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SECTION 5: HYDRAULIC ANALYSIS
5.1 Method description

Sweat Canyon Wash is located in north central Maricopa County, Arizona. The total
watershed encompasses approximately 15.5 square miles and generally flows in a
south/southwesterly direction. The floodplain delineation covers Sections 19, 20, 29, 30, 31, and
32 of Township 7 North, Range 2 East, Sections 5, 6, 7, 8, 18, and 19 of Township 6 North,
Range 2 East, and Section 24 of Township 6 North, Range 1 East as shown on 1:24000 scale
Biscuit Flat and New River Quadrangle maps. A portion of the Sweat Canyon Wash was
delineated as part of the New River From New River Dam to Rock Springs Maricopa County,
Arizona Flood Insurance Study (FIS) prepared in 1987. Approximately three and a half miles of
the Sweat Canyon Wash were delineated upstream of the confluence with New River. The Sweat
Canyon Wash Flood Insurance Study incorporates thirteen additional miles of study area.

The lower reach of Sweat Canyon Wash has an average slope of 0.005 ft/ft increasing to
0.013 ft/ft in the upper reaches. The wash bottoms are gravely to cobbly with sparse vegetation.
The embankments contain medium to thick amounts of vegetation, especially in months of
substantial precipitation as was the condition in the spring of 1998. The vegetation is typical
Sonoran Desert, lush with creosote bush, saguaro, cholla, prickly pear cactus, palo verde and
mesquite trees, and native grasses. Much of the watershed has been used for rangetand. The
degree of stream meandering was determined to be minor to negligible for most of the study area
and ar adjustment factor of 1.0 was applied. Several portions of the reaches had appreciable
meandering and an adjustment factor of 1.5 was used.

The floodplain analysis was modeled as a subcritical flow regime. The resulting water
surface elevations revealed that approximately 25% of the cross sections defaulted to critical
depth. Most of the cross sections that defaulted were 1solated, showing some instability in flow.
Cross sections were added in an attempt to stabilize the model. In most cases, the model
continued to default to critical, showing that a hydraulic drop and subsequent jump occurs. Of
the cross-sections that defaulted to critical, approximately 63% have Froude Numbers ranging
from 0.8 to 1, indicating critical or supercritical flow.

The HEC-RAS (River System Analysis System), Version 2.2, dated Septemeber 1998, by
Haested Methods was used to develop the Water Surface Profile for Sweat Canyon Wash
Topographic Mapping and Floodplain Delineation Study. The starting water surface elevation
was selected from the existing Flood Insurance Study (New River Floodplain Delineation, from
New River Dam Reservoir to Rock Springs, Coe & Van Loo, 1988). The first three (3) cross-
sections (3.873-4.129) of this study were taken from the New River Floodplain Delineation Study
(Ref. 3). The starting water surface elevation for the study was selected as 1703.84' MSL at
cross-section 3.873. However, the HEC-RAS program defaulted to critical giving a starting
water surface elevation of 1704.11" MSL. This cross-section is beyond the mapping limits and is
not shown on the Work Study Maps. The 100-year, 24-hour storm for this study produces a
discharge of 13,677 cfs, which is greater than that (12,400 cfs) used for the New River Floodplain
Delineation Study. However, the use of the new 100-year, 24-hour discharge from this study
results in insignificant increases (less than 0.5") of computed water surface elevation at cross-
section 4.019-4.129. Additionally, the differences in floodplain widths for the same cross-sections

were also determined to be less than 10% of the effective FIRM map scale of 1"=1000". Starting
s\admimari0029\reports\ma29_tdn.doc 1




water surface elevations for tributary washes were based on the normal depth method as directed
_ by FEMA.
. Representative 100 year 24 hour storm discharges at key locations within the study area are
listed in Table 5.1.1.

Peak 100 year-24 hour Discharges

Table S.1.1
-section'to X-section - 100 yrs 24 he (€FS)
3.878 10 4.019 12,400 10.371 10 10.465 3,977
4.129 to 4.867 13,677 10.560 to 10.623 3,574
5134 10 6.590 _ 7.174 0.018 to 1.231 (Doe Peak) 7,335
6.684 to 7.442 6,481 1.343 to 2.734 (Doe Peak) 5,677
7.554 10 7.631 6,035 2.859t03.707 (DoePeak) | =~ 3,715
7.726 to 8.105 5,718 3.804 to 4.138 {Doe Peak) 3,719
8.200 to 8.926 - 5,811 4,185 to 4.696 (Doe Peak) 1,392
9.010 to 9.518 5,396 0.102 to 0.984 (South Fork) 1,890
9613 to 9.992 5.172 1.040 (South Fork) 1,639
10.087 t0 10.276 4,375 0.094 to 0.661 (East Fork) - 1,458
. 5.2 Work study maps

This flood insurance study includes topographic mapping and floodplain delineation of the
Sweat Canyon Wash and its main tributary, Doe Peak Wash. Two additional tributaries, South
Fork Doe Peak Wash and East Fork Doe Peak Wash, collect flood waters from the contributing
drainage area and confluence with the Doe Peak Wash. The 100 year 24 hour discharges from
South Fork Doe Peak Wash is approximately 2,000 cfs, while East Fork Doe Peak Wash
contributes approximately 1,500 cfs to the main stream of Doe Peak Wash. A general overview
map of the study area (Figure 6) is shown on the following page.

Figure 7 (Sheets 1 through 12) shows the location of the cross-sections, floodplain/floodway
boundaries, and the computed water surface elevations for the Sweat Canyon Wash Topographic
Mapping and Floodplain Delineation Study. The fuill size (24" X 36") work study maps are
located i the map pockets of this notebook.

s:\adm\mariQ029\reportsima2?_tdn.doc 2
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5.3 Parameter estimation

. 5.3.1 Roughness CoefTicients

Manning’s equation, also kniown as the slope-area computation, is a method of
determining the depth of flow for open channel flow. The equation relates the area of flow,
wetted perimeter, slope, and roughness coefficient to its velocity or flow rate. The main
deficiency of this equation is the difficulty of determining a roughness coefficient, n, for a
channel.

The coefficient may vary depending on the bed material, vegetation type and size, depth
of flow, channel meandering, and flow velocity. Additionally, the roughness coefficient will
vary across the cross-section of a natural channel. Therefore, careful consideration must be
given to the effects that a channel’s characteristics will have on the roughness coefficient.

Hydraulic modeling of channels using HEC-RAS, requires three (3) values of the
roughness coefficients. These values are for the main channel and the left and right
overbanks. The coefficient values are determined for the time of peak flow through the
cross-section. :

N values are usually calculated by establishing a base value for a typical channel and
adjusting this value for channel characteristics. The base value can be determined by a
comparison with typical values established through channel studies that are available in
. widely accepted references. :

The USGS published reference, Estimated Manning’s Roughness Coefficients for Stream
Channels and Flood Plains in Maricopa County, Arizona, (Ref. 2), was one source used
determining the base values in this study. Another source was Comparison of Verified
Roughness Coefficients for Gravel-Bed Stream, Blodgett (1986) (Ref. 1). This method
utilizes the hydraulic radius and the dso of the base material. A sensitivity analysis was also
performed to establish the base n values. Several field investigations were conducted to
determine channel characteristics for the study reach. Notes and photographs were taken to
document the characteristics.

Adjustments to the base value were made based on the equation presented in the USGS
text as follows:

n=m{nb+nl +n2+n3+n4)

Where:

n = equivalent roughness coefficient

m = correction factor for channel meandering

nb = base value for straight uniform channel

nl = correction for surface irregularities

n2 = variations in channel shape and size
. n3 = corrections for obstructions

n4 = correction for vegetation
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The values for each of the correction factors were determined using guidelines presented
in Verification of Roughness Coefficients for Selected Natural and Constructed Stream
. Channels in Arizona, 1998 (Ref. 4). The equivalent value was rounded to the nearest
5/1000th for inclusion in the HEC-RAS model.

Surface Irregularities

Surface irregularities are obstructions to flow in the channel that cause an energy loss in
the flow. Irregularities are seen as sloughed, jagged, or eroded banks or side slopes. The
adjustment factor ranges from .001 to .005 for slight irregularities, and from .011 to .020 for
severe irregularities.

Channel Shape Variations

As flows travel in a channel through its watercourse, the channel may change shape and
size as it is influenced by soil type, obstructions, tributary flow, and slope modifications.
The degree or rapidity with which the channel changes size from large to small, or with
which it shifts flow from one side to the other may cause an energy loss in the flow. The
adjustment factor for channel variation ranges from .001 to .005 for occasionally alternating
cross-sections, and from .010 to .015 for frequently alternating cross-sections.

Obstructions to Flow

. Obstructions to flow may act as energy dissipators. Large boulders, exposed roots or
stumps of established vegetation, or permanently resting logs or piers can act as obstructions
_to flow. In addition, anything that may act to hold debris or impede the natural flow will
require an adjustment factor. The percentage of area influenced by obstructions and the
spacing of the obstructions will influence the value of the adjustment factor.

The adjustment factor for obstructions ranges from .000 to .004 for nearly negligible

obstructions affecting less than 5% of the flow area. Minor obstructions occupying from 5
" to 15% of the cross-sectional area have an adjustment factor ranging from .005 to .015. The

adjustment for appreciable obstructions, from 15 to 50% of the cross-sectional area or with
spacing close enough for several obstructions to share a sphere of influence, ranges from
.020 to .030. For closely spaced obstructions that create turbulence across the entire cross-
section or for obstructions occupying more than 50% of a cross-sectional area, the
adjustment ranges from .040 to .060.

Correction for Vegetation

Vegetation exerts the most influence on flows having a depth that is less than or only
slightly greater than the height of the vegetation. Vegetation with deep roots or that is well
established will not become dislodged or uprooted in shallow flows. Deeper flows that
submerge trees or large bushes should also have an adjustment for vegetation.
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The adjustment factor for vegetation ranges from .002 to .010 for weeds and grasses in
shallow flows twice the height of the vegetation. For weeds, grasses, and dense bushes in
shallow flows less than twice the height of the vegetation, the adjustment ranges from .010
. to .025. For weeds or grasses in shallow flows roughly equal to the vegetation height, or for
small bushy trees intergrown with weeds and brush, the adjustment ranges from .025 to
.050. For flow depths less than the vegetation height for weeds or grasses, or for small
bushy trees with dense undergrowth, the adjustment ranges from .050 to .100.

Channel Meandering

Channel meandering, the variation from a straight channel to one with multiple curves
and an elongated watercourse, will have the greatest impact on the adjustment factor for the
n-value. A meandering channel magnifies all adjustment factors.

The degree of meandering may be computed by calculating the ratio of the existing
watercourse length to the minimum watercourse length. For meandering channels with a
ratio of less than 1.2, the degree is minor and negligible. Appreciable meandering is seen in
channels with a ratio of from 1.2 to 1.5 and an adjustment factor of 1.15 is applied. For
channels with a ratio higher than 1.5, the effect is severe and an adjustment factor of 1.3 is
applied.

Determination of Adjustment Factors

Determination of the degree of influence and the related values for the adjustment
. factors relies on experience and judgment. The process is aided by adequate assessment of
the site. On-site inspection of the watercourse and selection of typical cross-sections aid in
determining the values for the adjustment factors

Several field visits were made to Sweat Canyon Wash to determine base n-values and
adjustment factors. Typical cross-sections were located and the conditions documented with
photographs and field notes. Topographic data was gathered and reviewed as well to
determine meandering and channel geometry variations.

Cross-section locations, photographs of typical cross-sections, a map of the photograph
locations, and the calculated n-values with adjustment factors are included in the Appendix
E.1. The photographic documentation includes a view of the main channel soil sample, a
view of the cross-section, and the vegetation found on the left and right overbanks. Each
page represents a reach containing similar cross-sections. The location for each set of
photographs taken is shown on a drawing located in Appendix E.1.

5.3.2 Expansion and Contraction Coefficients
The expansion and contraction coefficients used throughout the study reach were 0.3 and

0.1, respectively. There were no bridges or culverts in the entire reach. Generally, the
. washes consisted of gradual transitions with no major irregularities.
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5.4 Cross-section descriptions

Cross sections were generally placed 500 feet apart for the initial hydraulic run. Additional
cross sections were added if warning messages resulted, warning that the energy equation was not
solved in 40 attempts. Many of the warnings were removed by doing this, however, several cross
sections continue to give warnings of conveyance ratio outside of range and energy loss greater
than 1 foot. The orientations of several of the cross sections were changed after the initial run
which showed the general flow direction. In several areas within the study, it became clear that
substantial overbank flow was present, thus the changes in orientation.

The cross section labeling represents the distance upstream of the mouth of New River (Sweat
Canyon Wash) or, as the case is with the tributaries, the distance upstream of the convergence
with Sweat Canyon Wash, The HEC-RAS results were examined to determine that the sections
were representative of the reach and to remove non-effective flow areas.

HEC-RAS requires that the cross sections created to depict a junction located upstream and
downstream of the junction, unlike FIEC-2 that requires one to be located at the junction,
Therefore, two cross sections (where Sweat Canyon and Doe Peak join) that were originally
spaced 500 feet apart, were removed. These two cross sections contained two thalwegs and
HEC-RAS only recognizes one thalweg per cross section. The HEC-RAS program placed the
junction at the Sweat Canyon thalweg, which is not an accurate representation of the junction. In
addition, the floodway analysis could not accurately be represented with these two cross sections
included in the model. '

An attempt was made to include separate cross sections along each of the two washes but
vertical extension warnings resulted. The normal solution to this warning is to widen the
conveyance area. However, doing 50 resulted in cross section lines overlapping which does not
properly represent the junction. Once the cross sections were removed, the floodplain and the
floodway boundaries were portrayed correctly.

