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4-1.0 INTRODUCTION

4-1.1 GENERAL

Fluvial sediment analyses are performed for study reaches of Cave Creek, Apache
Wash, Paradise Wash and Desert Hills Wash in support of the Upper Cave Creek and
Apache Wash Watercourse Master Plan. The analyses are performed for the purpose
of:
¢ Developing an understanding of the existing fluvial system in regard to sediment
transport during floods, tendencies for aggradation and/or degradation during
floods, and riverine hydraulics that may constitute flood hazards as a result of

sediment transport processes.

e Qualitatively and quantitatively defining sediment transport in the watercourses

during floods of selected frequency.

e Establishing baseline sediment transport models of the watercourses for existing

(natural) conditions.

e FEvaluating various structural and non structural alternatives including

encroachment as part of the Watercourse Master Plan.

e FEvaluating potential impacts of alterations to the watercourse, such as gravel

mining and bridge crossings, on the watercourse.

e Assessing mine reclamation concepts that may be required as part of an overall

watercourse master.

The analyses include the compilation of site-specific and regional sediment yield
estimates, compilation and review of previous studies including floodplain delineation
studies and reports by the U.S. Ammy Corps of Engineers and others in regard to Cave
Buttes Dam and Cave Creek Dam, compilation and analyses of field data collection by
others, field reconnaissance, and the development and analyses of sediment transport

models for the four watercourse study reaches.

November 2000 13
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The study area is contained within the corporate limits of the City of Phoenix and the
study limits of the watercourses are shown in Figure 4-1.1. All four watercourses extend
to the north beyond the boundary of the City of Phoenix. The hydrology for each
watercourse is provided by separate study and includes the entire contributing
watershed of each watercourse. Sediment inflow to the study reach of each
watercourse is established by sediment load rating curves at the northern terminus of

each watercourse.

The sediment analyses are significantly impacted by the impoundment of flood waters
behind Cave Buttes Dam. Prior to the construction of Cave Buttes Dam, the older Cave
Creek Dam had resulted in sediment deposition within the impoundment and tailwater

reaches of both Cave Creek and Apache Wash.

Current and previous sand and gravel mining has occurred in Cave Creek. A separate
report, Summary of Sand and Gravel Mining Operations in Cave Creek, documents the

history, location and extent of mining in the study area. Information from that report is
used to evaluate effects of that mining on Cave Creek and is used to assess structural

alternatives for Cave Creek.

4-1.2 ORGANIZATION OF THE SEDIMENT REPORT

e Sections 4-2 through 4-4 provide a presentation of the data that was used for the

sedimentation analysis.

e Sections 4-5 through 4-7 provide a description of the sedimentation modeling

procedures, sensitivity analysis, and results.

Supporting material for all analyses are presented in appendices. Files of HEC-6

models are provided on diskettes.

November 2000 1-2
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4-2.0 DATA COLLECTION

4-21 SEDIMENT YIELD

Sediment yield from small (less than 121 square miles) watersheds in Arizona and New
Mexico is compiled and presented in Appendix A. The data consists of measured
sediment yield from certain watersheds and also sediment yield estimates that were
performed for the purpose of various regional studies. A summary of the sediment
yields for the various watersheds (both measured and estimated sediment yields) is
provided in Table A-1 (Appendix A). It is noted in that figure that data point RR is a fully
urbanized watershed in Albuguerque with correspondingly low sediment yield and that
data is not plotted in either Figure A-1 or A-2. Figure A-1 is a plot of that data, and that
figure indicates a range of sediment yield from about 0.01 to more than 1.0 acre-feet per
square mile per year for small watersheds. The scatter of data generally covers more
than two log cycles on the graph. Figure A-2 is a plot of only the measured sediment
yield data. That figure indicates a range of sediment yield from about 0.3 to about 1.0
acre-feet per square mile per year. Envelope lines are shown in Figure A-2 indicating a
wider variability for smaller watersheds. For a drainage area of about 100 square miles,
which is slightly less than the drainage area of Cave Creek at the upper study boundary,
the sediment yield from Figure A-2 is in the range from about 0.2 to slightly more than

0.3 acre-feet per square mile per year.

Of most notable interest in the sediment yield data is the value used by the U.S. Army
Corps of Engineers for the design of Cave Buttes Dam. That value is 0.31 acre-feet per
square mile per year. The data used to derive that estimate is unknown, but presumably

is based on an analysis of sediment deposition behind the old Cave Creek Dam.

Supporting references on the source of sediment yield estimates for regional studies are
provided in Appendix A. It is noted that measured sediment yield data accounts for the
total sediment load; that is bed material load plus wash load. Whereas, estimates of
sediment yield by empirical methods may only account for bed material load since wash
load is difficult to quantify. This may partially explain the wide range in sediment yield
data and estimates. However, sediment yield is highly variable and a wide range is

expected, particularly for smaller watersheds.

November 2000 2-1
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The sediment yield of Cave Creek and Apache Wash can be estimated from HEC-6
output. The results of the HEC-6 models are discussed in Section 5.7 and presented in
appendices. Sediment passing into Cave Buttes Dam impoundment is the sum of
sediment from Cave Creek plus Apache Wash and some relatively inconsequential
sediment from minor local runoff. For the 100-year flood and existing watershed
conditions, the bed material sediment yield is estimated from HEC-6 resuits as follows:
Assuming a coarse bed material, the bed material sediment load in Cave Creek is about
55,000 tons (see Figure CC-C-3 of Appendix K at River Station 27.5 miles), and from
Apache Wash the load is 17,000 tons (see Figure AW-C-3 of Appendix K at River
Station 0.0 miles). The total bed material load is 72,000 tons which is approximately 28
acre-feet of sediment. Assuming a finer bed material, the Cave Creek load is 84,000
tons (see Figure CC-0-3) and the Apache Wash load is 34,000 tons (see Figure
AW-0-3). The total bed material load is 118,000 tons which is approximately 47 acre-
feet of sediment. The sediment yield for Cave Creek is measured at River Station 27.5
miles because downstream of that section the watercourse can be a deposition reach
depending on the water surface elevation behind Cave Buttes Dam. For Apache Wash,
the sediment yield is measured at River Station 0.0 since the Apache Wash model does
not extend into the backwater effects of Cave Buttes Dam. The 100-year flood bed
material sediment yield is estimated as the average of 28 and 47 acre-feet which is 37.5
acre-feet. An independent estimate of total sediment yield for the 100-year flood is 245
acre-feet (see Appendix B, page 20). That estimate is total sediment load of which bed
material load is often estimated as 10 to 15 percent of total load. The 37.5 acre-feet
estimate is 15 percent of 245 acre-feet, and therefore the HEC-6 model results correlate

well with sediment yield using empirical data.

4-2.2 ANALYSIS OF CORPS OF ENGINEERS, USGS, AND FIELD DATA
FOR CAVE CREEK

An analysis of available data from the Corps of Engineers and the USGS was performed

by Mr. H.W. Hjalmarson, PE, and his report is provided in Appendix B. Important results

of his analysis are the following:

(1) Comparison of the Cave Creek Dam reservoir capacity relation for 1923 and
1958 indicates a sediment yield of 0.24 acre-feet per square mile per year. That

time period does not include the major flood of September 1970. Therefore, the

November 2000 2-2
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Corps estimate of 0.31 acre-feet per square mile per year may more correctly

estimate sediment yield from a long duration time period including major floods.

(2) No trend in size distribution of Cave Creek bed material is detected. Variation in
bed material size distribution along the length of Cave Creek is random.

(3) Sediment yield for a range of flood frequencies from 2- to 100-years is provided
based on empirical estimation methods and analysis of flow duration relations for

Cave Creek.

(4) Field inspection of Cave Creek after major floods indicates the occurrence of
large bed load from channel transport processes. Wash load can have wide

variability which greatly affects total sediment load being transported by floods.

4-2.3 HYDRAULIC AND GEOMETRIC INPUT

The base hydraulic and geometric data utilized in the sediment transport analysis for the
project study reaches of the Cave Creek and Apache Wash system are taken from three

existing floodplain delineation studies. Those studies are as follows.

e Cave Creek above Carefree Highway Floodplain Delineation Study, July 1997 by

George V. Sabol Consulting Engineers, Inc. (GVSCE) for the Flood Control
District of Maricopa County, FCD 95-28.

o Cave Creek below Carefree Highway Floodplain Delineation Study, June 1997
by Willdan Associates for the Flood Control District of Maricopa County, FCD 95-
30

e Apache Wash Flood Insurance Study, August 1992 by Jerry R. Jones and

Associates, Inc. for the Flood Control District of Maricopa County, FCD 89-66.

4-2.4 SEDIMENT INPUT

Pebble count and sieve-analyzed data provided by JE Fuller/Hydrology &
Geomorpholegy, Inc. (JEF, Inc.) was used for the sediment input. The pebble count

data were collected by the following procedure.

November 2000 2-3
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e Laying a cloth tape across the channel and measuring the channel width.
¢ A sample interval was determined that would yield approximately 100 samples.

e At each sampling interval, the sediment particle directly beneath the tape interval
was measured. In cases where that particle size was less than 3 mm, the
sediment classification was recorded (that is; gravel, coarse sand, sand, fine

sand, very fine sand, and silt).

The sieve-analyzed samples were collected from bulk samples generally taken at the
locations where test pits were excavated and logged. The data collection is further

described in Attachment 6.

4-2.5 HYDROLOGIC INPUT

The base hydrologic data utilized in the sediment transport analysis for the project study
reaches of the Cave Creek and Apache Wash system were provided by ASL Consulting
Engineers for the existing and future conditions. The development of the data is
described in Upper Cave Creek and Apache Wash Watercourse Master Plan
Attachment 1.

November 2000 2-4
cjm\\phxserv06\wrproj\2890007 7\reports\sediment rpt\sect5-2 data col.doc



4-3.0 HYDROLOGIC DATA

4-3.1 BACKGROUND

The base hydrologic data utilized in the sediment analyses for the project study reaches
of Cave Creek and the Apache Wash system are taken from three existing floodplain
delineation studies. Those studies are identified in Section 4-2.3. For this study,
sediment transport modeling is performed for the 100- and 10-year events for both
existing and future hydrologic watershed conditions. Watershed models were developed
for each of the floodplain delineation studies (FDS) for the existing condition 100-year
event, and those discharges are used in the sediment analyses, herein. The flood
discharges for the existing condition 10-year fiood and the future condition 10-year and
100-year floods, respectively, were provided by separate study by others as part of the

watercourse master plan.

4-3.2 GENERAL

Hydrologic data required as input to the HEC-6 model consists of water discharge and
temperature, flow duration and downstream water surface elevations. Discharge data is
in the form of runoff hydrographs. Several locations for runoff input along each study
watercourse are identified for sediment modeling. These locations are shown of Figure
4-1.1 and are the same as those in the FDS water surface profile models. Figures 4-3.1,
4-3.2 and 4-3.3 are plots of the 100-year, existing condition hydrographs at each
discharge input location in Cave Creek, Apache Wash and Desert Hills and Paradise
Washes, respectively. Those hydrographs are provided for reference. Similar
hydrographs were developed at concentration points for each of the other three
hydrologic conditions.

For Cave Creek, the majority of the runoff is produced in the upper part of the
watershed, upstream of the study limits as shown in Figure 4-1.1. The 100-year,
existing condition peak flow at the upstream limits of the study reach (C410) is
approximately 33,800 cfs. The 100-year, existing condition peak flow at the downstream
limits of the study reach (C528) is approximately 38,100 cfs. The time to peak at the
downstream end of the study limits (C528) occurs approximately 1 hour after the time to
peak at the upstream end (C410). This indicates that the study reach portion of Cave

November 2000 341
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Creek functions primarily as a conveyance system for runoff produced in the upper part
of the watershed. Tributary inflows to Cave Creek within the study limits are therefore
considered to be insignificant and only the hydrograph at C528 is used for the sediment

analyses.

Unlike Cave Creek, tributary inflows to Apache Wash are significant, particularly from the
major tributaries of Desert Hills Wash and Paradise Wash. Therefore all runoff input

locations identified in the Apache Wash FDS are utilized for the sediment analyses.
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100-year existing condition inflow hydrographs for Cave Creek
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Figure 4-3.2
100-year existing condition inflow hydrographs for Apache Wash
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Figure 4-3.3

100-year existing condition inflow hydrographs for Desert Hills Wash and Paradise Wash

12000

10000

8000

6000

Discharge, in cfs

4000

2000

November 2000

Time, in hours

SRGp:\28900077\reports\sediment rpt\sect5-3 hydrology.doc

20

3-5



4-3.3 DISCRETIZED HYDROGRAPHS

The final hydrographs are input into the model as a series of discrete steady flow
values for a specified flow duration that represents the actual hydrographs. The
discrete steady flows are an average of the hydrograph for specified time intervals.
The duration of the time intervals are adjusted until the discretized hydrograph is
representative of the actual hydrograph. The results of this process are illustrated in
Figure 4-3.4 for the 100-year, existing condition runoff hydrograph for Cave Creek.
Similar discretized hydrographs were developed for each concentration point for each

study watercourse.

For watercourse networks with tributary and/or local inflows, such as the Apache
Wash system, the first discretized hydrograph input to the HEC-6 models is at the
downstream limits of each study reach. Hydrographs at each upstream flow change
locations along the mainstem that are coded into the model are the tributary or local
inflow hydrographs. The mainstem hydrographs are then computed by subtracting
the tributary or local inflow hydrograph from the downstream hydrograph. This
process is accumulative in the sense that the calculated mainstem hydrograph
becomes the downstream hydrograph for each subsequent inflow location.
Discretization of these tributary and local inflow hydrographs is performed using the
same time durations as the downstream hydrograph. This process is problematic for
watercourses systems with significant hydrologic channel routing effects, particularly
in regard to hydrograph timing. For watercourses where the downstream hydrograph
is significantly lagged behind the upstream hydrograph and where tributary or local
inflow is negligible, subtraction of the tributary or local inflow from the downstream
hydrograph may result in negative flow values along the rising limb of the computed
mainstem hydrograph. This situation can be seen by inspection of runoff
hydrographs at concentration points 10T and 11T of Paradise Wash (Figure 4-3.3).
The hydrograph at 10T is the total runoff from the Paradise Wash sub-watershed.

Local inflow that occurs between concentration points 11T and 10T is negligible and
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Figure 4-3.4
100-year existing conditon discretized hydrograph for Cave Creek
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because of hydrologic routing effects, the downstream hydrograph (10T) is
essentially the same as the hydrograph at 11T, but lagged in time. Calculation of
discrete steady flow values for each of these hydrographs at the same time duration
and starting point in time will result in higher steady flow values for 11T along the
rising limb of the hydrograph than for 10T. This situation is resolved by aligning the
peaks of the hydrographs at the tributary locations to the most downstream location.
In other words, the hydrologic channel routing is eliminated from consideration. The
resulting aligned hydrographs are shown in Figures 4-3.5 for Apache Wash and
Figure 4-3.6 for Desert Hills and Paradise Washes.

The process of aligning the hydrograph peaks and hydrograph discretization is
performed for the 100-year and 10-year events for both existing and future watershed
conditions. The resulting discretized input hydrographs for each watercourse for
each hydrologic condition are shown in Tables 4-3.1 through 4-3.10. For Apache
Wash, the continual subtraction of tributary and local inflows resulted in negative
discharge values at a few discrete time intervals at the most upstream inflow location.
Therefore, the discharge at these time intervals for the most downstream hydrograph
is adjusted such that the general shape of the most upstream hydrograph is
maintained. These adjusted values for each hydrologic event are highlighted in the

tables and the actual flow value is noted.
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Figure 4-3.5
100-year existing condition aligned hydrographs for Apache Wash
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Figure 4-3.6

100-year existing condition aligned hydrographs for Desert Hills and Paradise Washes
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Table 4-3.1

Summary of discretized hydrographs for Cave Creek

Discretized Hydrographs, in cfs

Time, in hours 100-year 10-year  100-year 10-year
Incremental Accumulative  Existing Existing Future Future
(1) (2) (3) 4) (5) (6)
10.92 10.92 87 35 246 132
1.00 11.92 446 210 956 565
0.25 12.17 608 321 1391 877
0.25 12.42 1006 600 2121 1549
0.25 12.67 1969 1303 3185 2433
0.25 12.92 2824 2087 4151 2981
0.25 13.17 3842 2489 5969 3738
0.25 13.42 7705 3376 1204 5453
0.25 13.67 18133 5924 24313 9653
0.25 13.92 30296 10852 35599 15146
0.25 14.17 36586 15497 40542 19300
0.25 14.42 37995 17731 41164 20690
0.25 14.67 37252 17953 39766 20271
0.25 14.92 35585 17179 37281 18894
0.25 15.17 33288 16164 34358 17368
0.75 15.92 27701 14296 28052 14946
1.00 16.92 18479 11412 18811 11812
1.00 17.92 11129 7756 11495 8078
2.00 19.92 5648 4153 5976 4375
4.08 24.00 1706 1151 1989 1362
13.42 37.42 161 110 213 147
1.08 38.50 1 0 1 0
November 2000
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Table 4-3.2

100-year existing condition discretized hydrographs for Apache Wash

Time, in hours DT DT-ET 10T 5FT 20T-22T 22T-23T
Incremental Accumulative cfs Cfs cfs cfs cfs cfs
(1) (2) (3) 4) (5) (6) (7) (8)
6.00 6.00 184 165 0 1 0 0
0.33 6.33 4,750° 3,682 1 3 12 0
0.50 6.83 3,088 1,977 1 4 330 13
0.50 7.33 7,002 1,673 60 19 448 409
0.33 767 18,128 1.356 558 920 367 666
0.33 8.00 16,959 1,024 1,044 4632 0 2,216
0.50 8.50 16,565 720 4205 9,270 143 2,075
0.50 9.00 14,910IJ 490 4 804 8,753 413 447
0.67 9.67 8,790° 340 2,529 5,004 470 440
0.67 10.33 4,710° 263 1,230 2,535 347 333
0.67 11.00 3,090 205 705 1,469 243 236
0.83 11.83 2,243 172 454 943 159 175
1.83 13.67 1,602 147 304 636 89 120
1.83 15.50 1,429 268 233 482 66 88
3:50 19.00 1,706 123 354 745 52 137
5.00 24.00 813 15 87 156 51 41
Notes: Actual Values
a. 4,732 cfs
b. 11,639 cfs
G 7,264 cfs
d 4,539 cfs
November 2000 3-12
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Table 4-3.3

10-year existing condition discretized hydrographs for Apache Wash

Time, in hours DT DT-ET 10T 5FT 20T-22T7 22T7-23T
Incremental Accumulative cfs cfs cfs cfs cfs cfs
(1) (2) (3) 4) (5) (6) (7) (8)
6.00 6.00 34 31 0 0 0 0
0.33 6.33 992 791 0 i 1 0
0.50 6.83 631 404 0 1 56 1
0.50 7.33 5007 346 10 3 74 59
0.33 7.67 2,467 337 104 111 75 0
0.33 8.00 3,555 287 209 741 0 0
0.50 8.50 3,102 213 514 1,632 0 59
0.50 9.00 3,420° 158 1,068 1,839 281 72
0.67 9.67 2,180° 109 625 1,130 223 87
0.67 10.33 1,253 81 312 588 145 62
0.67 11.00 842 61 179 344 94 41
0.83 11.83 599 50 114 222 62 26
1.83 13.67 409 41 74 149 34 15
1.83 15.50 349 69 56 112 25 9
3.50 18.00 394 35 82 173 19 10
5.00 24 .00 147 6 23 39 19 8
Notes: Actual Values
a. 466 cfs
b. 2,993 cfs
c. 1,992 cfs
November 2000 3-13
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Table 4-3.4

100-year future condition discretized hydrographs for Apache Wash

Time, in hours DT DT-ET 10T 5FT 20T-22T 22T-23T
Incremental Accumulative cfs cfs cfs cfs cfs cfs
(1) (2) (3) (4) (5) (6) (7) (8)
6.00 6.00 199 169 3 | 4 0
0.33 6.33 4,921 3,731 1 31 39 0
0.50 6.83 3,200 2,064 15 39 437 9
0.50 7:33 9407 1,732 91 87 563 384
0.33 7.67 19,145 1,391 636 1,246 468 0
0.33 8.00 17,810 1,046 1,162 5179 0 261
0.50 8.50 17,309 733 4610 9,881 286 417
0.50 9.00 14,900° 497 4,921 9,060 414 0
0.67 9.67 8,650° 344 2,570 5,219 474 127
0.67 10.33 4,620° 265 1,245 2,584 351 166
0.67 11.00 3,121 207 712 1,491 245 123
0.83 11.83 2.264 173 457 955 162 80
1.83 13.67 1,616 148 307 643 90 44
1.83 15.50 1,440 268 235 487 67 24
3.50 19.00 1,717 124 357 i=5) 54 33
5.00 24.00 516 15 87 157 51 29
Notes: Actual Values
a. 11,824 cfs
b. 11,639 cfs
c. 4,590 cfs
November 2000 3-14
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Table 4-3.5

10-year future condition discretized hydrographs for Apache Wash

Time, in hours DT DT-ET 10T 5FT 20T-22T 22T-23T
Incremental Accumulative cfs cfs cfs cfs cfs cfs
(1) (2) (3) (4) (5) (6) (7) (8)
6.00 6.00 38 34 0 0 0 0
0.33 6.33 1,084 866 0 1 2 0
0.50 6.83 690 443 0 1 60 1
0.50 7.33 540* 378 10 3 82 62
0.33 7.67 2,696 376 110 119 86 0
0.33 8.00 3,886 326 222 797 0 0
0.50 8.50 3,391 243 545 1,755 0 55
0.50 9.00 3710° 184 1,132 1,978 340 69
0.67 9.67 2360° 126 662 1.215 260 87
0.67 10.33 1,369 92 331 632 167 63
0.67 11.00 921 69 190 370 108 42
0.83 11.83 655 56 121 239 71 26
1.83 13.67 447 46 78 160 40 15
1.83 15.50 382 76 59 121 29 9
350 19.00 431 40 87 186 24 10
5.00 24 00 161 7 24 41 21 9
Notes: Actual Values
a. 510 cfs
b. 3,272 cfs
c. 2,177 cfs
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Table 4-3.6

Summary of discretized hydrographs for Desert Hills Wash

Discretized Hydrographs at 5FT. in cfs

Time, in hours 100-year  10-year  100-year  10-year
Incremental Accumulative Existing Existing Future Future
(1) (2) (3) (4) (5) (6)
6.00 6.00 1 0 11 0
0.33 6.33 3 1 31 1
0.50 6.83 4 1 39 1
0.50 7.33 19 3 87 3
0.33 767 920 111 1,246 119
0.33 8.00 4,632 741 5179 797
0.50 8.50 9,270 1,632 9,881 1,755
0.50 9.00 8,753 1,839 9,060 1,978
0.67 9.67 5,004 1,130 5,129 1:215
0.67 10.33 2,535 588 2,584 632
0.67 11.00 1,469 344 1,491 370
0.83 11.83 943 222 955 239
1.83 13.67 636 149 643 160
1.83 15.50 482 112 487 131
3.50 19.00 745 173 751 186
5.00 2400 156 39 157 41

November 2000
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Table 4-3.7

100-year existing condition discretized hydrographs for
Paradise Wash

Time, in hours 10T 10T-11T  11T-12T
Incremental Accumulative cfs cfs cfs
(1) (2) (3) (4) (5)
6.00 6.00 0 0 0
0.33 6.33 1 1 0
0.50 6.83 1 1 0
0.50 7.33 60 60 0
0.33 7.67 558 513 43
0.38 8.00 1,044 402 358
0.50 8.50 4,205 1,064 493
0.50 9.00 4,804 84 1,161
0.67 967 2,529 142 765
0.67 10.33 1,230 203 368
0.67 11.00 705 149 200
0.83 11.83 454 107 122
1.83 13.67 304 60 75
1.83 15.50 233 43 58
3.50 19.00 354 59 87
5.00 24.00 87 29 23
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Table 4-3.8

10-year existing condition discretized hydrographs for

Paradise Wash

Time, in hours 10T 10T-11T  11T-12T
Incremental Accumulative cfs cfs cfs
(1) (2) (3) 4) (5)
6.00 6.00 0 0 0
0.33 6.33 0 0 0
0.50 6.83 0 0 0
0.50 7.33 10 10 0
0.33 7.67 104 98 6
0.33 8.00 209 100 67
0.50 8.50 514 38 10
0.50 9.00 1068 102 424
0.67 9.67 625 86 189
0.67 10.33 312 73 93
0.67 11.00 179 48 50
0.83 11.83 114 32 31
1.83 13.67 74 17 18
1.83 15.50 56 12 14
3.50 19.00 82 14 20
5.00 24.00 23 9 6
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Table 4-3.9

100-year future condition discretized hydrographs for

Paradise Wash

November 2000

Time, in hours 10T 10T-11T  11T-12T
Incremental Accumulative cfs cfs cfs
(1) (2) (3) (4) (5)
6.00 6.00 3 0 1
0.33 6.33 11 2 4
0.50 6.83 15 4 4
0.50 7.33 91 75 6
0.33 767 363 557 58
0.33 8.00 1,132 431 393
0.50 8.50 4610 1,226 610
0.50 9.00 4,921 74 1,210
0.67 9.67 2,570 141 783
0.67 10.33 1,245 205 373
0.67 11.00 712 151 203
0.83 11.83 457 108 123
1.83 13.67 307 61 76
1.83 18.50 235 44 59
3.50 19.00 357 60 88
5.00 24.00 87 29 23
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Table 4-3.10

10-year future condition discretized hydrographs for

Paradise Wash

Time, in hours 10T 10T-11T  11T-12T
Incremental Accumulative cfs cfs cfs
(1) (2) (3) (4) (5)
6.00 6.00 0 0 0
0.33 6.33 0 0 4]
0.50 6.83 0 0 0
0.50 7.33 10 10 0
0.33 767 110 104 6
0.23 8.00 222 105 72
0.50 8.50 545 38 19
0.50 9.00 1132 105 270
0.67 9.67 662 89 207
0.67 10.33 331 76 101
067 11.00 190 51 55
0.83 11.83 121 34 33
1.83 13.67 78 18 20
1.83 15.50 59 12 15
3:80 19.00 87 15 23
5.00 24.00 24 9 i

¢jmp:\28900077\reports\sediment rpt\sect5-3 hydrology.doc

3-20



4-3.4 BOUNDARY CONDITIONS

In HEC-6 models, the water surface elevation is specified at the downstream limit at
each hydrograph time step using one of two methods. The first method is a rating curve.
That method is utilized for the three watercourses in the Apache Wash system. The
rating curve is developed for each watercourse using the normal depth option in the
HEC-RAS program. The rating curves are used as a boundary condition for each
hydrologic condition (100-year and 10-year for both existing and future watershed

conditions).

The second method involves computing a water surface elevation at the most
downstream cross section corresponding to discharges in the discretized hydrograph.
This method can also be used in combination with the rating curve to set water surface
glevations at specific flow elements. This combined approach is used for the Cave

Creek analysis to account for backwater conditions due to ponding at Cave Buttes Dam.

