 November 2023, 06:29 85.4
W_203 0.540 895 21 November 2023, 06:14 55.4

W_203_J1 1.720 1457 21 November 2023, 06:30 166.3
W_203_Pond 1.720 73 21 November 2023, 08:24 166.3

W_203_R1 1.180 1119 21 November 2023, 06:34 110.9
W_203_R2 1.720 73 21 November 2023, 08:26 166.3

W_301 0.150 163 21 November 2023, 06:28 15.7
W_301_J1 1.870 106 21 November 2023, 07:37 181.9

W_301_Pond 0.150 34 21 November 2023, 07:16 15.7
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Appendix D 
 

 

Structure Capacities 
 

This document contains capacity analyses of culvert crossings in the Calabacillas watershed at 
locations where flows are expected to reach or exceed 500 cfs during the 100-year storm event. 
Please note that this analysis was performed for planning purposes only to establish approximate 
maximum allowable flow rates at each location. Culvert dimensions were measured during field visits 
in the winter of 2023/2024 and estimated in GIS using 2018 LiDAR-derived elevation data. Capacities 
were estimated using HY-8 software version 8. The analysis was based on the following assumptions: 

• Culverts are free of sediment and debris unless otherwise noted in the data tables; actual 
capacities may be less than those reported due to sediment accumulation, vegetation, and 
debris caught at culvert entrances. 

• For simplicity, downstream channels were assumed to be trapezoidal with a bottom width 
and slope equal to that of the culvert crossing and a Manning’s n-value of 0.025. 

• Overtopping of roadways was not modeled in HY-8. Maximum capacities correspond to 
maximum upstream water levels before flow starts overtopping the road or break out of the 
channel upstream of the crossing. 
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CA_01 (Calabacillas Arroyo & Southern Blvd.) 

 

CA_01, upstream 

 

CA_01, downstream 

 

Number of 
barrels 

Height 
(ft) 

Width 
(ft) Material Entrance Length (ft) Slope 

(ft/ft) 
Allowable 

headwater (ft) 

5 6 8 CBC Square edge, 
30-75° wingwall 36 0.017 1 
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CA_02 (Tributary D & Southern Blvd.) 

 

CA_02, upstream 

 

CA_02, downstream 

Number of 
barrels 

Diameter 
(ft) Material Entrance Length (ft) Slope 

(ft/ft) 
Allowable 

headwater (ft) 

2 2 CMP Square edge 
with headwall 50 0.02 1 
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CA_03 (Tributary B & Southern Blvd.) 

 

CA_03, upstream 

 

CA_03, downstream 

Number of 
barrels 

Diameter 
(ft) Material Entrance Length (ft) Slope 

(ft/ft) 
Allowable 

headwater (ft) 

4 4 CMP Thin edge 
projecting 75 0.02 1 
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Appendix E 

Soils 
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Table E-1: Results from field soil assessments conducted in collaboration with the Ciudad Soil and 
Water Conservation District using the NRCS “Guide to Texture by Feel”.  

Site ID Lat Long Predominant 
texture, 0-4 in Depth USDA texture Depth USDA texture 