The majority of the cross sections were generated using AutoCad Softdesk (Ref 5). The
resulting cross sections were checked and points added or deleted if warranted. A few cross
sections were determined based off topographic contours.

5.5 Modeling considerations

5.5.1 Hydraulic Jump and Drop Analysis

The floodplain analysis was modeled as a subcritical flow regime. The resulting water
surface elevations revealed that approximately 25% of the cross sections defaulted to critical
depth. Most of the cross sections that defaulted were isolated, showing some instability in
flow. Cross sections were added in an attempt to stabilize the model. In most cases, the
model continued to default to critical, showing that a hydraulic drop and subsequent jump
does occur. When these portions of the wash are developed or improved, special precautions
will need to be taken to protect against erosion and flood protection.
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5.5.2 Bridge or Culverts

There were no bridges or culverts along the studied reaches.
5.5.3 Levees and Dikes

There were no levees or dikes along the studied reaches.
5.5.4 Islands and Flow Splits

Islands, which show up as divided flow, were evident in approximately 19 of the 171
cross sections. The 'islands' were not handled in any special way because of their impact on
the total floodplain width. Because the islands were comparatively small, they were not
removed from the total floodplain. The top width shown on the HEC-RAS output depicts
the total flow spread minus the 'islands', not the floodplain width as shown on the drawings.

5.5.5 Ineffective Flow Areas

Cross-section 8.578 of Sweat Canyon Wash required the ineffective flow option. The
block obstruction option was implemented for cross-sections 5.359 and 7.631 of Sweat
Canyon Wash. This was to provide surface information extending the 100 year flood plain
limit while limiting the conveyance area to the main wash and preventing flow in adjacent
tributaries.

5.5.6 Supercritical Flow

Cross sections that indicated supercritical flow were sporadic in their location. Any
flood insurance study should be modeled as subcritical and this study gave no indication to be
modeled differently. Therefore, the water surface elevations at cross sections defaulting to
critical depth were used to delineate the floodplain.

5.6 Floodway modeling

Encroachment on floodplains, such as artificial fill, reduces the flood carrying capacity,
increases water surface elevations, and increases flood hazards in areas beyond the encroachment
itself. One aspect of floodplain management involves balancing the economic gain from
development within a floodplain against the resulting increase in flood hazard. For purposes of
the National Flood Insurance Program, the concept of a floodway is used as a tool to assist local
communities in this aspect of floodplain management. Under this concept, the area of the 100-
year flood is divided into a floodway and a floodway fringe. The floodway is the channel of a
stream plus any adjacent floodplain area that are void of any encroachment in order that the 100-
year flood can be conveyed without substantial increase in water surface elevations. Minimum
federal standards limit such increases in water surface elevations to 1.0 foot, provided that
hazardous velocities are not produced.
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The encroachment method utilized to define the floodway was Encroachment Method 4.
This method determines stations that result in an equal loss of conveyance at each overbank.
Target increases in water surface elevations of 0. 9', 1.0', and 1.1' were used for the first attempt.

. Encroachment Method 1 was used for the final analysis. In addition to the maximum one (1) foot
water surface elevation increase as required by FEMA, velocities and main channel Froude
numbers were taken into constderation when choosing encroachment stations. The goal was to
prevent velocities from increasing to erosive levels, approximately 10 fi/sec. In general, no
encroachments were made for cross sections in which the velocity was 10 ft/sec or greater
naturally. Main channel Froude numbers were considered for cross section defaulting to critical.
In general, no encroachments were made for cross sections that defaulted to critical depth and
with main channel Froude numbers greater than 0.8.

Other considerations when choosing encroachment stations included overbank depths,
overbank velocities and upstream effects due to encroachment. In general, no encroachment was
made if the depth of water in the overbank was greater then 3 feet and if the product of the
velocity and the depth in the overbank was greater than 10. No encroachment was made if, by
doing so, it caused problems for upstream cross sections such as a surcharge of more than one
foot, a decrease in water surface upstream to less than zero (0), and/or increase of upstream
velocities to erosive levels,

5.7 Special problems encountered during the study

5.7.1 Special Problems and Solutions

. The selection of roughness coefficients for this project involved several experts. David
Evans and Associates, with advise from their consultant, Primatech Engineers and
Consultants, proposed the first set of n values. These values were used in the initial HEC-
RAS run that resulted in approximately 62% of the cross sections defaulting to critical depth.

The Flood Control District of Maricopa County (FCD) questioned whether Sweat
Canyon Wash and its tributaries were truly mixed flow watercourses. FCD specifically
questioned the base values used in the analysis. Another expert with the FCD reviewed the n
value report and suggested raising the values 0.002 to 0.005 across the board. The FCD also
provided another consultant with the information and the response from West Consultants,
Inc. was to add 0.005 to each value. West Consultants further recommended an equation for
determining the base n value that is based on Dsy and the hydraulic radius. Excerpts of the
technical book are included in Section E.1 of this manual. As a result, the n values used in
this FIS are a consensus of several experts. The revised n-values resulted in the HEC-RAS
defaulting to critical depth in approximately 25% of the cross sections.

A comparison was made of the average depths and velocities between the hydrology and
the hydraulic models. The method used to derive average depths from the HEC-1 was to
examine the stage-storage-discharge tables generated for each routing. Based on the value of
flow routed through a particular reach, an elevation was determined. These values were
compared to a Manning's analysis that used the routed flows and the 8-point cross section
used in the HEC-1 model. The results were very similar.
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Another comparison was made between the average depth determined from the HEC-
RAS model and a Manning's analysis. The HEC-RAS depths were based off peak discharges
at any given concentration point - not the lower routed discharge which HEC-1 used. The
. Manning's analysis used the 8-point cross section used in the HEC-1 model. Again the
depths were comparable.

The same method was used to compare the velocities between the HEC-1 and the HEC-
RAS models. The method used to determine the velocity from the HEC-1 model was to
calculate the conveyance area from the interpolated storage determined from the stage-
storage-discharge tables and divide by the routed reach length. Then the continuity equation
Q=VA was used to determine the average velocity. Again, the velocities were similar. The
calculations are included in Section E.5 of this notebook.

The Flood Profile data were taken directly from the HEC-RAS model. Scaling was a
problem when inserting the HEC-RAS output into the AutoCAD drawings. Some
manipulation was required to bring the HEC-RAS data in at the correct scale.

5.7.2 Modeling warning and error messages

A list of warnings indicated the need for additional cross sections. When a cross section
was added midway between cross sections placed 500 feet apart, the messages remained with
minor or no change in water surface elevations. Due to the length of the study, an average of
500 feet between cross sections was maintained with a few exceptions. These exceptions
include: changes in roughness coefficient, more detail required to correctly delineate

. floodplain and floodway boundaries, indication of supercritical flow, etc.