The rating curve for the combined approach is developed in the same manner for Cave
Creek and the Apache Wash system. Development of the rating curves is generally
described as follows: The ponded water surface elevations at the dam are developed
from a reservoir routing analysis using the HEC-1 program. The analysis is performed
for each hydrologic condition using the total inflow hydrograph and the stage-storage-
discharge relations for the dam. The stage-storage-discharge relations are taken from
the 1976 COE report entitled Gila River, New River and Phoenix City Streams, Arizona

Design Memorandum No. 3, General Design Memorandum — Phase || Project Design

Part |. For the purposes of this analysis, the effects of the Cave Creek Dam, located
immediately upstream of the Cave Buttes Dam are neglected. The total inflow
hydrograph consists of the Cave Creek and Apache Wash runoff hydrographs plus
runoff intercepted by the east Cave Buttes Dam dike. This additional drainage area
encompasses approximately 17 square miles and is located directly south of the Cave
Creek study watershed boundary and east of Cave Buttes Dam. Figure 4-3.7 shows the
location of this area in relation the overall study limits. Although this area is not included
as part of the study area, the inclusion of this area is necessary for the ponding analysis

and thus the sediment analyses. A watershed model is therefore developed for this area

November 2000 3-21
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for the 100- and 10-year events for both the existing and future watershed conditions. A
detailed discussion of the methodology for the determination of the watershed model
input data as well as a summary of that data is provided in Appendix C. The resulting
pool water surface elevations above the minimum channel elevation of the most
downstream cross section are compared with normal depth water surface elevations at
each discrete discharge value. The pool and normal depth water surface elevations are
compared for each hydrologic condition and shown in Tables 4-3.11 through 4-3.14.
For the discharge values where the pool elevation is higher than the normal depth
elevation, the pool elevation is coded into the model using the R record at that discharge

value,

November 2000 3-23
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TABLE 4-3.11

Starting water surface elevations for 100-year existing
conditions Cave Creek sediment transport modeling

Water Surface Elevation Controlling
Time Discharge® Channel” Pool WSEL
hours cfs feet feet feet
(1) (2) (3) (4) (5)
0.00 0 1623.9 N/A 1623.9
10.92 87 1624.9 N/A 1624.9
11.92 446 1625.8 N/A 1625.8
1247 608 1626.1 N/A 1626.1
12.42 1006 1626.7 N/A 1626.7
12.67 1969 1627.9 N/A 1627.9
12.92 2824 1626.8 N/A 1626.8
1347 3842 1627.3 N/A 1627.3
13.42 7705 1628 .4 N/A 1628.4
13.67 18133 1630.4 N/A 1630.4
13.92 30296 1631.7 N/A 1631.7
14.17 36586 1632.3 N/A 1632.3
14.42 37995 1632.4 1624.7 1632 .4
14.67 37282 1632.3 1626.6 1632.3
14.92 35585 1632.1 1628.2 1632.1
1517 33288 1631.9 1629.6 1631.9
15.92 27701 1631.4 1631.7 1631.7¢
16.92 18479 1630.4 1634 .4 1634.4
17.92 11129 1629.1 1636.0 1636.0
19.92 5648 1628.1 1637.2 1637.2
24.00 1706 1627.6 1638.8 1638.8
24.08 161 1625.1 1638.8 1638.8
2413 1 1624.1 1638.8 1638.8
Notes

a: Discretized Cave Creek inflow hydrograph at C528

b: taken from hydraulic model at RM 24.525

c: Paint at which the pool elevation is greater

than the channel elevation.
November 2000
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TABLE 4-3.12

Starting water surface elevations for 10-year existing
conditions Cave Creek sediment transport modeling

Water Surface Elevation Controlling
Time Discharge® Channel® Pool WSEL
hours cfs feet feet feet
(1) (2) (3) (4) (5)
0.00 0 1623.9 N/A 1623.9
10.92 35 1624.6 N/A 1624 .6
11.92 210 1625.2 N/A 1625.2
12.17 321 1625.5 N/A 1625.5
12.42 600 1626.1 N/A 1626.1
12.67 1303 1627.1 N/A 1627 1
12.92 2087 1628.0 N/A 1628.0
137 2489 1626.6 N/A 1626.6
13.42 3376 1627.1 N/A 1627.1
13.67 5924 1628.1 N/A 1628.1
13.92 10852 1629.1 N/A 1629.1
14.17 15497 1629.9 N/A 1629.9
14.42 17731 1630.3 N/A 1630.3
14.67 17953 1630.3 N/A 1630.3
14.92 17179 1630.1 N/A 1630.1
1517 16164 1630.0 N/A 1630.0
15.92 14296 1629.8 N/A 1629.8
16.92 11412 1629.2 N/A 1629.2
17.92 7756 1628.4 N/A 1628.4
19.92 4153 1627.5 1624.7 1627.5
24.00 1151 1626.9 1625.7 1626.9
24.08 110 1624.9 1625.7 1625.7°
Notes

November 2000

a: Discretized Cave Creek inflow hydrograph at C528

b: taken from hydraulic model at RM 24.525
c: Point at which the pool elevation is greater

than the channel elevation.
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TABLE 4-3.13

Starting water surface elevations for 100-year future
conditions Cave Creek sediment transport modeling

Water Surface Elevation Controlling
Time Discharge® Channel’ Pool WSEL
hours cfs feet feet feet
(1) (2) (3) (4) (5)
0.00 0 1623.9 N/A 1623.9
10.92 258 1625.4 N/A 1625 4
11.92 1036 1626.8 N/A 1626.8
12.17 1823 1627.7 N/A 1627.7
12.42 2829 1626.8 N/A 1626.8
12.67 3820 1627.3 N/A 1627.3
12.92 5119 1628.0 N/A 1628.0
1347 9327 1628.8 N/A 1628.8
13.42 19790 1630.6 N/A 1630.6
13.67 32471 1631.9 N/A 1631.9
13.92 39534 1632.5 N/A 1632.5
14.17 41252 1632.6 1624.6 1632.6
14.42 40388 1632.6 1626.5 1632.6
14.67 38186 1632.4 1628.4 1632.4
14.92 35366 1632.1 1630.1 1632.1
1817 32226 1631.9 1631.5 1631.9
15.92 26075 1631.3 1633.7 1633.7°¢
16.92 17337 1630.2 1636.1 1636.1
17.92 10616 1629.0 1637.7 1637.7
19.92 5570 1628.1 1638.9 1638.9
24.00 1867 1627.8 1640.2 1640.2
24.08 203 1625.2 1640.2 1640.2
2413 1 16241 1640.2 1640.2
Notes

November 2000

a: Discretized Cave Creek inflow hydrograph at C528

b: taken from hydraulic model at RM 24.525
c: Point at which the pool elevation is greater

than the channel elevation.
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TABLE 4-3.14

Starting water surface elevations for 10-year future conditions
Cave Creek sediment transport modeling

Water Surface Elevation Controlling
Time Discharge® Channel® Pool WSEL
hours cfs feet feet feet
(1) (2) (3) (4) (5)
0.00 0 1623.9 N/A 1623.9
10.92 132 1625.0 N/A 1625.0
11.92 565 1626.0 N/A 1626.0
12.17 877 1626.5 N/A 1626.5
12.42 1549 1627 .4 N/A 1627.4
12.67 2433 1626.6 N/A 1626.6
12.92 2981 1626.9 N/A 1626.9
18.17 3738 1627.3 N/A 1627.3
13.42 5453 1628.1 N/A 1628.1
13.67 9653 1628.8 N/A 1628.8
13.92 15146 1629.9 N/A 1629.9
14.17 19300 1630.5 N/A 1630.5
14.42 20690 1630.7 N/A 1630.7
14.67 20271 1630.6 N/A 1630.6
14.92 18894 1630.4 N/A 1630.4
15.17 17368 1630.2 N/A 1630.2
15.92 14946 1629.8 1624.0 1629.8
16.92 11812 1629.2 1625.8 1629.2
17.92 8078 1628.5 1627.4 1628.5
19.92 4375 1627.6 1628.6 1628.6°
24.00 1362 1627.2 1629.8 1629.8
24.08 147 1625.1 1629.8 1629.8
Notes

November 2000

a: Discretized Cave Creek inflow hydrograph at C528

b: taken from hydraulic mode!l at RM 24.525
c: Point at which the pool elevation is greater

than the channel elevation.
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4-3.5 ASSUMPTIONS AND LIMITATIONS

In general, single runoff event modeling in HEC-6 is not recommended.

1) Runoff input to HEC-6 at all tributary and local inflow locations must be at the
same time increment.

2) All discrete steady state discharges can be conveyed from one cross section to
the next in the specified time interval.

3) The source of the runoff input was developed for a specific purpose (100-year
peak discharge estimation) using a specified design storm.

4) Starting water surface elevations that are based on normal depth hydraulics

assume a stable reach with neither scour or fill.
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4-4.0 EROSION AND SEDIMENTATION
ANALYSIS

4-4.1 ANALYSIS TECHNIQUE

The erosion and sedimentation of watercourses within the study area was
investigated by modeling the sediment transport through each watercourse under a
variety of hydrologic and development conditions. The modeling was performed
using the U.S. Army Corps of Engineers, HEC-6 model (1993). Input to the HEC-6
models was obtained from hydraulic models (HEC-2 and HEC-RAS) of the
watercourses, field data collection regarding sediment characteristics, assumption
regarding hydrologic and hydraulic conditions, and the selection of the appropriate

sediment transport functions.

The models were verified by comparison of hydraulic results of the HEC-6 fixed bed
models to the corresponding HEC-RAS models developed as part of this study.
Sensitivity of model input was investigated to assess how critical various model input
and assumptions are to model results. Calibration of the models cannot be
performed since there is not an adequate database for such calibration. Erosion and
sedimentation results are analyzed by evaluation of quantitative results and by the
qualitative interpretation of graphical results from the various HEC-6 models.

4-4.2 HYDRAULIC AND GEOMETRIC DATA

4-4.21 Background

The base hydraulic and geometric data utilized in the sediment transport analysis for
the project study reaches of the Cave Creek and Apache Wash system are taken
from three existing floodplain delineation studies. Those studies are described in
Section 4-2.3.

Water surface profiles models were developed for each of the floodplain delineation
studies (FDS) using the U.S Army Corps of Engineers (COE) HEC-2 computer
model. The study limits of the Cave Creek above Carefree Highway FDS, herein

referred to as the GVSCE model, were from the Carefree Highway to Morningstar
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Road in the Town of Cave Creek. The study limits of the Cave Creek below

Carefree Highway FDS, herein referred to as the Willdan model, were from the

northern boundary of the Cave Buttes Dam Recreation Area (river mile 24.525) to
the Carefree Highway and the City of Phoenix corporate limits (river mile 29.71).
The study limits of the Apache Wash FIS, herein referred to as the Jerry Jones

model, were from the northern boundary of the Cave Buttes Dam Recreation Area to
just upstream of the Town of Cave Creek corporate limits. The Jerry Jones study of
Apache Wash also included two tributaries, Desert Hills Wash and Paradise Wash.
Separate HEC-2 models were developed for both Desert Hills Wash and Paradise
Wash.

4-4.2.2 Hydraulic Modeling Approach

For the purposes of this study the FDS models are converted to HEC-RAS models to
be updated for current conditions and modified as necessary to meet the needs of
this study. The final HEC-RAS models are then converted to a format compatible for
HEC-6 modeling. The process for these conversions is summarized below and

described in detail in the following sections.
1) Convert the FDS HEC-2 models to HEC-RAS format.

2) Update the HEC-RAS model to reflected current conditions.

3) Compare the FDS HEC-2 model results to the updated HEC-RAS model

results.
4) Modify the HEC-RAS model to meet the needs of this study.
5) Compare the updated HEC-RAS model with the modified HEC-RAS model.

6) Convert the modified HEC-RAS model to a format compatible for HEC-6

modeling.

7)  Compare the modified HEC-RAS model results to the HEC-6 fixed bed

model results.
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cjmp:\2890007 7\reports\sediment rptisect5-4 e&s analysis.doc



4-4,2.3 Model Conversion, Update and Verification

For the purposes of this study, the two Cave Creek HEC-2 models are combined into
a single HEC-2 model and converted to the HEC-RAS computer model. This
combined model is truncated at the first flow change location upstream of the study
limits. The portion of the model upstream of the study limits is included for model
stability. Similarly, the three HEC-2 models of the Jerry Jones study (one model
each for Apache, Desert Hills and Paradise Washes) are combined into a single
HEC-2 model, converted to HEC-RAS and truncated at the first upstream flow
change from the study limits. These combined HEC-RAS models are also updated
to reflect the current conditions along the watercourses.

Since the completion of the original studies, there are only two changes in the
hydraulic conditions along the watercourses. The first change is the expansion of
the Wheeler gravel mine, which is located near the downstream limits of Cave Creek.
Although the gravel mining operations have significantly changed the hydraulic
conditions at this location, these changes are not incorporated into the base model.
The impact from the gravel mining operation is not incorporated into that model
primarily because the gravel mine is in a constant state of change and current
mapping is unavailable. The Wheeler gravel mining operation and the reclamation of
that mine are considered with the alternatives for the watercourse master plan. The
second change in hydraulic conditions is the addition of two traffic lanes to Carefree
Highway, in particular the addition of a second bridge at Cave Creek and the
extension of a culvert crossing at Apache Wash. The hydraulic parameters for both
the bridge and the culvert are obtained from the Carefree Highway design plans.
Several problems were encountered while developing the new bridge data. First, a
correlation between the Cave Creek FDS elevation datum and the bridge plans could
not be established. The bridge elevation datum is therefore assumed to be the same
as the FDS. Second, elevations shown on the bridge plan and profile sheet do not
match elevations shown on various bridge details. This is resolved by adjusting the
plan and profile elevations by the bridge deck dimensions to calculate the high and
low chords. Finally, the new bridge piers are at a different skew than the existing
(upstream) bridge piers. The design plans do not agree with the construction in this
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regard. To account for the unaligned pier skew, a larger pier drag coefficient is used

than what is commonly recommended.

At both the Cave Creek and Apache Wash crossings, the additional lanes of the
Carefree Highway are on the downstream side of the existing lanes. Therefore the
downstream cross section for both the bridge and culvert are revised. These new
cross sections are a combination of proposed grading of the channel banks and bed
and the existing contours of the channel overbanks. For Cave Creek, the existing
downstream cross section (river mile 29.71) is adjusted to reflect the proposed
condition. For Apache Wash, the existing downstream cross section (river mile 4.57)
is deleted and the next downstream cross section (river mile 4.56) is adjusted to

reflect the proposed condition.

In order to verify that the updated HEC-RAS models are performing similarly to the
original FDS models, the water surface elevations at each cross section are
compared. The water surface elevation comparison for Cave Creek, Apache Wash,
Desert Hills Wash and Paradise Wash is provided in Tables 4-4.1 through 4-4 4,
respectively. In general, the water surface elevation differential (difference between
the original model and the HEC-RAS model) for Cave Creek is less that 0.5 feet with
a maximum difference of 1.19 feet at river mile 29.72, which is immediately upstream
of the bridge. For Apache Wash and tributaries the water surface elevation
differential is in general less than 0.5 feet with a maximum difference of 2.88 feet at
river mile 1.18 of Apache Wash. The maximum water surface differential is most
likely due to a significant decrease in flow area at river mile 1.18 compared to the
flow area of the downstream cross section (river mile 1.09). There are only relatively
small differences between the HEC-6 model hydraulic results and the original HEC-2
model results for Desert Hills Wash and Paradise Wash. Some difference in results
is attributed to the computational difference between HEC-6 and HEC-2. These
results are considered to be reasonable, particularly in regard to the computational
differences between HEC-2 and HEC-RAS.
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Table 44.1
Comparison of HEC-RAS and HEC-2 model results for Cave Creek (100-year, existing conditions)

River Water Surface Elevation, feet River Water Surface Elevation, feet
Mile HEC-2 HEC-RAS Difference Mile HEC-2 HEC-RAS Difference
(1) (2) (3) (4) (1) (2) (3) (4)
31.910 1966.97 1966.96 0.01 27.797 1779.81 1779.37 0.44
31.870 1965.46 1965.43 0.03 27.693 1774.29 177519 -0.90
31.820 1962.36 1962.31 0.05 27.604 1768.51 1768.46 0.05
31.750 1958.04 1958.16 -0.12 27.502 1764.57 1764.39 0.18
31.630 1952.33 1952.28 0.05 27.417 1757.21 1757.62 -0.31
31.540 1948.32 1948.39 -0.07 27.366 1755.30 1755.30 0.00
31.450 1944.77 1944.79 -0.02 27.320 1752.39 125237 0.02
31.340 1940.00 1939.91 0.09 27.265 174927 1749.27 0.00
31.250 1934.91 1935.02 -0.11 27.226 1743.08 1743.36 -0.28
31.170 1931.33 1931.34 -0.01 27.169 1741.54 1741.42 0.12
31.140 1929.48 1929.44 0.04 27.106 1738.47 1738.74 -0.27
31.050 1925.38 1925.45 -0.07 27.008 1734.50 1734.46 0.04
30.960 1922.04 1921.96 0.08 26.921 1731.00 1731.13 -0.13
30.850 1917.16 1917.31 -0.15 26.845 172772 1727.74 -0.02
30.750 1913.90 1913.83 0.07 26.775 1723.99 1723.98 0.01
30.650 1809.79 1909.80 -0.01 26.695 1720.60 1720.67 -0.07
30.520 1902.23 1902.20 0.03 26.623 1716.40 1716.40 0.00
30.420 1897.40 1897.33 0.07 26.529 1711.54 1711.52 0.02
30.280 1891.54 1891.62 -0.08 26.430 1707.78 1707.80 -0.02
30.200 1885.68 1885.55 0.13 26.335 1705.64 1705.42 0.22
30.100 1880.24 1880.25 -0.01 26.239 1701.16 1701.54 -0.38
29.850 1871.83 1871.82 0.01 26.137 1698.90 1698.79 0.11
29.770 1867.55 1868.36 -0.81 26.044 1695.28 1695.38 -0.10
29.720 1866.16 1867.35 -1.19 25919 1689.02 1689.05 -0.03
29.710 1865.57 1865.50 0.07 25.843 1685.95 1685.97 -0.02
29.663 1864.50 1864.38 0.12 25.750 1684.90 1684.91 -0.01
29.601 1859.72 1859.85 -0.13 25.699 1682.46 1682.57 -0.11
29.538 1854.96 1855.00 -0.04 25.644 1678.52 1678.48 0.04
29.493 1852.27 1852.91 -0.64 25.580 1676.35 1676.34 0.01
29.387 1849.60 1849.61 -0.01 25519 1674.75 1674.72 0.03
29.351 1848.75 1848.80 -0.05 25.458 1673.33 1673.22 0.11
29.258 1842.95 1842.59 0.36 25.388 1669.17 1669.29 -0.12
29.130 1836.92 1837.34 -0.42 25.326 1665.34 1665.26 0.08
29.012 1832.94 1832.98 -0.04 25.233 1661.80 1661.83 -0.03
28.934 1829.45 1829.49 -0.04 25.180 1659.91 1659.89 0.02
28.847 1825.53 1825.52 0.01 25.099 1656.67 1656.69 -0.02
28.750 1822.94 1822.93 0.01 25.010 1650.88 1650.85 0.03
28.657 1819.95 1819.89 0.06 24 919 1648.73 1648.67 0.06
28.555 1814.02 1814.13 -0.11 24 845 1645.92 1645.98 -0.06
28.462 1810.03 1810.15 -0.12 24752 1639.89 1639.84 0.05
28.390 1807.39 1807.21 0.18 24.646 1636.13 1636.38 -0.25
28.326 1803.41 1803.94 -0.53 24525 1633.13 1633.13 0.00
28.241 1799.07 1799.11 -0.04 Maximum 0.44
28.157 1794.06 179411 -0.05 Minimum -1.19
28.091 1790.41 1790.54 -0.13 Average -0.06
28.023 1787.52 1787.35 0.17
27913 1783.23 1783.54 -0.31
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Table 4-4.2
Comparison of HEC-RAS and HEC-2 model results for Apache Wash (100-year, existing conditions)

River Water Surface Elevation, feet River Water Surface Elevation, feet
Mile HEC-2 HEC-RAS Difference Mile HEC-2 HEC-RAS Difference
(1) (2) (3) (4) (1) (2) (3) (4)
Apache Wash Apache Wash - continued
8.020 1992.24 1992 .58 -0.34 4.050 1786.02 1786.52 -0.50
7.980 1989.73 1989.82 -0.09 3.960 1782.42 1782.52 -0.10
7.890 1984 83 1984.96 -0.13 3.860 1778.23 1778.48 -0.25
7.840 1981.96 1982.05 -0.09 3.780 1774 .46 1774.67 -0.21
7.740 1975.24 1975.29 -0.05 3.750 1773.02 1773.10 -0.08
7.650 1969.66 1969.73 -0.07 3.650 1769.78 1769.94 -0.16
7.550 1964.00 1964.12 -0.12 3.600 1768.44 1768.70 -0.26
7 460 1959.04 1859.07 -0.03 3.520 1765.07 1765.29 -0.22
7.360 1951.97 1952.08 -0.11 3.480 1763.34 1763.56 -0.22
7.280 1948.95 1949.00 -0.05 3.400 1759.99 1760.15 -0.16
7.170 1943.79 1943.95 -0.16 3.320 1756.42 1756.47 -0.05
7.080 1937.93 1937.86 0.07 3.210 1752.32 1752.36 -0.04
6.980 1933.26 1933.57 -0.31 3.130 1750.48 1750.54 -0.06
6.900 1928.18 1928.27 -0.09 3.070 1749.40 1749.46 -0.06
6.800 1923.29 1923.45 -0.16 2.970 1744 .91 1744 .93 -0.02
6.710 1919.00 1919.13 -0.13 2.920 1743.23 1743.23 0.00
6.630 1914.12 1914 .42 -0.30 2.900 1742.63 1742.82 -0.19
6.580 1910.89 1911.03 -0.14 2.870 1742.40 1742.60 -0.20
6.500 1906.05 1906.16 -0.11 2.820 174174 174198 -0.24
6.430 1903.42 1903.47 -0.05 2.730 1738.95 1739.36 -0.41
6.320 1898.46 1898.73 -0.27 2.600 1735.66 1735.86 -0.20
6.250 1895.03 1895.04 -0.01 2.520 1734.29 1734.50 -0.21
6.160 1889.31 1889.40 -0.09 2.470 1733.38 1733.60 -0.22
6.090 1885.51 1885.56 -0.05 2.400 1731.18 1731.42 -0.24
6.010 1881.73 1881.80 -0.07 2.330 1727.98 1728.12 -0.14
5.920 1876.34 1876.52 -0.18 2.240 1724.34 1724 .49 -0.15
5.830 1871.62 1871.62 0.00 2.170 1721.61 1721.87 -0.26
5.760 1868.27 1868.46 -0.19 2.080 1717.94 1718.26 -0.32
5.660 1862.29 1862.45 -0.16 2.000 1715.00 1715.20 -0.20
5.640 1860.16 1860.22 -0.06 1.880 1712.76 1712.91 -0.15
5.570 1857.88 1857.85 0.03 1.850 1711.91 1712.10 -0.19
5.480 1853.30 1853.46 -0.16 1.810 1711.15 11137 -0.22
5.380 1848.85 1848.97 -0.12 1.750 1709.30 1709.53 -0.23
5.310 1845.53 1845.62 -0.09 1.660 1706.48 1706.68 -0.20
5210 1840.74 1840.84 -0.10 1.600 1705.16 1705.27 -0.11
5.150 1837.47 1837.57 -0.10 1.560 1703.88 1704.03 -0.15
5.090 1834.36 1834.45 -0.09 1.470 1701.17 1701.26 -0.09
5.030 1831.43 1831.56 -0.13 1.370 1697.50 1697.80 -0.30
4,960 1827.78 1827.85 -0.07 1.270 1695.18 1695.28 -0.10
4.900 1824 .49 1824.72 -0.23 1.180 1691.48 1694.36 -2.88
4820 1822.32 1822.28 0.04 1.090 1687.53 1686.40 1.13
4.780 1817.31 1817.81 -0.50 0.990 1684.13 1684 .48 -0.35
4.740 1816.55 1816.59 -0.04 0.840 1679.29 1679.61 -0.32
4.650 1810.17 1810.32 -0.15 0.750 1676.96 1677.21 -0.25
4.600 1809.14 1809.94 -0.80 0.710 1675.34 1675.58 -0.24
4.580 1809.02 1809.88 -0.86 0.630 1672.90 1673.21 -0.31
4,560 1806.08 1806.26 -0.18 0.540 1669.04 1669.23 -0.19
4.480 1803.25 1803.44 -0.19 0.430 1665.53 1665.71 -0.18
4.400 1800.58 1800.82 -0.24 0.330 1662.78 1663.09 -0.31
4310 1796.08 1796.26 -0.18 0.200 1659.64 1660.00 -0.36
4230 1792.66 1792.77 -0.11 Maximum 1.13
4220 1791.94 1792.06 -0.12 Minimum -2.88
4110 1788.38 1788.56 -0.18 Average -0.19
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Table 4-4.3
Comparison of HEC-RAS and HEC-2 model results for
Desert Hills Wash (100-year, existing conditions}

River Water Surface Elevation, feet
Mile HEC-2 HEC-RAS Difference
(1) (2) (3) (4)
0.990 1757.75 1757.96 -0.21
0.900 1755.88 1756.07 -0.19
0.810 1753.58 1753.78 -0.20
0.720 1751.29 1751.47 -0.18
0.640 1749.71 1749.92 -0.21
0.560 1748.52 1748.68 -0.16
0.480 1747.54 174763 -0.09
0.400 1746.40 1746.27 0.13
0.310 1744 .47 1744.16 0.31
0.220 1743.20 1743.22 -0.02
Maximum 0.31
Minimum -0.21
Average -0.08
Table 4-4.4

Comparison of HEC-RAS and HEC-2 model results for
Paradise Wash (100-year, existing conditions)

River Water Surface Elevation, feet
Mile HEC-2 HEC-RAS Difference
(1) (2) (3) (4)
2.230 1832.36 1832.54 -0.18
2.140 1827.19 1827.09 0.10
2.070 1823.72 1823.94 -0.22
2.000 1820.01 1819.88 0:13
1.920 1815.40 1815.30 0.10
1.830 1810.73 1810.91 -0.18
1.750 1805.54 1805.38 0.16
1.650 1799.99 1799.63 0.36
1.540 1794.76 1794.79 -0.03
1.460 1791.96 1792.20 -0.24
1.370 1789.38 1789.61 -0.23
1.270 1785.12 1785.20 -0.08
1.210 1782.91 1782.97 -0.06
1.120 1778.39 1778.58 -0.18
1.040 1776.25 1776.36 -0.1
0.950 1773.44 1773.48 -0.04
0.890 1771.64 1771.70 -0.06
0.800 1766.71 1766.76 -0.05
0.720 1762.97 1763.04 -0.07
0.620 1759.57 1759.67 -0.10
0.530 1755.25 1755.85 -0.10
0.440 1751.49 1751.58 -0.09
0.340 1748.28 1748.34 -0.06
0.280 1743.70 1743.72 -0.02
0.170 1739.30 1739.33 -0.03
0.130 1737.91 1737.98 -0.07
0.040 1737.04 1737.06 -0.02
Maximum 0.36
Minimum -0.24
Average -0.05
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4-4.2.4 Model Modifications

Sediment transport modeling is performed for both the 100- and 10-year hydrologic events
and for both existing and future hydrologic conditions, respectively. Sediment modeling is
accomplished using the HEC-6 computer program. The converted HEC-RAS models from
the floodplain delineation studies are modified for sediment modeling such that the hydraulic
parameters are representative of both 100- and 10-year flow conditions. In addition, HEC-6
does not have the full range of hydraulic computational options as HEC-2 and HEC-RAS, in
particular the horizontal variation of roughness. Therefore, the converted models are also
modified so that the hydraulic parameters are compatible with HEC-6. A detailed discussion
of the methodology for the modifications is provided in Appendix D. The following is a list of

hydraulic and geometric properties that are modified:

e Channel bank stations are adjusted based on concepts of bank full discharge.
e Horizontal variations in roughness values are eliminated.

» River sub-reaches are identified and a single set of Manning’s n-values are used for
each sub-reach that are appropriate for the full range of modeling discharges.

¢ Channel geometry well in excess of the 100-year flood elevation is eliminated.
e Minor ineffective channels or localized depressions are eliminated.

e Levees and ineffective flow areas are added where it is necessary to restrict flows,

particularly the low flows in the main channel.

For the Apache Wash system, some additional changes are made. The first is a change in
the contraction/expansion coefficients throughout the model. In the Jerry Jones study,
contraction/expansion coefficients are set at values higher than what is commonly
recommended or expected. Therefore, contraction/expansion coefficients of 0.1 and 0.3 are
used for all cross sections except at the culvert and at areas of rapid contraction or

expansion of the floodplain.

The second change is the treatment of the flow split at the Carefree Highway culvert crossing
of Apache Wash. Apache Wash cannot convey the 100-year flow at this location and the

culvert is not sized to convey the 100-year flow. Flow in excess of the conveyance capacity
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breaks out over the right (western) bank. The Jerry Jones study estimated that 1,250 cfs
breaks out of Apache Wash upstream of the culvert and that a small parallel channel
intercepts the breakout flow. That parallel channel, identified in the model as the west
channel, is tributary to Apache Wash at approximately river mile 3.96. However, the
additional lanes of the Carefree Highway are separated at this location by a median. This
median will divert the flow to the west where it will eventually be intercepted by other
tributaries. Under existing conditions, all the flow is eventually returned to Apache Wash.
Furthermore, in discussions with the Flood Control District, it is anticipated that a larger
culvert will be installed at that location to convey the 100-year discharge. That assumption is
partially based on the fact that the parcel of land south of the Carefree Highway at that
location, which is subject to breakout flooding, is zoned commercial and future development
of that land will dictate an improved cuivert crossing. Therefore, all the flow in Apache Wash

is assumed to be conveyed by the culvert.

The third change is at the confluence of Desert Hills Wash with Apache Wash. Neither
Apache Wash nor Desert Hills Wash can convey the 100-year flow near their confluence.
The resulting inundated area extends for approximately 0.4 miles upstream of the
confluence. The Jerry Jones study accounted for this condition by using the side flow weir
option of HEC-2 to estimate the breakout flow from Apache Wash to Desert Hills Wash. This
flow is added to Desert Hills Wash and the cross sectional geometry of the two most
downstream stations of Desert Hills Wash include the Apache Wash geometry. For this
study, the analysis of the confluence is simplified by moving the confluence to a point just
upstream of the inundation limits and combining the cross sectional geometry of Apache and
Desert Hills Washes. In addition, cross sectional alignments are revised to be more
perpendicular to the direction of flow. For the 10-year flow, both Apache Wash and Desert
Hills Wash have the necessary capacity. Therefore, a separate geometry file is used for the
10-year flows in the HEC-RAS model. With the junction of Desert Hills and Apache Wash in
the 10-year HEC-RAS model at the confluence, only one cross section, river mile 2.70, is left
to define the Apache Wash reach between the confluence with Desert Hills Wash and
Paradise Wash.
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Because HEC-RAS requires that a reach must be defined by a minimum of three cross
sections, two cross sections are added to the 10-year model, river mile 2.70 and 2.67.
Geometry of these new cross sections is taken from the 1 inch equals 200 feet, 2-foot ClI
mapping prepared as part of the original study. Figures E-1 and E-2 of Appendix E, show the

new and revised cross sectional alignments for the 100- and 10-year models, respectively.

The results of the modified HEC-RAS models are compared with the converted HEC-RAS
model to verify that there are no significant changes in the hydraulic conditions. Table 4-4.5
is a comparison of channel velocity and hydraulic depth at each cross section for Cave Creek
for the 100-year, existing condition peak flows. In general, the channel velocities for the
modified model vary (either increased or decreased) by less than 2 fps and the hydraulic
depths vary by less than 1 foot. The maximum velocity change is an increase of 9 fps at river
mile 24.646 and the maximum hydraulic depth change is a decrease of 2.2 feet at river mile
27.913. The maximum channel velocity change at river mile 24.646 is due to a significant
reduction in Manning's n-values and the addition of a large ineffective flow area in the left
overbank. The maximum change in hydraulic depth at river mile 27.913 is due to a
significant reduction in Manning's n-values. This reduction in n-values results in a lower
water surface elevation such that all the flow is contained in the main channel, therefore the
top width is decreased significantly. The large decrease in top width compared to the
relatively small change in flow area results in a large increase in hydraulic depth. Based on
these results, the modifications to the converted model are considered to be acceptable. The
modified model is therefore used as the base model for the sediment transport analysis.

