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STUDY DOCUMENTATION ABSTRACT

INITIAL STUDY

RESTUDY

X LOMR OTHER

SECTION 1: GENERAL INFORMATION

1A COMMUNITY Rio Verde (unincorporated)
1B COMMUNITY NUMBER 04013
1C COUNTY Maricopa
1D STATE Arizona
1E DATE STUDY ACCEPTED
1F STUDY CONTRACTOR McLaughlin Kmetty Engineers, Ltd.
CONTACTS Frank Edward Brown, PE
Geza E. Kmetty, PE, RLS
ADDRESS 3501 N. 16th Street
Phoenix, Arizona 85016
PHONE (602)248-7702
(602)248-7851(FAX)
SUBCONSULTANTS George V. Sabol Consulting Engineers,
Inc.
1G | TECH. REVIEWER (FEMA)
PHONE
TH FEMA REGIONAL REVIEWER
PHONE
11 STATE REVIEWER Arizona Department of Water Resources
PHONE (602) 542-1541
1J LOCAL REVIEWER Flood Control District of Maricopa County
Catherine Regester Hasan Mushtaq
Sandra Story Pedro Calza
PHONE (602) 506-1501
1K RIVER OR STREAM NAME Wash 9, Wash 10, Wash 11 & Wash 12
1L REACH DESCRIPTION Refer to Exhibit A
™ STUDY TYPE Fioodplain/Floodway Delineations
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STUDY DOCUMENTATION ABSTRACT (continued)

SECTION 2: MAPPING INFORMATION

2A USGS QUAD SHEETS Bartlett=Dam
McDowell Peak
Wildcat Hill
Fort McDowell
2B MAPPING FOR HYDROLOGIC STUDY | 2-foot contour interval in ACAD Format
TYPE/SOURCE Burgess and Niple, Inc.
SCALE 1 inch = 200 feet
DATE 12-22-93
2C MAPPING FOR HYDRAULIC STUDY
TYPE/SOURCE Same as 2B
SCALE 1 inch = 200 feet
DATE 12-22-93 and 8-22-94

SECTION 3: HYDROLOGY

3A MODEL OR METHOD USED HEC-1 version 4.0.1E dated May 1991
(Including vendor and version Dodson & Associates, Inc.
description)

3B STORM DURATION 6-hour, 24-hour

3C HYETOGRAPH TYPE In accordance with Design Manual

3D FREQUENCIES DETERMINED 100-year

3E LIST OF GAGES USED IN
FREQUENCY ANALYSIS OR
CALIBRATION (Location, Years of None available.

Record, Gage Ownership)

3F RAINFALL AMOUNTS AND 100-year, 6-hour = 3.4 inches

REFERENCE 100-year, 24-hour = 4.4 inches
NOAA Atlas li

3G UNIQUE CONDITIONS AND Flow Diversions
PROBLEMS '

3H COORDINATION OF Q'S
(Agency, date, comments
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_ETU-DY DOCUMENTATION ABSTRACT (continued)

SECTION 4: HYDRAULICS

4A | MODEL OR METHOD USED
{including vendor and version
description)

"HEC-2 version 4.6.2 dated May 1991
Dodson & Associates, Inc.

4B REGIME

Subcritical, with supercritical reaches

4C FREQUENCIES FOR WHICH
PROFILES WERE COMPUTED

100-year

PROBLEMS _

4D METHOD OF FLOODWAY Method 1
CALCULATION
4E UNIQUE CONDITIONS AND island flow

|
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SECTION 1: GENERAL DOCUMENTATION AND CORRESPONDENCE

1.0 Introduction

The Floodplain Delineation Study for Rio Verde South determines floodplain and floodway limits
for four washes within the study area. Three of those washes were studied previously by
approximate methods, thus this is a restudy for Washes 9, 10 and 11. Wash 12, named for the
purposes of this study, is studied for the first time. In addition, approximately 1 river mile of Wash
11 is added to the previous upstream Limit of Detailed Study. Approximately 6.6 river miles of
Floodplain are delineated in this study. Figure 1-1 presents a Location Map for the community of
Rio Verde, and the Vicinity Map in Figure 1-2 locates the 4 study washes. In addition to the
community of Rio Verde, the study area encompasses the Tonto Verde development, which is

currently under construction.
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SECTION 1: General Documentation and
Correspondence

1.1 Special Problem Reports
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. 14 October 1994 RECEIVED 0CT 1 9 1994
HEC-1 Problem Report: |
Problem Description:

The HEC-1 model in question uses JD records, S-Graphs and the Green-Ampt equation.

Two hydrographs are imported into the model using Ql records. The index hydrographs
after the import are populated with zero values. The peak discharge reported by HEC-1 at
the first downstream concentration point below WP581(C510) is unrealistic (refer to the
TEST1.I1H1 sample file). C510 combines operations 509510, 500E and 581510 (361, 219
and 207 cfs, respectively). The total discharge cannot be over 787 cfs, yet HEC-1 reports a
peak discharge of 1297 cfs. The index hydrographs at C510 appear to be correct. The
interpolated hydrograph is not. The operation following C510 is a diversion. The results of
the diversion are also unrealistic and do not total 1297 cfs.

Temporary Solution:

| was able to work-around the problem by doing the following (refer to the TEST2.iH1
sample file}:

1. | imported the two hydrographs using Ql records at the start of the file, and also
wrote them out to a Tape21 file.

‘ 2. The two hydrographs were then read back into the input file at the appropriate
locations using the Bl record option. The index hydrographs were then found to be
populated with the original hydrographs from the Ql records.

3. This still did not solve the problem, although the peak discharge at C510 changed
from 1297 cfs to 929 cfs. | then renamed the combination records at C509 and
C510 to TEMP1 and TEMP2, respectively, and wrote them out to the Tape21 file. |
then read both hydrographs back in using Bl records. A reasonable peak discharge
was reported and the interpolated hydrograph looked good.

4, | performed a manual calculation of the interpolated hydrograph at C510 (refer to the
attached table) and compared it with the HEC-1 results from step 3. The peak
discharge is 321 cfs in both cases. This is a reasonable discharge when the
watershed area at C510 is considered. The manual resuits match the work-around
HEC-1 solution.

~Jom <

Tom Loomis
. George V. Sabol Consulting Engineers, Inc.




Fom Testl )

“Fom Test2 ‘\
Test2.lH1 Comparison of Index Hydrographs and Calculation of interpolated Hydrograph / 4
Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
__% 509510 500E WP581 C510 508510 500E WP581 C510 |Log-Averaged| Output
(2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

3.47 0 0 0 0 0 0 0 0 0 0
3.48 0 0 0 0 0 0 0 0 0 0
3.50 0 0 0 0 0 0 0 0 0 0
3.52 0 0 0 0 0 0 0 0 0 1
3.53 0 1 0 1 0 0 0 0 1 2
3.55 0 1 0 1 0 1 0 1 1 4
3.57 0 2 0 2 0 1 0 1 2 6
3.58 0 3 0 3 0 2 0 2 3 9
3.60 0 4 0 4 0 3 0 3 4 14
3.62 0 6 0 6 0 4 0 4 5 21
3.63 0 9 0 9 0 6 0 6 8 29
3.65 0 12 0 12 0 8 0 8 11 38
3.67 0 15 0 15 0 10 0 10 14 48
3.68 0 18 0 18 0 12 0 12 16 59
3.70 0 22 0 22 0 14 0 14 20 72
3.72 0 27 0 27 0 18 0 18 25 87
3.73 0 32 0 32 0 21 0 21 29 104
3.75 0 36 0 36 0 24 0 24 33 118
3.77 0 41 0 41 0 26 0 26 37 131
3.78 0 44 0 45 0 29 0 29 41 143
3.80 0 48 1 49 0 31 1 32 44 155
3.82 0 52 1 53 0 34 1 35 48 167
3.83 0 56 1 57 0 36 1 37 52 180

.85 0 60 1 61 0 39 1 40 55 193
%.87 0 64 1 66 0 42 1 43 60 20¢€
3.88 0 69 2 70 0 45 2 46 63 220
3.90 0 73 2 75 0 48 2 50 68 233
3.92 0 77 2 79 0 51 2 53 72 248
3.93 0 82 3 84 0 54 3 56 76 283
3.85 1 86 3 90 0 57 3 60 82 281
3.97 2 91 4 86 0 60 4 64 87 303
3.98 5 96 4 105 1 63 4 68 85 338
4.00 12 100 5 116 1 66 5 72 104 3908
4.02 23 103 6 132 3 68 6 76 117 483
4.03 37 106 7 150 6 70 7 82 131 574
4.05 53 108 7 168 12 72 7 91 147 655
4.07 68 110 8 186 22 73 8 103 163 713
4.08 82 112 9 202 32 74 g 115 178 752
4.10 85 112 10 217 43 74 10 128 193 783
4.12 106 112 11 230 53 74 11 139 205 804
4.13 118 111 13 241 63 74 13 149 216 824
4.15 128 110 14 252 72 73 14 159 226 840
4.17 137 108 15 261 79 72 15 166 235 857
4.18 147 106 16 269 87 71 16 174 243 873
4.20 155 104 17 276 94 69 17 179 249 887
4.22 164 100 18 281 100 66 18 184 254 896
4.23]° 171 95 19 286 106 63 19 188 259 903
4.25. 179 93 20 291 111 62 20 193 264 914
1.27 185 a0 21 296 116 60 21 197 269 921

.28 190 88 21 300 121 59 21 201 273 926
4.30 195 86 22 303 124 58 22 204 276 926
4.32 198 84 22 304 127 56 22 206 277 927]]

test2.gb1 Page 1 14-Oct-94




Test2.lH1 Comparison of Index Hydrographs and Calculation of interpolated Hydrograph
index Area = 2.8 square miles index Area = 16 square miles TRL HEC-1
_q\e 509510 500E WP581 C510 509510 500E WP581 C510 |Log-Averaged| Output
) (2) (3) 4) (5) (6) (7) (8) (9) (10) (11)
4.33 201 81 23 305 130 54 23 207 278 923
4.35 203 78 24 304 132 52 24 208 278 915
4.37 204 75 24 303 133 50 24 208 277 904
4.38 204 72 25 300 134 48 25 207 274 891
4.40 204 638 25 297 134 46 25 206 272 874
4.42 202 64 26 293 134 43 26 204 269 855
4.43 201 60 27 288 134 41 27 202 264 834
4.45 198 56 28 282 133 38 28 199 259 809
4.47 195 51 29 275 131 35 29 195 253 782
4.48 192 46 30 268 130 31 30 191 247 752
4.50 188 42 31 261 128 29 31 187 241 726
4.52 184 39 32 255 125 27 32 184 235 702
4.53 180 36 33 249 123 25 33 181 230 679
4.55 176 33 35 243 120 23 35 178 225 658
4.57 172 31 36 238 117 22 36 175 221 639
4.58 167 28 37 233 114 20 37 172 216 620
4.60 163 26 39 228 112 19 39 169 212 600
4.62 159 24 40 223 109 18 40 167 208 579
4.63 154 22 42 219 107 16 42 165 204 558
4.65 150 21 43 214 105 15 43 163 200 538
4.67 146 19 45 210 102 14 45 161 187 520
4.68 143 17 47 208 101 13 47 161 185 506
4.70 141 16 50 206 99 12 50 161 194 494
4.72 138 15 52 206 98 11 52 162 194 484
4.73 137 14 55 205 98 10 55 163 183 474
4.75 136 12 57 206 89 9 57 165 195 464
4.77 136 11 60 207 100 8 60 168 196 464
4.78 136 10 63 210 102 8 63 173 200 454
4.80 137 10 66 213 104 7 66 177 203 437
4.82 138 9 69 216 107 7 69 183 207 429
4.83 140 8 72 220 111 6 72 189 211 421
4.85 143 7 77 227 115 6 77 197 219 416
4.87 145 7 81 233 119 5 81 205 225 412
4.88 148 6 86 240 123 5 86 213 233 408
4.90 151 8 90 247 127 4 90 222 240 406
4.92 154 5 85 - 254 131 4 95 230 247 404
4.93 156 5 99 260 136 4 99 238 254 400
4.95 159 5 102 266 140 3 102 245 260 396
4.97 161 4 106 271 144 3 106 253 268 391
4.98 164 4 109 277 147 3 109 260 272 387
5.00 166 3 113 282 150 3 113 266 278 385
5.02 167 3 116 287 153 2 116 271 283 382
5.03 169 3 119 291 1585 2 118 277 287 381
5.05 170 3 122 295 157 2 122 281 291 380
5.07 171 2 125 299 158 2 125 286 285 379
5.08 172 2 128 302 161 2 128 291 298 378
5.10 173 2 130 305 162 1 130 294 302 376
5.12 174 2 133 308 164 1 133 298 305 375
5.13 174 1 135 311 165 1 135 301 308 374
: 515 ., 175 1 138 314 166 1 138 304 311 373
5.17 175 1 140 316 166 1 140 307 314 373
5.18 175 1 142 318 167 1 142 308 316 371]
test2.qb1 Page 2 14-Oct-94




Test2.lH1 Comparison of Index Hydrographs and Calculation of Interpolated Hydrograph
Index Area = 2.8 square miles index Area = 16 square miles TRL HEC-1
_Qve 509510 500E WP581 C510 509510 500E WP581 C510 |Log-Averaged | Output
) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1)
5.20 175 1 143 319 167 1 143 311 317 369
5.22 175 1 145 321 168 1 145 313 319 368
5.23 175 1 146 322 168 1 146 315 320 366
5.25 174 1 148 323 168 1 148 316 321 365
5.27 173 1 149 323 167 0 149 317 321 363
5.28 173 1 150 323 167 0 150 317 321 360
5.30 172 1 150 322 1686 0 150 317 321 358
5.32 170 0 151 322 165 0 151 317 321 356
5.33 169 0 152 322 164 0 152 317 321 354
5.35 168 0 152 320 163 0 152 316 319 351
5.37 166 0 152 318 162 0 152 314 318 348
5.38 165 0 153 318 161 0 153 313 317 345
5.40 163 0 153 316 159 0 153 312 315 342
5.42 161 0 153 315 158 0 153 311 314 339
5.43 160 0 153 313 156 0 153 309 312 336
5.45 158 0 153 311 154 0 153 307 310 333
5.47 156 0 153 309 152 0 153 305 308 330
5.48 153 0 153 306 150 0 153 303 305 327
5.50 151 0 153 304 148 0 153 301 303 323
5.52 149 0 153 302 146 0 153 289 301 320
5.83 146 0 153 299 144 0 153 297 298 317
5.55 144 0 153 297 142 0 153 295 296 313
5.57 142 0 153 295 139 0 153 292 294 309
5.58 139 0 153 292 137 0 153 290 291 306
5.60 137 0 153 280 135 0 153 288 289 303
5.62 134 0 153 287 132 0 153 285 286 300
5.83 132 0 152 284 130 0 152 282 283 297
5.65 129 0 152 281 127 0 152 279 280 294
5.67 127 0 152 279 125 0 152 277 278 291
5.68 124 0 152 278 122 0 152 274 275 288
5.70 121] 0 152 273 119 0 152 271 272 284
5.72 119 0 151 270 117 0 151 268 269 281
5.73 116 0 151 267 114 0 151 266 267 277
5.75 114 0 151 265 112 0 151 263 264 274
5.77 111 0 151 262 110 0 151 261 262 271
5.78 109 0 151 260 108 0 151 259 260 268
5.80 107 0 151 258 106 0 151 257 258 266
5.82 103 0 151 256 104 0 151 255 256 263
5.83 103 0 151 254 102 0 151 253 254 261
5.85 101 0 152 253 100 0 152 252 253 259
5.87 89 0 152 251 98 0 152 250 251 257
5.88 97 0 153 250 86 0 153 249 250 255
5.90 94 0 153 248 94 0 153 247 248 253
5.92 92 0 154 246 91 0 154 245 246 251
5.93 90 0 155 245 89 0 155 244 245 249
5.95 87 0 156 243 87 0 156 243 243 247
5.97 85 0 157 242 85 0 157 242 242 246
5.88 83 0 158 241 83 0 158 241 241 244
6.00 81 0 159 240 81 0 159 240 240 243
.02 79 0 160 240 79 0 160 239 240 242
6.03 77 0 162 239 77 0 162 239 239 242,
6.05 76 0 163 239 75 0 163 238 239 241
test2.gb1 Page 3 14-Oct-94




Test2.lH1 Comparison of index Hydrographs and Calculation of interpolated Hydrograph

; Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
_Qe 509510 | 500E | WP581 | C510 | 509510 | 500E | WP581 | C510 |Log-Averaged | Output
| (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
I 6.07 74 0 165 238 73 0 165 238 238 240
! 6.08 72 0 166 238 72 0 166 238 238 240
| 6.10 70 0 167 238 70 0 167 238 238 239
i 6.12 69 0 169 238 69 0 169 237 238 239
| 6.13 67 0 170 237 67 0 170 237 237 239
6.15 66 0 172 237 66 0 172 237 237 238
6.17 64 0 173 237 64 0 173 237 237 238
8.18 63 0 175 237 63 0 175 237 237 238
6.20 61 0 176 238 61 0 176 238 238 238
| 6.22 60 0 178 238 60 0 178 238 238 238
i 6.23 59 0 179 238 59 0 179 238 238 238
[ 6.25 58 0 181 239 58 0 181 239 239 239
i 6.27 56 0 182 239 56 0 182 239 239 239
6.28 55 0 184 239 55 0 184 239 239 239
6.30 53 0 185 239 54 0 185 239 239 239
8.32 52 0 187 239 52 0 187 239 239 238
6.33 50 0 188 238 50 0 188 238 238 238
6.35 49 0 189 238 49 0 189 238 238 238
| 6.37 47 0 191 238 47 0 191 238 238 238
| 6.38 45 0 192 238 45 0 192 238 238 237
y 6.40 44 0 194 237 44 0 194 237 237 237
] 6.42 42 0 195 237 42 0 195 237 237 237
6.43 41 0 196 237 41 0 196 237 237 237
45 39 0 197 237 39 0 197 237 237 237
.47 38 0 198 237 38 0 198 237 237 237
6.48 37 0 200 237 37 0 200 237 237 236
| 6.50 35 0 201 236 35 0 201 236 236 236
i 6.52 34 0 202 236 34 0 202 236 236 236
6.53 33 0 203 235 33 0 203 235 235 235
6.55 32 0 203 235 32 0 203 235 235 235
6.57 30 0 204 235 30 0 204 235 235 235
6.58 29 0 205 234 29 0 205 234 234 234
* 6.60 28 0 205 234 28 0 205 234 234 234
6.62 27 0 206 233 27 0 206 233 233 233
6.63 26 0 206 232 26 0 206 232 232 232
6.65 25 0 207 232 25 0 207 232 232 232
6.67 25 0 207 232 25 0 207 232 232 232
6.68 24 0 207 231 24 0 207 231 231 231
6.70 24 0 207 231 24 0 207 231 231 231
8.72 23 0 208 231 23 0 208 231 231 231
8.73 22 0 208 230 22 0 208 230 230 230
6.75 22 0 208 230 22 0 208 230 230 230
6.77 21 0 208 229 21 0 208 229 229 229
6.78 21 0 207 228 21 0 207 228 228 228
6.80 20 0 207 227 20 0 207 227 227 227
6.82 20 0 206 226 20 0 206 226 226 226
6.83 19 0 206 225 19 0 206 225 225 225
6.85 18 0 206 224 18 0 206 224 224 224
5.87 18 0 205 223 18 0 205 223 223 223
:.3 .88 17 0 205 222 17 0 205 222 222 222
5.90 17 0 204 221 17 0 204 221 221 221,
6.92 16 0 204 220 16 0 204 220 220 220]
test2.qb1 Page 4 14-Oct-94



| Test2.1H1 Comparison of Index Hydrographs and Calcuiation of Interpolated Hydrograph
Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
__" 509510 500E WP581 C510 509510 500E WP581 C510 |(Log-Averaged| Output
(2) (3) 4) (5) (6) ) (8) (9) (10) (1)
! 6.93 15 0 203 219 15 0 203 219 219 219
6.95 15 o] 202 217 15 0 202 217 217 217
6.97 14 0 202 216 14 0 202 216 216 216
6.98 14 0 201 215 14 0 201 215 215 215
7.00 14 0 200 214 14 0 200 214 214 214
7.02 13 0 199 212 13 0 193 212 212 212
7.03 13 0 198 211 13 0 198 211 211 211
7.05 13 0 197 210 13 0 197 210 210 210
7.07 12 0 196 208 12 0 196 208 208 208
| 7.08 12 0 195 207 12 0 195 207 207 207
7.10 12 0 194 206 12 0 194 206 206 206
7.12 12 0 193 204 12 0 193 204 204 204
7.13 12 0 191 203 12 0 191 203 203 203
7.15 11 0 190 202 11 0 180 202 202 202
7.17 11 0 189 200 11 0 189 200 200 200
7.18 11 0 188 198 11 0 188 199 199 199
7.20 11 0 187 197 11 0 187 197 197 197
7.22 11 0 185 196 11| 0 185 196 196 196
i 7.23 10 0 184 195 10 0 184 195 195 195
| 7.25 10 0 183 193 10 0 183 193 193 193
[ 7.27 10 0 182 192 10 0 182 192 192 192
7.28 10 0 181 180 10 0 181 1980 190 190
7.30 10 0 179 189 10 0 179 189 189 189
g .32 9 0 178 187 9 0 178 187 187 187
! §33 9 0 177 186 9 o 177 186 186 186
é .35 g 0 176 184 9 0 176 184 184 184
5 7.37 9 0 174 183 8 0 174 183 183 183
7.38 8 0 173 181 8 0 173 181 181 181
7.40 8 0 171 179 8 0 171 179 179 179
7.42 8 0 170 178 8 0 170 178 178 178
7.43 7 0 169 176 7 0 169 176 176 176
7.45 7 0 168 175 7 8 168 175 175 175
7.47 -7 0 166 173 7 0 166 173 173 173
7.48 7 0 165 172 7 0 165 172 172 172
7.50 6 0 164 170 6 Q 164 170 170 170
7.52 8 0 162 169 8 0 162 169 169 169
7.53 6 0 161 167 8 0 161 167 167 167
7.55 6 0 159 165 6 0 159 165 165 165
7.57 5 0 158 163 5 0 158 163 163 163
7.58 5 0 156 161 5 0 158 161 161 161
7.60 5 0 154 159 5 0 154 159 158 159
7.62 5 0 153 158 5 0 153 158 158 158
7.63 5 0 151 156 5 0 151 156 156 156
7.65 5 0 150 154 5 0 150 154 154 154
7.67 4 0 148 152 4 0 148 152 152 152
7.68 4 0 146 150 4 0 146 150 150 150
7.70 4 0 144 148 4 0 144 148 148 148
! 7.72 4 0 143 147 4 0 143 147 147 147
i‘ 7.73 4 0 141 145 4 0 141 145 145 145
_ﬁ 4 0 139 143 4 0 139 143 143 143
J 7 4 0 138 141 4 0 138 141 141 141
! 7.78 4 0 136 140 4 0 136 140 140 140
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Test2.lH1 Comparison of Index Hydrographs and Calculation of interpolated Hydrograph
Index Area = 2.8 square miles index Area = 16 square miles TRL HEC-1
_.1e 509510 500E WP581 C510 509510 S500E WP581 C510 |lLog-Averaged | Output
) (2 (3) (4) (5) (6) (7) (8) (9) (10) (11)
7.80 4 0 135 138 4 0 135 138 138 138
7.82 4 0 133 137 4 o 133 137 137 137
; 7.83 4 0 132 136 4 0 132 136 136 136
} 7.85 4 0 131 134 4 0 131 134 134 134
7.87 4 0 129 133 4 0 129 133 133 133
7.88 4 0 128 131 4 0 128 131 131 131
7.80 4 0 126 130 4 0 126 130 130 130
7.92 3 0 125 128 3 0 125 128 128 128
7.93 3 0 123 126 3 0 123 126 126 126
7.85 3 0 121 124 3 0 121 124 124 124
7.97 3 0 119 122 3 0 119 122 122 122
7.98 3 0 117 120 3 0 117 120 120 120
8.00 3 0 115 118 3 0 115 118 118 118
8.02 3 0 113 116 3 0 113 116 116 116
8.03 3 0 111 114 3 0 111 114 114 114
8.05 3 0 109 112 3 0 109 112 112 112
! 8.07 3 0 107 110 3 0 107 110 110 110
| 8.08 3 0 105 108 3 0 105 108 108]. 108
i 8.10 3 0 103 106 3 0 103 106 106 106
8.12 3 0 101 104 3 0 101 104 104 104
. 8.13 3 0 88 102 3 0 98 102 102 102
; 8.15 3 0 g6 99 3 0 96 99 99 99
i 8.17 3 0 94 97 3 0 94 97 97 g7
; 8.18 3 0 92 95 3 0 92 95 95 85
}:.8.20 3 0 90 93 3 0 90 93 93 92
8.22 3 0 89 92 3 0 89 92 92 92
8.23 3 0 87 30 3 0 87 90 80 90
8.25 3 0 85 88 3 0 85 88 88 88
8.27 3 0 83 86 3 0 83 86 86 86
8.28 3 0 82 85 3 0 82 85 85 85
8.30 3 0 80 83 3 0 80 83 83 83
8.32 3 0 79 81 3 0 79 81 81 81
8.33 .3 0 77 80 3 0 77 80 80 80
8.35 3 0 76 78 3 0 76 78 78 78
8.37 3 0 74 77 3 0 74 771. 77 77
| 8.38 3 0 73 75 3 0 73 75 75 75
8.40 3 0 71 74 3 0 71 74 74 74
8.42 3 0 70 73 3 0 70 73 73 73
8.43 3 0 69 72 3 0 69 72 72 72
8.45 3 0 68 71 3 0 68 71 71 71
8.47 3 0 67 70 3 0 67 70 70 70
8.48 2 0 66 68 2 0 66 68 68 68
8.50 2 0 65 67 2 0 65 67 67 67
8.52 2 0 64 66 2 0 64 66 66 66
8.53 2 0 63 65 2 0 63 65 65 65
8.55 2 0 61 64 2 0 61 64 64 64
8.57 2 0 60 62 2 0 80 62 62 62
8.58 2 0 59 61 2 0 59 61 61 61
8.60 2 0 58 60 2 0 58 60 60 60
.62 2 0 56 58 2 0 56 58 58 58
8.63 2 0 55 57 2 0 55 57 57 57
8.65 2 0 53 55 2 0 53 55 55 55|
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Test2.IH1 Comparison of Index Hydrographs and Calculation of Interpolated Hydrograph
Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
Jﬁe 508510 500E WP581 C510 509510 500E WP581 C510 {Log-Averaged| Output
1 (2) (3) (4) (5) (6) (7). (8) (9) (10) (11)
8.67 2 0 52 54 2 0 52 54 54 54
8.68 2 0 51 53 2 0 51 53 53 53
8.70 2 0 49 51 2 0 49 51 51 51
8.72 2 0 48 50 2 0 48 50 50 50
8.73 2 0 46 48 2 0 46 48 438 48
8.75 2 0 45 47 2 0 45 47 47 47
8.77 2 0 44 45 2 0 44 45 45 45
8.78 2 0 42 44 2 0 42 44 44 44
8.80 2 0 41 42 2 0 41 42 42 42
8.82 2 0 39 41 2 0 39 41 41 41
8.83 2 0 38 40 2 0 38 40 40 40
8.85 1 0 37 38 1 0 37 38 38 38
8.87 1 0 35 37 1 0 35 37 37 37
8.88 1 0 34 35| 1 0 34 35 35 35
8.90 1 0 32 34 1 0 32 34 34 34
8.82 1 0 31 32 1 0 31 32 32 32
8.83 1 0 30 31 1 0 30 31 31 31
8.85 1 0 28 29 1 0 28 29 29 29
8.97 1 0 27 28 1 0 27 28 28 28
8.98 1 0 25 26 1 0 25 26 26 26
9.00 1 0 24 25 1 0 24 25 25 25
9.02 1 0 22 23! 1 0 22 23 23 23
9.03 1 0 20 21 1 0 20 21 21 21
9.05 1 0 18 18 1 0 18 19 19 19
w.w 1 0 16 17 1 0 16 17 17 17
9.08 1 0 14 151 1 0 14 15 15 15
8.10 1 0 13 14| 1 0 13 14 14 14
8.12 1 0 12 13 1 0 12 13 13 13
9.13 1 0 11 12 1 0 11 12 12 12
9.15 1 0 10 11 1 0 10 11 11 11
9.17 0 0 9 g 0 0 9 9 9 9
9.18 0 0 9 9| 0 0 9 9 9 9
9.20 .0 0 8 9 0 0 8 9 9 9
8.22 0 0 8 8 0 0 8 8 8 8
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Table F-3

RECEIVED NOV 0 1 1994

Existing Condition
100-year Peak Discharges in HEC-1
In Numerical Order By Operation Type

HEC-1. _Discharge, in cfs
ID 6-hour  24-hour
500A 421 280
500B 325 227
500C 248 160
500D 371 250
500E 219 137
S500F 647 442
500G 348 228
S500H 340 226
5001 644 430
500J 204 124
500K 219 144
SooL 292 180
500M 228 142
500N 228 138
5000 182 120
500P 201 125
501A 111 63
501B 151 89
502A 113 69
502B 139 86
502C 100 63
503A 458 292
503B 171 115
503C 278 176
S04A 428 290
505A 341 237
5058 378 228
509A 674 498
5088 638 479
508C 279 193
508D 453 324
50SE 340 241
509F 367 257
508G 196 134
508H 109 72
5001 61 36
508J 161 106
509K 60 36
508L 209 125
509M 150 101
509N 250 151
5080 100 59
508P 325 193
508Q 244 148
S09R 245 147
5098 431 273
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Control
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controis
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
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HEC-1
ID
510A
510B
510C
510D
510E
510F
510G
511A
511B
511C
511D
S511E
511F
511G
511H
5111
511J
511K
511L
511M
511N
5110
511P
511Q
B502L
B508L
BS156L
B&31L
BS32AL
B532R
B534L
BS35R
BS37R
BS39R
BS53R

BS&54R

BS57L
B558R
B559L
BS60L
B573L
B574R
B578L
C502
C503
C504
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Existing Condition
100-year Peak Discharges in HEC-1
In Numerical Order By Operation Type

Discharge, in cfs

Page 2 of 7

6-hour 24-hour Control
994 806 6-hour controls
518 374 6-hour controls
850 675 6-hour controls
126 75 6-hour controls
282 195 6-hour controls
207 134 6-hour controls
316 208 6-hour controls
941 704 6-hour controls
948 792 6-hour controls
878 747 6-hour controls
195 140 6-hour controls
579 430 6-hour controls
340 225 6-hour controls
961 768 6-hour controls
458 312 6-hour controls
382 236 6-hour controls
238 136 6-hour controls
1001 788 6-hour controls
336 221 6-hour controls
182 116 6-hour controls
132 85 6-hour controls
78 49 6-hour controls
493 353 6-hour controls
164 106 6-hour controls
299 239 6-hour controls
277 380 24-hour controls
166 223 24-hour controls
528 551 24-hour controls
468 494 24-hour controls
877 921 24-hour controls
240 251 24-hour controls
896 941 24-hour controls
746 631 6-hour controls
158 113 6-hour controls
367 305 6-hour controls
261 227 6-hour controls
144 131 6-hour controls
263 223 6-hour controls
76 70 6-hour controls
40 39 6-hour controls
53 57 24-hour controls
211 223 24-hour controls
234 247 24-hour controls
491 406 6-hour controls
395 297 6-hour controls
162 193 24-hour controls
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Table F-3
Existing Condition
100-year Peak Discharges in HEC-1
In Numerical Order By Operation Type

HEC-1 Discharge, in cfs

ID 6-hour 24-hour Contro!
C506 26 2 24-hour controls
C507 279 346 24-hour controls
C508 528 682 24-hour controls
C509 371 249 6-hour controls
C510 466 365 6-hour controls
C511 509 670 24-hour controls
C512 579 754 24-hour controls
C515 214 278 24-hour controls
C517 424 517 24-hour controls
C518 463 550 24-hour controls
C519 513 606 24-hour controls
C520 818 1007  24-hour controls
C522 307 209 6-hour controls
C523 949 1108  24-hour controls
C526 1594 1472 6-hour controls
C527 1780 1709 6-hour controls
C528 2229 2257  24-hour controls
C529 2175 2211 24-hour controls
C530 2274 2387  24-hour controls
C531 2232 2337  24-hour controls
C533 757 791 24-hour controls
C534 800 839 24-hour controls
C535 1055 1107  24-hour controls
C536 703 743 24-hour controls
C538 895 830 24-hour controls
C540 1288 1415  24-hour controls
C541 208 220 24-hour controls
C542 1300 1430  24-hour controls
C543 1323 1543  24-hour controls
C545 1592 1896  24-hour controls

C545L 695 735 24-hour controls
C545R 1336 1562  24-hour controls
C546 1666 2085  24-hour controls
C550 886 570 6-hour controls
C550L 717 456 6-hour controis
C553 779 649 6-hour controls
C554 410 347 6-hour controls
C555 394 387 6-hour controls
C556 618 528 6-hour controls
C557 755 722 6-hour controls
C558 612 531 6-hour controls
C559 192 178 6-hour controls
C560 127 121 6-hour controls
C561 128 122 6-hour controls
C562 199 189 6-hour controls
C564 347 209 6-hour controls

C:\P\4B\QWIN\TABLE-F.WB1: F-3 Page 3 of 7

31-Oct-94



HEC-1
ID

Table F-3

Existing Condition
100-year Peak Discharges in HEC-1
In Numerical Order By Operation Type

Discharge, in cfs

6-hour 24-hour

C565
C566
C567
C568
C569
C570
cs571
C572
C575
C576
C577
C579
C580
C581
CLEAR
CLEAR
CLEAR
D502L
D502R
D508L
D508R
D510L
D510R
D515L
D515R
DS&31L
D531R
D532AL
D532AR
D532L
D532R
D534L
D534R
D535L
DS35R
D537L
DS37R
D538L
D538R
DS53L
D5S53R
D554L
D554R
D557L
DS57R
D558L
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657 637 6-hour controls

762 746
876 958
915 1005
920 1008
1044 1139
315 302
429 422
705 741
875 1063
908 812
807 845
518 536
208 267
240 278
2387 3216
1358 1772
299 239
192 166
277 380
251 303
190 148
276 217
166 223
49 61
528 551
1694 1779
468 494
341 353
810 848
877 921
240 251
560 586
158 166
896 941
248 175
746 631
295 21
158 113
411 344
367 305
149 120
261 227
144 131
610 591
348 308
Page 4 of 7

Control

6-hour controls

24-hour controls
24-hour controls
24-hour controls
24-hour controls
6-hour controls

6-hour controls

24-hour controls
24-hour controils
6-hour controls

24-hour controls
24-hour controls
24-hour controls
24-hour controls
24-hour controls
24-hour controls
6-hour controls

6-hour controls

24-hour controls
24-hour controls
6-hour controls

6-hour controls
24-hour controls
24-hour controls
24-hour controls
24-hour controls
24-hour controls

24-hour controls

24-hour controls
24-hour controls
24-hour controls
24-hour controls
24-hour controls
24-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controls
6-hour controis
6-hour controls
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Table F-3

Existing Condition
100-year Peak Discharges in HEC-1
In Numerical Order By Operation Type

HEC-1 Discharge, in cfs
1D 6-hour 24-hour Control
~ D558R ~ 263 223 6-hour controls
D559L 76 70 6-hour controls
D559R 116 108 6-hour controls
D560L 40 39 6-hour controls
D560R 86 82 6-hour controls
D573L 53 57 24-hour controls
D573R 179 188 24-hour controls
D574L 685 717 24-hour controls
D574R 211 223 24-hour controls
D578L 234 247 24-hour controls
D578R 234 247 24-hour controls
TEMP1 371 249 6-hour controls
TEMP2 466 365 6-hour controls
WP504 162 193 24-hour controls
WP581 208 267 24-hour controls
501502 365 240 6-hour controls
502503 294 233 6-hour controls
502506 189 164 6-hour controls
503508 356 271 6-hour controls
504509 155 181 24-hour controls
506507 264 275 24-hour controls
507508 273 324 24-hour controls
508511 271 357 24-hour controls
508517 249 291 24-hour controls
509510 361 236 6-hour controls
510511 272 215 6-hour controls
511512 492 647 24-hour controls
513512 201 130 6-hour controls
514518 199 121 6-hour controls
515517 159 204 24-hour controls
515575 49 57 24-hour controls
517518 423 511 24-hour controls
518519 455 542 24-hour controls
520576 817 1004  24-hour controls
521522 175 114 6-hour controls
524526 871 638 6-hour controls
525526 943 788 6-hour controls
526527 1562 1432 6-hour controls
527528 1764 1686 6-hour controls
528529 2180 2188  24-hour controls
530531 2238 2337  24-hour controls
5315632 1687 1769  24-hour controls
531533 523 544 24-hour controls
532538 866 901 24-hour controls
532580 339 350 24-hour controls
533579 754 788 24-hour controls
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Table F-3

Existing Condition
100-year Peak Discharges in HEC-1
In Numerical Order By Operation Type