5.8 Calibration
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5.10 Final Results

. 5.10.1 Hydraulic analysis results
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HEC-RAS OUTPUT
SWEAT CANYON FIS
South Fork 0.102 1890 1817.38 9988.08 10246.67 258.59 1816.684 1817.63 4.80 1328.79 556.40 4.47 4.28 0.48
South Fork 0.102 1880 1817.44 0.06 9988.08 10200.60 211.92 1816.72 1817.74 5.63 1459.95 424.43 4.81 4.34 0.52
South Fori 0.177 1890 1823.21 9978.23 10185.79 207.56 1823.21 1824.05 4.57 1615.46 268.97 7.89 5.61 0.75
South Fork 0.177 1890 1823.25 0.04 9978.23 10185.79 207.56 1823.25 1824.05 4.89 1600.46 284.65 7.73 5.65 0.73
South Fork 0.271 1890 1831.24 9852.00 1002166 169.66 1831.24 1832.08 553.67 1334.99 1.34 8.45 5.74 0.79
South Fork 0.271 1890 1831.26 0.02 9852.00 10021.66 169.66 1831.26 1832.08 559,47 1329.08 1.44 8.37 5.76 0.78
South Fork 0.366 1890 1839.44 9987.07 10158.22 171.16 1839.14 1840.01 13.67 844.84 1031.49 742 3.54 0.79
South Fork 0.366 1890 1839.45 0.01 9987.07 10145.00 157.93 1839.16 1840.06 14.39 872.21 1003.40 7.62 3.55 0.81
South Fork 0412 1890 1843.48 9921.07 10076.85 155.78 1843.38 1844.28 708.19 904.31 277.50 8.94 438 0.87
South Fork 0412 1890 1843.53 0.04 9921.07 10076.85 155.78 1843.38 1844.28 710.88 895.00 284.01 8.73 4.43 0.84
South Fork 0.460 1890 1847.46 9827.79 10030.37 202.58 1847.32 1848.07 913.86 936.27 39.87 8.06 4.36 0.74
South Fork 0.460 1890 1847.42 -0.03 9828.05 10030.23 202.18 1847.32 1848.06 904.40 946.12 39.48 8.22 - 432 0.76
South Fork 0.855 1890 1854.85 9864.10 10018.77 155.67 1854.69 1855.62 | 1003.67 846.63 39.70 8.99 4.65 0.86
South Fork 0.555 1890 1854.89 0.04 9864.10 10018.77 155.67 1854.7¢ 1855.62 1010.45 838.78 40.76 8.81 4.69 0.84
South Fork 0.600 1880 1858.33 9881.46 10026.70 145.24 1857.97 1859.00 691.77 1144.00 54.24 7.72 5.13 0.62
South Fork 0.600 1890 1858.29 -0.04 9882.96 10026.56 143.60 1857.96 1868.99 687.92 1148.86 53.22 7.83 5.09 0.70
i
i .
South Fork 0.853 1830 1862.33 9908.70 10077.50 168.81 1861.85 1862.88 130.14 1408.32 351.54 6.53 4.23 0.67
South Fork 0.653 1830 1862.35 0.02 9908.70 10077.50 168.80 1861.85 1862.90 133.06 1403.72 353.22 847 4.25 0.66
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South Fork 0.745 1890 1871.25 9875.44 10060.20 184.76 1870.98 1871.80 1150.31 737.48 2.21 5.88 4.25 0.78
South Fork 0.745 1890 1871.22 -0.02 9875.60 10059.84 184.24 1870.98 1871.78 | 1151.18 736.86 1.94 5.97 4.22 0.80
South Fork 0.838 1890 1879.35 9895.03 10060.72 165,70 1878.71 1879.82 450.27 1340.65 99.08 5.96 4.75 0.61
South Fork 0.838 1890 1879.37 0.02 9895.03 10060.72 165.68 1878.71 1879.84 451.63 1337.28 101.10 591 4.77 0.60
South Fork 0.934 1890 1885.73 9923.36 10046.99 123.63 1885.29 1886.45 146.73 1742.98 0.30 7.04 4.93 0.72
South Fork 0.934 1890 1885.71 -0.02 9923.66 10046.88 123.23 1885.29 1886.45 |. 14475 1744.99 0.26 7.10 4.91 0.72
South Fork 0.984 1890 1889.64 9978.12 10126.13 148.01 1888.67 1890.24 31.16 1210.70 648.14 7.06 4.74 0.66
South Fork 0.984 1880 1889.65 0.01 5978.12 10126.13 148.01 1888.67 1890.25 31.37 120B.79 649.84 7.03 4.75 0.66
South Fork 1.035 1639 1893.30 ' 9865.69 10020.87 155.17 1893.02 1893.91 491,52 1114.26 33.23 7.12 3.80 0.69
South Fork 1.035 1639 1893.30 -0.01 9865.88 10020.82 154.94 1893.02 1893.91 489.89 1116,23 33.09 7.15 3.80 0.69
East Fork 0.094 1458 1958.74 9956.46 10168.20 211.83 1957.94 1958.98 158.90 486.11 812,99 5.70 4.94 Q.54
East Fork 0.094 1458 1958.74 0.00 9956.46 10168.29 211.83 1957.94 1958.98 158.89 486.15 812.98 5.70 4.94 0.54
East Fork 0.189 1458 1963.48 9968.57 10058.54 89.97 1963.48 1964.64 42.44 860.97 454.59 10.07 3.98 1.00
East Fork 0.189 1458 1963.47 -0.01 9968.63 10053.00 84.38 1863.47 1964.61 41.68 950.57 465.76 10.00 3.97 1.00
East Fork 0.283 1458 1970.11 9956.50 10011.44 54.94 1969.85 1971.43 27.04 1425.78 5.18 9.31 521 0.86
East Fork 0.283 1458 1870.10 -0.01 9956.54 10611.39 54.85 1869.85 1971.43 26.81 1426.11 507 9.34 5.20 0.87
East Fork 0.327 1458 1972.65 9963.70 10036.23 72.83 1971.29 1973.20 17.80 1229.37 211.03 6.32 5.75 0.52
East Fork 0.327 1458 1872.65 0.00 9963.70 10036.23 72.53 1871.29 1973.20 17.67 1229.14 211.18 6.32 575 0.52
East Fork 0.377 1458 1975.78 9974.35 10056.09 81.73 1975.78 1976.91 258.19 691.79 508.02 10.78 4.38 0.98
East Fork 0.377 1458 1975.78 0.00 9974.35 10056.09 B81.73 1875.78 1976.91 258.19 691.79 508.02 10.78 4.38 0.98
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East Fork 0.472 1458 ] 198289 9957.21 10101.63 14442 | 198284 | 198386 | 7666 897.19 484.15 | 845 4.69 0.82
East Fork 0472 1458 | 198289 0.00 9957.21 10101.63 14442 | 1eB2e7 | 198366 | 7669 897.06 484.24 | 845 4.69 042
East Fork 0.568 1458 | 1990.72 9992.48 10249.82 240.80 199072 | 199153 | 383 877.73_ | 576.44 | 8.5 562 081
East Fork 0.568 1458 | 199101 0.28 9892.48 10100.00 107.52 199101 | 199195 | 5.10 95546 | 48744 | 9.16 5.91 0.0
East Fork 0.661 1458 | 1997.01 992375 10032.50 10875 | 1996.96 | 1997.87 | 40556 | 105244 8.38 431 0.83
East Fork 0.651 1458 | 1997.09 0.08 9923.75 10032,50 10875 | 199696 | 199788 | 42021 | 1087.79 8.08 4.30 078
Doe Peak Wash |  0.018 7335 | 1754.08 9720.07 1037621 65614 | 1753.28 | 175466 | 1088.83 | 484530 | 140087 | 7.40 9.06 052
Doe Peak Wash | 0.018 7335 | 1754.11 0.05 9800.00 10230.00 430.00 | 1753.31 | 175477 | 125540 | sco22t | 1077.38 |  7.58 9.11 0.53
Doe Peak Wash | 0.108 7335 | 1758.45 9851.18 10410.83 550.65 | 175845 | 175948 | 24141 | 604473 | 1048.87 | 888 7.55 0.73
Doe Peak Wash |  0.108 7335 | 1758.53 0.07 9851.18 10250.00 398.82 | 175853 | 175977 | 280.81 | 652502 | 52017 | 944 7.63 076
Doe Peak Wash | 0.206 7335 | 1763.13 9863.61 10328.10 46550 | 1762.39 | 176309 | 94875 | 502434 ] 136191 | 872 10.03 0.59
Doe Peak Wash | _0.206 7335 | 1763.36 0.23 9863.61 10245.00 381.39 | 176228 | 176447 | 105473 | 499675 | 1283.53 | 8.39 10.26 0.56
Doe Peak Wash | 0.302 7335 | 1766.96 9921.53 10239.15 31763 | 176588 | 1767.9% | 9322 | 670579 { 53500 | 849 7.66 0.65
Doe Peak Wash | __ 0.302 7335 | 1766.93 -0.03 992225 10233.48 311.23 | 176588 | 1767.98 | 9081 671032 | 53388 | 855 7.63 085
Dos Peak Wash | 0.396 7335 | 177142 9976.01 10244.56 268.55 1770.64 | 177270 | 270 6953.08 | 379.27 | 9.30 10.42 0.70
Doe Peak Wash |  0.396 7335 | 177144 0.02 9976.01 10244.56 268.55 177060 | 177271 | 277 694525 | 386.97 | 9.2 10.44 0.69
Dog Peak Wash | 0.443 7335 | 1774.08 9863.08 10240.21 355.29 177225 | 177471 | 38278 | 278322 | 421900 | 925 10.23 053
Doe Peak Wash | 0.443 7335 | 177402 -0.01 9863.25 1024017 35348 | 177225 | 177470 | 36400 | 275425 | 421675 | 926 10.22 - 053
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Doe Peak Wash 0.489 7335 1776.07 9843.45 10249.85 363.33 1775.44 1776.97 87.89 3671.57 3575.54 9.35 8.27 Q.72
Dee Peak Wash 0.489 7335 1776.07 0.00 9843.46 10249.85 363.30 1775.43 1776.97 87.84 -3671.71 3575.45 9.35 8.27 0.72
Doe Peak Wash 0.584 7335 1781.48 9692.85 10165.35 472.51 1780.18 1782.06 1617.51 4288.86 1428.63 7.43 6.88 0.56
Doe Peak Wash 0.584 7335 1781.48 0.00 9692.85 10165.35 472,50 1780.18 1782.06 1617.51 4288.85 1428.64 7.43 6.88 0.56
Doe Peak Wash 0.681 7335 1785.21 |- 9916.04 10362.56 446.52 1784.15 1785.69 1009.96 2305.33 4018.71 8.05 8.11 0.53
Doe Peak Wash 0.681 7335 1785.21 0.00 9916.04 10362.55 446.51 1784.15 1785.69 1009.99 2305.31 4019.70 8.05 8.1 0.53
Doe Peak Wash 0.774 7335 1789.67 9674.07 10192.03 485.59 1789.30 1790.36_ | 2999.23 3817.76 518.01 7.99 - 8.47 0.75
Doe Peak Wash 0.774 7335 1789.67 0.00 9674.08 10192.03 485.58 1789.30 1790.36 | 2999.18 3817.84 517.98 7.99 8.47 0.75
Doe Peak Wash 0.868 7335 1794.55 9605.61 10241.17 635.56 1793.73 1795.14 803.13 4863.31 1568.56 7.1 7.05 0.57
Doe Peak Wash 0.868 7335 1794.58 0.04 9780.00 10200.00 420.00 1793.70 1795.24 776.13 5116.06 1442.81 7.27 7.09 0.58
Doe Peak Wash 0.964 7335 1798.58 9868.12 10322.67 454.54 1798.45 1799.57 518.93 4600.42 2215.66 9.5% 8.68 0.72
Doe Peak Wash 0.964 7335 1798.72 0.14 9868.12 10210.00 341.88 1798.52 1799.86 617.67 4910.21 1807.12 10.00 8.82 0.74
Dog Peak Wash 1.058 7335 1803.02 9740.04 10217.65 477.61 1801.57 1803.50 | 3i62.98 3814.92 357.10 6.52 7.62 0.49
Doe Peak Wash 1.058 7335 1803.19 0.17 9740.04 10150.00 409.96 1801.58 1803.64 | 3243.24 3806.79 284.97 6.31 7.79 0.46
Doe Peak Wash i.112 7335 1804.99 9521.37 10011.87 490.50 1803.89 1805.39 | 488341 2451.59 6.30 6.89 0.56
Doe Peak Wash 1.112 7335 1805.01 0.02 9555.00 10011.87 456.87 1803.88 1805.42 | 4893.95 2441.05 6.25 6.91 0.56
Dog Peak Wash 1.153 7335 1806.88 9473.93 10066.89 592.96 1806.22 1807.39 | 3832.89 3502.11 7.07 7.58 0.66
Dog Peak Wash 1.153 7335 1806.88 0.01 9555.00 10066.89 511.89 1806.21 1807.44 | 375943 3575.57 7.21 7.58 0.68
Doe Peak Wash 1.231 7335 1811.12 9517.41 10079.14 561.74 1810.84 1811.83 | 2719.65 4615.35 8.04 6.92 0.69
Doe Peak Wash 1.231 7335 1811.17 0.05 5610.00 10079.14 469.14 1810.78 1811.89 | 2688.47 4648.53 8.00 6.97 0.68
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Doe Peak Wash 1.343 5677 1816.23 9908.27 10222.44 314.17 1815.75 1817.10 | 1046.86 3523.54 1106.60 8.73 8.13 0.65
Doe Peak Wash 1.343 5677 1816.22 0.00 9908.28 10180.00 271.72 1815.69 1817.12_| 1051.39 3539.54 1086.07 8.77 8.12 0.65
Doe Peak Wash 1.438 5677 1820.30 9761.24 10067.91 306.67 1820.00 1821.29 | 1772.66 3822.47 81.87 9.11 7.70 0.74
Doe Peak Wash 1.438 5677 1820.33 0.03 9810.00 10067.91 257.91 18198.86 1821.37 1698.46 3891.10 87.44 9.22 7.73 0.75
Doe Peak Wash 1.534 5677 1825.56 9615.16 10053.66 367.31 1825.56 1826.72 760.27 4916.73 9.16 7.76 0.78
Doe Peak Wash 1.534 5677 1825.60 0.04 9780.00 10053.66 263.66 1825.51 1826.80 §77.40 4998.60 9.24 7.80 0.78
Doe Peak Wash 1.624 5677 1830.03 9811.46 10231.36 418.90 1829.40 1830.65 163.71 3920.83 1582.46 747 5.53 0.59
Doe Peak Wash 1.624 5677 1830.07 0.03 9811.46 10231.36 418.90 1828.40 1830.67 173.76 3898.26 1604.98 707 5.57 0.58
Doe Peak Wash 1.722 5677 1833.83 9948.10 10372.75 424.65 1833.24 1834.32 123.30 2552.99 3000.72 6.72 6.13 0.60
Doe Peak Wash 1.722 5677 1833.80 -0.02 9948.20 10372.65 424.46 1833.24 1834.31 121.36 2563.73 2991.91 6.79 610 0.61
Doe Peak Wash 1816 5677 1838.28 9842.05 10242.40 364.48 1838.22 1830.28 839.27 3388.36 1449.38 9.62 6.78 0.79
Doe Peak Wash 1.816 5677 1838.30 0.02 9842.05 - 1024240 365.42 | 1838.22 1830.28 850.02 3373.43 1453.54 9.54 6.80 0.78
Doe Peak Wash 1.910 5677 1843.59 9703.00 10065.42 362.43 184343 1844.51 1572.90 4085.86 18.24 8.63 7.79 ] 273
Doe Peak Wash 1.910 5677 1843.57 -0.02 9703.23 10065.14 361.:1 1843.43 1844.50 | 1559.92 40989.65 17.42 8.69 7.77 0.74
Doe Peak Wash 2.008 5677 1847.77 9823.62 10224.32 400.70 1846.65 1848.15 | 1457.75 1365.97 2853.28 5.99 5.67 0.50
Doe Peak Wash 2008 5677 1847.78 0.01 9823.62 10224.32 400.70 1846.65 1848.16 | 1460.85 1363.24 2852.91 5.96 5.68 0.50
Doe Peak Wash 2.101 5677 1852,51 9870.08 10170.72 300.66 1852.51 1853.67 592.47 2480.20 2604.33 11.04 6.31 0.86
Doe Peak Wash 2.101 5677 1852.51 0.00 9870.06 10170.72 300.66 1852.51 1853.67 59247 2480.20 2604.33 i1.04 8.31 0.86
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Doe Peak Wash 2.195 5877 1857.08 9967.85 10355.75 387.90 1855.91 1857.47 2316.74 3360.26 6.16 5.98 0.52
Doe Peak Wash 2.195 5677 1857.08 0.00 9967.85 10355.75 387.90 1856.91 1857.47 2316.56 3360.44 6.16 5.98 0.52
Doe Peak Wash 2.290 S677 1861.88 9984.35 10674.57 472.28 1861.88 1862.76 0.37 2352.27 3324.36 9.96 6.48 0.88
Doe Peak Wash 2.290 5677 1861.96 0.08 9984.35 10365.00 380.65 1861.96 1862.87 0.56 2396.43 3280.02 9.96 6.56 0.87
Doe Peak Wash 2479 5677 1869.80 9709.66 10360.22 650.56 1868.50 1870.12 | 3135.91 2013.77 527.32 478 | 6.00 0.44
Doe Peak Wash 2479 5677 1869.91 0.1 9709.66 10230.00 520.34 1868.53 1870.28 | 3363.80 2140.92 172.27 4.93 8.1 0.45
Doe Peak Wash 2.573 5677 1873.41 9841.53 10306.96 298.30 1873.41 1874.67 | 2954.58 2313.15 409.27 10.52 5.71 0.94
Doe Peak Wash 2.573 5677 1873.43 0.02 9841.53 10306.96 300.07 1873.43 1874.67 | 2957.12 2304.98 414.90 10.42 573 093
Doe Peak Wash 2.669 5677 1878.90 9677.18 10092.63 415.45 1877.92 1870.29 | 3737.48. 1835.66 3.86 5.72 6.20 0.53
Doe Peak Wash 2.669 5677 187.8.89 -0.01 9677.27 10092.46 415.19 1877.92 1879.28 | 3736.06 1937.18 3.75 5.74 . 6.19 0.53
Doe Peak Wash 2734 | 5677 1881.12 9690.03 10100.28 410.25 1880.39 1881.72 | 3329.06 1534.10 813.84 7.98 5.72 0.72
Doe Peak Wash 2.734 5677 1881.12 0.00 9690.03 10100.28 410.25 1880.39 1881.72 | 3330.92 1532.28 813,80 7.96 572 0.72
Doe Peak Wash 2.859 3715 1886.80 9857.98 10224.95 266.97 1886.24 1887.44 52.72 1618.90 2043.38 7.45 5.80 062
\ Doe Peak Wash 2.858 3715 1886.89 0.00 9957.99 10224.91 286.92 1886.24 1887.44 52.60 1619.51 2042.90 7.46 579 0.63
Doe Peak Wash 2.903 3715 1888.91 9940.89 10194.09 253.20 1888.13 1889.43 1.22 1863.57 1750.20 648 3.91 0.64
Doe Peak Wash 2.903 3715 18838.92 0.00 9940.89 10194.09 253.20 1888.13 1889.43 1.23 1863.08 1750.69 6.48 3.92 0.64
Doe Peak Wash 2.954 3715 1891.31 9975.32 10210.28 234.96 1891.15 1882.19 45.71 1971.28 1698.01 9.14 4.81 0.83
i
Doe Peak Wash 2.954 3715 1891.31 0.00 9975.32 10210.28 234.96 1891.14 1892.19 45.73 1970.78 1698.48 9.13 4.61 0.83
l
Doe Peak Wash 3.048 3715 1896.68 9977.89 10259.51 281.62 1896.23 1897.27 0.06 1764.78 1950.18 7.68 6.58 0.67
Doe Peak Wash 3.048 3715 1896.68 0.00 ] 9977.89 10259.51 281.62 1896.23 1897.27 0.08 1764.54 1950.40 7.58 6.58 0.67
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Doe Peak Wash 3.143 3718 1801.02 9916.69 10204.71 288.02 1900.90 1901.86 533.56 2377.58 803.86 8.74 6.52 0.72
Doe Peak Wash 3.143 3715 1901,02 0.00 9916.89 10204.71 288.01 1800.91 1901.86 533.55 2377.65 803.80 8.74 6.52 0.72
Doe Peak Wash 3.237 3715 1805.26 9746.24 10028.99 282.75 1804.57 1805.81 1969.42 1736.36 9.21 7.52 6.16 . 0.2
Doge Peak Wash 3.237 3715 1805.26 0.00 9746.24 10028.99 282.75 1904.57 1905.81 1969.92 1735.85 8.23 7.52 6.16 0.62
Doe Peak Wash 3.331 3715 1908.89 9900.91 10119.30 218.40 1908.28 180961 311.22 2816.07 587.71 7.42 5.39 0.66
Doe Peak Wash 3.331 3715 1908.89 0.00 9900.91 10119.30 218.39 1908.28 1909.61 311.20 2816.08 587.71 742 5.39 0.66
Doe Peak Wash 3.380 3715 1910.78 9868.46 10266.24 397.78 1909.59 1911.06 61.09 2193.76 1460.15 4.71 5.68 0.45
Doe Peak Wash 3.380 3715 1910.78 0.00 9868.46 10266.24 397.78 1909.59 1911.06 61.11 2193.73 1460.16 4.71 %.68 0.45
Doe Peak Wash 3.427 3715 1912.13 9940.95 10351.55 384.79 1911.83 1912.66 33.52 1504.24 2177.24 7.35 4.73 0.75
Doe Peak Wash 3.427 3715 1912.13 0.00 9940.95 10351.55 384.85 1911.83 1912.66 33.74 1503.25 217801 | 7.34 4.73 : 0.75
Doe Peak Wash 3.522 3715 1917.80 9983.27 10207.96 224.69 1917.67 1918.74 2769.88 945.12 8.61 5.60 0.81
Doe Peak Wash 3.622 3715 1917.80 0.00 9983.28 10207.94 224.66 1917.67 1918.74 2770.74 944.26 8.62 5.60 0.81
Doe Peak Wash 3616 3718 1922.43 9643.19 10091.68 439.39 1921.74 1822.83 | 1498.56 1857.59 358.85 6.53 5.63 0.56
Doe Peak Wash 3.616 3715 1922.63 0.21 9800.00 10091.68 291.68 1822.08 1923.18 | 1096.98 2148.42 469.60 7.21 5.83 0.60
Doe Peak Wash 3.707 3715 1926.91 9982.81 10270.75 277.94 1926.91 1927.81 2061.55 1653.45 3.06 5.31 0.92
Doe Peak Wash 3.707 3715 1927.16 0.26 5992.81 10200.00 207,19 1927.16 1928.24 2342.33 1372.67 3.49 5.56 093
Doe Peak Wash 3.804 3719 1933.04 9864.96 10029.54 164.68 1832.14 1933.74 3719.00 6.71 6.34 0.64
Doe Peak Wash 3.804 3719 1933.16 0.11 9864.96 10029.54 164.68 1932.13 1933.81 3718.00 6.48 6.46 0.61
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Doe Peak Wash 3.901 3718 1938.61 9950.48 10051.86 101.38 1838.61 1940.44 18.38 3659.26 41.37 10.94 6.81 0.99
Doe Peak Wash 3.901 3719 1938.65 0.04 9950.48 10051.86 101.38 1938.65 1940.44 19.13 3657.00 42.87 10.82 6.85 0.97
Doe Peak Wash 3.953 3719 1942.84 9979.21 10144.08 163.58 1941.64 1943.58 3683.99 55.01 6.97 6.94 0.62
Doe Peak Wash 3.953 3718 1942.81 -6.02 9979.24 10143.95 162.91 1941.64 1943.57 3665.55 53.45 71 6.91 o.62
Doe Peak Wash 3.995 3719 194477 9924.23 10050.95 126.71 1944.39 1946.01 3719.00 8.94 6.07 0.87
Doe Peak Wash 3.995 3719 194477 0.01 992423 10050.95 126.72 1944.38 1946.01 3719.00 8.92 6.07 087
Doe Peak Wash 4.076 3719 1950.12 9896.48 10060.04 163.56 1848.76 1251.36 294.26 3400.09 24.65 9.28 7.32 0.77
Doe Peak Wash 4.076 3719 1950.11 -0.01 9886.64 10060.01 163.37 1849.78 1851.36 293.00 3401.48 24.51 9.30 7.3 0.77
Doe Peak Wash 4.138 3718 1953.58 9920.54 10027.66 107.12 1952.92 1954.86 51.74 3654.41 12.84 9.10 7.39 . 078
Doe Peak Wash 4.138 3719 1953.58 0.00 9920.56 10027.66 107.09 1952.92 1954.86 51.64 3654.54° 12.82 9.1 7.39 0.76
Doe Peak Wash 4.185 1392 1956.27 9982.07 10077.34 95.26 1954.23 1956.58 33,18 1001.65 357.19 5.01 6.27 0.38
Doe Peak Wash 4.185 1392 1956.27 0.00 9982.07 10077.34 95.27 1954.23 1956.58 33,17 1001.61 357.22 5.00 6.27 0.38
Doe Peak Wash 4.279 1392 1960.54 9058.63 10025.15 66.52 1960.54 1961.81 16.17 1375.11 0.72 9.07 4.14 0.97
Doe Peak Wash 4.279 1392 1860.54 0.00 9058.63 10025.15 66.52 1960.54 1961.81 16.i7 18376.11 0.72 9.07 4.14 0.97
Doe Peak Wash 4.374 1392 1968.92 9946.07 10032.84 86.77 1968.06 1963.48 1,18 1388.85 1.96 6.03 4.42 0.61
Doe Peak Wash 4.374 1392 1968.92 0.00 9946.07 10032.84 86.77 1968.06 1969.48 1.19 1388.85 1.96 6.03 4.42 0.61
Doe Peak Wash 4.460 1392 1975.19 . 9941.48 1001162 70.04 1974.42 1975.90 2.32 1388.53 1.15 6.75 5.29 0.67
Doe Peak Wash 4.460 1392 1975.18 0.00 9841.48 10011.52 70.04 ;1974.42 1875.90 2.32 1388.53 1.15 6.75 5.29 0.67
Doe Peak Wash 4.563 1392 1981.52 9971.85 10028.92 56.97 1880.36 1982.24 1382.00 6.80 5.82 0.63
Doe Peak Wash 4.563 1392 1881.52 0.00 . 8971.95 10028.92 56.97 1880.36 1982.24 1392.00 6.80 5.82 0.63
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Doe Peak Wash | 4.656 1392 1989.28 9969.86 10009.35 39.49 1988.95 1990.73 1392.00 9,66 5.58 0.88
Doe Peak Wash | 4.656 1392 1989.28 6.00 9969.86 10009.35 39.49 1988.95 | 1990.73 1392.00 9,66 5.58 0.89
Doec Peak Wash | 4.696 1392 1995.88 9981.83 10012.92 31.08 199588 | 1997.86 1392.00 11.30 7.88 1,00
Doe Peak Wash|  4.696 1392 1995.88 0.00 9981.83 10012.92 31.08 1995.88 1997.86 1392.00 11.30 7.88 1.00
Sweat Canyon 3.873 12400 1703.84 8947.09 10015.49 1068,39 1703.82 1704.67 | 8801.33 | 359867 11,37 8.64 0.84