Tables 4-4.6 through 4-4.8 are a comparison of channel velocity and hydraulic depth at each
cross section for Apache Wash, Desert Hills Wash and Paradise Wash, respectively, for the
100-year, existing condition peak flows. In general, the channel velocities for the modified
model vary (either increased or decreased) by less than 5 fps and the hydraulic depths vary
by less than 1 foot. The maximum velocity change is a decrease of 11.3 fps at river mile 1.09
of Apache Wash and the maximum change in hydraulic depth is a decrease of 2.2 feet river
mile 2.47 of Apache Wash. The maximum channel velocity change at river mile 1.09 of
Apache Wash is due to an altered hydraulic condition caused by a reduction in Manning’s n-
values and therefore a reduction in water surface elevation. A similar altered hydraulic
condition at river mile 0.84 of Apache Wash results in a reduction in channel velocity at river
mile 1.09 of Apache Wash.
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The maximum change in hydraulic depth at river mile 2.47 is a result in a reduction in the
water surface elevation due to reduction in Manning’'s n-values. At this location the lower
water surface elevation results in a significant change in the top width compared to the
decrease in flow area, therefore the hydraulic depth is reduced. The modified model is
therefore accepted as the base model for the sediment transport analysis. Additional tables
comparing Manning’s n-values, bank stations and other hydraulic parameters for both Cave

Creek and the Apache Wash system are provided in Appendix E.
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Table 4-4.5
Comparison of HEC-RAS and modified HEC-RAS hydraulic results for Cave Creek

River Channel Velocity, fps Hydraulic Depth, feet
Station FDS WMP Difference FDS WMP  Difference
(1) (2) (3) (4) (5) (6) (7)

31.910 15.6 9.1 8.5 7.2 9.5 2.3
31.870 12.6 16.5 -3.9 6.4 6.8 -0.4
31.820 14.0 12.8 1.2 4.4 4.9 -0.6
31.750 13.0 14.4 -1.5 3.9 3.8 0.1
31.630 11.8 12.6 -0.8 4.9 4.8 0.1
31.540 10.7 11.8 -1.1 4.0 3.8 0.2
31.450 9.3 11.7 -24 4.4 4.4 0.0
31.340 9.9 10.9 -1.0 48 5.1 -0.3
31.250 11.5 12.6 -1.1 3.6 46 -1.0
31.170 10.8 10.4 0.4 4.3 4.5 -0.2
31.140 14.9 12.3 26 3.6 3.8 -0.2
31.050 11,2 10.9 0.3 4.1 42 -0.1
30.960 101 9.2 0.9 4.9 52 -0.3
30.850 11.6 12.9 -1.3 4.7 48 -0.1
30.750 10.1 9.4 07 6.7 6.8 0.0
30.650 15.0 14.7 0.3 4.5 4.9 04
30.520 142 10.9 3.3 3.5 3.4 0.1
30.420 9.4 8.5 1.0 5.1 50 0.1
30.280 14.4 13.5 08 44 4.7 -0.4
30.200 13.0 12.8 03 36 3.8 -0.3
30.100 1.4 11.5 0.0 42 4.3 0.0
29.850 17.3 16.9 14 5.9 59 -0.1
29.770 13.0 13.5 -0.5 9.6 9.2 0.4
29.720 12,5 12.4 0.1 9.8 97 0.0
29.715 Bridge Bridge

29.710 12.0 14.2 -2.1 8.1 7.9 i1
29.663 8.0 11.3 -34 4.9 3.9 0.9
29.601 10.2 12.8 2.6 43 4.1 0.2
29.538 11.4 11.0 04 4.0 4.1 -0.1
29.493 7.8 8.4 -0.6 47 4.6 0.1
29.387 6.4 7.5 -1.0 6.2 6.1 0.2
29.354 6.7 8.1 -1.4 7.2 7.4 -0.2
29.258 14.2 13.6 0.7 8.2 9.8 -1.7
29.130 T1af 15.8 4.1 4.3 6.0 -1.7
29.012 14.0 14.2 -0.2 41 48 -0.7
28.934 9.0 13.6 -4.5 3.8 41 -0.3
28.847 121 13.9 -1.8 4.3 48 -0.3
28.750 8.8 14.2 -55 56 40 1.6
28.657 6.9 13.7 6.8 7.0 47 24
28.555 136 14.2 -0.6 4.3 46 -0.3
28.462 10.5 13.9 -3.4 4.9 44 0.5
28.390 7.0 13.8 6.8 52 47 0.5
28.326 10.0 133 -3.3 42 4.1 0.1
28.241 13.0 11.8 12 3.8 3.7 0.1
28.157 14.5 10.8 3.8 3.7 37 0.1
28.091 13.1 11.0 21 42 4.3 0.0

November 2000 4-12

cjm\\phxserv06\wrproj\28900077\reports\sediment rpt\sect5-4 e&s analysis.doc



Table 4-4.5 (Cont.)
Comparison of HEC-RAS and modified HEC-RAS hydraulic results for Cave Creek

River Channel Velocity, fps Hydraulic Depth, feet

Station FDS WMP  Difference FDS WMP  Difference
(1) (2) (3) (4) (5) (6) (7)
28.023 96 10.1 -0.5 4.0 4.1 -0.1
27.913 9.8 153 5.5 3.7 8.4 4.7
27.797 11.6 139 -1.5 3.8 3.6 0.2
27.693 9.8 14.1 -4.3 4.0 3.9 (035
27.604 121 13.9 -1.8 56 5.7 -0.1
27.502 12.7 13.3 -0.6 3.9 4.3 -0.4
27.417 136 13.6 0.0 4.7 4.7 0.0
27.366 7.0 7.3 -0.3 5.2 5.3 -0.1
27.320 14 .4 17.0 -2.6 &5 3.2 0.3
27.265 11.5 12.2 -0.8 4.1 4.1 0.0
27.226 12.1 11.8 0.4 4.7 4.8 -0.1
27.169 96 92 0.4 5.7 8.7 -0.1
27.106 104 T2 -1.7 4.9 4.7 0.3
27.008 8.6 10.0 -1.3 5.6 6.6 -1.0
26.921 10.0 10.0 0.0 5.9 6.0 -0.2
26.845 10.7 11.6 -0.9 4.7 4.8 -0.1
26 775 14.9 11.8 3.1 5.0 52 -0.2
26.695 8.7 14.3 -0.6 4.5 5.2 -0.7
26.623 8.1 8.8 -0.6 6.1 58 0.3
26.529 14.2 12.9 1.4 50 4.9 0.0
26.430 10.4 10.4 -0.1 4.9 541 -0.2
26.335 6.7 77 -1.0 4.4 4.1 0.3
26.239 8.9 9.1 -0.3 3.2 3.2 0.0
26.137 12.5 10.0 2.5 3.9 3.3 0.5
26.044 16.0 9.2 6.7 3.9 37 0.2
25.919 113 13.2 -1.9 2.8 23 -0.5
25.843 94 11.6 -2.2 3.1 3.5 -0.4
25.750 4.8 9.0 -4.2 4.5 4.6 0.0
25.699 13.7 13.0 0.7 4.5 3.8 0.7
25.644 12.6 13.3 -0.7 3:1 3.5 -0.3
25.580 6.0 10.5 4.5 4.1 4.3 -0.2
25.519 9.0 8.8 0.2 4.6 4.1 05
25458 4.5 8.0 -3.5 59 4.7 1.2
25.388 15.5 F2.7 2.7 45 25 1.0
25.326 156 121 3.5 45 4.0 0.6
25233 123 $1.2 1.4 4.7 5 1.0
25.180 13.0 9.0 4.0 4.9 4.6 0.3
25.099 18.8 13.7 5.0 47 3.3 1.4
25.010 Tl 89 -1.7 52 4.6 0.6
24.919 95 8.9 0.6 5.0 50 0.0
24.845 99 13.7 -3.9 45 38 0.7
24752 15.6 9.7 5.9 3.7 4.6 -0.8
24.646 4.0 13.0 -9.0 4.1 3.5 06
24 525 2.8 6.2 -3.4 6.0 4.6 1.4
Maximum 6.7 Maximum 2.4
Minimum -9.0 Minimum 4.7
Average -0.9 Average 0.1
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Table 4-4.6
Comparison of HEC-RAS and modified HEC-RAS hydraulic results for Apache Wash

River Channel Velocity, fps Hydraulic Depth, feet
Station FDS WMP Difference FDS WMP  Difference
(1) (2) (3) 4) (5) (6) (7)
8.020 116 1.7 0.0 29 2.9 0.0
7.980 9.7 11.5 -1.8 3.4 25 0.8
7.890 10.5 11.4 -0.8 31 2.4 0.6
7.840 9.5 13.1 -3.6 4.0 3.1 0.9
7.740 11.4 12.7 -1.3 35 29 0.6
7.650 9.1 13.2 4.1 4.4 3.2 1.2
7.550 10.5 13.1 2.7 4.5 36 0.8
7.460 9.0 12.3 -3.2 4.3 3.3 0.9
7.360 114 11.8 -0.5 3.2 3.3 -0.1
7.280 57 8.3 2.6 58 54 0.4
7.170 10.3 14.9 46 5.5 5.0 0.4
7.080 12.0 14.0 -2.0 83 4.8 0.5
6.980 9.4 12.0 -2.6 37 3.1 0.5
6.900 12.5 11.3 12 2.8 29 -0.2
6.800 7.7 12.9 -5.2 4.0 3.3 0.7
6.710 9.9 12.8 -2.9 3.7 39 -0.2
6.630 11.7 13.2 -1.5 32 36 -0.5
6.580 9.7 121 2.4 3.2 3.1 0.1
6.500 12,7 10.5 2.3 2.8 26 0.2
6.430 8.1 10.9 -2.9 3.5 2.8 0.7
6.320 10.5 119 -1.4 2.6 29 -0.4
6.250 78 10.6 -3.1 3.0 2.5 g5
6.160 10.8 1.7 -0.9 255 2.9 -0.3
6.090 6.5 9.9 -3.3 3.0 2.3 0.7
6.010 9.8 10.8 -1.0 2.9 26 0.3
5.920 1.7 12.5 -4.8 25 2.3 0.2
5.830 9.8 1.5 -1.7 24 2.8 -0.4
5.760 7.8 11.3 -3.5 K 2.7 0.5
5.660 12.0 16.1 -4.1 1.9 2.5 -0.5
5.640 5.3 6.3 -0.9 3.0 2.8 0.2
5.570 9.5 12.2 2.7 2.3 22 0.0
5.480 9.4 104 -1.0 2.0 2.1 -0.1
5.380 9.3 14.1 4.8 2.4 26 -0.4
5.310 6.2 10.5 -4.4 1.7 1.7 0.0
5.210 8.2 1.3 -3.1 2.3 2. 0.2
5.150 9.3 117 -2.5 2.5 2:5 0.0
5.090 6.0 94 -3.4 1.9 1.8 0.1
5.030 6.5 12.0 -5.5 1.9 1.7 0.2
4.960 6.2 8.9 2.7 2.0 24 -0.2
4.900 59 1851 -9.1 2.0 17 0.3
4.820 8.6 96 -1.0 2.3 2.1 0.2
4.780 4.8 9.2 4.3 2.8 2.3 0.5
4.740 54 10.9 55 2.3 1.9 0.4
4.650 8.7 10.3 -1.6 1.8 22 -0.4
4600 3.3 6.2 -2.8 42 38 0.5
4,580 3.2 6.3 -3.1 4.0 36 0.4
4575 0.0 0.0 0.0 0.0 0.0 0.0
4560 10.0 59 4.0 55 4.9 0.6
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Table 4-4.6, (Cont.)
Comparison of HEC-RAS and modified HEC-RAS hydraulic results for Apache Wash

River Channel Velocity, fps Hydraulic Depth, feet
Station FDS WMP  Difference FDS WMP  Difference
(1) (2) (3) (4) (5) (6) (7)
4.490 8.2 11.6 -3.4 29 2.9 0.0
4.400 79 15.2 -7.3 36 34 02
4.310 11.3 12.5 -1.3 2.4 3.1 -0.7
4230 6.7 12.1 5.4 3.0 28 0.2
4220 57 12.4 8.7 3.0 25 04
4110 1.3 10.7 06 26 27 -0.2
4.050 6.0 13.8 -7.8 3.8 3.4 0.4
3.960 7.5 9.0 -1.5 19 1.8 0.2
3.860 8.3 11.8 -3.5 26 2.4 0.2
3.780 9.1 12.9 -3.8 1.8 2.7 -1.0
3.750 9.2 10.8 -16 1.9 2.1 -0.2
o 3.650 T 11.6 -3.9 2.8 26 0.2
3.600 7.9 121 -4.2 26 2.2 04
3.520 10.9 1.6 -0.7 20 2.2 -0.2
3.480 97 11.8 -2.1 2.0 2.1 -0.1
3.400 9.0 1.2 2.2 1.8 2.0 -0.2
3.320 7.8 104 -2.6 1.7 17 0.0
3.210 6.7 106 -3.9 2.2 22 0.0
3.130 8.2 11.4 -3.2 2.8 2.8 0.3
3.070 66 11.8 -5.2 3.7 2.7 1.0
2.970 114 3.8 7.7 31 2.5 0.6
2.920 27 4.0 -1.3 31 26 0.5
2.900 54 3.8 1.5 36 3.8 -0.2
2.870 3.3 37 -0.3 4.5 4.8 -0.3
2.820 45 3.8 0.7 6.0 6.2 -0.3
2.730 11.0 15.3 4.4 5.5 49 0.7
2.600 8.0 13.5 -5.5 51 39 1.3
2.520 73 11.3 4.0 6.5 56 0.9
2.470 8.0 15.0 6.9 76 54 2.2
2.400 10.9 13.0 -2.1 9.3 8.0 1.3
2.330 12.8 16.8 -3.9 7.2 6.4 0.8
2.240 106 14.5 -3.9 56 4.8 0.8
2170 8.9 13.7 47 4.5 3.8 0.8
2.080 8.4 14.2 -5.8 3.8 3.0 0.8
2.000 9.1 12.3 -3.3 38 3.2 0.6
1.880 9.1 135 -4.4 4.9 3.7 1.2
1.850 6.8 11.5 4.7 58 4.8 0.9
1.810 7.8 12.6 -4.7 6.2 5.5 0.7
1.750 9.9 13.9 4.0 5.1 4.3 0.8
1.660 9.1 15:2 -6.1 56 4.4 1.2
1.600 9.7 15.0 -5.3 5.2 4.4 0.8
1.560 10.0 141 -4.1 4.8 4.2 06
1.470 9.8 14.6 -4.8 50 4.2 0.8
1.370 9.8 14.2 -4.5 4.9 4.2 0.7
1.270 7.9 135 -5.6 5.0 4.2 0.8
1.180 5:3 128 -7.3 42 3.2 1.0
1.090 236 12.3 11.3 14 2.5 -1.1
0.990 6.8 9.5 2.7 2.8 2.7 0.0
0.840 8.8 18.8 -10.0 3.7 3.6 0.2
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Table 4-4.6, (Cont.)
Comparison of HEC-RAS and modified HEC-RAS hydraulic results for Apache Wash

River Channel Velocity, fps Hydraulic Depth, feet
Station FDS WMP  Difference FDS WMP  Difference
(1) (2) (3) (4) (5) (6) (7)
0.710 10.0 14.8 4.8 4.0 3.8 0.2
0.630 9.1 134 -4.4 36 3.2 04
0.540 10.9 14.8 -3.9 3.5 34 0.1
0.430 8.6 13.2 4.6 41 3.6 0:5
0.330 7.9 12.8 4.9 45 34 1A
0.200 9.8 13.8 4.0 3.9 3.5 04
Maximum 11.3 Maximum 2.2
Minimum  -10.0 Minimum -1.1
Average -3.0 Average 0.3
Table 4-4.7

Comparison of HEC-RAS and modified HEC-RAS hydraulic results for Desert Hills Wash

River Channel Velocity, fps Hydraulic Depth, feet
Station FDS WMP  Difference FDS WMP  Difference
(1) (2) (3) (4) (5) (6) (7)
0.990 6.1 9.5 -3.4 3.3 3.0 0.3
0.900 FT 12.4 4.7 3.2 29 0.3
0.810 6.8 10.4 -3.6 3.1 28 0.3
0.720 7.4 122 -4.8 2.7 24 0.3
0640 6.3 10.4 -4.0 3.0 26 0.4
0.560 6.1 9.7 -3.5 3.0 2.7 0.2
0.480 55 83 -2.8 36 3.3 0.3
0.400 6.8 97 -2.9 31 29 0.2
Maximum -2.8 Maximum 0.4
Minimum 4.8 Minimum 0.2
Average -3.7 Average 0.3
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Table 4-4.8
Comparison of HEC-RAS and modified HEC-RAS hydraulic results for Paradise Wash

River Channel Velocity, fps Hydraulic Depth, feet
Station FDS WMP Difference FDS WMP  Difference
(1) (2) (3) (4) (5) (6) (7)
2:230 9.0 96 -0.6 1.7 1.8 -0.1
2.140 7.7 9.7 -2.0 1.5 1.8 0.0
2.070 4.2 8.6 4.5 1.9 1.3 0.6
2.000 10.8 9.4 1.4 1.6 1.8 -0.2
1.920 7.8 8.9 -1.1 2.9 1.8 0.2
1.830 8.4 9.8 -1.4 2.0 2.0 0.0
1.750 8.1 10.1 -2.0 2.0 2.0 0.1
1.650 7.2 10.5 -3.3 1.6 2.2 -06
1.540 6.6 1257 -6.1 1.9 1.5 0.5
1.460 6.8 9.1 -2.3 2.0 18 0.2
1.370 .0 128 -56 2.4 3.0 -0.5
1.270 8.4 9.6 -1.2 1.8 1.7 0.1
1.210 57 12.0 -6.3 2.5 1.8 0.7
1.120 95 10.0 -0.5 1.9 2.1 -0.1
1.040 4.9 8.5 -3.6 3.3 20T 0.6
0.950 77 9.6 -1.8 2. 1.9 0.2
0.890 6.4 10.6 4.3 2.3 2.1 0.2
0.800 97 1.2 -1.5 1.8 1.9 -0.2
0.720 59 11.4 -5.6 24 2.0 0.7
0.620 76 9.8 -2.2 2.2 20 0.2
0.530 7.8 11.3 -36 2.6 2.3 0.3
0.440 6.5 99 -34 2.6 24 0.2
0.340 4.6 11.7 -7.1 3.0 2.0 1.0
0.280 9.1 10.9 -1.8 23 2.1 0.2
0.170 6.5 10.2 -3.8 2.4 2.3 0.1
0.130 6.6 9.8 -3.2 26 2.1 0.5
0.040 3.5 54 -1.5 4.4 4.4 0.0
Maximum 14 Maximum 1.0
Minimum -71 Minimum -06
Average -2.9 Average 0.2

4-4.2.5 Description of Final HEC-RAS Base Models

The HEC-RAS program organizes the models into projects, plans, flow data and geometric
data. Two model “projects”, one for Cave Creek and one for the Apache Wash system are
developed for this study. The Apache Wash system includes Apache Wash, Paradise Wash
and Desert Hills Wash. Each model project contains multiple plans for the various hydraulic
and hydrologic conditions that are considered for the sediment analyses. The plans also
include encroachment data. A printout for each HEC-RAS model project is provided in

Appendix F. The following is a summary of the model organizational structure:
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Cave Creek Model Project

Plan Geometry Data Hydrologic Description
Condition
Cave Creek FDS Base geometry Existing condition Combined, original

Existing condition
study reach

Future condition
study reach

Team Alt 100-year
existing condition

Team Alt 10-year
existing condition

Team Alt 100-year
future condition

Team Alt 10-year
future condition

November 2000

(imported from FDS

models)

Revised geometry

Revised geometry

Revised geometry

Revised geometry

Revised geometry

Revised geometry

(2-, 10- & 100-year)

Existing condition
study discharges
(2-, 10- & 100-year)

Future condition
study discharges
(2- 10- and 100-year)

Existing condition
study discharges
(2-, 10- & 100-year)

Existing condition
study discharges
(2-, 10- & 100-year)

Future condition
study discharges
(2-, 10- & 100-year)

Future condition
study discharges
(2-, 10- & 100-year)

HEC-2 models including
floodway encroachment
stations (used as the
base model for all
comparisons).

Updated and revised
madel for existing, FDS
watershed conditions
including floodway
encroachment stations.

Updated and revised
model for future, full build
out watershed conditions
including floodway
encroachment stations.

Updated and revised
model for existing, FDS
watershed conditions,
including Team
encroachment stations.

Updated and revised
model for existing, FDS
watershed conditions,
including Team
encroachment stations.

Updated and revised
model for future, full build
out watershed conditions,
including Team
encroachment stations.

Updated and revised
maodel for future, full build
out watershed conditions,
including Team
encroachment stations.
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Apache Wash Model Project

Plan

Geometry Data

Hydrologic
Condition

Description

Apache Wash FDS

Existing condition
100-year

Existing condition
10-year

Future condition
100-year

Future condition
10-year

Team Alt 100-year
existing condition

Team Alt 10-year
existing condition

Team Alt 100-year
future condition

Team Alt 10-year
future condition

November 2000

Base geometry
(imported from FDS
models)

Revised geometry
(100-year model)

Revised geometry
{10-year model)

Revised geometry
(100-year model)

Revised geometry
(10-year model)

Revised geometry
(100-year model)

Revised geometry
(10-year model)

Revised geometry
(100-year model)

Revised geometry
(10-year model)

Existing Condition
(100-year)

Existing condition
(100-year)

Existing condition
(2- and 10-year)

Future condition
(100-year)

Future condition
(2- and 10-year )

Existing condition
(100-year)

Existing condition
(10-year)

Future condition
(100-year)

Future condition
(10-year)

Combined, original HEC-2
models including floodway
encroachment stations (used
as the base model for all
comparisons).

Updated and revised model for
existing, FDS watershed
conditions.

Updated and revised model for
existing, FDS watershed
conditions including floodway
encroachment stations.

Updated and revised model for
future, full build out watershed
conditions including floodway
encroachment stations.

Updated and revised model for
future, full build out watershed
conditions.

Updated and revised model for
existing, FDS watershed
conditions, including Team
encroachment stations.

Updated and revised model for
existing, FDS watershed
conditions, including Team
encroachment stations.

Updated and revised model for
future, full build out watershed
conditions including floodway
encroachment stations.

Updated and revised model for
future, full build out watershed
conditions including floodway
encroachment stations.
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4-4.2.6 Model Conversion to HEC-6

Prior to conversion to HEC-6, the modified HEC-RAS model was modified because HEC-6
does not have the full range of hydraulic computational options as HEC-RAS. The bridges
and culverts were removed because HEC-6 can not model these. Also, the Apache Wash
system was spilt into three different models, Apache Wash, Paradise Wash and Desert Hills
Wash. The results of the HEC-6 fixed based model was compared to the modified HEC-RAS
model to verify that there are no significant changes in the hydraulic conditions. Table 4-4.9
is a comparison of the water surface elevation for Cave Creek. In general, the water surface
elevation differential (difference between the HEC-RAS and the HEC-6 model) is
approximately zero. The maximum difference of 2.14 feet occurs at river mile 29.72, which is
located just upstream of Carefree Highway bridge. This difference in water surface elevation

is due to HEC-6 inability to model bridges.

Table 4-4.10 compares the water surface elevation of the modified HEC-RAS model to the
HEC-6 fixed based model for Apache Wash. The average difference in water surface
elevation is 0.09 feet. The maximum difference of 2.26 feet occurs at river mile 4.58, which is
located just upstream of the Carefree Highway culvert. This difference is due to HEC-6 not

modeling the culvert.

Table 4-4.11 compares the water surface elevation of the modified HEC-RAS model to the
HEC-6 fixed based model for Paradise Wash. The average difference in water surface
elevation is 0.09 feet. The maximum difference is 1.27 feet occurs at river mile 0.17, which is
located near the confluence with Apache Wash. The difference could be due to modeling
Apache Wash and Paradise Wash as a system in HEC-RAS, but separately in HEC-6.

Table 4-4.12 compares the water surface elevation of the modified HEC-RAS model to the
HEC-6 fixed based model for Desert Hills Wash. The average difference in water surface

elevation is approximately zero.
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Table 4-4.9
Comparison of modified HEC-RAS and HEC-6 fixed bed model results for Cave Creek

River Water Surface Elevation (feet) River Water Surface Elevation (feet)
Mile HEC-RAS HEC-6 Difference Mile HEC-RAS HEC-6 Difference

24.525 1632.64 1633.01 -0.37 28.157 1795.64 1795.80 -0.16
24 646 1636.13 1636.07 0.06 28.241 1799.59 1799.60 -0.01
24.752 1641.09 1641.08 0.01 28.326 1804.48 1804 .47 0.02
24.845 1644.66 1644.62 0.05 28.390 1807.31 1807.35 -0.04
24919 1648.14 1648.18 -0.04 28.462 1810.48 1810.49 -0.01
25.010 1650.09 1650.22 -0.13 28.555 1815.40 1815.41 -0.01
25.099 1654.80 1654.82 -0.02 28.657 1818.29 1818.21 0.08
25.180 1659.85 1659.94 -0.09 28.750 1822.20 1822.19 0.01
25.233 1661.03 1660.97 0.06 28.847 1826.70 1826.70 0.00
25.326 1664.91 1664.94 -0.03 28.934 1830.60 1830.62 -0.02
25.388 1668.61 1668.56 0.05 29.012 1834.58 1834.60 -0.02
25.458 1672.42 1672.48 -0.06 29.130 1838.90 1839.94 -1.04
25.518 1674.75 1674.71 0.05 20.258 1843.82 1844.00 -0.18
25.580 1677.33 1677.32 0.01 29.351 1849.52 1849.41 0.11
25.644 1680.26 1680.18 0.08 29.387 1850.29 1850.20 0.09
25.699 1682.82 1682.55 0.27 29.493 1853.35 1853.42 -0.07
25.750 1685.43 1685.55 -0.12 29.538 1855.65 1855.70 -0.05
25.843 1686.78 1686.72 0.06 29.601 1860.33 1860.30 0.03
25919 1690.31 1690.29 0.02 29.663 1863.83 1863.70 0.13
26.044 1695.39 1695.30 0.09 29.710 1864.67 1864.71 -0.04
26.137 1698.43 1698.46 -0.03 29.720 1869.08 1866.94 2.14
26.239 1701.88 1701.85 0.03 29.770 1869.81 1870.37 -0.56
26.335 1705.24 1705.42 -0.17 29.850 1873.77 1873.80 -0.03
26.430 1707.62 1707.56 0.06 30.100 1882.09 1881.79 0.30
26.529 1712.37 1712.41 -0.04 30.200 1886.43 1886.30 0.13
26.623 1716.97 1717.09 -0.12 30.280 1892.76 1892.56 0.20
26.695 1720.90 1721.14 -0.24 30.420 1898.04 1897.87 0.17
26.775 1725.79 1725.68 0.1 30.520 1902.58 1902.63 -0.05
26.845 1728.35 1728.37 -0.02 30.650 1911.01 1910.83 0.18
26.921 1731.47 1731.69 -0.22 30.750 1914.87 1915.08 -0.21
27.008 1734.38 1734.30 0.08 30.850 1918.14 1918.67 -0.53
27.106 1738.34 1738.47 -0.13 30.960 182317 1922.92 025
27.169 1742.89 1742.64 0.25 31.050 1926.39 1926 .41 -0.02
27.226 1744.40 1744 20 0.20 31.140 1930.34 1930.29 0.05
27.265 1749.63 1749.54 0.09 31.170 1931.98 1931.93 0.05
27.320 1754.91 1754.95 -0.04 31.250 1936.08 1936.13 -0.05
27.366 1755.59 1755.60 -0.01 31.340 1941.32 1941.28 0.04
27.417 1759.10 1759.10 0.00 31.450 1945.82 1945.77 0.05
27.502 1765.56 1765.58 -0.02 31.540 1949.50 1949 .47 0.03
27.604 1768.03 1768.03 0.00 31.630 1953.47 1953.48 -0.01
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Table 4-4.9 (Cont.)
Comparison of modified HEC-RAS and HEC-6 fixed bed model results for Cave Creek

River Water Surface Elevation (feet) River Water Surface Elevation {feet)
Mile HEC-RAS HEC-6 Difference Mile HEC-RAS HEC-6 Difference
27.693 1775.61 1775.66 -0.05 31.750 1959.48 1959 .48 0.00
27.797 1779.40 1779.97 -0.57 31.820 1963.94 1963.98 -0.04
27.913 1783.67 1783.69 -0.02 31.870 1966.21 1966.02 0.19
28.023 1787.10 1787.70 -0.60 31.910 1969.29 1969.36 -0.07
28.091 1791.24 1791.05 0.19 Maximum 214
Minimum -1.04
Average 0.00
Table 4-4.10

Comparison of modified HEC-RAS and HEC-6 fixed bed model results for Apache Wash

River Water Surface Elevation (feet) River Water Surface Elevation (feet)
Mile HEC-RAS HEC-6 Difference Mile HEC-RAS HEC-6  Difference
0.20 1659.69 1659.66 0.03 4.23 1790.05 1790.01 0.04
0.33 1661.91 1661.68 0.23 4.31 1792.54 1792.62 -0.08
0.43 1664 .33 1664.55 -0.22 4.40 1796.77 1796.77 0.00
0.54 1669.08 1669.16 -0.08 4.49 1799.72 1799.72 0.01
0.63 1672.71 1672.78 -0.07 4.56 1802.03 1802.01 0.02
0.71 1675.44 1675.53 -0.09 4.57 1803.50 1803.55 -0.05
0.75 1677.05 1677.08 -0.03 4.58 1807.46 1805.21 2.26
0.84 1677.92 1679.23 -1.31 4.60 1807.48 1806.51 0.97
0.99 1684.81 1684.11 0.70 4.65 1808.65 1808.71 -0.06
1.09 1688.11 1688.19 -0.08 4.74 1813.85 1814.44 -0.59
1.18 1692.13 1692.11 0.02 478 1816.01 1816.73 -0.72
1.27 1693.49 1693.41 0.08 4.82 1820.09 1820.18 -0.09
1.37 1696.99 1697.06 -0.07 4.90 1824.00 1824.51 -0.51
1.47 1701.37 1701.44 -0.07 4.96 1826.04 1826.71 -0.67
1.56 1703.52 1703.44 0.09 5.03 1830.01 1830.71 -0.70
1.60 1704.34 1704.45 -0.11 5.09 1832.70 1832.74 -0.03
1.66 1705.56 1705.64 -0.08 5.15 1834.86 1835.03 -0.17
1.75 1708.53 1708.61 -0.08 5.21 1837.99 1838.33 -0.34
1.81 1710.74 1710.72 0.02 5.31 1842.64 1842.71 -0.07
1.85 1711.30 1711.31 -0.01 5.38 1845.48 1845.54 -0.06
1.88 1711.76 171173 0.03 5.48 1849.96 1849.96 0.00
2.00 1714.68 1714.75 -0.07 5.57 1854.53 1854.58 -0.05
2.08 1717 .47 1717.68 -0.21 564 1856.78 1856.63 0.15
2.7 1720.97 1721.05 -0.08 5.66 1859.33 1859.40 -0.07
2.24 1723.49 1723.58 -0.09 5.76 1864.61 1864.69 -0.08
2.33 1727.20 1727.28 -0.08 583 1868.77 1868.81 -0.04
2.40 1730.17 1730.16 0.01 5.92 1873.10 1873.14 -0.04
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Table 4-4.10 (Cont.)