HEC-1 Discharge, in cfs

ID 6-hour 24-hour Control
534506 239 250 24-hour controls
534535 550 571 24-hour controls
535515 156 164 24-hour controls
536545 696 735 24-hour controls
537538 237 165 6-hour controls
537577 735 619 6-hour controls
538540 876 900 24-hour controls
539555 152 108 6-hour controls
539577 292 208 6-hour controls
540542 1282 1407  24-hour controls
541543 205 215 24-hour controls
542543 1294 1424  24-hour controis
543545 1311 1530  24-hour controls
545546 . 1581 1982  24-hour controls
549550 445 283 6-hour controls
552553 626 458 6-hour controls
553554 408 339 6-hour controls
553556 365 301 6-hour controls
554555 148 119 6-hour controis
555557 392 371 6-hour controls
556558 613 521 6-hour controls
557559 143 129 6-hour controls
557565 606 584 6-hour controls -
558557 347 307 6-hour controls
558571 260 219 6-hour controls
559560 115 107 6-hour controls
559561 76 69 6-hour controls
560561 40 39 6-hour controls
560566 85 80 6-hour controls
561562 128 121 6-hour controls
562567 198 188 6-hour controls
564570 326 195 6-hour controls
565566 655 635 6-hour controls
566567 760 742 6-hour controls
567568 875 955 24-hour controls
568569 911 993 24-hour controls
569570 918 1001  24-hour controls
571572 311 294 6-hour controls
573580 179 186 24-hour controls
574541 208 220 24-hour controls
574575 680 710 24-hour controls
575536 702 737 24-hour controls
576523 874 1061  24-hour controls
577540 881 772 6-hour controls
§78573 232 244 24-hour controls
579534 803 839 24-hour controls
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Table F-3
Existing Condition
100-year Peak Discharges in HEC-1
In Numerical Order By Operation Type

HEC-1 Discharge, in cfs

ID 6-hour 24-hour Control
580535 511 526 24-hour controls
581510 206 265 24-hour controls
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Table F-5

RECEW

Existing Condition, without Levee
100-Year Peak Discharges in HEC-1
In Numerical Order By Operation Type

HEC-1 Discharge, in cfs
ID 6-hr 24-hr Control
510D 126 75 6-hour controls
510E 282 195 6-hour controls
510G 316 208 6-hour controls
5110 336 221 6-hour controls
511M 182 116 6-hour controls
511N 132 85 6-hour controls
5110 78 49 6-hour controls
511Q 164 106 6-hour controls
B535R 896 941 24-hour controls
B574R 21 223 24-hour controls
C515 214 278 24-hour controls
C535 1055 1107 24-hour controls
C536 272 319 24-hour controls
C541 208 220 24-hour controls
C542 1300 1430 24-hour controls
C543 1615 1891 24-hour controls
C545 1611 2010 24-hour controls
C545L 294 331 24-hour controls
C545R 1634 1914 24-hour controls
C546 1688 2104 24-hour controls
C575 111 157 24-hour controls
C582 884 925 24-hour controls
D515L 166 223 24-hour controls
D515R 49 61 24-hour controls
D535L 158 166 24-hour controls
D535R 896 941 24-hour controls
D574L 685 717 24-hour controls
D574R 21 223 24-hour controls
515575 49 57 24-hour controls
535515 156 164 24-hour controls
536545 266 301 24-hour controls
541582 207 218 24-hour controls
542543 1294 1424 24-hour controls
543545 1609 1876 24-hour controls
545546 1598 1996 24-hour controls
574541 208 220 24-hour controls
574582 681 711 24-hour controls
575536 109 148 24-hour controls
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' Table F-1
100-year, 6-hour Storm Results
Existing Condition Existing Condition
In HEC-1 Run Order In Numerical Order by Operation Type
HEC-1 Peak Time Drainage Unit HEC-1 Peak - Time Drainage Unit
ID Discharge to Peak Area, in Discharge ID Discharge to Peak Area,in Discharge
incfs in hours sq miles in cfs/sm incfs in hours sq miles in cfs/sm

WP504 162 4.67 0.26 623 500A 421 4.13 0.21 2005
WP581 208 6.75 3.92 53 5008 325 4,22 0.20 1625
CLEAR 240 5.00 4.18 57 500C 248 4.12 0.12 2067
511A 941 4,25 0.65 1448 500D 371 4.17 0.23 1613
524526 871 472 0.65 1340 500E 218 4.10 0.11 1991
511B 948 4.63 1.10 862 B00F 647 4,20 0.44 1470
525526 943 4.72 . 1.10 857 500G 349 4.13 0.20 1745
511D 195 4,27 0.13 1500 BOOH 340 4.17 0.21 1619
C526 1594 4.73 1.88 848 5001 644 4.17 0.41 1571
526527 1562 4.93 1.88 831 500J 204 4.08 0.09 2267
511E 579 4,53 0.57 1016 500K 218 4.12 0.10 2190
511F 340 4.12 0.15 2267 500L 292 4.13 0.16 1825
Cc527 1780 4.92 2.60 685 500M 228 4.12 0.12 1900
527528 1764 5.02 2.60 678 500N 228 4.17 0.11 2073
511C 878 4.72 1.20 732 5000 182 4.13 0.10 1820
' c528 2229 5.00 3.80 587 500P 201 4.10 0.08 2513
528529 2180 5.23 3.80 574 501A 11 4.05 0.04 2775
511H 458 4.20 0.31 1477 501B 151 4.12 0.07 2157
C529 2175 5.23 4.11 529 B02A 113 4.10 0.04 2825
511G 961 4.37 0.87 1105 5028 139 4.12 0.05 2780
C530 2274 5.22 4.97 458 502C 100 4.15 0.05 2000
530531 2238 5.47 4.97 450 503A 458 4,12 0.22 2082
5111 382 4,12 0.21 1819 503B 171 4,22 0.11 1555
C531 2232 5.47 5.18 431 503C 278 4.18 0.12 2317
D531L 528 5.47 5.18 102 B04A 428 4.22 0.24 1783
D531R 1694 5.47 5.18 327 505A 341 4.15 0.18 1894
531532 1687 5.53 5.18 326 505B 378 4.07 0.14 2700
D532R 877 5.53 5.18 169 509A 674 4.45 0.57 1182
D532L 810 5.53 5.18 156 5098 638 4.47 0.64 997
DS32AL 468 5.62 5.18 90 508C 279 4.15 0.15 1860
D532AR 341 5.53 5.18 66 508D 453 4.32 0.34 1332
532580 339 5.68 5.18 65 509E 340 4.20 0.19 1789
B532AL 468 5.52 5.18 80 509F 367 4.17 0.20 1835
D578L 234 5.52 5.18 45 508G 196 4.13 0.09 2178
D578R 234 5.52 5.18 45 509H 109 4.23 0.07 1557
578573 232 5.60 5.18 45 509! 61 4.15 0.03 2033
D573L 53 5.60 5.18 10 509J 161 4.22 0.10 1610
D573R 179 5.62 5.18 35 508K 60 4.13 0.03 2000
573580 179 5.68 5.18 35 508L 209 4.05 0.08 2613
C580 518 5.68 5.18 100 509M 150 4.22 0.10 1500
580535 511 6.08 5.18 99 509N 250 4.08 0.11 2273
‘ B531L 528 5.47 5.18 102 5080 100 4.05 0.04 2500
531533 523 5.57 5.18 101 508P 325 4.05 0.11 2955
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Existing Condition
In HEC-1 Run Order

Table F-1
100-year, 6-hour Storm Results

Existing Condition
In Numerical Order by Operation Type

HEC-1 Peak Time Drainage Unit HEC-1 Peak Time Drainage Unit
ID Discharge to Peak Area,in Discharge ID Discharge to Peak Area,in Discharge
incfs in hours sq miles in cfs/sm incfs in hours sq miles in cfs/sm
B578L 234 5.52 5.18 45 509Q 244 4.08 0.1 2218
C533 757 5.55 5.18 146 509R 245 4.08 0.10 2450
533579 754 5.60 5.18 146 5098 431 4.13 0.19 2268
B573L 53 5.60 5.18 10 510A 994 4.40 0.91 1092
C579 807 5.60 5.18 156 5108 518 4.32 0.36 1439
579534 803 5.67 5.18 155 510C 850 4.50 0.85 1000
511J 238 4.08 0.12 1983 510D 126 4.15 0.06 2100
C534 800 5.67 5.30 151 510E 282 4.27 0.18 1567
D534L 240 5.67 5.30 45 510F 207 4.18 0.12 1725
D534R 560 5.67 5.30 106 510G 316 4.20 0.18 1756
534535 550 5.95 5.30 104 511A 941 4.25 0.65 1448
511K 1001 4.32 0.79 1267 511B 948 4.63 1.10 862
C535 1055 6.00 6.09 173 511C 878 4.72 1.20 732
D535R 896 6.00 6.08 147 511D 185 4.27 0.13 1500
D535L 158 6.00 6.09 26 511E 579 4.53 0.57 1016
535615 156 6.12 6.09 26 511F 340 4.12 0.15 2267
S11L 336 415 0.19 1768 511G 961 4.37 0.87 1105
C515 214 4,27 6.28 34 511H 458 4.20 0.31 1477
D515L 166 4.27 6.28 26 511 382 4.12 0.21 1819
D515R 49 4.38 6.28 8 511J 238 4.08 0.12 1983
515575 49 4.45 6.28 8 511K 1001 4.32 0.79 1267
511M 182 4.10 0.08 2275 511L 336 4.15 0.18 1768
B535R 896 6.00 6.09 147 511M 182 4.10 0.08 2275
D574R 21 6.00 6.09 35 511N 132 4.12 0.07 1886
D574L 685 6.00 6.09 112 5110 78 4.18 0.05 1560
574575 680 6.13 6.09 112 511P 493 4.28 0.31 1590
C&75 705 6.13 6.36 111 511Q 164 4.12 0.08 1822
575536 702 6.23 6.36 110 B502L 299 4.22 0.42 712
511Q 164 412 0.09 1822 B508L 277 4.52 6.88 40
511N 132 412 0.07 1886 B5156L 166 4.27 6.28 26
C536 703 6.23 6.52 108 B531L 528 5.47 5.18 102
536545 696 6.42 6.52 107 B532AL 468 5.52 5.18 90
5110 78 4.18 0.08 15660 B532R 877 5.53 5.18 169
C545L 695 6.42 6.56 106 B534L 240 5.67 5.30 45
B532R 877 5.53 5.18 169 B535R 896 6.00 6.08 147
532538 866 5.83 5.18 167 B537R 746 4.40 0.91 820
510A 994 4.40 0.91 1092 B539R 158 4.32 0.34 465
DS37R 746 4.40 0.91 820 B553R 367 5.05 1.21 303
D537L 248 4.40 0.91 273 B554R 261 5.18 1.36 192
537538 237 4.63 0.91 260 B557L 144 4.52 2.18 66
5108 518 432 0.36 1439 B558R 263 5.35 1.56 169
C538 895 5.82 5.18 173 B559L 76 4.58 2.25 34
538540 876 6.43 5.18 169 B560L 40 4.63 2.28 18
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Existing Condition
in HEC-1 Run Order

Table F-1
100-year, 6-hour Storm Results

Existing Condition
In Numerical Order by Operation Type

HEC-1 Peak Time Drainage Unit HEC-1 Peak Time Drainage Unit
ID Discharge to Peak Area,in Discharge ID Discharge to Peak Area,in Discharge
incfs in hours sq miles in cfs/sm incfs in hours sgq miles in cfs/sm
BS37R 746 4.40 0.91 820 B573L 53 5.60 5.18 10
537577 735 4.55 0.91 808 B574R 211 6.00 6.08 35
508D 453 4.32 0.34 1332 B578L 234 5.52 5.18 45
D&39R 158 4.32 0.34 485 C502 491 4.22 0.42 1169
DS39L 285 432 0.34 868 C503 395 4.35 0.54 731
538577 292 4.38 0.34 859 C504 162 4.67 0.26 623
C577 908 4.50 1.25 726 C506 265 5.63 5.72 46
577540 881 4.88 1.28 705 C507 279 4.40 5.93 47
510C 850 4.50 0.85 1000 C508 528 4.52 6.88 77
C540 1288 4.97 7.28 177 C509 371 4.17 0.49 757
540542 1282 5.03 7.28 176 C510 466 4.28 0.49 951
510F 207 4.18 0.12 1725 Cs511 509 4,52 7.49 68
C542 1300 5.03 7.40 176 C512 578 4.95 7.79 74
542543 1294 5.07 7.40 175 C515 214 4.27 6.28 34
B574R 211 6.00 6.08 35 C517 424 4.50 7.60 56
574541 208 6.10 6.09 34 C518 463 4.48 7.68 60
510D 126 4.15 0.06 2100 C519 513 4.65 7.81 66
C541 208 6.10 6.15 34 C520 818 5.10 8.28 98
541543 205 6.45 6.15 33 C522 307 4.23 0.18 1706
510E 282 4.27 0.18 1567 C523 949 4.45 8.58 111
C543 1323 5.07 13.73 96 C526 1594 4.73 1.88 848
543545 1311 5.18 13.73 95 C527 1780 4.92 2.60 685
510G 316 4.20 0.18 1756 C528 2229 5.00 3.80 587
C545R 1336 5.17 13.91 96 C529 2175 5.23 4.1 529
C545 1692 5.16 20.47 78 C530 2274 5.22 4.97 458
545546 1581 5.27 20.47 77 C531 2232 5.47 5.18 431
511P 493 428 0.31 1590 CB33 757 5.55 5.18 146
502A 113 4.10 0.04 2825 Cs534 800 5.67 5.30 1561
C546 1666 5.23 20.82 80 C535 1055 6.00 6.09 173
509A 674 4.45 0.57 1182 C536 703 6.23 6.52 108
552553 626 5.12 0.57 1098 C538 895 5.82 5.18 173
5098 638 4.47 0.64 997 C540 1288 4.97 7.28 177
C553 779 5.05 1.21 644 C541 208 6.10 6.15 34
D553R 367 5.05 1.21 303 C542 1300 5.03 7.40 176
DS53L 411 5.05 1.21 340 C543 1323 5.07 13.73 96
553554 408 5.20 1.21 337 Cbh45 1592 5.15 20.47 78
508C 278 4.15 0.156 1860 CB45L 695 6.42 6.56 106
C554 410 5.18 1.36 301 CB45R 1336 5.17 13.91 96
D554R 261 5.18 1.36 182 C546 1666 5.23 20.82 80
D554L 149 5.18 1.36 110 C550 886 4.20 0.45 1969
554555 148 5.23 1.36 108 C550L 717 4.20 0.34 2109
509E 340 4.20 0.19 1789 C553 779 5.05 1.21 644
B539R 158 4.32 0.34 465 C554 410 5.18 1.36 301
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Existing Condition
in HEC-1 Run Order

Table F-1
100-year, 6-hour Storm Results

Existing Condition
In Numerical Order by Operation Type

HEC-1 Peak Time Drainage Unit HEC-1 Peak Time Drainage Unit
ID Discharge to Peak Area,in Discharge ID Discharge to Peak Area,in Discharge
incfs  in hours sq miles in cfs/sm incfs in hours sq miles in cfs/sm
539555 162 4,58 0.34 447 C555 394 4.43 1.88 210
C585 394 4.43 1.88 210 C556 618 5.18 1.36 454
555557 392 4.58 1.88 209 C557 755 4.52 2.18 346
B553R 367 5.05 1.21 303 C558 612 5.35 1.56 382
553556 365 5.18 1.21 302 C559 182 4.60 2.25 85
B554R 261 5.18 1.36 192 C560 127 4.63 2.28 56
C556 618 5.18 1.36 454 C561 128 4.65 2.31 55
556558 613 5.37 1.36 451 cs562 . 199 4.52 2.41 83
509F 367 417 0.20 1835 C564 347 4.07 0.15 2313
C558 612 £.35 1.56 392 C565 657 4.70 2.28 288
D558R 263 5.35 1.56 168 C566 762 4.73 2.36 323
D558L 348 5.35 1.56 223 C567 876 4.77 4.88 180
558557 347 5.40 1.56 222 C568 915 4.78 4.99 183
509G 196 4.13 0.08 2178 C569 920 4.90 5.09 181
C557 755 4.52 2.18 346 C570 1044 4.87 5.43 192
DS57L 144 4,52 2.18 66 C571 315 4.50 2.13 148
D557R 610 4.52 2.18 280 C572 429 4.37 2.28 188
557565 606 4.73 2.18 278 C575 705 6.13 6.36 111
509M 150 4,22 0.10 1500 C576 875 B.12 8.47 103
C565 657 4.70 2.28 288 C577 908 4.50 1.25 726
565566 655 4,73 2.28 287 C579 807 5.60 5.18 156
B557L 144 4.52 2.18 66 C580 518 5.68 5.18 100
557559 143 4,65 2.18 66 C581 208 6.75 3.92 53
508H 109 4.23 0.07 15657 CLEAR 240 5.00 4.18 57
C559 192 4.60 2.25 85 CLEAR 2387 5.17 30.43 78
D558L 76 4.58 2.25 34 CLEAR 1358 4.63 17.00 80
D559R 116 4.60 2.25 52 D502L 299 4.22 0.42 712
559560 115 4.67 2.25 51 DS02R 192 4.22 0.42 457
5091 61 4,15 0.03 2033 D508L 277 4.52 6.88 40
C560 127 4.63 2.28 56 D508R 251 4.52 6.88 36
D560L 40 4.63 2.28 18 D510L 180 4,28 0.48 388
D560R 86 4.63 2.28 38 D510R 276 4.28 0.48 563
560566 85 4.80 2.28 37 D515L 166 4.27 6.28 26
509L 209 4.05 0.08 2613 D515R 49 4.38 6.28 8
C566 762 473 2.36 323 D531L 528 5.47 5.18 102
566567 760 4,78 2.36 322 DE31R 1694 5.47 5.18 327
BS5SL 76 4.58 2.25 34 DB32AL 468 5.52 5.18 90
559561 76 4.70 2.25 34 D532AR 341 5.53 5.18 66
B560L 40 4.63 2.28 18 D532L 810 5.53 5.18 156
560561 40 4,70 2.28 18 D532R 877 5.53 5.18 169
509K 60 4,13 0.03 2000 D834L 240 5.67 5.30 45
C561 128 4.65 2.31 §5 D534R .560 5.67 5.30 106
561562 128 4.70 2.31 55 D535L 158 6.00 6.09 26
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Existing Condition
In HEC-1 Run Order

Table F-1
100-year, 6-hour Storm Results

HEC-1 Peak Time Drainage Unit
ID Discharge to Peak Area,in Discharge
incfs in hours sq miles in cfs/sm
509J 161 4,22 0.10 1610
C562 199 4.52 2.41 83
562567 198 4.63 2.41 82
509P 325 4.05 0.11 2955
C567 876 4.77 4.88 180
567568 875 4.82 4.88 179
509Q 244 4.08 0.1 2218
C568 915 4.78 4.99 183
568569 911 4.92 4.99 183
508R 245 4.08 0.10 2450
C569 920 4.90 5.09 181
569570 918 4.97 5.08 180
5090 100 4.05 0.04 2500
509N 250 4.08 0.1 2273
C564 347 4.07 0.15 2313
564570 326 4.27 0.15 2173
5098 431 4,13 0.19 2268
C570 1044 4.87 5.43 192
CLEAR 2387 5.17 30.43 78
B558R 263 5.35 1.56 169
558571 260 5.60 1.66 167
S505A 341 4.15 0.18 1894
C571 315 4.50 2.13 148
571572 311 4.65 2.13 146
505B 378 4.07 0.14 2700
C572 429 4.37 2.28 188
500A 421 413 0.21 2005
501502 365 473 0.21 1738
5008 325 4.22 0.20 1625
C502 491 4.22 0.42 1169
D502L 299 4.22 0.42 712
D502R 192 4.22 0.42 457
502506 189 4.43 0.42 450
B534L 240 5.67 5.30 45
534506 239 5.70 5.30 45
C506 265 5.63 572 46
506507 264 5.67 5.72 46
500H 340 4.17 0.21 1619
C507 279 4.40 5.93 47
507508 273 4.67 5.93 46
B502L 299 4.22 0.42 712
502503 294 4.40 0.42 700
500C 248 4.12 0.12 2067
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HEC-1
ID

D535R
DB37L
DS37R
D538L
DB38R
D553L
DSB3R
D&54L
D554R
D&B7L
DS57R
D558L
DBS58R
D559L
D559R
D560L
D560R
D573L
D573R
D574L
D574R
D578L
DG578R
TEMP1
TEMP2
WP504
WP581
501502
502503
502506
503508
504509
506507
507508
508511
508517
508510
510511
511512
513512
514518
515517
515575
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Existing Condition
In Numerical Order by Operation Type

Peak

Time

Drainage

Unit

Discharge to Peak Area, in Discharge
incfs _in hours sq miles in cfs/sm

896
248
7486
295
1568
411
367
149
261
144
610
348
263
76
116
40
86
53
179
685
211
234
234
371
466
162
208
365
294
188
356
155
264
273
271
249
361
272
492
201
199
159
49

6.00
4.40
4.40
4.32
4.32
5.05
5.05
5.18
5.18
4.52
4.52
5.35
5.35
4.58
4.60
4.63
4.63
5.60
5.62
6.00
6.00
5.62
5.62
4.17
4.28
4.67
8.75
4.73
4.40
4.43
4.90
5.10
5.67
4.67
5.28
5.27
4.33
4.35
5.03
4.38
4.15
4.52
4.45

6.09
0.91
0.91
0.34
0.34
1.21
1.21
1.36
1.36
2.18
2.18
1.56
1.56
2.25
2.25
2.28
2.28
5.18
5.18
6.09
6.09
5.18
5.18
0.49
0.49
0.26
3.92
0.21
0.42
0.42
0.54
0.26
5.72
5.93
6.88
6.88
0.49
0.49
7.49
0.10
0.09
6.28
6.28

147
273
820
868
465
340
303
110
182
€6
280
223
169
34
52
18
38
10
35
112
35
45
45
757
851
623
53
1738
700
450
658
596
46
46
39
36
737
555
66
2010
2211
25
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Existing Condition
In HEC-1 Run Order

Table F-1
100-year, 6-hour Storm Results

Existing Condition
In Numerical Order by Operation Type

HEC-1 Peak Time Drainage Unit HEC-1 Peak Time Drainage Unit
ID Discharge to Peak Area,in Discharge ID Discharge to Peak Area,in Discharge
incfs in hours sq miles in cfs/sm incfs in hours sq miles in cfs/sm
C503 395 4.35 0.54 731 517518 423 4.55 7.60 56
503508 356 4.90 0.54 659 518519 455 4.68 7.68 59
5001 644 4.17 0.41 1571 520576 817 5.17 8.28 99
C508 528 4.52 6.88 77 521522 175 4.35 0.10 1750
D508L 277 4,52 6.88 40 524526 871 4.72 0.65 1340
DS08R 251 4.52 6.88 36 525526 943 4.72 1.10 857
508517 249 5.27 6.88 36 526527 1562 4.93 1.88 831
B515L 166 4.27 6.28 26 527528 1764 5.02 2.60 678
515517 1569 4,52 6.28 25 528529 2180 5.23 3.80 574
500L 292 4.13 0.16 1825 530531 2238 5.47 4.97 450
C517 424 4.50 7.60 56 531532 1687 5.53 5.18 326
517518 423 4,585 7.60 56 531533 523 5.57 5.18 101
500J 204 4.08 0.09 2267 532538 866 5.83 5.18 167
514518 199 4.15 0.09 2211 532580 338 5.68 5.18 65
C518 463 4.48 7.69 60 533579 754 5.60 5.18 146
518519 455 4.68 7.69 59 534506 239 5.70 5.30 45
500M 228 4.12 0.12 1900 534535 550 5.95 5.30 104
C519 513 4.65 7.81 66 535515 156 6.12 6.08 26
C504 162 4.67 0.26 623 536545 696 6.42 6.52 107
504509 165 5.10 0.26 586 537538 237 4.63 0.91 260
500D 371 4.17 0.23 1613 537577 735 4.55 0.91 808
TEMP1 371 417 0.49 757 538540 876 6.43 5.18 169
C509 371 417 0.49 757 539555 152 4.58 0.34 447
509510 361 4.33 0.49 737 539577 292 4.38 0.34 859
S500E 2189 4.10 0.11 1991 540542 1282 5.03 7.28 176
C581 208 - 6.75 3.92 53 541543 205 6.45 6.15 33
581510 206 6.87 3.92 53 542543 1294 5.07 7.40 175
TEMP2 466 4.28 0.49 951 543545 1311 5.18 13.73 95
C510 466 4.28 0.49 951 545546 1581 5.27 20.47 77
D510L 190 4.28 0.49 388 543550 445 4.22 0.22 2023
D510R 276 4.28 0.49 563 552553 626 5.12 0.57 1098
510511 272 4.35 0.48 585 553554 408 5.20 1.21 337
B508L 277 4.52 6.88 40 553556 365 5.18 1.21 302
508511 271 5.28 6.88 39 554555 148 5.23 1.36 109
500F 647 4.20 0.44 1470 555557 392 4.58 1.88 209
C511 509 4.52 7.49 68 556558 613 5.37 1.36 451
511512 492 5.03 7.49 66 557559 143 4.65 2.18 66
500K 219 4.12 0.10 2190 557565 606 4.73 2.18 278
513512 201 4.38 0.10 2010 558557 347 5.40 1.56 222
500G 349 4.13 0.20 1745 558571 260 5.60 1.56 167
C512 579 4.95 7.79 74 5538560 115 4.67 2.25 51
C520 818 5.10 8.28 99 559561 76 4.70 2.25 34
520576 817 5.17 8.28 89 560561 40 4.70 2.28 18
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Table F-1
100-year, 6-hour Storm Results

Existing Condition Existing Condition
In HEC-1 Run Order In Numerical Order by Operation Type
HEC-1 Peak Time Drainage Unit HEC-1 Peak. Time Drainage Unit
1D Discharge to Peak Area,in Discharge ID Discharge to Peak Area, in Discharge
incfs in hours sq miies in cfs/sm |n cfs in hours sq miles in cfslsm
5000 182 4.13 0.10 1820 560566 4.80 2.28
521522 175 4.35 0.10 1750 561562 128 4.70 2.31 55
500P 201 4.10 0.08 2513 562567 198 4.63 2.41 82
Cc522 307 4.23 0.18 1706 564570 326 4.27 0.15 2173
C576 875 5.12 8.47 103 565566 655 4.73 2.28 287
576523 874 5.15 8.47 103 566567 760 4.78 2.36 322
500N 228 4.17 0.1 2073 567568 875 4.82 4.88 179
C523 949 4.45 8.58 111 568569 911 4.92 4.99 183
501A 111 4.05 0.04 2775 568570 918 4.97 5.09 180
501B 161 4.12 0.07 2157 571572 311 4.65 2.13 146
CLEAR 1358 4.63 17.00 80 573580 179 5.68 5.18 35
502B 139 4.12 0.05 2780 574541 208 6.10 6.09 34
502C 100 415 0.05 2000 574575 680 6.13 6.09 112
503A 458 412 0.22 2082 575536 702 6.23 6.36 110
549550 445 422 0.22 2023 576523 874 5.15 8.47 103
503C 278 4.18 0.12 2317 577540 881 4.88 1.25 705
C550L 717 4.20 0.34 2109 578573 232 5.60 5.18 45
5038 171 422 0.11 1655 579534 803 5.67 5.18 185
C550 886 4.20 0.45 1969 580538 511 6.08 5.18 99
504A 428 4,22 0.24 1783 581510 206 6.87 3.82 53
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. 14 October 1994 RECEIVED 0CT 1 9 1994

HEC-1 Problem Report:

Problem Description:

The HEC-1 model in question uses JD records, S-Graphs and the Green-Ampt equation.

Two hydrographs are imported into the model using Ql records. The index hydrographs
after the import are populated with zero values. The peak discharge reported by HEC-1 at
the first downstream concentration point below WP581(C510) is unrealistic (refer to the
TEST1.1H1 sample file). C510 combines operations 509510, 500E and 581510 (361, 219
and 207 cfs, respectively). The total discharge cannot be over 787 cfs, yet HEC-1 reports a
peak discharge of 1297 cfs. The index hydrographs at C510 appear to be correct. The
interpolated hydrograph is not. The operation following C510 is a diversion. The results of
the diversion are also unrealistic and do not total 1297 cfs.

Temporary Solution:

| was able to work-around the problem by doing the following (refer to the TEST2.1H1
sample file):

1.

°:

| imported the two hydrographs using Ql records at the start of the file, and also
wrote them out to a Tape21 file.

The two hydrographs were then read back into the input file at the appropriate
locations using the Bl record option. The index hydrographs were then found to be
populated with the original hydrographs from the QI records.

This still did not solve the problem, although the peak discharge at C510 changed
from 1297 cfs to 929 cfs. | then renamed the combination records at C509 and
C510 to TEMP1 and TEMP2, respectively, and wrote them out to the Tape21 file. |
then read both hydrographs back in using Bl records. A reasonable peak discharge
was reported and the interpolated hydrograph looked good.

| performed a manual caiculation of the interpolated hydrograph at C510 (refer to the
attached table} and compared it with the HEC-1 results from step 3. The peak
discharge is 321 cfs in both cases. This is a reasonable discharge when the
watershed area at C510 is considered. The manual results match the work-around
HEC-1 solution.

o 10

“Jon :

Tom Loomis
. George V. Sabo! Consulting Engineers, Inc.




From Test! 7

" From Test2 '\
Test2.IHT Comparison of Index Hydrographs and Calculation of Interpolated Hydrograph / 14
Index Area = 2.8 square miles index Area = 16 square miles TRL HEC-1
_q~|e 509510 500E WP581 C510 508510 500E WP581 C510 |Log-Averaged| Output
) (2) 3) (4) (5) (6) (7 (8) (9) (10) (11)
3.47 0 0 0 0 0 0 0 0 9] 0
3.48 0 0 0 0 0 0 0 0 0 0
3.50 0 0 0 0 0 0 0 0 0 0
3.52 0 0 0 0 0 0 0 0 0 1
3.53 0 1 0 1 0 0 0 0 1 2
3.55 0 1 0 1 0 1 0 1 1 4
3.57 0 2 0 2 0 1 0 1 2 6
3.58 0 3 0 3 0 2 0 2 3 9
3.60 0 4 0 4 0 3 0 3 4 14
3.62 0 6 0 6 0 4 0 4 5 21
3.63 0 9 0 9 0 6 0 6 8 29
3.65 0 12 0 12 0 8 0 8 11 38
3.67 0 15 0 15 0 10 0 10 14 48
3.68 0 18 0 18 0 12 0 12 16 58
3.70 0 22 0 22 0 14 0 14 20 72
3.72 0 27 0 27 0 18 0 18 25 87
3.73 0 32 0 32 0 21 0 21 29 104
3.75 0 36 0 36 0 24 0 24 33 118
3.77 0 41 0 41 0 26 0 26 37 131
3.78 0 44 0 45 0 29 0 29 41 143
3.80 0 48 1 49 0 31 1 32 44 155
3.82 0 52 1 53 0 34 1 35 48 167
3.83 0 56 1 57 0 36 1 37 52 180
3.85 0 60 1 81 0 39 1 40 55 193
3.87 0 64 1 66 0 42 1 43 60 20€
3.88 0 69 2 70 0 45 2 46 63 220
3.90 0 73 2 75 0 48 2 50 68 233
3.92 0 77 2 79 0 51 2 53 72 248
3.93 0 82 3 84 0 54 3 56 76 263
3.95 1 86 3 90 0 57 3 60 82 281
3.97 2 91 4 96 0 60 4 64 87 303
3.98 5 96 4 105 1 63 4 68 g5 338
4.00 12 100 5 116 1 66 5 72 104 398
4.02]|- 23 103 6 132 3 68 6 76 117 483
4.03 37 106 7 150 6 70 7 82 131 574
4.05 53 108 7 168 12 72 7 91 147 655
4.07 68 110 8 186 22 73 8 103 163 713
4.08 82 112 g 202 32 74 9 115 178 752
4.10 85 112 10 217 43 74 10 128 193 783
4.12 106 112 11 230 53 74 11 138 205 804
413 118 111 13 241 63 74 13 149 216 824
4.15 128 110 14 252 72 73 14 159 2286 840
4.17 137 108 15 261 79 72 15 166 235 857
4.18 147 106 16 269 87 71 16 174 243 873
4.20 155 104 17 276 94 69 17 179 249 887
4.22 164 100 18 281 100 66 18 184 254 896
4.23 171 85 19 286 106 63 19 188 258 803
4.25 179 93 20 291 111 62 20 1393 264 914
4.27 185 90 21 296 116 60 21 197 268 921
‘.28 190 88 21 300 121 59 21 201 273 926
4.30 195 86 22 303 124 58 22 204 276 925
4.32 198 84 22 304 127 56 22 206 277 9271
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Test2.IH1 Comparison of Index Hydrographs and Calculation of Interpolated Hydrograph
Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
_Qe 509510 500E WP5381 C510 509510 500E WP581 C510 |Log-Averaged | Output
) (2) (3) (4) (5)_ (6) (7) (8) (9) (10) (11)
4.33 201 81 23 305 130 54 23 207 278 923
4.35 203 78 24 304 132 52 24 208 278 915
4.37 204 75 24 303 133 50 24 208 277 904
4.38 204 72 25 300 134 48 25 207 274 891
4.40 204 68 25 297 134 46 25 206 272 874
4.42 202 64 26 293 134 43 26 204 269 855
4.43 201 60 27 288 134 41 27 202 264 834
4.45 198 56 28 282 133 38 28 199 259 809
4.47 195 51 29 275 131 35 29 195 253 782
4.48 192 46 30 268 130 31 30 191 247 752
4.50 188 42 31 261 128 29 31 187 241 726
4.52 184 39 32 255 125 27 32 184 235 702
4.53 180 36 33 249 123 25 33 181 230 679
4.55 176 33 35 243 120 23 35 178 225 658
4.57 172 31 36 238 117 22 36 175 221 639
4.58 167 28 37 233 114 20 37 172 216 620
4.60 163 26 39 228 112 19 39 169 212 600
4.62 159 24 40 223 109 18 40 167 208 579
4.63 154 22 42 219 107 16 42 165 204 558
4.65 150 21 43 214 105 15 43 163 200 538
4.67 146 19 45 210 102 14 45 161 197 520
4.68 143 17 47 208 101 13 47 161 195 506
4.70 141 16 50 206 89 12 50 161 194 494
4.72 139 15 52 206 98 11 52 162 194 484
73 137 14 55 205 98 10 55 163 193 474
4.75 136 12 57 206 99 9 57 165 195 464
4.77 136 11 60 207 100 8 60 168 196 464
4.78 136 10 63 210 102 8 63 173 200 454
4.80 137 10 66 213 104 7 66 177 203 437
4.82 138 9 69 216 107 7 69 183 207 429
4.83 140 8 72 220 111 & 72 189 211 421
4.85 143 7 77 227 115 6 77 197 219 416
4.87 145 7 81 233 119 5 81 205 225 412
4.88 148 6 86 240 123 5 86 213 233 408
4.90 151 6 90 247 127 4 90 222 240 406
4.92 154 5 95 254 131 4 95 230 247 404
4.93 156 5 99 260 136 4 99 238 254 400
4.95 159 5 102 266 140 3 102 245 260 396
4.97 161 4 106 271 144 3 106 253 266 391
4.98 164 4 109 277 147 3 109 260 272 387
5.00 166 3 113 282 150 3 113 266 278 385
5.02 167 3 116 287 153 2 116 271 283 382
5.03 169 3 119 291 155 2 119 277 287 381
5.05 170 3 122 295 157 2 122 281 291 380
5.07 171 2 125 299 158 2 125 286 295 379
5.08 172 2 128 302 161 2 128 291 299 378
5.10 173 2 130 305 162 1 130 294 302 376
5.12 174 2 133 308 164 1 133 298 305 375
5.13 174 1 135 311 165 1 135 301 308 374
13.15 175 1 138 314 166 1 138 304 311 373
5.17 175 1 140 316 166 1 140 307 314 373
5.18 175 1 142 318 167" 1 142 309 316 371]
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Test2.lH1 Comparison of Index Hydrographs and Calculation of Interpolated Hydrograph

Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
_Qe 509510 500E WP581 C510 509510 500E WP581 C510 |(Log-Averaged | Output
(2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
5.20 175 1 143 319 167 1 143 311 317 369
5.22 175 1 145 321 168 1 145 313 319 368
5.23 175 1 146 322 168 1 146 315 320 366
5.25 174 1 148 323 168 1 148 316 321 365
5.27 173 1 149 323 167 0 149 317 321 363
5.28 173 1 150 323 167 0 150 317 321 360
5.30 172 1 150 322 166 0 150 317 321 358
5.32 170 0 151 322 165 0 151 317 321 356
5.33 169 0 152 322 164 0 152 317 321 354
5.35 168 0 152 320 163 0 152 316 319 351
5.37 166 0 152 319 162 0 152 314 318 348
5.38 165 0 153 318 161 0 153 313 317 345
5.40 163 0 153 316 159 0 153 312 315 342
542 161 0 153 315 158 0 153 311 314 339
5.43 160 0 153 313 156 0 153 308 312 336
5.45 158 0 153 311 154 0 153 307 310 333
5.47 156 0 153 309 152 0 153 305 308 330
5.48 153 0 153 306 150 0 153 303 305 327
5.50 151 0 153 304 148 0 153 301 303 323
5.52 149 0 153 302 146 0 153 299 301 320
5.53 146 0 153 289 144 0 153 297 298 317
5.55 144 0 153 297 142 0 153 295 296 313
5.57 142 0 153 285 139 0 153 292 294 309
5.58 139 0 153 292 137 0 153 290 291 306
.60 137 0 153 290 135 0 153 288 289 303
5.62 134 0 153 287 132 0 153 285 286 300
5.63 132 0 152 284 130 0 152 282 283 297
5.65 129 0 152 281 127 0 152 279 280 294
5.67 127 0 152 279 125 0 152 277 278 291
5.68 124 0 152 276 122 0 152 274 275 288
5.70 121 0 152 273 119 0 152 271 272 284
572 119 0 151 270 117 0 151 268 269 281
5.73 116 0 151 267 114 0 151 266 267 277
5.75 114 0 151 265 112 0 151 263 264 274
5.77 111 0 151 262 110 0 151 261 262 271
5.78 109 0 151 260 108 0 151 259 260 268
5.80 107 0 151 258 106 0 151 257 258 266
5.82 105 0 151 256 104 0 151 255 256 263
5.83 103 0 151 254 102 0 151 253 254 261
5.85 101 0 152 253 100 0 152 252 253 259
5.87 99 0 152 251 g8 0 152 250 251 257
5.88 97 0 153 250 96 0 153 249 250 255
5.90 94 0 153 248 94 0 153 247 248 253
5.92 92 0 154 246 91 0 154 245 246 251
5.93 90 0 155 245 89 0 155 244 245 249
5.95 87 0 156 243 87 0 156 243 243 247
5.97 85 0 157 242 85 0 157 242 242 246
5.98 83 0 158 241 83 0 158 241 241 244
6.00 81 0 159 240 81 0 159 240 240 243
p.02 79 0 160 240 79 0 160 239 240 242
6.03 77 0 162 239 77 0 162 239 239 242
8.05 76 0 163 239 75 0 163 238 239 241
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~Test2.IH1 Comparison of Index Hydrographs and Calculation of Interpolated Hydrograph
Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
_‘;e 509510 500E WP581 C510 508510 500E WP581 C510 | Log-Averaged | Output
(2) 3) (4) (5) (6) (7) (8) (8) (10) (1)
6.07 74 0 165 238 73 0 165 238 238 240
6.08 72 0 166 238 72 0 166 238 238 240
6.10 70 0 167 238 70 0 167 238 238 239
6.12 69 0 169 238 69 0 169 237 238 239
6.13 67 0 170 237 67 0 170 237 237 239
6.15 66 0 172 237 66 0 172 237 237 238
6.17 64 0 173 237 64 0 173 237 237 238
6.18 63 0 175 237 63 0 175 237 237 238
6.20 61 0 176 238 61 0 176 238 238 238
6.22 60 0 178 238 60 0 178 238 238 238
6.23 59 0 179 238 59 0 179 238 238 238
6.25 58 0 181 239 58 0 181 239 238 239
6.27 56 0 182 239 56 0 182 239 239 239
6.28 55 0 184 239 55 0 184 239 239 239
6.30 53 0 185 239 54 0 185 239 239 239
6.32 52 0 187 239 52 0 187 239 239 238
6.33 50 0 188 238 50 0 188 238 238 238
6.35 49 0 189 238 49 0 189 238 238 238
6.37 47 0 191 238 47 0 191 238 238 238
6.38 45 0 192 238 45 0 192 238 238 237
6.40 44 0 194 237 44 0 194 237 237 237
6.42 42 0 195 237 42 0 195 237 237 237
6.43 41 0 196 237 41 0 196 237 237 237
5.45 39 0 197 237 39 0 197 237 237 237
5.47 38 0 199 237 38 0 199 237 237 237
5.48 37 0 200 237 37 0 200 237 237 236
6.50 35 0 201 236 35 0 201 236 236 236
6.52 34 0 202 236 34 0 202 236 236 236
6.53 33 0 203 235 33 0 203 235 235 235
6.55 32 0 203 235 32 0 203 235 235 235
6.57 30 0 204 235 30 0 204 235 235 235
6.58 29 0 205 234 29 0 205 234 234 234
6.60 28 0 205 234 28 0 205 234 234 234
6.62 27 0 206 233 27 0 206 233 233 233
6.63 26 0 206 232 26 0 206 232 232 232
6.65 25 0 207 232 25 0 207 232 232 232
6.67 25 0 207 232 25 0 207 232 232 232
6.68 24 0 207 231 24 0 207 231 231 231
6.70 24 0 207 231 24 0 207 231 231 231
6.72 23 0 208 231 23 0 208 231 231 231
6.73 22 0 208 230 22 0 208 230 230 230
8.75 22 0 208 230 22 0 208 230 230 230"
6.77 21 0 208 229 21 0 208 229 229 229
6.78 21 0 207 228 21 0 207 228 228 228
6.80 20 0 207 227 20 0 207 227 227 227
6.82 20 0 206 226 20 0 206 226 226 226
6.83 19 0 206 225 19 0 206 225 225 225
6.85 18 0 206 224 18 0 206 224 224 224
6.87 18 0 205 223 18 0 205 223 223 223
I.as 17 0 205 222 17 0 205 222 222 222
6.90 17 0 204 221 17 0 204 221 221 221,
6.92 16 0 204 220 16 0 204 220 220 220]
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| Test2.lH1 Comparison of Index Hydrographs and Calculation of interpolated Hydrograph
i Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
|_’e 509510 500E WP581 C510 509510 500E WP581 C510 |Log-Averaged| Output
1 ) (2) (3) (4) (5) (6) (1) (8) (9) (10) (1)
6.93 15 0 203 219 15 0 203 219 219 219
, 6.85 15 0 202 217 15 0 202 217 217 217
| 6.87 14 0 202 216 14 0 202 216 216 216
6.98 14 0 201 215 14 0 201 215 215 215
7.00 14 0 200 214 14 0 200 214 214 214
7.02 13 0 199 212 13 0 199 212 212 212
7.03 13 0 198 211 13 0 198 211 211 211
7.05 13 0 197 210 13 0 197 210 210 210
7.07 12 0 196 208 12 0 196 208 208 208
7.08 12 0 195 207 12 0 195 207 207 207
7.10 12 0 194 206 12 0 194 206 206 206
7.12 12 0 193 204 12 0 193 204 204 204
7.13 12 0 191 203 12 0 191 203 203 203
7.15 11 0 190 202 11 0 190 202 202 202
7.17 11 0 189 200 11 0 189 200 200 200
7.18 11 0 188 199 11 0 188 199 199 199
! 7.20 11 0 187 197 11 0 187 197 197 197
i 7.22 11 0 185 196 11 0 185 196 196 196
7.23 10 0 184 195 10 0 184 195 195 195
i 7.25 10 0 183 193 10 0 183 193 193 193
‘; 7.27 10 0 182 192 10 0 182 192 182 192
i 7.28 10 0 181 180 10 0 181 190 190 190
| 7.30 10 0 179 189 10 0 179 189 189 189
| .32 9 0 178 187 9 0 178 187 187 187
5 .33 9 0 177 186 9 0 177 186 188 186
7.35 9 0 176 184 9 0 176 184 184 184
; 7.37 9 0 174 183 g 0 174 183 183 183
: 7.38 8 0 173 181 8 0 173 181 181 181
i 7.40 8 0 171 179 8 0 171 179 179 179
i 7.42 8 0 170 178 8 0 170 178 178 178
7.43 7 0 169 176 7 0 169 176 176 176
1 7.45 7 0 168 175 7 0 168 175 175 175
* 7.47 7 0 166 173 7 0 166 173 173 173
7.48 7 0 165 172 7 0 165 172 172 172
7.50 6 0 164 170 6 0 164 170 170 170
7.52 6 0 162 169 6 0 162 169 169 169
7.53 6 0 161 167 8 0 161 167 167 167
7.55 8 0 159 165 6 0 159 165 165 165
7.57 5 0 158 163 5 0 158 163 163 163
7.58 5 0 156 161 5 0 156 161 161 161
7.60 5 0 154 159 5 0 154 159 159 159
7.62 5 0 153 158 5 0 153 158 158 158
7.63 5 0 151 156 5 0 151 156 156 156
7.65 5 0 150 154 5 0 150 154 154 154
7.67 4 0 148 152 4 0 148 152 152 152
l 7.68 4 0 146 150 4 0 146 150 150 150
! 7.70 4 0 144 148 4 0 144 148 148 148
; 7.72 4 0 143 147 4 0 143 147 147 147
| .73 4 0 141 145 4 0 141 145 145 145
.75 4 0 139 143 4 0 139 143 143 143
7.77 4 0 138 141 4 0 138 141 141 141
7.78 4 0 136 140 4 0 136 140 140 140
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Test2.lH1 Comparison of Index Hydrographs and Calculation of Interpolated Hydrograph
Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
ime 509510 500E WP581 C510 509510 500E WP581 C510 |Log-Averaged| Output
1 (2) 3) (4) (5) (6) {7) (8) ) (10) (11)
7.80 4 0 135 138 4 0 135 138 138 138
7.82 4 0 133 137 4 0 133 137 137 137
7.83 4 0 132 136 4 0 132 136 136 136
7.85 4 0 131 134 4 0 131 134 134 134
7.87 4 0 129 133 4 o 129 133 133 133
7.88 4 0 128 131 4 0 128 131 131 131
7.90 4 0 126 130 4 0 126 130 130 130
7.92 3 0 125 128 3 0 125 128 128 128
7.93 3 0 123 126 3 0 123 126 126 126
7.95 3 0 121 124 3 0 121 124 124 124
7.97 3 0 119 122 3 0 119 122 122 122
7.98 3 0 117 120 3 0 117 120 120 120
8.00 3 0 115 118 3 0 115 118 118 118
8.02 3 0 113 116 3 0 113 116 116 116
8.03 3 0 111 114 3 0 111 114 114 114
8.05 3 0 109 112 3 0 109 112 112 112
8.07 3 0 107 110 3 0 107 110 110 110
8.08 3 0 105 108 3 0 105 108 108 108
8.10 3 0 103 106 3 0 103 106 106 106
8.12 3 0 101 104 3 0 101 104 104 104
8.13 3 0 98 102 3 0 98 102 102 102
8.15 3 0 96 99 3 0 96 g9 99 99
8.17 3 0 94 97 3 0 94 97 97 97
8.18 3 0 92 95 3 0 92 95 95 95
‘ 8.20 3 0 90 93 3 0 90 93 9 92
8.22 3 0 89 92 3 0 89 92 92 82
8.23 3 0 87 90 3 0 87 90 90 a0
8.25 3 0 85 88 3 0 85 88 88 88
8.27 3 o 83 86 3 0 83 86 86 86
8.28 3 0 82 85 3 0 82 85 85 85
8.30 3 0 80 83 3 0 80 83 83 83
8.32 3 0 79 81 3 0 79 81 81 81
8.33 .3 0 77 80 3 0 77 80 80 80
8.35 3 0 76 78 3 0 76 78 78 78
8.37 3 0 74 77 3 0 74 77 77 77
8.38 3 0 73 75 3 0 73 75 75 75
8.40 3 0 71 74 3 0 71 74 74 74
8.42 3 0 70 73 3 0 70 73 73 73
8.43 3 0 69 72 3 0 69 72 72 72
8.45 3 0 68 71 3 0 68 71 71 71
8.47 3 0 67 70 3 0 67 70 70 70
8.48 2 0 66 68 2 0 66 68 68 68
8.50 2 0 65 67 2 0 65 67 67 67
8.52 2 0 64 66 2 0 64 66 66 66
8.53 2 0 63 65 2 0 63 65 85 65
8.55 2 0 61 64 2 0 61 64 64 64
8.57 2 0 60 62 2 0 60 62 62 62
8.58 2 0 59 61 2 0 59 61 61 61
8.60 2 0 58 60 2 0 58 60 60 60
‘ 8.62 2 0 56 58 2 0 56 58 58 58
8.63 2 0 55 57 2 0 55 57 57 57
8.65 2 0 53 55 2 0 53 55 55 55]
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Test2.l1H1 Comparison of Index Hydrographs and Calculation of Interpolated Hydrograph
Index Area = 2.8 square miles Index Area = 16 square miles TRL HEC-1
e 509510 S00E WP581 C510 5098510 500E WP581 C510 |Log-Averaged | Output
| i 2 | @ (4) (5) (6) (7) (8) (9) (10) (11)
8.67 2 0 52 54 2 0 52 54 54 54
8.68 2 0 51 53 2 0 51 53 53 53
8.70 2 0 49 51 2 0 49 51 51 51
8.72 2 0 48 50 2 0 48 50 50 50
8.73 2 0 46 48 2 0 46 48 48 48
8.75 2 0 45 47 2 0 45 47 47 47
8.77 2 0 44 45 2 0 44 45 45 45
8.78 2 0 42 44 2 0 42 44 44 44
8.80 2 0 41 42 2 0 41 42 42 42
8.82 2 0 39 41 2 0 39 41 41 41
8.83 2 0 38 40 2 0 38 40 40 40
8.85 1 0 37 38 1 0 37 38 38 38
8.87 1 0 35 37 1 0 35 37 37 37
8.88 1 0 34 35 1 0 34 35 35 35
8.90 1 0 32 34 1 0 32 34 34 34
8.92 1 0 31 32 1 0 31 32 32 32
8.83 1 0 30 31 1 0 30 3 31 31
8.95 1 0 28 29 1 0 28 29 281" 29
8.97 1 0 27 28 1 0 27 28 28 28
8.98 1 0 25 26 1 0 25 26 26 26
2.00 1 0 24 25 1 0 24 25 25 25
9.02 1 0 22 23 1 0 22 23 23 23
8.03 1 0 20 21 1 0 20 21 21 21
9.05 1 0 18 19 1 0 18 19 19 19
| .07 1 0 16 17 1 0 16 17 17 17
! 9.08 1 0 14 15 1 0 14 15 15 15
| 9.10 1 0 13 14 1 0 13 14 14 14
; 8.12 1 0 12 13 1 0 12 13 13 13
‘E 9.13 1 0 11 12 1 0 11 12 12 12
.' 8.15 1 0 10 11 1 0 10 11 11 11
i 9.17 0 Q0 9 9 0 0 9 9 9 9
} 9.18 0 0 9 9 0 0 9 9 9 9
E 9.20 0 0 8 9 0 0 8 9 9 9
| 9.22 0 0 8 8 0 0 8 8 8 8
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MEMORANDUM

To: Ash Patel, Wood, Patel & Associates, Inc. (W&P)
Russ Cruff, Burgess & Niple, Inc.
Geza Kmetty, McLaughlin Kmetty Engineers, Ltd.

From: G.V. Sabol, GVSCE Wé é é

Subject: Rio Verde (North & South) FIS

Date: 21 March 1994

I reviewed the preliminary hydrology study results that were provided
at our coordination meeting of 22 February 1994. I have used the HEC-1 files
that vere provided to also evaluate an additional S-graph and various values
of K,. The rainfall distribution that was used in our evaluation is the FCDMC
6-hour storm as defined in the hydrology manual. The results of our study are
included for your review and consideration.

The S-graph that was used is S-graph #18, Indian Bend Wash, June 1972,
from the S-Graph Study (November 1987). That S-graph was recommended for
consideration for use with alluvial fans and distributed flow situations
(herein called peidmonts) in a technical memorandum to FCDMC dated 31 March
1993 (Attachment A).

A range of K, was used from a high of 0.055 to a low of 0.015. A value
of 0.055 was used by W&P in its preliminary study. An evaluation of K, values
was recently performed for the FCDMC (Attachment B), and K, values from 0.015
to 0.03 are suggested for use with peidmont watersheds.

The results of the GVSCE study results and the W&P study results are
tabulated below for the various unit hydrographs.

Unit Hydrograph Peak Discharge, in cfs, at concentration points
15 C 25 C 35 C
(1) (2) (3) (4)
Clark 1,027 1,176 1,594
Phx. Mtn. (K, =.055) 1,098 1,224 1,715
Phx. Valley (K.=.055) 1,313 1,512 2,198
18 (Kn=.055) 900 1,007 1,352
18 (Kn=.030) 1,243 1,283 1,693
#18 (Kn=.025) 1,331 1,335 1,765
#18 (K ,=.020) 1,454 1,394 1,817

k18 (K =.015) 1,561 1,450 2,095




A value of K. = 0.020 is generally recommended for peidmonts in
Attachment B, and ghe results using S-graph #18 along with K, = 0.020 are
reasonably similar to the results for the Phoenix Valley S-graph with K, =
0.055 and to the LP3 Q100 regression results as reported in the W&P summary
sheet.

I suggest that we meet with the FCDMC to discuss these results and to
determine if there is consensus agreement as to the unit hydrograph approach
that should be considered for use in the Rio Verde (North & South) FIS.

It is noted, however, that the results contained herein are only for a
preliminary study using the HEC-1 models that were provided to us by W&P. As
we begin our hydrology study, we will be undertaking more extensive
evaluations on our own, and those evaluations could lead to different
recommendations than have been considered at this time.

In addition to the above, I recommend that we also consider entering
into a discussion with the FCDMC staff as to the other model issues for Rio
Verde, such as, flow splits and channel routing. These may be more critical
than selection of unit hydrograph procedure. I would like to discuss the
modeling concept, in general, for this peidmont with the FCDMC before
embarking on our hydrology study. I suspect that you share my interest in
this regard.

A diskette of the HEC-1 files for our study is included with this
memorandum.
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TECHNICAL MEMORANDUM

To: Maricopa County Hydrology Manual Committee ' :7 zif?
From: G.V. Sabol ,<é£;:?//

Subject: Rainfall-Runoff data that was submitted by FCDMC, February 1993
Date; 31 March 1993

I received the diskettes of rainfall-runoff data from the District under
Letter of Transmittal dated 22 February 1993. One diskette contains data for
two streamgaging stations on Indian Bend Wash, and records of rainfall for
seven raingages within and surrounding the watersheds. The two streamgages
are located at McKellips and Sweetwater. A summary of that data is shown in
Table 1. Clearly, the data is important and analysis of the data may provide
useful information on unit hydrograph shape (S-graphs) and on unit hydrograph
parameters (Lag and K,). However, the analysis of all or part of the data is
a relatively costly process and this needs to be considered as this project

nears completion and there are several issues that have yet to be resolved.

Receiving this data did cause me to reconsider the S-graph data that we
presently have for Indian Bend Wash. In the S-Graph Study (1987) there are
three S-graphs for Indian Bend Wash (#16, #17 and #18). Those were developed

by the Corps of Engineers from data for three different storms. Watershed and
Lag data for those three S-graphs are shown in Table 4 of the enclosed

S~Graph K, Study, and descriptions of the three storms are shown in Appendix C

of the S-Graph Study (1987). Review of that information leads to several
observations:

1.  VWe presently have available three S-graphs for Indian Bend Wash.

2. The shapes of those S-graphs are significantly different. The only
explanation for the difference in shape is that the rainfall
characteristics (mainly rainfall intensity) play an important role in
S-graph shape. (An obsgervation that we have made in the past.)

3. The K, values are significantly different. This is probably because
the hydraulic efficiency of runoff is impacted by the storm
characteristics. Below is a brief summary of the storms and K, values

for each of those three S-graphs:




S—graph Storm Date Type of Rainfall Peak Kp

Discharge
t16 Dec 1967 General Storm 2,000 cfs 0.071
f11 . Sept 1970 General Storm 1,120 cfs 0.065
with imbedded
Local storm cells
118 June 1972 Local Storm 10,000 cfs 0.028
4. S-graph #18 appears to represent the type of storm condition that we

are attempting to perform flood analyses for in Maricopa County.

5. S-graph §18 is nearly identical to the Q11 S-graph that was suggested
as a candidate for an alluvial fan S-graph in the Small Watershed S5-
Graph Study, January 1993.

6. The K, for S-graph f18 is 0.028. The K, for S-graph Q11 is 0.024. My
obgervation of the Albuquerque alluvial fan watershed for which S-graph

011 was derived is that it is hydraulically smoother than the Indian

Bend Wash distributary flow watershed, and this accounts for the
moderate difference in the Ky values. From a hydrologic perspective,
the Kn values for these two S-graphs are very supportive of each other
and are reasonable values.

In conclusion, it is my opinion that S-graph #18 should be considered
for adoption as the recommended alluvial fan S-graph for Maricopa County.

Analysis of the Indian Bend Wash data does not seem to be justified at this
time.

The second diskette contains data for 33 rainfall-runoff events for
Walnut Gulch Watershed 63.011 (3.18 square miles). Again, I'm confident that
the data is of high quality and the results would be informative. However, I
previously have analyzed numerous data sets for several different Walnut Gulch

watersheds, and the results of eight analyses (S-graphs, watershed
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characteristics, Lag, and Kn) are reported in the Small Watershed S-Graph

Study, January 1993, and the enclosed S-Graph Kp Study. Although useful

information may be gained from an analysis of the data, I'm apprehensive to
recommend a major data analysis at this time. Only marginal improvement to

our existing S-graph and Kn data base may result from such an endeavor.

N-1-2 3



Summary of FCDMC rainfall/runoff data

TABLE 1

received in February 1993

Runof f Rainfall, in inches
Indian Bend Date Peak IBVW @ IBV @ IBY @ Paradise Sweet- Dreamy Thunder-
Wash Discharge Date McKellips Indian Inter- Valley water Draw bird Average
Streamgages Cfs School Ceptor cC Academy
(2) (3) (4) (5) (6) (7) {(8) 9) (10) (11) (12)
(1)
@ McKellips 7-13 Jdan 93 3,089 5-8 Jan 93 1.69 2.01 2.32 1.26 1.50 1.61 1.46 1.69
@ Sweetwater 10-11 Jan 93 149 10-13 Jan 93 .87 1.34 .39 1.02 .87 1.14 .87 .93
@ Sweetwater 18-19 Jan 93 384 15-18 Jan 93 1.02 .63 .47 .83 2.09 1.57 1.38 1.14
@ Sweetwater 23 May 92 340 23 May 92 0 .20 .12 .20 .91 .16 .08 .24
@ McRellips 23-29 July 92 3,089 22-24 Jul 92 .91 1.73 1.02 2.83 1.02 1.93 2.20 1.66
@ Sweetwater 24 July 92 113
@ McKellips 22 Aug 92 1,308 18-20 Aug 92 .16 0 .20 .08 .28 .16 .24 .16
21-23 Aug 92 .63 1.69 1.57 .87 .63 .67 1.42 1.07
@ McKellips 4-11 Dec 92 953 2-5 Dec 92 1.34 1.93 2.20 1.30 1.02 .94 .94 1.38
8 Dec 92 .79 .87 .94 .91 —_— .87 .75 .86
@ McKellips 2-17 Sept 90 2,485 1-3 Sept 90 .12 -— .31 .79 -—- .31 1.34 .57
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

S-GRAPH K STUDY

Contract FCD 90-04

GEORGE V. SABOL CONSULTING ENGINEERS, INC.

DENVER, COLORADO
and
PHOENIX, ARIZONA

March 1993




INTRODUCTION

The Drainage Desiqn Manual for Maricopa County, Volume 1,

Hydrology {(June 1992) contains two S-graphs (the Phoenix Valley and the
Phoenix Mountain). The manual states that other S-graphs can be used, and the
"gelection of S-graph should be made bagsed on a comparison of the watershed of
interest to the watershed(s) used to develop the various S-graphs" p. 5-20. A
procedure is provided in the manual to calculate Lag and this procedure
requires an estimate of K,. General guidance is provided in the manual for
the selection of K,» but that guidance is not always satisfactory for the use

of S-graphs in Maricopa County.

Presently, the FCDMC is considering an expanded list of recommended S-
graphs. Those S-graphs may be selected to be representative of the following
types of watersheds in Maricopa Counly:

1. urban
. mountain and foothill
desert/rangeland

. alluvial fan

[5, BN~ N O -8

agricultural.

There is also the need to provide better guidance for the selection of
K, for the Lag equation. That guidance should correspond to the five types of

S-graphs that are considered for use, as noted above.

This report presents a data compilation of watershed characteristics,
measured Lag, and calculated K. This compilation represents all known data
(representative of hydrologic conditions in Arizona) that presently exists in
published documents and from readily obtainable files of unpublished data.

The source of this data is generally from the U.S. Bureau of Reclamation
(USBR) and the U.S. Army Corps of Engineers (Corps). A major effort has been
expended over the past 6 years in compiling this data, and it is unlikely that
significant amounts of additional data are available that are not reported,

herein.

The Lag and related Kp data were analyzed and recommendations are
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presented for either (1) selecting K, based on the data and present data
analyses, or (2) additional analyses of the data to develop improved

guidelines for selecting Ky

SOURCES OF DATA

Watershed characteristics, Lag, and K,, data were obtained from the
following:

Reference Description
A Flood Hydrology Manual, Table 4-6, USBR, 1989.
B Flood Hydrology Manual, Table 4-2, USBR, 1989.
c Flood Hydroloqy Manual, Table 4-3, USBR, 1989.
D S-Graph Study, Table 7, report to FCDMC by G.V. Sabol, November
1987
E Small Watershed S-Graph Study, Table 1, report to FCDMC by

GVSCE, January 1993.

F Small Watershed S-Graph Study, Table 2, report to FCDMC by
GVSCE, dJanuary 1993.

G Small Watershed S5-Graph Study, Table 3, report to FCDMC by
GVSCE, January 1993.

These data sources are believed to represent all available S-graph Lag
and K, data that are presently available for Arizona hydrologic conditions.

No data are known to exist for agricultural watersheds.
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DATA

. The available watershed characteristics, Lag, and K, data are grouped
into four watershed categories and the data are presented in tables, as
follows:

Table No.
Ordered as Ordered in
Watershed Category per references ascending K, value
Urban 1 1-A
Mountain and Foothill 2 2-A
Desert/Rangeland 3 3-A
Alluvial Fan 4 4-A
. At the bottom of each column are the maximum, minimum, mean, and sample

standard deviation for the various watershed characteristic, Lag, and K, data.
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ANALYSIS OF K, DATA

Urban Watersheds - There are 42 complete sets of data and only one incomplete

gset for urban watersheds (Tables 1 and 1-A). The K, values range from a
minimum of 0.0113 to a maximum of 0.1029, with a mean of 0.0313 and sample
standard deviation of 0.0200.

Using the guidance in the Drainage Degign Manual for Maricopa County
(Figure 5.11), the value of K, for urban watersheds is 0.015. That value for

Ky does not seem to be supported by the K,, values that are listed in Table 1.
The value of Ky is not correlated to any single independent variable (A, L, S
and RTIMP), see Figures 1 through 4. It is my opinion that it would be
difficult to use the data of Table 1 to select a K, value for a watershed that
is not listed in Table 1. Also, it does not seem prudent to use the mean
value of Kn (about 0.030) for urban watersheds since that value appears to be

too high for use with 100~year flood hydrology.

Some of the data in Table 1 (T9, #10, and #11) look suspicious. Those
K, values appear unrealistically high. Elimination of those three data sets
results in a minimum of 0.0113, maximum of 0.0596, mean of 0.0267 and sample
standard deviation of 0.0107. Although this produces a more reasonable K,

analysis, the result (mean K, of about 0.027) is still unacceptable.

I sugpect that the reason for the broad range of K, values is because
the data are not representative of floods of the same return period. The data
probably represents floods that have return periods in excess of the 100-year
and as low as the 10-year or so. More severe floods will have shorter Lags
and consequently lower values of Kn' Smaller and less intense rainfalls (even
on the same watershed) will produce longer Lags and consequently higher values
of K,. It is difficult, if not impossible, to draw firm guidelines for
gelecting K, for ungaged urban watersheds from the data shown in Table 1 and

the analyses of the data, as presented.

It is possible that a multiple regression of the data would give a
better indicator of the average value of K, as a function of the independent

variables (A, L, S, and RTIMP). After such an analysis and inspection of the
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result, it may be necessary to apply a correction factor {(less than 1.0) to

judgementally account for the probable fact that gsome of the data represents

small floods. This may yield a reproducible procedure to calculate reasonable

values of K, as a function of measurable watershed characteristics for urban
vatersheds.

Mountain and Foothill Watersheds - There are 51 complete sets of data for

mountain and foothill watersheds (Tables 2 and 2-A). Regrettably, there are
35 data sets for which watershed characteristics or Lag are not available. 1
previously have tried to obtain the missing data from the USBR in Denver, but
was unsuccessful. A major effort, and maybe an unfruitful one, would be
required to attempt to extract that data from old USBR project files. I don't
recommend that we attempt to locate the unreported watershed characteristics
and Lag data of Table 2.

The Ky values range from a minimum of 0.0150 to a maximum of 0.3390,
with a mean of 0.0893 and sample standard deviation of 0.0817. The value of
K, is not correlated to any single independent variable (A, L and 8), see

Figures 5 through 7.

Inspection of Table 2-A indicates that large values of K, are aggsociated
with watersheds that are north of Arizona (Colorado, Wyoming, Utah, Montana,
Idaho and Oregon). 1 suspect that the large K, values may be more
representative of densely vegetated watersheds. We probably should eliminate
data with exceptionally large K,, values from congideration for developing
guidelines for Maricopa County. Table 2-A indicates the data that are not

considered representative of watersheds in Maricopa County.

Elimination of the data as discussed above leaves 53 K, values and 46
data sets with vatershed characteristics. The K, values of the reduced data
base range from a minimum of 0.0150 to a maximum of 0.0635, with a mean of
0.0461 and sample standard deviation of 0.0099,

Using the guidance in the Drainage Design Manual for Maricopa County
(Figure 5.11), the value of K,, for mountain watersheds is about 0.050, and for

foothill watersheds is about 0.030. Those values seem to agree wilth the data
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presented in Tables 2 and 2-A7.

Based on the available data, it is my opinion that the following
guidance could be provided for selecting K,, for mountain and foothill
wvatersheds:

Ky Description

minimum average maximum

Mountain Watersheds

0.045 0.050 0.055 Drainage area is quite rugged, with sharp
ridges and narrow, steep canyons through which
watercourses meander around sharp bends, over
large boulders, and considerable debris
obstruction. The ground cover, excluding small
areas of rock outcrops, includes many trees and
congiderable underbrush. No drainage

improvements exist in the area.

Foothill Watersheds

0.027 0.030 0.033 Drainage area is generally rolling, with
rounded ridges and moderate side slopes.
Watercourses meander in fairly straight
channels with some boulders and lodged debris.
Ground cover includes scattered brush, cactus
and grasses. No drainage improvements exist in

the area.

Desert/Rangeland - There are 18 data sets for degsert/rangeland watersheds
(Tables 3 and 3-A). There are only two incomplete data sets. Eight of the
data sets are for Walnut Gulch for which the data should be of good quality.

The remaining data sets are from USBR and Corps sources.
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The three data sets for the Queen Creek tributary have exceptionally
high K, values. The reason for this is unknown. The Queen Creek K, data
should be eliminated from analysis since the K, values seem unrealistically
high.

Analysis of the remaining 14 data sets containing K, values results in a
range of K, from a minimum of 0.0230 to a maximum of 0.0580, and a mean of
0.0360 with a sample standard deviation of 0.0090.

Analysis of the 8 data sets for Walnut Gulch results in a range of K,
from a minimum of 0.0230 to a maximum of 0.0385, and a mean of 0.0324 with a
sample standard deviation of 0.0057. It is noted that the minimum value of K,
(0.0230) is associated with a runoff depth of 0.97 inches (see data in Table 5
of the Small Watershed S-Graph Study, January 1993 by GVSCE), and that runoff
depth is the greatest for any of the eight Walnut Gulch data sets.

Guidance for selecting K, (Figure 5.11 of the Drainage Design Manual for
Maricopa County) indicates that K, for a desert/rangeland watershed would
normally be selected at about 0.03. That value agrees reasonably well with
the analyses from above.

It is my opinion, mainly based on the Walnut Gulch data and from general
hydrologic considerations, that the following general guidance could be

provided for selecting K, for desert/rangeland watersheds in Arizona:
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Description
K, Degert/Rangeland

.020 Desert/rangeland watersheds with defined walercourses,
and/or very sparse vegetation, and/or relatively low

hydraulic roughness of the land surface.

.025 Desert/rangeland watersheds without defined watercourses,
with average vegetation conditions, and average hydraulic

roughness of the land surface.

.030 Degert/rangeland watersheds without defined watercourses,
with relatively dense native vegetation, and more severe

than average hydraulic roughness of the land surface.

Alluvial Fan - There are 10 complete sets of data for alluvial fan watersheds
(Tables 4 and 4-A). Seven of these are for "true" alluvial fans in the
Albuquerque area. Notice that the slopes for the Albuquerque alluvial fans
are fairly steep (177 to 432 feet/mile). The soil of those alluvial fans are
sandy loam and are essentially decomposed granite. The vegetation is mainly
clump grasses and small brush. Very little coarse gravel and cobble is
exposed on the land surface. The land surface would be classified as
relatively hydraulically smooth as compared to many watersheds that are
classified as alluvial fans in Maricopa County (for example the North
Scottsdale area).

The K, is plotted against A, L and S for all 10 data sets in Figures 11
through 13. No correlation exists between K, and any of those independent
variables.

Using only the Albuquerque alluvial fan data, the K, ranges from a
minimum of 0.0209 to a maximum of 0.0747, the mean is 0.0391 with a sample
standard deviation of 0.0189.

Comparison of the K, values with runoff depth for the Albuquerque
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alluvial fans (see data in Table 6 of the Small Watershed S-Graph Study,
January 1993 by GVSCE) results in the following:

I.D. No. K, Runoff Depth

(ascending order) inches
Q12 0.0209 0.48
Q9 0.0255 0.40
Q11 0.0240 0.43
Q6 0.0287 0.26
Q10 0.0509 0.27
Q7 0.0517 ) 0.14
08 0.0747 0.20

Notice that, in general, K, increases with a decrease in runoff depth. This
is as expected, but the large range of K, is indicative of factors other than
simply runoff depth.

The Indian Bend Yash Kn data has a range from 0.0276 to 0.0714. Since
these are for the same watershed, it is reasonable to conclude that the
difference in K, is due to rainfall factors and.not watershed characteristics.
Descriptions of the three Indiam Bend Wash storms are provided in the S-Graph
Report, Appendix C. Notice that the June 1972 storm produced much greater
rainfall over the Indian Bend Wash watershed than either of the other two
storms. It is concluded that the Indian Bend Wash (June 1972) K, of 0.0276 is
appropriate for 100-year design storm conditions for that watershed. That
value is somewhat lower than the average (0.0391) for the Albuquerque alluvial
fans, but none of the Albuquerque K, data are representative of storms as

severe as the June 1972 storm. Lover K, values can be expected for more
gevere storms.
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It is my opinion that a reasonable value of K, for a "true" alluvial fan
is probably somewhere around 0.02, but I would accept a K,, as low as 0.015 for
alluvial fans that are exceptionally hydraulically smooth. Watersheds that
are classified as alluvial fans in Maricopa County are often of the
distributeﬂ flow type, such as Indian Bend Wash. In those situations, I
suspect that the same guidance can be used as is suggested for

desert/rangeland.
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SUMMARY

For urban watersheds, additional data analyses (such as multiple
regression of the urban watershed characteristics and K, data) should be
performed to attempt to develop guidelines for selecting K. The available
data base presents too large of a range of K, to provide simple rules for
selecting Kn for urban watersheds. It is suspected that urban watersheds have
large variability in drainage development, land-use, imperviousness, slope,
watershed shape, etc., and this makes it difficult to select the appropriate
Ky It is also suspected that rainfall characteristics (intensity and
duration) have a significant impact on K, Overall, it is my opinion that the
Clark unit hydrograph should be used whenever possible for urban watersheds.
The Clark unit hydrograph procedure accounts for many of the variables that

are probably producing the large range in reported K,, values.

For mountain and foothill watersheds, some relatively simple guidance is
presented for selecting K. That guidance is consistent with the guidance

that is presently provided in the Drainage Design Manual for Maricopa County

(Figure 5.11), but a range is provided that is + 10 percent of the average
value of K,. The available data supports the suggested guidelines for the

selection of those K, values.

For desert/rangeland watersheds, some relatively simple guidance is
presented for selecting K;,. That guidance is generally a little lower than

the guidance that is presently provided in the Drainage Design Manual for

Maricopa County (Figure 5.11). A range of K, values is recommended with a

description of watershed conditions that are representative of each suggested

Ky value. The data base supports the recommended Ky values.