Sweat Canyon 3.873 12400 1703.89 0.05 8947.09 10015.49 1068.40 1703.80 | 1704.66 | 8879.50 | 3520.50 11,03 8.69 0.81

Sweal Canyon 4.019 12400 1709.52 B624.56 10085.25 1460.69 1709.32 1710.18 | 8964.82 | 3312.80 122.28 11.13 6.72 0.87

Sweat Canyon 4.019 12400 1709.50 -0.02 8633.16 10084.79 1451.64 1709.30 171018 | 8949.89 | 3329.48 120.63 11.22 - 670 0.88

Sweat Canyon 4.129 13034 1714.33 8624.50 10105.66 1473.70 1714.33 | 1715.04 | 8657.31 4033.00 343.69 10.73 8.73 0.75

Sweat Canyon 4.129 13034 1714.33 0.00 8624.50 10105.66 1473.70 171433 | 1715.04 | 8657.31 4033.00 343.69 10.73 8.73 0.75

Sweal Canyon 4.222 13034 1717.79 8680.14 10087.05 1362.62 1717.29 { 171849 | 10946.00| 1958.08 120.01 8.14 519 0.76

Sweat Canyan 4.222 13034 1717.93 0.14 9075.00 10032.20 938.36 1717.67 1718.67 | 10428.29] 2605.71 10.42 5.33 0.96

Sweat Canyon 4.317 13034 1722.10 8813.12 10156.32 1343.20 1720.54 | 1722.30 | 10766.35] 1887.01 380.64 4.96 8.10 0.46

Sweat Canyon 4317 13034 1722.94 0.83 9266.36 10054.80 788.44 1720.91 1723.21 | 10552.26 | 2481.74 ' 5.32 8.04 0.44

Sweat Canyon 4.412 13034 1724.71 9089.15 10030.08 940.93 1722.41 1724.99 | 10940.53| 2089.75 373 5.68 9.21 0.50

Sweat Canyon 4.412 13034 1725.09 0.38 9400.00 10030.38 630,38 1722.49 | 1725.39 | 10045.42| 2081.67 6.91 5.18 9.59 0.43

Sweat Canyon 4,507 13034 1727.57 9261.25 10130.25 869.00 1725.08 172786 | 11654.75| 1364.37 14.88 4.63 7.37 : 0.47