Comparison of modified HEC-RAS and HEC-6 fixed bed model results for Apache Wash

River Water Surface Elevation (feet) River Water Surface Elevation (feet)
Mile HEC-RAS HEC-6 Difference Mile HEC-RAS HEC-6 Difference
2.47 1731.53 1731.79 -0.26 6.01 1878.69 1878.72 -0.02
2.52 1733.29 1733.29 0.00 6.09 1881.88 1881.87 0.01
2.60 1734.96 1735.02 -0.06 6.16 1886.59 1886.64 -0.05
273 1737.82 1737.87 -0.05 6.25 1890.96 1891.00 -0.04
2.82 1741.32 1741.33 -0.01 6.32 1894.06 1894.02 0.04
2.87 1741.53 1741.52 0.01 6.43 1899.41 1899.48 -0.07
2.90 1741.78 1741.77 0.01 6.50 1802.57 1902.50 0.07
2.92 1742.14 1742.24 -0.10 6.58 1905.90 1905.96 -0.06
2.97 1742.96 1742.52 0.44 6.63 1908.85 1908.92 -0.07
3.07 1745.42 1745.47 -0.05 6.71 1912.16 1912.10 0.06
3.13 1747.18 174717 0.01 6.80 1918.12 1918.20 -0.08
3.21 1750.49 1750.55 -0.06 6.90 1924.11 192420 -0.09
3.32 1754 .54 1754.62 -0.08 6.98 1928.12 1928.04 0.08
3.40 1757.07 1757.12 -0.05 7.08 1932.22 1932.30 -0.08
3.48 1760.43 1760.47 -0.04 ol U 1937.26 1937.33 -0.07
3.52 1761.70 1761.73 -0.03 7.28 1943.29 1943.40 -0.11
3.60 1764.63 1764.57 0.06 7.36 1948.11 1948.12 -0.01
3.65 1766.41 1766.40 0.01 7.46 1953.95 1954.02 -0.07
375 1769.23 1769.29 -0.06 7.55 1960.33 1860.38 -0.05
3.78 1770.97 1771.01 -0.04 7.65 1965.20 1965.23 -0.03
3.86 1774.40 1774.32 0.08 7.74 1972.69 1972.76 -0.07
3.96 1777.94 1778.03 -0.09 7.84 1977 .44 1977.51 -0.07
4.05 1782.88 1782.93 -0.05 7.89 1980.50 1980.59 -0.09
4.11 1785.38 1785.45 -0.06 7.98 1985.73 1985.79 -0.06
422 1789.12 1789.18 -0.06 8.02 1988.58 1988.64 -0.06
Maximum 2.26
Minimum -1.31
Average -0.04
Table 4-4.11

Comparison of modified HEC-RAS and HEC-6 fixed bed model results for Paradise Wash

River Water Surface Elevation (feet) River  Water Surface Elevation (feet)
Mile HEC-RAS HEC-6 Difference Mile HECRAS HEC-6 Difference
0.04 1733.0 1733.0 -0.02 121 1781.6 1781.6 -0.06
0.13 17359 17371 -1.26 1.27 1783.7 1783.8 -0.06
0.17 17401 1738.8 1.27 1.37 1787.5 1787.6 -0.06
0.28 1743.4 1743.5 -0.07 1.46 1791.4 1791.2 -0.09
0.34 1746.8 1746.8 0.01 1.54 1793.8 1793.9 -0.09
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Table 4-4.11 (Cont.)
Comparison of modified HEC-RAS and HEC-6 fixed bed model results for Paradise Wash

River Water Surface Elevation (feet) River Water Surface Elevation (feet)
Mile HEC-RAS HEC-6 Difference Mile HEC-RAS HEC-6 Difference
0.44 1750.7 1750.7 0.00 1.65 1800.7 1800.8 -0.05
0.53 1754.9 1755.0 -0.04 1.75 1805.3 1805.3 -0.06
062 1757.9 1758.1 -0.24 1.83 1810.9 1811.0 -0.08
0.72 1762.8 1763.3 -0.45 1.92 1815.0 1815.1 -0.08
0.8 1766.6 1766.7 -0.07 2.00 1820.5 1820.6 -0.06
0.89 1771.2 1771.8 -0.10 2.07 1823.2 1823.3 -0.06
0.95 1772.5 1772.5 -0.06 2.14 1827.1 1827.2 -0.06
1.04 1774.9 1775.0 -0.11 2.23 1832.7 1832.8 -0.09
1.12 1777.9 1778.4 -0.46 Maximum 1.27

Minimum -1.26
Average -0.09
Table 4-4.12
Comparison of modified HEC-RAS and HEC-6 fixed bed model results for Desert Hills Wash

River Water Surface Elevation (feet) River Water Surface Elevation {feet)
Mile HEC-RAS HEC-6 Difference Mile HEC-RAS HEC-6  Difference

0.386 1745.37 1745.40 -0.03 0.720 1751.58 1751.62 -0.04

0.400 1746.54 1746.48 0.07 0.810 1754.00 1753.97 0.03

0.480 1748.01 1748.02 -0.01 0.900 1756.24 1756.25 -0.01

0.560 1748.92 1748.92 0.00 0.990 1758.25 1758.31 -0.06

0.640 1750.06 1749.99 0.07 Maximum 0.07

Minimum -0.06
Average 0.00

4-4.2.7 Hydraulic Model Applications

In addition to sedimentation and erosion analyses, the HEC-RAS base models described in
Section 4-4.2.4 were also used in the evaluation of lateral stability and various alternative
formulations. In general, for the lateral stability evaluation the HEC-RAS modeling results, in
particular energy slope, hydraulic depth, channel velocity and top width, were inspected for
trends and the establishment of reach average hydraulic properties. The reach average
hydraulic properties in conjunction with other data and analyses were used for the mapping
of erosion hazards along the study reaches. A detailed discussion of the lateral stability
evaluation is provided as a separate report entitled Upper Cave Creek/Apache Wash

November 2000 4-24
cjmp:\28900077\reports\sediment rpti\sect5-4 e&s analysis.doc



4-4.3 SEDIMENT DATA AND ANALYSIS

4-4.31 General

Base models of each watercourse are established for analyzing sediment processes in the
main channels and separate models for the overbanks. Those models are referred to as
Main Channel Models, and Overbank Models, respectively. Those separate models are
necessary because of the wide disparity in the bed material grain size between the main
channels and the adjacent overbank floodplains. The main channels are composed of
coarser sediments ranging in size up to boulders. The overbanks are composed of finer
material in the silt and sand size with some gravel. The overbanks are also occupied by
denser and more diverse vegetation. The Main Channel Models and Overbank Models are
different in two ways, first, by grain size of the bed material, and second, by use of the
sediment transport function. The Main Channel Models use the Meyer-Peter, Muller function
and the Overbank Models use the Yang Stream Power function. The description of the
selection of the sediment transport function is provided in Section 4-4.3.2.

Sediment data consists of rating curves of sediment load at upper boundaries and tributaries
of each watercourse and size distributions of the bed material. The sediment load rating
curves are a function of discharge and the size distribution of incoming sediment is specified.
The sediment load rating curves are developed by modeling a “dummy” reach for each
watercourse and using HEC-6 to estimate a bed material transport relation. Notice that the
incoming sediment load is modeled as bed material and not total load. This is not a limitation
to the model as it is reasonably assumed that the wash load component of total load will
either be deposited upstream of Cave Creek Dam or will pass through the dam spillway. The
description of inflowing sediment data and its analyses are provided in Section 4-4.3.4.

Size distributions of the bed material for each watercourse are estimated based on field data.
The bed material size distribution is different for the Main Channel and Overbank Models as
represented by field data. The description of bed material and the analyses of that data are
provided in Section 4-4.3.3.

4-43.2 Selection of Sediment Transport Function

Two sediment transport functions are used for the erosion and sedimentation modeling of the
watercourses. The Meyer-Peter, Muller sediment transport function is used for the Main
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Channel Models, while the Yang Stream Power transport function is used for the Overbank
Model.

The Meyer-Peter, Muller function, which was originally developed using coarse sands and
gravels, is recommended for rivers with bed materials greater than 5.0 mm (Stevens and
Yang, 1989; FCDMC, 1994). From the reach-wide characterization analysis of the sediment
data for the watercourse systems, a large percentage of channel bed materials are larger

than 5.0 mm.

The development and establishment of the Meyer-Peter, Muller function is based on flume
data and extensive experiments (Stevens and Yang, 1989). The sediment transport function
was derived from sediment data with mean sizes and effective diameters ranging from 0.40
to 30 mm (Vanoni, 1975). The selection of the Meyer-Peter, Muller function for the Main
Channel Models is also supported by sediment modeling for the Agua Fria River in Arizona
from 1983 to 1994 (SLA, 1983; WRA, 1986; FCDMC, 1994). Both the Agua Fria River and
Cave Creek, like most watercourses in Arizona, are ephemeral streams and physical
similarities between the watercourses justify the use of this sediment transport function.

The Yang Stream Power function was originally established using a sediment size range
from 0.015 to 1.72 mm (Vanoni, 1975). Since a large percentage of the stream cross-section
is covered by the overbank floodplain, a model to evaluate the erosion and sedimentation
process in that part of the watercourse is needed.

The use of the Yang Stream Power function for the Overbank Models is due to the well-
documented applications and capability of the Yang function to estimate sediment load for
sand streams (Stevens et al, 1989; Yang, 1973, Yang 1984; Yang, 1988, Yang and Molinas,
1982; and Yang and Stall, 1976). Since the bed materials in the overbanks of the
watercourses are predominantly finer than the bed materials in the main channels, Yang's
Stream Power function for sand is reasonable.

4-4.3.3 Bed Material Size Distribution

A series of channel bed material pebble count data and sieve-analyzed samples from the
channel and overbank were collected, as part of this study, by JEF, Inc. The pebble count

data were collected as described in Section 4-2.0.
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Two different HEC-6 models are developed to model the channel and the overbanks. The
watercourses in Cave Creek and Apache Wash systems typically have coarse bed material,
with grain sizes ranging from coarse sand to large cobbles and boulders. The watercourse
banks and overbank floodplains typically have finer material, with grain sizes ranging from
silts and clays to coarse sand. Overbank floods, such as the 100-year flood and often the
10-year flood, occupy both the channel and portions of the floodplain. Thus, to correctly
model the sediment transport of the watercourses would require delineation and
quantification of the size gradation of the bed material of both the main channel and the
floodplain. However, a limitation of the HEC-6 program is that only one bed material size
characteristic can be provided for any reach of the watercourse. Therefore, two HEC-6
models are developed for each watercourse; one for the main channel which uses bed
material sized gradation for the channel, and the other for the floodplain which uses size
gradation that is representative of the surface of the floodplain.

The Main Channel Model, with coarser bed material size gradation, uses the Meyer-Peter,
Muller transport function. The bed material for that model is developed using a composite of
the bed material count data and sieve-analyzed data provided by JEF, Inc. Various
percentiles of the pebble count data are computed and plotted. No trend in the size
distribution of bed material of the watercourses is detected (see analysis by Hjalmarson in
Appendix B). Variation of size distribution along the length of watercourses is random.
Therefore, a composite of the pebble count data was computed and combined with an
average of the sieve-analyzed samples. The pebble count composite for each wash was
calculated by using the following method.

e The pebble count data less than 2 millimeters (all material finer than coarse sand)
was removed from the data set.

e The remainder of the pebble count data are sorted based on grain size.

e An average is found for each grain size classification in Table G-1, Appendix G.

e The number points in each classification is totaled.

e The percentage of the number of points is calculated by dividing the number in the
classification by the total number of data points.

e The percent finer is calculated by cumulatively adding the percentages.

Sieve-analyzed samples for each watercourse are plotted and an average distribution is

visually fitted. The percent finer from the pebble count data and the average curve from the
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sieve-analyzed samples are combined to a single composite curve by visual fit. A composite
curve is representative of the bed material size distribution for each of the watercourse

Channel Models.

The Overbank Models use a representative sieve-analyzed sample from the overbank
floodplain. Following sections describe the data used to estimate bed material size

distributions for the Channel and Overbank Models, and provides results of data analyses.

Bed Material Size Distribution for Cave Creek - The composite grain size distribution for

the Cave Creek Channel Model is derived from 34 pebble count data sets and eight sieve-
analyzed samples. Analysis of the pebble count data is provided in Appendix G (Table G-1).
A graph of the nine sieve-analyzed samples and the average size gradation curve is provided
in Appendix G (Figure G-1).

The grain size distribution for the Cave Creek Overbank Model is taken from a representative
sieve-analyzed sample (CC-11) from the overbank floodplain. The size distribution curves for
the Cave Creek Channel Model and the Overbank Model, respectively, are shown in Figure
4-4 1.

Bed Material Size Distribution for Apache Wash - The composite grain size distribution for

the Apache Wash Channel Model is derived from 33 pebble count data sets and five sieve-
analyzed samples. Analysis of the pebble count data is provided in Appendix G (Table G-3).
A graph of the five sieve-analyzed samples and the average size gradation curve is provided
in Appendix G (Figure G-2).

The grain size distribution for the Apache Wash Floodplain Model is taken from a
representative sieve-analyzed sample (AW-5) from the floodplain. The size distribution
curves for the Apache Wash Channel Model and the Overbank Model, respectively, are

shown in Figure 4-4.2.

Bed Material Size Distribution for Paradise Wash - The composite grain size distribution

for the Paradise Wash Channel Model is derived from 12 pebble count data sets and two

sieve-analyzed samples. Analysis of the pebble count data is provided in Appendix G (Table
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G-3). A graph of the five sieve-analyzed samples and the average size gradation curve is

provided in Appendix G (Figure G-3).

The grain size distribution for the Paradise Wash Floodplain Model is taken from a
representative sieve-analyzed sample (PW-1) from the floodplain. The size distribution
curves for the Paradise Wash Channel Model and the Overbank Model, respectively, are

shown in Figure 4-4.3.

Bed Material Size Distribution for Desert Hills Wash - The composite grain size

distribution for the Desert Hills Wash Channel Model is derived from five pebble count data
sets and one sieve-analyzed sample. Analysis of the pebble count data is provided in
Appendix G (Table G-4).

The grain size distribution for the Desert Hills Wash Floodplain Model is taken from a
representative sieve-analyzed sample (DHW-1) from the floodplain. The size distribution
curves for the Desert Hills Wash Channel Model and the Overbank Model, respectively, are

shown in Figure 4-4 .4,
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Figure 4-4.1
Bed Material Size Distribution for Cave Creek
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Figure 4-4.2
Bed Material Size Distribution for Apache Wash
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Bed Material Size Distribution for Paradise Wash
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Figure 4-4.4
Bed Material Size Distribution for Desert Hills Wash
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4-4.3.4 Inflowing Sediment Load

Inflowing sediment data is defined for the each of the four study watercourses, Cave
Creek, Apache Wash, Paradise Wash, and Desert Hills Wash. For Cave Creek,
Paradise Wash and Desert Hills Wash, inflowing sediment data is defined for the
upper boundary. For Apache Wash, inflowing sediment data is defined for the upper
boundary and the confluence with Paradise Wash and Desert Hills Wash. The
inflowing sediment for the rest of the tributaries of the watercourses are assumed to

be zero because the discharges from the tributaries are relatively small.

4-4.3.4.1 Inflowing Sediment Rating Curves

Neither an established sediment load rating curve nor recorded sediment load data
are available for Cave Creek and other watercourses within the study limits.
Therefore, inflowing sediment rating curves for the watercourses are estimated as
input to the HEC-6 models. The same rating curves are applied to both the Channel
and Overbank Models.

The synthesized rating curves are for bed material only not total load. Bed material is
defined as the material moving on or near the bed. Total load is comprised of bed
load and suspended load (Vanoni, 1977). The Meyer-Peter, Muller method was
developed for estimating bed load for watercourses with coarse bed material.
Suspended loads are typically comprised of finer material, such as clays, silts, and
fine sand. Most of those materials will stay in suspension, even during low flow
events, and pass through the system. Much of the critical transport processes in the

study area are controlled by the coarser bed materials in the watercourses.

An iterative approach using HEC-6 is used to generate synthetic inflowing sediment
load rating curves. The HEC-6 models use the sediment load rating curve as the
inflowing sediment loads at boundary conditions to the model. For the sediment load
in the Apache Wash model (the boundary condition at the confluence of Paradise
Wash and Desert Hills Wash) the output from the base models of the Paradise Wash
and Desert Hills Wash are input to the Apache Wash HEC-6 models. In general, the
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procedure involves adjusting the inflowing sediment until it balances with the
outflowing sediment for a "dummy” reach. The HEC-6 models for developing the

sediment rating curves are comprised of the following:

e Geometric data for five cross sections are used as a “dummy” reach. These
sections are assumed to be stable, and can neither degrade nor agrade.
Therefore, the sediment transport for the reach is in equilibrium, that is, the
inflowing sediment load equals outflowing sediment load.

» One sieve-analyzed sample is selected as representative of bed material in
the “dummy” reach. Size gradation of the bed material is determined from the
sieve-analysis.

e The initial inflowing sediment loads are set to zero. This is as an initial
condition in the iteration process.

e Sediment loads are estimated for a range of discharges using the Meyer-
Peter, Muller sediment transport function.

The model is run with the above conditions. The sediment outflow from the
downstream cross section is used to set the inflowing sediment load for the next
iteration. The sediment outflow for each grain size classification is found in the
output of HEC-6 in Table SB-1, Sediment Load Passing the Boundaries of Stream
Segment (see Table 4-4.13). The outflow grain size classifications are in terms of
tons per day. The values that are placed in the HEC-6 input are in terms of percent
finer, which is found by dividing each grain size classification by the total calculated
load. The models are iterated for each discharge until:

e The inflowing sediment by size fraction approximately equals the outflowing
sediment by size fraction. This is found in Table SB-1 in the HEC-6 output
(Table 4-4.13).

e The transport rate is approximately equal at each cross section in the
“‘dummy” reach. This is also found in Table SB-1 in the HEC-6 output. (Table
4-4.13),
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e The change in bed elevation is relatively equal at each cross section. This is
found in the HEC-6 output Table SB-2 Status of the Bed Profile at Time in
HEC-6 output (Table 4-4.13).

Table 4-4.13
Sample HEC-6 Output for developing the inflowing sediment
load rating curve

TABLE SB-1: SEDIMENT LOAD PASSING THE BOUNDARIES OF STREAM SEGMENT # 1

SEDIMENT INFLOW at the Upstream Boundary:

GRAIN SIZE LOAD (tons/day) | GRAIN SIZE LOAD (tons/day)
VERY FINE SAND.... 32.43 | FINE GRAVEL....... 1184.08
BINE SBND. o cosw sisis 43.07 | MEDIUM GRAVEL..... 1412.17
MEDIUM SAND....... 202.04 | COARSE GRAVEL..... 212.14
CORRSE: SAND. .wv .un 462.04 | VERY COARSE GRAVEL 0.00
VERY COARSE SAND.. B839.54 | SMALL COBBLES..... 0.00
VERY FINE GRAVEL.. 929.40 | LARGE COBBLES..... 0.00

TOTAL = 5318 . 53
SEDIMENT OUTFLOW from the Downstream Boundary

GRAIN SIZE LOAD (tons/day) | GRAIN SIZE LCAD (tons/day)
VERY FINE SAND.... 32,32 | FINE GRAVEL..,.... 115%9.71
FINE SAND......... 42.96 | MEDIUM GRAVEL..... 1375.68
MEDIUM SAND....... 199.1% | COARSE GRAVEL..... 201.04
COARSE SAND....... 454.14 | VERY COARSE GRAVEL .00
VERY COARSE SAND.. 824.80 | SMALL COBBLES..... 0.00
VERY FINE GRAVEL.. 912.21 | LARGE COBBLES..... 0.00

TOTAL = 5202.05
TABLE SB-2 STATUS OF THE BED PROFILE AT TIME = 120.000 DAYS
SECTION BED CHANGE WS ELEV THALWEG Q TRANSPORT RATE (tons/day)
NUMBER (ft) (ft) (ft) (efs) SAND

5.000 =1.50 1670.53 1666.94 3800. 5484.

4.000 -1.86 1670.28 1665.97 3800. 5497.

3.000 =0...98 1669.29 1666.27 3800. 5324.

2.000 =213 1669.29 1664.48 3800. 5241.

1.000 et 1668.60 1663.47 3800. 5202.

Cave Creek Sediment Rating Curve - An inflowing sediment load rating curve is

generated for the upper boundary of Cave Creek. The generation of the rating curve
for the upper boundary is based on site-specific bed material characteristics and
channel flow hydraulics. The “dummy” reach uses cross sections 29.387, 29.493,
29.538, 29.601, and 29.663 and sieve-analyzed data 11-CHL. The inflowing
sediment load curve is shown on Figure 4-4.5. The sediment load by size fraction for
various discharges is included in Table 4-4.10. The inflowing sediment load for the
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tributaries are assumed to be zero because the discharge from the tributaries to

Cave Creek are relatively small.

Apache Wash Sediment Rating Curve - Three inflowing sediment load rating

curves are generated for the sediment transport modeling of Apache Wash. The
generation of the inflowing sediment load rating curve for the upper boundary is
based on cross sections 8.02, 8.12, 8.21, 8.31, and 840 and sieve-analyzed data
AW-5. The inflowing sediment load to Apache Wash from Paradise Wash and
Desert Hills Wash are generated using the outflowing sediment results from the base
HEC-6 models of Paradise Wash and Desert Hills Wash. The inflowing sediment
load from minor tributaries of Apache Wash are assumed to be insignificant. The
three inflowing sediment load curves are shown on Figure 4-4.5. Tables 4-4.11
through 4-4.13 show the sediment load by size fraction for various discharges.

Paradise Wash Sediment Rating Curve - One inflowing sediment load rating curve

is generated for the upper boundary of Paradise Wash. The “dummy” reach uses
cross sections 2.23, 2.37, 2.45, 2.53, and 2.62 and sieve-analyzed data PW-1. The
inflowing sediment from minor tributaries of Paradise Wash are assumed to be
insignificant. The inflowing sediment load curve is shown on Figure 4-4.5. The
sediment load by size fraction for various discharges is included in Table 4-4.14.

Desert Hills Wash Sediment Rating Curve - One inflowing sediment load rating

curve is generated for the upper boundary of Desert Hills Wash. The “dummy” reach
uses cross sections 0.99, 1.10, 1.19, 1.29, and 1.35 and sieve-analyzed data
DHW-1. The sediment load curve is shown on Figure 4-4.5. The sediment load by
size fraction for various discharges is included in Table 4-4.15.
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Table 4-4.14
Inflowing Sediment Load for the Upper Boundary of Cave Creek

Sediment Load by Size Fraction, in percent

Sediment Very Very Very Very
Discharge, Load, in Fine Fine Medium Coarse Coarse Fine Fine Medium Coarse Coarse Small
in cfs tons Sand Sand Sand Sand Sand Gravel Gravel Gravel Gravel Gravel Cobbles
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

1 0.1 1.42 2.80 8.79 2299 2324 18.02 14.79 7.87 0.08 - -
2000 3732 1.42 2.80 8.79 22.99 2324 18.02 14.79 7.87 0.08 -~ -
12000 38488 0.82 1.93 6.38 17.27 19.05 17.32 19.07 15.15 3.00 0.01 -
17000 45655 1.31 2.67 566 15.14 16.51 1473 16.34 16.32 11.16 0.18 -
27000 63313 1.90 4.30 6.39 15.04 16.54 15.68 17.50 16.20 6.24 0.21 -
37000 135982 2.78 1.51 5.39 14.27 15.49 15.12 16.92 18.44 9.28 0.78 0.02
42000 155000 2.91 1.61 5.45 14.21 15.42 14 .96 16.83 18.23 927 1.09 0.02

Table 4-4.15
Inflowing Sediment Loads for Upper Boundary of Apache Wash
Sediment Load by Size Fraction, in percent
Sediment Very Very Very Very
Discharge, Load,in Fine Fine Medium Coarse Coarse Fine Fine Medium Coarse Coarse Small Large
in cfs tons Sand Sand Sand Sand Sand Gravel Gravel Gravel Gravel Gravel Cobbles Cobbles
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

1 10 1:51 3.12 6.24 6.51 719 9.97 1470 21.41 26.30 2.18 0.87 0.01
2500 8916 1.51 3.12 6.24 6.51 7.19 9.97 14.70 21.41 26.30 2.18 0.87 0.01
5000 11552 1.90 3.24 6.56 6.83 7.56 10.45 15.38 22.36 20.83 3.43 1.30 0.16
7500 18559 2.00 3.32 6.75 7.00 7.74 10.68 1563 22.41 20.07 2.74 1.58 0.08
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Table 4-4.16

Inflowing Sediment from Paradise Wash to Apache Wash

Sediment Load by Size Fraction, in percent

Sediment  Very Very Very
Discharge, Load,in Fine Fine  Medium Coarse Coarse VeryFine Fine Medium Coarse Coarse Small
in cfs tons Sand Sand Sand Sand Sand Gravel Gravel Gravel Gravel Gravel Cobbles
(1) (2) (3) (4) (5) (6) (7) (8) )] (10) (11) (12) (13)
0.1 0.1 1.06 4.44 26.27 14.80 6.60 7.78 14.90 22.44 1.72 - =
3 850 1.06 4.44 26.27 14.80 6.60 7.78 14.90 22.44 1.72 - -
1000 13715 0.64 2.54 14.85 8.56 3.99 5.01 10.06 16.71 21.84 15.80 -
3000 37712 0.55 2.01 12.89 7.57 3.59 473 1045 20.64 20.78 12.95 3.85
5000 41663 0.63 2.53 13.13 7.55 3.58 4.70 10.21 19.29 19.20 13.98 520
Table 4-4.17
Inflowing Sediment from Desert Hills Wash to Apache Wash
Sediment Load by Size Fraction, in percent
Sediment  Very Very Very Very
Discharge, Load,in Fine Fine Medium Coarse Coarse Fine Fine Medium Coarse Coarse Small
in cfs tons Sand Sand Sand Sand Sand Gravel Gravel Gravel Gravel Gravel Cobbles
(1) (2) 3) 4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
0.1 0.1 1.25 7.37 30.24 26.03 15.27 9.03 9.43 1.38 - - -
i 26 1.25 7.37 30.24 26.03 15.27 9.03 9.43 1.38 - - -
3300 5970 0.41 2.29 9.48 8.81 5.88 472 12.01 20.33 23.98 12.09 --
6600 9596 0.35 2.02 7.21 6.43 4.31 3.49 8.69 14.04 34.60 18.87 -
9900 12935 0.33 1.89 7.28 6.38 428 3.48 8.96 15.31 30.20 21.61 0.29
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Table 4-4.18
Inflowing Sediment Load for the Upper Boundary of Paradise Wash

Sediment Load by Size Fraction, in percent

Sediment Very Very Very Very
Discharge, Load,in Fine Fine Medium  Coarse Coarse Fine Fine Medium  Coarse Coarse
in cfs tons Sand Sand Sand Sand Sand Gravel Gravel Gravel Gravel Gravel
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
10 10 0.08 2.65 11.92 21.45 21.79 11.09 13.40 12.24 4.51 0.88
1400 7358 0.08 265 11.92 21.45 21.79 11.09 13.40 12.24 4.51 0.88
4200 11381 0.05 2.38 11.37 20.54 21.02 10.88 13.94 12.30 6.26 1.27
Table 4-4.19
Inflowing Sediment Load for the Upper Boundary of Desert Hills Wash
Sediment Load by Size Fraction, in percent
Sediment Very Very Very Very
Discharge, Load,in Fine Fine Medium  Coarse Coarse Fine Fine Medium  Coarse Coarse
in cfs tons Sand Sand Sand Sand Sand Gravel Gravel Gravel Gravel Gravel
(1) (2) (3) (4) (5) (6) ) (8) (9) (10) (11) (12)
10 10 0.67 3.43 13.71 24.06 20.68 11.06 12.62 12.23 1.53 -
1400 7358 0.67 3.43 13.71 24.06 20.68 11.06 12.62 12.23 1:.83 -
4200 11381 0.41 245 10.37 19.78 15.65 8.50 10.52 14.98 15.98 1.35
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4-4.3.5 Other Input Data

The following input data is the same for all models.

The depth of sediment reservoir for each cross section station for all models is
set to 10 feet. That limits scour or streambed degradation to 10 feet, or less.
Model results are checked to verify that the 10-foot limit was not reached for any

of the models.

The fraction of bed material that is exposed to erosion is set to 100 percent. This

indicates that the entire bed is allowed to erode.

The limits of transported sediment are in the range of very fine sand (0.0625 to
0.125 mm) to large cobbles (128 to 256mm), respectively (HEC, 1993).

The specific gravity of bed material is set to the HEC-6 default of 2.65.

The grain shape factor is set to the HEC-6 default of 0.667. A shape factor of a
perfect sphere is 1.0 while a very irregular shape has a factor as low as 0.1.

The coefficient in surface area exposed is set to the HEC-6 default of 0.5.

The unit weight of deposited sediment is set to the HEC-6 default of 93 pounds /
cubic feet.

The water temperature is set to 68° Fahrenheit.

4-4.4 LIMITATIONS AND ASSUMPTIONS

The following is a summary of limitations and assumptions made in this section.

Topographic mapping is based on circa 1995 aerial photography and does not
reflect changes in geometry due to active sand and gravel mining.

Base hydraulic parameters are taken from previous studies for specific purposes
(100-year floodplain/floodway mapping) using a one-dimensional, fix-bed modei.

HEC-6 does not model horizontal variations in Manning's n value. A composite
n-value for the left and right overbanks and channel are calculated where
necessary.

November 2000 4-42

cjm\iphxserv06\wrproj\2890007 7\reportsisediment rptisect5-4 e&s analysis.doc



e HEC-6 can not model bridges or culverts. Those structures were replaced with
an equivalent hydraulic section in the HEC-6 models.

e HEC-6 agrades and degrades sediment only located between bank stations.
Bank stations are adjusted to account for multiple channels, where appropriate.

o HEC-6 allows only one set of bed material data for a cross section. There is a
wide variability in the bed material between the main channels and overbank
floodplains. Two types of models, Main Channel and Overbank Models, are
used to model the two types of material.

e The coarser bed materials in the channel are modeled using the Meyer-Peter,
Muller transport function. The finer bed materials in the overbank floodplain are
modeled using the Yang Stream Power transport function.

e Neither an established sediment load rating curve nor recorded sediment load
data are available for the watercourses. Inflowing sediment data are synthesized
based on ftransport capacity of hydraulic section and bed material size
distribution.

e Inflowing sediment for tributaries of Cave Creek, Paradise Wash, or Desert Hills
Wash are assumed to be zero because the discharges from the tributaries are
relatively small. The sediment to Apache Wash from Paradise Wash and Desert
Hills Wash are generated from the outflowing results from base HEC-6 models of
Paradise Wash and Desert Hills Wash. The inflowing sediment load from minor
tributaries of Apache Wash are assumed to be insignificant.