For alluvial fan watersheds, two recommendations are made. First, for
the typical distributed flow type of alluvial fans that generally occur in
Maricopa County, the same guidelines can be applied as are recommended for
desert/rangeland watersheds. Second, for "true" alluvial fans, that is active
alluvial fans with poorly defined and highly mobile drainage patterns, a K, of
0.02 is probably appropriate.
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For agricultural watersheds, no data exists and therefore it is
difficult to establish highly defensible guidelines for selecting K values.
Using the information that was presented in the Buckeye FIS Technical
Memorandum dated 14 January 1992, it is my opinion that the K, for
agricultural watersheds is about 3 times greater than that for a
desert/rangeland watershed. Therefore, a Ky in the range of 0.060 to 0.090 or
larger is probably appropriate. It will be difficult to distinguish when to
use upper or lower values of Kll and a value of 0.10 may be appropriate for

"typical" agricultural watersheds. This will have to be a judgement decision.
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Table 1
Lag and kn data for Urban watersheds
[Reference and 1.0. No. Watersned i Locaton A L Lea S RTIMP L*lca Lag xn
A 0 E . 'I =2q. mileg) {miles) {miles) (ft/mi) (%) S~.5 (hrs)
1 34 [Alhambra Wasn abave Short St — |Monterey Park, CA 14.000 9.50 4,60 85.0 40.0 4.7399 0.60 0.0128
2 33 [San Josa Cr. at Workman Mill Ad ittier, CA 81.300 23.70 9.10 75.0 35.0 24.9034 2.40 0.0272
3 as Broadway Orain at Raymond Dike A, CA 2.500 3.40 1.70 100.0 45.0 0.5780 0.30 0.0142
4 ICompton Cr. below Hocper Ave Storm Drain LLA., CA 19.500 8.80 4.20 14.6 60.0 9.6729 1.80 0.0292
5 Ballomna Cr. at Sawtelle Blvd. A, CA 88.600 11.80 5.60 64.0 40.0 8.2600 1.20 0.0207
8 Brays Bayou ouston, TX 88.400 23.30 10.40 41 40.0 119.6733 210  0.0131
7 White Cak Bayou ousten, TX 92.000 23.10 12.80 5.0 350 132.2321 a.10 0.0186
8 Boneyard Cr. stin, TX 4,500 2.80 1.30 9.5 aro 1.1810 0.80 0.0289
-] Waller Cr, ustin, TX 4.100 5.20 1.90 48.0 27.0 1.4261 1.00 0.0336
10 Beargrass Cr. cuisville, KY 9.700 5.60 250 8.3 70,0 5.5777 0.90 0.0180
11 H7th Street Sewer ouisville, KY 0.200 0.90 0.30 48.0 93.0 0.0390 0.15 0.0198
12 Northwest Trunk cuisville, KY 1.900 3.00 1.10 19.0 50.0 0.7571 0.40 0.0171
13 [Southem Outfall Louisville, KY 6.400 6.40 2.50 13.0 48.0 44378 Q.70 0.0153
14 Southwest Qutfall isville, KY 7.500 6.50 2.70 18.5 33.0 4.0803 0.50 0.0113
15 Beargrass Cr. ouisville, KY 6.300 4.00 1.80 4.5 20.0 3.3941 1.00 0.0242
16 Tripps Run neer Falls Church, VA 4.600 4.10 1.90 52.0 28.0 1.0803 0.90 0.0336
17 [Tripps Run Falls Church, VA 1.800 2.30 1.00 79.0 25.0 0.2588 0.50 0.0321
18 iFour Mile Aun {iAtexandria, VA 14.400 7.80 350 43.0 20.0 4.1632 1.40 0.0313
19 Litde Pimmit Run lArlington, VA 2.300 2.20 1.00 77.0 20.0 0.2507 0.40 0.0260
20 Piney Branch Vienna, VA 0.300 0.50 0.20 87.0 30.0 0.0107 0.20 0.0431
21 Walker Avenue Drain Baltimore, MD 0.200 1.00 0.40 83.0 33.0 0.0439 0.20 0.0252
T1  jjHigh School Wash Tuscon, AZ 0.950 1.60 0.75 58.0 10.7 0.1578 0.43 0.0334
T2 |[iHigh Schod Wash [Tucson, AZ 0.950 1.60 0.75 58.0 10.7 0.1578 0.30 0.0233
13 [Arcadia [Tuecson, AZ 2.720 3.85 2.25 42.0 13.9 1.3367 0.90 0.0310
T4 jArcadia [Tuscon, AZ 2.720 3.85 225 42,0 12.9 1.3367 0.75 0.0258
T5 jjarcadia, Part 1 = ° [rucson, AZ 2.720 3.85 225 420 13.9 1.3367 0.84 0.0289
76 [lArcadia, Part 2 Tucson, AZ 2.720 385 225 42.0 13.9 1.3367 0.81 0.0279
T7 {Railroad [Tucson, AZ 2.300 2.30 1.48 46.0 17.0 0.5019 1.10 0.0550
8 Lftajlmad [Tueson, AZ 2.300 2.30 1,48 48.0 17.0 0.5019 0.85 0.0445
T9 [JAtterbury [Tucson, AZ 4.970 8.67 387 26.0 a0 5.0623 3.42 0.0710
Qt {villa Del Oso lAlbuquerque, NM 0.052 0.54 0.27 111.0 18.4 0.0138 0.09 0.0476
Q2 [Nila Del Oso IAlbuquerque, NM 0.052 0.54 0.27 111.0 16.4 0.0138 0.13 0.0254
Q3 f{Academny Acres Albuquerque, NM 0.124 0.90 0.53 100.0 16.3 0.0477 029  0.0354
Q4 (Academy Acres IAlbuquerque, NM 0.124 0.0 0.53 100.0 16.3 0.0477 0.18 0.0196
Qs {[Taylor Ranch Albuguerqua, NM 0.136 0.85 0.23 25.0 9.6 0.0253 0.12 0.0187
Dt [j116 Ave & Claude Ct. Denver, CO 0.260 1.16 0.49 69.0 13.3 0.0884 o 0.0224
D2 [villa ntatia Deqver, CO 0.120 0.67 0.33 100.0 770 0.0221 0.20 0.0327
D3 |Concourse D Denver, CO 0.150 0.97 0.43 a a b 0.24 b
D4 [Goose Creek Denver, CO 1.340 1.34 0.60 74.0 15.4 0.0935 0.63 0.0596
05 [Sand Creek Denver, CO 0.290 0.84 0.2t 41.0 24.0 0.0275 0.14 0.0211
D6 |[[Sand Creek [Denver, CQ 0.290 0.84 0.21 41.0 24.0 0.0275 0.15 0.0226
10 |Aqua Fria R. trib. (Sept, 1970) IPhoenix, AZ 0.130 Q.77 0.39 16.0 25.0 0.0751 0.98 0.0988
11 iAqua Fria R. nb. (Sept, 1970) Phoenix, AZ 0.120 0.77 0.39 16.0 25.0 0.0751 1.00 0.1029
NOTE. a - unknown value, b - cannat calculate Maamum 92.000 23.70 1280 111.0 93.0 132.2321 3.42 0.1029 |
inimum 0.052 0.50 0.20 41 3.0 0.0107 0.09 0.0113
ean 11.07¢ 457 216 51.0 29.1 8.0720 0.81 0.0313
tandard Deviation 25.179 5.88 2.75 32.3 19.1 27.0547 0.77 __ 0.0200




Table 1-A

Lag and kn Data for Urban Watersheds
(kn values sorted by ascending order)

eference and .D. No. Watershea Locanon A T Lca B ATTMP L°Lea Lag N
A D E ]l_ ] 3g. miles  (miles (miles) __ (f/mi) {36) S~5 (hrs)

b3 oncourse O Denver, CO [ o0.150 0.97 0.43 a a b 0.24 b

14 Southwest Outfall isville, KY 7.500 6.50 2.70 18.5 33.0 4,0803 050 0.0113

1 34 Alhambra Wash above Short St. Monterey Park, CA 14,000 9.50 4.60 85.0 40.0 4.7399 060 0.0128

8 ys Bayou Houston, TX 88.400 23.30 10.40 4.1 40.0 119.6733 210 . 0.0131

3 as cadway Orain at Raymond Dike LA., CA 2.500 3.40 1.70 100.0 45.0 0.5780 030 0.0142

13 outhem Qutfall Lcuisville, KY 8.400 8.40 2.50 13.0 48.0 4.4378 0.70  0.0153

12 orthwest Trunk Louisville, KY 1.900 3.00 1.10 19.0 50.0 0.7571 040 0.017¢

Qt illa Dal Oso iAlbuquerque, NM 0.052 0.54 0.27 111.0 16.4 0.0138 009 0.0178

10 rass Cr. Louiswile, KY 9.700 5.60 2.50 6.3 70.0 5.5777 050 0.0180

7 ite Oak Bayou iHouston, TX 92.000 23.10 12.80 5.0 35.0 132.2321 3,10  0.0186

QS |[Tayior Ranch IAlbuquerque, NM 0.138 0.55 0.23 25.0 9.8 0.0253 0.12 00187

c4 cademy Acres Albuguerque, NM 0.124 0.0 0.53 100.0 16.3 0.0477 0.18 0.0198

1" 7th Street Sewer Louisville, KY 0.200 0.90 0.30 43.0 93.0 0.0390 0.5  0.0198

5 lormna Cr. at Sawtelle Blvd. LA., CA 88.600 11.80 5.60 64.0 40.0 8.2600 120 0.0207

D5 |[Sand Creek Denver, CO 0.290 o.84 0.21 41.0 24.0 0.0275 0.14  0.0211

D1 16 Ave & Claude Ct. Denver, CO 0.260 1.18 0.49 69.0 13.3 0.0684 021  0.0224

D8 {Band Creek Denver, CO 0.290 0.84 0.21 41.0 24.0 0.0275 048  0.0228

T2 igh Schodt Wash [Tucson, AZ 0.950 1.60 0.75 $3.0 10.7 0.1576 030 0.0233

15 rass Cr. lLouisville, KY 6.300 4.00 1.80 45 20.0 3.3941 1.00 0.0242

21 alker Avenue Orain Baitimore, MD 0.200 1.00 0.40 83.0 33.0 0.0439 0.20 0.0252

Q2 |villa Del Oso Albuquerque, NM 0.052 0.54 0.27 111.0 16.4 0.0138 0.43  0.0254

T4 cadia Tuscen, AZ 2.720 3.85 225 42.0 13.9 1.3367 0.75  0.0258

19 tie Pimmit Run IAdington, VA 2.300 2.20 1.00 77.0 20.0 0.2507 0.40  0.02680

2 a3 an Jose Cr. at Workmnan Mill Rd Whittier, CA 81.300 23.70 8.10 75.0 35.0 24.9034 2.40 0.0272

T8 cadia, Part 2 [Tucson, AZ 2.720 3.85 225 420 13.9 1.3367 0.8t  0.0279

8 eyard Cr. IAustin, TX 4.500 280 1.30 9.5 ar.o 1.1810 080  0.0289

5 dia, Part 1 [Tucson, AZ 2.720 3.5 225 420 13.9 1.3367 0.84 00289

4 ompton Cr. below Hooper Ave Storm Drain LA, CA 19.500 8.80 420 14.6 60.0 9.6729 1.80  0.0292

T3 dia Tucson, AZ 2.720 a.85 2.25 420 1329 1.3367 090  0.0310

18 r Mile Aun Alexandria, VA 14.400 7.80 3.50 4.0 20.0 41632 1.40  0.0313

17 (Tripps Run Falls Church, VA 1.800 2.30 1.00 73.0 25.0 0.2588 0.50 0.0321

D2 [ivilla ltalia Denver, CQ 0.120 0.67 0.33 100.0 77.0 0.0221 0.20 0.0327

T1 |High Schod Wash [Tuscon, AZ 0.950 1.60 0.75 58.0 10.7 0.1576 043  0.0334

9 Waller Cr. ustin, TX 4.100 5.20 1.90 48.0 27.0 1.4261 100  0.0336

16 [Tripps Run ear Falls Church, VA 4.600 4.10 1.90 52.0 28.0 1.0803 0950  0.0338

Q3 |Academy Acres IAlbuquerque, NM 0.124 0.90 0.53 100.0 16.3 0.0477 029 00354

20 iney Branch Vienna, VA 0.300 0.50 0.20 87.0 30.0 0.0107 020 0.0431

T8 Iroad Tucson, AZ 2.300 2.30 1.48 48.0 17.0 0.5019 0.89  0.0445

T7 |Railroad [Tucson, AZ 2.300 2.30 1.48 48.0 17.0 0.5019 110 0.0550

D4  [IGoose Creek Denver, CO 1.340 1.34 0.60 74.0 15.4 0.0935 063  0.0598

i) tterbury [Tucson, AZ 4,970 8.67 3.87 28.0 3.0 5.0623 342 0.0710

10 JAqua Fria R. trib. (Sept. 1970) Phoenix, AZ 0.130 0.77 0.39 16.0 25.0 0.0751 096  0.0988

1 lAqua Fria R. trib. (Seot. 1970) ___liphoenix, AZ 0.130 0.77 0.39 18.0 25.0 0.0751 100 0.1029

NOTE. a - unknown valuae, b - cannat calcutate Maximum 92.000 23.70 12.80 111.0 93.0 132.2321 3.42 0.1029

Minimum 0.052 0.50 0.20 4.1 3.0 0.0107 009 0.0113

Mean 11.071 4.57 2.18 51.0 29.1 8.0720 0.8t 0.0313

tandard Deviation 25.179 5.88 275 32.3 19.1 27.0547 0.77 __0.0200




Table 2
Lag and kn data for Mountaln and Foothill watersheds
ﬁ”afermcs and 1.D. No. Watershed Location A L Leca S L*Lca Lag [
B C [3) sq. miles)  (miles) (mifes) {ft/mi) S~ 5 (hrs)

1 'ﬁurgexum River jat Trindad, CO 742.00 44.00 20.00 150.00 69.7885 8.000 0.06813
2 Wood River hear Mestoetse, WY 194.00 a a a 41.9000 21.500 0.2410
3 Groy Bull River hear Mesteetsa, WY 681.00 a a a 68.3000 34.000 0.3240
4 fSan Miguel River jat Naturita, CO 1080.00 a a a 174.0000 34.000 0.2380
5 Lncompaghre River jat Deita, CO 1110.00 a a a 216.0000 36.000 0.2350
8 Ory Guich near Estes Park, CO 2.10 2.70 1.00 285.00 0.1572 0.900 0.0699
7 JRabbit Guich hear Estes Park, CO 3.40 3.20 1.50 480.00 0.2259 1.000 0.0877
8 North Fik Big Thompson River near Glen Haven, CO 1.30 1.90 1.30 700.00 0.0928 0.700 0.0665
9 54 Jintah River hoar Nedla, UT 181.00 a a a §0.0000 32.000 0.3240
10 outh Fk. Payetts River near Garden Valley, IO 779.00 a a a . 123.0000 30.000 0.2360
1 heur River hear Drewsy, OR 910.00 a a a 114.000Q 30.000 0.2420
12 eiser River above Craney Cr. near Weiser, 1D 1160.00 a a a 310.0000 37.000 0.2140
13 dison River near Three Forks, MT 2511.00 a a a 2060.0000 50.000 0.1550
14 latin River at Logan, MT 1785.00 a a a 443.0000 38.000 0.1060
15 urface Cr, It Cadaredge, CO - 43.00 a a a 11.3000 11.300 0.1850
10 auth Piney Cr. fat Willow Park, WY 28.90 a a a 3.8000 10.500 0.2600
17 iney Cr. ot Keamey, WY 108.00 a a a 20.0000 16.500 0.2000
18 Cr. near Cadar City, UT 92.00 16.50 7.10 310.00 8.8537 2.400 0.0449
19 evier River near Hatch, UT 200.00 29.00 14.00 100.00 40.6000 5.100 0.0480
20 aviar River near Kingston, UT 1110.00 82.00 40.00 49.00 488.5714 11.000 0.0409
2 enterville Cr. near Centerville, UT 3.90 a a a 0.4000 2,400 0.1240
22 Pamish Cr. near Canterviile, UT 2.00 a a a 0.3000 2.200 0.1260
2 orida River hear Hermosa, CO 60.40 a a a 12.5000 15.500 0.2580
24 ores River hear McPhee, CO 783.00 a a a 193.0000 9.000 0.0610
25 os Pinos River hear Bayfield, CO 284.00 a a a 350000 28500 - 0.33¢0
1 alt River at Roosevelt,AZ 4341.00 145.00 60.00 47.00 1268.0254 16.000 0.0407
2 erde River below Jarome, AZ 3190.00 110.00 47.00 48.40 768.9821 12.000 0.0371
3 onto Creek hbove Gun Cr., AZ 678.00 41.00 16.50 104.60 60.1458 6.500 0.0508
4 gua Fria R. near Mayer, AZ $00.00 42.00 14.00 87.10 63.0040 5.400 0.0420
il fAgua Fria R. (Dec., 1967) jat Avendale, AZ 718.00 61.00 27.20 68.90 190.8891 10.680 0.0549
22 EAgua Fria R. (Sept, 1970) jat Avondale, AZ 718.00 61.00 27.20 €8.90 190.8891 7.800 0.0401
5 45 : Gabriel River jat San Gabriel Dam, CA 182.00 23.20 11.60 350.00 14.3851 3.300 0.0481

44 an Gabriel River at San Gabriel Dam No. 1, CA 162.00 23.20 11.60 350.00 14,3851 a b
] 47 ‘est Fork San Gabriel River t Cogswetl Dam, CA 40.40 8.30 4.20 450.00 1.8413 1.600 0.0438

48 eat Fork San Gabriel River nt Cogswell Dam (No. 2), CA 40.40 11.40 3.90 400.00 2.2230 a b

48 est Fork San Gabriel River hat Cogsweil Dam (No. 2), CA 40.40 11.40 3.90 400.00 2.2230 a b

0 fSanta Anita Creek (general storm) at Santa Anita Oam, CA 10.80 5.10 2.10 868.00 0.3574 a b

40 ta Anita Creak (local storm) jat Santa Anita Dam, CA 10.80 5.10 2.10 898.00 0.3574 a b
7 38 ISanta Anita Creek at Santa Anita Dam, CA 10.80 5.80 250 €00.00 0.5520 1.100 0.0830
8 ¢ Dimas Creek at San Dimas Dam, CA 16.20 8.60 4.80 440.00 1.9879 1.500 0.0448
9 )| ton Wash at Eaton Wash Dam, CA 9.50 7.30 4.40 600.00 1.3113 1.300 0.0451
10 Antonio Creek near Claremont, CA 16.90 5.90 3.00 1017.00 0.5550 1.200 0.0577
11 38 ta Clara River hear Saugus, CA 355.00 38.00 15.80 140.00 48.0724 5.600 0.0484
12 28 emecula Creek at Pauba Canyon, CA 168.00 26.00 11.30 150.00 23.9887 3.700 0.0425
13 27 ta Margarita River hear Fallbraock, CA 845.00 48.00 22.00 105.00 08.7811 7.300 0.0400

49 iSan Jose Creek ICA a a a a b a b

NOTE: a-unknown, b - cannct calculate




Table 2 (cont.)

Lag and kn data for Mountain and Foothill watersheds

[Reference and I.0. No. Watershed Location A L Lca E) L*Lca Lag kn
B c 0 F Jgsq. miles)  (miles)  (miles) (f/mi) §~.5 (hra)

14 28 anta Margarita River |t Ysidora, CA 740.00 61.20 34.20 85.00 227.6859 9.500 0.0464
15 43 ve Oak Creek at Live Oak Dam, CA 2.30 2.90 1.50 700.00 0.16844 o.éoo 0.0811
16 29 ujunga Creek t Big Tujunga Dam, CA 81.40 15.10 7.30 280.00 8.4729 2.500 0.0473
17 25 urrieta Creek t Temecula, CA 220.00 27.20 10.30 95.00 28.7438 4.000 0.0429
18 os Angeles River jat Sepulveda Dam, CA 152.00 19.00 9.00 145.00 14,2008 3.500 0.0481
19 Paccima Wash at Pacoima Dam, CA 27.80 15.00 8.00 315.00 6.7812 2.400 0.0447
20 32 t Fullerton Creek fat Fullerton Dam, CA 3.10 3.20 1.70 140.00 0.4508 0.800 0.0310
21 33 an Jose Creek at Workman Mill Rd., CA 81.30 2.70 9.10 75.00 24,9034 2.400 0.0272
22 an Vincente Creek nt Foster, CA 75.00 a a a 12.8000 3.200 0.0530
23 an Diego River hear Santes, CA 380.00 a a a 95.4000 9.200 0.0780
24 eep Creek near Heaperia, CA 137.00 a a a 28.1000 2.800 0.0380
25 il Williams River flat Planset, AZ 4720.00 a a a 1478.0000 18.200 0.0560
14 Francisco River at Jot. with Blue River, AZ 2000.00 130.00 74.00 32.00 1700.5318 20.600 0.0489
28 Slus River Inear Clifton, AZ 780.00 77.00 37.00 65.00 353.3750 10.300 0.0428
32 ateau Creek ear Cameo, CO 604.00 a a a 89.9000 7.900 0.0690
ite River fnear Watson, UT 4020.00 a a a 1473.0000 15.700 0.0540
aria River fiat Loes Ferry, AZ 1570.00 a a a 206.0000  10.200  0.0600
aw River t Rock Springs, AZ 87.20 20.20 9.70 141.40 16.4778 3.100 0.0411
ew River ) t New River, AZ 85.70 23.20 1360 14500 26,2025 3.700  0.0411
3z 2 ew River (Sept., 1970) t Bell Road near Phoenix, AZ 187.00 47.00 20.70 83.40 107.8932 5.380 0.0349
1 ew River (Dec., 1967) int Bell Road near Phoentx, AZ 187.00 47.00 20.70 83.40 107.8032 8.850 0.0575
12 ew River (Dec., 1967) ear Rock Springs, AZ 67.20 20.20 9.70 141.00 18.5011 2.590 0.0343
13 ew Fiver (Sept., 1970) ear Rock Springs, AZ 87.30 2.2 9.70 141.40 16.4778 2.500 0.0332
14 ew River (Dec., 1967) t New River, AZ 85.70 20.20 12.40 121.60 20.4818 4.250 0.0452
15 ew Fiver (Sept., 1970) t New River, AZ 85.70 26.20 12.40 121.00 29.4818 2.720 0.0289
19 ew River (Dec., 1967) ear Glendals, AZ 323.00 55.50 20.60 73.60 133.2000 10.500 0.0638
o) ow River (Sept., 197T) ear Glendale, AZ 323.00 55.50 20.60 73.60 133.2008 6.500 0.0414
5 ve Creek (Dec., 1967) oenix, AZ 70.00 20.00 11.80 75.80 35.2155 4.990 0.0496
8 ve Creek (Sept., 1970) oenix, AZ 70.00 26.00 11.80 75.90 35.2155 5.880 0.0584
50 erdugo Wash (LACDA) H 26.80 11.40 570 310.00 3.60068 0.840 0.0150
52 imas River lat Farmington, NM 1360.00 108.20 §5.20 72.40 689.6092 12.900 0.0414
53 ckhom Creek Inear Mascnville, CO 8.90 8.40 3.40 312.00 1.2319 1.000 0.0355
Y2 'est Fork Dry Cheyenne Creek 0.69 1.9 0.88 240.00 0.t1006 0.910 0.0811
Y3 est Fork Dry Cheyenne Creek Trib. 1.85 2.29 1.27 350.00 0.1600 1.080 0.0816
Y4 est Fork Dry Cheyenne Craek Trib. 1.85 229 1.27 358.00 0.1609 0.790 0.0608
Ys edicine Bow River 3.01 a7 1.92 §50.00 0.3103 0.890 0.0534
42 anta Barbara (Mission Creek) t Los Olivos Street, CA 7.70 a a a b a 0.0500

51 rinity River ear Louiston, CA a a a a b a b

41 an Dieguito River a a a a b a b

a7 ma Creek Basin a a a a b a b
NOTE: a-unknown, b - cannot caiculate imum 4730.00 145.00 74.00 1017.00 2060.00 50.000 0.3390
inimum 0.69 1.90 .88 32.00 0.09 0.600 0.0150
ean 542.77 31.85 14.50 264.81 178.50 0.920 0.0883
tandard Deviation 956.60 32.81 15.75 243.35 3@.21 11.178 0.0817




Table 2-A
Lag and kn data for Mountain and Foothill watersheds

(kn values sorted by ascending order)

FReterence ana .0, No. Watershed Locaton A L Lca ] L*Lca Lag kn
B C ] sq. miles) (miles) {milea) (f/mi} S$~.5 (hrs)
pr) o8t Fork San Gabnel River T Cogswal pam (No. 2), CA 40.40 T1.40 390 400.00 2.2230 a 3
39 Banta Anita Creek {general storm) at Santa Anita Dam, CA 10.80 5.10 2.10  898.00 0.3574 a b
44 [San Gabriel River at San Gabriel Dam No. 1, CA 162.00 23.20 11.60 350.00 14,2851 a b
pr.} West Fork San Gabriel River mt Cogawell Dam (Na. 2), CA 40.40 11.40 360  400.00 2.2270 a b
40 ISanta Anita Creek (local storm) at Santa Anita Dam, CA 10.80 5.10 2.10 868.00 0.3574 a b
51 [Trinity River fnear Louiston, CA a a a a b a b
41 [San Diequito River A a a a a b a b
37 pdma Creek Basin A a a a a b a b
49 an Jose Creek fiIcA a a a a b a b
50 erdugo Wash (LACDA) ICA 20.80 11.40 670  310.00 3.6000 0640  0.0150
21 a3 an Jose Creek Workman Milt Rd., CA 81.30 070 9.10 75.00 24.9034 2.400 0.0272
15 ew River (Sept, 1070) New River, AZ 85.70 26.20 12.40 121.60 29.4810 2720 0.0289
20 a2 ast Fullerton Creek at Fullerton Dam, CA 3.10 3.20 1.70 140.00 0.4598 0.800 0.0310
13 ew River (Sept., 1970) ear Rock Springs, AZ 67.20 20.20 '9.70 14140 18.4778 2500  0.0332
12 ew River (Dec., 1967) ear Rock Springs, AZ 87.30 20.20 9.70  141.00 16.5011 2590  0.0343
a7 2 ew River (Sept, 1970) lat Bel! Road near Phoenix, AZ 187.00 47.60 20.70 83.40 107.8932 5.380 0.0349
53 ckhom Creek near Masonville, CO 6.90 8.40 3.40 312.00 1.2319 1.000 0.0355
24 Deep Craek ineer Hesperia, CA 137.00 a a a 261000 2800  0.0360
2 erde River below Jerome, AZ 3180.00 110.00 47.00 40.40 758.9821 12.000 0.0371
22 Agua Fria R. (Sept., 1970) flat Avondale, AZ 718.00 61.00 27.20 88.90 199.8891 7.80C  0.0401
1 Salt River nt Roosevelt AZ 4341.00 145.00 ©0.00 47.00 1260.0254 16.000 0.0407
20 Sevier River ear Kingston, UT 1110.00 82.00 40.00 49.00 488.5714 11.000 0.04089
a5 New River nt Rock Springs, AZ 87.20 20.20 8.70 141.40 10.4778 3.100 0.0411
30 ew River it New River, AZ 85,70 23.20 13.60 145.00 26.2025 3.700 0.0411
20 ew Fiver (Sept., 1870) near Glendale, AZ 323.00 55.50 20.00 72.00 133.2660 8000 00414
52 imas River at Farmington, NM 1260.00 100.20 55.20 72.40 689.6092 12.900 0.0414
12 28 emecula Creek st Pauba Canyon, CA 188.00 26.00 11.20 150.00 2.9887 3.700 0.0425
28 ue River near Clifton, AZ 790.00 77.00 37.00 €5.00 353.3750 10.200 0.0426
17 urrieta Creek at Temecula, CA 220.00 27.20 10.30 95.00 28.7438 4,000 0.0429
4 gua Fria A. near Mayer, AZ £50.00 42.00 14.00 87.10 63.0040 5.400 0.0430
8 30 Dimas Creek jat San Dimas Dam, CA 16.20 8.60 4.80 440.00 1.6679 1.500 0.0448
19 acoima Wash nt Pacoima Dam, CA 27.80 15.00 8.00 315.00 68.7812 2.400 0.0447
18 oal Cr. near Cedar City, UT 92.00 16.50 7.10 310.00 8.6537 2.400 0.0449
] N ton Wash jat Eaton Wash Dam, CA 9.50 7.20 4.40 600.00 13113 1.300 0.045%
14 ew River (Dec., 1967) jrt Now River, AZ 85.70 268.20 1240  121.60 20.4616 4250  0.0452
5 45 Gabriel River Int San Gabriel Dam, CA 162.00 23.20 11.60 350.00 14.3851 3.200 0.0461
14 28 ta Margarita River at Ysidora, CA 740.00 81.20 34.20 85.00 227.6859 9.500 0.0464
27 Francisco River t Jot. with Blue Fiver, AZ 2000.00 130.00 74.00 32.00 1700.5918 20.600 0.0469
16 29 ujunga Creek at Big Tujunga Dam, CA 81.40 15.10 7.20 200.00 84729 2.500 0.0473
19 ovier River Near Hatch, UT 260.00 29.00 14.00 100.00 40.6000 5.100 0.0480
.} 47 'eat Fork San Gabriel River at Cogswell Dam, CA 40.40 9.20 4.20 450.00 1.8413 1.600 0.0488
13 27 [Santa Margarita River hear Fallbrook, CA 645.00 48.00 22.00 105.00 98.7811 7.300 0.0480
18 | o3 Angeles River it Sepulveda Dam, CA 152.00 19.00 9.00 145.00 14.2008 3.600 0.0491
i1 38 Banta Clara River near Saugus, CA 355.00 36.00 15.80 140.00 48.0724 6.800 0.0494
5 ICave Creek (Dec., 1967) Phoenix, AZ 70.00 268.00 11.80 75.90 35.2155 4990  0.0496
42 ta Barbara (Mission Creek) at Los Olivos Street, CA 7.70 a a a b a 0.0500

NOTE. a-unknown, b - cannot caiculate




Table 2-A (cont.)
Lag and kn data for Mountain and Foothlll watersheds
(kn vaiues sorted by ascendlng order)

Referance and |.D. No. Watershed Location A L Lea S L*Lca Lag i

B8 C 0 F 1 3q. miles)  (miles) (miles) (tt/mi) S$™5 (hrs)

3 onto Creek nhove Gun Cr., AZ 678.00 41.00 16.50 104.600 68.1453 6.500 - 0.0508

22 an Vincente Creek nt Foster, CA 75.00 a a a 12.8000 3.200 0.0530

7 38 ta Anita Creek nt Santa Anita Dam, CA 10.80 5.80 250 600.00 0.5520 1.100 0.0530

Yo edicine Bow River WYy 3.0¢ a.70 1.92 §50.00 0.3103 0.890 0.0534

a3 ite River hear Wataon, UT 4020.00 a a a 1473.0000 15.700 0.0540

21 Agua Fria R. (Dec., 1087) at Avondale, AZ 718.00 61.00 27.20 68.90 196.8891 10.680 0.0549

25 58Il Williams River at Ptanet, AZ 4730.00 a a a 1478.0000 16.200 0.0560

1 ENew River (Dec., 1967) it Ball Road near Phoenix, AZ 187.00 47.60 20.70 83.40 107.8932 8.850 0.0575

10 Antonio Creek sar Claremont, CA 16.90 5.90 3.00 1017.00 0.5550 1.200 0.0577

] ve Creek (Sept., 1970) oenix, AZ 70.00 26.00 11.80 75.90 35.2165 5.880 0.0584

34 aria River Loes Forry, AZ 1570.00 a a a 206.0000 10.200 0.0600

Y4 st Fork Dry Cheyenne Creek Trib Wy 1.85 239 1.27 358.00 0.1600 0.790 0.0608

24 ores River jnear McPhee, CO 793.00 a a a 1683.0000 9.000 0.0810

15 43 ve Qak Creek at Live Cak Dam, CA 2.30 2680 1.50 700.00 0.1844 0.800 0.0811

1 rgatoire River at Trinidad, CO 742.00 44.00 20.00 150.00 69.7885 8.000 0.0813

19 ew River (Dec., 1987) hear Glendale, AZ 323.00 £5.50 20.60 73.60 133.2668 10.500 0.06836

8 fiNorth Fk Big Thompaon River hear Glen Haven, CO 1.30 1.90 1.20 709.00 0.0928 0.700 0.0665

7 iRabbit Guich near Estes Park, CO 3.40 3.20 1.50 480.00 0.2256 1.000 0.0877

32 Plateau Creek near Cameo, CO 604.00 a a a 89.9000 7.900 0.0690

8 Gulch ear Estes Park, CO 2.10 .70 1.00 295.00 0.1672 0.900 0.0609¢

3 fSan Diego River near Santee, CA 380.00 a a a 05.4000 9.200 0.0780

Y2 g§Waest Fork Dry Cheyenne Creek Wy 0.69 1.83 0.88 240.00 0.1006 Q.910 0.0811

YS fWoest Fork Dry Cheyenne Creek Trib. r" 1.85 2.39 1.27 356.00 0.1600 1.060 0.0816

21 Centerville Cr, ear Centerville, UT 3.90 a a a 0.4000 2.400 0.1240

22 arrish Cr. near Centerville, UT 2.00 a a a 0.3000 2.200 0.1260

13 E«adlwn River near Three Forks, MT 2511.00 a a a 2060.0000 50.000 0.1550

15 urface Cr. nt Cedaredge, CO 43.00 a a a 11.3000 11.3C0 0.1950

14 Gallatin River fat Logan, MT 1796.00 a a a 443.0000 38.000 0.1860

17 Finey Cr. jat Kearney, WY 108.00 a a a 29.0000 16.500 0.2090

12 siser River above Craney Cr, near Weiser, 1D 1160.00 a a a 310.0000 37.000 0.2140

5 Juncompaghre River Dsita, CO 1110.00 a a a 216.0000 36000  0.2350

10 outh Fic. Payette River ear Garden Valley, 1D 779.00 a a a 123.0000 30.000 0.2360

4 an Miguel River t Naturita, CO 1080.00 a a a 174.0000 34.000 0.2380

2 'ood River ear Meatootse, WY 194.00 a a a 41,8000 21.500 0.2410

1 heur River ear Drewsy, OR 910.00 a a a 114.0000 30.000 0.2420

23 crida River ear Hermosa, CO 69.40 a a a 12.5000 15.500 0.2580

10 [South Piney Cr. Willow Park, WY 28.90 a a a 3.8000 10.500 0.2600

3 Grey Bull River ear Meatootse, WY 681.00 a a a 68.3000 34.000 0.3240

9 54 Uintah River ear Neola, UT 181.00 a a a 59.0000 32.000 0.3240

25 i _os Pinos River oar Bayfield, CO 284.00 a a a 35.0000 28.500 0.3390

NOTE: a-uninown, b - cannot calculate mum 4730.00 145.00 74.00 1017.00 2060.00 50.000 0.3390

' inimum Q.69 1.9Q 0.88 32.00 0.09 0.600 0.0150

ean s42.77 31.55 14.58 284.81 178.59 9.920 0.08%3

tandard Deviation 958.60 J32.81 15.75 243.35 398.21 11.178 0.0817

Jot represeatative
of Xaricopa Comaty
pountain and foothill
ratersheds.