Sweal Canyon 4507 | 13034 1727 .57 0.00 9510.00 10068.40 558.40 1725.00 1727.99 | 11602.85| 1431.15 4.85 7.37 0.50
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Sweat Canyon 4.602 13034 1733.13 ' 8178.12 10170.50 953.40 1733.13 1734.14 | 5639.35 6971.01 423.64 10.50 10.33 0.72
Sweat Canyon 4.602 13034 1733.32 0.19 9490.00 10140.00 612.87 1733.32 1734.69 | 4556.29 7889.24 578.47 11.56 10.52 0.78
Sweat Canyon 4.697 13034 1737.84 9319.48 10479.33 1159.85 1737.47 173840 | 3414.88 6120.15 3498.97 7.63 10.34 0.58
Sweat Canyon 4.697 13034 1738.14 0.30 9470.00 10430.00 960.00 1737.54 1738.61 3550.69 5826.29 3657.03 6.88 10.64 0.51
Sweat Canyon 4.728 13034 1739.26 9327.82 10382.66 1054.85 1738.19 1740.00 | 3604.46 6852.39 2577.15 8.35 10.66 0.72
Sweat Canyon 4.728 13034 1739.26 0.00 9327.70 10382.68 1054.98 1739.19 1740.0C | 3607.77 6847.85 2578.38 8.34 10.68 0.72
Sweat Canyon 4.741 13034 1739.39 9355.36 10369.41 1005.92 1739.25 1740.36 1173.03 10246.13 1614.84 8.71 9.99 0.64
Sweat Canyon 4.741 13034 1738.40 0.00 9366.34 10369.42 1006.06 1739.25 1740.36 1174.78 10243.36 1615.86 8.71 10.00 0.64
Sweat Canyon 4.790 13677 1742.18 9518.50 10402.71 884.21 1742.18 1743.35 1883.93 8073.90 3719.16 10.92 11.38 0.73
Sweat Canyon 4.780 13677 1742.18 0.00 9518.50 10402.71 884.21 1742.18 1743.35 1883.93 8073.90 3719.16 10.82 11.38 0.73
Sweat Canyon 4.829 13677 1744.24 9545.10 10435.98 890.88 1743.49 1744.94 1740.13 8546.82 3390.05 8.23 10.74 0.85
Sweat Canyon 4.829 13677 1744.24 0.00 9545.10 10435.98 890.88 1743.49 1744.94 1740.13 8546.82 3380.05 8.23 10.74 0.55
Sweat Canyon 4.867 13677 1745.46 8407.02 10370.21 963,20 1745.46 1746.66 | 2039.10 10320.41 1317.50 10.01 B.76 0.71
Sweat Canyon 4.867 13677 1745.46 0.00 9407.02 10370.21 963.20 1745.46 1746.66 | 2039.10 10320.41 1317.50 10.01 8.76 0.1
Sweat Canyon 5.215 7174 1756.66 9223.35 10022.65 637.32 1755.11 1766.90 | 6230.83 942.47 0.70 4.89 6.26 0.44
Sweat Canyon 5.215 7174 1756.66 0.00 9223.35 10022.65 637.32 17585.11 1756.90 | 6230.83 942.47 0.70 4.89 6.26 0.44
Sweat Canyon 5.250 7174 1758.14 9274.85 10011.32 645.34 1758.14 1758.81 5418.24 17565.76 8.7 6.34 0.91
Sweat Canyon 5.250 7174 1758.14 0.00 9274.85 10011.32 645.34 1758.14 1758.81 5418.24 1755.76 8.7 6.34 0.91
Sweat Canyon 5.302 7174 1763.12 9780.65 10156.24 375.58 1763.12 1764.43 411.29 5751.86 1010.85 9.97 6.32 0.82
Sweat Canyon 5.302 7174 1763.12 0.00 9780.65 10156.24 376.59 1763.12 1764.43 411.28 5751.86 1010.85 9.97 6.32 0.82
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Sweat Canyon 5.378 7174 1768.06 9953.18 10259.52 306.34 1767.85 1769.30 111.00 4293.07 2769.92 10.94 8.96 0.72
Sweat Canyon 5.378 7174 1768.06 0.00 9953.18 10259.52 306.34 1767.85 1769.30 111.00 4293.07 2769.92 10.94 8.96 0.72
Sweat Canyon 5.440 7174 1771.28 9932.80 10310.57 377.77 1770.56 1772141 1188.66 4705.75 1279.59 8.30 10.38 0.60
Sweat Canyon 5.440 7174 1771.29 0.00 9932.80 10310.57 377.77 1770.56 1772.11 1188.66 4705.75 1279.59 8.30 10.39 0.60
Sweal Canyon 5.534 7174 1775.51 9773.87 10060.91 287.04 1774.99 1776.53 | 1296.83 5858.63 18,55 8.74 8.41 0.7¢
Sweat Canyon 5.534 7174 1775.51 0.00 9773.87 10060.91 287.04 1774.89 1776.53 | 1296.83 5858.63 18.55 8.74 a.41 0.70
Sweat Canycn 5.629 7174 1780.96 9760.82 10078.77 317.94 1780.70 1782.08 1312.22 5861.03 0.75 9.10 7.86 0.73
Sweat Canyon 5.629 7174 1780.86 . 0.00 9760.82 10078.77 317.94 1780.70 1762.06 1312.22 5861.03 0.75 9.10 7.86 0.73
Sweat Canyon 5.724 7174 1786.21 9938.02 10326.18 388.16 1785.26 1786.94 266.05 2504.73 4313.22 9.55 8.1 0.61
Sweat Canyon 5.724 7174 1786.21 0.00 9938.02 10326.18 388.16 1785.26 1786.94 266.05 2594.73 4313.22 9.55 8.1 0.61
Sweat Canyon 5.818 7174 1790,48 9991.82 10476.03 217.19 1789.42 1791.63 17.08 4899.39 2257.53 9.63 9.29 0.69
Sweat Canyon 5818 7174 1790.49 0.00 9991.82 10476.03 217.19 1789.42 1791.63 17.08 4889.39 2257.53 9.63 9.29 0.69
Sweat Canyon 5.913 7174 1795.47 9935.33 10445.35 510.02 1793.97 1796.35 228.07 3532.98 3412.98 9.95 777 0.68
Sweat Canyon 5413 7174 1795.47 0.00 9935.33 10445.35 510,02 1793.97 1796.35 228.07 35632.98 3412.96 9.95 7.77 0.68
Sweat Canyon 5.957 7174 1797.57 9935.78 10249.87 314.08 1786.90 1798.68 279.74 4373.30 2520.97 10.22 8.87 0.70
Sweat Canyon 5.957 7174 1797.57 0.00 9935.79 10249.87 314.08 1786.90 1798.68 279.74 4373.30 2520.97 10.22 B.87 0.70
! Sweat Canyon 6.008 7174 1799.90 9949.09 10229.03 279.95 1798.88 1800.82 231.91 5201.84 1650.25 8.70 9.10 0.5¢
Sweat Canyon 6.008 7174 1799.90 0.00 9948.09 10229.03 279.95 1798.88 1800.82 231.91 5201.84 1650.25 8.70 9.10 0.59
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Sweat Canyon 6.103 7174 1804.09 9826.31 10062.22 236.91 1803.05 1804.99 | 3353.61 3820.30 0.09 8.48 7.29 0.68
Sweat Canyon 6.103 7174 1804.09 0.00 9826.31 10062.22 235.91 1803.05 1804.99 | 3353.61 3820.30 0.09 8.48 7.28 .68
Sweat Canyon 6.158 7174 1866.86 9644.75 10140.74 495.99 1805.39 1807.25 | 2745.36 2764.39 1664.25 6.28 7.16 0.52
Sweat Canyon 6.158 7174 1806.86 0.00 9644.75 10140.74 495.99 1805.39 1807.25 | 2745.36 2764.39 1664.25 6.28 7.16 0.52
Sweat Canyon 6.197 7174 1808.36 9754.37 10217.71 463.34 1808.13 1809.20 | 2717.54 3107.62 1348.84 9.38 6.9 0.80
Sweat Canyon 6.197 7174 1808.36 0.00 9754.37 10217.71 463.34 1808.13 1809.20 [ 2717.54 3107.62 1348.84 9.38 6.96 0.80
Sweat Canyon 6.292 7174 1814.14 994140 10203.57 262.17 .1813.75 1815.43 47.60 5799.84 132656 |  9.90 8.34 0.71
Sweat Canyon 6.282 7174 1814.14 0.00 9941.40 10203.57 262.17 1813.75 1815.43 47.60 5709.84 1326.56 9.90 8.34 0.71
Sweat Canyon 6.387 7174 1818.82 9967.43 __10361.14 393.71 1818.17 1818.60 8.43 4486.51 2679.06 8.56 9.52 0.58
Sweat Canyon 6.387 7174 1818.82 0.00 9967.43 10361.14 383.71 1818.17 1819.60 8.43 4486.51 2679.068 B.56 9.52 0.58
Sweat Canyon 6.432 7174 1821.20 9962.80 10430.94 468.04 1821.20 1822.29 36.85 4821.05 2316.10 9.95 9.20 0.71
Sweat Canyon 6.432 7174 1821.20 0.00 9962.90 10430.94 468.04 1821.20 1822.29 36.85 4821.05 2316.10 9.95 9.20 0.7
Sweat Canyon 6.481 7174 1823.92 9961.98 10475.22 513.25 1823.45 1824.68 5145.46 2028.54 8.08 9.72 0.61
Sweat Canyon 6.481 7174 1823.92 0.00 9961.98 10475.22 §13.25 1823.45 1824.68 5145.46 2028.54 8.08 9.72 0.61
Sweat Canyon 6.576 7174 1829.70 9946.70 10459.89 513.19 1829.70 1830.80 5544.20 1629,80 9.45 1010 0.68
Sweat Canyon 6.576 7174 1829.70 0.00 9946.70 10459.89 513.19 1829.70 1830.80 5544.20 1629.80 9.45 10.10 0.68
Sweat Canyon 6.671 7174 1834.56 : 0857.16 10275.27 418.11 1833.58 1835.47 1751.58 3826.65 1595.77 9.62 8.16 0.67
Sweat Canyon 6.671 7174 1834.66 0.00 9857.16 10275.27 418.11 1833.58 1835.47 1751.58 3826.65 1595.77 9.62 8.16 0.67
Sweat Canyon 6.765 6481 1838.55 9721.87 10104.84 382.98 1838.49 1839.65 | 2036.81 4119.69 324.50 10.07 7.35 0.77
Sweat Canyon 6.765 6481 1838.55 0.00 9721.87 10104.84 382.98 1838.49 1839.65 | 2036.81 4118.68 324.50 10.07 7.35 0.77
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Sweat Canyon 6.813 6481 1840.92 9693.36 10155.66 462.30 1840.82 1841.98 1201.51 4496.21 783.28 9.40 7.92 0.85
Sweat Canyon 6.813 6481 1840.92 0.0 9693.36 10155.66 462.30 1840.92 1841.86 1201.51 4496.21 783.28 9.40 7.92 0.85
Sweat Canyon 6.860 6481 1843.81 0667.56 10201.74 534.19 1843.81 1844.70 1428.99 3782.45 1269.56 9.35 741 0.80
Sweat Canyon 6.860 6481 1843.81 0.00 9667.56 10201.74 534.19 1843.81 1844.70 1428.99 3782.45 1269.56 9.35 741 0.80
Sweat Canyon 6.914 8481 1846.76 9779.77 10356.10 576.33 1846.76 1847.69 862.87 3137.18 2480.95 9.61 6.46 0.82
Sweat Canyon 6.914 6481 1846.76 0.00 9779.77 10356.10 576.33 1846.76 1847.59 862.87 3137.18 2480.95 9.61 6.46 0.82
Sweat Canyon 6.955 6481 1849.09 9807.63 10432.78 525.13 1849.08 1849.99 95.34 2647.04 3738.62 10.52 6.39 0.87
Sweat Canyon 6.955 6481 1849.09 0.00 9807.63 10432.76 525.13 1846.09 1849.99 95.34 2647.04 3738.62 10.52 6.39 0.87
Sweat Canyon 7.003 6481 1851.78 9953.36 10414.65 461.29 1851.78 1852.77 98.49 4083.20 2299.31 9.55 6.08 0.75
Sweat Canyon 7.003 6481 1851.78 0.00 9953.36 10414.65 461.29 1851.78 1852.77 98.48 4083,20 2299.31 9.55 6.08 0.75
Sweat Canyon 7.050 6481 1854.24 9922.48 10336.60 414.12 1854.24 1855.36 64.22 5161.21 1255.56 8.36 6.44 0.74
Sweat Canyon 7.050 6481 1854.24 0.00 9922.48 10336.60 414.12 1854.24 1855.36 64.22 5161.21 1255.56 8.36 6.44 0.74
Sweat Canyon 7.144 6481 1859.25 9938.90 10247.79 308.90 1858.25 1860.62 0.00 5764.68 716.32 9.91 7.55 0.78
Sweat Canyon 7.144 6481 1859.25 0.00 9938.90 10247.79 308.90 1859.25 1860.62 0.06 5764.68 716.32 9.91 7.85 0.79
Sweat Canyon 7.193 6481 1861.36 9828.20 10082.47 2564.27 1861.22 1862.86 801.73 5505.09 174.18 10.52 6.96 0.79
Sweat Canyon 7.183 8481 1861,36 0.00 9828.20 10082.47 254.27 1861.22 1862.86 801.73 5505.09 174.18 10.52 6.96 0.79
Sweat Canyon 7.239 6481 1863.19 9868.03 10044.77 176.73 1862.99 1865.15 755.64 5459.47 265.89 12.06 7.09 0.86
Sweat Canyon 7.239 6481 1863.19 0.00 9868.03 10044.77 176.73 1862.99 1865.15 755.64 5459.47 265.83 12.086 7.09 0.86
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Sweat Canyon 7.290 6481 1865.72 9919.69 10068.35 148.66 1865.58 1867.90 | 1001.66 4936.12 543.22 13.15 7.62 0.90
Sweat Canyon 7.280 6481 1865.72 0.00 9918.68 10088.35 148.66 1865.58 1867.90 | 1001.66 493612 543.22 13.15 7.62 0.90
Sweat Canyon 7.334 6481 1868.47 9928.82 10076.04 147.22 1866.85 1869.60 79.82 5165.56 1235.62 9.06 9.27 0.62
Sweat Canyon 7.334 6481 1868.47 0.00 9828.82 10076.04 147.22 1866.85 1869.60 79.82 5165.56 1235.62 9.06 9.27 0.62
Sweat Canyon 7.384 6481 1871.05 9981.48 10163.68 182.21 1871.05 1873.08 1.05 6364.86 115.09 11.62 7.95 0.88
Sweat Canyon 7.384 6481 1871.05 0.00 9981.48 10163.68 182.21 1871.05 1873.08 1.05 6364.86 115.09 11.52 7.95 0.88
Sweat Canyon 7.428 6481 1873.38 9976.61 10106.18 129.55 1873.14 1875.56 2392 6252.14 204,94 12.01 8.18 0.87
_Sweat Canyon 7.428 6481 1873.38 0.00 9976.61 10106.16 129.55 1873.14 1875.55 23.92 6252.14 204.94 12.01 8.18 0.87
Sweat Canyon 7.523 6481 1878.02 9900.02 10105.58 205.56 1876.46 1878.97 105.94 6360.42 14.63 7.86 7.92 0.58
Sweat Canyon 7.823 6481 1878.02 0.00 9800.02 10105.58 205.56 1876.46 1878.97 105.94 636042 14.63 7.86 7.92 0.58
Sweat Canyon 7.635 6035 1883.04 9879.82 10039.27 159.45 1883.04 1885.16 184.92 5776.56 63,52 11.92 7.14 0.90
Sweat Canyon 7.635 6035 1883.04 0.00 9879.82 10039.27 159.45 1883.04 1885.16 194.92 5776.56 §3.52 11.92 7.14 0.90
Sweat Canyon 7.668 6035 1885.20 9889.50 10057.91 168.40 1884.77 1886.89 187.63 5695.02 152.35 10.73 7.40 0.80
Sweat Canyon 7.668 6035 1885.20 000 9889.50 10057.91 168.40 1884.77 1886.89 187.63 5695.02 152.35 10.73 7.40 0.80
Sweat Canyon 7.712 6035 1887.69 9878.09 10115.62 237.53 1886.28 1888.46 33.53 5948.46 53.02 7.10 9.29 0.58
Sweat Canyon 7.712 6035 1B87.69 0.00 §9878.09 10115.62 237,53 1886.28 1888.46 33.53 594846 53.02 7.10 9.29 0.58
Sweat Canyon 7.807 5718 1891.70 9860.95 10086.93 - 125.98 1891.70 1883.70 5718.00 11.35 6.10 1.00
Sweat Canyon 7.807 5718 1891.70 0.00 9960.95 10086.93 125.88 1891.70 1883.70 5718.00 11.35 6.10 1.00
Sweat Canyon 7.854 5718 1894.97 9965.26 10126.36 161.10 1883.73 1895.98 6.66 5707.30 4.04 8.07 7.87 0.65
Sweat Canyon 7 7.854 5718 1894.97 0.00 9965.26 10126.36 161.10 1893.73 1895.98 6.66 5707.30 4.04 8.07 7.87 0.65
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Sweat Canyon 7.902 5718 1506.59 9987.09 10132.25 145.16 1895.95 | 1897.94 5718.00 9.34 7.39 0.80
Sweat Canyon 7.902 5718 1896.59 0.00 9987.09 10132.25 14516 189595 | 1897.94 5718.00 9.34 7.39 0.80
Sweat Canyon 7.948 5718 1899.39 9984.79 10125.72 140.93 1898.65 1900.72 5718.00 9.27 6.09 0.78
Sweat Canyon 7.948 5718 1899.39 0.00 9984.79 10125.72 140.93 1898.65 1900.72 5718.00 9.27 6.09 0.78
Sweat Canyon 7.996 5718 1902.48 ' 9956.54 10103.65 147.12 1900.98 | 1903.44 5718.00 7.85 6.38 062
Sweat Canyon 7.996 5718 1902.48 0.00 9956.54 10103.65 147.12 1900.98 | 1903.44 5718.00 7.85 6.38 0.62
Sweat Canyon B.043 5718 1904.63 9917.19 10062.78 145.60 1903.36 1905.68 5718.00 8.22 7.33 0.66
Sweat Canyon 8.043 5718 1904.63 0.00 9917.19 10062.78 145.60 1903.36 1905.68 5718.00 8.22 7.33 0.66
Sweat Canyon 8.091 5718 1907.18 9916.78 10039.41 122.63 1906.27 1908.60 5718.00 9.59 7.88 0.77
Sweat Canyon 8.091 5718 1907.18 0.00 9916.78 10039.41 122.63 1906.27 1908.60 5718.00 9.59 7.88 077
Sweat Canyon 8.186 5718 1912.98 9977.14 10095.42 $18.27 1911.57 1914.24 5718.00 8.88 7.38 0.67
Sweat Canyon 8.186 5718 1912.98 0.00 0977.14 10095.42 118.27 1911.57 1914.21 5718.00 8.88 7.38 0.67
Sweat Canyon 8.281 5811 1917.60 9885.59 10107.21 190.66 1915.70 | 1918.38 | 142,25 5668.75 7.18 8.70 0.57
Sweat Canyon 8.281 5811 1917.60 0.00 9885.59 10107.21 190.66 191570 | 1918.39 | 142.25 5668.75 7.18 8.70 0.57
Sweat Canyon 8.375 5811 1922.35 991919 10052.31 133.13 1921.97 | 1924.01 5811,00 10.35 7.25 0.89
Sweat Canyon 8.375 5811 1922.35 0.00 9919.19 10052.31 133.13 1921.97 | 1924.01 5811.00 10.35 7.25 0.89
Sweat Canyon 8.428. 5811 1926.93 0834.90 10022.32 187.42 1925.76 1927.87 | 187.53 5504.80 28.67 7.92 7.83 0.63
Sweat Canyon 8.428 5811 1926.93 0.00 9834.90 10022.32 187.42 1925.76 1927.87 | 187.53 5594.80 28.67 7.92 7.83 0.63
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Sweat Canyon 8.516 5811 1831.40 9921.07 10276.43 355.36 1930.27 1931.86 285.80 2801.12 2724.08 6.79 7.00 0.52
Sweat Canyon 8.518 5811 1931.40 0.00 9921.07 10276.43 355.36 1830.27 1931.86 285.80 2801.12 2724.08 6.79 7.00 0.52
Sweat Canyon 8.565 5811 1933.67 9826.59 10038.90 212.32 1933.67 1935.27 | 1316.90 4494.10 11.28 7.07 0.90
Sweat Canyon 8.565 5811 1933.67 0.00 9826.59 10038.90 212.32 1933.67 1835.27 1316.80 4494.10 11.28 7.07 0.90
Sweat Canyon 8.832 5811 1838.15 9807.76 10021.94 214.19 1937.30 1939.42 263.37 55837.41 10.22 9.26 8.15 0.70
Sweat Canyon 8.632 5811 1838.15 0.00 9807.76 10021.94 214.19 1937.30 1939.42 263.37 5537.41 10.22 9.26 8.15 0.70
Sweat Canyon 8.659 5811 1839.34 9838.74 10043.36 140.59 1938.11 1940.67 5811.00 9.24 B.34 0.71
Sweat Canyon 8.659 5811 1939.34 0.00 9838.74 10043.36 140.59 1938.11 1940.67 5811.00 9.24 8.34 0.71
Sweat Canyon 8.754 581t 1944.19 8905.15 10039.25 134.09 1943.66 1945.81 26.21 5765.75 19.04 10.25 6.69 0.82
Sweat Canycn 8.754 5811 1944.19 0.00 9905.15 10039.25 134.09 1943.68 1845.81 26.21 5765.75 19.04 10.25 6.69 0.82
Sweat Canyon 8.847 5811 1949.76 9834.756 10083.18 148.43 1948.13 1950,85 87.48 5233.02 490.50 8.75 8.76 0.59
Sweat Canyon 8.847 5811 1949.76 0.00 9934.75 10083.19 148.43 1948.13 1950.85 87.48 §233.02 400.50 8.75 8.76 0.59
Sweat Canyon B.972 5811 1955.61 9973.72 10122.17 148.45 1955.28 1957.50 78.57 5458.15 274.28 11.34 7.41 0.84
Sweat Canyon 8.972 5811 1955.61 0.00 9973.72 10122.17 148.45 1955.28 1957.50 78.57 5458.15 274.28 11.34 7.41 0.84
| Sweal Canyon 9.007 5811 1957.94 9984.37 10139.00 154.63 1957.84 1960.20 44.59 4724.02 104238 1 . 13.15 8.04 0.92
Sweat Canyon 9.007 5811 1957.94 0.00 9984.37 10139.00 154.63 1957.94 1960.20 44.59 4724 .02 1042.38 13.15 8.04 0.92
Sweat Canyon 9.091 5396 1963.74 9903.86 10056.56 162,71 1962.93 1965.03 692.56 4596.01 107.43 9.7 7.24 0.71
Sweat Canyon 9.091 5396 1963.74 0.00 9903.86 10056.56 152.71 1962.93 1965.03 692.56 4596.04 107,43 9.71 7.24 0.71
Sweat Canyon 9.133 5386 1966.99 9914.65 10027.51 112.86 1966.99 1969.32 939.33 4433.07 23.60 13.26 8.39 Q.90
Sweat Canyon 9.133 5386 1966.99 0.00 9914.65 10027.51 112.86 1966.99 1968.32 939.33 4433.07 23.60 13.25 8.38 0.90
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Sweat Canyon 9.228 5396 1972.85 995955 10063.67 104.12 1971.44 1974.28 14.95 5351.73 29.32 9.63 8.15 0.67
Sweat Canyon 9.228 5396 1972.85 0.00 9959.55 10063.67 104.12 1971.44 1974.28 14,95 5351.73 29.32 9.63 8.15 0.67
Sweat Canyon 9.283 5396 1975.02 9907.24 10033.30 126,05 197458 1976.93 | 687.78 4649.34 58,88 11.86 7.72 0.80
Sweat Canyon 9.283 5396 1975.02 0.00 9907.24 10033.30 126.05 1974.58 1976.93 | 687.78 4549.34 58.88 11.86 7.72 0.80
Sweat Canyon 9.322 5396 1977.00 9942.41 10035.58 93.17 1977.00 1979.77 27.70 5207.87 160.43 13.57 8.00 0.94
Sweat Canyon 9.322 5306 1977.00 0.00 9942.41 10035.58 93.17 1977.00 1979.77 27.70 5207.87 160.43 13.57 8.00 0.94
Sweat Canyon 9.367 5396 1981.21 9956.56 10083.15 126.59 1979.73 1982.46 26.98 5276.06 92.96 9.05 8.91 0.64
Sweat Canyon 9.367 5396 1981.21 0.00 9956.56 10083.15 126.59 1979.73 1982.46 26.98 5276.06 92.96 9.05 8.91 0.64
Sweat Canyon 9417 5396 1983.15 9963.62 -~ 10067.18 103.55 1981.91 1984.64 5396.00 9.80 8.85 0.75
Sweat Canyon | 9.417 5396 1983.15 0.00 0963.62 10067.18 103.55 1981.91 1984.64 5396.00 9.80 8.85 0.75
Sweat Canyon 9.512 5396 1987.68 9976.98 10057.47 80.48 1986.81 1989.85 7.51 5338.71 48.78 1.4 9.38 0.80
Sweat Canyon 9,512 5396 1987.68 0.00 9976.98 10057.47 80.48 1986.81 1989.85 7.51 5338.71 49.78 11.81 9.38 0.80
Sweat Canyon 2,606 5396 1993.33 9938.75 10063.43 124.68 1992.25 1994.69 417 5388.97 2.86 9.36 7.13 0.72
Sweat Canyon 9,606 5396 1993.33 0.00 9938.75 1006343 | 124.68 1992.25 1994.69 417 5388.97 2,86 9.36 7.13 0.72
Sweat Canyon 9.70t 5172 199830 9991.28 10187.43 196.16 1998.30 | 2000.01 7.71 4355.56 808.74 11.33 8.60 077
Sweat Canyon 9.701 5172 1998.30 0.00 9991.28 10187.43 196.16 1998.30 | 2000.01 7.71 4355.56 808.74 11.33 8.60 0.77
Sweal Canyon 9.796 5172 2004.34 9966.28 10054.79 88.51 2004.18 | 2006.60 5172.00 12.05 7.84 0.96
Sweat Canyon 9.796 5172 2004.34 0.00 9966.28 10054.72 88.51 2004.18 | 2006.60 5172.00 12.05 7.84 0.96
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Sweat Canyon 9.890 5172 2010.59 9953.08 10058.04 104.96 2008.71 2011.86 6.69 5165.31 9.05 10,29 0.65
Sweat Canyon 9,890 5172 2010.59 0.00 9953.08 10058.04 104.96 2008.71 2011.86 6.69 5168.31 9.05 10.29 0.65
Sweat Canyon 9,982 5172 2015.44 0947.66 10063.55 115.88 2015.44 2017.67 50046 4623.98 47.56 12.54 7.94 0,94
Sweat Canyon 9,082 5172 2015.44 0.00 0847.66 10063.55 115.88 2015.44 2017.67 500.46 4623.98 47.56 12.54 7.94 0.94
Sweat Canyon 10.080 5172 2022.99 9946.61 10028.93 82.32 2022.67 2025.23 5172.00 12.02 8838 0.93
Sweat Canyon 10.080 5172 2022.99 0.00 9946.61 10028.93 82.32 2022.67 2025.23 5172.00 12.02 8.89 (.93
Sweat Canyon 10.175 4375 2030.36 9971.10 10061.28 90.18 2029.47 2031.90 4375.00 9.95 8.96 0.79
Sweat Canyon 10.175 4375 2030.36 0.00 9971.10 10061.28 90.18 2029.47 2031.90 4375.00 9.95 8,95 0.79
Sweat Canyon 10.269 4375 2037.27 9948.96 100:35.34 86,38 2037.27 2039.42 4375.00 11.78 7.67 1.00
Sweat Canyon 10.269 4375 2037.27 0.00 9948.96 10035.34 86.38 2037.27 2039.42 4375.00 11.78 7.67 1.00
Sweat Canyon 10.364 4375 2048.77 9972.77 10044.95 72.18 2048.77 2051.20 4375.00 12.51 8.67 1.00
Sweat Canyon 10.364 4375 2048.77 0.00 997277 10044.95 72.18 2048.77 2051.20 4375.00 12.51 B.67 1.00
Sweat Canyon 10.459 3977 2058.27 : 9976.29 10037.28 60.99 2058.13 2060.88 3972.79 4.21 12.95 9.77 0.96
Sweat Canycn 10.459 3977 2058.27 0.00 9976.29 10037.28 60,99 2058.13 2060.88 3972.79 4.21 12.95 9.77 0.96
Sweat Canyon 10.553 3977 2067.19 9972.34 10028.26 55,92 2066.73 2069.56 3977.00 12,34 10.59 0.91