 Bed material size gradation is based on field data collection.
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4-5.0 MODELING METHODOLOGY

4-51 MODELING APPROACH
4-5.1.1 Model Selection And Application

The HEC-6 program, Scour and Deposition in Rivers and Reservoirs, (U.S. Army Corps
of Engineers, 1993), was selected during the scoping phase of the project for erosion
and sedimentation modeling. This program is typically used for such applications and
has been used for erosion and sedimentation studies in Arizona and Maricopa County.
However, it is well recognized by the developer of that program (U.S. Army Corps of
Engineers, Hydrologic Engineering Center) and the users of that program, that use of
HEC-6 for single-event modeling is limited. Results of HEC-6 modeling must be used
with care and HEC-6 output is subject to interpretation. Furthermore, use of HEC-6 for
watercourses is complicated by the following:

Flow is unsteady with rapidly rising and falling discharge rates.
Flow is nonuniform and may be critical or supercritical under certain flow
conditions in various reaches of the watercourse.

c. The geometry of the watercourse varies spatially leading to frequent changes in
flow characteristics (velocity, depth, width, etc.).

d. The hydraulic resistance to flow is highly variable due to nonuniform bed and
bank material and vegetation conditions throughout the watercourse.

e. The size gradations of the watercourse bed, bank and overbank floodplains are
highly variable.

f. The watercourses can be subject to large sediment inflows during fioods.

Those factors, coupled with the lack of model calibration data for the study
watercourses, requires that model input be carefully- developed and evaluated by
sensitivity analyses, and that several models be developed so that results can be
interpreted within the realm of physical possibilities.

The use of multiple models and the interpretation of those model results provide
reasonable confidence that the qualitative aspects of erosion and sedimentation can be
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correctly assessed, and that quantitative magnitudes of sedimentation (sediment loads,
erosion, deposition, aggradation and degradation) can be estimated and compared

under various development alternatives for the watersheds and watercourses.
4-51.2 Model Development

HEC-6 models of watercourses were developed for the following conditions and/or

modeling assumptions:

Hydrology — Models were developed for the 10-year and 100-year floods with both
existing (1997) watershed conditions and future (full build-out) watershed conditions.

Condition of Watercourse — Models were developed for the watercourses in their existing

(1997) physical condition.

Bed Material Size Gradation — Models were developed based on bed material size

gradation as determined by field data collection from the main channels and overbank
floodplains of the watercourses.

Incoming Sediment Load — The incoming sediment load for the models was estimated,

as previously described, and was entered into the models by a rating curve. Those
rating curves are used for all models except for the sensitivity analyses.

Sensitivity Analyses — Numerous HEC-6 models were developed for the purpose of

evaluating the sensitivity of model input. Discussion of HEC-6 models for sensitivity
analyses is presented in Section 4-6.0.

4-5.1 MODEL IDENTIFICATION

A total of 50 HEC-6 models were developed and used for the purpose of evaluating
erosion and sedimentation of Cave Creek, Apache Wash, Paradise Wash and Desert
Hills Wash and for sensitivity analysis of model input. Tables 4-5.1 through 4-5.8 identify
each of the HEC-6 models. Tables 4-5.1, 4-5.3, 4-5.5 and 4-5.7 are for the Main
Channel Models, and Tables 4-5.2, 4-5.4, 4-5.6, and 4-5.8 are for the Overbank Models.
The first four models that are listed in each of those tables are used for evaluating the
erosion and sedimentation of the watercourses. The input and output files are included

in Appendix H for the 100-year conditions. The four models at the bottom of Main
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Channel Models list are the HEC-6 models that were used for sensitivity analyses. A CD
containing the input files for each of the 50 HEC-6 models is provided in Appendix J.
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Table 4-5.1
Cave Creek HEC-6 Main Channel Models

Tributary Ds, Bed
) Flood i Inflowing
File Name Condition Sediment  Transport Function Material, Purpose
Event Sediment
Inflow in mm
CC-E100C Existing 100-year None Meyer-Peter, Muller 8.2 Base 100-year, existing watershed condition base model
CC-F100C Future 100-year None Meyer-Peter, Muller 8.2 Base 100-year, future watershed condition base model
CC-E10C Existing 10-year None Meyer-Peter, Muller 8.2 Base 10-year, existing watershed condition base model
CC-F10C Future 10-year None Meyer-Peter, Muller 8.2 Base 10-year future watershed condition base model
CC-QSX00 Future 100-year None Meyer-Peter, Muller 82 None Evaluate sensitivity to low sediment inflow
CC-QSX10 Future 100-year None Meyer-Peter, Muller 8.2 10 times Base Evaluate sensitivity to high sediment inflow
CC-SD75C Future 100-year None Meyer-Peter, Muller 14.2 Base Evaluate sensitivity to larger bed material
CC-SD75F Future 100-year None Meyer-Peter, Muller 2.0 Base Evaluate sensitivity to smaller bed material
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Table 4-5.2
Cave Creek HEC-6 Overbank Models

Tributary D5, Bed .

Flood . Inflowing
File Name Condition Sediment Transport Function Material, in . Purpose

Event Sediment

Inflow mm
CC-E100F Existing 100-year None Yang Stream Power 8.2 Base 100-year, existing watershed condition base model
CC-F100F Future 100-year None Yang Stream Power 8.2 Base 100-year, future watershed condition base model
CC-E10F Existing 10-year None Yang Stream Power 8.2 Base 10-year, existing watershed condition base model
CC-F10F Future 10-year None Yang Stream Power 8.2 Base 10-year future watershed condition base model
November 2000 5-5

cjm\\phxserv06\wrproj\2890007 7\reports\sediment rptisect5-5 meth.doc



Table 4-5.3
Apache Wash HEC-6 Main Channel Models

Tributary Dy, Bed
Flood . Inflowing
File Name Condition Sediment Transport Function Material, Purpose
Event Sediment
Inflow in mm
AW-E100C Existing 100-year None Meyer-Peter, Muller 11.0 Base 100-year, existing watershed condition base model
AW-F100C Future 100-year None Meyer-Peter, Muller 11.0 Base 100-year, future watershed condition base model
AW-E10C Existing 10-year None Meyer-Peter, Muller 11.0 Base 10-year, existing watershed condition base model
AW-F10C Future 10-year None Meyer-Peter, Muller 1.0 Base 10-year future watershed condition base model
AW-QSX00 Future 100-year None Meyer-Peter, Muller 1.0 None Evaluate sensitivity to low sediment inflow
AW-QSX05 Future 100-year None Meyer-Peter, Muller 11.0 10 times Base Evaluate sensitivity to high sediment inflow
AW-SD75C Future 100-year None Meyer-Peter, Muller 193 Base Evaluate sensitivity to larger bed material
AW-SD75F Future 100-year None Meyer-Peter, Muller 2.8 Base Evaluate sensitivity to smaller bed material
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Table 4-5.4
Apache Wash HEC-6 Overbank Models

Tributary Dso Bed
Floo . Inflowing
File Name Condition Sediment Transport Function Material, Purpose
Event Sediment
Inflow in mm
AW-E100F Existing 100-year None Yang Stream Power 11.0 Base 100-year, existing watershed condition base model
AW-F100F Future 100-year None Yang Stream Power 11.0 Base 100-year, future watershed condition base model
AW-E10F Existing 10-year None Yang Stream Power 11.0 Base 10-year, existing watershed condition base model
AW-F10F Future 10-year None Yang Stream Power 1.0 Base 10-year future watershed condition base model
November 2000 5-7

SRGp:\28900077\reports\sediment rpt\sect5-5 meth.doc



Table 4-5.5
Paradise Wash HEC-6 Main Channel Models

Tributary D5, Bed
. Floo Inflowing
File Name Condition Sediment Transport Function Material, Purpose
Event Sediment
Inflow in mm
PW-E100C Existing 100-year None Meyer-Peter, Muller 22.8 Base 100-year, existing watershed condition base model
PW-F100C Future 100-year None Meyer-Peter, Muller 228 Base 100-year, future watershed condition base model
PW-E10C Existing 10-year None Meyer-Peter, Muller 22.8 Base 10-year, existing watershed condition base model
PW-F10C Future 10-year None Meyer-Peter, Muller 228 Base 10-year future watershed condition base model
PW-QSX00 Future 100-year None Meyer-Peter, Muller 22.8 None Evaluate sensitivity to low sediment inflow
PW-QSX10 Future 100-year None Meyer-Peter, Muller 228 10 times Base  Evaluate sensitivity to high sediment inflow
PW-SD75C Future 100-year None Meyer-Peter, Muller 39.9 Base Evaluate sensitivity to larger bed material
PW-SD75F Future 100-year None Meyer-Peter, Muller 5.7 Base Evaluate sensitivity to smaller bed material
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Flood
File Name Condition
Event

Table 4-5.6
Paradise Wash HEC-6 Overbank Models
Tributary Ds; Bed

Purpose

PW-E100F  Existing 100-year
PW-F100F Future 100-year
PW-E10F Existing 10-year
PW-F10F Future 10-year

November 2000

. Inflowing
Sediment Transport Function Material,
. Sediment
Inflow in mm
None Yang Stream Power 22.8 Base
None Yang Stream Power 22.8 Base
None Yang Stream Power 228 Base
None Yang Stream Power 22.8 Base

100-year, existing watershed condition base model
100-year, future watershed condition base model
10-year, existing watershed condition base model
10-year future watershed condition base model
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Table 4-5.7
Desert Hills Wash HEC-6 Main Channel Models

Tributary D5, Bed
’ Flood 5 . ) Inflowing
File Name Condition Sediment Transport Function WMaterial, Purpose
Event Sediment
Inflow in mm
DH-E100C Existing 100-year None Meyer-Peter, Muller 16.9 Base 100-year, existing watershed condition base model
DH-F100C Future 100-year None Meyer-Peter, Muller 16.9 Base 100-year, future watershed condition base model
DH-E10C Existing 10-year None Meyer-Peter, Muller 16.9 Base 10-year, existing watershed condition base model
DH-F-10C Future 10-year None Meyer-Peter, Muller 16.9 Base 10-year future watershed condition base model
DH-QSX00 Future 100-year None Meyer-Peter, Muller 16.9 None Evaluate sensitivity to low sediment inflow
DH-QSX10 Future 100-year None Meyer-Peter, Muller 16.9 10 times Base Evaluate sensitivity to high sediment inflow
DH-SD75C Future 100-year None Meyer-Peter, Muller 29.6 Base Evaluate sensitivity to larger bed material
DH-SD75F Future 100-year None Meyer-Peter, Muller 42 Base Evaluate sensitivity to smaller bed material
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Table 4-5.8
Desert Hills Wash HEC-6 Overbank Models

Tributary Ds, Bed
Flood . Inflowing
File Name Condition Sediment  Transport Function Material, Purpose
Event Sediment
Inflow in mm
DH-E100F Existing 100-year None Yang Stream Power 16.9 Base 100-year, existing watershed condition base model
DH-F100F Future 100-year None Yang Stream Power 16.9 Base 100-year, future watershed condition base model
DH-E10F Existing 10-year None Yang Stream Power 16.9 Base 10-year, existing watershed condition base model
DH-F-10F Future 10-year None Yang Stream Power 16.9 Base 10-year future watershed condition base model
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4-6.0 SENSITIVITY ANALYSES

4-6.1 PURPOSE OF SENSITIVITY ANALYSES

Sensitivity analyses of input to the HEC-6 models were performed to assess if variability
in model input would substantively change the model results. Sensitivity analyses were
performed on the major input parameters that are expected to have significant impact on
model results. The sensitivity analyses were performed for bed material size
distribution, and incoming sediment load, as discussed in the following.

The HEC-6 models that are used for sensitivity testing are identified in Tables 4-5.1
through 4-5.8. HEC-6 input files are provided in Appendix 4-1. The results of the
sensitivity analyses are presented in graphical form in the appendices. A set of three
graphs is used to illustrate the HEC-6 model results for each sensitivity run. Those three

graphs are described as follows:

Bed Elevation Change at Last Time Step — This graph shows the change in bed
elevation at each modeling cross section at the end of the flood hydrograph. A positive

number indicates bed aggradation and a negative number indicates be degradation.

Sediment Passing Through Section — This graph illustrates the sediment load, in tons,

that passes through each modeling section for the duration of the flood hydrograph.
Water flow and sediment transport is from larger river mile to smaller river mile (right to
left on the graph). A rise in the line (from right to left) indicates an increasing sediment
load passing the next downstream section, and that indicates “scour” from that reach of
watercourse. Conversely, a fall in the line indicates “fill” from that reach of watercourse.

Accumulative Sediment Deposited Upstream of Section — This is a running accumulation

of sediment deposited (+ number) or eroded (- number) starting at the upstream end
(right side of graph) and progressing downstream (to the left). Line segments (or trend
of sections of the graph) sloping downward to the left indicate reaches of overall
degradation. Line segments sloping upward to the left indicate reaches of overall
aggradation.
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4-6.2 BED MATERIAL SIZE DISTRIBUTION

Sensitivity to the input of sediment bed material size distribution was evaluated by
running 100-year flood, future condition Main Channel HEC-6 models with finer bed
material and coarser bed material. For the finer bed material, the base input size
distribution was multiplied by 0.25. That is, each sediment size within a fraction of the
grain size distribution was multiplied by 0.25. For the coarser grain size, the base input
size distribution was multiplied by 1.75. The same procedure was used as for the finer

grain size.

The results of the sensitivity analyses of bed material size distribution are shown in
Appendix | for all watercourses. The runs with the finer bed material generally result in
greater magnitudes of sediment transport, and the runs with coarser bed material
generally result in lesser magnitudes of sediment transport, both as expected. However,
in general, a change in bed material size distribution does not change the overall
performance of the models; that is, although the magnitudes of scour (degradation) and
fill (aggradation) change, the overall sedimentation process is not significantly affected
by a change in bed material size. Although flow resistance is dependant on bed material
grain size, no adjustment in Manning's n was made in these sensitivity analyses.

4-6.3 INFLOWING SEDIMENT LOAD

Sensitivity to the input of inflowing sediment load was evaluated by running 100-year,
future condition, Main Channel HEC-6 models with increased sediment load and
reduced sediment load. For increased sediment load, the inflowing sediment load rating
curves for most models were multiplied by 10. For Apache Wash the inflowing sediment
load rating curve was multiplied by 5. For reduced sediment load, the inflowing
sediment load was completely eliminated; that is, zero inflowing sediment load as
compared to the base models. The results of the sensitivity analyses of inflowing
sediment load are shown in Appendix | for all the watercourses.

For Cave Creek, Apache Wash, Paradise Wash and Desert Hills Wash, an increase in
the inflowing sediment at the upper boundary causes localized deposition, but that effect
does not propagate downstream any appreciable distance. The inflow of Paradise Wash
and Desert Hills Wash to Apache Wash also has a localized depositional effect. A

decrease in inflowing sediment causes localized degradation, but that effect does not
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propagate downstream any appreciable distance. The only significant impact is at the
lower end where increased or decreased sediment load would result in larger or smaller

magnitudes of sediment deposition upstream of Cave Creek Dam.

Overall, this analysis indicates that the watercourses have the hydraulic capacity to
transport large quantities of inflowing sediment through the systems. High
concentrations of inflowing sediment can result in the build-up of local sediment bars that
can result in breakout flooding. Any increase in inflowing sediment exacerbates the
sediment deposition upstream of Cave Creek Dam. Reduced sediment inflow would
result in some long-term degradation, however bed armoring would likely limit that

action, and would decrease deposition upstream of the dam.
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4-7.0 EROSION & SEDIMENTATION
ANALYSES RESULTS

4-7.1 GENERAL

The erosion and sedimentation analyses of Cave Creek, Apache Wash, Desert Hills
Wash and Paradise Wash within the study area were performed by modeling the
watercourses using the HEC-6 program. Various models were prepared to investigate
the erosion and sedimentation potential of those watercourses under a variety of
watershed hydrologic conditions and hydraulic conditions. The HEC-6 results are
interpreted with the intent of understanding how the watercourses will respond under
various development conditions in the watersheds and under selected management
scenarios for the watercourses. The interpretation of those model results are presented

herein.

HEC-6 modeling was performed for existing and future watershed conditions, and for 10-
and 100-year floods. These are termed “base conditions,” and they describe a range of
conditions that can be expected under reasonable scenarios of land development and
floodplain management. Interpretation of those results provides an assessment of
sedimentation impacts of selected alternatives in watercourse management. The HEC-6
modeling methodology that is employed uses a reasonable range of values for certain
input parameters and two different sediment transport functions. The use of two
transport functions is to appropriately model the range of bed material size gradation that
exists in the watercourses.

HEC-RAS models of the encroached watercourses were developed (Section 4-7.2) for
the purpose of hydraulic analyses and evaluation of alternatives. HEC-6 modeling of
encroached watercourses was performed and those results were compared to results for
unencroached conditions. The general results are the same with deviation only in
regard to magnitude. The numeric difference in HEC-6 model results between
encroached and unencroached conditions is within the accuracy expectation for
sediment modeling. Therefore, although the magnitudes of erosion and fill or
aggradation and degradation will vary somewhat for encroached conditions, the
tendencies and general sedimentation response is the same as for unencroached
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conditions. Results for unencroached HEC-6 models are presented, and these are

applicable for encroached conditions, within the accuracy of such models.

4-7.2 HEC-6 MODEL OUTPUT

Numerous HEC-6 models were developed and run. Those models were developed for
the purpose of investigating the erosion and sedimentation processes of the study
watercourses, and those models are presented and discussed. The input and output
files are provided on CD in Appendix J. Listings of the input files and summary table
output for the base condition models are provided in Appendix H. The results of those
HEC-6 models are presented in graphical form in this section with supplemental graphs
in Appendices K and L. The results of the hydraulic validation of the HEC-6 models is
provided in Section 4-4 and sensitivity analyses of key input parameters are provided in
Section 4-6. The output shows the following error message: “ERROR 15.” Stantec has
discussed the problem with the U.S. Army Corps of Engineering Hydraulic Engineering
Center. The problem has to do with running HEC-6 on a networked machine. The error
message does not change the results of model. At the end of each run the following
message is displayed “0 DATA ERRORS DETECTED.”

4-7.3 GRAPHICAL RESULTS OF THE HEC-6 MODELS

4-7.3.1 Description of Graphs

The HEC-6 program produces voluminous output, therefore, a convenient means to
present and interpret those results is necessary. The HEC-6 model output for the 100-
year flood models are presented in a set of five graphs for each of the 32 base condition
models. Each of those five graphs is described as follows:

Bed Elevation Change at Last Time Step — This graph shows the change in bed

elevation at each modeling cross section at the end of the 100-year flood hydrograph. A
positive number indicates bed aggradation and a négative number indicates bed
degradation. A 4-point moving average line is also shown which better illustrates reach

average conditions.

Maximum and Minimum Bed Elevation Change — This graph shows both the maximum

fill (aggradation) and maximum scour (degradation) that occurs at any time during the
100-year flood. The maximum scour is represented by the minimum bed elevation
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change. During the passage of a flood, a section may only experience scour, or it may
only experience fill, or it may at times be scouring and at other times filling. A section
that has a zero for maximum bed elevation change is always in a scour mode. A section
that has a zero for minimum bed elevation change is always in a fill mode. A section
that has both a positive number for maximum bed elevation change and a negative
number for minimum bed elevation change experiences both scour and fill during
passage of the 100-year flood. This information is useful in estimating potential toe-
down requirements for watercourse bank lining and also the potential for excessive local
fill that could cause breakout flows.

Sediment Passing through Section — This graph illustrates the sediment load, in tons,

that passes through each modeling section for the duration of the 100-year flood. Water
flow and sediment transport is from larger river station to smaller river station (right to left
on the graph). A rise in the line (from right to left) indicates an increasing sediment load
passing the next downstream section, and that indicates “scour” from that reach of
watercourse. Conversely, a fall in the line indicates “fill” from that reach of watercourse.
A 4-point moving average line is also shown which better illustrates reach average

conditions.

Accumulative Sediment Deposited Upstream of Section — This is a running accumulation

of sediment deposited (+ number) or eroded (- number) starting at the upstream end
(right side of graph) and progressing downstream (to the left). HEC-6 calculates
accumulation of sediment using the $VOL record. This record is placed after the
hydrologic data in the model. Line segments (or trend of sections of the graph) sloping
downward to the left indicate reaches of overall degradation. Line segments sloping
upward to the left indicate reaches of overall aggradation. A 4-point moving average line
is also provided on each graph.

These graphs are used to identify trends of aggradation (filling) and degradation (scour)
according to the slope of the line or the slope of a reach averaged line, and also the
relative magnitude of scour or fill. That is, a long sustained downward line with a steep
slope indicates aggressive scour over a long reach of watercourse, thus likely
degradation and or bank attack, and a similar line but sloped upward would indicate a
region of sediment deposition with avulsion hazard. Alternatively, short sloping lines
would indicate reaches that may be described as pool and riffle sequences or the

formation of gravel bars.
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Sediment Load and Flood Hydrograph — This is a graph of the flood hydrograph with the
time distribution of sediment load, in tons per day, plotted at the same time scale as the

flood hydrograph. One or more such graphs are provided to illustrate the flood
magnitude with the corresponding sediment load. It is noted that the sediment load is

bed material load not total sediment load.

A descriptive listing of the 32 100-year flood HEC-6 models is provided in the Table 4-
7.1. The graphical results are provided in Appendix K.

For the 10-year flood, only two graphs (Bed Elevation Change at Last Time Step and
Accumulative Sediment Deposited Upstream of Section) are used in each set to
describe the erosion and sedimentation results. Those graphical results are presented
in Appendix L.

4-7.3.2 General Scour and Fill

The maximum general scour and fill during floods (100-year and 10-year) are provided in
Table 4-7.2. Usually the magnitudes of scour and fill is slightly greater under future
conditions as opposed to existing conditions. Similarly, the magnitude of scour and fill
usually is the greatest for the 100-year flood rather than the 10-year flood. However,
there are a few instances where the existing or 10-year flood is larger than the future or
100-year flood, respectively. Those differences are a few tenths of a foot and are
attributed to hydrograph timing and the magnitude of upstream sediment transport that
may reduce downstream scour or fill magnitudes. The values in Table 4-7.2 are
reasonable. There are no excessively large values that would be indicative of errors in
modeling. For example, the maximum general scour and fill depths for the watercourses
for various hydrologic and watershed conditions, as shown in Table 4-7.2, are
reasonable.
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Table 4-7.1
Index of graphical results of HEC-6 models for the Cave Creek and Apache Wash
Watercourse Master Plan (100-year flood) (See Appendix K)

o =X 2 c ;2 x= % = qé @ = = g [ £
Figure Numbersin | 2 8 | S & t 8 =3 g tg: 8 § £ :;o% 5 %
Appendix K ©Oo | 25 %»3 Eg =2 §§ XS |25
O g & O
(1) (2) (3) (4) (5) (6) (7) 8) (9)
CC-C-1 through 4 = e °
CC-0O-1 through 4 = . .
CC-C-5 through 13 i$ . .
CC-0-5 through 13 = . .
AW-C-1 through 4 e . =
AW-O-1 through 4 . . N
AW-C-5 through 13 = ° .
AW-0-5 through 13 . . .
DHW-C-1 through 4 » e .
DHW-O-1 through 4 ’ ° .
DHW-C-5 through 8 . e .
DHW-0-5 through 8 » . .
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PW-0-1 through 4 . . o
PW-C-5 through 8 . . °
PW-0O-5 through 8 ° . .
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Table 4-7.2
Maximum general scour and fill during floods

Cave Apache Paradise Desert Hills
Creek Wash Wash Wash
Scour, ft. Fill, ft Scour, ft. Fill, ft Scour, ft. Fill, ft Scour, ft. Fill, ft

(1) (2) (3) (4) (5) (6) (7) (8)
100-year Flood

Existing Conditions:

Main Channel Model 3:3 2.9 3.5 2.8 1.1 2.0 06 0.1
Overbank Model 1.8 0.5 0.8 0.3 0.5 0.2 0.8 0.0

Future Conditions:

Main Channel Model 2.9 3.8 56 3.3 1.3 0.9 0.6 0.1
Overbank Model 1.4 04 0.7 0.3 0.5 0.2 0.6 0.0

10-year Flood

Existing Conditions:

Main Channel Model 32 2.6 1.3 2.1 0.6 14 0.1 0.2
Overbank Model 1.3 0.4 0.4 0.2 0.5 0.2 0.0 0.1
Future Conditions:
Main Channel Model 3.3 3.1 3.6 2.0 0.6 1.6 0.1 0.2
Overbank Model 1.3 0.4 0.4 0.2 0.5 0.2 0.0 0.1
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4-7.3.3 Interpretation of Erosion and Sedimentation

The graph that is particularly useful in interpreting the erosion and sedimentation
process is the Accumulative Sediment Deposited Upstream of Section graph. That
graph is best interpreted by starting at the upstream end (the right edge of the graph)
and to progress downstream (to the left). A line segment sloping down to the left
indicates a reach experiencing degradation (scour) and conversely a line segment
sloping up to the left indicates a reach experiencing aggradation (fill). The five point
moving average line is used in the interpretation of results since it smooths out
fluctuations at individual modeling sections and better represents reach average
tendencies. Use of the moving average line is beneficial in that it avoids placing undue
emphasis on numeric values at specific locations in the watercourse and rather is
indicative of trends and reach average magnitudes. That graph also shows if the
modeled reach is in sediment balance, that is, the line returns to zero at its left end. A
negative value at the left end indicates a net scour through the modeled length of
watercourse, while a positive value indicates a net fill. Figures 4-7.1 through 4-7.22 are
those graphs that are used to interpret the erosion and sedimentation process in Cave

Creek and the other study watercourses.

When interpreting results using those graphs, the Main Channel graphs represent the
coarser bed material that is typically in the main channel of the watercourse, and the
Overbank graphs represent the finer bed material that is typically in the floodplain
overbanks. The actual erosion and sedimentation in the watercourses cannot be
modeled using HEC-6 because of the nonuniformity of bed material that exists laterally
across each cross section of watercourse. However, the HEC-6 results as depicted
herein do provide spatial trends and general magnitudes of the erosion and
sedimentation process.

4.7.3.4 Cave Creek

The Cave Creek HEC-6 model results are presented in graphical and tabular form in the
report with supplemental graphs in Appendices K and L. The HEC-6 models extend
from approximately River Station (RS) 24.5 miles, which is within the 100-year flood
impoundment zone of Cave Buttes Dam, upstream to RS 31.9 miles, which is about 2.1
miles upstream of the Carefree Highway Bridge. The upstream study limit for Cave
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Creek is the Carefree Highway Bridge (RS 29.8 miles) and the additional 2.1 miles of
river that is modeled upstream of the study limit is used to avoid boundary conditions
influencing the model results in the study area. The zone of active gravel mining in Cave
Creek extends from about RS 25.2 miles to RS 26.8 miles.

100-year Flood, Existing Hydrologic Conditions

The results of the HEC-6 models that are used to interpret the general erosion and
sedimentation of Cave Creek during a large flood (100-year) under existing hydrologic
conditions in the watershed are shown in Figures 4-7.1 and 4-7.2.

Starting at the Carefree Highway Bridge (RS 29.8 miles), there is a short reach of the
watercourse (about 0.2 miles) that is degradational, which may be induced by high
velocity flows through the bridge. That scour zone is shown in both Figures 4-7.1 and 4-
7.2 (by both the Main Channel and the Overbank Models). The next reach (RS 29.6
miles to about 29.2 miles) is a depositional zone with likely accumulation of the coarser
bed material (cobble and gravel) but with the finer bed material (sand) being flushed
through. That is an area where a gravel mine is permitted by the Arizona State Land
Department (Permit Number 04-23861, D. Steffan) which suggests that the area may
exhibit tendencies for gravel deposits.

The overbank floodplain from about RS 29.0 miles to about RS 27.1 miles would
generally be in a scour mode during large floods. Such scour would likely result in
channel cutting and bank erosion of secondary channels within the western overbank
(see Figure 4-7.2). However, within that same reach, there is a tendency for the
deposition of coarser material, possibly resulting in some gravel bars, between RS 28.8
miles to RS 28.2 miles (see Figure 4-7.1). Such gravel bars could produce changes in
flow direction resulting in realignment of the main channel and bank attack. From RS
28.2 miles to RS 27.8 miles, there is a slight tendency for fill of coarser bed material, but
that reach is in near sediment balance. From RS 27.8 miles to RS 27.3 miles is in a
scour mode for both the main channel and the overbank.

From about RS 27.3 miles and downstream to the end of the study limit, Cave Creek is
in an aggradation mode during large floods. This is caused by the backwater of
impounded waters in Cave Buttes Dam and the high sediment load in the watercourse
during a large flood. As illustrated in Figure 4-7.1, virtually all of the coarse bed material
is deposited in that reach and very little, if any, of the coarse sediment would enter the
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Cave Buttes Dam impoundment during a large flood. As illustrated in Figure 4-7.2,
although there is a greater transport of finer material upstream of RS 27.0 miles, only a
portion (maybe 25 percent) would deposit in the backwater of the dam. The majority of
the finer bed material will enter the flood impoundment zone and be distributed within the
reservoir area. The coarser particles settling out quickly in the reservoir followed
progressively by smaller particle sizes. Only the finest sand, silt and virtually all of the
clay particles will be conveyed through the reservoir to be deposited within the deeper
flood inundation zone behind the dam.

As noted above, Cave Creek is a depositional (fill) reach during large floods downstream
of about RS 27.3 miles. Within that reach is the active Wheeler Mine and the inactive
Tanner Mine. Although the gravel pit geometry (except that shown in the 1995
topographic mapping) is not incorporated into the HEC-6 models, that reach of
watercourse will benefit from the natural process of sediment filling during large floods.
The gravel mining that has occurred since 1995 (which is not reflected in the topographic
maps nor the hydraulic geometry of the HEC-6 models) will, for the most part, enhance
the net depositional tendency in that reach resulting in somewhat more *filling” by
sediment during floods than the HEC-6 results show. The effect of large floods in Cave
Creek likely will be beneficial in filling the gravel pits. However, severe adverse local
scour or fill can occur at gravel pits and/or gravel mounds and those impacts are beyond
the capability of HEC-6 modeling to predict.

100-year Flood. Future Hydrologic Conditions

The HEC-6 model results for future hydrologic conditions are shown in Figures 4-7.3. and
4-7.4. Future land development in the large Cave Creek watershed will have the effect of
only slightly increasing the peak discharge and runoff volume. A large percentage of the
watershed will be unaffected by land development. Therefore, the flood hydrograph for
future conditions is not much different than the flood hydrograph for existing conditions.
The flood hydrographs are the only difference in the HEC-6 models between the existing
and future conditions. Accordingly, the erosion and sedimentation process in Cave Creek
is not affected to any large degree by future hydrologic conditions. Comparison of Figure
4-7.3 and Figure 4-7.1 indicates that under future conditions there is a slight (about 10
percent) increase in net scour upstream of RS 27.3 miles and a corresponding, slightly
greater deposit of coarse material in the reservoir backwater. Comparison of Figure 4-7.4
and Figure 4-7.2 indicates approximately a similar magnitude of scour upstream of RS
27.0 but that the deposition zone is "pushed" further into the backwater zone of the
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reservoir under future conditions. Apparently, the increased flood hydrograph is more
effective in “flushing” the fine sediments into the reservoir. However, overall there is littie
discernable difference in the erosion and sedimentation process in Cave Creek for large

floods under either existing or future conditions in the watershed.