Tabie 3
Lag and kn data for Desert/Rangeland watersheds

{fﬁeferencs and I.D. No. Watershed Location A L Leca s L*Lea tag kn
] D F (sq. miles)  {miles) (miles) (#t/mi) sS~.5 (hrs)
X1 alnut Guich 63.004 [Tombstone, AZ 0.880 2.10 1.040 112.00 0.2064 . 0.470 0.0329
X2 alnut Guich €3.004 [Tombstone, AZ 0.880 2.10 1.040 112.00 0.2084 ~ 0.550 0.0385
X6 [iWalnut Guich 63.011 [Tombstone, AZ 3.180 4.02 1.780 117.00 0.6815 0.510 0.0230
X7 [Wainut Guich 83.015 Tombstone, AZ 9.240 4.25 2.500 60.00 1.3717 1.070 0.0385
X8 [iWainut Gulch 83.103 Tombstone, AZ 0.013 0.22 0.094 195.00 0.0015 0.082 0.0375
X9 |Walnut Gulch 63.103 [Tombstone, AZ 0.013 0.22 0.094 195.00 0.0018 0.075 0.0343
X11 |jWalnut Guleh 63.111 [Tombstone, AZ 0.220 0.95 0.480 150.00 0.0372 0.210 0.0282
X12 |Walnut Gulch 63.111 [Tombstone, AZ 0.220 0.95 0.480 150.00 0.0372 0.200 0.0269
7 Queen Creek Tributary (Dec., 1967) Phoenix, AZ 0.510 1.50 0.750 67.00 0.1374 0.860 0.0703
8 Queen Creek Tributary (Sept., 1970) hoenix, AZ 0.510 1.50 0.750 87.00 0.1374 0.950 0.0777
9 Queen Creek Tributary (Sept., 1970) Phoenix, AZ 0.510 1.50 0.750 67.00 0.1374 0.790 0.0848
26 Gila River at Conner No. 4 Damsite, AZ 2840.000 131.00 71.000 29.00 1727.1523 21.500 0.0487
29 23 Moencopi Wash near Tuba City, AZ 2490.000 84.50 36.300 42.10 472.7399 9.200 ~ 0.0341
30 24 Clear Creek near Winslow, AZ 607.000 78.00 46.800 41,00 3570.0967 11.200 0.0388
38 4 Skunk Creek (Sept., 1970) near Phoenix, AZ 84.600 17.60 9.900 101.90 17.2808 2.190 0.0285
3 Skunk Creek (Dec., 1967) near Phoenix, AZ 64.600 17.60 9.900 101.30 17.2608 2.950 0.0384
31 Puerco River near Admana, AZ 2760.000 a a a 1225.0000 15.900 0.0580
55 rbuckie Creek and Dam OK a a a a b a b
NQOTE: a - unknown value, b - cannot caiculate Maximum 2840.000 131.00 71.000 195.00 1727.1523 21.500 0.0777
Minimum 0.013 0.22 0.094 29.00 0.0015 0.075 0.0230
Mean 520.140 21.75 11.479 10049 237.2027 4.042 0.0422

Standard Deviation 1050.622 39.57 21.058 51.88  504.7440 8.448 0.0161




Table 3-A

Lag and kn data for Desert/Rangeland watersheds
(kn values sorted in ascending order)

[Reference and I.D. No. Watershed Location A L Lca ] L*Lteca . Lag kn
[¢] D F (sq. miles)  (miles) (miles) (ft/mi) sS™5 (hrs)
55 JArbuckle Creek and Dam OK a a a a b a b
X8 fWainut Gulch 63.011 [Tombstone, AZ 3.180 4.02 1.780 117.00 0.6615 0.510 0.0230
X12 ((Walnut Gulch 63.111 [Tombstone, AZ 0.220 Q.95 0.480 150.00 0.0372 0.200 0.0289
X11 [Wainut Guilch 63.111 [Tombstone, AZ 0.220 0.95 0.480 150.00 0.0372 0.210 0.0282
38 4 Skunk Creek (Sept., 1970) near Phoenix, AZ 64.600 17.60 9.900 101.90 17.2608 2.190 0.0285
X1 Wainut Guich 63.004 ombstone, AZ 0.880 2.10 1.040 112.00 0.20684 0.470 0.0329
29 23 Moencopi Wash near Tuba City, AZ 2490.000 84.50 36.300 42,10 472.7399 9.200 0.0341
X9 [Walnut Gulch 63.103 [Tombstone, AZ 0.013 0.22 0.094 195.00 0.0015 0.075 0.0343
X7 [(Walnut Guich 83.015 [Tombstone, AZ 9.240 4.25 2.500 60.00 1.3717 1.070 0.0365
X8 |Walnut Guich 63.103 [Tombstone, AZ 0.013 0.22 0.094 195.00 0.0015 0.082 0.0375
3 Skunk Creek (Dec., 1967) near Phoenix, AZ 64.600 17.60 9.900 101.90 17.2608 2.950 0.0384
X2 [|Walnut Guich 63.004 ombstone, AZ 0.880 2.10 1.040 112.00 0.2084 0.550 0.0385
30 24 Clear Creek near Winslow, AZ 607.000 78.00 46.800 41.00 570.0967 11.200 0.0386
26 Gila River at Conner No. 4 Damsite, AZ 2840.000 131.00 71.000 29.00 1727.1823 21.500 0.0487
31 Puerco River near Admana, AZ 2760.000 a a a 1225.0000 15.900 0.0580
] Queen Creek Tributary (Sept., 1970) Phoenix, AZ 0.510 1.50 0.750 67.00 0.1374 0.790  0.0646
7 Queen Creek Tributary (Dec., 1967) Phoenix, AZ 0.510 1.50 0.750 67.00 0.1374 0.860 0.0703
8 Queen Creek Tributary (Sept.. 1970) Phoenix, AZ 0.510 1.50 0.750 687.00 0.1374 0.950 0.0777
NOTE: a-unknown vaiue, b - cannot caiculate Maximum 2840.000 131.00 71.000 195.00 1727.1523 21.500 0.0777
Minimum 0.013 0.22 0.094 29.00 0.0015 0.075 0.0230
Mean 520.140 21.75 11.479 100.49 237.2027 4.042 0.0422
Standard Deviation 1050.622 39.57 21.058 51.88 504.7440 6.448 0.0161




Table 4
Lag and kn data for Alluvial Fan watersheds
Ref. and I.D. No Watershed Location A L Leca S L*_Lca tag kn
0 G (sa. miles (miles) (milas) {ft/mi) S~ 5 {hrs)
Q6 {La Cueva Arroyo Trib. Albuqusrque, NM 0.090 0.76 0.40 432.0 0.0146 0.15 0.0287
Q7 |La Cueva Arroyo Trib. IAlbuquarque, NM 0.080 0.76 0.40 432.0 0.0146 - 027 0.0517
Q8 |iLa Cusva Arroyo Trib. lAlbuquerque, NM 0.090 0.76 0.40 432.0 0.0146 0.39 0.0747
Q9 [[Camino Arroyo Trib. Albuquerque, NM 0.089 0.93 0.40 177.0 0.0280 0.18  0.0225
Q10 [[Camino Arroyo Trib. lAlbuquerque, NM 0.089 0.93 0.40 177.0 0.0280 034  0.0509
Q11 |N. Camino Arroyo Trib. Albuquerque, NM 0.210 2.12 1.05 196.0 0.1590 031  0.0240
Q12 IN. Camino Arrayo Trib. IAlbuquarque, NM 0.210 2.12 1.05 196.0 0.1590 0.27 0.0209
16 Indian Bend Wash (Dec., 1967) near Scottsdale, AZ 142.000 27.70 13.60 64.2 47.0166 8.02 0.0714
17 Indian Bend Wash (Sept., 1970) ni\ear Scottsdale, AZ 142.000 27.70 13.60 64.2 47.0166 7.31 0.0651
18 Indian Bend Wash (Juns, 1972) near Scottsdale, AZ 142.000 27.70 13.60 64.2  47.0166 3.10  0.0276
Maximum 142.000 27.70 13.60 432.0 47.0166 8.02 = 0.0747
Minimum 0.089 0.76 0.40 64.2 0.0146 Q.15 0.0209
Mean 42.687 9.15 4.49 2235  14.1468 203 0.0437
Standard Deviation 68.533 12.81 6.29 153.6  22.6824 3.10 0.0215




Table 4-A
Lag and kn Data for Alluvial Fan watersheds

(kn values sorted by ascending order)

[Ref. and 1.D. No Watsrshed Location A L Lea S L*Lca Lag kn

D G (sq. miles (miles)  (miles) (ft/mi) S~ .5 (hrs)

Q12 {N. Camino Arroyo Trib. Albuquerque, NM 0.210 212 1.0 196.0 0.1890 0.27  0.0209

Q9 [ICamino Arroyo Trib. Albuquerque, NM 0.089 0.93 0.40 177.0 0.0280 0.15  0.0225

Q11 |[N. Camino Arroyo Trib. IAlbuguerquse, NM 0.210 2.12 1.05 196.0 0.1590 0.31 0.0240

18 Indian Bend Wash (June, 1972) near Scottsdale, AZ 142.000 27.70 13.60 64.2 47.01686 3.10 0.0276

Q6 |lLa Cueva Arroyo Trib. Albuquerque, NM 0.090 0.76 0.40 432.0 0.0146 0.15 0.0287

Q10 [[Camino Arroyo Trib. Albuquerque, NM c.089 0.93 0.40 177.0 0.0280 0.34  0.0509

Q7 |J|La Cueva Arroyo Trib. Albugquerque, NM 0.090 0.76 0.40 432.0 0.0146 0.27 0.0517

17 Indian Bend Wash (Sept.. 1970) near Scottsdale, AZ 142.000 27.70 13.60 64.2 47.0166 7.31 0.0651

16 Indian Bend Wash (Dsc., 1967) near Scottsdale, AZ 142.000 27.70 13.60 64.2  47.0166 8.02 0.0714

Q8 |(jLa Cueva Arroyo Trib. Albuquergue, NM 0.090 0.76 0.40 432.0 0.0146 0.39 0.0747

Maximum 142.000 27.70 13.60 432.0 47.0166 8.02 0.0747

Minimum 0.089 0.76 0.40 64.2 0.0148 0.15  0.0209

Mean 42.687 9.15 4.49 223.5 14.1468 2.03 0.0437

Standard Daviation 68.533 12.81 6.29 153.6  22.6824 3.10  0.0215




Figure 1

Kn vs. Area
Urban Watersheds
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Figure 2

Kn vs. Length (L)
Urban Watersheds
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Figure 3

Kn vs. Slope
Urban Watersheds
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Figure 4
Kn vs. RTIMP
Urban Watersheds
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Figure 5

Kn vs. Area
Mountain and Foothills Watersheds
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o Figure 6

Kn vs. Length (L)

Mountain and Foothills Watersheds
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® Figure 7

Kn vs. Slope |
Mountain and Foothills Watersheds
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Figure 8

Kn vs. Area
Desert/Rangeland Watersheds
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"Figure 9

Kn vs. Length (L)
Desert/Rangeland Watersheds
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Figure 10

Kn vs. Slope
Desert/Rangeland Watersheds
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Figure 11

Kn vs. Area
Alluvial Fan Watersheds
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Figure 12

Kn vs. Length (L)

Alluvial Fan Watersheds
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o Figure 13

Kn vs. Slope
Alluvial Fan Watersheds
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MEMORANDUM

To: Maricopa County Hydrology Manual Committee
From: G.V. Sabol
Subject: Addendum to the S-Graph K. Study, March 1993
Date: 11 May 1993 N

The §-Graph K, Study report was reviewed with the Committee during a
meeting of 4 May 1993. The effect of rainfall frequency on resultant K
values was discussed, especially with regard to urban watersheds (Tables 1 and
1-A). The Committee requested that rainfall data be added to Table 1 for
urban watersheds. Those data are available for the watersheds that were
analyzed in the Unit Hydrograph Study and were reported in the Small Watershed
S-Graph Study, January 1993. Rainfall data are not available for S-graphs
that vwere compiled from Corps and USBR files.

The rainfall data are obtained from the files of the Unit Hydrograph

Study (Documentation Manual, Part 3, Books 1 and 2). Those data are enclosed
in Table 5.

For each S-graph, the total storm rainfall depth, rainfall duration,
and maximum rainfall intensity are tabulated. For some of these watersheds
there were multiple recording raingages in the watershed, and in those cases,

‘ the rainfall data that are tabulated are for the “"representative" rainfall
that was used in the unit hydrograph reconstitution. The maximum rainfall
intengity is for the incremental time period that is used to report the data,
and this is either 5-, 10-, or 15-minutes.

This memo and Table 5 can be added to the S-Graph Kn Study, March 1993,
as an addendum.

. 5-42-1




S-graph

5-42-1

T1
T2
T3
T4
T5
T6
T7
T8
T9
Q1
Q2

Q3

04
Q5
D1
D2
D3
D4
D5
D6

Rainfall
inches

.90

1

1.83

e

.45
.03
.00
.50
.75
.95
.40
.50
.12
.67
.51
.57
.93
.54
.97
.76
.38

TABLE 5

Rainfall data for Urban watersheds

(from Small Waltershed S-Graph Study)

Duration
minutes

220
410
225
120
60
180
105
200
330
25
80
50
30
45
35
40
55
30
40
45

Max. Intensity
in/hr

3.0
2.8
3.4
.96
3.0
3.8
2.4
1.3

(=]
o

= -3 =3 P o | d () — w 89
. . . . . . . . . . -
[ T o T 5 e I - TS Y — S Yo B S =]

(3 bursts of rainfall)

(2 bursts of rainfall)
{4 bursts of rainfall)
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*

*  FLOOD HYDROGRAPH PACKAGE

MAY 1991
VERSION 4.0.1E

*

(HEC-T)

* RUN DATE 03/18/94 TIME 14:48:26
*

* % F 4 * A

Kkkkkkkkkkkkkkkkkxkkkkkrkkkkkikkkkkkxkkik

X X
X X
X X
XXXXXXX
X X
X X
X X

kkkkkkkkkkkkkrkkrkkkkkkkxhkkkkkrkkkkkkx*

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

o o A o H o
R T

khkkkkkkkkkxkkkkkkkkkkkkrhkkkkkkkkkkkhk

XXXXXXX XXXXX X
X X X XX
X X X
XXXX X XXXXX X
X X X
X X X X
XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECIKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND —-RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.

THE DEFINITION OF —AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK QUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

HEC-1 INPUT PAGE 1
LINE ....... Tooeeen 2oiiiinn 3. boo..... 5., [T Toveennn 8....... 9iienn. 10

1 ID  RIO VERDE NORTH FIS

2 ID  TEST RUN USING Kn = 0.055

3 ID  FILE:TESTKI_A.IH1

4 1D MG

5 1D

6 17T 300

7 10

*DIAGRAM
*

8 KK 58

9 KM Sub-Basin Ss
10 KM
11 KM The S-Graph #18 is used for this basin.
12 KM The following parameters are used for this basin:
13 KM L= 2.5 Lca= 1.0 s= 31.4 Kn= .055 LAG= 37.7

'II’ 14 KM

15 BA 1.270
16 IN 15
17 KM RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
18 KM AN AREAL REDUCTION COEFFICIENT OF .929 WAS USED
19 PB 3.16



20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37

38
39
40
41
42
43
44
45
46

47

48

LINE

49
50
51
52
53

54
55
56

57
58
59
é0
61
62

63
64
65

KM
PC
PC
PC
LG
Ul
Ul
ut
Ul
Ul
Ul
Ul

KK
KM
RS
RC
RX
RY

KK
KM

KM
KM
KM
KM
BA
LG
Ul
Ul

ID

Ul
Ul
Ul
ul
ul

KK
KM
HC

KK
KM
RS
RC
RX
RY

KK
KM
KM

THE FOLLOWING PC RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO. 2.91

.000 .014 .020 .030 .047 .061 .074 .087 101 115
A3 L1147 .170 .217 .299 .470 672 .800 .87 .914
.946 .960 .973 .987  1.000
0.16 0.40 6.00 0.24 0.75
271 602 823 859 769 674 616 544 490 445
401 348 314 282 255 228 206 182 162 164
131 122 100 96 81 31 63 58 58 50
37 37 37 37 35 13 13 13 13 13
13 13 13 13 13 13 13 13 13 0
0 0 0 0 0 o] 0 0 0 0
0 0 0 0 0 0 0 0 0 0
6R
ROUTE FLOW FROM SUBAREA 5S TO SUBAREA 10S OUTLET
3 FLOW -1
.070 .030 .070 2786  .0126
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100
108
Sub-Basin 10s
The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 2.1 Lca= 0.8 S$= 106.0 Kn= .055 LAG= 39.8
0.600
0.17 0.39 6.20 0.24 7.34
119 256 359 395 351 310 285 261 227 209
189 169 152 138 121 112 101 91 a1 73
HEC-1 INPUT
....... S . /U P < DU Y (S - U Z Ty 1 ¢
65 60 56 45 45 37 36 33 26 26°
26 19 17 17 17 17 15 6 6 6
[ 6 é 6 6 6 6 6 6 6
6 6 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
15¢
COMBINE HYDROGRAPHS 6R AND 10S
2
16R
ROUTE FLOW FROM CP 15 TO SUBAREA 20 OUTLET
10 FLOW -1
.080 .030 .080 9106  .0214
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100
208
Sub-Basin

PAGE 2



LINE

NO.

66
67
68
69
70
7
72
73
74
75
76
77
78
79
80

81
82
83

84
85
86
87
88
89
90
91
92
93

LINE

94
95
96
97
98
99
100
101
102
103

104
105
106

107

KM
KM

KM

KM
BA
LG
ul
ul
14
ul
ul
ul
Ul
ul
ul

KK
KM
HC

KK
KM
KM
KM
KM
KM
KM
BA
LG
ul

ID

ul
Ul
ul
Ul
Ul
Ul
Ul
Ul
ul
ul

KK
KM
HC
x

2

The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 3.7 Lea= 1.2 s$= 115.9 Kn= .055 LAG= 56.6
1.170
0.16 0.37 5.30 0.29 0.87
153 207 AN 481 552 515 480 435 414 381
365 322 308 285 269 249 228 214 195 189
166 158 148 139 131 116 110 101 93 88
82 7 74 é1 61 58 49 49 49 41
36 36 36 36 29 23 23 23 23 23
23 23 14 8 8 8 8 8 8 8
8 8 8 8 8 8 8 8 8 8
8 8 8 8 0 0 0 0 0 0
0 ] 0 0 0 0 0 0 0 0
25¢
COMBINE HYDROGRAPHS 16R AND 208
2
30s
Sub~Basin 30s
The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 4.5 Lca= 2.6 5= 219.2 Kn= .055 LAG= T72.4
1.460
0.17 0.39 6.20 0.22 2.97
149 180 307 438 466 537 530 475 471 428
HEC-1 INPUT
....... P . - < JAS Y A - O T (¢

406 392 363 357 318 305 290 276 262 247

238 212 208 192 185 177 159 154 148 139
131 128 14 113 9% 98 90 86 86 75
75 75 60 60 60 57 48 48 48 48
40 35 35 35 35 35 34 22 22 22
22 22 22 22 22 22 22 9 8 8
8 8 8 8 8 8 8 8 8 8
8 8 8 8 8 8 8 8 8 8
8 8 8 8 8 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
35¢C
COMBINE HYDROGRAPHS 25C AND 30S
2

SCHEMATIC DIAGRAM OF STREAM NETWORK

(V) ROUTING

(.) CONNECTOR

(-=->) DIVERSION OR PUMP FLOW

(<-—) RETURN OF DIVERTED OR PUMPED FLOW

PAGE 3




38

54

57

63

a1

84

104

5s
6R

10s
150 e

16R

308

(*%%) RUNOFF ALSO COMPUTED AT THIS LOCATION
VKKK I KKK ETIIRERIKK KK *K KKK LT IRKK KK TR

*,
.LOOD HYDROGRAPH PACKAGE (HEC-1)

* A A

RUN DATE 03/18/94 TIME 14:48:26

MAY 1991
VERSION 4.0.1E

* o % A F 4 A

KEIKK XK IIXRKKRKKKEKKKRRKKKK* K IR IR K **I*K*K*%

IT

RIO VERDE NORTH FIS

TEST RUN USING Kn = 0.055
FILE:TESTK1_A.IH1

MG

OUTPUT CONTROL VARIABLES

IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH TIME DATA

NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 300 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 0 ENDING DATE
NDTIME 0055 ENDING TIME

ICENT 19 CENTURY MARK

kdkkkkkkkkkkkkkkkkkkkhkkkkkkkkrkkkkkkkx

U.S. ARMY CORPS OF ENGINEERS d
HYDROLOGIC ENGINEERING CENTER *
609 SECOND STREET *
DAVIS, CALIFORNIA 95616 *
(916) 551-1748 *

x

* % X % *

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxkkx




‘ ENGLISH UNITS

COMPUTATION INTERVAL
TOTAL TIME BASE 2

DRAINAGE AREA

PRECIPITATION DEPTH

LENGTH, ELEVATION

FLOW

STORAGE VOLUME
SURFACE AREA

TEMPERATURE
OPERATION STATION
HYDROGRAPH AT

58
ROUTED TO
6R
HYDROGRAPH AT
10s
2 COMBINED AT
15¢C
ROUTED TO
16R
HYDROGRAPH AT
20s
2 COMBINED AT
25¢C
HYDROGRAPH AT
30s
2 COMBINED AT
35¢C

*%% NORMAL END OF HEC-1 *x%

SQUARE
INCHES
FEET

0.08 HOURS
4.92 HOURS

MILES

CUBIC FEET PER SECOND

ACRE-F
ACRES

DEGREES FAHRENHEIT

PEAK
FLOW

655.

616.

314.

900.

449.

1007.

510.

1352.

EET

FLOW IN CUBIC FEET PER SECOND

RUNOFF SUMMARY

TIME IN ROURS,

TIME OF
PEAK

AVERAGE FLOW FOR MAXIMUM PERIOD

6-HOUR

147.

147.

224.

223.

130.

353.

179.

24—~HOUR

37.

37.

20.

56.

56.

33.

89.

46.

135.

AREA IN SQUARE MILES

72-HOUR

35.

3s.

19.

54.

54.

32.

86.

130.

BASIN
AREA

MAXIMUM
STAGE

99.21

99.25

TIME OF
MAX STAGE

5.33
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*

*  FLOOD HYDROGRAPH PACKAGE
* MAY 1991

, VERSION 4.0.1E

* RUN DATE 03/18/94 TIME 14:48:42
*

(HEC-T)

L . B .

Fkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

X X
X X
X X
XXXXXXX
X X
X X
X X

Tkkkkkkkkkkkkkkkkkkkkkkkkikkkkkkkkkkkik

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

¥ % o ¥
* % % %k % F

*kkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkkkkkk

XXXXXXX  XXXXX X
X X X XX
X X X
XXXX X XXXXX X
X X X
X X X X
XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECT (JAN 73), HEC1GS, HEC1DB, AND HECIKW.

THE DEFINITIONS OF VARIABLES —RTIMP- AND —RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF —AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
. NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LINE ID....... Taweren. 2.innen. 3
1 1D RIO VERDE NORTH FIS
2 ID TEST RUN USING Kn =
3 ID  FILE:TESTKZ_A.IH1
4 ID MG
5 1D
6 IT 5
7 10 5

*DIAGRAM
*
8 KK 55
9 KM  Sub-Basin
10 KM
11 KM
12 KM
13 KM L=
14 KM
. 15 BA 1.270
16 IN 15
17 KM
18 KM

19 PB 3.16

0.030

HEC-1 INPUT

PAGE 1

300

The S—Graph #18 is used for this basin.
The following parameters are used for this basin:
2.5 Lca=

1.0 s= 31.4 Kn= .030 LAG= 20.6

RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
AN AREAL REDUCTION COEFFICIENT OF .929 WAS USED
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27
28

29
30
31
32
33
34

35
36
37
38
39
40
41
42
43
44
45
46
47

LINE

48
49
50

51
52
53
54
55
56

57
58
59
60

61
62
63
64
65

KM
PC
PC
PC
LG
ul
Ul
Ul
Ul

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG
Ul
ul
ul

U1

1D

KK
KM
HC

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG

THE FOLLOWING PC RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO. 2.9

.000 .014 .020 .030 .047 .061 .074 .087 101 115
.131 .147 .170 .217 .299 470 .672 .800 .87 .94
.946 .960 .973 .987 1.000
0.16 0.40 6.00 0.24 0.75
750 1537 1376 1145 917 769 611 505 418 335
276 229 183 148 119 107 4 68 68 26
24 24 24 24 24 24 24 0 0 0
0 0 0 0 0 0 0 0 0 0
6R
ROUTE FLOW FROM SUBAREA 5S TO SUBAREA 10S OUTLET
3 FLOW -1
.070 .030 .070 2786  .0126
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100
108
Sub-Basin 108
The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 2.1 Lca= 0.8 s= 106.0 Kn= .030 LAG= 21.7
0.600
0.17 0.39 6.20 0.24 7.34
321 682 635 527 434 361 298 243 203 168
137 113 94 77 66 50 48 31 31 31
12 1 " 1 11 1 11 M 0 0
0 0 0 0 0 0 0 0 0 0
HEC-1 INPUT
....... LS . (P - TR Sy | ¢
15¢C
COMBINE HYDROGRAPHS 6R AND 10S
2
16R
ROUTE FLOW FROM CP 15 TO SUBAREA 20 OUTLET
10 FLOW -1

.080 .030 .080 9104  .0214
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100

208
Sub-Basin 208

The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 3.7 Lca= 1.2 s= 115.9 Kn= .030 LAG= 30.9

1.170
0.16 0.37 5.30 0.29 0.87

PAGE 2




INPUT
LINE

NO.

29

35

48

51

66
67
68
69
70
7

72
73
74

75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90

LINE

N
92
93

94

ul 323 783 999 881 762 680 579 517 457 388
ul 346 295 265 231 199 173 154 138 113 101
Ut 9 78 65 65 48 42 42 42 30 15
Ul 15 15 15 15 15 15 15 15 15 15
Ul 0 0 0 0 0 0 0 0 0
Ul 0 0 0 0 0 0 0 0 0 0
*
KK 25¢
KM  COMBINE HYDROGRAPHS 16R AND 20S
HC 2
*
KK 30s
KM Sub-Basin 30s
KM
KM The S-Graph #18 is used for this basin.
KM The following parameters are used for this basin:
KM L= 4.5 Lca= 2.6 5= 219.2 Kn= .030 LAG= 39.5
KM
BA 1.460
LG 0.17 0.39 6.20 0.22 2.97
Ul 293 632 882 963 859 756 694 633 555 511
Ul 458 409 370 338 292 27 245 220 195 176
ul 158 143 135 110 108 88 88 76 64 64
Ul 64 42 41 41 41 41 30 14 14 14
ul 14 14 14 14 14 14 14 14 14 14
U1 14 14 0 0 0 0 0 0 0 0
ur 0 0 0 0 0 0 0 0 0 0
*

HEC-1 INPUT
b {1 JR T....... 2iiinnn. k- P boooo... Soieee.. 6oeinnnn Teeennnn - JR 9eun-nn 10
KK 35¢C
KM  COMBINE HYDROGRAPHS 25C AND 30S
HC 2
b
11

SCHEMATIC DIAGRAM OF STREAM NETWORK

(V) ROUTING

(.) CONNECTOR

58
v
v

6R

15¢C

16R

108

(-—->) DIVERSION OR PUMP FLOW

(<-—-) RETURN OF DIVERTED OR PUMPED FLOW

PAGE 3




57 . 20s

72 25C. ..t
75 . 30s
9 3BCoieiie...

(x%%) RUNOFF ALSO COMPUTED AT THIS LOCATION
TRREKIKIKRXRKKKKKIRKEKKRRKKEKKRIKK I AKK*K KKK

*

* FLOOD HYDROGRAPH PACKAGE (HEC-1)
* MAY 1991

* VERSION 4.0.1E

*

* RUN DATE 03/18/94 TIME 14:48:42
*

*
*
*
*
*
*

*kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

RIO VERDE NORTH FIS

. TEST RUN USING Kn = 0.030

FILE:TESTKZ2_A. IH1

MG

7 10 OUTPUT CONTROL VARIABLES
IPRNT 5

IPLOT 0

QSCAL 0.

o HYDROGRAPH TIME DATA

’ NMIN 5
IDATE 0

ITIME 0000

NQ 300

NDDATE 0

NDTIME 0055

ICENT 19

COMPUTATION INTERVAL
TOTAL TIME BASE

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH

LENGTH, ELEVATION
FLOW

STORAGE VOLUME
SURFACE AREA
TEMPERATURE

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE

STARTING TIME

NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE

ENDING TIME

CENTURY MARK

0.08 HOURS
24.92 HOURS

SQUARE MILES
INCHES

FEET

CUBIC FEET PER SECOND

ACRE-
ACRES

FEET

DEGREES FAHRENHEIT

*kkkkkkkkkkkkkkkkkkkkkkkkkikkkkkkkkkkkk

* U.S. ARMY CORPS OF ENGINEERS
* HYDROLOGIC ENGINEERING CENTER
* 609 SECOND STREET

* DAVIS, CALIFORNIA 95616

* (916) 551-1748

*

A ¥ ¥ A A *

*kkkkkkkkkkkkkkkkkkkkkkkkkikkkkkkkkkkkk




RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

‘ PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
+ 5s 914. 4.08 147. 37. 36. 1.27

ROUTED TO
6R 849. 4.42 147. 37. 36. 1.27
+ 99.37 4.42

HYDROGRAPH AT
+ 10s 436. 4.08 78. 20. 19. 0.60

2 COMBINED AT
+ 15¢ 1243. 4.33 225. 56. 54, 1.87

ROUTED TO
+ 16R 1024. 5.08 224, 56. 54. 1.87
99.39 5.08

HYDROGRAPH AT

+ 20s 661. 4.25 131. 33. 32. 1.17
2 COMBINED AT

‘ 25¢C 1283. 5.00 355. 89. 86. 3.04
HYDROGRAPH AT

30s 770. 4.25 183. 46. 44, 1.46
2 COMBINED AT

35¢C 1693. 5.00 538. 135. 130. 4.50

*x% NORMAL END OF HEC-1 *%%




Fhxkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkxkxk
*

*  FLOOD HYDROGRAPH PACKAGE (HEC-1)
* MAY 1991

. VERSION 4.0.1E
*

* RUN DATE 03/18/94 TIME 14:49:14
*

*kkkkkkkkkkkkkkkkkikkkkkkkkkkkkkkkkkkkhhkk

E . . S

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

* U.S. ARMY CORPS OF ENGINEERS
* HYDROLOGIC ENGINEERING CENTER
* 609 SECOND STREET

* DAVIS, CALIFORNIA 95616

* (916) 551-1748

*

* ¥ ¥ X * X *

kkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkk

X X XXXXXXX  XXXXX X
X X X X X XX
X X X X X
XXXXXXX  XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECTKM.

THE DEFINITIONS OF VARIABLES —RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.

THE DEFINITION OF -AMSKK~ ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
. NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LOSS RATE:GREEN AND AMPT INFILTRATION

HEC-1 INPUT PAGE 1
LINE ID....... Toeeannn 2.0 TN boooo... Sceinnn ST Toveennn - JA, 9.ennn. 10
1 ID RIO VERDE NORTH FIS
2 ID  TEST RUN USING Kn = 0.025
3 ID  FILE:TESTK3_A.IH1
4 ID MG
5 ID
6 1T 5 300
7 10
*DIAGRAM
*
8 KK 5s
9 KM Sub-Basin 58
10 KM
11 KM The S-Graph #18 is used for this basin.
12 KM The following parameters are used for this basin:
13 KM L= 2.5 Lca= 1.0 s= 311.4 Kn= .025 LAG= 17.1
14 KM
‘ 15 BA 1.270
16 IN 15
17 KM  RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
18 KM AN AREAL REDUCTION COEFFICIENT OF .929 WAS USED
19 PB 3.16




20
21
22
23
24
25
26
27
28

29
30
kY|
32
33
34

35
36
37
38
39
40
41
42
43
44
45
46
47

LINE

48
49
50

51
52
53
54
55
56

57
58
59
60
61
62
63
64
65

KM
PC
PC
PC
LG
Ul
UI
ul
Ul

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG
Ul
Ul
Ul
Ul

ID

KK
KM
HC

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG

THE FOLLOWING PC RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO. 2.91

1.170
0.16 0.37 5.30 0.29 0.87

.000 .014 .020 .030 .047 .061 .074 .087 .101 115
131 47 .170 .217 .299 470 .672 .800 .871 .94
.946 .960 .973 .987 1.000
0.16 0.40 6.00 0.24 0.75
1021 1844 1506 1184 940 724 569 454 346 281
212 174 128 103 82 75 29 29 29 29
29 29 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
6R
ROUTE FLOW FROM SUBAREA 5S TO SUBAREA 10S OUTLET
3 FLOW -1
.070 .030 .070 2786  .0126
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100
10s
Sub-Basin 10s
The $-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 2.1 Lca= 0.8 S= 106.0 Kn= .025 LAG= 18.1
0.600
0.17 0.39 6.20 0.24  7.34
442 826 697 552 442 349 277 224 174 138
111 87 70 57 41 37 30 13 13 13
13 13 13 -0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
HEC-1 INPUT
....... (PSR- FA AR TP /SN SN - UMY AR - T Sy [ ¢
15¢
COMBINE HYDROGRAPHS 6R AND 10S
2
16R
ROUTE FLOW FROM CP 15 TO SUBAREA 20 OUTLET
10 FLOW -1
.080 .030 .080 9104 .0214
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100
208
Sub-Basin 208
The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 3.7 Lca= 1.2  S= 115.9 Kn= .025 LAG= 25.7

PAGE 2




INPUT
LINE

NO.

29

35

51

66
67
68
69
70

7
72
73

74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

LINE

89
90
9N

92

U1 445 1060 1132 962 827 688 596 504 432 362
Ul 313 268 222 190 166 135 115 106 78 78
U1 56 50 50 44 18 18 18 18 18 18
ul 18 18 18 18 0 0 ] 0 0 0
Ul 0 0 0 0 0 0 0 0 0 0
*
KK 25¢
KM COMBINE HYDROGRAPHS 16R AND 20S
HC 2
*
KK 20s
KM Sub-Basin 30s
KM
KM The S-Graph #18 is used for this basin.
KM The following parameters are used for this basin:
KM L= 4.5 Lca= 2.6 S= 219.2 Kn= .025 LAG= 32.9
KM
BA  1.460
LG 0.17 0.39 6.20 0.22 2.97
Ul 371 877 1150 1058 929 827 725 640 570 498
ul 438 389 341 301 267 231 203 183 166 134
Ul 126 106 104 76 76 73 49 49 49 49
ul 33 17 17 17 17 17 17 17 17 17
Ul 17 17 17 0 0 0 0 0 0
Ul 0 0 0 0 0 0 0 0 0 0
*

HEC-1 INPUT
ID....... Tevennn 2.0 K R Seeenn.. 6ovunnn. Teeennn. 8....... 9. ... 10
KK 35¢
KM COMBINE HYDROGRAPHS 25C AND 30S
HC 2
*
7

SCHEMATIC DIAGRAM OF STREAM NETWORK

(V) ROUTING

(.) CONNECTOR

5s

6R

15¢

16R

108

(~-->) DIVERSION OR PUMP FLOW

(<=--) RETURN OF DIVERTED OR PUMPED FLOW

PAGE 3



57 . 20s

71 25C. . ciinennnn.

74 . 30s
89 35C. i,

(%%%) RUNOFF ALSO COMPUTED AT THIS LOCATION

TRk xkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkxkk

*
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) %
* MAY 1991 *
* VERSION 4.0.1E *
* *
X RUN DATE 03/18/94 TIME 14:49:14 %
* *

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkk

RIO VERDE NORTH FIS

TEST RUN USING

Kn = 0.025

FILE:TESTK3_A.IH1

° :

7 10 OUTPUT CONTROL VARIABLES

IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 300 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 O ENDING DATE
NDTIME 0055 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL 0.08 HOURS
TOTAL TIME BASE  24.92 HOURS
ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH  INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
. SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT

RUNOFF SUMMARY

FLOW IN CUBIC FEET PER SECOND

kkkkkkkkkkkkkkkkkkdkkkkkkkkkkkkkkkkkhkkk

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* o % H H M *
% o % % ¥

kkkkkkkkkkkkkkkkkkkkkkkkkkxkdkkkkkkkkkx




I OPERATION

HYDROGRAPH

ROUTED TO

HYDROGRAPH
2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

. HYDROGRAPH

2 COMBINED

AT

AT

AT

AT

AT

AT

AT

STATION

5s

6R

10s

15¢

16R

20s

25¢

30s

35¢C

*%% NORMAL END OF HEC-1 *¥%

PEAK
FLOW

1000.

923.

478.

1331.

1102.

728.

1335.

860.

1765.

TIME IN HOURS,

TIME OF

PEAK

AVERAGE FLOW FOR MAXIMUM PERIOD

6-HOUR

147.

147.

78.

225.

224.

131.

355.

183.

538.

24-HOUR

37.

37.

19.

56.

56.

33.

89.

46.

135.

AREA IN SQUARE MILES

72-HOUR

35.

35.

19.

54.

54.

32.

86.

44,

130.

BASIN
AREA

1.87

4.50

MAXIMUM
STAGE

99.42

99.44

TIME OF
MAX STAGE

4.33

5.00




TkkkxIkkkkkkkkkk*kkkkkkkkkkkkkkkkkkkkkkkkk

* *
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) %
* MAY 1991 *
‘ VERSION 4.0.1E *
* *
* RUN DATE 03/18/94 TIME 14:48:26 *
* *

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

X X XXXXXXX
X X X

X X X
XXXXXXX  XXXX

X X X

X X X

X X XXXXXXX

XXXXX X
X XX

XXXXX X

X X X X X

X X

XXXXX XXX

dkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkk

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* ¥ X o X ¥

*
*
*
*
*
*

kkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkik

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECT (JAN 73), HEC1GS, HEC1DB, AND HECIKW.

THE DEFINITIONS OF VARIABLES —-RTIMP- AND ~RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

LOSS RATE:GREEN AND AMPT INFILTRATION

PAGE 1

1 HEC-1 INPUT
LINE ... Toeeannn 2....... K JR boooonn. 5.cien.. 6.0 Tovennnn 8

1 ID RIO VERDE NORTH FIS
2 ID  TEST RUN USING Kn = 0.055
3 ID  FILE:TESTKI_A.IH1
4 ID MG
5 1D
6 IT 5 300
7 10 5

*DIAGRAM

*
8 KK 58
9 KM Sub-Basin 5s
10 KM
1 KM The S-Graph #18 is used for this basin.
12 KM The following parameters are used for this basin:
13 KM L= 2.5 Lca= 1.0 s= 311.4 Kn= .055 LAG= 37.7
14 KM

. 15 BA 1.270 i’

16 IN 15
17 KM  RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
18 KM AN AREAL REDUCTION COEFFICIENT OF .929 WAS USED
19 PB 3.16




20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48

LINE

49
50
51
52
53

54
55
56

57
58
59
60
61
62

63
64
65

KM
PC
PC
PC
LG
Ul
UI
Ul
ul
Ul
Ul
Ul

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG
UI
ut

ID

Ul
Ul
Ul
Ul
ul

KK
KM
HC

KK
KM
RS
RC
RX
RY

KK
KM
KM

THE FOLLOWING PC RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO. 2.91

.080 .030 .080 9104  .0214
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100

20s
Sub-Basin 208

.000 .014 .020 .030 .047 .061 074 .087 101 115
.131 L1147 .170 .27 .299 470 .672 .800 .87 .94
.946 .960 973 .987  1.000
0.16 0.40 6.00 0.24 0.75 .
271 602 823 859 769 674 616 544 490 445
401 348 314 282 255 228 206 182 162 144
131 122 100 96 81 81 63 58 58 50
37 37 37 37 35 13 13 13 13 13
13 13 13 13 13 13 13 13 13 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
6R
ROUTE FLOW FROM SUBAREA 5S TO SUBAREA 10S OUTLET
3 FLOW -1
.070 .030 .070 2786  .0126
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100
10s
Sub-Basin 10s
The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 2.1 Lca= 0.8 S= 106.0 Kn= .055 LAG= 39.8
0.600
0.17 0.39 6.20 0.24 7.34
119 256 359 395 351 310 285 261 227 209
189 169 152 138 121 112 101 N 81 73
HEC-1 INPUT
..... . C Y (Y - S 1 ¢
65 60 56 45 45 37 36 33 26 26
26 19 17 17 17 17 15 6 6 6
6 6 6 6 6 6 6 6 6 6
6 6 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
15¢C
COMBINE HYDROGRAPHS 6R AND 10S
2
16R
ROUTE FLOW FROM CP 15 TO SUBAREA 20 OUTLET
10 FLOW -1

PAGE 2



LINE

NO.