001-SS-1 * 35.2414 -106.7222 Sand 0-8 in Sand 8-26 in Sand 

001-SS-2 * 35.2413 -106.7433 Loamy sand 0-8 in Loamy sand 8-22 in Loamy sand 

001-SS-3 * 35.2413 -106.7611 Sandy loam 0-2 in Loamy sand 2-22 in Sandy loam 

001-SS-4 * 35.2418 -106.7786 Sand 0-2 in Sand 2-11 in Sand 

001-SS-5 35.2417 -106.7961 Loamy sand 0-12 in Loamy sand 

001-SS-6 35.2417 -106.8122 Loamy sand 0-10 in Loamy sand 10-24 in Sandy loam 

001-SS-7 35.2418 -106.8288 Loamy sand 0-33 in Loamy sand 

001-SS-8 35.2417 -106.8466 Loamy sand 0-53 in Loamy sand 

002-SS-1 * 35.2743 -106.7373 Loamy sand 0-4 in Loamy sand 4-15 in Sand 

002-SS-2 35.2741 -106.7561 Sand 0-3 in Sand 3-20 in Sand 

002-SS-3 35.2741 -106.7736 Loamy sand 0-4 in Loamy sand 4-11 in Loamy sand 

002-SS-4 35.2742 -106.7904 Sand 0-4 in Sand 4-30 in Sand 

002-SS-5 35.2742 -106.8086 Loamy sand 0-5 in Loamy sand 5-16 in Loamy sand 

002-SS-6 35.2742 -106.8263 Loamy sand 0-6 in Loamy sand 6-13 in Loamy sand 

002-SS-7 35.2740 -106.8446 Sand 0-13 in Sand 13-30 in Sand 

002-SS-8 35.2742 -106.8625 Loamy sand 0-12 in Loamy sand 12-22 in Sandy loam 

003-SS-1 * 35.3065 -106.7351 Loamy sand 0-19 in Loamy sand 19-36 in Sandy loam 

003-SS-2 * 35.3061 -106.7445 Sand 0-19 in Sand 19-29 in Sand 

003-SS-3 * 35.3068 -106.7611 Sandy clay 
loam 0-9 in Sandy clay 

loam 9-29 in Sandy clay 
loam 

003-SS-4 * 35.3068 -106.7795 Sand 0-19 in Sand > 19 in Sand 

003-SS-5 * 35.3068 -106.7968 Loamy sand 0-12 in Loamy sand 12-18 in Loamy sand 

003-SS-6 * 35.3072 -106.8146 Sand 0-9 in Sand 9-14 in Sand 

003-SS-7 * 35.3068 -106.8311 Loamy sand 0-9 in Loamy sand 9-20 in Loamy sand 

003-SS-8 * 35.3068 -106.8485 Loamy sand 0-14 in Loamy sand 14-30 in Loamy sand 

004-SS-1 * 35.3188 -106.7318 Loamy sand 0-14 in Loamy sand 14-26 in Loamy sand 

004-SS-2 * 35.3204 -106.7493 Loamy sand 0-8 in Loamy sand 8-24 in Sandy loam 

004-SS-3 * 35.3204 -106.7665 Loamy sand 0-18 in Loamy sand 18-32 in Loamy sand 

004-SS-4 * 35.3196 -106.7837 Loamy sand 0-16 in Loamy sand 16-30 in Sandy loam 

004-SS-5 * 35.3195 -106.8015 Sandy loam 0-10 in Sandy loam 10-20 in Sandy loam 

004-SS-6 * 35.3196 -106.8158 Sand 0-10 in Sand 10-28 in Sand 

005-SS-1 * 35.3196 -106.8045 Loamy sand 0-16 in Loamy sand 16-30 in Sandy loam 

005-SS-2 * 35.3336 -106.8069 Loamy sand 0-12 in Loamy sand 12-24 in Sandy loam 

005-SS-3 * 35.3464 -106.8138 Loamy sand 0-9 in Loamy sand 9-24 in Sandy loam 

005-SS-4 * 35.3592 -106.8231 Sandy loam 0-8 in Sandy loam 8-13 in Sandy loam 

005-SS-5 * 35.3721 -106.8305 Sandy loam 0-13 in Sandy loam 13-26 in Sandy loam 

005-SS-6 * 35.3864 -106.8387 Sandy loam 0-16 in Sandy loam 16-30 in Sandy clay 
loam 

* Sample location approximate
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Table E-2: Sample locations in and around the Calabacillas watershed where soil texture was determined 
by laboratory analysis based on a sample representative of the top four inches of the soil profile.

Site ID Lat Long USDA texture, 
0-4 in 

3A 35.2386 -106.7051 Sand 

4A 35.3177 -106.8086 Sand 

5A 35.2494 -106.7558 Sand 

6A 35.3482 -106.7583 Sandy loam 

7A 35.2870 -106.7351 Sand 

8A 35.3457 -106.7958 Sand 

9A 35.3648 -106.7907 Loamy sand 

10A 35.3753 -106.7964 Loamy sand 

S1 35.3392 -106.7817 Sandy loam 

S2 35.3443 -106.7726 Loamy sand 

S3 35.3523 -106.7833 Loam 

S4 35.3505 -106.7881 Sandy loam 
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Lateral Erosion Envelopes 
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EXISTING
Q100