Sweat Canyon 10.553 3977 2067.19 0.00 9972.34 10028.26 55.92 2066.73 2069.56 3977.00 12,34 10.59 0.91

Sweat Canyon 10.648 3574 2073.83 9971.53 10041.45 69.92 2072.98 2075.44 3574.00 10.17 7.53 0.80
Sweat Canyon 10.648 3574 2073.83 0.00 0971.53 1004 1.45 £69.92 2072.98 2075.44 3574.00 10.17 7.53 0.80
Sweat Canyon 10.711 3574 2082.13 9978.51 10034.98 56.47 2082.13 2084.64 3574.00 12.70 10.43 1.00
Sweat Canyon 10.711 3574 2082.13 0.00 9978.51 10034.98 56.47 2082.13 2084.64 3574.00 12.70 10.43 1.00
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Sweat Canyon Wash - n Value Determination

: = m{nb +n1+ n2+ n3 + nd)
where;
n = roughness coefficient
1 m = meandering factor
. nb = base n value
n1 = surface irregularities factor
n2 = variation in shape and size factor
n3 = obstructions factor
*n4 = vegitation factor = 0.0008B - 0.0007
B = % of flow blocked by vegetation

Section nb ni n2 n3 B nd n rounded n
Main Channel|| 4.222 - 4.602 0.029 0.008 0.000 0.000 15 0.0113 0.048 0.050
LB { 0.025 0.001 0.000 0.000 50 0.0383 0.065 0.065
: 0.025 0.001 0.000 0.000 50 0.0393 0.065 0.065
Main Channel 0.040 0.003 0.000 0.000 10 0.0073 0.050 0.050
LB 0.025 0.001 0.000 0.000 20 0.0153 0.0414 0.040
i e 0.025 0.001 0.000 0.000 30 0.0233 0.049 0.050
Main Channel 0.025 0.001 0.000 0.000 1 0.0001 0.026 0.025
0.025 0.001 0.000 0.000 1 0.0001 0.026 0.025
0.025 0.001 0.000 0.000 1 0.0001 0.026 0.025
0.035 0.007 0.000 0.000 10 0.0073 0.049 0.050
0.025 | 0.003 0.000 0.000 50 0.0393 0.087 0.070
RB 0.025 0.003 0.000 0.000 50 0.0393 0.067 0.070
Main Channell| 0.035 0.005 0.000 0.000 15 0.0113 0.051 0.050
LB 8 0.027 0.002 0.000 0.000 50 0.0393 0.068 0.070
RB - 0,027 0.002 0.000 0.000 60 0.0473 0.076 0.075
iIMain Channel 0.040 0.003 0.000 0.000 10 0.0073 0.050 0.050
LB 0.031 0.002 0.000 0.000 30 0.0233 0.056 0.055
__RB § 0.025 0.002 0.000 0.000 40 0.0313 0.058 0.060
in Channel 0.040 0.002 0.003 0.000 10 0.0073 0.052 0.055
LB E 0.031 0.002 0.003 0.000 30 0.0233 0.059 0.060
RB & 0.025 0.002 0.003 0.000 40 0.0313 0.061 0.060
Main Channel 0.040 0.002 0.000 0.000 10 0.0073 0.049 0.050
LB § 0.031 0.002 0.000 0.000 30 0.0233 0.056 0.055
RB o vy 0.025 0.002 0.000 0.000 40 0.0313 0.058 0.060
i 0.033 0.005 0.005 0.000 10 0.0073 0.050 0.050
0.031 C.001 0.005 0.000 30 0.0233 0.060 0.060
0.029 0.001 0.005 0.000 30 0.0233 0.058 0.060
0.029 0.002 0.003 0.000 10 0.0073 0.041 0.040
0.027 0.000 0.003 0.000 25 0.0193 0.049 0.050