10-year Flood, Existing Hydrologic Conditions

The results of the HEC-6 models that are used to interpret the general erosion and
sedimentation of Cave Creek during a more frequent flood (10-year) under existing
hydrologic conditions in the watershed are shown in Figure 4-7.5 and 4-7.6.

Starting at the Carefree Highway Bridge (RS 29.8 miles), there is a short reach of
watercourse that is degradational, which may be induced by somewhat higher velocities
through the bridge. That scour zone is mainly illustrated in Figure 4-7.6, whereas Figure
4-7.5 shows only a slight tendency toward scour. It is likely that during such fioods,
scour downstream of the bridge will “sort out” the finer bed material leaving the coarser
material behind. This could result in some bank attack and widening of the main

channel.

From about RS 27.6 miles to about RS 27.2 miles, the watercourse will be slightly
degradational but with occasional build-up of gravel bars. The flow will mainly transport
the finer bed material (sands) through the system with the coarser bed material (cobble
and gravel) contributing to migrating riffles and pools.

Downstream of about RS 27.2 miles, which includes the gravel mining reach, is a
deposition zone of virtually all the coarse material and about 30 percent of the entering
finer bed material. Most of the finer material will be transported through the reach and
be deposited in the Cave Buttes Dam impoundment further downstream. As discussed
previously for the 100-year flood, the existing (and likely expanded) gravel mining effects
in that reach could produce more effective “trapping” of the finer sediments in that reach.

Both the 100-year flood (see Figures 4-7.1 through 4-7.4) and the 10-year flood (see
Figures 4-7.5 through 4-7.8) indicate deposition downstream of approximately RS 27.0;
however, it is noted that for larger floods, a larger quantity of sediment load is deposited
in the watercourse prior to entering the Cave Buttes Dam impoundment area as
compared to smaller floods. That is because larger floods fill more of the impoundment
volume resulting in the backwater zone extending further upstream. Small floods will
travel further into the impoundment before entering the backwater of the dam.
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A sequence of smaller, more frequent floods will have the net effect of scour upstream of
about RS 27.0 miles. Since the bed of the main channel is generally well “armored” by
coarser bed material and the smaller floods will generally not be able to transport those
larger sizes, the smaller floods will likely result in bank erosion and lateral migration.
Downstream of RS 27.0 miles, there is a tendency for the accumulation of coarser bed
material. That may result in gravel bars and/or filling of gravel mined areas. The
impoundment will continue to be filled with finer bed material and wash load that settles

in the reservoir.

10-year Flood, Future Hydrologic Conditions

Difference between the 10-year flood under existing and future hydrologic conditions in
the watershed are very minor for Cave Creek. Comparisons of Figures 4-7.5 and 4-7.7
(Main Channel Models) and Figures 4-7.6 and 4-7.8 (Overbank Models) indicate virtually
no differences in erosion and sedimentation for smaller floods. The results under future
conditions are essentially the same as for existing conditions.

4-7.3.5 Apache Wash

The Apache Wash HEC-6 model results are presented in graphical and tabular form in
the report with supplemental graphs in Appendices K and L. The HEC-6 models extend
from RS 0.20 miles, which is approximately the 100-year flood inundation limit for Cave
Buttes Dam, to about RS 8.0 miles. The upper study limit boundary is RS 7.7 miles.
Carefree Highway crosses the watercourse at RS 4.6 miles. The confluences of Desert
Hills Wash and Paradise Wash occur between about RS 2.5 miles and RS 3.0 miles.

100-year Flood, Existing Hydrologic Conditions

The results of the HEC-6 models that are used to interpret the general erosion and
sedimentation of Apache Wash during a large flood (100-year) under existing hydrologic
conditions in the watershed are shown in Figures 4-7.9 and 4-7.10.

Starting at the upstream study limit (RS 7.7 miles), the watercourse is generally in a
scour mode downstream to the Carefree Highway crossing (RS 4.6 miles). As
demonstrated in Figure 4-7.10, there is a continuous tendency for scour of the finer bed
material, however, as demonstrated in Figure 4-7.9, the coarser bed material is
expected to alternate between short reaches of scour separated by reaches of fill. There
is an overall tendency for deposition of coarser bed material to occur from RS 5.8 miles
to the Carefree Highway crossing. Those modeling results indicate that upstream of the
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Carefree Highway crossing there will be continuous erosion of finer material resulting in
likely bank attack and possible lateral migration. Within the main channel, riffles and
pools of coarse material may form with a net degradation upstream of RS 6.0 miles and
net aggradation between RS 6.0 miles and the Carefree Highway.

Between RS 4.8 miles to RS 4.5 miles is a zone of flow expansion that contains the
Carefree Highway culvert. That reach will be a likely fill zone of sediment eroded from
the upstream watercourse. From that reach downstream to the confluence with Desert
Hills Wash (RS 3.0 miles) is a reach in near sediment balance, although alternating

riffles and pools of coarser bed material can be expected.

The confluences of Desert Hills Wash and Paradise Wash with Apache Wash occurs
between RS 3.0 miles to RS 2.5 miles. The incoming sediment from those two
watercourses and the channel widening at the confluence with Desert Hills Wash results
in a short reach (about 0.3 miles) that will experience sediment deposition. However,
past the confluence with Paradise Wash, Apache Wash gains a high sediment transport
capacity thus effecting a flushing of sediment through the watercourse to the Cave
Buttes Dam impoundment. Overall, there is a net erosion of both finer and coarser bed
material sediment through Apache Wash for a large flood indicating that the watercourse
will be subject to degradation, bank attack and possible lateral migration. Course
sediment deposits at various locations throughout the watercourse could redirect flows
which would exacerbate bank erosion and contribute to lateral migration.

100-year Flood, Future Hydrologic Conditions

The HEC-6 model results for future hydrologic conditions are shown in Figures 4-7.11
and 4-7.12. There is a very slight increase in runoff volume and peak discharge from the
watershed for a large flood. Comparison of Figures 4-7.9 to 4-7.11 and Figures 4-7.10
to 4-7.12 indicates that the erosion and sedimentation rates are only slightly affected by
future hydrologic changes. Overall, the existing erosion and sedimentation
characteristics of Apache Wash will continue under future land development.

10-vear Flood, Existing and Future Hydrologic Conditions

The results of the HEC-6 models that are used to interpret the general erosion and
sedimentation of Apache Wash during a more frequent flood (10-year) are shown in
Figures 4-7.13 and 4-7.14. Those figures are generated from HEC-6 model output for
existing hydrologic conditions, however, the results are essentially identical for future
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hydrologic conditions. The results in Figures 4-7.13 and 4-7.14 show a slight but
continuous trend for increased sediment transport downstream throughout Apache
Wash. That indicates a tendency for degradation and bank erosion during the more
frequent floods. Although the rates of erosion are relatively low for a single flood event,
a sequence of such floods can lead to meaningful degradation and bank erosion,

especially locally.
4-7.3.6 Paradise Wash

The Paradise Wash HEC-6 model results are presented in graphical and tabular form in
the report with supplemental graphs in Appendices K and L. The HEC-6 models extend
from the confluence with Apache Wash (RS 0.0 miles) upstream to about RS 2.2 miles.
The upstream study limit for Paradise Wash is the Carefree Highway -culvert
(approximately RS 2.0 miles).

100-year Flood, Existing Hydrologic Conditions

The results of the HEC-6 models that are used to interpret the general erosion and
sedimentation tendencies of Paradise Wash during a large flood (100-year) under
existing hydrologic conditions in the watershed are shown in Figures 4-7.15 and 4-7.16.

Figure 4-7.16 indicates that the finer bed and bank material of the watercourse will be
subject to erosion and transport throughout the study reach. Figure 4-7.15 indicates that
there will be erosion and transport of coarser bed material immediately downstream of
the Carefree Highway culvert. From about RS 1.8 miles to RS 0.9 miles, the main
channel of the watercourse will be aggradational for coarser bed material. Downstream
of RS 0.9 miles there is ample transport capacity of the coarse bed material with an
overall scouring of the main channel.

Overall, Paradise Wash likely will experience some net erosion, predominantly of the
finer bed materials. The main channel is less likely to experience major change of the
bed elevation, except due to local conditions. Erosion will be predominantly due to bank
erosion, resulting in potential for bank migration. The formation of gravel bars in the
channel could realign flow resulting in concentrated bank attack and possible avulsions
of the main channel.

100-year Flood, Future Hydrologic Conditions

November 2000 7-13

cjm/p:\28900077\reports\sediment rpt\sect5-7 e&s results.doc



Future land development in the small Paradise Wash watershed produces relatively
small changes to the flood hydrology as compared to existing hydrologic conditions. The
erosion and sedimentation response of Paradise Wash is about the same under both
existing and future hydrologic conditions.

10-year Flood

The erosion and sedimentation of Paradise Wash for a small flood (10-year) is about the
same for both existing and future watershed conditions. Those results are demonstrated
in Figures 4-7.17 and 4-7.18. Those figures illustrate a slight trend for scour of finer
material throughout the watercourse and some relatively minor transport of coarser bed
material. Overall, the watercourse can be expected to experience some bank erosion
and the formation of gravel bars periodically in the main channel during small floods. A
sequence of such small floods may result in some realignment of the main channel and

some migration of channel banks.

4-7.3.7 Desert Hills Wash

The Desert Hills Wash HEC-6 model results are presented in graphical and tabular form
in the report with supplemental graphs in Appendices K and L. The HEC-6 models
extend from the confluence with Apache Wash (RS 0.0 miles) upstream to about RS 1.0
miles. The upstream study limit for Desert Hills Wash is about RS 0.5 miles.

100-year Flood

There is no discernable difference in erosion and sedimentation between the existing
and future hydrologic conditions for Desert Hills Wash. The results are presented in
Figure 4-7.19 and 4-7.20. The watercourse will be subject to erosion with a greater
transport rate of finer material. The tendency to scour finer material will produce bank
erosion with potential lateral migration in places.

10-year Flood

The results are presented in Figures 4-7.21 and 4-7.22 which are representative of both
existing ahd future hydrologic conditions in the watershed. During smaller floods, the
overall transport rate is slightly less than the incoming sediment load when considering
either the coarser or the finer bed material. This can be caused by backwater effects in
Desert Hills Wash caused by flow in Apache Wash resulting in deposition in the lower
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reach. The accumulative sediment deposited during small floods is estimated to be very
small (a few hundred cubic yards) which indicates that the reach is near sediment
balance during small floods.
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Figure 4-7.1
Accumulative Sediment Deposited Upstream of Section
Cave Creek Main Channel Model, 100-year Flood, Existing Condition
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Figure 4-7.2
Accumulative Sediment Deposited Upstream of Section
Cave Creek Overbank Model, 100-year Flood, Existing Condition
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Figure 4-7.3
Accumulative Sediment Deposited Upstream of Section
Cave Creek Main Channel Model, 100-year Flood, Future Condition
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Figure 4-7.4
Accumulative Sediment Deposited Upstream of Section
Cave Creek Overbank Model, 100-year Flood, Future Condition
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Figure 4-7.5
Accumulative Sediment Deposited Upstream of Section
Cave Creek Main Channel Model, 10-year Flood, Existing Condition
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Figure 4-7.6
Accumulative Sediment Deposited Upstream of Section
Cave Creek Overbank Model, 10-year Flood, Existing Condition
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Figure 4-7.7
Accumulative Sediment Deposited Upstream of Section
Cave Creek Main Channel Model, 10-year Flood, Future Condition
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Figure 4-7.8
Accumulative Sediment Deposited Upstream of Section
Cave Creek Overbank Model, 10-year Flood, Future Condition
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Figure 4-7.9
Accumulative Sediment Deposited Upstream of Section
Apache Wash Main Channel Model, 100-year Flood, Existing Conditions

1] EERS RERNRRERREEE | |
- i ——— Accumulative Sediment !
0 [ - = = = 5-Point Ave = ]
E a ' |
. L
£ -2000 - ' q |
g ' [ |
s |
=] .
3 4000 | | I i |
c ] \"\J J Ty = r
= (] “‘1 m \
E -6000 - . ‘ LN o fd s
g ) - ] L ¥
i L' L]
- A ) ' :
2 -8000 | J LT | bl i |
o { ]
E r
. | N |
£ -10000 | |
-12000 - | ;
i
-14000 l Pl
0 1 2 3 4 5 6 7 8 9
River Station, in miles
November 2000 7-24

¢jm/p:\28900077\reports\sediment rpt\sect5-7 e&s results.doc



Figure 4-7.10
Accumulative Sediment Deposited Upstream of Section
Apache Wash Overbank Model, 100-year Flood, Existing Conditions
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Figure 4-7.11
Accumulative Sediment Deposited Upstream of Section
Apache Wash Main Channel Model, 100-year Flood, Future Conditions
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Figure 4-7.12
Accumulative Sediment Deposited Upstream of Section
Apache Wash Overbank Model, 100-year Flood, Future Conditions
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Figure 4-7.13
Accumulative Sediment Deposited Upstream of Section
Apache Wash Main Channel Model, 10-year Flood (Existing or Future Conditions)
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Figure 4-7.14
Accumulative Sediment Deposited Upstream of Section
Apache Wash Overbank Model, 10-year Flood (Existing or Future Conditions)
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Figure 4-7.15
Accumulative Sediment Deposited Upstream of Section
Paradise Wash Main Channel Model, 100-year Flood (Existing or Future Conditions)
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Figure 4-7.16
Accumulative Sediment Deposited Upstream of Section
Paradise Wash Overbank Model, 100-year Flood (Existing or Future Conditions)
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Figure 4-7.17
Accumulative Sediment Deposited Upstream of Section
Paradise Wash Main Channel Model, 10-year Flood (Existing or Future Conditions)
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Figure 4-7.18
Accumulative Sediment Deposited Upstream of Section
Paradise Wash Overbank Model, 10-year Flood (Existing or Future Conditions)
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Figure 4-7.19
Accumulative Sediment Deposited Upstream of Section
Desert Hills Wash Main Channel Model, 100-year Flood (Existing or Future Conditions)
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Accumulative Sediment Deposited Upstream of Section

Desert Hills Wash Overbank Model, 100-year Flood (Existing or Future Conditions)
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Figure 4-7.21
Accumulative Sediment Deposited Upstream of Section
Desert Hills Wash Main Channel Model, 10-year Flood (Existing or Future Conditions)
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Figure 4-7.22
Accumulative Sediment Deposited Upstream of Section
Desert Hills Wash Overbank Model, 10-year Flood (Existing or Future Conditions)

1000.0 , :
- : VR N O O O i
. = il h\\\ T | /r
i = == Ji= = = . o [ L—T
B 2 ™ o B L] /r
g _1 i‘--~j“:*.ﬂr Lt 1]l 1 LT L
= 7 -

o -10000 - ’j T
El C i o o )
(5]
£ = L
« -2000.0
[ =
m .
E [
o i et 1 _
@ -30000 | O S o
m o - - —
2 - =
© - — —nli
2 ' ) 0 O I R O ] Y O I
£ -40000 | |- ATT 1 |- | i . O
é I T T Accumulative Sediment | J
< i 1 0 o o - = = = 5-Point Avg. 1

-5000.0 | N T ;

- | _ )
6000.0 |- L o { | B O Y I I
0.0 0.1 0.2 0.3 04 0.5 06 0.7 08 09 1.0
River Station, in miles
November 2000 7-37

¢jm/p:\28900077\reports\sediment rptisect5-7 e&s results. doc



4-8.0 CONCLUSIONS

4-8.1 GENERAL

An erosion and sedimentation analysis of Cave Creek, Apache Wash, Paradise Wash
and Desert Hills Wash was performed by HEC-6 modeling for the purpose of evaluating
trends and spatial distributions of scour and fill in those watercourses. The information
is used in the Cave Creek and Apache Wash Watercourse Master Plan for evaluating
erosion lateral migration limits and in formulating alternatives for the study watercourses.
HEC-6 modeling and analyses were conducted for the 100-year and the 10-year flood,
and for existing and future conditions in the watershed. Two different bed material size
gradations and sediment transport functions are used in the analyses. The results of the
HEC-6 models must be interpreted from the output from the two modeling
methodologies. The hydraulic components of the models are validated by comparing
the hydraulics from a fixed-bed configuration of the HEC-6 models to the hydraulics from
equivalent HEC-RAS models. The sensitivity of model input was evaluated and there
are no unduly sensitive parameters that could adversely affect the outcome of these
studies when using reasonable values for those parameters.

4-8.2 HEC-6 MODEL INPUT
4-8.2.1 Hydrology

Hydrographs for the 100-year and 10-year floods under existing and future hydrologic
conditions, respectively, in the watershed were determined by watershed modeling using
HEC-1. The flood hydrology was performed by others and those hydrographs are
discretized, as shown in Section 4-3.3, for input into the HEC-6 models.

4-8.2.2 Watercourse Geometry

The hydraulic geometry of watercourses was determined from previously developed
HEC-2 models of the watercourses. Those models were reviewed and adjustments
made, as described in Section 4-4.2, to meet HEC-6 model requirements.
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4-8.2.3 Bed Material Size Gradation

The size gradation of bed material in the watercourses was established by using field
data as supplied by others. The spatial variability of the bed material size distribution
was assessed. It was determined that modeling would need to be performed to meet
the bed material size characteristics of the main channel and another set of models
meeting the bed material size characteristics of the overbank floodplains. Bed material
data and related HEC-6 modeling is described in Section 4-4.3.

4-8.2.4 Inflowing Sediment Load

Inflowing sediment load rating curves were developed for the upper end of each
watergourse based on sediment transport capacity, as described in Section 4-4.3.4.
Incoming sediment from minor tributaries to each watercourse are negligible compared
to the sediment load in the mainstem of each watercourse.

4-8.2.5 Initial Water Surface Elevation

The initial water surface at the downstream end of each watercourse model was
established by a normal depth analysis or by a backwater rating curve if the initial water
surface elevation was significantly impacted by impounded water in the Cave Buttes
Dam flood pool. Determination of the initial water surface elevation is described in
Section 4-3 4.

4-8.3 HEC-6 MODEL OUTPUT

Input and output files of HEC-6 models used in these analyses are provided in digital
and hard copy. The analyses of results are facilitated by numerous graphs prepared
from model output. Model input and output, and graphical representation of the output is
provided in the appendices.

4-8.4 EROSION AND SEDIMENTATION RESULTS
4-8.41 General

The HEC-6 models indicate that all the watercourses are subject to erosion and
sedimentation to some extent both for large floods (100-year) and for small floods
(10-year). Erosion will be exhibited largely as bank scour, but there will be some overall
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degradation throughout certain reaches of the watercourses. Bank scour of finer
material will result in channel widening and lateral migration. Degradation, where
occurring locally, will most likely be due to sorting of finer material with a tendency
toward armoring of the channel bed. Fill will occur locally where there are reductions in
sediment transport capacity. HEC-6 models indicate that the coarser bed material will
be moved in gravel bars, resulting in pool and riffle formation. Certain reaches of the
watercourses will be subject to general aggradation, mainly due to backwater from Cave
Buttes Dam reservoir or diminished transport capacity. Model results are presented and
interpreted in Section 4-7.0

4-8.4.2 Cave Creek

Large floods in Cave Creek will result in the following erosion (scour) and sedimentation
(fill) tendencies:

e Scour about 0.2 miles downstream of the Carefree Highway Bridge (RS 29.8
miles).

e Deposition of coarser bed material from about RS 29.6 miles to about 29.2 miles.

* Channel widening and bank erosion, especially within the overbank floodplain,
from RS 29.0 miles to RS 27.1 miles.

e Deposition of coarser bed material in the main channel from RS 28.8 miles to RS
28.2 miles and from RS 27.8 miles to RS 27.3 miles. That deposition may
produce gravel bars with changes in flow direction, realignment of the main
channel and bank attack.

e Aggradation from RS 27.3 miles and downstream to the end of the study limit.
That reach is within the backwater of Cave Buttes Dam and that area also
contains the Wheeler and Tanner gravel mines. Virtually all of the coarse bed
material will be deposited in that zone. The finer bed material will be transported
into the impoundment area with only about 25 percent being deposited in the
backwater reach of Cave Creek. The finest sediments including the wash load
will be deposited within the relatively still water of the reservoir.

November 2000 8-3
SRGp:\28900077\reports\sediment rptisect5-8 conclusions.doc



Aggradation during large floods will tend to fill gravel mine pits. However, severe
adverse local scour and fill can occur at gravel pits as they are inundated and/or
at gravel mounds, that are impacted by flood flows.

Future development in the watershed will result in slightly higher peak
discharges. That may result in some additional “flushing” of fine sediment into
the reservoir. Future watershed conditions will result in little additional change to
Cave Creek as compared to existing hydrologic conditions.

Smaller floods, or a sequence of such floods, in Cave Creek will result in the following

erosion (scour) and sedimentation (fill) tendencies:

Upstream of about RS 27.0 miles the watercourse will experience net scour.
Since the main channel is well armored for smaller floods, the smaller floods will
result in bank erosion and lateral migration.

Downstream of about RS 27.0 miles the watercourse will experience net
aggradation and filling of gravel mined areas.

Sediment deposition within the Cave Buttes Dam impoundment will be closer to
the dam rather than in an upstream backwater zone. That is because smaller
floods will not raise the flood pool to as high an elevation as the larger floods.

Future development in the watershed has little impact on erosion and
sedimentation from small floods as compared to existing conditions.

4-8.4.3 Apache Wash

Large floods in Apache Wash will result in the following erosion (scour) and

sedimentation (fill) tendencies:

From the upstream study limit (RS 7.7 miles) to the Carefree Highway (RS 4.6
miles) there will be likely erosion of finer bed material resulting in bank attack and
possible lateral migration.

Within the main channel, riffles and pools of coarse bed material will form with a
net degradation upstream of RS 6.0 miles and net aggradation between RS 6.0
miles and the Carefree Highway.
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Downstream of Carefree Highway is a short flow expansion zone (about 0.3
miles) that may experience deposition.

The backwater of Desert Hills Wash may produce a short depositional zone.

Below the confluence of Paradise Wash the watercourse attains a high sediment
transport rate effecting the flushing of sediment to the Cave Buttes Dam
impoundment.

Overall, Apache Wash will experience net erosion and degradation. Coarse
sediment deposits can occur locally causing redirection of flow and exacerbating
bank scour and lateral migration.

Future development in the watershed produces only slight changes in runoff and
sediment transport. The present erosion and sedimentation of Apache Wash will
continue under future land development.

Smaller floods, or a sequence of such floods, in Apache Wash will result in the following

erosion (scour) and sedimentation (fill) tendencies:

There is a slight but continuous trend for increased sediment transport rates in a
downstream direction throughout Apache Wash. There is a tendency for
degradation, local scour and bank erosion during more frequent floods.

Development within the watershed will not significantly affect the erosion and
sedimentation of Apache Wash as compared to existing conditions.

4-8.4.4 Paradise Wash

Flood discharges in Paradise Wash will result in the following erosion (scour) and

sedimentation (fill) tendencies:

Scour is likely for a short distance downstream of the Carefree Highway culvert.
Aggradation of coarser material is likely between RS 1.8 miles to RS 0.9 miles.

Degradation is likely downstream of RS 0.9 miles to the confluence with Apache
Wash.
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e Overall, the watercourse is erosional, particularly along the banks. Gravel bars
of coarse material will form periodically resulting in bank attack and enhanced
lateral migration.

e Sequences of smaller floods will result in some realignment of the main channel.

e Future land development has little impact on flood discharges and erosion of the
watercourse as compared to existing conditions.

4-8.4.5 Desert Hills Wash

Flood discharges in Desert Hills Wash will result in the following erosion (scour) and
sedimentation (fill) tendencies:

e The watercourse will be subject to erosion during larger floods, especially finer
material from the banks. There is a tendency for bank erosion and lateral
migration during such flooding.

e Smaller, more frequent floods transport sediment through the study reach in near
sediment balance with incoming sediment loads. Little erosion or sedimentation
during such discharges are expected, although local scour or fill may be
significant.

e Future land development in the watershed will have little effect on erosion and
sedimentation of the watercourse as compared to existing conditions.

4-8.5 MAJOR LIMITATIONS AND ASSUMPTIONS

The following are the major limitations and assumptions that are inherent in the analyses
of erosion and sedimentation of the study watercourses:

e The HEC-6 program requires appropriate input data based on physical
measurements, and data analyses.

e Interpretation of HEC-6 results is contingent upon model input and the limitations
of certain modeling assumptions. Because of those input contingencies and
modeling assumptions, two modeling conditions are used; one for coarse bed
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material, as occurs in the main channels and the other for finer material in the

overbanks.

¢ The flood hydrology is adequately represented by HEC-1 watershed modeling
methodology as defined in the District's Hydrology Manual.

e Hydraulic geometry of the watercourse is obtained from previous floodplain

delineation studies.

e Size gradation of the bed material is represented by a finite sampling of that
material. Although the sample size is quite large, it represents a small area of
the watercourses. Sensitivity analyses indicates that uncertainty in this
parameter has small effect on model results.

e Incoming sediment loads are transport capacity controlled and are estimated by
sediment transport methodologies.

e Sediment transport in the watercourses can be modeled by the Meyer-Peter,
Muller transport function that is representative of the coarse material in the main
channel, or by the Yang Stream Power transport function for the finer material
that generally occurs in the overbank floodplains.

o Future development in the watersheds does not deviate from present zoning

restrictions.

e Data are not available to determine whether sediment yield from the watershed
will be significantly altered by land development. However, a large part of the
watershed is in National Forest or is rugged hillslope. Hydrologic analysis of
existing and future watershed conditions indicates only slight impacts to flood
discharges due to urbanization in this watershed. Therefore, based on those
factors, the sediment yield is not expected to appreciably vary from existing
conditions due to future land development.

e Sand and gravel mining does not significantly alter the hydraulics of Cave Creek
as represented in current topographic maps.

e These results are based on future hydrologic conditions as have occurred in the
recent past. It is assumed that there are no large scale impacts to the
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contributing watershed such as a major wildfire or extreme precipitation events
producing dramatic changes to runoff or sediment yield to Cave Creek.
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APPENDIX A

COMPILATION OF SEDIMENT YIELD DATA AND INFORMATION



Table A-1

Average annual sediment yield summary

ID Site Area Yield Reference
sq. miles ac-ft/sq. mi.