 a
Dominant 

Discharge Qd
Slope S0

Critical Slope 
Sc

 Maximum lateral 
erosion distance ∆max

Est. channel 
width WD

(cfs) (cfs) (ft/ft) (ft/ft) (ft) (ft)
A_101_R1 890 178 0.013 0.019 99 39
A_102_R1 1,932 386 0.012 0.017 149 53
A_103_R1 2,204 441 0.012 0.016 161 56
A_104_R1 1,203 241 0.013 0.018 114 44
A_104_R2 2,940 588 0.011 0.016 189 63
A_104_R3 4,066 813 0.011 0.015 223 71
A_105_R1 4,545 909 0.010 0.015 239 75
A_106_R1 5,772 1,154 0.010 0.014 270 82
A_107_R1 6,552 1,310 0.009 0.014 294 87
A_108_R1 6,535 1,307 0.010 0.014 288 86
A_109_R1 6,881 1,376 0.011 0.014 292 86
A_110_R1 7,813 1,563 0.011 0.014 310 90
A_111_R1 8,120 1,624 0.012 0.014 314 91
A_112_R1 8,698 1,740 0.012 0.014 325 93
A_112_R2 8,676 1,735 0.012 0.014 323 93
A_113_R1 10,391 2,078 0.013 0.013 343 98
A_114_R1 13,442 2,688 0.013 0.013 378 108
B_102_R1 685 137 0.011 0.019 92 36
B_103_R1 1,158 232 0.011 0.018 114 44
B_104_R1 1,401 280 0.016 0.017 119 44
B_105_R1 1,747 349 0.015 0.017 135 49
B_105_R2 657 131 0.023 0.019 81 32
B_105_R3 2,394 479 0.016 0.016 159 54
B_105_R5 2,763 553 0.014 0.016 174 59
C_103_R1 749 150 0.017 0.019 88 35
C_104_R1 817 163 0.015 0.019 92 36
D_104_R1 800 160 0.013 0.019 94 37
D_104_R3 998 200 0.010 0.018 107 42
F_103_R1 682 136 0.013 0.019 89 35
G_102_R1 586 117 0.013 0.020 84 33
G_102_R3 791 158 0.012 0.019 95 38
H_102_R1 651 130 0.014 0.019 86 34
I_102_R1 543 109 0.015 0.020 80 32
J_103_R1 599 120 0.016 0.020 81 32
L_103_R1 660 132 0.015 0.019 86 34
M_102_R1 544 109 0.013 0.020 81 32
N_104_R1 546 109 0.011 0.020 84 33
N_104_R3 855 171 0.011 0.019 100 40
N_105_R1 985 197 0.010 0.018 106 42
Q_102_R3 518 104 0.012 0.020 81 32
Q_102_R4 518 104 0.028 0.020 74 29
U_101_R1 1,775 355 0.010 0.017 148 53
U_102_R1 2,272 454 0.012 0.016 161 56
U_103_R1 2,642 528 0.014 0.016 171 58
U_104_R1 2,987 597 0.015 0.016 180 60
U_302_R1 655 131 0.012 0.019 88 35
U_302_R3 919 184 0.011 0.018 103 41
U_302_R5 1,013 203 0.009 0.018 110 44

a Existing conditons (2024) urbanization and drainage infrastructure; flow rates without depth-area reduction 
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External review: CobbFendley
No.  Page Review Comment SSCAFCA Response

1

When comparing the SSCAFCA’s 
HEC-HMS model to the model 
excluding ARF’s created by 
CobbFendley, [...] CobbFendley’s 
model reports higher flow rates in 
a 100-year event compared to 
SSCAFCA’s model. CobbFendley’s 
independent analysis resulted in 
greater magnitude of peak flow 
but similar patterns, relationships, 
and ratios of flow between 
subbasins in the watershed.

After changing time of concentration calculations (see 
comment 5 below), lag times generally decreased and 
model results are closer to CobbFendley estimates. At 
model junction A_116_J1 (inflow into Swinburne Dam), 
the 100-year peak flow rate from CobbFendley's model 
(no depth-area-reduction) was 18,074 cfs. After lag time 
modifications, SSCAFCA's model results in a peak flow 
rate of 18,530 cfs at the same location. 

2 Subbasin Map – label basin T_106. Label for subbasin T_106 has been added to Figure 2.1. 

3
Illustrate all sinks in the HEC-HMS 
model on the basin map or 
accompanying table. 

Callouts identifying sinks (playa basins) have been added 
to Figure 2.1. 