0.027 0.000 0.003 0.000 20 0.0153
0.024 0.002 0.000 0.000 10 0.0073

0.045 0.045
0.033 0.035

0.027 0.000 0.000 0.000 25 0.0193 0.046 0.045
0.027 0.000 0.000 0.000 20 0.0153 0.042 0.045
0.024 0.002 0.003 0.000 10 0.0073 0.036 0.035
LB 0.027 0.001 0.003 0.000 25 0.0193 0.050 0.050
RB 0.027 0.000 0.003 0.000 20 0.0153 0.045 0.045

0.038 0.040
0.047 0.050
0.043 0.045

Main Channel|| 6.874 -7.821 | 0.029 | 0.002 | 0.000 | 0.000 10 | 0.0073
N:3 | 0.027 | 0.0t | 0.000 | 0.000 25 | 00193
RB_ | 0.027 | 0.00t | 0.000 | 0.000 20 | 0.0153

0.035 0.004 0.003 0.000 10 0.0073 0.049 0.050
0.033 0.004 0.000 0.000 40 0.0313 0.068 0.070
0.033 0.004 0.003 0.000 40 0.0313 0.071 0.070
0.035 0.004 0.000 0.000 10 0.0073 1.15 0.063 0.055
0.033 0.004 0.000 0.000 40 0.0313 0.088 0.070
0.033 0.004 0.000 0.000 40 0.0313 0.068 0.070
0.035 0.004 0.003 0.000 10 0.0073 0.049 0.050
0.033 0.004 0.000 0.000 40 0.0313 0.068 0.070
0.033 0.004 0.003 0.000 40 0.0313 0.071 0.070
0.035 0.004 0.000 0.000 10 0.0073 0.048 0.045
: 0.033 0.004 0.000 0.000 40 0.0313 0.088 0.070

0.033
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Sweat Canyon Wash - n Value Determination

0.068 0.070
0.040 0.040
0.056 0.055
0.052 0.055

; 0.029 ¢.000 0.000 0.000 50 0.0393
Main Channel 0.033 0.000 0.000 0.000 10 0.0073
LB : 0.029 0.000 0.000 0.000 35 0.0273
RB ; 0.029 0.000 0.000 0.000 30 0.0233

§_ection nb n1 n2 n3 B ng m n rounded n
8.673-8.801 | 0.035 | 0.004 | 0000 | 0.000 10 0.0073 | 1.15 0.053 0.055
- 0.033 | 0004 | 0000 | 0.000 40 0.0313 1 0.068 0.070
0.033 | 0004 | 0000 | 0.000 40 0.0313 1 0.068 0.070
0.035 | 0.002 | 0000 | 0.000 10 0.0073 1 0.044 0.045 |
0.030 | 0.000 | 0.000 | 0.000 40 0.0313 1 0.061 0.060
0.030 | 0000 | 0.000 | 0.000 40 0.0313 1 0.061 0.060
0037 | 0002 | 0000 | 0.000 10 0.0073 1 0.046 0.045
0.037 | 0000 | 0000 | 0.000 50 0.0393 1 0.076 0.075
0.033 | 0.000 | 0000 { 0.000 60 0.0473 1 0.080 0.080
0.035 | 0001 | 0000 | 0.000 ) 0.0073 1 0.043 0.045
0.025 | 0.000 | 0.000 | 0000 | 50 0.0393 1 0.064 0.065
0.027 | 0000 | 0000 | 0.000 50 0.0393 1 0.066 0.065
0.030 0.002 0.000 0.000 15 0.0113 1 0.043 0.045
0.031 | 0.000 | 0.000 | 0.000 50 0.0393 1 0.070 0.070
0.026 | oooo | o000 | 0.000 50 0.0393 1 0.068 0.070
0030 | 0002 [ 0.000 | 0.000 15 00113 | 1.15 0.050 0.050
0.031 | 0.000 | 0000 | 0.000 50 0.0393 1 0.070 0.070
0.020 | o000 | cooo | 0.000 50 0.0393 1 0.068 0.070
5030 ] 0.002 | 0000 | 0.000 15 0.0113 1 0.043 0.045
0.031 | 0000 | o000 | 0.000 50 0.0393 1 0.070 0.070
1
T
1
1

and Constructed Stream Channels in Arizona, USGS, 1998.

Table 1. Base vafues of Manning's n for stable channets from Estimated Manning's
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa Counfy,
Arizona, USGS, 1991,

ation (14) from Verification of Roughness Coefficients for Selecfed Natural
Constructed Stream Channels in Arizona, USGS, 1898.
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Doe Peak Wash - n Value Determination
' n= m(nb+n1 + n2 +n3 + nd)
where:
n = roughness coefficient
m = meandering factor
. *nb = base n value

ni = surface iregularities factor
n2 = variation in shape and size factor
n3 = obstructions factor

¥ n4 = vegitation factor = 0.0008B - 0.0007
B = % of fiow blocked by vegetation

n rounded n

Section nb ni n2 n3 B nd_ m
Main Channei}{ 0.018 - 0.396] 0.040 0.001 0 0 10 0.0073 1 0.048 0.050
LB 0.025 0 0 0 40 0.0313 1 0.056 0.055
RB , 0.025 0 0 0 40 0.0313 1 0.056 0.055
Main Channel} 0.042 | 0.003 0 0 10 0.0073 1 0.052 0.055 |
i 0.027 0.001 0 0 50 0.0393 1 0.067 0.070
0.029 0.001 0 0 50 0.0393 1 0.069 0.070
0.042 0.002 0 0 10 0.0073 1 0.05% 0.050
"0.029 0 0 0 40 0.0313 1 0.060 0.060 |
0.029 0 0 0 40 0.0313 1 0.060 0.060 |
0.042 0 0 0 10 0.0073 1.15 0.057 0.055 |
0.029 0 0 0 40 0.0313 1 0.060 0.060
0.029 0 0 0 40 0.0313 1 0.060 0.060
0.042 0 0 ) 10 0.0073 1 0.049 0.050
0.029 0 0 0 40 0.0313 1 0.080 0.060
0.029 0 0 0 40 0.0313 1 0.060 0.060
Main Channel] 0.035 0 0.003 0 10 0.0073 1 0.045 0.045
: 0.029 0 0.003 0 20 0.0153 1 0.047 0.050
0.029 0 0.003 0 25 0.0193 1 0.051 0.050
0.035 0 0 0 10 0.0073 1 0.042 0.045
0.029 0 0 0 20 0.0153 1 0.044 0.045
0.029 0 0 0 25 0.0193 1 0.048 | 0.050
0.035 0 0 0 10 0.0073 1.15 0.049 0.050
0.029 0 0 0 20 0.0153 1 0.044 0.045
0.029 0 0 0 25 0.0193 1 0.048 0.050
0.035 0 0 0 10 [ 0.0073 1 0.042 0.045 |
0.029 0 0 0 20 0.0153 1 0.044 0.045 |
0.029 0 0 0 25 0.0193 1 0.048 0050 |
0.035 0 ) 0 10 0.0073 1.15 0.049 0.050
0.029 0 0 ] 20 0.0153 1 0.044 0.045
0.029 0 0 0 25 0.0193 1 0.048 0.050
0.035 0 0 0 10 0.0073 1 0.042 0.045
0.029 0 0 0 20 0.0153 1 0.044 0.045
0.029 0 0 0 25 0.0193 1 0.048 0.050
0.035 0 0 0 10 0.0073 115 0.049 0.050
0.029 0 0 0 20 0.0153 1 0.044 0.045
0.029 0 0 0 25 0.0193 9 0.048 0.050
0.035 0 0 0 10 0.0073 1 0.042 0.045
0.029 0 0 0 20 0.0153 1 0.044 0.045
0.029 0 0 0 25 0.0193 1 0.048 0.050
0.035 | 0.004 0 0 10 0.0073 1 0.046 0.045
0.027 0 0 0 30 0.0233 1 0.050 0.050
0.029 0 0 0 25 0.0193 1 0.048 0.050
0.033 0.004 0 0 10 0.0073 1 0.044 0.045
0.033 0 0 ] 30 0.0233 1 0.056 0.055
0.033 0 0 0 30 0.0233 1 0.056 0.055
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Doe Peak Wash - n Value Determination

Section nb ni n2 n3 B nd m n rounded n
Main Channel}4.279 - 4.696] 0.035 0.01 0 0 10 0.0073 1 0.052 0.055
LB 0.033 0 0 0 40 0.0313 1 0.064 0.065
RB 0.033 0 0 0 50 0.0393 1 0.072 0.075

‘quaﬂon (9) from Verification of Roughness Cosfficients for Selected Natural
and Constructed Stream Channels in Arizona, USGS, 1998,

*Table 1. Bage values of Manning's n for stable channels from Estimated Manning's
Roughness Coefficients for Stream Channefs and Flood Plains in Maricopa County,
Arizona, USGS, 1921,

3Equatlon (14) from Verification of Roughness Coefficients for Selected Natural
and Constructed Stream Channels in Arizona, USGS, 1998,
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South Fork Doe Peak Wash
n Value Determination
' n= m({nb+nl+ n2+n3 + nd)
where:
n = roughness coefficient
m = meandering factor

. ?nb = base n value
n1 = surface irregularities factor

n2 = variation in shape and size factor
n3 = obstructions factor
3 n4 = vegitation factor = 0.0008B - 0.0007
B = % of flow blocked by vegetation

Section nbh ni n2 nl B n4 m n rounded n

Main Channel|[0.102 - 0.271| 0.040 0 0 0 15 0.0113 1 0.051 0.050
5 0.035 0 0 0 30 0.0233 1 0.058 0.080
0.030 0 0 0 35 0.0273 L 0.057 0.060

0.040 0 0 0 15 0.0113 1 0.051 0.050
E 0.035 0 0 ¢ 30 0.0233 1 0.058 0.060
0.035 0 0 0 30 0.0233 1 0.058 0.060

0.040 0 0 0 20 0.0153 1 0.055 0.055
0.030 0 0 0 30 0.0233 1 0.053 0.055

0.030 0 0 0 30 0.0233 1 0.053 0.055

0.040 i] 0 0 20 0.0153 1 0.055 0.055
? 0.029 0 0 0 30 0.0233 1 0.052 0.055
0.029 0 0 0 30 0.0233 1 0.052 0.055

Equation (9) from Verification of Roughness Cosfficlents for Selected Natural

and Constructed Stream Channels in Arizona, USGS, 1998.

?Table se vatues of Manning's n for stable channels from Estimated Manning's

Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County,

Arizona , USGS, 1991.

*Equation (14) from Verification of Roughness Coefficients for Selected Natural
.d Constructed Stream Channels in Arizona, USGS, 1998.
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East Fork Doe Peak Wash
n Value Determination

' n= m{nb+*n1+n2+n3 +nd)
where:
n = roughness coefficient
. m = meandering factor
2 nb = base n value
n1 = surface irregularities factor
n2 = variation in shape and size factor
n3 = obstructions factor
3 n4 = vegitation factor = {.00088B - 0.0007
B = % of flow blocked by vegetation

Section nb n1 n2 n3 B8 nd m. n rounded n
Main Channel 0.033 0 0 0 10 0.0073 1 0.040 0.040
0.033 0 0 0 35 0.0273 1 0.060 0.060
0.033 0 0 0 35 0.0223 1 0.060 . 0.060
0.033 0.004 0 0 10 0.0073 1 0.044 0.045
0.033 1] 0 0 30 0.0233 1 0.056 0.055
0.033 0 0 30 0.0233 1 0.056 0.055

and Constructed Stream Channels in Arizona, USGS, 1998.

ing's able nels from Estimated Manning's
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa Counly,
Arizona, USGS, 1991,
3Equation (14) from Verification of Roughness Coelficients for Selected Natural
and Constructed Stream Channels in Arizona, USGS, 1998.
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A common method of selecting the roughness coefficient, n, is to
first select a base value of n for the bed material (table 1). The base
values of n are for a straight uniform channel of a given bed material.
Cross-section irregularities, channel alignment, obstructions, vegetation,
and other factors that increase roughness are. accounted for by adding
increments of roughness to the base value of n. Ranges of adjustments for
the factors that may add to channel roughness are shown in table 2.

Many alluvial channels in Maricopa County have bed material that
moves during floodflow. In addition to the changing channel geometry of
these channels, the roughness coefficient may change durin% floodflow
because of the changing form of the channel bed in parts of the channel
cross section (Davidian, 1984). Bedforms, such as dunes, antidunes, and
plane bed have been observed during large floods. Within a few minutes,
dunes can appear, disappear, and reappear at different locations across a
large stream channel. The Manning roughness coefficient can double or
triple when the bedform changes from plane to dunes. A method of defining
reliable values of Manning’s n for unstable alluvial channels is not avail-
able. A plane bedform is common during large floods, and for this re?ort,
plane-bed conditions are assumed where the roughness coefficient is related
to the size of the channel material and not the form of the channel bed.
Plane-bed conditions were assumed -for nearly all indirect measurements of
peak discharge where the slope-area method was used.