66
67
68
69
70
7
72
73
74
75
76
77
78
79
80

31
82
83

84
85
86
87
88
89
90
N
92
93

LINE

94
95
96
97
98
99
100
101
102
103

104
105
106

107

KM
KM
KM
KM
BA
LG
ul
Ul
ul
ul
ul
ul
ul
ul
Ul

KK
KM
HC

KK
KM
KM
KM
KM
KM
KM
BA
LG
Ul

1D

uI
u1
u1
u1
u1
uI
u1
uI
uI
U1

KK
KM
HC
*

1

The S-Graph #18 is used for this basin.

The following parameters are used for this basin:

SCHEMATIC DIAGRAM OF STREAM NETWORK

(V) ROUTING

(.) CONNECTOR

(~=-=>) DIVERSION OR PUMP FLOW

(<---) RETURN OF DIVERTED OR PUMPED FLOW

L= 3.7 Lca= 1.2 S= 115.9 Kn= .055 LAG= 56.6
1.170
0.16 0.37 5.30 0.29 0.87
153 207 444 481 552 515 480 435 44 381
365 322 308 285 269 249 228 214 195 189
166 158 148 139 131 116 110 101 93 88
82 77 74 61 61 58 49 49 49 41
36 36 36 36 29 23 23 23 23 23
23 23 14 8 8 8 8 8 8 8
8 8 8 8 8 8 8 8 8 8
8 8 8 8 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
25¢C
COMBINE HYDROGRAPHS 16R AND 20S
2
30s
Sub~Basin 30s
The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 4.5 Lca= 2.6 S= 219.2 Kn= .055 LAG= 72.4
1.460
0.17 0.39 6.20 0.22 2.97
149 180 307 438 . 466 537 530 475 471 428
HEC-1 INPUT
..... PSSR~ . Y /SO SUPU U Y A M STy 1
406 392 363 357 318 305 290 276 262 247
238 212 208 192 185 177 159 154 148 139
131 128 114 113 99 o8 90 86 86 75
75 75 60 60 60 57 48 48 48 48
40 35 35 35 35 35 34 22 22 22
22 22 22 22 22 22 22 9 8 8
8 8 8 8 8 8 8 8 8 8
8 8 8 8 8 8 8 8 8 8
8 8 8 8 8 0 0 0 0 o]
.0 0 0 0 0 0 0 0 0 0
35¢C
COMBINE HYDROGRAPHS 25C AND 308
2

PAGE 3



v

v

32 6R
38 . 108
54 15C. ettt

v

v

57 16R
63 . 20s
31 25C. . oianili,
84 . 30s
104 35C..iii,

(k%%) RUNOFF ALSO COMPUTED AT THIS LOCATION
ThkkkIkkkkkkkkRRKXXRXIAK KKK KR *I*KEIKK*IKKKK

*

“LOOD HYDROGRAPH PACKAGE (HEC-1)
MAY 1991

VERSION 4.0.1E

b I . S

RUN DATE 03/18/94 TIME 14:48:26

> % % % X ¥

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

RIO VERDE NORTH FIS
TEST RUN USING Kn = 0.055
FILE:TESTK1_A.IH1

MG

7 10 OUTPUT CONTROL VARIABLES
IPRNT 5

IPLOT 0

QSCAL 0.

IT HYDROGRAPH TIME DATA

NMIN 5

IDATE 0

‘ ITIME 0000
NQ 300

NDDATE 0

NDTIME 0055

ICENT 19

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE

STARTING TIME

NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE

ENDING TIME

CENTURY MARK

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxkkkkk

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* % o A k% F
* o o A ¥ O A

Fkkkkkkkkkkkkkkkkkkkkkktkkkkkkkkrkkkkkk



. ENGLISH UNITS

COMPUTATION INTERVAL 0.08 HOURS
TOTAL TIME BASE  24.92 HOURS

DRAINAGE AREA

PRECIPITATION DEPTH

LENGTH, ELEVATION

FLOW

STORAGE VOLUME
SURFACE AREA

TEMPERATURE
OPERATION STATION
HYDROGRAPH AT

58
ROUTED TO
6R
HYDROGRAPH AT
10s
2 COMBINED AT
15¢C
ROUTED TO
16R
HYDROGRAPH AT
20s
2 COMBINED AT
25¢C
HYDROGRAPH AT
30s
2 COMBINED AT
35¢C

*%% NORMAL END OF HEC-1 *%%

SQUARE MILES

INCHES

FEET

CUBIC FEET PER SECOND
ACRE-FEET

ACRES

DEGREES FAHRENHEIT

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD
FLOW PEAK
6~HOUR 24-HOUR 72-HOUR

655. 4.25 147. 37. 35.
616. 4.58 147. 37. 35.
314. 4.25 77. 20. 19.
900. 4.50 224. 56. 54.
773. 5.33 223, 56. 54.
449. 4.42 130. 33. 32.
1007. 5.25 353. 89. 86.
510. 4.50 179. 46. 44,
1352. 5.25 532. 135. 130.

BASIN
AREA

MAXIMUM
STAGE

99.21

99.25

TIME OF
MAX STAGE

4.58

5.33



Thkkkkkkkkkkkkkkkkrkkkkrkikkikkkkkkkkxkkkk
*

*  FLOOD HYDROGRAPH PACKAGE (HEC-1)
* MAY 1991

. VERSION 4.0.1E
*

* RUN DATE 03/18/94 TIME 14:49:33
*

Fkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

E A I A e .

X X
X X
X X
XXXXXXX
X X
X X
X X

KkkKkkkkkkkkkkkkkkkhkkkkkkkkhkkkkkkkkkk

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* 3 A+ % * % F
¥ ¥ A X ¥ * *

*kkkkkkkkkkkkkkkkkkkkkkkkkikkkhkkkikkkk

XXXXXXX  XXXXX X
X X X XX
X X X
XXXX X XXXXX X
X X X
X X X X
XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECTKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND —RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
‘ NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

HEC-1 INPUT PAGE 1
LINE ... Toviinnn 2icinnnn K J /SR S5caen. 6ocunnn. Tovinnn. - JRR 9unnnn 10
1 ID RIO VERDE NORTH FIS
2 ID  TEST RUN USING Kn = 0.020
3 ID FILE: TESTK4_A. IH1
4 ID MG
5 ID
6 1T 5 300
7 I0 5
*DIAGRAM
*
8 KK 55
9 KM  Sub-Basin
10 KM
1 KM The S-Graph #18 is used for this basin.
12 KM The following parameters are used for this basin:
13 KM L= 2.5 Lca= 1.0 S$= 311.4 Kn= .020 LAG= 13.7
14 KM
. 15 BA 1.270
16 IN 15
17 KM RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
18 KM AN AREAL REDUCTION COEFFICIENT OF .929 WAS USED

19 PB 3.16



69 25C. ...,

®

86 5

30s

(*x%%) RUNOFF ALSO COMPUTED AT THIS LOCATION

TrkkkkrkkkkkkkkkkkkkkkKERK Kk Kk kA **Kk%*kkhk

*
*  FLOOD HYDROGRAPH PACKAGE (HEC-1)  *
* MAY 1991 *
* VERSION 4.0.1E *
* *
* RUN DATE 03/18/94 TIME 14:49:33 *
* *

kkkkkkkkkkkkkrkkkkkkkxxkxkkxkkkkkdkxkkkhk

RIO VERDE NORTH FIS

TEST RUN USING

Kn = 0.020

FILE:TESTK4_A.IH1

MG

OUTPUT CONTROL VARIABLES

°

IPRNT 5
IPLOT 0
QSCAL 0.
IT HYDROGRAPH TIME DATA

NMIN 5
IDATE 1 0
ITIME 0000
NQ 300
NDDATE 2 0
NDTIME 0055
ICENT 19

COMPUTATION INTERVAL
TOTAL TIME BASE

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
FLOW
STORAGE VOLUME
SURFACE AREA
TEMPERATURE

FEET

PEAK

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE

STARTING TIME

NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE

ENDING TIME

CENTURY MARK

0.08 HOURS
24.92 HOURS

SQUARE MILES
INCHES

CUBIC FEET PER SECOND
ACRE-FEET

ACRES

DEGREES FAHRENHEIT

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkk

U.S. ARMY CORPS OF ENGINEERS *
HYDROLOGIC ENGINEERING CENTER *
609 SECOND STREET *
DAVIS, CALIFORNIA 95616 *
(916) 551-1748 *

*

Nk % o ¥

kkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkk

BASIN MAXIMUM TIME OF




66 ur 254 21 168 136 110 98 69 63 63 24

67 Ul 22 22 22 22 22 22 22 0 0 0
68 Ul 0 0 0 0 0 0 0 0 0 0
® *
69 KK 25¢C
70 KM COMBINE HYDROGRAPHS 16R AND 20S
71 HC 2
*
72 KK 30s
73 KM Sub-Basin 30s
74 KM
75 KM The S-Graph #18 is used for this basin.
76 KM The following parameters are used for this basin:
77 KM L= 4.5 Lca= 2.6 S= 219.2 Kn= .020 LAG= 26.3
78 KM
79 BA  1.460
80 LG 0.17 0.39 6.20 0.22 2.97
81 Ul 527 1280 1390 1189 1027 855 745 632 539 460
82 Ul 399 338 285 244 212 175 153 133 108 96
83 ul 85 61 61 61 37 22 22 22 22 22
84 Ul 22 22 22 22 0 0 0 0 0 0
85 Ul 0 0 0 0 0 0 0 0 0 0
*
HEC-1 INPUT PAGE 3
LINE ID....... Toveeen. 2., [ AR N 5., 6.ccnnn A Bovennnn 9erenn. 10
‘ 86 KK 35¢
87 KM COMBINE HYDROGRAPHS 25C AND 30S
88 HC 2
*
89 12

SCHEMATIC DIAGRAM OF STREAM NETWORK

INPUT
LiINE (V) ROUTING (=—->) DIVERSION OR PUMP FLOW
NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
8 5s
v
v
28 6R
34 . 10s
47 15C...ooneltt,
\
v

56 . 20s




20
21
22
23
24
25
26
27

28
29
30
31
32
33

34
35
36
37
38
39
40
41

&2

43
44
45
46

LINE

47
48
49

50
51
52
53
54
55

56
57
58
59
60
61
62
63
64
65

KM
PC
PC
PC
LG
ul
ul
ul

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG
Ul
ul
ul
Ul

ID

KK
KM
HC

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG
ul

THE FOLLOWING PC RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO. 2.91
.000 .014 .020 .030 .047 .061 .074 .087 101 .115
131 147 .170 217 .299 .470 672 .800 .87 .914
.946 .960 .973 .987 1.000
0.16 0.40 6.00 0.24 0.75
1471 2192 1623 1209 878 657 479 361 256 193
147 103 82 36 36 36 36 36 0 0
0 0 0 0 0 0 0 0 0 0
6R
ROUTE FLOW FROM SUBAREA 5S TO SUBAREA 10S OUTLET
3 FLOW -1
.070 .030 .070 2786  .0126
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100
10s
Sub-Basin 10S
The $-Graph #18 1is used for this basin.
The following parameters are used for this basin:
L= 2.1 Lca= 0.8 sS= 106.0 Kn= .020 LAG= 14.5
0.600
0.17 0.39 6.20 0.24 7.34
634 1004 755 568 425 319 240 179 135 102
73 55 46 28 16 16 16 16 16 0
0 0 0 0 o] 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
HEC-1T INPUT
....... 0 /S Y < TR (Y - S [ o]
15¢
COMBINE HYDROGRAPHS 6R AND 10S
2
16R
ROUTE FLOW FROM CP 15 TO SUBAREA 20 OUTLET
10 FLOW -1
.080 .030 .080 9104 .0214
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100
208
Sub-Basin 20s
The S-Graph #18 1is used for this basin.
The following parameters are used for this basin:
L= 3.7 Lca= 1.2 s= 115.9 Kn= .020 LAG= 20.6
1.170
0.16 0.37 5.30 0.29 0.87
690 1415 1267 1055 845 709 563 466 385 309

PAGE 2




OPERATION STATION

‘ HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT
2 COMBINED AT

ROUTED TO

HYDROGRAPH AT
2 COMBINED AT

HYDROGRAPH AT

. 2 COMBINED AT

+

*%%x NORMAL END OF HEC-1 **%

58

6R

10s

15¢

16R

208

25¢C

30s

35¢

FLOW

1088.

994,

522.

1454,

1183.

822.

1394.

967.

1817.

PEAK

6—HOUR

148.

148.

78.

225.

225.

131.

356.

184.

539.

24-HOUR

37.

37.

20.

56.

56.

33.

89.

46.

135.

72-HOUR

36.

36.

19.

54.

54.

32.

86.

44,

130.

AREA

STAGE

99.46

99.48

MAX STAGE

4.25

4.92
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*

*  FLOOD HYDROGRAPH PACKAGE (HEC-1)
MAY 1991
VERSION 4.0.1E
*

* RUN DATE 03/18/94 TIME 14:50:06
*

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxk

* % A A A A A

X X
X X
X X
XXXXXXX
X X
X X
X X

kkkkkkkkkkkkkkkkkkkkkkkkkhrkkkkkkkkkkkk

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* % %k ¥ % A
* % o o ¥ A

*kkkkkkkkkkkkkkkkkkkkkkkkkikkkkkkkkkxik

XXXXXXX  XXXXX X
X X X XX
X X X
XXXX X XXXXX X
X X

X X X X
XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECTKW.

THE DEFINITIONS OF VARIABLES —RTIMP- AND —-RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

. THE DEFINITION OF —-AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LINE ID....... Teoeeunn.
1 ID RIL VERDE NORTH FIS
2 ID  TEST RUN USING Kn = 0.015
3 ID FILE: TESTKS_A.IH1
4 ID MG
5 1D
6 IT 5
7 10 5
*DIAGRAM
*
8 KK 5S
9 KM  Sub-Basin
10 KM
11 KM
12 KM
13 KM L=
' 14 KM
15 BA 1.270
16 IN 15
17 KM
18 KM

19 PB 3.16

HEC-1 INPUT PAGE 1

300

The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
2.5 Lca=

1.0 s= 311.4 Kn= .015 LAG= 10.3

RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
AN AREAL REDUCTION COEFFICIENT OF .929 WAS USED




20
21
22
23
24
25
26
27

28
29
30
31
32
33

34
35
36
37
38
39
40
41
42
43
44
45

LINE

46
47
48

49
50
51
52
53
54

55
56
57
58
59
60
61
62
63
64
65

KM
PC
PC
PC
LG
ul
Ul
Ul

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG
ul
Ul
ul

ID

KK
KM
HC

KK
KM
RS
RC
RX
RY

KK
KM
KM
KM
KM
KM
KM
BA
LG
ul
ul

THE FOLLOWING PC RECORD USED A 6-HOUR RAINFALL WITH PATTERN NO. 2.9
.000 .04 .020 .030 .047 .061 .074 .087 .101
A3 .47 170 .217 .299 470 672 .800 .871
.946 .960 .973 .987  1.000
0.16 0.40 6.00 0.24 0.75
2287 2521 1686 1116 753 504 330 226 143

48 48 48 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
6R

ROUTE FLOW FROM SUBAREA 5S TO SUBAREA 10S OUTLET
3 FLOW -1

.070 .030 .070 2786  .0126
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100

108

Sub-Basin 10s

The $-Graph #18 is used for this basin.
The following parameters are used for this basin:

L= 2.1 Lea= 0.8 S= 106.0 Kn= .015 LAG= 10.8
0.600
0.7 0.39 6.20 0.24  7.34
1003 1162 795 541 371 250 171 W6 79
23 22 22 22 0 0 0 0 0
0 0 0 0 0 0 0 0 0
HEC-1 INPUT
S PUDUI 2. e K booiie. 5eeenn.. burennnn Toennn. U 9...
15¢
COMBINE HYDROGRAPHS 6R AND 10S
2
16R
ROUTE FLOW FROM CP 15 TO SUBAREA 20 OUTLET
10 FLOW ~1

.080 .030 .080 9104  .0214
0 1.5 201.5 202.5 207.5 208.5 408.5 410.0
100 98.5 98.5 97.5 97.5 98.5 98.5 100

20s
Sub-Basin 208

The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 3.7 Lca= 1.2  S= 115.9 Kn= .015 LAG= 15.4

1.170

0.16 0.37 5.30 0.29 0.87

1106 1880 1441 1096 846 640 496 372 292
168 131 90 84 45 29 29 29 29

.15
94

94

61

PAGE 2

214
29



INPUT
LINE

NO.

28

34

46

49

55

7

66
67

68
69
70

71
72
73
T4
75
76
77
78
79
80
31
82
83

84
85
86

87

Ul
Ul

KK
KM
HC

KK
KM
KM
KM
KM
KM
KM
BA
LG
Ul
ul
Ul
ul

KK
KM
HC
*

7

0 0 0 0] 0 0 0
0 0 0 0 0 0 0
25¢C
COMBINE HYDROGRAPHS 16R AND 20S
2
30s

Sub-Basin 20s

The S-Graph #18 is used for this basin.
The following parameters are used for this basin:
L= 4.5 \Lca= 2.6 s= 219.2 Kn= .015

1.460
0.17 0.39 6.20 0.22 2.97
925 1845 1616 1327 1065 867 708

301 245 197 164 127 106 82
29 29 29 29 29 29
0 0 0 0 0 0 0
35¢
COMBINE HYDROGRAPHS 25C AND 30S
2

SCHEMATIC DIAGRAM OF STREAM NETWORK

(V) ROUTING

(.) CONNECTOR

58
v
v

6R

10s

20s

30s

(=-->) DIVERSION OR PUMP FLOW

(<---) RETURN OF DIVERTED OR PUMPED FLOW

0 0
0 0
LAG= 19.8
563 465
82 4b
0 0
0 0

LY4l
29




84

(*¥x%) RUNOFF ALSO COMPUTED AT THIS LOCATION

1 *"*’k'k*‘k**‘k****************’k*‘k********

FLOOD HYDROGRAPH PACKAGE
MAY 1991
VERSION 4.0.1E

(HEC-T1)

RUN DATE 03/18/94 TIME 14:50:06

* % % o % ¥ A

*
*
*
*
*
*

kKRR kKIEXKAKkKKKAKk Ik KX kXK A *k*kT**** k%

RIL VERDE NORTH
TEST RUN USING

FILE:TESTKS_A.1I
MG

FIS
Kn =
H1

0.015

7 10 OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
' NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 300 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 0 ENDING DATE
NDTIME 0055 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL 0.08 HOURS
TOTAL TIME BASE  24.92 HOURS
ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH  INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT
1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND |
TIME IN HOURS, AREA IN SQUARE MILES
PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD
. OPERATION STATION FLOW PEAK
+ 6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT
+ 58 1230. 4.00 147. 37. 35.

*hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

% ¥ A > ¥ *
* % ¥ ¥ A ¥ *

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

BASIN MAXIMUM TIME OF
AREA STAGE MAX STAGE
1.27



WORMAL END OF HEC~1 *%%

ROUTED 7O

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAPH AT

2 COMBINED AT

6R

10s

15¢

16R

20s

25¢C

308

35¢

1091.

587.

1561.

1270.

939.

1450.

1125.

2095.

.25

.00

A7

.83

.08

.83

.08

.08

147.

78.

225.

224.

131.

355.

184.

539.

37.

20.

56.

56.

33.

89.

46.

135.

35.

19.

54.

54.

32.

86.

44,

130.

27

.60

.87

.87

A7

.04

.46

.50

99.52

99.52

4.25

4.83



SECTION 1: General Documentation and
Correspondence

1.2 Contact (Telephone) Reports
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TELEPHONE COMMUNICATION REPORT

DATE; [ 2=~ &-93 . TIME: linti) aon no. B> el Lo )
TO: ﬁf‘(;_ﬂl\‘_ l__"'\\ ro WA LOCATION:

FROM: ‘&a e o foi~lg.nd LOCATION:
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10.

11.

13.

14,

FCD 93-07
RIO VERDE SOUTH
FLOODPLAIN DELINEATION STUDY
KICKOFF MEETING

January 4, 1994
1:30 P.M. Office of McLaughlin Kmetty Engineers

AGENDA

Personnel Assignments

Month Report

Billing Procedure/Estimated Quarterly Billings
Newspaper Ad

Right of Entry Letter

Publications

FEMA Checklist

Project Schedule

Surveying and Mapping

Public Meeting No. 1, January 19, 1994
Phase 1I

Evaluation Forms

Data Collection

Other




) @

FIS PUBLICATIONS

DISTRICT PUBLICATIONS

Drainage Design Manual for Maricopa County. Arizona: Volume I - Hvdrology, June 1, 1992

Drainage Design Manual for Maricopa County, Arizona: Volume II - Hydraulics, September 1,
1992

Estimated Manning’s Roughness Coefficients for Stream Channels and Flood Plains in Maricopa A
County, Arizona, April 1991

Data Delivery Specifications: The Hydrologic Information System (HIS), Revision 01.1, as revised
to include only Rio Verde South Scope of Work Tasks 3.6.3.1 and 3.6.3.3

FEMA PUBLICATIONS

FEMA Document 37, Flood Insurance Studv Guidelines and Specifications for Studv Contractors,
March 1993

FIA Document 12, Appeals, Revisions. and Amendments to Flood Insurance Maps, January 1990

ADWR PUBLICATIONS

State Standard Attachment 1-90, Instructions for Organizing and Submitting' Technical
Documentation for Flood Studies, September 1991

89407-00\KikOfAgn.003
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PROJECT

PHASE T RIO VERDE_SOUTH

PROJECT SCHEDULE

LOCATION

FCD 93-07

LEGEND

— PROPOSED [ ] MEETINGS
wmmmmeza ACTUAL B susMmITTAL

DATE_12/30/93

p.1_of 2

y

NO.

DESCRIPTION

CALENDAR PERIOD

COORD. /MEETINGS

*

DATA COLLECTION

N~

MAPPING

.6 GIS CONVERSION

4

SURVEYING

HYDROLOGY

BASE MAPS

PRE. SUB-—-BASIN DEL.

FIELD INVESTIGATION

FIN. SUB-BASIN DEL.

PARAM. ESTIMATION

MEINPNE

HEC—-1 MODEL

FLOODPLAIN /FLOODWAY

.7.1  FIELD RECON.

.7.3 "n" VALUE REPORT

.8 X—SECTION LOCATION

.8.3 X-SECTION PLOTS

.9.1 STRUCT.—MODELING

.10.1 NAT. FLOODPLAIN DEL]

.10.2 EQUAL CONVEY. DEL.

.10.3 METHOD-1 DEL.

.11 FLOOD ZONE DETER.

NG W1

TING 42
TING U3

.12 SUPERCRITICAL HEC-2

.13 FLOODPLAIN AREA

.14 WORK MAPS

.15 HEC-2 REMSIONS

HYYDRO. IME

AND |CODRD. MEETING #

H¥DRO. [ME
H‘(Dd 0. IME

DELIVERABLES

KICKOFF} M ETIFG

PUBLIC MEETING 1

PRELIM. HYDRO. RPT.

FINAL HYDRO. RPT.

PRELIM. HYDRAUL. RPT.

FINAL HYDRAUL. RPT.

FEMA SUBMITTAL

RN ENE

FINAL SUBMITTAL

DISTRICT REVIEWS

CALENDAR MONTH

DEC

JAN

FEB

MAR

APR - MAY JUN ™~

JUL

YEAR

1983

1994

Dwg Name:

\ACAD\PROMO\93—52.dwg

Date: REV. JAN. 03, 1994 04:45pm
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MEETING MINUTES
" RECEIVED APR 0 5 1504

DATE: March 29, 1994

TIME: 9:00 a.m.

LOCATION: Guadalupe Room, FCDMC

PROJECT NO.: 93031.00

PROJECT NAME: Rio Verde - North and Rio Verde - South
Floodplain Delineation Study, Hydrology

SUBJECT: Preliminary Hydroiogy Cooidination Review

ATTENDEES: Burgess & Niple:

Russ Cruff, P.E.
Larry D. Culler, P.E.
Larry J. Woodlan., P.E.

FCDMC:
Sandy Story

George V. Sabol Consulting Engineers. Inc.
George Sabol, PhD, P.E.
Tom Loomis, P.E.

McLaughlin Kmetty Enaineers. Lid.
Frank Brown, P.E:

Wood/Patel:
Ash Patel, P.E.
Tony Regis, Hydrologist A3%

ITEMS DISCUSSED:

1. Mr. Sabol stated that in his research, he found that the combination of S-graph
# 18 (which he researched for FCDMC) and a Kn value of 0.020 may be
applicable to the conditions found in this watershed. He stated that this may be
preferable in lieu of using other S-graphs or the Clark unit hydrograph. Mr.
Sabol suggested that while the Clark unit hydrograph is appropriate for many
watersheds, it may be unsuitable for sub-basins in which the time of
concentration is significantly greater than the duration of rainfall excess. In
those cases, an S-graph may be more appropriate.
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MEETING MINUTES
March 29, 1994

Mr. Sabol acknowiedged that the resuits of the test HEC-1 model by
Wood/Patel that uses the Phoenix Valley S-graph unit hydrograph and a Kn
value of 0.055 agrees fairly well with the S-graph # 18 model with a Kn value of
0.020.

Preliminary HEC-1 results by Wood/Patel indicate that the Clark unit hydrograph .
does indeed produce flows lower than those produced using the S-graphs. This -
is often the case, and the Clark method may be more appropriate for smaller
(and urban) sub-basins.

FCDMC may prefer to use a District-approved unit hydrograph rather than the
S-graph # 18. Sandy will discuss this issue with Amir Motamedi, Pedro Calza,
and Joe Tram within the next day to decide whether to recommend the
alternate S-graph # 18.

Burgess & Niple, Wood/Patel, McLaughlin Kmetty, George Sabol, and FCDMC
all concur on the proposed south watershed boundary of the Rio Verde - North
hydrology study. Further analysis and inspection of detailed topographic maps
may require minor changes due to flow breakouts.

SCS soil survey data is not available adjacent to the Verde River. Mr. Loomis
stated that it is possible to estimate soil groups using aerial photographs. He
suggested meeting soon with SCS to determine soil groups in those areas.

Mr. Sabol suggested that we consider eliminating channel routing when lengths
are less than a minimum value, say 800 or 1000 feet. This will be addressed
as the study progresses.

Mr. Loomis stated that it wouid be appropriate to model routing reaches using a
composite cross section representing one or several channels, since routed
flows may be contained in more than one wash.

Topographic mapping is expected to be completed by April 18 for the Rio Verde
- North study area, and by April 30 for the south study area.

All Attendees
Magnus Jolayemi, FCDMC
Cathy Regester, FCDMC
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3501 North 16th Street Phoenix, Arizona 85016-6419  (602) 248-7702 FAX (602) 248-7851

GEZA E. KMETTY
RONALD C McLAUGHLIN
COORDINATION MEETING NO. 1 HALFORD E. ERICKSOY

WILLIAM R. KENDALL
TERRENCE P. KENYOX
RICHARD E. McLAUGHLI>

TO: Distribution

FROM: Frank Edward Brown ‘},4.,/\
McLaughlin Kmetty Engineers, Ltd. (MKE)

DATE: May 31, 1994
SUBJECT: Subbasin Delineation

Rio Verde Area South Floodplain Delineation Study
Contract FCD 93-07

Hydrology Meeting No. 1 was held at the office of Flood Control District at 1:30 p.m. on May 31,
1994. The following attended the meeting:

Ms. Cathy Regester, Flood Control District of Maricopa County, (FCDMC)
Ms. Sandy Story, FCDMC

Mr. Tom Loomis, George V. Sabol Consulting Engineers, (GVSCE)

Mr. Frank Brown, McLaughlin Kmetty Engineers, (MKE)

The following presents our understanding of discussion items.

1. Background: The aerial mapping was received on April 20, 1994. Work is proceeding on

subbasin delineation. The purpose of this meeting is to discuss the subbasin delineation, flow
splits and other pertinent items. Subbasin review is critical to maintaining the schedule for this

project. Field reconnaissance is expected to begin on June 6th. Ms. Regester is expected to
join MKE and GVSCE in the field June 10th.

. Subbasin Maps: On May 27, Mr. Loomis submitted subbasin delineation maps and the

colored originals. A colored acetate plotted on the 1 inch=1000 feet USGS base map was
loaned to FCDMC on May 31st, and presents the subbasins and flow splits outside of the

detailed mapping areas. The proposed subbasin delineation was presented and thoroughly
discussed.

a. The naming convention for subbasins and routing reaches is not uniform between Rio
Verde North and South, and this is acceptable to the District.

Meetings with FCDMC are numbered consecutively as well as per category of meeting defined
in the Scope of Work. Meeting No. 1 was the January 4, 1994 Kickoff Meeting. Meeting No.
2 was the March 29, 1994 Joint Hydrology Meeting with Burgess and Niple.
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9.

Flow Splits: The field reconnaissance of flow splits (and Subbasin boundaries) is expected to
begin on June 6th, using Global Positioning Systems (GPS). The Rio Verde North (Burgess
and Niple) flow split methodology was discussed. Due to complexity, that project assumed a
percentage flow split in certain areas. This approach may be needed in Rio Verde South.

a. At complex or important flow splits, four cross-sections may be needed, otherwise one
cross-section may suffice.

Hydrology Exhibits: The CADD work for subbasins, landuse, T, path and Routing path is,
expected to begin next week. A soils map will be prepared for the one area lacking current
soils maps. Mr. Loomis is working with Mr. Bill Johnson of SCS to prepare those maps. In
critical areas, soil samples will be taken and classified by the SCS.

New Flow Diversions: The new flow diversions in the Tonto Verde Subdivision need to be
shown on the subbasin maps.

Recent Earth Moving Projects: The area north of the existing Rio Verde community is
currently undergoing earth moving operations that are changing subbasin boundaries and
floodplain flow paths. Affected washes are washes north of, and including, Wash 11. In some
areas, the recent (flight date 12-22-93) aerial mapping is almost outdated. Ms. Regester will
consider how to proceed.

a. Ms. Cora Hernandez, FCDMC, has recently received plans for a new subdivision covering
one land section within the project limits.

Concerns: Ms. Story has no subbasin or flow split concerns at this time and is awaiting the
results of the field reconnaissance.

Aerial Photographs: Marked aerial photographs depicting subbasins and flow paths were
loaned to the District.

Hydrology Results: The first working HEC-1 model is expected about the middle of July.

The meeting adjourned at approximately 2:30 PM.

ACTION ITEMS:

L

FCDMC to instruct MKE on how to proceed in areas of recent earthmoving projects.

Distribution: All Attendees
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January 23, 1995 at 10:00 a.m. TERRRNCE P, FEUTEN

Flood Control District of Maricopa County RICHARD E. McLAUGHLIN

2801 West Durango St., Phoenix

SUBJECT: Phase I HEC-2 Review and Phase II Scope of Work
Rio Verde Area South Floodplain Delineation Study
Contract FCD 93-07

Attendees:
Ms. Cathy Regester, Flood Control District of Maricopa County, (FCDMC)
Ms. Sandy Story, FCDMC A
Mr. Frank Brown, McLaughlin Kmetty Engineers, (MKE) (ffM,J')\ Tl B

' The following presents our understanding of discussion items:

1. Floodplain Mapping: The District Review comments on the draft and preliminary HEC-2
analysis were presented. The draft HEC-2 technical appendix-type report was also reviewed.

a. Any Zone A floodplain less than one foot deep should be called a Zone X.

b. Supercritical HEC-2 runs are needed, but only for supercritical reaches (rather than the
entire wash).

c. The number of Zone A’ should be limited; try for Zone X or Zone AE.

d. For the starting water surface on Wash 10, present calculations according to FEMA 37 Page
5-6 on coincident peaks at the Wash 10 and 11 confluence.

e. The starting water surface on Wash 9 should be at critical depth, not at the Verde River.

f. The starting water surface on Wash 11 should be reviewed: Start at normal depth, not the
Verde River, show FEMA 37 Page 5-6 calculations, or state both methods attempted.

g. The Verde River cross sections (Page 10 of Draft Report) should be shown, if used.

Meetings with FCDMC are numbered consecutively as well as per category of meeting defined
in the Scope of Work.
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h. Weir flow coefficients should be justified and the surface type stated (road, desert island).

i. The analysis at weirs and split flows at islands can be reduced: If the cross-section has less
than 1 foot depth, drop the analysis. Ms. Regester will provide excerpts from other flood
studies on this topic.

. Floodplain Base Maps: On 16 December, Mr. Brown submitted floodplain base maps showing

HEC-2 cross sections and labels, overlaid on the topographic mapping. Some work is needed
to correct line weights and line styles. District review comments (redmarked prints) were
returned. ’

. Phase II Scope of Work: Phase II should analyze up to 4 river miles for washes that have

more than 500 cfs.

a. Ms. Regester presented maps showing about one (1) river mile of new floodplain mapping
requested on two separate washes.

b. Ms. Regester is to review the HEC-2 analysis submitted last November on Wash 11, just
upstream of the Phase I boundary (Cross sections 1.910, 1.933, 1.946). Mr. Brown is to
check with Mr. Kmetty on how to handle the recent grade change in this area that does not
significantly affect the mapped floodplain. FEMA would probably allow a common sense
approach here.

c. Expanding the floodplain analysis for Wash 11 in Section 36 was discussed: Due to the on-
going development in Section 36, it may not be worthwhile to delineate floodplains. Mr.
Jeff Erickson (Development Engineering, Inc.) will telephone Ms. Regester to confirm
subdivision timing. As a result, it was decided to confirm the Phase II Scope of Work in
the near future.

. ARCInfo Translation: MKE has the option of using the newest HIS specifications, which are

to be published shortly.

. Hydrology: The Preliminary Hydrology Report and computations are acceptable to the

District, and a memo to that effect presented. The Final Report should not be published until
the HEC-2 analysis is complete.

The meeting adjourned at approximately 11:00 a.m.
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ACTION ITEMS:

FCDMC:

1. Ms. Regester to provide:

a. Floodplain Delineation Study excerpts on split flows at islands.

b.
c.

MKE:

Review comments on HEC-2 Analysis Near Wash 11 River Mile 1.91 to 1.95.

Maps showing the Phase II floodplain limits, and written authorization to begin Phase II.

1. Mr. Brown is to:

.oa.

Address all review comments on the HEC-2 analysis, as noted above and the redmarked
copy of the Draft HEC-2 Report.

Revise the floodplain base maps for line styles and weights.
Provide supercritical HEC-2 analysis, as appropriate.

Discuss with Mr. Kmetty the floodplain analysis near River Mile 1.9.

Distribution: All Attendees
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McLaughlin Kmetty Engineers, Ltd.

3501 North 16th Street  Phoenix. Arizona 85016-6419  (602) 248-7702 FAX (602) 248-7851

GEZA E. KMETTY

RONALDC McLAUG -5

COORDINATION MEETING NO. 1 ONALDS meEAtSRse

. WILLIAM R, KENDALL

R\LP‘{ L. TORZY

TERRENCE P KENYOQ:

TO: Distribution RICHARD E. McLAUGHLIN

FROM: Frank Edward Brown -~ P S _,’(‘\’ _;;‘,L:_,-._,,_
McLaughlin Kmetty Engineers, Ltd. (MKE)

DATE: 24 January 1995

SUBJECT: GIS Coordination meeting
Rio Verde Area South Floodplain Delineation Study
Contract FCD 93-07

Coordination Meeting No. 1 was held at the office of Aerial Mapping Company at 3:00 p.m. on
24 January 1995. The meeting was informal in nature and is not required per the Scope of Work
with FCDMC. The following attended the meeting:

Mr. Richard Cook, Aerial Mapping Company (AMC)
Mr. Bob Parks, AMC
Mr. Mike Mester, AMC

. Mr. Frank Brown, McLaughlin Kmetty Engineers, (MKE)
Mr. Larry Blilie, MKE

GIS Consultants of Arizona (GCA) has essentially closed its doors. and MKE will be doing the
required GIS work in-house. However, the District’s double precision requirement means that
MKE will need to utilize AMC’s Unix workstation. Once ArcCad II is released. a Unix work
station would not be required. The ArcCad II release is about 1 year overdue, and there are no
indications for its release date.

The following presents our understanding of discussion items.

L Letter of Agreement: A letter from Mr. Blilie (attached) detailing the arrangement and
charges for an AMC operator and a Unix workstation was hand-delivered.

2. Submittal to FCDMC: If required to submit tapes, hand deliver and get the tape back, due
to 830 per tape cost. On occasion, Eric Feldman has rigorously applied the HIS
specifications.

3. Submittal to AMC: Large files should be submitted on QIC 80 tapes, which will be
returned to MKE.

4. File Translation: When working with dBase attribute tables in Quatro Pro, be careful not

to let the Quatro Pro default setting change the table structures. Mr. Parks may be able
to assist in this.
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10.

File Translation: When working with dBase attribute tables in Quatro Pro, be careful not
to let the Quatro Pro default setting change the table structures. Mr. Parks may be able
to assist in this. .