4
Include the elevation-storage-
discharge values for ponds in the 
Appendix of the WMP. 

Elevation-storage-discharge tables (or outlet structure 
parameters) have been included in Appendix B, along 
with source information. 

5
Utilize 100-year event peak flows 
for Tc/Lag Time calculations.

Based on this comment, we have  updated time of 
concentration calculations utilizing peak discharge values 
from the 100-year storm (instead of the 10-year storm) 
to estimate flow depth and hydraulic radius for channel 
flow segments. Resulting lag times now closely match 
estimates by CobbFendley (median lag time difference = -
1.3%)
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No.  Page Review Comment SSCAFCA Response

6
Calibrate a second HEC-HMS 
model to account for area 
reduction factors. 

After consideration of this recommendation, we opted 
not to include an additional model, for the following 
reason:
Depending on the analysis point of interest, there is a 
large number of potential depth-area (D-A) reduction 
factors a model user might be interested in. For example, 
peak discharge at the King Blvd., Northern Blvd. and 
Southern Blvd. crossings of the Calabacillas Arroyo would 
require D-A reduction factors for 7, 28 and 40 square 
miles, respectively. Adding one additional model would 
not satisfy all possible analysis points. Adding a large 
number of models, each with a different D-A reduction 
factor, might lead to confusion. We therefore opted to 
only include one HEC-HMS model without D-A reduction; 
this represents the most conservative evaluation. Model 
users can easily update the storm area (under 
meteorological model) and re-run the simulation in 
accordance with their requirements. 

Appendix G

Calabacillas WMP - Aug 2024 G-3

Draf
t



Agency review: SSCAFCA, AMAFCA, City of Rio Rancho, Sandoval County
Please note that comments related to grammar , spelling, as well as minor changes in sentence structure 
were corrected directly in the revised text and are not documented in the list below. 
No. Page Review Comment SSCAFCA Response

1 1-1

Suggest using another term, floodways 
could be construed to be a FEMA 
floodway, which has specific regulations 
and not the more general layperson 
definition of a flood water conveyance.

Changed "floodway" to "stormwater 
conveyance"

2 1-6
Ensure consistency between terminology 
"tributary" vs. "basin" in later sections

All instances of the term "tributary" have been 
reviewed. We use the term tributary to 
identify an area draining to the Calabacillas 
Arroyo via a distinct channel or storm drain 
pipe. Most tributaries are divided into smaller 
subbasins. A clarifying statement has been 
added to the revised text. 

3 2-1
Was there a decision to not use the 2022 
MRCOG orthophotography?

We did use 2022 orthoimagery, this typo has 
been corrected. 

4 2-1

AMAFCA had identified various errors in 
the 2018 MRCOG Lidar data when used at 
a small (< ~40 ac) scale. This may not 
impact an analysis at the Watershed 
scale, but it is worth noting for SSCAFCA's 
awareness.

SSCAFCA is aware of potential discrepancies, 
but decided that since Lidar data was used 
solely for boundary delineations and 
estimation of some model parameters, effects 
were likely minor. Questionable boundaries 
were verified in the field. 

5 2-1
What routing method was used in this 
modeling?

We used the Muskingum-Cunge method. The 
text has been revied accordingly. 

6 2-1
Clarify - minor arroyos assumed to have 0 
loss?

Yes - the following sentence has been added to 
the revised text: "Minor conveyances were 
assumed to have negligible transmission losses 
and were assigned a loss rate of 0  in/h."

7 Figure 2.1
Why are some of these basins so small? 
P_001, P_002, etc.

All small subbasins drain to playas and are 
internal sinks. Labels identifying each sink have 
been added to the revised Figure 2.1. 

8 Figure 2.1
Does this boundary [between west branch 
and middle branch tributaries] generally 
match that of the Boca Negra Watershed?

Both the boundaries between the West and 
Middle Branch (SSCAFCA tributaries W and U, 
respectively), and between West Branch and 
Boca Negra match well (see screen shot at the 
end of this table). The only exception is a small 
discrepancy at the north-west corner of the 
Boca Negra watershed. 
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No. Page Review Comment SSCAFCA Response

9 Table 2.2 Need to add paved road to this table

A new row has been added to Table 2.2. Paved 
roads, driveways, paved parking etc. fall into 
the category "direly connected impervious 
area" (DCIA) and are not included in the 
composite CN calculation per SSCAFCA Criteria 
Manual. Instead, DCIA is modeled as "% 
impervious" in HEC-HMS. The model treats 
the specified impervious portion of each 
subbasin as absolutely impervious (no losses), 
and all precipitation falling onto that area 
becomes runoff. 