(1) (2) (3) (4) (5)

A AZand NM N/A 0.009-1.33 Corps (1995)

B Walnut Gulch N/A 0.12-0.4 Alonso (1997)

C  Camp Marston, CA 1.59 0.14 GVSCE (1996)

D CaveCk AZ 121.00 0.31 GVSCE (1938)

E  San Diego, CA N/A 0.13 GVSCE (1996)

F  San Diego, CA N/A 0.07 GVSCE (1996)

G  Spookhill Dam, AZ 16.40 0.15 GVSCE (1996)

H  Saddleback Dam, AZ 30.00 0.08 GVSCE (1996)

| Davis Tank, AZ 0.21 0.96 GVSCE (1996)

J  Kennedy Tank, AZ 0.97 0.27 GVSCE (1996)

K Juniper Tank, AZ 2.00 0.29 GVSCE (1996)

L  Alhambra Tank, AZ 6.61 0.03 GVSCE (1996)

M  Black Hills Tank, AZ 1.14 0.68 GVSCE (1996)

N  Black Hills Tank, AZ 1.56 0.58 GVSCE (1996)
O  Mesquite Tank, AZ 9.00 0.03 GVSCE (1996)

P Tank 76, AZ 1.17 0.21 GVSCE (1996)

Q N. Scottsdale, AZ 8.58 0.041 - 0.0667 GVSCE (1996)

R N. Scottsdale, AZ 8.58 0.129-0.191 GVSCE (1996)

S N. Scottsdale, AZ 8.58 0.036 - 0.152 GVSCE (1996)

T  Cherokee Wash, AZ 0.14 4.36 WEST (1997)

U  Cherokee Wash, AZ 0.14 0.64 WEST (1997)

V' Cherokee Wash, AZ 0.14 0.69 WEST (1997)

W  Cherokee Wash, AZ 0.14 2.95 WEST (1997)

X Cherokee Wash, AZ 0.30 417 WEST (1997)

Y  Cherokee Wash, AZ 0.30 0.63 WEST (1997)

Z Cherokee Wash, AZ 0.30 0.63 WEST (1997)
AA  Cherckee Wash, AZ 0.30 2.48 WEST (1997)
BB Casandra Wash, AZ 1.24 0.25 CH2M-Hill (1994)
CC Casandra Wash, AZ 1.24 1.46 CH2M-Hill (1994)
DD Casandra Wash, AZ 1.24 0.2 CH2M-Hill (1994)
EE Casandra Wash, AZ 1.24 0.32 CH2M-Hill (1994)
FF Rawhide Wash, AZ 13.64 1 CH2M-Hill (1994)
GG Rawhide Wash, AZ 13.64 0.24 CH2M-Hill (1994)
HH Rawhide Wash, AZ 13.64 0.1 CH2M-Hill (1994)

Il Rawhide Wash, AZ 13.64 0.22 CH2M-Hill (1994)
JJ  Rawhide Wash, AZ 13.64 0.4 CH2M-Hill (1994)
KK  Embudo Arroyo 20.68 0.07 AMAFCA (1994)
LL La Gueva Arroyo 8.00 0.05 AMAFCA (1994)
MM  Baca Arroyo 14.85 0.34 AMAFCA (1994)
NN  N. Pino Arroyo 2.82 0.22 AMAFCA (1994)
OO0 S. Pino Arroyo 9.33 0.13 AMAFCA (1994)
PP Bear Arroyo 15.50 0.12 AMAFCA (1994)
QQ Vinyard Arroyo 0.98 0.28 AMAFCA (1994)
RR Hahn Arroyo 5.80 0.01 AMAFCA (1994)
SS Total NDC 101.01 0.21 AMAFCA (1994)

p:\28900077\Design Calcs\Excel\sed-yield.xIs Page 1

10/6/00



sajlw 'bs ul ‘eary abeuieig

0001 00} ol l L0
a | ﬂ 7T ] T
7. | | | |
e | T
” _ ﬁ = . | ‘ 7,_ |
! | _“_ J f"g" ”
m . [ “ R 7
i ” W 7 {
i | L] iR
it i NI I
| I nn HiTEE
| , ! _ R | ,
TRERE | RN IEEE |
| _ OO,_.__O___ _ _g,__ﬂ , |
| | | #__ _ INEEREE
Pl || | IR
| HOP® | / | ___“4 |
A dd & " 0 ey| | |1 o _
|| | pe OO0 _ .
il Ml T e e L)
R AR O I S TR N - (- T O O
Ll AERREE .” IRl Ne _Tw;so o0
Y ; ;__/W | L4 "_m____ | so_J_ﬁ_WA ML N
| L] | | | ne H
”.m | o | A :* : | _V:,& Mme
HEREE HAR I O I R B
AN N Higan | HEEERN I

02IXa MEN PUB BUOZIIY Ul SPaysiajem 10} pjaik Juawipag

L-v @inbig

10000

1000

- 100

10

oL

sa|iw ‘bspy-oe Ul 'pjAIA JUBWIPaS [enuuy abeiaay



sajw "bs ui ‘easy abeuleiqg
(0]0]2 oL I

]

ejeq AN ‘enbianbnq)y pue euozuy - pjaiA Juswipag
Z-v ainbi4

100

(0]

sajiw "bspy-oe Ul ‘plalA JuaWIpag [enuuy abelaay



% Poject:  Yprer” Gz e WP Project Number: 252200 7.7
% Noes  Wokrsto ol SFatyiame X Xl Scale
Page of Page(s) |
StanteCh Computed By: & #§ ~ Date: 0"‘_"";’ 7%  Checked By: Date: 1
Consulting |

el | Satyen 7 Lrosiorr DPrsigsr Ginre

NG T | ST )
£ £% ‘@-_ﬁ:w/cf Sl o N g s

T ir? Tkt 2-3F
Sttirrmer X Aot Swsmd o7 S/ %ﬂ/ Ao pirs

s e A seler”
( /rroya ) _s‘g, 222, Zs 74’(/5'5- /270,
L b 20:.68 .07
Lot Earrver. 8.0 e. 24
Frca 5 o0.3%
N, Lo 2,82 g.22
s, Pirro 7. 33 2.,/3
Ly /5 P &
Vors vatre” o, 75 228
Ao F o2 £ 8 2.2/

7ot/ ADC /el 0/ o 2/

ARIZONA

NEVADA

100 Grier Drive

Las Vegas. NV %4119
17024 361908

Fax 702 daluase

4
-}




/i

Project: 4},&'{"’ re &:EZ WP Project Number: 28 200 7 7

: i

Notes: l/lzé/%/ M#f"’l/ )‘//.r/ﬂ/ Scale: ‘

e 4 Page of Page(s) {

Stgnl;lmteCh | Computed By: 6-1/5 _ Date S T Checked By: Daie: |‘
tng |

Bt Do f G’ /@2‘/2‘ g i ozl Forer =

Coperne 7 A=vrrrwy
Sy GVsc&L£ , My P&

//;yi-ﬂa//;r /4 2y AW /;//b"/.eva/:ra/?j Alprsr 7&

L s o= S = 8B.5°8 sz Ao,

/‘/n’.’mﬂ /Z?/)mo'/ St X )ff/&j so? 4('//7%3’, e Sy

oxmar (974 ) C.o04/ - 0.0667
ormor (/972 ) O/29 — 0,75/
Fit it od3E T o2

Ea, st Bl pryrd L s 2e 2 y_;;’, s,

s

A

ARIZOAA

creer)  Sersad s aearr (V77 ) Fevimes (7972 J Resd&E
Léesy Ar X
2 = , O0/R o203/ LO00E |, ooz
& ,oO703 S EB L0382 L /FHET
A - EFT o F0T OBE/S 3z
24 - I EB JTE TS S/PEE 753/
57 = S Er-tvd , 3320 L2578

AL ~ 18220 2, éz2¥ SHo8 20872



Project: ((#,m?f‘ e (ffecf W7 Project Number 287 S0 7 7

@ Notes: Vd’lé"‘f'%"/ f’w';,r?‘ﬂ/ )f!’// Scale:

Page of Page(s)

om D
Stanta:h Computed By: 6'}/5 Date: Sz PF Checked By: Date:

Consulting

/Ff/ § Kfrﬁfg‘f h/-f;ﬁj -4{/04’0/&;/( J ff Aot i
S s ptmy P T a7 Sty

Loyt EETARE
by Whst Gmsusionds, Tanc

FO Fosrm /P77

D zg e A
hésré'r/; 7;//://5,7 =  FO zesres ( -4 2 m.«.')
st Lorg IS T /PO Feres [i0sg.m))

/A’r’ray:i‘ Aomw) i’ om” ; a7 P v/z‘/rg. wrs) P

W"’f z"'/"’/f /_/-"//‘ L=y o ,47/’ té J 7 /Z
AP Y 5L & “,. 74 Z,/7
y oy &, EF &5
Cmpprrr” 2,87 &3
SIER e 2,95 2,48

ﬁ?cm/éyﬂ”)‘ Smlsprnr )5'0/’0/3 sr7 e “f%g,m/,'
( S our A Ay gy’ P r sz Forsrirzs el )

@ = 672 Qé = Qlo
Zrdirrrr Prio” W, Trd. Deserr 2 7nd, W. TEd.  Deer AR TS
2 -y /29 0.73 0.#32 c.o7
\RIZONA /¢ - )’"’ Jﬁ& /’;3 /:ﬂ? 4.-.73
= o P ST e Zi2g 2,40 2.5 c.e3

O =y~ 7,43 2,725 7,07 c. 77

NEVADY

164 Gnier Drve

Las Vegas. NV 89119
TOD | AR WS

Fan {020 26] 0650

Inaasnal Way




Project Number: 2820007 7

% Project: 4(4&!‘?’" ‘@i (/:E?f.g VMF
% Notes:  Worker s smlrsrur? Yowsr” Scale:

Page of Page(s)

Tm
StanteCh Computed By: <V - Date: ¢J§d 77 Checked By: Date:

Consulting

A osemrive  WosH T
CH2A-H By S Lzt
ZO Aoz S TP

Lo s rs Arar = A2& =g o,

/ Ve rnZ 28 Annwa s =i )//-:“”/% »? Ze --“.‘?/};,,,- S oy

A m ol Se
f?(‘/‘.//r:;h-p’,/’//
Pty 2 X
MU SLEL o.te
= g ;_..;,_,,/,'.-s__f o, 22
i 32

_V’o'/‘;? _;:'; -2,

/%*r:f/é 5, 2/

/:ffa./:ﬂ{ & S _,/-L..—v;rf_-',r/‘/ )4_'./% //}7 = -/2‘7 =z, mz.‘

S berrrr Berpe AL S .‘-’ffz;-.? -fg -7 /4/y.
2= g ol 4 .24 0 32
g - i - & &8 0.56
S0 = .85 & A< o.7é
=5 = oy C.E? -
50 - YOr v /. /3 -
LS /2T /o £

Ve

ARIZONA




‘ Project: J//,M-‘/"' Caive f/‘t—f/{ "l Project Number: =23 P L2277
Notes; '/f.’fé'zé'/"j;”i/ M//f‘//?{ );t"/t/7/ Scale:

B D Page of Page(s)

StanteCh | Computed By: < G Vs Date: 4’975” P  Checked By: Date:

Consulting

Lor ] Fagpgocte WosH Debrticwr Lol
A2 AT~ Ly E Furtr
= Jyjys/ ISP T

szx;'.'{;e /641-»4: = <-4 =g P

e ge Ao/ Smotbwrm ke, L af-/’%g-azx.//ﬁ

S EL e a4

L5/ 7 & . 2F
ATt rrr 77 o B
MésLE o082
Lerrrre? Q. F2

R T ._:. P f{ ﬁp/,’//y‘/ﬂd/ )’9’4“//7; /,-7 P ﬁzf%g o

Feterrzr Frrsoz SIYILLE Yorg E2l7 Az,
A~y A
2= 50
v i 4
B C.EF7
LT - .28
7 S &5 .52 o, 78

ARIZONA




bt Lo Care Crvere W7 Project Numbere BT COE 7 7|

@ Notes: Wd(‘é”:"””/ _ﬁ‘ﬁﬁﬂ‘ﬂ/ )‘fr‘/ﬂ/ Scale;

Page of Page(s) |

o-w)_fr
StantECh ’ Computed By: G VS Date: 5~ F&r P (Checked By: Date; ‘
Consulting
T ,-‘" VS »’i"/'&' )..{" e Wosz %fz:r/ /< S S e

S o npp s P S D67 _5- ;4/47;/

for FEDITL
V4 % WS T Cosrsit oS ", Zere,

PO Fre SPT7

Gmrrera) Latbimols oF Seaboaruwr Vet

4/.9’,4/,”/ Corps ol g (/?575-) s

/’Zf?ﬁ//&? £ ey ATeviro

Eutirm (1207 ) s Tohrrs WeasZ Cof = O.F @eiliageom vy

Lo sr 50 (/??.7) Ao Wokie X GariZ c/2 =~ o & Qr-f?/{-f,m,,',/f/p

.00 = /33 o '///—'g,ﬂ,//«/

Ll
Doy V' Copmps S0 ﬁryrz/ L Fo@l X,

Eospe =2 Ly srn
by GVSCEL, Moy F&

Hpoeratix A By MW fpoinersor? | Huypwsrt F&

L, e /nvq_ /e;-v, e i) Fmntoprrg X Hediy”
Commp AMevrirors, C. <7 yorn 4 - S -/)‘/ sg. o7,
o Creeif, Y 2.3/
Sowr i go c’o.j v = c./3
Sor Trron , <7 = .87
,aacé/// 42 .+ o./5
2.08

SoASb bor Dow, JFE 30,

Zowss fé’/ﬂfj AZ oy g 2. P&
ARIZONA "/"’”’.éf' 72”{; 42 ¢ ?7 &, -?7
- Forryres— Tk, L ZE 2,00 0,29
s brae 7ori, L= L.E/ 2.03
Loy M oot A= L O &8

Blagr7E Mol Tonk,AZE LSE g .58

o.232

AMesga i 7oné, AZE 7O

NEVADA

ZH e Tonk &, AZ AI7 o2/

r- \




APPENDIX B

REPORT BY MR. H.W. HJALMARSON, PE, DATED 13 JuULY 1999



CAVE CREEK

BELOW CAREFREE HIGHWAY
TO UPPER END OF CAVE BUTTES RESERVOIR

Analysis and comments on the following:
Capacity relations for Cave Creek Dam.
Trend analysis of surface sediment/debris samples.
Discussion of two USGS gages on Cave Creek above dam.
Sediment yield and runoff from storms.

FOR
STANTECH CONSULTING
(GEORGE SABOL)

HIALMAR .
HJAL MARSQO

By H. W. Hjalmarson, PE

Consulting Hydrologist

July 13, 1999
(REVISED)



Capacity relations for Cave Ck and Cave Buttes Reservoirs

Relations obtained from Dallas Reigle of SRP June 1999(see attached)..
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Capacity relations for Cave Ck and Cave Buttes Reservoirs (Cont.)

Data obtained from Dallas Reigle of SRP, Joe Tram of FCDMC and USGS,
June 1999(See attached relations)..

TABLE OF CAPACITIES IN ACRE-FEET. C1923-Cave Ck Dam from curve for original
conditions by SRP. C1958-Cave Creek Dam from table for 1958 survey by SRP. C1979G-Cave
Buttes Dam from curve for 1979 Gross Capacity by CofE. C1979N-Cave Buttes Dam from
curve for 1979 Net Capacity by CofE. delta-Difference between C1923 and C1958.

Elev C1923 C1958 C1979G C1979N delta
1570 0 0 0 0 0
1580 0 0 1000 0 0
1590 0 0 1400 0 0
1595 100 0 1900 300 100
1600 220 0 2500 600 220
1805 600 &0 3200 1150 540
1610 1150 330 4200 1800 820
1615 2000 900 5600 2500 1100
1620 3050 1800 7500 4000 1250
1625 4600 3250 9800 6300 1350
1630 6650 5300 13000 9400 1350
1635 9250 7900 17200 13000 1350
1640 12650 11300 21750 17500 1350
1645 16600 * 27500 23000 *

1650 20400 * 34500 29300 *
1655 * * 42300 37500 *
1660 ~ * 52000 45630 *

(8]




Trend analysis of channel surface sediment/debris samples along channel of
Cave Creek between dam pool and Carefree Hwy.

The distribution of channel surface particle size along the channel was examined using simple linear regression.
Data were furnished by Stantech (See Table on following page 5). Mile 24 8 is near the dam. More sophisticated
trend detection methods were not used because the linear regression clearly shows there is no trend of the D90,
D84, D50, D10, mean, maximum and minimum particle sizes (See pages 6-12). Because some viewers of the data
may see a cyclic trend along the channel the components of trend were briefly examined for the D90 particles.

The decomposition of samples along the channel examines trend, cyclic and error components. This analysis is not
precisely appropriate for this reach of Cave Creek but it provides some insight how the samples might seem to vary
along the channel. This analysis is shown on page 13. Nearly all of the error (or variance of sample values) along
the channel is associated with simple sample variance. There is no trend along the channel and there is no cyclic
trend along the channel that can be explained by the model

Thus, a trend of channel surface sediment size was not detected using statistical methods. A trend of material size
may exist but it must be explained with other physical features (variables) such as channel geometry, tributary inflow

and geomorphology



Trend analysis of surface sediment/debris samples.

Table of channel sediment data firnished by S. Gerlach of Stantech

E Right Ch

E Left Ch

D Right

D Left Ch

C Right

C Left Ch

B Right

B Left Ch
Channel A
P-13k

P-12k

P-11k

P-10k

P-9k

P-8k

P-7k

P-6k

P-5k

P-4k

P-3k Right
P-3k Left Side
P-2k

P-1k
Powerline Site
P+1000'
P+2000'
P+3000'
P+4000' Left
P+ 4000’ Right
P+5000' Right
P+5000' Mid.
P+6000'Left n.
P+6000'Right .

D90 (in)
1.548
9.900
4.260
3.504
1 088
3.800
2.050
1.000
14,100
1.900
0.500
1.950
8 400
1.600
4 000
3.000
2900
7.550
10.200
5.200
7.250
0.900
1.050
7.100
7.800
10.500
10.000
5950
12.400
2 800
8.300
2.500
1.300

D84 (in)

1.3180
7.2400
3.5870
2.5100
0.1250
3.0000
1.4790
0.6720
6.0000
1.2510
0.4550
1.0360
5.3575
0.9895
3.5355
2.5000

5.4600
6.0145
8.0500
5.5000
10.0145
1.2740
5.6755
1.2750
1.0000

D50 (in)
0.59100
1.20000
0.89500
0.59100
0.06300
0.50000
0.12500
0.12500
1.50000
0.12500
0.12500
0.12500
0.87500
0.00079
0.37500
0.25000
0.00079
0.25000
0.50000
0.25000
0.75039
0.12500
0.00079
0.18750
1.50000
0.12500
0.25000
0.75000
1.00000
0.25000
0.25000
0.06250
0.03000

D16 (in)

0.252000
0.591000
0.004000
0.066000
0.001000
0.071000
0.062500
0.001000
0.064000
0.062500
0.006000
0.001000
0.062500
0.000787
0.000787
0.062500
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787

D10 (in)

0.0150000
0.0350000
0.0040000
0.0080000
0.0010000
0.0630000
0.0007874
0.0010000
0.0590000
0.0625000
0.0010000
0.0010000
0.0625000
0.0007874
0.0007874
0.0316437
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007874
0.0007374
0.0007874
0.0007874
0.0007874

Mean Siz
0.97758
3.31558
1.87062
1.23019
0.29600
1.98300
1.01300
0.61343
4.18904
1.55200
0.21300
0.53700
2.35024
4.50000
1.52947
1.09905
1.09287
2.64998
3.65814
1.84444
3.92539
0.27963
0.77856
1.77438
2.89016
3.30244
2.75131
3.58148
428141
1.24176
1.99450
1.32319
050355

Max (in)
6.0000
[6.8000
7.8000
43000
2.5000
13.0000
12.0000
5.0000
20.0000
25.0000
1.5000
4.0000
14.0000
0.0008
9.0000
6.5000
11.0000
17.0000
14.0000
15.0000
36.0000
2.0000
11.0000
17.0000
13.0000
25.0000
16.0000
26.0000
23.0000
14.0000
12.0000
12.0000
3.0000

Min (in)

0.007874
0.007874
0.003937
0.007874
0.000787
0.030000
0.000787
0000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.541097
0000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787
0.000787

Dist (mi)
24 845
24 845
24919
24919
25010
25.010
25.233




D90 of surface material along Cave Creek ]
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Regression Analysis

The regression equation is
D90 (in) = - 8.9+ 0.512 Dist

Predictor ~ Coef  Stdev t-ratio p
Constant -8.94 10.71 -083 0411

Dist 05123 03919 131 0201 Cleatty there is o

linear relation

$s=3768 R-sq=52% R-sqadj)=22%  +———

Analysis of Variance

SOURCE DF SS MS E P
Regression | 24.26 2426 1.71 0.201
Error 31 44024 1420

Total 32 46450

Unusual Observations
Obs.  Dist D90 (in) Fit Stdev Fit Residual St.Resid
9 254 14100 4068 0992 10032 2.76R

R denotes an obs. with a large st. resid.



| D84 of surface material along Cave Creek

Y =-80483 + 0 422551X

R-Sguared = 0069

— Regression

\
\ 2k o
!

MTB > Regress 'D84 (in)' 1 'Dist’;
SUBC> Constant.

Regression Analysis

The regression equation is
D84 (in) = - 8.05 + 0.423 Dist

Predictor ~ Coef  Stdev t-ratio P
Constant -8.049 7622 -1.06 0299
Dist 04226 0.2788 1.52 0.140

s =2.681 R-sq=6.9%  R-sq(adj) = 3.9%
Analysts of Variance

SOURCE  DF SS MS F p
Regression 1 16508 16508 230 0.140
Error 31 222.322 7.188

Total 32 239331

Unusual Observations

Obs.  Dist D84 (in) Fit Stdev.Fit Residual St Resid
19 279 9138 3.745 0498 5393 2.05R
29 293 10014 4314 0.721 5:701 2.21R

R denotes an obs. with a large st. resid.



| D50 of surface material along Cave Creek
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Regression Analysis

The regression equation is
D50 (in) = 1.67 - 0.0459 Dist

Predictor ~ Coef  Stdev t-ratio P
Constant 1.670 1.206 138 0176
Dist -0.04592  0.04411  -1.04 0306

s=04242 R-sq=34% R-sg(adj)=0.3%
Analysis of Variance

SOURCE DF §S MS F p
Regression 1  0.1950 0.1950 1.08 0306
Error 31 55775 01799

Total 32 57724

Unusual Observations

Obs.  Dist D50 (in) Fit Stdev Fit Residual St.Resid
9 254 1.5000 05037 01116 0.9963 2.43R
25 28.8 15000 03493 00981 1.1507 2.79R

R denotes an obs. with a large st. resid.



D10 of surface material along Cave Creek

a —

D10 (in)

Q0 —

Y =0 160849 - 5.45E03%

R-Squared =0.201

— Regression

%A

Regression Analysis

The regression equation is
D10 (in) = 0.161 - 0.00549 Dist

Predictor ~ Coef  Stdev t-ratio p
Constant  0.16085 0.05375 299 0.005
Dist -0.005495 0001966 -2.79 0.009

§=001891 R-sq=20.1% R-sg(adj) =17.5%
Analysis of Variance

SOURCE DF SS MS F p
Regression | 00027916 0.0027916 7.81 0.009
Error 31 0.0110828 0.0003575

Total 32 00138744

Unusual Observations

Obs.  Dist D10 (in) Fit Stdev Fit Residual St.Resid

6 250 006300 0002342 0.00555 0.03958 2.19R
S 254 005900 0.02135 000498 0.03765 2.06R
10 260 006250 001774 000410 004476 2.42R
13 267 006250 001416 000349 0.04834 2.60R

R denotes an obs. with a large st. resid.




Mean of surface material along Cave Creek
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Regression Analysis

The regression equation is
Mean Siz =- 1.98 + 0.145 Dist

Predictor ~ Coef  Stdev t-ratio P
Constant  -1.983 3654 -0.54 0591
Dist 0.1450 0.1337 1.08 0286

s=1.285 R-sq=3.7% R-sq(adj) = 0.6%

Analysis of Variance

SOURCE DF SS MS F p

Regression 1 1.944 1944 118 0286

Error 31 51212 1.652

Total 32 53.156

Unusual Observations

Obs. Dist Mean Siz Fit Stdev.Fit Residual St.Resid

9 254 4189 1699 0338 2490 2.01R
14 269 4500 1921 0229 2579 2.04R

R denotes an obs. with a large st. resid.
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| Max. of surface material along Cave Creek

Y =27 6417 + 1 47385X

Max (in)
L

R-Squared = 0092

Regression

5% Cl

Regression Analysis

The regression equation is
Max (in) =-27.6 + 1.47 Dist

Predictor ~ Coef  Stdev t-ratio P

Constant  -27.64 2272 -1.22 0233

Dist 1.4739 08313 1.77 0.086

s=7.993 R-sq=9.2%  R-sg(adj) =6.3%

Analysis of Variance

SOURCE DF S8 MS F p
Regression 1 20084 20084 314 0086
Error 31  1980.58 63.89

Total 32 2181.43

Unusual Observations

Obs.  Dist Max (in) Fit Stdev Fit Residual St Resid
21 281 3600 13.76 1.54 2224  284R

R denotes an obs. with a large st. resid.
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Min. of surface material along Cave Creek

05 —

04 —
03—{

02 —

Min (in)

o1 —

a1

Q0 — .*g_oru‘ 003 0 aqdpo eeedB BT U T

¥ =0.113833 - 3.48E0BX

R Squared =0.004

— Rogression
B%a

Regression Analysis

The regression equation is
Min (in) = 0.114 - 0.00348 Dist

Predictor Coef  Stdev t-ratio p

Constant  0.1138 02707 042 0.677

Dist  -0.003483 0.009904 -0.35 0.727
s=0.09523 R-sq=04% R-sq(adj)=0.0%
Analysis of Varance

SOURCE DF §§ MS F P
Regression 1 0.001122 0001122 0.12 0.727

Error 31 0281137 0.009069
Total 32 0.282259

Unusual Observations
Obs.  Dist Min (in) Fit Stdev Fit Residual St.Resid
14 269 05411 0.0201 00170 05210 5.56R

R denotes an obs. with a large st. resid.
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Decomp of D90 Decomp of D90

Original Dala Detrended Dala
8 o 35 o
30 -
% J 25
20
3 15
| 10 4
05 /
s = T T T T T Ll T T T T T L
a 5 10 1§ n 15 0 ] 0 15 » %
Seasonally Adjusted Data " Seasonally Ad). and Detrended Data
% 4 o
ik " '\A‘M
L3 r.o78 b T T T T T
] 5 w0 ] » 2% [ 5 0 5 B %

Decomp of D90

Seasonal hdices
15 I
] == I l .
t 2 3

5 Percent Varation, by Seascnal Period

3 I . I . l
= = =
1 7 3 Ll H

Source: Minitab Release 10Xtra for
Windows, July 1995, Minitab Inc.

4 5

Series Decomposition Period Index
Data decomp90

Length 25.0000 NMissing 0 1 1.11406
2 0.500661
Trend Line Equation 3 0.547411
4 1.33916
Yt =3.5447 + 0.127085%t 5 1.49871
Seasonal Indices
Accuracy of Model

MAPE: 99.7422 Very large % error
MAD: 2.6741
MSD:  12.7067

The above is mostly for your ammusement:

The above is a decomposition of the D90 surface material along the Cave Creek channel.
Using assumed uniform intervals along the channel, a cyclic trend along the channel might be
apparant to some viewers. Although a decomposition trend analysis is not really appropriate
for this condition, it is performed to give a rough examination of the “wavy” appearance of
D90 down the channel. There is little, if any, improvement in the est. of D90 resulting from
the trend and cycle components as shown in plots in the upper right hand corner of this page.
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Discussion of two USGS gages on Cave Creek above dam.

Runoff characteristics of Cave Creek and nearby watersheds

Runoff characteristics of Cave Creek are analyzed to answer the following:
1. How is the runoff at gages 09512380 and 09512300 related?
2. Can general runoff characteristics for the study reach be reliably estimated?

The following data are for USGS streamflow gages. E=mean basin elevation. P = mean annual

precipitation of basin.

USGS gage Area MeanQ E B
mi’ ft'/s inches feet inches

09512280 Cave Ck  72.8 803 150 4000 18.0

09512300 Cave Ck  121.0 408 070 3470 15.7
09510200 Sycamore 164.0 29.50 2.44 3820 21.2
09508300 Wet Bot 36.4 15.60 582 4810 25.0
09513780 New River 67.3 1400 2.83 3970 20.0
09513860 Skunk 64.9 1.72 036 2180 12.2
09513800 New River 83.3 14.00 2.28 3600 19.5

The following is a regression analysis of runoff for Cave Ck and nearby streams.

The regression equation used is

MeanQ (inches) =4.99 -0.770 P + 0.032 P’

Predictor Coef  Stdev t-ratio p
Constant 4.990 2.896 1.72 0.160
P -0.7698 0.3186 -242 0.073
Psquare 0.031974 0008556  3.74 0.020
$=03861 R-sq=97.0% R-sq(adj)=954%
Analysis of Variance

SOURCE  DF SS MS F p
Regression 2 19.0546 95273 63.93 0.001
Error 4 0592 0.1490

Total 6  19.6508

SOURCE DF SEQSS

B 1 16.9730

Psquare 1 20816

—

This coef. of determination suggests the
relation is very good. Clearly, the relation is
surprisingly good considering that no
adjustment for variable periods of record was
made. For the Cave Creek reach below
Carefree Hwy to the upper limits of the
reservoir, a mean annual discharge of about
4.1 cfs is suggested. The mean annual
precip(P) will not change much between
Carefree Hwy and the upper end of the
reservoir pool.

Also, the linear relation shown on the next page
is pretty good.
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Plot of runoff data showing linear relation between mean annual runoff and mean
basin precipitation. The quadradic relation is not shown but the residual for the
relation are shown below.

7 This simple linear
relation is rather
good and could be
used. The quad.
relation, however,
is a significant
improvement

Y =-5.5247 +0.413548X

RSquared =0.856
7 e Regression
- moEaw %QA]G
-3 —
I I
15 20 5
Quadradic residual vs annual runoff (inches) v
4 -
o L]
v
g o
o
3 0= e = * ¥ =.7.0E02 + 3.10E02X
x ReSquared = 0.031
L]
4 =
L T T T T T T
a 1 2 3 4 5 6
meaniN

Clearly, there is a reliable relation between mean annual runoff, in inches, and mean annual
precipitation of the basins. Thus, runoff characteristics are estimated at the upper end of the
study reach of Cave Creek using streamflow data.
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Discussion of two USGS gages on Cave Creek above dam (cont.)

Duration table of daily mean Q for station 09512300 for May 1958 to Sept.1967.

Q Y% time Q Y% time Q % time Q % time
2080 0.031488 153 0.65605 65 1.40551 24 2.342
1180 0.062716 142 0.68727 60 1.43674 22 2.374
886 0.093943 123 0.71850 54 1.46797 20 2.530
770 0.125171 119 0.74973 52 1.49920 18 2.592
531 0.156399 112 0.78096 50 1.56165 16 2.623
500 0.187627 108 0.81218 49 1.59288 I5 2.748
435 0.218855 107 0.87464 47 1.62411 13 2.904
421 0.250083 104 0.93710 45 1.71779 12 2.936
418 0.281311 101 0.96832 41 1.74902 11 2.998
402 0.312539 100 1.03078 40 1.81148 10 3.123
324 0.343767 97 1.09324 39 1.87393 9 3.154
286 0.374994 95 1.12446 36 1.90516 8 3.279
266 0.406222 92 1.15569 34 1.93639 74 3.342
246 0.437450 80 1.21815 33 1.96762 6 3.498
245 0468678 75 1.24938 31 1.99884 5 3.779
154 0.499906 74 1.28060 30 2.15498 4 3.966
187 0.562362 Al 1.31183 29 2.18621 3 3.997
184 0.593590 70 1.34306 27 2.21744 2 4.154
176 0.624817 67 1.37429 26 2.24867 1 4,550
0 100.000
Comment: Unsure how this
200 flow-duration information can
Flow-duration for 09512300 be used because of the rather
Nean ( May 1958 to Sept. 1967) short record. Also, records do
daily -not include any very large
Qin 4y | ﬂoods. It clearly shows there
ft'/s is flow less than about 5 % of
the time.
0 —LL*
0 o o
%dime

16



Runoff and sediment yield analysis

Area at USGS gage upstream of old dam (09512300) = 121 sq mile.
Area at Cave Creek Dam = 162 sq mile

Change 1n contents of Cave Ck Reservoir for 1923-1958 = 1350 acre-feet of sediment/debris
where 1350 x 43560ft’/acre = 58806000 ft’ and divided by 35 years = 1680171 ft’/vear of

debris into reservoir

Looking at sediment yield another way, 1350 ac-ft/162 mi’ = 8.33 acre-ftmi’ and divided by
35 years = 0.238 acre-ft/mi’/yr. This amount was increased by the CofE (1974) to 0.30
because, according to the CofE, it does not include debris production of the September 1970
flood. Apparently the CofE has capacity survey results that support the greater value

of 0.30 acre-ft/mi*/yr. The larger vield is not used in this analysis.

RUNOFF OF STORMS

Flood volume is generally related to the peak discharge of storms. Data from gaging stations in
Arizona have been plotted by the U. S. Geological Survey and although data are widely
scattered, there is a definite trend between flood volume and peak discharge. Relations for
three groups of gaging stations have been defined. The gaging stations are in northern Arizona,
southern Arizona (Aldridge and Condes, 1970) and in southeastern Arizona (Burkham, 1976).
A forth relation for a single USGS stream gage 09512200 south of Phoenix was developed by
Hjalmarson and Kemna (1991). The relations shown in the Figure on p. 19 are of the form

V = (‘Qpa

where
I = volume of runoff, in acre-feet,
(" = coefficient,
Qp = corresponding peak discharge, in ft'/sec, and
a = exponent.

Mean annual runoff at 09512300 = 4.1ft’/s =2,970 ac-ft (121 mi®). Using the following peak
discharge versus volume of runoff relation for average sites in Arizona

v=0.021Q,"*"

where V = storm flood runoff, in ac-ft and Q, = peak discharge of flood.