Digitized USGS Quad Maps: A scan of a quad map is not accurate, and is not registered
properly. Mr. Parks should double check certain items. Digitized maps prepared by the
USGS should be obtained, are not presently available for most areas and, given enough
time, will be available for all of Arizona. Digital Line Graph (DLG) format should be
requested. ‘

ERM’s: Burgess & Niple should tell MKE what order of survey (third order?) was used
for the ERM’s that they prepared for Rio Verde South.

Translation Problems: AMC agrees to stop work if problems are encountered with MKE'’
submittal. MKE should submit clean data to avoid problems. A small submittal should be
made early to allow AMC to check the data and save MKE expensive rework. AMC will
not change MKE’s raw data.

Split Flows: At split flows and island flows, MKE should work closely with AMC on cross
section length, when one cross section is shared for two washes.

Phase II Floodplain Mapping: FCDMC has authorized 1 mile for Phase II
floodplain, yet has not completed discussion on the Scope of Work, and AMC will
be given a work assignment at the approprite time.

Aerial Mapping: MKE has requested Arcinfo coverages from AMC for the Rio Verde
South topographic mapping, to assist MKE in their translation work. This will be done
once AMC’ translation is complete.

The meeting adjourned at approximately 5:30 p.m.

Distribution: All Attendees
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HALFORD E. ERICKSON

MEETING NO. 5* WILLIAM R. KENDALL

July 12, 1995 at 9:00 a.m. TERR gal?ég}g Ii( gg}y{g{g

Flood COIltl'Ol District of Man'copa County RICHARD E. MCL:AUGHLI:\}

2801 West Durango St., Phoenix

SUBJECT:  Phase II Wash 12 Floodplain Delineation Interim Submittal
Rio Verde Area South Floodplain Delineation Study
Contract FCD 93-07

Attendees:

Pedro Calza, Flood Control District of Maricopa County (FCDMC) 506-7346

Hasan Mushtaq, FCDMC 506-1501

Geza E. Kmetty, McLaughlin Kmetty Engineers, Ltd. éMKE) 248-7702
W—b~/ 248-7702

Frank Edward Brown, MKE /WJ\ (ww

After interim submittal of the Wash 12 Floodplain delineation, an interim Field Review Meeting was held on 27 -
June 1995 (please see separate memorandum summarizing field review). Today’s meeting was held to decide
on a course of action. The following presents our understanding of discussion items:

. 1.  'Wash 12 Future Floodplain: In all likelihood, this portion of Wash 12 will be channelized. Brooks
Hersey is the engineering company working for the landowner. The NRCS (National Resource
Conservation Service, formerly the Soil Conservation Service) has agreed to provide bank stabilization
along the Verde River at the Box Bar Ranch (under same ownership), and we assume that the landowner
will have no problem obtaining the necessary approvals for Wash 12 channelization.

2. Floodplain near River Mile 0.49 to 0.74: The options presented in the 27 June memo were discussed.

The photographs taken by Mr. Brown were viewed. One set of original photographs and the handwritten
photo key was given to the District.

A. It was decided to present the floodplain as shown in the previous submittal, after addressing District
review comments in a forthcoming review letter.

3.  Floodplain Violation: Mr. Calza reports that the landowner has been cited for a floodplain violation
due to the dumping of materials in the floodplain (see May 31 1995 Memorandum.) Mr. Brown
reiterates that he thought the debris would cause higher flood levels, since the materials were in the
floodplain. Mr. Brown reports that the debris has been cleaned up in one area and rearranged in another.

Meetings with FCDMC are numbered consecutively as well as per category of meeting defined in the
Scope of Work. Other coordination meetings have occurred with the District without meeting minutes
prepared.
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4. Floodplain at Forest Road: Mr. Brown explained that the reason for the Zone A at Forest Road has
to do with upstream split flows and the geometry of this street crossing. The District asks that this be
fully described in the Report.

5. Submittals: Mr. Calza expects to send the results of this study to FEMA in August and has informed
others of this time frame.

ACTIONITEMS:

The District is to:

1. Provide written review comments on the Wash 12 Floodplain Submittal.

MKE is to:
1. Address forthcoming Wash 12 review comments.
2. Along with the next floodplain submittal, resubmit the first floodplain submittal given to Cathy Regester.

3. Describe in the report text the flow situation at Forest Road.
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GEZA E. KMETTY

RONALD C McLAUGHLIN

HALFORD E. ERICKSON

INTERIM FIELD REVIEW MEETING WILLIAM R. KENDALL
RALPH L. TOREN

' TERRENCE P. KENYON

RICHARD E. McLAUGHLIN

TO: Distribution

FROM: Frank Edward Brown
McLaughlin Kmetty Engineers, Ltd. (MKE)

DATE: 27 June 1995

SUBJECT: Floodplain Delineation for Wash 12
Rio Verde Area South Floodplain Delineation Study
Contract FCD 93-07

An Interim Field Review meeting was held at the site to discuss the recent submittal of the HEC-2
output, cross section plots, stream profile plot, and floodplain delineation maps for Wash 12. The
following attended the meeting:

‘ | Attendees:  Mr. Hasan Mushtaq, Flood Control District of Maricopa County M |

Mr. Frank Edward Brown, McLaughlin Kmetty Engineers, Lt
Mr. Charles L. Joy, McLaughlin Kmetty Engineers, Ltd. {
Mr. Ahmad Osman, McLaughlin Kmetty Engineers, Ltd.

The purpose of these meeting notes is to present a summary of the field review and to propose a
- course of action for floodplain delineation at the following locations.

1. Left Bank Area: Between River Mile 0.49 and River Mile 0.74 along the left bank of Wash
12, a natural embankment was inspected in the field. This embankment is well vegetated, and has
the appearance of being naturally formed. The top width varies from about 10 feet wide to one foot
wide. The embankment is between 1.5 feet and 4.0 feet high above the adjacent thalweg. Thereis
evidence of flows recently in this channel, and in some places the channel side slopes are eroded to
near vertical with evidence of sloughing. Mr. Brown took several photographs in this area. The
channel between the above referenced river miles was walked, including a good portion of the
proposed Zone A. The Box Bar Ranch lies due east of this area.

a. Computations show that the left bank is overtopped between River Mile 0.569 and River

Mile 0.661.
. b. As briefly discussed with Mr. Mushtaq in the field, the proposed course of action is to map
H:p\8940700316-27-95.mtg .
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the floodplain under two scenarios. The first is to map the floodplain on the stream side of the
embankment with the embankment in place. This yields the maximum water surface, in the event the
embankment stays in place during a 100 year event. The second is to map the nonstream side using
the entire channel cross section, assuming runoff cuts through the embankment This yields the
maximum lateral floodplain extent. Split flows and island flow situations are expected. These
approaches should be discussed before we proceed. Generally, water deposited sediment has fairly
good compaction. However, MKE lacks the geotechnical expertise to state for certain whether the
embankment would remain in place or not during a 100 year flood. We recommend that a qualified
geotechnical professional be hired to examine and test this area. We would supply flow rate, flow
depth, velocity, and any other data available to us.

1. If flow cuts through the embankment, a portion of Wash 12 would flow through
the Box Bar Ranch. The analysis could end with a standard “Limit of Detailed Study” note. If the
detailed study area were continued through the Box Bar Ranch, approximately 0.5 stream miles
would be added to the study, which is outside the present Scope Of Work.

2. Right Bank Area: What appears to be a manmade earthen levee is found along the Wash 12
right bank between River Mile 0.36 and River Mile 0.48 and was inspected in the field. Fill material
is comprised of undetermined local material, small landscaping rock with plastic sheet remains, and
other “junk” type fill. The top width is generally about 1.0 foot. It is generally well-vegetated,
except for the more rocky portions.

a. This levee is overtopped and the floodplain is mapped as if the levee is completely gone.

3. Right Bank Levee Construction Plans: During Data Collection, MKE did not locate any
construction or compaction or freeboard drawings, nor any reference to such drawings. The District
will again search the files for construction details.

4. Wash 12 at Forest Road: The flow situation at Forest Road was examined. The true low
point is south of the main thalweg, and occurs where runoff from Subbasin 500K (0.10 square miles)

~ crosses Forest Road. The main thalweg occurs north of the Subbasin 500K crossing, where runoff
from 7.5 square miles crosses the road.

a. The main thalweg should remain as shown on the flood maps.

b. The likely situation is that west of Forest Road, runoff in the main thalweg splits off to the
south in several locations , thus most of the flow ends up at the true low point. Since this is outside
of the floodplain study area, the exact nature of the split flows is not known. Since runoff flowing
between the main thalweg and Rio Verde Drive to the north has momentum and the potential to
cross Forest Road in a perpendicular fashion, a Zone A is delineated here since the exact flow rate
cannot be determined.

H:p\89407003\6-27-95.mtg




5. General field reconnaissance: Several Study Wash locations were reviewed in the field, as
‘ follows (listed in viewing order):

a. Wash 11 at Agua Verde Drive.

b. Wash 10 between golf course and Forest Road.

c. Wash 11 near west end of Section 31. A new road is being constructed at this
location. The concrete roll curb ends before the low water crossing.

d. Wash 11 in Section 36. The concrete levee diversion structure was viewed.

€. Wash 9 at Forest Road, at Via Hermosa, at Vado Court, and at Quail Haven Road.

f Wash 10 at Avenida Del Ray.

Distribution: ~ All Attendees
Pedro Calza, Flood Control District of Maricopa County
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Correspondence |

1.4 General Correspondence
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fv:‘aughlin Kmetty Engineers, Ltd. PE Y aa9q P- dom), 063
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D shop drowings [3 Prints O Plans 3 samples O specifications
O Copy of letfer [ Change order ]
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3501 North 16th Street

March 16, 1994

Mr. David Ritchie
Rio Verde Services
P.O. Box 31001

S P 2ONE S

Phoenix, Arizona 85016-6419

McLaughli

e Ay

n Kmetty Engineers, Ltd.
(602) 248-7702 FAX (602) 248-7851

GEZA E. KMETTY
RONALDL € MeLAUGHLIN
HALFORD F. ERICKSON

WILLIAM RO KENDALL
RALP'H L. TOREN
TERRENCE PP KENYON
RICHARD E. MeLAUGTILIN

Rio Verde, Arizona 85263

Re: Right of entry for surveying purposes:

Dear Property Owner:

The Flood Control District of Maricopa County has contracted with McLaughlin Kmetty
Consulting Engineers, Ltd. (MKE), and their subcontractor George V. Sabol Consulting Engineers,
Inc. (GVSCE), to perform a Flood Delineation Study for the southern portion of the Rio Verde
Area and surrounding vicinity. The purpose of this study is to determine flood related hazard
zones and delineate areas that may be subject to inundation during a "100-year flood" event.
According to records at the Maricopa County Assessor’s office, you own one or more parcels of
land within the limits of the study area.

The intent of this letter is to notify you of the commencement of surveying activities in support
of the above mentioned study. In order to perform these surveys it may be necessary to enter
your property. This activity leould not result in any inconvenience or damage to property. If you
have any objections to the entry onto your property, you must notify Ms. Cathy Regester of the
Flood Control District at 506-1501. Otherwise it willybe assumed that you consent to the entry
onto your property. :

The study and resulting maps will be used for floodplain management purposes and submitted to
the Federal Emergency Management Agency for flood insurance information and revisions of

Flooc% Insurance Rate Maps. This study should be available to the public in about 12 to 15
montis.

The Flood Control District and its representatives appreciate your help in assuring the accuracy
of this study by allowing access to your property for the surveyors and by providing any
information you may have regarding past flooding or related problems.

If you have any (}uestions regarding this study or the right of entry, please contact Ms. Cathy
Regester of the Flood Control District, Mr. Frank Brown of McLaughlin Kmetty Engineers or
Mr. Tom Loomis of George V. Sabol Consulting Engineers.

Ms. Cathy Regester, Hydrologist, Flood Control District, (602) 506-1501.
Mr. Frank Brown, Project Engineer, McLaughlin Kmetty Engineers, Ltd. (602) 248-7702.
Mr. Tom Loomis, Project Engineer, George V. Sabol Consulting Engineers, Inc. (602) 483-3368

Very/truly yo/r/
Viilim
zaxB. Kmetty, P.B,

%ct Manager

COMPEETE ENGINEFRING SERVICES IN:  TRANSI'ORTATION

89:407-00\ Entry.003

ASPEN. CO
(303) 925-1920

TULSA. OK
(91K HHL-G800

DENVER, CO
(303) 458-5560

SUMMIT COUNTY. ('O
(3D A6R 2111

Y 8L g S g AR R S g e AT L S PP S e A A AR D SO R S8 S8 e e ¢ e g et e ey . “e -

MUNICH'AL ERGINEERING
WATTR RESOURCES TREATMENT AND DISTRIBUNON

CIVIL ENGINERIING
CONSTRUCTION MANAGEMENT SPFCIALTY INDIRANICS

STOFMDRAINAGT AND ITOON CONTROY
RATE STUDITS ANDANTINTIFS TCONOMICS



RIO VERDE SOUTH FLOODPLAIN DELINEATION STUDY
RIGHT OF ENTRY FOR SURVEYING PURPOSES

List of Property Owners Notified

Mr. Robert Malone, Chrm., Streets Committee
Rio Verde Community Association

P.O. Box 32012

Rio Verde, Arizona 85263-2012

Mr. Robert Haack, President
Rio Verde Country Club
P.O. Box 31432

Rio Verde, Arizona 85263

Mr. Bob Anderson, Chairman

Rio Verde Greens and Grounds Committee
P.O. Box 31432

Rio Verde, Arizona 85263

Mr. David Ritchie

Rio Verde Services

P.O. Box 31001

Rio Verde, Arizona 85263

Mr. David Ritchie, President
Tonto Verde Subdivision
P.O. Box 31001

Rio Verde, Arizona 85263

Mr. David Ritchie

Tonto Vista Development.
P.O. Box 31001

Rio Verde, Arizona 85263

Mr. David Ritchie

West 36 Development
P.O. Box 31001

Rio Verde, Arizona 85263

Mr. David Ritchie

Rio Verde Development
P.O. Box 31001

Rio Verde, Arizona 85263

89407-00\Entry.003 1




RIO YERDE SOUTH FLOODPLAIN DELINEATION STUDY

RIGHT OF ENTRY FOR SURVEYING PURPOSES

James Young
U.S. Forest Service
P.O. Box 5348
Phoenix, AZ 85010

Louje Hood, Planning Coordinator
Fort McDowell Indian Community

P.O. Box 17779
Fountain Hills, AZ 85269

Robert and Barbara Nelson
7328 E. Krall
Scottsdale, AZ 85252

Rio Verde Partnership
7137 North 7th Avenue
Phoenix, AZ 85021

Billie Nelson
P.O. Box 32012
Rio Verde, AZ 85255

Western Rio Verde, Inc.
23150 North Pima Road
Scottsdale, AZ 85255

Second Arizona Rio Verde Co.

P.O. Box 1
Rio Verde, AZ 85255

Jane Moot
300 Roanoke Bldg.
Minneapolis, MN 55402

89407-00\ Entry.003

List of Property Owners Notified

SN-GE, Sec. 25
219-38-17 - 18 and 20 - 34

SN-6E, Sec. 25
219-38-16

5N-6E, Sec. 36
219-38-38C

SN-6E, Sec. 36
219-38-38H, 38J, 38P, 38R,
43, 44 & 45

5N-GE, Sec, 36
219-38-38X & 38Y
5N-7E, Sec. 32
219-14-1F, 1G, & 1L

SN-7E, Sec. 31
219-14-2F, 2L

385,




RIO VERDE SOUTH FLOODPLAIN DELINEATION STUDY

RIGHT OF ENTRY FOR SURVEYING PURPOSES

Rio Verde Land, Inc.
P.O. Box 1
Rio Verde, AZ 85255

Tonto at Verde Co.
PO. Box 1
Rio Verde, AZ 85255

Traverse, Inc.
5605 Woodcrest Drive
Edina, MN 55424

Joanne Hilty
2218 East State Street
Fremont, OH 43420

McCullough Properties, Inc.

P.O. Box 17795
Fountain Hills, AZ 85268

Rio Verde Box-Bar Ranch
3400 City Center
Minneapolis, MN 55402

Rio Verde Utilities, Inc.
18815 Four Peaks Blvd.
Rio Verde, Arizona 85255

89407-00\ Entry.003

List of Property Owners _Notified

SN-7E, Sec. 31
219-14-2H & 2M

SN-7E, Sec. 31
210-14-2K

SN-7E, Sec. 31
219-14-2Q

SN-7E, Sec. 31
219-14-4

SN-7E, Sec. 32
219-14-1D

5N-7E, Sec. 32
219-14-1J & 1K

SN-7E, Sec. 32
219-14-1M & 1IN




RIO VERDE SOUTH FLOODPLAIN DELINEATION STUDY
RIGHT OF ENTRY FOR SURVEYING PURPOSES

List of Property Owners Notified
Revised 4/1/94*

Mr. Robert Malone, Chairman
Streets Committee

Rio Verde Community Association
P.O. Box 32012

Rio Verde, Arizona 85263-2012

Mr. Robert Haack, President
Rio Verde Country Club
18731 East Four Peaks Road
P.O. Box 31432

Rio Verde, Arizona 85263

Mr. Bob Anderson, Chairman

Rio Verde Greens and Grounds Committee
18731 East Four Peaks Road

P.O. Box 31432

Rio Verde, Arizona 85263

Mr. David Ritchie

Rio Verde Services

P.O. Box 31001

Rio Verde, Arizona 85263

Mr. David Ritchie, President
Tonto Verde Subdivision
P.O. Box 31001

Rio Verde, Arizona 85263

Mr. David Ritchie

Tonto Vista Development
P.O. Box 31001

Rio Verde, Arizona 85263

West Thirty-Six Company, Ltd. SN-GE, Sec. 36
25609 Danny Lane 219-38-38H, 387, 38P, 38R, 38S,
Rio Verde, Arizona 85263 43, 44 & 45

(from Western Rio Verde, Inc.)

89407-00\RvEniry.003 i * Ttalics = Revised Items




RIO VERDE SOUTH FLOODPLAIN DELINEATION STUDY

RIGHT OF ENTRY FOR SURVEYING PURPOSES

List of Property Owners Notified

Mr. David Ritchie

Rio Verde Development
P.O. Box 31001

Rio Verde, Arizona 85263

James Young

U.S. Forest Service

2324 East McDowell Road
P.O. Box 5348

Phoenix, AZ 85010

Louie Hood, Planning Coordinator
Fort McDowell Indian Community
P.O. Box 17779

Fountain Hills, AZ 85269

Robert and Barbara Nelson
7328 E. Krall
Scottsdale, AZ 85252

Rio Verde Partnership
2200 E. Camelback Road, #221
Phoenix, Arizona 85016

Billie Nelson
P.O. Box 32012
Rio Verde, AZ 85255

Second Arizona Rio Verde Co.
PO.Box 1
Rio Verde, AZ 85255

Rio Verde Land, Inc.
P.O. Box 1
Rio Verde, AZ 85255

89407-00\ RvEntry.003

Revised 4/1/94*

(8]

5N-6E, Sec. 25
219-38-17 - 18 and 20 - 34

SN-6E, Sec. 25
219-38-16,

SN-6E, Sec. 36
219-38-38C

SN-6E, Sec. 36
219-38-38X & 38Y
SN-7E, Sec. 32
219-14-1F, 1G, & 1L

SN-7E, Sec. 31
219-14-2H & 2M

* [talics = Revised [tems



RIO VERDE SOUTH FLOODPLAIN DELINEATION STUDY

RIGHT OF ENTRY FOR SURVEYING PURPOSES

List of Property Owners Notified

Tonto at Verde Co.
P.O. Box 1
Rio Verde, AZ 85255

Traverse, Inc.
5605 Woodcrest Drive
Edina, MN 55424

Joanne Hilty
2218 East State Street
Fremont, OH 43420

McCullough Properties, Inc.
P.O. Box 17795
Fountain Hills, AZ 85268

Rio Verde Box-Bar Ranch
3400 City Center
Minneapolis, MN 55402

Rio Verde Ultilities, Inc.
18815 Four Peaks Blvd.
Rio Verde, Arizona 85255

Bob Brethower, Ranch Superintendent
?
?
?

89407-00\RvEntry.003

Revised 4/1/94*

SN-7E. Sec. 31
210-14-2K
219-14-2F, 2L (from Jane Mooty)

SN-7E, Sec. 31
219-14-2Q

SN-7E, Sec. 31
219-14-4

SN-7E. Sec. 32
219-14-1D

SN-7E. Sec. 32
219-14-1J & 1K

SN-7E, Sec. 32
219-14-tM & IN

3 * [talics = Revised Items
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3501 North 16th Street Phoemx, Arizona 85016-6419 (602) 248-7702 FAX (602) 248-7851

gITER OF TRANSMITTAL Date: 3~ - q L [bro: F9— 407,003
To: (-7 VS Cﬁ_ ) Altention: /]/\ . m L—dom._g
Re:

Rio Vale Couth

Sco Hodale

WE ARE SENDING YOU LA’I’]‘/\CHED VIA dﬂz/n/ S

Original: Copies Date Description

l 2218 Fep MSM‘M; Ca/cc 7~ J/Mmua

®

Remarks: TUH\

"f’}\f\c /S eom  Yhe  nvey oll‘WfJfan S Free s

(n_ Tonls Jiafe

SIGNED Q-/LL»»L M gf—trw\




WOOD /PATEL
ASSOCIATES

. Civil Engineers
Hydrologists

Land Surveyors

DATE:
PROJECT NO:

PROJECT NAME:

SUBJECT:

RECEIVED APR 0 5 1994

m

COMMUNICATION RECORD

April 1, 1994

83031.00

Rio Verde - North Floodplain Delineation

Study, Hydrology

Hydrology Method, Input

Input Received from Sandy Story

Darrel E. Wood, PE., R.L.S.
Ashok C. Patel, PE, R.L.S.
James S. Campbell, P.E.

Jay N. Vaughn, R.L.S.
Gordon Wark, P.E.

Jeffrey J. Holzmeister, P.E,

-

Wood/Patel - Burgess & Niple, have submitted preliminary results of hydrology using
various methods. The district has received the data submitted and concluded that the
. Phoenix Valley S-graph be utilized for the subject study.

ccC:

. GENCOR\93031-00.404

Burgess & Niple:

Russ Cruff, P.E.

Larry D. Culler, P.E.
Larry J. Woodlan, P.E.

ECDMC:

Sandy Story
Magnus Jolayemi
Cathy Regester

George V. Sabol Consulting Engineers, Inc.

George Sabol, PhD, P.E.
Tom Loomis, P.E.

Mclaughlin Kmetty Enaineers, Ltd.
Frank Brown, P.E.

Wood, Patel & Associates, Inc. ¢ 1550 East Missouri, Suite 203 * Phocnix, Arizona 35014 ¢ (602) 2241344« Fuax (602) 234.1320




McLaughlm Kmetty Enomeers Ltd.

IO 2R PR N St 3 e A L SR i S BRI SN . IR A - —""‘

3501 North 16th Stl eet Phoem*{ Arizona 85016-6419 (602) 248-7702 FA‘( (602) 248-7851

LETTER OF TRANSMITTAL Date: 04— 14-94 Job Na.. 89-407.003
Tor George V. Sabol Consulting Engineers, Inc. Allention:  Dr, George V. Sabol, P.E.
7950 East Acoma Drive Re: Rio Verde South
Suite 211
Scottsdale, Arizona 85260-6962
WE ARE SENDING YOU ___ ATTACHED ___ via_Hand Delivery
Original: Copies Date Description

]

Rio Verde Binder and Accordian File.

)

Tonto Verde Binder and Accordian File.

1

FEMA Binder and Accordian File.

Data Collection Binder, including Summarv Report for Phase T,

Task 2 Data Collection dated 3-9-94.

@

Remarks:

sionep_Las by (D, ;;pm ool

./  Frank Brown, P.E.
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Burgess & Niple, Inc.
5025 East Washington Street

B
N
E
A

Suite 212
N S Phoenix, AZ 85034
R R H : T E C T S 602 244-8100

Fax 602 244-1915

RECEIVED APR 2 0 1394

LETTER OF TRANSMITTAL |PAE 4/19/74- JOB NO.
RE: 2 b Vunsdo. Jv//sz —
TO =/ £, /f o 7417,7/1" ; Yot J—Z‘Z’/ﬁ //Q/M. @Juuzf/ ///r//.

7/7 's/(L/J*Z,[/JI /fzﬂu tf// (Qfm 7 J‘f’b_’ 7//f,/ M/JJ
2274 //]1)"14’/_ //ﬂﬁ/ /Lr/ iy /
@U/J/ u,/u Az 8 Solis

WE ARE SENDING YOU: ®MAttached O Under separate cover via the following items:
Q Shop drawings Q Prints Q Plans Q Samples Q Specifications
- O Copy of letter O Change order g /7]/2//:/4/[/“ ot (Dosdtor CAID Frdog,
COPIES| DATE NO. ' " DESCRIPTION
{ 2=8 |Onx: vl //}/’/‘,C/oi s A iz ML it e sl for
Dt ot 2 o sl Jaa u{
{ /=5 Q//Jo" C—H,Lén (j/u./ faé, f z,/) el s &% //,‘775*4/-&(8/’1:// 2
‘ LS 4, /é//7/ LA (/»\.7 Lo //Je/vjﬂ (Zé/cu/,él//g
/ (-2 Dl ital | ihesll) Leicaisloin chiter . Lot
B o osiito (&:/(W/ &

THESE ARE TRANSMITTED:

Q For approval O Approved as submitted U Resubmit ______ copies for approval
@ For your use Q Approved as noted Q Submit _____ copies for distribution
Q As requested Q Returned for correction Q Return ___ corrected prints
Q For review and comment a

REMARKS

W]( A y[@“éﬂ/&ﬂ"//
[Cor @ ,

COPYTO

Ayl
I enclosures are not as noled, kindly potity

SIGNED




M KE McLaughlm nmetty Engme‘eers, Ltd

' Crranati B?""’ mFW'Wé.“.La;& ¢ e herd S0 M TN T 6k St 4 LATES 20 KL PII Mty 1ssteal MSHMRUV GRS MAR Tt

3501 North 16th Street  Phoenix, Arizona 85016-6419  (602) 248-7702 FA}x (602) "48 1851
f

e

QE’I’I‘ER OF TRANSMITTAL ' i Yfag [7ep | oo X7 407, PA.5
To: é . ﬂ'S-' é‘ F Attention: 7‘;% V\A/ .
Re:

WE ARE SENDING YOU ATTACHED z VIA l/ &'/I/Cﬁ(/ M{A‘/Lﬁ
TONS

Original: Copies Date Description
/ — gzsfyg/ Ehnr '
N L Lfen <0 b T
/ &_‘;&/Z,(f / \J/&ﬁ// AT s pii ,097253—%4
Dy yz & /7

[ Aos6-20 2-253%33 QMJAJQ ﬁMﬁwﬁg/ 900 s pd oy

b | G raiien /w&uu%/)‘ Chats de/l&/é~72

Remarks:

W

SIGNED Q'M-J\ L0 ‘4/\1\’\«.’\




Burgess & Niple, inc.

1106 North Beeline Highway

Payson, AZ 85541

S 602 474-5313

— —— P YA Vo . »
‘ . SR’L‘:L‘_%VEU MaYy § & ‘:ggl‘ Fax 602 474-3511

LETTER OF TRANSMITTAL [t z3.77 ™% 553

" RIO vERrDE sroo D
TO FRrANK BRowr] DELINGATION STUDY
PDCLAUGHLIN KMETI? E6inEer” S

WE ARE SENDING YOU: BA/ttached Q Under separate cover via the following items:
O Shop drawings Q Prints Q Plans U Samples U Specifications
Q Copy of letter QO Change order Q
COPIES| DATE NO. DESCRIPTION
/ _|AERIAL comTRIC MAP cy PT S o @UAD. MAF
/ " ! L1ST w/ﬂr#'sl DESCRIPTION , PoinT ELEY
d paveL cresv's (oM uses DATUM)
6/ FreEcd LBookS -~VERTICAL RUMS —(US?ZEUED%T?- 9/-170
/ CPS corTRot DLESCR PTIor] SHEETS Fo@ HE ., ComTROL
/ M- SITE BDUALITY CarnTRol. s&EeTlo~r PRiINTOUT

(on vsSES DATUMB

. )
/ AE21AL MAPS - REOLINED /AELIA (L CarTROL. X -SE' S &R~ 5|
FsEeTiond cINES i

THESE ARE TRANSMITTED:

Q For approval O Approved as submitted Q Resubmit ____ copies for approval
B’F&your use Q Approved as noted Q Submit ___ copies for distribution
Q As requested O Returned for correction Q Return ____ corrected prints
@ For review and comment 0 '

REMARKS

@
COPYTO P _FILE SIGNE/Z -~ %/ﬁé‘

L., CoLLER

If enclosures are not as noted, kindly notily us at once.
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3501 North 16th Street Phoenix, Arizona 85016-6419 (602) 248 7702 FAX (602) "48 7851

.ETTER OF TRANSMITTAL b 5/3) 9¢  |svre: €9- 907,003
. ention: ' /
b GQ—OMTQ Ve Sabol Cov«j(«/-}{ij Ev\&rx e Mr, Trwm Foomng
Re:

Qoo l/lro(Q So u-Hn

WE ARE SENDING YOU _KA’!TACIIED VIA ’& + c/ acC _maf

Original: Copies Date Description

| 0o | Al 34 | B M copedinato data QFPSITE % - Stchons

loa | /i) ag | Briv coordisote dats (FS cnteal RC X<lochis

®

Remarks: [0

Phis e as T rocaived i, No orhar & in Struchms //

Q/f‘{}/d,na%'m_wm ‘n cduded.

SIGNED g’/LM,d %M/\J Q—*"m«g
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‘0: NE
Atin: N Frapk Brown PE

FROM:  (George V. Sabol Consulting Engineers, Inc.
7950 East Acoma Drive, Suite 211
Scottsdale, Arizona 85260-6962
(602) 483-3368 FAX (602) 483-3990

DATE: /ﬂa/w Z, 1994 -
PROJECT No./Name:%0 Pip lerde
SUBJECT: 7’7/7c/rd/«//'c Base /77/7/JS

ENCILOSED ARE THE FOLLOWING
1= <et of 20O Sw/f' base /77&%5 /,Orm/ <

Ffan/é‘ v / éa ve _ouTlined 3 F/ﬁwﬁ’)&‘ o) 7[ FE&?;V A/cisﬁe_L
‘3/ 10 ‘r‘// o Fhe 6/74/056(/ 177005 [ fare o7 Tried 7o
sclect a. Hzcz po~genr %/ij, |

COPIES

‘GNED /7??7‘/? A2
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Burgess & Niple, Inc.
5025 East Washington Street
Suite 212
S Phoenix, AZ 85034
602 244-8100
Fax 602 244-1915

RECEIVED HAY g 9 1904
LETTER OF TRANSMITTAL P /7/Gq | BN
: 7 -
R e ariie o Bl —
TO =< / XTI FC i o i) _ f:j/)’ytd/'n”/}:uw, () edinecter 54
W s oo W fge s Xt
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WE ARE SENDING YOU: ®@Attached O Under separate cover via the following items:
Q Shop drawings - Q Prints Q Plans 'O Samples Q Specifications
Q Copy of letter Q Change order B [ /‘f'/_;z‘,;'.;'ir’//;j’g," Ligm s N
COPIES| DATE NO. DESCRIPTION
/ Z2-5 1) sippnani i P2ilgmsid. A1 [)/Lé’f foriml ﬂ./u/ Ld/)é%ﬂle/]
Ui 2w it e D oer
[/
THESE ARE TRANSMITTED:
a For approval O Approved as submitted Q Resubmit copies for approval
& For your use O Approved as noted Qa Submit copies for distribution
O As requested Q Returned for correction Q Return corrected prints
O For review and comment a

REMARKS

777a//
COPY TO [3 4 #

(7; y Z&bn/w

/JJU'

/Z(//ﬂ—z'

0‘» LA
It enclosures are not £ noted, kindj notify us at oncs.

s

SIGNED f)% m/,f//x/ /f_O ﬁ 7P
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McLaughlm Kmetty Enomeers Ltd.
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3501 North 16th Street  Phoenix, Arizona 85016-6419  (602) 248-7702 FAX (602) 248-7851

QE’I’I’ER OF TRANSMITTAL.

RJe

Vieta

Dale: S'f'l -9 4 Job No.: {q._ 40'1, 003

To:

\‘—‘)l/ g C E :I:MC_

Altention: /V] r, W L-O & ',"!

Re: Ria Verdo  Sauth

WE ARE SENDING YOU _,}Q ATTACHED __VIA PCLLC K-up
Original: Capies Date Description
oo [0 g ] Shaty of Stmi- recifod  dernl /n/% fog  doq' Sealo,

Remarks:

SIGNED__Graded Tlomrdl Bapmn




McLaughlm Kmetty Engmeers, Ltd‘
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‘ 3501 North 16th Street  Phoenix, Arizona 85016-6419 (602) 248-7702 FA‘( (602) 248-7851

GEZA E. KMETTY
RONALD ¢ McLAUGHLIN
HALFORD E. ERICKSON

WILLIAM R KENDALL
RALPH L. TOREN
TERRENCEP. KENYON
RICHARD E. McLAUGHLIN

Date S"’ 2L1-9¢F | Page 1 of 5‘5

INCL. this page

From FfM/L Ero L

Transmitted to Fax Number 4 ? 3 ~ 3 7 70

To £ Mr. T 4D Owmis

Company LUS CE Ine

Comments___] 0'rq I_/)]Q,ﬂ.,.m N Cm«mm%—

@ o A riahr Aalt of Satr cu s
Lol whot~ tho Jond um S0 Dn s nead i
toncter 8 Jabelc  ard when Frern ¢

CHU o, 77,&4;&7 rraroing .
A al

Job#___K9~¢o2 o3

NOTE: If this transmission is incomplete, please cail
(602) 248-7702

. Admin\ FaxForm.000

ASPEN. CO TULSA. OK DENVER. CO SUMMIT COUNTY. CO

(303) 925-1920 (91K} HE2-6R00 (303) 458-5550 (303 468-21411
- PRI O . SR a1 05 O A A E B ey I 0 M S AN R R SR ek SO SRR - e R I IS SCENEEEAEE AN e
ZOMPIETE ENGINEERING SERVICES IN:  TRANSTORTATION MUNICIFAL ENGINEERING CIVIL ENGINEEIING STORM DRAINAGE AND FLOOD CONTROL
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GIS Consultants of Arizona, Lid.

June 8, 1994

Mr. Frank Brown vEn JUN 0 8 1994
McLaughlin Kmetty RECEIWED J

3501 N. 16th Street, Suite B
Phoenix, Arizona 85016

RE: RIO VERDE SOUTH - FCDMC FLOODPLAIN DELINEATION STUDIES
Letter of Transmittal - Revised FMDMC & USGS 7.5' study base maps

Dear Mr. Brown:

Please find attached the Revised digital Topographic base maps and FCDMC
Coverages for Rio Verde South - This data is on a Arizona State Plain, NAD 83
shifted for local adjustment in the coordinate system to match the project mapping
based on USGS Published local adjustment.

The adjusted stream lines are included (as continuous polylines) for your project
watershed study area. A copy of the stream data (only) is being delivered to Tom
Loomis at G.V. Sabol Engineers. They have already received the balance of the
adjusted data under separate cover.

Please contact me should you have any questions or comments

Sincerely,

GIS Consultants of Arizona, Ltd.

L. Don Spire, RLS

President

cc: Tom Loomis, G.V. Sabol Engineers

2141 West Clarendon A.ve., Pheoenix, A7 85017 (E02) Z2€3-5754 Fayx (F22) Z85-D1sE
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7950 East Acoma Drive Re: Rio Verde South
Suite 211

Scottsdale, AZ 85260-6962
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McLaughlin Kmetty Engineers, Ltd.

. 3501 North 16th Street Phoenix, Arizona 85016-6419 (602) 248-7702 FAX (602) 248-7851
\_ 0% -/7-74 ’
LETTER OF TRANSMITTAL Dae: g2 119/ Job No:  89-407.003
Tor George V. Sabol Consulting Engineers, Inc} Ateotio® Mr. Tom Loomis, P.E.
7950 East Acoma Drive Re: Rio Verde South
Suite 211
Scottsdale, AZ 85260-6962
WE ARE SENDING YOU X_ ATTACHED __ viaPick Up or Deliver
Original: Copies Date Description

] 12-10-92 | Photo dated 12-10~-92; Sections 3-4-9-10 T4N R6E Aerial

photograph, mounted on plastic film.

_‘

Remarks: Tom

We received this in conjunction with our Rio Verde South proposal about June. 1993,

This is within our Study Area, so I am giving it to you. Please return this at

the end of the project.
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Frank Edward Brown, P.E.
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Civil Engineers, Hydrologists, Land Surveyors
' 1550 East Missouri, Suite 203
Phoenix, AZ 85014
(602) 234-1344 » FAX 234-1322
TO:

George V. Sabol Consulting Engineers, Inc.

~
\, r Y E
. . y
~ ‘{'-..4 E IR AU
;

MKE o §1- Fo2.003

DATE: August 24, 1994 JOB NO. 93031.00

ATTENTION: Tom Loomis, P.E.