10 2-6 Add discussion on model sinks and playas.

A short discussion of playas was included 
under section 2.7, along with a reference to 
the revised Figure 2.1, which now includes a 
callout for each playa basin. 

11 2-7

Was there any consideration made for 
having multiple precipitation points due 
to the size of the watershed? Was there 
any variation in the rainfall across the 
watershed?

We did consider varying precipitation; in the 
original version of the plan, several 
precipitation zones were used. However, For 
consistency with SSCAFCA's other watershed 
management plans and Criteria Manual, we 
decided to use one point representing the 
approximate centroid of the basin. 

12 2-7

For the evaluation of the regional 
drainage infrastructure, were the D-A 
reduction factors adjusted for each AP 
within the model and the model run 
iteratively for each structure? It's a little 
unclear in the narrative and the results. 
How did the model results with no D-A 
reduction factor compare to the APs that 
did?

Upon review of the HMS model, it did not 
appear that there were D-A reductions 
used; in the model runs provided. 
AMAFCA recommends adding a section in 
the Hydrology section to further discuss 
how these were used in related to 
determining peak discharge at specific 
locations and how they impacted specific 
structures.

Also, define the D-A reduction "TP40 
TP49" referenced in the Appendix. 

Good point. A detailed discussion of depth-
area reduction with appropriate references has 
been added to the revised section 2.8. 
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No. Page Review Comment SSCAFCA Response

13 Figure 2.3
It would be helpful to identify the crossing 
structures on this figure, similar to the 
ponds.

Symbols for crossing structure locations have 
been added to Figure 2.3. 

14 2-9

Does SSCAFCA have a threshold for 
analysis that identifies 500 cfs? Were 
smaller crossing structures analyzed for 
capacity?

Yes, SSCAFCA is in charge of regional drainage 
and will typically analyze systems with peak 
flows in excess of 500 cfs. Smaller crossing 
structures were not analyzed as part of this 
regional planning effort. 

15 Table 2.5
Suggest not using this legend unless other 
crossing structures with varying levels of 
capacity are listed in the table.

The legend associated with Table 2.5 has been 
updated and now only includes two colors 
corresponding to the symbology used in Figure 
2.3. 

16 2-9
Suggest detailing the assumptions 
indicated in Appendix D here, where most 
readers will focus.

Assumptions have been added to the text. 

17 2-10
Suggest adding a table with the pond 
results, the Figure does not indicate the 
names of the ponds

Labels with pond names have been added to 
Figure 2.3. A detailed table with results is 
included in Appendix B. 

18 Figure 2.5
Were LEEs developed for the west branch 
of the Calabacillas? The discharge appears 
to be >500cfs.

We did not delineate LEEs for the West Branch, 
as this tributary falls entirely within AMAFCA 
jurisdiction. A clarifying statement has been 
added to the revised text. 

19 Figure 2.6

This Figure is a little strange because of 
the use of red. FEMA floodplains typically 
have standardized symbology to ensure 
that the maps are universally 
understandable.

Figure symbology has been updated in 
accordance with FEMA's National Flood Hazard 
Layer Viewer. 

20 3-14 For which storm event? Up to the 100-year 24-hour event 

21 3-18
Who is responsible for the regional 
drainage improvements? SSCAFCA? 
CoRR? Private development?

As development in the Calabacillas arroyo 
watershed occurs, determinations will be 
made as to the need and extent of regional 
drainage management facilities as well as who 
will be responsible for funding needed 
improvements.  Funding of improvements 
could be a combination of SSCAFCA, CoRR, 
and/or private funds.  The funding scenario will 
be situational.

22 3-18
For all of these potential drainage 
improvements, has SSCAFCA considered 
developing preliminary cost estimates?

We have moved away from including cost 
estimates in our regional planning documents. 
Cost estimates are developed in conjunction 
with conceptual design. 

23 3-22
Might be helpful to list here what the 
potential flows are from these tributaries.