17



The prior relation is used to initally estimate the runoff volume of the 2 to 100-year floods as
shown in the Table below (See 4th column for estimated storm volumes-note however that
values in column 4 are for the final computation). The integration of the flow duration curve
(discussed below) results in the constants (Kg;, column 5) when multiplied by the storm
volume and totaled are equal to the estimated mean annual runoff (Column 6). The estimated
mean annual runoff is 286 ac-ft versus the gaged amount of 2,970 ac-ft. Thus, the constant
0.021 was changed to 0.145 and the final estimates are shown in columns 4 and 7. The sum of
the values in column 7 is equal to the mean annual runoff at USGS gage 09512300 (Area =

121 mi®).

Recurrence Peak Q Q' Storm Vol.  Constants from Annual Q for Annual Q for
Interval (yrs) (f'/s) 145Q"”  integration K=021 (Use K= 145 (Use total) g
(ac-ft) Kri total) (ac-ft) (ac-ft)

2 1780 8507 12344 0.4000 71.456 493.77

5 4580 26668 38699 0.2000 112.005 773.98

10 7360 47321 6867.0 0.0800 79.500 54936

25 12000 85454 12400.6 0.0400 71.781 496.02

50 16400 124665 18090.8 0.0155 40.579 280.41

100 21500 172949 25097 4 0.0150 54.479 376.46

TOTAL 429.800 2970.00

pas T

R, T S T T T 4 ROy TN A by P rep

*First estimate from USGS regional relations. ** Adjusted based on gaged mean runoff at 09512300.

The flow duration curve was developed and integrated to compute the mean annual runoff as
follows:

Opeen = [ Q0P

where P is the probability of the flood volume = 1/¢
where Qr = storm volume at recurrence interval t, in years. Note: Qt 1s same as
V on previous page except Qt is for a specific recurrence interval.
Using storm volumes for the 2-, 5-, 10, 25-, 50-, and 100-year floods the mean annual runof¥ is:

Qmean = 0.015Q,,, + 0.0155Q,, + 0.04Q, + 0.08Q,,+ 0.2Q; + 0.4Q,

And the results for Cave Ck gage 09512300 are given in the above table. The flow duration
curve (runoff frequency curve ) was next used to estimate the sediment yield for storms.
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A convenient method of estimating the magnitude and frequency of flood peaks on gaged and
ungaged watersheds in the arid southwestern United States is the USGS regional method
developed by Thomas, Hjalmarson and Waltemeyer (1994). This method is used by many state
agencies in the western United States and is recommended for flood plain management levels 1
and 2 of the recent Arizona State Standards Work Group (See Arizona State Standard 2-96).
The 2-year to 100-year peak discharges were computed using this method and the values in
column 2 of the prior table are from U. S. Geological Survey WRI 98-4225. The computed
relation, as discussed of the previous page, follows:

V=0145Q,"*"
This relation was checked using gaged peak discharge and runoff data for gage 09512300.

These results and similar data for Indian Bend Wash, the adjoining watershed to the east, are
shown in the following relation.

-
5
EXALANATION
4= = Meendf tree AZrddios
“E ___ CaweCk&IrdanBad\Wesh
g | ® USGSINDANBENDWASH z
3 |.B. Vitzsh Cotoberss, 1963
E_ USGS CAVE CK 09512300
8 27 w2
e e -
g 1 . HS?%SSan’%? (;9;;]2200
1]
B 0
g _
SQUTHERN AZgE
2 7
[ I I I T |
-1 0 1 2 3 4 5
Log of starmpesk discherge, incfs

Plot of peak discharge and runoff volume for storms in Aizona

The above relation clearly suggests that storm runoff amounts in the Cave Creek area are
greater than in much of AZ.
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SEDIMENT YIELD OF STORMS.

Average annual sediment yield for 1923-1958 is 0.24 ac-ft based on the capacity relations for
Cave Ck Dam. Most of the sediment yield typically is from slope wash or sheetflow ( the wash
load from watershed hillslopes). Gully erosion and mass movement typically is a small portion
of the total load but this may not be the situation at Cave Ck. There is some evidence of
headcutting along Cave Creek and major tributaries. Thus, major storms may have both
headcut and remobilized deposited debris along channels during the period 1923-58,
According to the Corps of Engineers (1974), however, great amounts of coarse material were
transported to Cave Creek Reservoir during a large flood in 1970. This technique ignores this
potential “debris type™ flow and assumes sediment debris is proportional to the volume of
storm runoff. The mean annual sediment yield is apportioned to the 2-year to 100-year storms
by differentiating the flow-duration relation as previously described. This sediment load is
assumed directly proportional to the amount of storm runoff (See Mabbutt (1977, p. 66) for a
linear relation between runoff and sediment yield for a site in Israel). For storms, sediment
yield from watershed hillslopes is assumed directly proportional to the amount of runoff,

Sediment yield for storms is shown in the following table. The first four columns are from the
previous table. Column 3 is the volume for the 2- 100-year floods. Column 5 is the apportioned
sediment yield using column 4. The resulting storm sediment yield for gage 09512300 (121
mi2) is in column 6. The unit yield for storms for the study reach is given in column 7.

Recurrence Peak Q Vol at 09512300 Annual Q Annual Sediment  Storm Sediment  Storm

Interval (Rs) . 145Q"" Use Total Only Yield (total only)  yield at 09512300 Sediment Yield
(yrs) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft/mi”)

2 1780 1230 493.77 4 8280 12.070 0.09975

3 4580 3870 773.98 7.5678 37.839 0.31272

10 7360 6867 549 36 53713 67.144 0.55491

25 12000 12400 496.02 4.8500 121.250 1.00207

50 16400 18090 28041 2.7418 176.888 146188

100 21500 25100 376.46 3.6810 245397 2.02807

TOTAL 2970.00 29.0400
Ty e eepm—

The above estimates of sediment yield for storms are based on the measured mean annual
sediment yield at Cave Ck. Reservior and USGS streamflow data for Cave Ck and other
streams in Arizona. The sediment yield for Cave Ck Dam is shown on the following figure.
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Measurements of annual sediment yield in arid southwest U. S.

Photograph looking upstream at Cave Ck channel in 1989 (by Hjalmarson for FCDMC n-value
study). The dashes denote the cross section for the n-value study. Some of the variation of
surface particle size discussed previously is related to the changes in channel geometry along the
channel. For example, channel width is highlighted here. The recent history of floods also will
impact the surface particle size because small floods will deposite debris in wide areas and large
floods will tend to remobilize the deposited debris.
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Figures from USGS WRI 98-4040 of Cave Creek channel showing effects of remobilization of channel material by
flow of January 8, 1993. This temporary storage of “yielded  sediment from smaller flows suggests that the
sediment yield of storms may not be directly proportional to storm runoff as assumed in this analysis.

Figure 12. View from New River Hoad crossing looking upstream belore the flow of
January 8, 1983, Cave Creek above New River Road (site 7).

Figure 73. View from New River Road crossing locking upstraam after the fiow of January 8,
1893, Cave Cragk above MNew River Road (site 7). Road crossing was washed out as a result
of significant bedioad transpert during the flow.
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Photographs of Cave Creek showing channel material. The first photo is from USGS Professional Paper 1584 and
is of the main channel of Cave Ck below Cave Buttes Dam. Note the channel material is coarse. Finer material has
been deposited in the reservoir upstream. The second photograph is of the main channel of Cave Ck at Carefree
Highway shown on p. 21. Note the sand and silt partially covering the rounded cobbles and small boulders. A
recent small flow that left the fine sediment.

Figure 76, Wigw it wp of reach ionking cownstiaam, Cave Crask sbeve Deer Valley
Road. Hod indicates water-surfzcs elevation fer i ok fow of Jasumiey 5 1995,
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SUMMARY

This analysis is based on USGS and SRP basic hydrologic data for Cave Ck and surrounding
sites. No adjustment for any nonstationarity of runoff and sediment yield was made. Also, no
factors of safety are included for design. This analysis is rather simple and straightforward and
is based on basic hydrologic data for the area. An error was found in the area for 0952280. The
correct area is 72.8 mi° and not 82.7 mi’. This analysis was redone to include this correction.

Capacity relations for Cave Creek Dam

Relation were obtained from SRP and the change in contents for 1923-58 associated with
deposited sediment/debris is considered reliable. The data for the adjustment of the computed
yield from 0.24 to 0.30 ac-ft/mi’ by the CofE were not found. Although not discussed in this
report, sediment yield methods show that lower yields are likely. Thus, a yield of

0.24 ac-fumi’ is suggested.

Trend analysis of surface sediment/debris samples

No trend of the sampled channel surface material was found and none was expected based on
the large variation of channel geometry along the reach. Inclusion of other physical parameters
in a trend analysis may give different results.

The purpose of the surface samples is unclear and the technique of collecting the samples is
concerning. Surface material is easily altered by wind movement of finer sediment. Also,
small floods deposit fine material along major channels as shown in the bottom figure on the
prior page. Larger flood remobilize channel material deposited by smaller floods as shown by
the two photos on p. 22. There probably is armoring along the Cave Ck channel and much of
the armoring 1s covered by finer sediment except shortly after major floods. Thus, it is unclear
what the surface samples represent.

Discussion of two USGS gages on Cave Creek above dam

General runoff (page 15) appears to agree with runoff at other gages in the area. This general
agreement between runoft of the two Cave Ck gages and the surrounding gages is important
because the data for Cave Ck appears to represent runoff conditions in both time and space.
There are no obvious time sampling problems with the Cave Ck sites or between the Cave Ck
sites and the surrounding sites. This evaluation is rather gross but the data suggest there are no
serious problems. Suggest the annual and storm runoff for gage 09512300 be used for the
study reach. If considered necessary, a simple linear adjustment based on changes in drainage
area might be made.
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Sediment vield and runoff from storms

Runoff and sediment yield was estimated for the 2- to 100-year storms. The amount of these
estimates is proportional to the mean annual runoff at gage 09512300 and the mean annual
sediment yield at Cave Ck dam for 1923-1958 (See “Capacity...” ). An assumption, based on
records of streamflow for Cave Ck and the general area, is made that sediment deposited
behind Cave Ck Dam was mostly from watershed hillslopes. In other words, little sediment
from headcutting and channel erosion is assumed. With the absence of a major flood during
1923-58 this estimate seems reasonable especially in light of the CofE adjustment of the 0.24
ac-ft/year value. The Cof E made the adjustment for the 25-year flood of 12/19/67 and
increased the sediment rate to 0.3 ac-ft/yr. Thus, storm values can be adjusted if this value or
other annual values of mean runoff and sediment yield are used.

A likely weakness in the estimate of storm sediment/debris yield is the actual sediment yield is
not directly proportional to storm runoff. A greater portion of the sediment/debris may be
transported by the less frequent larger floods that by the smaller floods. Any non-linear relation
between storm runoff and sediment yield ( such as yield that is related to stream power ) can be
included in this analysis as briefly discussed later.

Perhaps the following will shed light on the analysis. First, refer to table on p. 20 that shows
the volume of runoff for the 100-year flood (column 3) and the corresponding volume of
sediment (column 6). These are for gage 09512300 with an area of 121 sq. mi. It is important
to note that the sediment concentration is a constant 15,900 mil/liter for each storm using a
porosity of 0.4 for the sediment (the weight of a cubic foot of the “dump truck™ sediment is
about 100 pounds). Any valid relation between concentration and discharge or stage may be
used but for ephemeral streams such relations typically are poorly defined. Because there are
no known reliable sediment ratings for Cave Ck, the simple assumption was made that average
sediment concentration for the Q2-Q100 year storms is constant. Keeping in mind, however,
that this is only for the wash load or sediment from hillslopes.

Sediment Yield Estimates: Sediment yield from sheetflow, the wash load typically from watershed
hillslopes, are estimated for the average year. The RUSLE (1995) and Flaxman bulk parameter models
are used with results compared to the measured sediment in Cave Creek Dam. As discussed previously,
this wash load component of total sediment load is assumed directly proportional to the amount of storm
runoff. The 1972 Flaxman and RUSLE models do not account for the general drcrease in the per unit
sediment yield as watershed size increases. Also, these models generally are for smaller areas. The
following results demonstrate why the measured sediment yield of 0.24 was used.

Flaxman: Estimated total average annual sediment yield for the Dam and gage 09512300 is shown in
the Figure below. Flaxman (1972) gave 0.34 ac-f/mi’ for the Dam and a range of .25 1o .45 at the gage.
These values agree with the 0.24 and 0.30 values discussed previously. The 1974 Flaxman method gave
much lower estimates of 0.04 and 0.05 ac-ft/mi’ for the Dam and gage, respectively. For small areas the
Flaxman (1974) method gave about 0.1 ac-fymi” This wide difference between the two methods is
disturbing and the cause is unknown other than the fact that the drainage areas used for Cave Ck exceed
those of Flaxman.
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RUSLE: The revised universal soil loss equation (RUSLE) was used to estimate mean annual soil loss
from hillslopes. The equation is: A = RKLSCP where A =average annual soil loss from sheet and rill
erosion caused by overland flow, R =factor for climatic erosivity, K = factor for soil erodibility
measured under standard condition, L = factor for slope length, S =factor for slope steepness, C =
factor for cover (trees, grasses and cryptogamic crusts), and

P = factor for support practices.

These factors were determined mostly by the use of secondary information such as aerial photographs,
soil survey reports and maps, topographic maps, and the RUSLE user guide. Estimates of the percent
canopy and ground cover, slope lengths, and slope steepness generally were made by past field
inspections and use of aerial photographs and topographic maps. An R factor of 40 was selected using
the RUSLE user guide. Values of K and annual site production of vegetation, used for factor C, were
determined from the NRCS soil survey by Camp (1986). Typical values are R =40, K=0.1, LS =1.5
t02,C=0.05t00.073 and P = 1. A sediment porosity of 0.4 (100 lbs/ft3) was used to convert the
computed soil loss from tons to ac-ft. The results of the computations are shown below.

Summary: The wide scatter of estimated sediment yield shown below is the reason the measured value
of 0.24 ac-ft/year was used. This amount may be high because some sediment from channel erosion and
headcutting may be included. The RUSLE method gives about 0.15 ac-ft/mi’ that can be considered a
minimum. RUSLE is the most recent method by the USDA for estimating sediment yield.

Additional comments are given on the next page.

GAGE DAM

045 — %
— Flaxman (1972)
é 0.40 —
£ 035 — % Flaxman (1972) %
§ 0.30 — oip @
e 025 — % CofE
® & Hjalmars ®
(0] X jalmarson
~ 0.20 —
= 015 —| . RUSLE
> X RUSLE ¥
-g 010 4 ©

Flaxman (1974)

D 005 — © Flaxman (1974) O

000 = ! | T T

120 130 140 150 160

Area drained (sq. mi)

26



The Cof E adjusted sed yield of 0.30 is used in this simple example. For simplicity, the
difference in the annual yields of .24 and .30 is assumed to result only from the 100-year flood.
Thus, the total for column 5 is 0.30(121) = 36.3 and the difference (36.3-29.04) is added to the
100-year component. Thus, in column 5 for RI=100 years, the value is 3.68 +(36.3-29.04) =
10.94. The corresponding sediment yields for the 2-year to 50-year storms remain the same
(column 6) but the sed. yield for the 100-year storm increased from 245 to 729 ac-ft.

You probably have noted that values of storm runoff in the table on p. 18 are based on the
USGS flood freq. values and the mean Q on p. 14. Because the runoff for the Cave Ck gages
(Table on p. 14 and Fig. on p. 15) is in agreement with the general runoff relation for the area, I
felt we are justified in using the mean values for station 09512300. Thus, the values in Table
18 are justified. Lets be frank, we can easily include another mean Q but it might be hokus
pokus. The storm sed. values in the table on p. 20 and the table below below are based on the
storm runoff and the sed. yields on 0.24 and 0.30.

This entire analysis is tied together and any valid relation between sediment
vield/discharge/concentration and storm runoff/discharge/stage can be included. Sediment
concentration commonly increases with increasing storm discharge. For ephemeral streams,
however, the concentration scatters greatly and can be as much for low discharges as for high
discharges. Some Arizona streams with a large number of suspended sediment samples have
no defined relation between water discharge and sediment concentration.

Bed matenal can be computed using transport capacity computations and added to the wash
load. The wash load is considered to be between 0.15 and 0.24 ac-fmi’ at Cave Ck Dam
(162 mi®).

Two floodsappear to have a large amound of bed load from channel erosion. These were the
approx. 25-yr flood on Sept. 19, 1967 and the approx. 40-year flood on Jan. 8, 1993. The Cof
E reported sediment from the 1967 flood and the USGS documented a large amount of
sediment removal by the 1993 flood as shown on p. 22. Results of bed material estimates for
these floods and possibly a couple of other smaller floods may be interesting.

Recurrence Peak Q Vol at 09512300 Annual Q Annual Sediment  Storm Sediment  Storm
Interval ) . 145Q4% Use Total Only Yield (total only)  vield at 09512300 Sediment Yield [§
(vrs) (ac-ft) (ac-ft) (ac-fi) (ac-ft) (ac-ft/mi’) .[F
2 1780 12344 493.77 4.8280 12.070 0.09975 :[
:) 4580 38699 773.98 7.5678 37.839 031272 ?
10 7360  6867.0 549 36 53715 67.144 0.55491 :
25 12000 124006 496.02 4.8500 121.250 1.00207 |[r
50 16400 18090.8 280.41 27418 176.888 1.46188 E
100 21500 250974 376.46 10.9400 729.333 6.02755 E

2970.00 36.3000 g
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MUSIC SELECTIONS

Cave Buttes Dam

Cave Buttes Damas the second ol four dams o be
built as elements of a flood contial guoject known as
“I'hocenix, Arizona, and Vicinaty tincluding Plew River )™
s designed o provide tlood protechon (o the Phoenix
mettopolitan area by controthng floodwater How Tom
a 191 square mile drainage area in the Liogest amounts
that hydiologists feel can reasonably e expedted, up
10 42,200 acre fect of water flowing to the reservoir al
a peak rate of 54,000 cubic feet per second. This water
will then pass through an uogated oatlet in the dam
at a conttolled rate not exceeding 486 cubic feet per
second. AL this rate it will talie 48 days o cmply the
reservoir atter such a major llood.

Cave Buttes Dam is located on Cave Creek abowa 17
miles north of downtown Phoenis and seven-tenths of
a mile downstream of the existing Cave Creek Daim. The
project consists of the main dam steucbure, a detached
spillway, three dikes, and an overlook stiuctiore. The
dam is a rolled canthfidl straciune 2,275 fecet long, rising
109 feet above stecambed. 1y 20 fect wode al the wop
and contains 2,526,000 cubnc yards ol earth.

The rescrvoir aea behiod the dam s LB20 acies,
wilh o capacity of 46,600 acre Teat AL nighits- of way,
relocations and relocabion assistance to home owners
was accomphshed by the Hood Control Dastoc

No permanent pool of water will he eetamed o the
reservoir Instead the dam and reseovoin are designed o
trap Hocdwater and store it only for as long as it takes
Lo release b slowly and salely downstieam: Reseovaonr
capacity thus is restored to handle o futare Hood. The
spillway s 510 feet wide at the ceest o and s located

ot T et % 0e 8o P 0% % %o % o o e %o 4% s¥e s 4% o o o0 1% 6% s%a oo o¥a a5 % ohs o
gr S ole oZu e g oo atedls fn odu o0 oo ale ol ot st wle e e o oln efe ogu oS o0 wlu ln e o0 oS0 ele e ol

o a2 oo o o %0 %0 4" .
B T T S L (2882

2,000 feet west of the west abutment of the dam. Con-
sttaction was completed in Odober 1979 The stiuclures
will be operated and maintained by the flood Control
District of Maricopa County.

PROJECT FEATURES

lype ol Structure : i s Earthifit]
Length 3 o 2,275 leel
Hleight . 109 feet
Lop Wadth . ) 20 feet

2,526,000 cubic yards

46,600 acre feet

1,820 Acres

191 square miles

2,000 feet west of west abutment
510 feet (at crest)

Volume of Tarth Used
Rescivoir Capacily
Rueservoir Area
Drainage Area
Spillway location
Spitlway Width

Dikes: Material Earth
Number 1 935 feel long x 39 [eet high
Number 2 9,000 fect long x 55 feet high
Number 3 3,245 feet long x 10 feet high

Costs: Federal Cast $£9,418,840
flood Control District  $5,097,772

Designer: Corps of Fngineers
Los Angeles District, United States Army

Contractor: Washington Construction Company
Missoula, Montana

2o ls sisledlads el o oo ofe feale slocteleafenle o luateuaie alunls

CAVE CREEK DAM

Hhe esisting Cave Creeh Dame swas baillt Jacally in
1920 as o Hood contiol stiuctace alter the 1920 floods
which swept down Cove Coeek, tlnoughe the Cay ol
Plhocnrs, andd Hooded b State ©apatal baaldg, Since
1924 ncieased developent o the aea, coupled with
new hoenadedpe of the Dood potential ol Cave Creck,
las estabhished that the exasiog dam cannol provide
the necessary depgrec ol Hood peoleaion.

Cave Creek Damowas joitly hianced by contehu
tions of several pubilic and privite agencies and private
individuals that totabled $5%56,982 49 Size of the st
ture was lionated by this amount B has seoved Phiocinx
andd the tnmiediate west Valley well for 51 yoears Apen
cies contiibuting to the fund for old Cave Creel Dam
were the State of Anzona, Macopa County, the Ciiy

ol Plocenis, the Salt River Valley Water User’s Associa-
ton, Standard Oil Company, Union Oil Company, Sanla
e Radioad Company, Greenwood Cemetery and Ari-
song fastern Raibway (now the Southern Pacific).

Although the old Cave Creek Dam s in the new
Cave Buttes reservonr area, and will be wemporarily in-
undated o the event of a major flood, it will be lef in
place because ol ity historic value. The dam has been
nominated lorindlusion in the National Register of 1is-
tone Maces Also withun the reservoir area are indica-
trons of the anowent Hohokam Indian culture. The Corps
ol tngineers has cardied out a carelul archeological
stady of the arca and escavated 11 sites 1o prescrve
their contents for future study.
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(3] Failure was assumed to occur after the dam had been overtopped for
ximately 7.75 hours, or oné time period prior to the point at which flow over the dam
appro ¢ this point, storage behind the dam was 12,470 acre-feet and the waier surface

LA .
f::ef:jz et above the bottom of the dam. Plate 61 shows the outflow hydrogragh from the

breached dam.

- Routing of the outflow hydrograph was accomplished using the Muskingum
roununc tecnnique. The Muskingum X" value was set at zero which approximates s
reservair type routing. The stream channel used in ficod reuting from Cave Creek Dam :o
the Arizana Canal was deepened and widenec from the present condition cross sectianal
cnape 1o account for the effects of the 8-hour overtopping of the 500-year flood preceeding
-ne cam faiiure. From the Arizona canal_to the Salt River the cross-sectional shape of Cave
Creek was assumed to remain unchanged by flood flows which occurrea orior to the passage
~# the dam failure flood hydrograph. The presence of large amounts of impervious cover in
~onjunction with the fact that no defined channel exists provided the basis for tne
sssumption that no significant change in channe! cross sectional shape cccurs in this reach.
—ne 50C-vear flood values along Cave Creek, cresentec in table 12, were determined by the
czm ‘ziure analysis outlinea above.

V1Y — SEDIMENT PRODLCTION

The rate of sediment producticn i~ the study area was sstablismed ‘rom
~inazion of sediment depcsited in Cave Creek Dam during a 47-year period (1823 ¢
1970). The sediment production rate was found te be 0.24 acre-feet per sguare mile ner
r. mowever, since the survey made in 1870 coes not inciude debris procuced during the
temper 1270 fiood, the sediment procucticn rate was increased to 0.3C acre-feet per
Suar2 mile per year to compute sediment sicrage aiicwances at damsites. Thne 100-vaar
N

seciment oreduction for the proposed damsites s oresented in table *4.

L —a
-
O w

-

Wit — ADEQUACY CF DESIGN FLCCDS AND SEDIMENT STCORAC

(S

STANDARD PROJECT FLOCD. The stancarg project flood, as deveicoed,is of a
nizLce that would be axceecec oniy on rzra cccasions. Because of the .ack of icna erm
mflow records, the adequacy cf standarc croject ficod is best determinec from =
mCoarison with an enveleping curve of peak cischarges snown in plate 62 anc tabie 5. The
carc oroject floocs generated &t the damsiias north of Phoenix are grzazer Tran the
nveicoing curve of cbserved peak flows .~ the region. Standard project fiooc peak
Jiscrarges @r2 On the crder of 40 percent of the PMF pezk cischarges, which is reasenable far
“hoenix and vicinity streams. SPF peak estimaztes reflect a recurrence interval of frem 200
=00 years in this regicn.
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8-02. PROBABLE MAXIMUM FLCOD. The adequacy of probable maximum flood for
the damsites is _best indicated by the sever'ty cf the various hydroiogic factors (storm
Tiagrtuce, pracipitation-intensity pattern, anc !oss ratél on which the flood estimate is
oasec. The occurrence cf any of these factors in the severity zssumed would be infrequent,
end coviously a flood resuiting from the compination of ail of these conditions wouid be
very severe. An indication of the adequacy of orcbabie maximum flood peak discharges is
shewr by the relatively high plotting positians on the snveicping curves of peak discharges
shown on plate 62,

8-'?3. SEDIMENT STORAGE. The 10C-year sediment storage, as developed, is
‘-~f55;"3!3’e -’?" the proposed damsites in that the 0.3 acre-feot per square miie per year value
~@s cerived from a reservoir in the immediate study area.

29
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TABLE 14

100-Year Sediment Production at Damsites

Drainage Area 100-Year Sediment Production
Dams {sg. mi.} (ac. - ft.)
Cave Buttes Dam 185 5900
Adobe Dam 75.6 2300
New River Dam 164 4900
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+ Creek is the prominent stream, with Apache Wash and Rowler Wash being the
I >~ ... tributaries. Cave Creek flows generally in a southwesterly direction from its
e proposed damsite, a distance of approximarely 25 miles.

Project Formulation

The prOPOSEd Cave Buttes Dam is an integral unit of the flood control plan
£ 7 ulated and recommended in the phase I design memorandum. During project
B tormulation, several alternarive damsites were evaluated prior to the selection of the
{mgmmcnded site, 1.2 miles upstream of the project-document damsite.

g

i 1.07 Water-oriented recreation was also considered during phase I studies. Retention of a
recreation lake behind the dam was found to be feasible and economically justified but local
interests were unable to financially support the plan. A dry-land recreation concept was
then developed and ultimately recommended. The construction of recreation facilities,
however, is not programmed until the 1980’s to be consonant with local planning.

1.08 The recommendations presented in the phase I design memorandum relative to Cave
Burtes Dam were reviewed and the canclusions were reaffirmed. Cave Buttes Dam will be
constructed at the site recommended in the phase I design memorandum.

Existing Cave Creek Dam
LOCATION

1.09 The existing Cave Creek Dam is located about 19 miles north of downtown Phoenix
at the confluence of Apache Wash and Cave Creek. The dam controls runoff from a drainage
area of abous 175 square miles.

HISTORY

1.10 In August, 1921, a major flood occurred along the overflow area of Cave Creek and
did a considerable amount of damage to properties in the City of Phoenix. As a result, local
interests took immediate steps for prevention of a recurrence of such flooding. Construction
of the dam was initiated in early 1922 and was completed in March 1923 at a cost of
$556,000. The project was financed through a joint effort of the State of Arizona, Maricopa
County, City of Phoenix and other local groups. The dam is located on public domain land.

DESCRIPTION

1.11 The existing dam is a reinforced-concrete structure with 38 arches and supporting
buttresses spaced about 44 feet apart (see pl. 4). The crest of the dam is ac elevation
1,642.0. The length is 1,692 feet with a, maximum height of 32 feet above the existing
ground surface at the downstream toe. The dam, as constructed, had a reservoir capacity of

1-3




e N e P A o8 e

B P G R
Yoo ot e sy el e .

14,000 acre-feet at elevation 1,642.0. In April 1970, an aerial survey of the entire reser
area was made. Based on the survey, the reservoir area was computed to be 830 surface a
with a corresponding reservoir capacity at elevation 1,642,0 of 12,400 acre-feet.

1.12 A detached unlined spillway is located in a natural saddle about 4,800 feet east
the left abutment of the existing dam. The spillway is irregular in cross section with 1
lowest point at elevation 1,637.6. The width at elevation 1,640 is about 860 feec. It
believed that no floodwater detained by rhe Cave Creek Dam ever reached chis spillw
elevation and discharged through the spillway.

1.13 The outler works of the existing dam consisted of three 4-by 4-foot openings, o1
ungated and two gated. The gated openings have been plugged with concrete. With t}
invert elevation atr 1,580.6, the discharge through the remaining opening is estimated at 3
cts (reservoir water surface at elevation 1,642). Downstream of the openings is

rectangular-concrete channel about 80 feet long with wall heights of 8 feer and 2 width ¢
20 feet.

1.14  According to the latest hydrological analysis, it is concluded that che reservoi
capacity behind the existing Cave Creek Dam could control floods having a frequency o
occurrence of about 25 years. With the anticipated accumulation of an additional 3,700
acre-feet of sediment behind the dam over the next 100 years, the remaining capacity for
flood control would be about 6,700 acre-feer. The effect of the existing dam on the
proposed dam was analyzed in the phase I design memorandum.

1.15 [Investigations relative to the safety of the existing concrete structure vielded the
following information:

(a) Subsurface explorations by diamond core drilling in 1972 revealed that the
bedrock underlying the existing Cave Creek Dam was both soft and hard tuffaceous
agglomerate and schist. Foundation material underlying the buttresses and arches in the
middle portion of the dam (arches 10 to 31) consist of a partially cemented gravel and
weakly cemented tuffaceous agglomerate both of which are very erodible. These marerials
are overlain by streambed alluvium consisting of sand, gravel, cobbles and boulders. A
detailed description of the explorations is presented in appendix 1.

{b) Overtopping of the dam which, according to studies, could accur during floods
bearing occurrence frequencies exceeding approximately 25 years, would start the erosion
process provided there is no stilling pool berween the dam and the proposed Cave Buttes
Dam. The best judgement is that 2 sustained overpour or accumulative periods of averpour
could result in sufficient erosion of the bedrock from beneath the buttresses and arches to
seriously weaken the foundation of the dam. Further, structural analysis indicaces that the
structure would be overstressed if the water surface should reach the dam crest. Under such
a loading condition, severe damage to the upper part of the dam could result. Therefore, it is
probable that some mode of failure of the Cave Creek Dam could occur during the life of
the proposed Cave Burtes Dam.

1-4
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