RE: Rio Verde - North FPDS hydrology coordination

7950 E. Acoma Dr. Suite 211

Scoutsdale, AZ 85260-6962

WE ARE SENDING YOU  H Attached 0 Under separate cover via PICK-UP the following items:

O Shop drawings O Prints 4 Plans O Samples O Specifications
0 Copy of letter O Change Order B Other_(Files)
COPIES DATE NO. DESCRIPTION
1 8/24/94 11"x17" copy of portion of drainage map and HEC-1 schematic
1 8/24/94 One 5 1/4" diskette containing TAPE21 files for divert operation 165DR

for 6-hour and 24-hour storms

e

THESE ARE TRANSMITTED as checked below:

8 For approval O Approved as submitted O Approved as noted
B For your use B As requested

O For review and comment

REMARKS:

Note that the NMIN value for both files is 5 minutes.

S +O~Co,:~_0 on NE ¢ CennJU T 1
7

a S

CNP\ Riover 0E\HeC )\ {10 No RTH Al nemy  TAPESI. O6H

TAPE~t1, 24 H

Be Vron /36799

COPY TO: Larry Culler, P.E., Burgess & Niple

SIGNED: Anthony J. Regis, P.E.

FORMS\TRANSMIT.GEN
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Burgess & Niple, Inc.

5025 East Washington Street
Suite 212

Phoenix. AZ 85034

602 244-8100

Fax 602 244-1915

k‘//)”'--/\—/,L {4
B0 7 =

s RECEIVED AU6 2 5 1994
T S

Mr. Frank Brown Re: Rio Verde North

McLaughlin Kmetty Engineers, Ltd. Floodplain Delineation Study

3501 North 16th Street
Phoenix, AZ 85016

August 25, 1994

Dear Mr. Brown:

During a phone conversation, this date, we discussed a flow breakout included in the
HEC-2 model for Rio Verde North. The breakout occurs at Section 2.494 of Wash A
and discharges 210 cfs to Rio Verde South.

Enclosed is a print of Sheet 5 of the maps for Rio Verde North, which shows the
location of the flow breakout.

Very truly yours,
Larry D. ;;ller, PE
copy: Magnus Jolayemi

Cathy Regester
Sandy Story
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GEZA E. KMETTY
RONALD C MeLAUGHLIN
HALFORD E. ERICKSON

WILLIAM R KENDALL
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Burgess & Nipis, Inc.

5025 East Washington Street
Suite 212

Phoenix. AZ 85034

602 244-8100

Fax 602 24+1915

s RECEIVED AUG 2 5 1994

Mr. Frank Brown Re: Rio Verde North

McLaughlin Kmerty Engineers, Ltd. Floodplain Delineation Study
3501 North 16th Street
Phoenix, AZ 85016

August 25, 1994
Dear Mr. Brown: ‘
During a phone conversation, this date, we discussed a flow breakout included in the -

HEC-2 model for Rio Verde North. The breakout occurs at Section 2.494 of Wash A
and discharges 210 cfs to Rio Verde South.

Enclosed is a print of Sheet 5 of the maps for Rio Verde North, which shows the
location of the flow breakout.

Very truly yours,
Larry D. Chiler, PE
copy: Magnus Jolayemi

Cathy Regester
Sandy Story
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PHOENIX, AZ 85017-4588

‘ TEL (602) 263-5728
FAX (602) 263-0165

w0 e ekl STEFY AL
/

INC.

LETTE™ OF T@AN@MDTT&L

/-g

RECEIVED AUG 3 1 1384

DATE g}>/’ [/" g’ JOB NO. /y/ ~> ?

ATTENTION

AT Verd e Speedd O

Y

S WE ARE SENDING YOU [ Attached [0 Under separate cover via

the following items:

O Shop drawings O Prints O Plans O Samples J Specifications
O Copy of letter O Change order O
COPIES DATE NO. DESCRIPTION

/i | &/20/55\ 557 | Tis e /4

///¢ // 7/77‘95 e /jz,./p, /‘J’,Q/_/ ‘)/7// /f

[ g 5//;/-*4/ /=3 | Shers N5 CC Colacds

/,,;‘,,/'.‘ /"f 7// /C' /{/"’: /,/’ J2CT /77#/7///‘.(::

(.6;17 '/'I/L("%ij

k/l/L //-u ‘l‘;\fl/

— . . S
7 . ] . )
=S de S17 L e T venn

e

S el e e GOSN

", - — - v . - ) Ty
‘IZ//‘« \—{/:/Z_/‘f v //‘// C3| [Joecr FoireS For Secin 20 mec ,Z/:;y AL
7 7 + - - =

THESE ARE TRANSMITTED as checked below:

O For approval

O For your use

> .E/I/As requested
" O For review and comment

J FOR BIDS DUE

O Approved as submitted
O Approved as noted
O Returned for corrections

O

0 Resubmit copies for approval
OJ Submit copies for distribution
0 Return corrected prints

19

0O PRINTS RETURNED AFTER LOAN TO US

REMARKS

///,

SIGNED: c/é o ""

if enclosures are not as noted, kindly nrotily us at once.




Coi
. ;’/{ ""/‘ “
(//

= McLauOhlm Kmetty Enomeers Ltd.
i LS.'..'.Z_.‘..Q:.‘!"._ : LS QO L EB AR S 07 z gal T e e el
3501 North 16th Street Phoenix, Arizona 85016-6419  (602) 248-7702 FAX (602) 248-7851
LETTER OF TRANSMITTAL i e i oo v0: % I~ 407,003 |
Tor ention: .
A-Q_f.c.,Q /"‘\‘[)I{]:nj CJV’\‘/)M\, Atient M(‘, R;o/\anj D Cdo)( :
Re: i

R\\a I/VGLQ S-o “ 7VL

WE ARE SENDING YOU X ATTACHED VIA vggia—y&p Dok ”H{?
{

Original: Copies Date Description
[ ga 35a%ad Shatn S and 1 ol imJacs,

| ee R/3) ja8 3V Oicks with NEW S 2P Al |
loa £115)9¢ | Provicrun submithd Blughines = as @ Sewmple of how
. [ |
C/fjiﬂf clear ling wz,‘qhm wire  ho Lo, '
0a po-rasl Chutr S+ 7 lobolnd? “HEC 194" |
Ld— ﬁf}%’i DlLdtLa\o'j/\w Crasgs —&&4-’0« L5t £ Tuctreehme, :

Remarks: Q»‘C,l\lr:;fi
[, Ploage  yuif. -D/m‘w" datp (o lower oL+ hand  corner.,
> Ploas cede VA linse waisht  owthe Aollsocine Contoars ( the., are
Wosthod out Comparsed o 0/‘14\]!0‘4_& Sub mn‘-/-qsl\u( L\rC‘L\ [ihted 1 Vﬂ{n o HEz~
/1. S;\Q,QJKS : (SbO—;' )(,oc 1610 {Sow}‘;n l‘mf-ﬁ év\,x.,’) /Z}o-v- I%Ob )
B, Shoo+ 7 570 — 1670 ~ @rcept South /3 o‘\c /é}o [480 = [¢o are okl
53 plq—‘a-& a_dd [l crmgss Sﬁ—c:}\ 0«\__( Iy Use Hﬁ(")— R rocords
S gnolnsoul | 6F T hruchons o des Enclatad rod bhoc
4 whit dpoy t=cooeo ' maan (L2 Shoot 5) 7 Drovide 2ngy Jemend e
h ot ceadly ava,lable. /
S, p}%c M(‘/‘w/ﬂ lmQ ul«ahv‘- an L\o‘-z,cu /13 s +p muteh Dreviouwn WmaoS.
é pWrW) SHreots hNL wa;ahf- T Wkod Q/'Q/\/)?)\AA Mﬁ'&l/wac ﬁw’ckéf\.
1, Pw /‘t./,o/a‘f' Fheco o S‘LDOJLJ Cineg IW $ub mi'r Mu/zf_. v Ph ;\ac
_.0"\\'« i 4//1& OJ_S‘H'C+ Cm\(,a&).r dulﬂa A/wt‘.u L-G—Aql_garl/ %oé:rCm‘?‘r‘ol NA:

For -W\l ot )947 IA/OM/CJVQK Cm_r‘iar 07;4,40. \‘LMJ‘ #"J‘ in I\mzj'_.-oé
Copvgo. KX ’7‘ ﬂ;,,q- do Vf now or Iim J+7Lu/(lm+_s*4—m~f metch our Wi —on- ™y lac.

/\/\M\Cﬁ \Q( ‘7022 4?‘“ SIGNED r ?”A ol hora 0 _JVM
Il yhesa dow
40 & -




MKE McLaughlin Kmetty Engineers, Lid.
(Gosed 91 -5

Project Title __Kva_Lapsle Sausel Project No._S9=427,003 Date__ K -12-9%

. ! / . 7%
Subject e sl r & Designed L Page !/ /
P}\ - -— C ~ -~ {\\ L ! . ] o -
.c,c.\:}/':‘,»r'\m: o DI = e o ey e ,nr;f‘uc-jw:

L . v . -~ i . < N /
I. D\j)’f’i - ~/rd A lRC /Soc‘, —~ors N o772 o f!lJ,

2, G(l.{i 172 o %’3}':'."‘ aT Q/z/.’l// - L. Mc/ .Q/‘./‘Qf/ ,ﬁu ro/e ~C /X mae i

V

+ C‘Df‘& G&Tm In Sﬁwaadrc/‘ ,"/EC"‘;_ 7/:.)fmc7"".

> Preveh X4
9 Y .
Code wor C?K fh‘w'\ G vh meoe thafue (use she i
) . t ’
é/&w JJ_.J w.ra /u) ug,J EY,LQ - )cjcbo ait Fhe Thalves,
\/l

3. Color codle oF Croos- 52aHoms OnShed 2 not STm'c""/ achared .

’ % — -
V.'/G._‘fr/\ 1/ fJ".c)'/LOrlfdmn-, e C’f'-"::"\.?QC‘,,“U‘Q_f - >0 +F
oo —dteton =

) I 2 2

‘ - 2 (22 25

3 -

y > 22 S0udoetr lo
< 14 i B 1 11“

= L= 2y }:LZTCSJD ¥ 3

; £ 2/ g

i (f N~ ~/ -?Z :9‘3‘.'43"’{;?= /:9!‘

3 'z .

R 3 - - ....
/ T } ~
o 2o (alsaa &C SecHom bus T Mew e /Oj:‘c:‘ STTos —SreuT
; . Z
;
1 N , '

\/‘/g:]l /C “/ﬂbmc\x(“w X~f = },’: ‘;‘?

“Y-:.-]s‘:_‘j - -"p.C"I\g-r\ = ~ i

Iy = G

- <~ I i ~ ! ’ ] \’\ - ) \

/ |2 - i - L‘—ﬂ",m‘.{’ _:.;u-nﬁ:!

:.':‘ b 40 l /’

i J & -

/ - 3

< 1S |

9 IL 5

@ t
1o i
" 1
N N
bvaen 9 P"-’-W)\jf'cbm ML= > £
("m)i:’é-&—c_ﬁ}\(r« =
{ 1% ~d 5
> ° > 3%
< - .

y 64—}3 :’341, -6 3(?( T le a I C o Fcam - -

a [6 32 Ry “eng S Dimar)
z |7 [ >q




AERIAL MAPPING COMPA’ °, INC. A
IN RECEK\P@I@%E» @ TRANS MITTAL

3141 W. Clarendon Avenue

PHOENIX, AZ 85017-4588 ¢
DATE() Joe No/‘ZJ- ‘D /é:._ f
/-—'- / — s </’-/,-‘,
TEL (602) 263-5728 e (f ATEL eV
. FAX (602) 263-0165 e i I
Py 7 I /‘:’7- RE:
o /1)L £ _
/c_/ /& [7ca~cle
. WE ARE SENDING YOU )Z{\Attached O Under separate cover via the following items:
O Shop drawings 03 Prints O Pians Samples | Specnflcatlons
O Copy of letter O Change order /E’J) H:///-//”"A ﬂ» = /;/Q’J TTLE A
| corpies DATE NO. DESCRIPTION
THESE ARE TRANSMITTED as checked below:
{1 For approval O Approved as submitted O Resubmit copies for approval
O For your use O Approved as noted 0O Submit ‘ copies for distribution
O As requested OO Returned for correct/tgns O Return corrected print ; ((’
[ For review and comment /Zl /4//J/ 7{/0’977/ /445 %479777/%2/ 2”/‘%"77 i4¥
[ FOR BIDS DUE___ 19 - O PRINTS RETURNED AFTER LOAN TO US

REMARKS

R\(‘ bad S, L-Q s SN e R, Ara, %AO Lrd 6/9'%\

~ £ . 7 [
w, L, Sty S 7 [g/af C —~ @E/ CQ\.C{\ = o /}'C/Jfﬂ ch@/“

U (s — e }’\.Q Y fQ7L~./f‘ﬂ'fn 0/6(7 ""\/-7/51‘/_5‘ -

COPY TO

et e
SIGNED: / ,-c/

If enclosur as noted, kindly notify us at once.
PRODUCT 240 /NEBS) Irc.. Groton. Mass. 01471 f es are not ! diy notify



.(C

~ AERIAL MAPPING COMPAMN " INC. RECEWE%’@EFTF@‘_ QF Tlﬁilé&l}i‘%igﬂ TTA(L

3141 W. Clarendon Avenue"
PHOENIX. AZ 85017-4588

o TEL (602) 263-5728 7=/ 7 77 v BE
FAX (602) 263-0165 Lo Besiin)

T0 % = ) )
MEE . Eo Uorde Sondl

. WE ARE SENDING YOU [J Attached [J Under separate cover via the following items:
O Shop drawings O Prints O Plans * O Samples 0 Specifications
0O Copy of letter O Change order O -
COPIES DATE NO. DESCRIPTION

| (ea| 8077 | 587 | fRrred Topesrptee Haps (Cine tesite Gpret)
/ 7/&5/?‘/ (] ASCTT Pormer Voo En) 2 <2< DK She Moo

THESE ARE TRANSMITTED as checked below:

O For approval O Approved as submitted O Resubmit copies for approval

O For your use O Approved as noted 0O Submit copies for distribution
> D(As requested 0O Returned for corrections O Return corrected prints

3 For review and comment Q’ Letorne d CRIG, SHEe7 5

[0 FOR BIDS DUE 19 0O PRINTS RETURNED AFTER LOAN TO US

REMARKS

S Abfe Wotlr Seeriiee Sopes thae 1St pei ﬂd/z//ﬁ'
Tl Dite. SZe phe o/

t

i ez [
COPY TO fre /
SIGNED:

PRODHICT 240 /A7) tne o Mace 1471 If enclosures are not as noted, kindly notify us at once.




To: Frank Brown
MKE

Re: Sinewave Pattern for FEMA Sheets
Frank:

We have made a block called SINE200 that is one cycle of the pattern needed for the FEMA
waterline.

It can be INSERTed into a 1"=200' drawing without scaling, then used to pattern a line with the
MEASURE command in AutoCAD. The distance increment will be 14.8' (200 * .074).

To complete the cycles down the line, the straight line needs to extend past the actual endpoints
of the line. Then pattern with the MEASURE command and explode the block segmenets that
cross the real endpoints of the line. Then TRIM both the exploded blocks and excess line past
the endpoints.

The straight line needs to be on one layer, and the sinewave pattern on a different layer for
conversion into ARC/INFO.

This is not an elegant solution, but it works for now. We are trying to modify our treeline
patterning command to pattern on opposites sides of the line every other symbol, which would
automate the procedure.

Good luck,

Bob Parks
Aerial Mapping Company, Inc.
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1550 East Missouri, Suite 203 DATE: September 15, 1994 JOB NO. 93031.00
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(602) 234-1344 o FAX 234-1322 RE: Rio Verde - North FPDS hydrology coordination
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George V. Sabol Consulting Engineers, Inc.

7950 E. Acoma Dr. Suite 211

Scottsdale, AZ 85260-6962
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O Shop drawings a Prints B Plans 0 Samples O Specifications
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COPIES DATE NO. DESCRIPTION
1 9/15/94 11" x 17" copy of portion of drainage map and HEC-1 schematic
1 9/15/94 One 5 1/4" diskette containing output hydrographs for divert operation

171D for 6-hour and 24-hour storms
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Tom, this divert operation represents the flow breakout from Burgess & Niple’s HEC-2 model. Note that the NMIN value for both

models is 5 minutes. From inspection of an aerial photo, it appears that a portion of this flow lost from the north watershed may re-

enter the north watershed at a point about 3800 or 4000 feet east of the diverted flow, as shown on the sketch. If this is indeed the

case, pleasé forward these hydrographs to us, along with those for any other inflows into the north watershed. If you have any

quésxions, please call. Thank you!
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FLOODING SQURCE AND LOCATION

Wash 9

At confluence with Verde River

Near Indian Reservation Boundary at River Mile 0.265
Al Forest Road necar McDowell Mountain Road

At Forest Road above White Wing Drive

About 0.1 mile above Danny Lanc

At Vado Court

Wash 10

Above confluence with Wash 11

Above Forest Road ncar El Parado

At Avenue:Del Ray ™ 3.2} ewn b
About 0.23 miles above ‘Avenue Dcl Ray

Wash 11

At Conflucnce with Verde River

After confluence with Wash 10

Above confluence with Wash 10

Al Forest Road

About 0.2 miles above R6E/R7E Boundary

*  Maximum flow, with or without Section 36 levee,
whichever produces maximum flow.

89407-00\FEMA-Rpt.003

TABLE 2
SUMMARY_OF DISCHARGES

HYDROLOGIC
CONCENTRATION POINTS

C570
C569
C568
C567
C566
C565

CS545R
Cs543
Cs542
C540

C546
C545
C545L
C536
C575

DRAINAGE AREA

(S M)

543
5.09
4.99
4.88
2.36
2.28

13.91
13713
740
7.28

20.82
20.47
6.56
6.52
6.36
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D:\P\46\QWINVFLOWSPLT.WB1

Table D-9

Flow split at C535

Discharge, in cfs

Stage Left Right Total
- 0 0 0
- 15 85 100
— 30 170 200
- 90 510 600
- 150 850 1000
- 225 1275 1500

Based on field reconnaissance and aerial
photographs, a 15 / 85 split was used.

13-Oct-94
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Flow split at C535
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Table D-19
Flow split at Cb74

Discharge, in cfs

Stage Left Right Total
1777.8 0 0 0
1778.0 20 0 20
1778.2 25 0 25
1778.4 30 0 30
1778.6 45 0 45
1778.8 70 20 90
1778.0 110 25 135
1779.2 175 30 205
1779.4 250 50 300
1779.6 350 80 430
1778.8 485 140 625
1780.0 660 200 860
1780.2 875 290 1165
1780.4 | 1150 400 1550
1780.6 | 1470 490 1960
1780.8 | 1825 700 2525
1781.0 | 2200 900 3100
1781.2 | 2600 1140 3740

Split developed from 200 scale mapping {sheet 8)

13-Oct-94

Page 1 of 1



T T

3900 —

!
H
{

i
boeren

e s Feed
S s By s o

3600 —w— Left —&— Right

e

Total

N.\~

i

"~

.
™™

G

=
~
N

N

N

- - NN
42 o = b
o o O O
o o O O

Discharge, in cfs

N

1200

900

y 4
y 4
p 4
y 4
4
4
I;I
.

600

300

17717.5 1778.0 1778.5

DAPA\4B\QWIN\FLOWSPLT.WB1

T

ﬁ—- l |

1779.0 1779.5 1780.0

Stage, in feet

Figure D-19
Flow split at C574

13-Oct-24

1780.5

1781.0

1781.5



1781.6

1781.0

1780.5

1780.0

in feet

1779.5

Stage,

17739.0

1778.5 -

1778.0 -

1777.5

D:\P\46\QWIN\FLOWSPLT.WB1

300

600 900 1200 1500 1800 2100 2400 2700
Discharge, in cfs

Figure D-19a
Cb74 Split Left

13-Oct-94

3000



1782.5

1782.0

1781.5

1781.0

in feet

1780.5

Stage,

1780.0

1779.6

1779.0

1778.5 -

D:\P\46\QWIN\FLOWSPLT.WB1

e

300

1200 1500 1800 2100 2400 2700

Discharge, in cfs

600 900

Figure D-19b
C574 Split Right

13-0ct-94

3000



L e T

¢ HEC-2 WATBR SURFACE PROFILES
*

L Y R R P IR T R R A SR A A L0 4 A A4
* * U.S. ARMY CORPS OF ENGINEERS

* ¢ HYDROLOGIC ENGINEERING CENTER *

¢ Version {4.6.2; May 1991 . + 609 SECOND STREEY, SUITE D .

. . * DAVIS, CALIFORNIA 95616-4687 .

. * RUN DATE 22JUNS4 TIME 13:08:17 ¢ . (916) 756-1104 *

* -

P R Y R T T T R Y T A T T Y L2 L R e R R R R 2 A A e

X X XXXXXXX XXXXX XXXXX
X X X X X X X
X X X X X
AXXXAXK  XXXX X AXXXX KxXXXX
X X X X X
X X X X X X
X X XXXXxxXx XXXXX XXXXXXX
22JUN9A 13:08:17 PAGE 1
THIS RUN EXECUTED 22JUN94  13:08:17
22 2 R A R A R 2 R R R A2 22 2222222222222 2 X2
HEC-2 WATER SURFACE PROFILES
Version £.6.2; May 1991
L e e A R e 2 A R e R R T2 2 2 g
11 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY: FCD#32-07
T2 RIO VERDE SCUTH FIS STUDY by GVSCE for MKE
T3 574 Leaft FILE: CSTAL.IH2
T4 DATE: 06-22-94 dtp
T4
5 This model is used to develop a flow split rating curve
T6 for the split that occurs at hydrologic concentration point 574
T6 SPLIT LEFT
by
T8 Single X-Section Run
Ditch slope = 0.0167 ft/ft From 200 Scale Mapping
J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
2 0.0167
J2 NPROF IPLOT PREVS XSECV XSECH EN ALLDC IBW CHNIM ITRACE
’ 1 -1 -1
SEQNO Q CWSEL DEPTH VCH CRIWS EG HL SLOPE KRATIO

J3 VARIABLE CODES FOR SUMMARY PRINTOUT

s 13 1 8 26 2 3 11 5 58

35 LPRNT  NUMSEC +4+¢s+++REQUESTED SECTION NUMBERS*++se+v+

~10 -10
NC  0.07% 0.075 0.035 .1 .3
QT 11 50 100 200 300 100 500 600 800 1000
QT 1200 1500 2000 2500 3000
NH 1 0.075 1030 0.035 1125 0.075 1300 0.01 1301

X-Section #1

x1 1 15 1090 1125 0 0 0
Gr 1783 999 1781 1000 1780 1030 1778 1065 1779.5 1080
GR 1778 1090 1777.8 1095 1778 1100 1780 1125 1780 1160
GR 1779 1200 1780 1255 1778.2 1280 1779 1300 1785 1301
1

225UN94 13:08:17 PAGE 2
X1 2 .2 .2 .2
X1 3 .2 .2 .2
x1 1 .2 .2 .2
x1 5 .2 .2 .2
X1 6 .2 .2 .2
1

223UN9& 13:08:17 PAGE 3
3 Q2

. J1 ICHECK  INQ NINV IDIR STRT METRIC  HVINS Q WSEL FQ
3 0.0167
J2 NPROF IPLOT PREVS XSECV  XSECH N ALLDC 1BW CHNIM ITRACE
APPENDIX B

HBC-2 Hydraulic Calculations for Flow Split at C574 left Page 1




22JUN94

T3

J1 ICHECK

J2 NPROF

22JUNS4

13

Jl ICHECK

J2 NPROF

22JUN94

T3

J1 ICHECK

J2 NPROF

22JUN94

T3

J1 ICHECX

J2 NPROF

223UN94

T3

J1  ICHECK

J2 NPROF

22JUN94

T3

J1 ICHECK

J2 NPROF

22JUNSY4

T3

J1 ICHECK

J2 NPROF

HEC-2

-1
13:08:17
Q3
INQ NINV
4
IPLOT PREVS
-1
13:08:17
o4
INQ NINV
-]
IPLOT PRFVS
-1
13:08:17
Q5
INQ NINV
6
IPLOT PREFVS
-1
13:08:17
Q6
INQ NINV
7
IPLOT PRFVS
-1
13:08:17
Q7
INQ NINV
8
IPLOT PRFVS
-1
13:08:17
Q8
INQ NINV
9
IPLOT PRFVS
-1
13:08:17
Q9
INQ NINV
10
IPLOT PRFVS

IDIR

XSECV

IDIR

IDIR

XSECV

IDIR

IDIR

XSECV

IDIR

XSECV

IDIR

XSECV

STRT
0.0167

XSECH

STRT
0.0167

XSECH

STRT
0.0167

XSECH

STRT
0.0167

XSECH

STRT
0.0167

XSECH

STRT
0.0167

XSBCH

STRT
0.0167

XSECH

METRIC

MEIRIC

METRIC

METRIC

METRIC

METRIC

METRIC

FN

-1
HVINS Q
ALLDC IBW
-1
HVINS 0
ALLDC IBW
-1
HVINS Q
ALLDC IBW
-1
HVINS Q
ALLDC 1BW
-1
HVINS Q
ALLDC IBW
-1
HVINS Q
ALLDC IBW
-1
HVINS Q
ALLDC 1BW
APPENDIX B

WSEL

CHNIM

WSEL

CHNIM

WSEL

CHNIM

WSEL

CHNIM

WSEL

CHNIM

WSEL

CHNIM

WSEL

CHNIM

PAGE
FQ
ITRACE

PAGE
FQ
ITRACE

PAGE
FQ
ITRACE

PAGE
FQ
ITRACE

PAGE
FQ
ITRACE

PAGE
EQ
ITRACE

PAGE
FQ
ITRACE

Hydraulic Calculations for Flow Split at C574 Left
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22JUN94 13:08:17 PAGE 11
T3 Q10
J1 ICHBECX INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
11 0.0167
J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC 1BW CHNIM ITRACE
10 -1 -1
1
22JUN94 13:08:17 PAGE 12
T3 Q11
J1 ICHEXX INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
12 0.0167
J2 NPROF IPLOT PRFVS XSECV XSECH N ALLDC IBW CHNIM ITRACE
1 . -1 -1
1
22JUN94 13:08:17 PAGE 13
T3 Q12
.
J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
13 0.0167
J2 NPROF IPLOT PRFVS XSBECV XSECH FN ALLDC IBW CHNIM ITRACE
12 -1 -1
1.
22JUNS4 13:08:17 PAGE 14
T3 Q13
J1 ICHECX INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
1 0.0167
J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE
13 -1 -1
1
22JUN94 13:08:17 PAGE 15
T3 Q14
J1 ICHECKX INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
15 0.0167
J2 NPROF IPLOT PRFVS XSECV XSBCH N ALLDC IBwW CHNIM ITRACE
14 -1 -1
22JUNS4 13:08:17 PAGE 16

THIS RUN EXBCUTED 22JUNS4 13:08:37

D Y 2 2 1R n

HEC-2 WATER SURFACE PROFILES

Version 4.6.2; May 1991

P R L R T T T L e

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF BRRORS LIST

574 Left

SIMMARY PRINTOUT

SEQNO Q CWSEL DEPTH VCH CRIWS EG HL 10*KsS KRATIO
APPENDIX B
HEC-2 Hydraulic Calculationa for Flow Split at C574 Left

Page 3



1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

22JUNS4

SEQNO

3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000

4.000
4.000
4.000
1.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000

5.000
$.000
5.000
5.000
5.000
$.000
5.000
5.000
5.000
S5.000
5.000
5.000
5.000
5.000

22JUN%4

SEQNO

6.000
6.000
6.000
6,000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000
6.000

22JUN94

HEC-2

50.00
100.00
200.00
300.00
400.00
$00.00
600.00
800.00

1000.00
1200.00
1500.00
2000.00
2500.00
3000.00

50.00
100.00
200.00
300.00
400.00
500.00
660.00
800.00

1000.00
1200.00
1500.00
2000.00
2500.00
3000.00

13:08:17

[}

50.00
100.00
200.00
300.00
400.00
500.00
600.00
800.00

1000.00
1200.00
1500.00
2000.00
2500.00
3000.00

50.00
100.00
200.00
300.00
400.00
500.00
600.00
800.00

1000.00
1200.00
1500.00
2000.00
2500.00
3000.00

50.00
100.00
200.00
300.00
400.00
500.00
600.00
800.00

1000.00
1200.00
1500.00
2000.00
2500.00
3000.00

13:08:17

Q

50.00
100.00
200.00
300.00
400.00
500.00
600.00
800.00

1000.00
1200.00
1500.00
2000.00
2500.00
3000.00

13:08:17

1778.65
1778.91
1779.23
1779.45
1779.62
1779.76
177%.88
1780.09
1780.23
1780.38
1780.57
1780.85
1781.09
1781.32

1778.65
1778.91
1779.23
1779.45
1779.62
1779.76
1779.89
1780.09
1780.24
1780.38
1780.57
1780.85
1781.10
1781.32

CWSEL

1778.66
1778.92
1779.24
1779.46
1779.63
1779.77
1779.9¢
1780.10
1780.25
1780.39
1780.58
1780.86
1781.11
17981.33

1778.67
1778.93
1779.25
1779.47
1779.64
1779.79
1779.91
1780.11
1780.26
1780.40
1780.59
1780.87
1781.12
1781.34

1778.69
1778.95
1779.27
1779.49
1779.66
1779.80
1779.92
1780.13
1780.27
1780.42
1780.60
1780.88
1781.13
1781.36

CWSEL

1778.70
1778.96
1779.28
1779.50
1779.68
1779.82
1779.93
1780.14
1780.29
1780.43
1780.62
1780.90
1781.15
1781.37

1.82
2.09

3.05
3.30
3.82

DEPTH

1.12
1.44
1.66
1.83
1.97
2.10
2.30
2.45
2.59%
2.78
3.06
3.31
3.53

1.13
1.45
1.67
1.84
1.99
2.11
2.31
2.46
2.60
2.79
3.07
3.32
3.5¢

.89
1.15
1.47
1.69
1.86
2.00
2.12
2.33
2.47
2.61
2.80
3.08
3.33
3.56

DEPTH

.90
1.16
1.48
1.70
1.88
2.02
2.13
2.34
2.49
2.63
2.82
3.10
3.35
3.57

3.73
1.36
5.09
5.56
5.89
6.14
6.37
6.81
7.37
7.78
8.34
9.15
9.83
10,44

3.70
1.34
5.07
5.53
5.86
6,12
6.34
6.79
7.34
7.75
8.32
9.13
9.81
10.42

5.7
6.01
6.24
6.68

8.98
10.28

VCH

3.40
4.06
4.73
5.20
5.50
5.81
6.08
6.48
7.04
7.47
8.06
8.88
9.58
10.22

Hydraulic Calculations for Flow Split at C574 Left

1778.62
1778.87
1779.18
1779.39
1779.56
1779.69
1779.80
1780.02
1780.16
1780.29
1780.46
1780.73
1780.95
1781.16

1778.62
1778.86
1779.19
1779.40
1779.57
1779.711
1779.84
1780.02
1780.18
1780.29
1780.46
1780.71
1780.95
1781.15

CRIWS

1778.62
1778.86
1779.19
1779.40
1779.58
1779.6%
1779.85
1780.02
1780.16
1780.29
1780.16
1780.71
1780.95
1781.15

1778.62
1778.87
1779.18
1775.40
1779.56
1779.69
17759.85
1780.01
1780.16
1780.29
1780.46
1780.71
1780.95%
1781.15%

1778.62
1778.87
1779.18
1779.40
1779.56
1779.69
1779.83
1780.01
1780.15
1780.35
1780.46
1780.71
1780.95
1781.15

CRIWS

1778.62
1778.87
1779.18
1779.39
1779.56
1779.69
1779.83
1780.01
1780.22
1780.35
1780.48
1780.71
1780.95
1781.15

1778.82
1779.11
1779.48
1779.73
1779.92
1780.07
1780.21
1780.45
1780.64
1780.82
1781.06
1781.42
1781.74
1782.04

1778.82
1779.12
1779.48
1779.73
1779.92
1780.08
1780.22
1780.45
1780.64
1780.82
1781.06
1781.42
1781.74
1782.04

BG

1778.82
1779.12
1779.49
1779.73
1779.92
1780.08
1780.22
1780.45
1780.65
1780.83
1781.07
1781.43
1781.75
1782.04

1778.83
1779.13
1779.49
1779.74
1779.93
1780.09
1780.22
1780.46
1780.65
1780.83
1781.07
1781.43
1781.75
1782.05

1778.83
1779.13
1779.50
1779.74
1779.93
1780.49
1780.23
1780.46
1780.66
1780.83
1781.08
1781.44
1781.76
1782.05

EG

1778.83
1779.13
1779.50
1779.75
1779.94
1780.09
1780.23
1780.47
1780.66
1780.84
1781.08
1781.44
1781.76
1782.06

APPENDIX B

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00

HL

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
+00
.00
.00
.00
.00
.00
.00
.00
.00

HL

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

167.99
166.04
167.40
168.14
168.19
167.50
167.20
164.63
168.82
167.23
166.91
166.75
166.68
166.80

164.52
163.45
165.26
166.16
166.33
165.84
165.64
163.00
167.25
165.86
165.69
165.70
165.75
165.95

10+*Ks

1588.31
158.61
161.14
162.47
162.86
162.64
162.75
159.77
164.27
163.21
163.42
163.79
164.04
164.37

150.08
152.18
155.52
157.42
158.04
158.29
158.77
155.145
160.18
159.60
160.28
161.12
161.64
162.20

140.86
144.90
148.85
151.40
149.87
153.13
154.06
150.34
155.25
155.3¢0
156.50
157.88
158.77
159.59

10+Ks

131.78
137.49
128.97
142.35
141.76
145.35
148.95
142.81
147.79
148.66
150.67
152.9¢0
154.28
156.72

.00
.00
.00
.00
.00
.00
.00
.00
.00
.80
.00
.00
.00
.00

1.01
1.01
1.01
1.01
1.01
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.01
1.01

1.03
1.02
1.02
1.02
1.03
1.02
1.02
1.02
1.02
1.01
1.01
1.01
1.01
1.01

KRATIO

1.03
1.03
1.03
1.03
1.03
1.03
1.02
1.03
1.02
1.02
1.02
1.02
1.0
1.01

PAGE

PAGE

PAGE

17

18

19

Page &



. SUMMARY OF ERRORS AND SPECIAL NOTES

APPENDIX B
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PR R e ]

+ HEC-2 WATER SURFACE PROFILES
.

T YT RRY TR RS 2222 LA A2 A 222222 A2 2 2 )
* + U.S. ARMY CORPS OF ENGINEERS .

* *  HYDROLOGIC ENGINEERING CENTER .

+ Version 4.6.2; May 1991 . + 609 SECOND STREET, SUITE D .

. * * + DAVIS, CALIFORNIA 95616-4687 .
* RUN DATE  22JUN94 TIME  13:09:48 * . .

* -

(916) 756-1104
T T L Ty S S 2

X X XXXXXXX XXXXX XXXXX
X X X X X X X
X X X X X
AXXXXXX  XXXX X AXXXX AXXXX
X X X X X
X X X X X X
X X XXX AXXXX KXXXXXX
22JUN9 13:09:48 PAGE 1
THIS RUN EXECUTED 22JUN%4 13:09:48

222 22222222222 A2 22 2222 22222222222

HEC-2 WATER SURFACE PROFILES

Version 4.6.2; May 1991

222 22 e R A A R R A 4222222 222 22222222222 )

T1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY: FCD#93-07

T2 RIO VERDE SOUTH FIS STUDY by GVSCE for MKE

T3 574 Right FILE: CS574R.IH2

Tt DATE: 06-22-94 dtp

T4

5 This model is used to develop a flow split rating curve

T6 for the split that occurs at hydrologic concentration point 574

T6 SPLIT RIGHT

™

T8 Single X-Sectiocn Run

Ditch slope = 0.0167 ft/ft From 200 Scale Mapping
J1 ICHECK INg NINV IDIR STRT METRIC HVINS Q WSEL FQ
2 0.0167
J2 NPROF IPLOT PRFVS XSECV XSECH N ALLDC IBW CHNIM ITRACE
1 -1 -1
SECQNO Q CWSEL DEPTH VCH CRIWS BG HL SLOPE KRATIO

J3 VARIABLE CODES FOR SUMMARY PRINTOUT

38 43 1 8 26 2 3 11 5 58
J5 LPRNT NUMSEC #éévse ¢+ REQUESTED SECTION NUMBERS**stveev
-10 -10
NC 0.075 0.075 0.035 .1 .3
QT 14 S0 100 200 300 400 500 600 800 1000
QT 1200 . 1500 2000 2500 3000
NH 4 0.01 1000 0.075 1020 0.035 1050 0.07% 1380
X-Section #1
X1 1 12 1020 1050 0 0 0
GR 1785 999 1779 1000 1778.5 1020 1780 1050 1780.5 1070
GR 1780 1120 1779 1150 1780 1165 1781 1200 1780 1250
GR 1782 1350 1790 1380
1
22JUN94 13:09:48 PAGE 2
X1 2 .2 .2 .2
X1 3 .2 .2 .2
X1 4 .2 .2 .2
X1 5 .2 .2 .2
X1 6 .2 .2 .2
1
22JUNSE 13:09:48 PAGE 3
T3 Q2
‘ J1 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
3 0.0167
J2 NPROF IrLOT PRFVS XSECV XSECH N ALLDC IBW CHNIM ITRACE
APPENDIX B
HEC-2 Hydraulic Calculations for Flow Split at C574 Right Page 1



T3

J1

J2

T3
Jl

J2

T3