This is difficult to determine without a 
hydraulic model, since only a portion of the 
flows from tributaries B and C would be 
expected to reach this location. 
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No. Page Review Comment SSCAFCA Response

24 Figure 3.10 Add road label & culvert dimensions
Road label and culvert dimensions have been 
added. 

25 Figure 3.11 Label placement Label placement has been corrected. 

26 3-23
Might be worth suggesting a higher 
standard of protection given the critical 
nature of this facility.

Good idea. This recommendation has been 
added to the report. 

27 Figure 3.12 Add road label to figure Road label has been added. 

28 3-25
Does this include flood protection for the 
residential properties adjacent to the 
arroyo?

Yes - the wording of the text has been updated 
accordingly. 

29
Figures 3.14 

& 3.15

Is "footprint" in this case the actual 
footprint of the facility or the inundation 
limits of the proposed facility?

The blue lines in Figures 3.14 and 3.15 
represent the approximate grading limit. 
Figure labels have been updated accordingly. 

30 3-29
Is SSCAFCA planning on evaluating future 
flow conditions to aid in future facilities 
planning?

SSCAFCA has moved away from conducting 
future conditions analyses as part of regional 
planning because of the large uncertainty 
associated with predicting future urbanization. 
Instead, SSCAFA will update regional plans 
more frequently. 

31 3-31

Recommend adding a 
conclusion/summary section to present 
the summarized findings of the WMP 
update.

In completing WMP documents, SSCAFCA 
follows a common format. The format 
currently doesn't include a conclusions section. 
Nevertheless, we like this recommendation 
and will consider adding a summary and 
conclusions section to the next round of WMP 
revisions. 

32
Figures 2.1, 

2.3-2.5
Rotate figures for better readability. Figures have been rotated. 

33 Figure 2.1 Add SSCAFCA jurisdictional boundary. 
Jurisdictional boundary and label has been 
added to the figure. 

34 2-4
Why were land use percentages adopted 
from the Barranca Watershed 
Management Plan?

The update of the Barranca Watershed 
Management Plan in 2022 included an effort 
to characterize typical land use percentages for 
different development densities. This entailed 
manual mapping of land use categories 
(building footprint, driveway, compared or 
disturbed areas, areas with natural vegetation, 
etc.) for a representative set of lots. Since 
urbanization characteristics across SSCAFCA's 
jurisdiction are comparable, we decided to 
adopted those values for the Calabacillas 
watershed.  
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No. Page Review Comment SSCAFCA Response

35 2-6
Why was the 10-year storm used for lag 
time calculations?

Based on this comment and comment 5 
(external review), we have  updated time of 
concentration calculations utilizing peak 
discharge values from the 100-year storm 
(instead of the 10-year storm) to estimate flow 
depth and hydraulic radius for channel flow 
segments.   

36 2-6
Distinguish ponds within SSCAFCA vs. 
AMAFACA jurisdiction. 

SSCAFCA's jurisdictional boundary has been 
added to Figure 2.3, which also shows pond 
locations. A reference to the figure has been 
added to the text. 

37 2-7
Explain the term "underlying uncertainty" 
and why it applies here. 

The corresponding paragraph has been 
modified as follows: "It is important to note 
that simulation results only provide a best 
estimate of the watershed runoff response 
from the design storm for current land use 
conditions. All hydrologic models are simplified 
representations of complex physical processes. 
Numerous factors contribute to model 
uncertainty, including choices related to model 
structure and methods used to simulate 
infiltration and overland flow, parameter 
estimation, as well as precipitation input. 
Model results are intended to be used for 
planning and design of flood control 
infrastructure but need to be interpreted with 
the underlying uncertainty in mind. "

38 Figure 2.3

The point indicating the location of 
Swinburne Dam is located at the Unser 
Blvd. crossing and should be moved to the 
west. 

The point has been moved. 

39 2-8
Missing figure 2.4? Are the crossing 
structures and pond usually on separate 
figures?

Crossing structures have been added to Figure 
2.3. Due to the small number of ponds and 
crossings in the watershed, we have opted to 
display both on the same figure. 

40 3-13 Include pond labels on Figure 2.3 Pond labels have been added. 

Appendix G

Calabacillas WMP - Aug 2024 G-8

Draf
t



No. Page Review Comment SSCAFCA Response

SSCAFCA's Tributary
W (orange shading)

AMAFCA's Boca Negra 
boundary (black line)
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