Table 1.--Base values of Manning's n for stable channels

[Modified from Aldridge and Garrett, 1973, table 1]

Base n values

Size of bed material

Benson and
Dalrymple Chow
Channel material Millimeters Inches (1967)1 (1959)°
Anehe Il
Concrete.....covvuvunn, O eeeeee- oo 0.012-0.018 0.011
ROCk Cut.-....--...o-- -------------------------- -025
Firm soil..ecveieveenee 000D =-=----  =-ce---- .025- .032 ..020
O Coarse sand..covvuenn. A, 1-2 0 ceea-e-. .026- .035 -----
;A Fine ?rave1. .......... e L T ———ee-- —meccmeeee- 024
S Gravel.veieeseeracenns 02 2-64 0.08-2.5 .028- 035 -----
/.6 Coarse gravel......... Y geeemen bt m—emmeee- .028 3
3-97 Cobble..eeveinnennenns ,O%G*wfﬁ64-256 2.5-10.0 .030- 050 ----- 1
1.5 Boulder.....coeevuunes LOH-0T  >256 >10.0 .040- 070 ----- %
._ 1Straight uniform channel.

2Smoothest chdannel attainable in indicated material.




. N Value Sen&vity Analysis .

nb = (0.0926R ")/(0.794 + 1.85 log R/ds;)’
Routing | WASH HEC-RAS Avg R dso log Rids, nb dsa (70%) | log Ridsgi  nb  |dss(130%)i log Ridsy| nb nb
Reach XSECS | HEC-RAS| (f) {ft) () (DEA analysis)
6-7 Sweat [10.276-10.485 4.9 0.033 217 0.025 0.023 2.33 0.024 0.043 2.06 0.026 0.030
7-8 Sweat | 9.992-10.276 47 0.083 1.75 0.030 0.058 1.91 0.028 0.108 1.64 0.031 0.030
8-9 Sweat 9.518-9.992 39 0.108 1.56 0.032 0.076 1.71 0.029 0.140 1.44 0.034 | 0.035
9-11 Sweat | 9.007-9.518 38 0.125 1.48 0.033 0.088 1.64 0.030 [ 0.163 1.37 0.035 0.035
11-12 Sweat | 8.105-9.007 3.4 0.083 1.61 0.03¢ 0.058 1.77 0.028 0.108 1.50 0.032 0.035
12-14 Sweat | 7.631-8.105 4.5 0.083 1.73 0.030 0.058 1.89 0.028 0.108 1.62 0.031 0.029
14-15 Sweat | 7.442-7.631 3.3 0.083 1.60 0.030 0.058 1.76 0.028 0.108 1.49 0.032 0.029
15-16 Sweat | 6.684-7.442 1.9 0.008 2.38 0.020 0.006 2.50 0.019 0.010 2.28 0.021 0.024
16-17 Sweat | 5.134-6.684 1.3 0.117 1.05 0.035 0.082 1.20 0.032 0.152 0.93 0.038 0.040
35-18 Sweat | 4.741-5134 1.6 0.108 1.17 0.034 0.076 1.32 0.031 0.140 1.06 0.036 0.035
18-18A Sweat | 4.222-4.741 1.8 0.083 1.34 0.031 0.058 1.49 0.029 0.108 1.22 0.033 0.031
20-21 Doe 4.138-4.696 29 0.092 1.50 0.031 0.064 1.66 0.029 0.120 1.38 0.033 0.035
24-25 Doe 3.804-4.138 3 0.042 1.85 0.026 0.029 201 0.025 0.055 1.74 0.028 0.033
25-26 Doe 2.734-3.804 1 0.067 117 0.031 0.047 1.33 0.028 0.087 1.06 0.034 0.035
26-32 Doe 1.231-2.734 0.8 0.108 0.92 0.036 0.076 1.07 0.033 0.140 0.81 0.040 0.035
32-35 Doe .108-1.231 1.4 0.292 0.68 0.048 0.204 0.84 0.042 0.380 0.57 0.053 0.042
23-24 East .094-.661 1.5 0.067 1.35 0.030 0.047 1.50 0.028 0.087 1.24 0.032 0.033

' Comparison of Verified Roughness Coefficients for Gravel-Bed Streams, Blodgett (1986)
(Range in Ds; = 0.033 to 1.5, Range in Manning's n = 0.020 to 0.150)
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. N Value Sengvity Analysis .

nb = (0.0826R"%)/(1.46 + 2.23 log Rids)*
Routing | Wash HEC-RAS AvgR dsp log Rids, nb |dg(70%)| log Ridsy| nb  |dsg(130%)|log R/idsy| nb nb
Reach XSECS HEC-RAS {ft) {ft) (fts) {DEA analysis)
6-7 Sweat {10.276-10.465 49 0.033 217 0.019 0.023 2.33 0.018 0.043 2.06 0.020 0.030
7-8 Sweat | 9.992-10.276 47 0.083 1.75 0.022 0.058 1.91 0.021 0.108 1.64 0.023 0.030
8-9 Sweat | 9.518-9.992 3.9 0.108 1.56 0.024 0.076 1.71 0.022 0.140 1.44 0.025 0.035
-1 Sweat | 9.007-9.518 38 0.125 1.48 0.024 0.088 1.64 0.023 0.163 1.37 0.026 0.035
11-12 Sweat | 8.105-9.007 34 0.083 1.61 0.022 0.058 1.77 0.021 0.108 1.50 0.024 0.035
12-14 Sweat | 7.631-8.105 4.5 0.083 1.73 0.022 0.058 1.89 0.021 0.108 1.62 0.023 0.029
14-15 Sweat | 7.442-7.631 33 0.083 1.60 0.022 0.058 1.76 0.021 0.108 1.49 0.024 0.029
15-16 Sweat | 6.684-7.442 18 0.008 2.38 0.015 0.006 2.50 0.015 0.010 2.28 0.016 0.024
16-17 Sweat | 5.134-6.684 1.3 0.117 1.05 0.026 0.082 1.20 0.023 0.152 0.93 0.027 0.040
35-18 Sweat | 4.741-5.134 16 0.108 1.17 0.025 0.076 1.32 0.023 0.140 1.06 0.026 0.035
18-19A Sweat | 4.222-4.741 1.8 0.083 1.34 0.023 0.058 1.49 0.021 0.108 1.22 0.024 0.031
20-21 Doe 4.138-4.696 29 0.092 1.50 0.023 0.064 1.66 0.021 0.120 1.38 0.024 0.035
24-25 Doe 3.804-4.138 3 0.042 1.85 0.020 0.029 2.01 0.019 0.055 1.74 0.021 0.033
25-26 Doe 2.734-3.804 1 0.067 1.17 0.023 0.047 1.33 0.021 0.087 1.06 0.024 0.035
26-32 Doe 1.231-2.734 0.9 0.108 0.92 0.026 0.076 1.07 0.024 0.140 0.81 0.028 0.035
32-35 Doe .108-1.231 1.4 0.292 0.68 0.033 0.204 0.84 0.029 0.380 0.57 0.036 0.042
23-24 East .094- 661 1.5 0.067 1.35 0.022 0.047 1.580 0.021 0.087 1.24 0.023 0.033
2 Comparison of Verified Roughness Coefficients for Gravel-Bed Streams, Central Arizona
(Range in Dz = 0.28 to 0.36, Range in Manning's n = 0,030 to 0.038)
(This method not chosen because D5, found in Sweat Canyon Wash is out of range of this method)
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Average Hydraulic Radius

. AREA |Wetted Perimeter/Calculated Hydraulic Radius
East Fork 0.094| 867.56 198.55 0.3
East Fork 0.189| 102.22 93.75 1.1
East Fork 0.283| 146.97 55.66 26
East Fork 0.327| 185.45 74.5 ' 2.6
East Fork 0.377] 183864 | . 82.22 2.2
East Fork 0472 173.38 143.27 1.2
East Fork 0.568| 102.75 267.31 0.4
East Fork 0.661| 125.97 109.9 1.1

1.5 Avg Hyd Rad
Doe Peak W 0.108} 685.03 561.61 _ 1.2
Doe Peak W 0.21 549 451,04 1.2
Doe Peak W 0.302| 761.23 270.6 2.8
Doe Peak W 0.396| 692.21 251.51 2.8
Doe Peak W 0.423| 663.91 259.89 2.6
Doe Peak W| - 0.488] 411.28 395.38 1.0
Doe Peak W 0.584| 507.85 435.31 1.2
Doe Peak W 0.681| 597.4 444 .41 1.3
Doe Peak W 0.774( 434.22 461.43 0.9
Doe Peak W 0.869| 684.6 632,38 11
Doe Peak W 0.964| 466.22 453.62 1.0
Doe Peak W 1.058; 558.19 475.04 , 1.2
Doe Peak W 1.112| 366.19 489.05 0.7
.‘* . [Doe Peak W| _ 1.153] 471.24 586.98 0.8

4 1.4 Avg Hyd Rad
Doe Peak W 1.231| 526,78 555.24 0.9
Doe Peak W 1.343| 383.47 309.41 1.2
Doe Peak W 1.438| 405.2 2301.28 1.3
Doe Peak W 1.534] 540.56 371.8 1.5
Doe Peak W 1.624] 513.33 407.9 1.3
Doe Peak W 1.722| 367.82 425.62 0.8
Doe Peak W 1.816| 352,92 367.33 1.0
Doe Peak W 1.91| 469.08 362.73 1.3
Doe Peak W 2.006| 218.77 385,59 0.6
Doe Peak W 2.101| 228.39 303.56 0.8
Doe Peak W 2.195| 355.17 387.85 0.9
Doe Peak W 2,29} 235.91 474.3 0.5
Doe Peak W 2.479 394 616.48 0.6
Doe Peak W 2.573] 223.02 307.26 0.7
Doe Peak W 2.669| 318.27 409.55 0.8

0.9 Avg Hyd Rad
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Average Hydraulic Radius

.. {Doe Peak W 2.734| 18537 407.51 0.5
. ' {Doe Peak W 2.859| 210.88 265.34 0.8
Doe Peak W 2.903| 293.91 252.38 1.2
Doe Peak W 2.954| 426.81 232,43 1.8
Doe Peak W 3.048] 224.98 285.65 0.8
Doe Peak W 3.143) 264.9 286.51 0.9
Doe Peak W 3.237) 227.09 281.95 0.8
Doe Peak W 3.331; 377.16 220.05 1.7
Doe Peak W 3.38] 556.79 398.9 1.4
|Doe Peak W 3.427) 195.07 | 380.1 0.5
Doe Peak W 3.522¢ 317.93 225.18 14
Doe Peak W 3.616, 274.23 408 0.7
Doe Peak W 3.707] 234.69 281.72 0.8
1.0 Avg Hyd Rad
Doe Peak W 3.804| 503.94 164.79 3.1
Doe Peak W 3.901| 347.79 104.78 33
Doe Peak W 3.953| 496,61 160.22 3.1
Doe Peak W 3.995| 386.9 122.23 3.2
Doe Peak W 4.076| 357.49 161.6 2.2 -
3.0 Avg Hyd Rad
Doe Peak W 4.138| 384.31 108.46 3.5
Doe Peak W 4,185 1991 96.55 2.1
Doe Peak W 4.279| 151.81 67.95 2.2
Doe Peak W 4.347| 227.39 86.81 2.6
Doe Peak W 4.469; 187.43 70.04 2.7
.'. Doe Peak W 4,563} 197.53 57.54 3.4
 |Doe Peak W 4,658 131.67 40.25 3.3
Doe Peak W 4.696| 123.57 34,99 3.5
2.9 Avg Hyd Rad
Sweat Cany 4.222| 1486.99 814.83 1.8
Sweat Cany 4.317| 1540.82 712.12 22
Sweat Cany 4412 1193 594.32 2.0
Sweat Cany 4.507| 890.94 315.5 2.8
Sweat Cany 4,602} 90457 733.28 1.2
Sweat Cany 4.697| 1144.41 769.83 1.5
Sweat Cany 4,728 1058.47 824.06 1.3
1.8 Avg Hyd Rad
Sweat Cany 4.741] 1017.53 1184.57 0.9
Sweat Cany 4.79| 889,29 751.89 1.2
Sweat Cany 4.829| 882.74 10086,51 0.9
Sweat Cany 4.949| 996.94 1090.45 0.9
Sweat Cany 5.058| 901.06 509.82 1.5
Sweat Cany 5.163| 1095.79 271.91 4.0
1.6 Avg Hyd Rad
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Average Hydraulic Radius

Sweat Cany 5.163| 271.91 1095.79 0.2
o Sweat Cany 5.134| 137.08 540.35 0.3
. Sweat Cany 5.169| 287.33 805.18 0.4

Sweat Cany 5221 578.37 376.78 1.5

Sweat Cany 5.264| 475.98 482.72 1

Sweat Cany 5.359| 500.02 365.86 1.4

Sweat Cany 5.453| 681.56 289.74 2.4

Sweat Cany 5.548| 603.2 315.16 1.9

Sweat Cany 5643, 627.86 374.92 1.7

Sweat Cany 5.737| 455.94 185.66 2.3

Sweat Cany 5.832| 681.06 500.98 1.4

Sweat Cany 5.876| 389.48 277.22 1.4

Sweat Cany 5927 5957 278.39 2.1

Sweat Cany 6.022| 414.51 229.14 1.8

Sweat Cany 6.077| 420.94 490.81 0.9

Sweat Cany 6.116| 310.15 451.77 0.7

Sweat Cany 6.211| 568.23 260.92 2.2

Sweat Cany 6.306| 500.77 386.72 1.3

Sweat Cany 6.351| 486.05 470.78 1

Sweat Cany 6.4| 590.91 512.75 1.2

Sweat Cany 6.495| 567.4 508.95 1.1

Sweat Cany 6.59| 365.62 382.66 1

1.3 Avg Hyd Rad

Sweat Cany 6.684 400,39 381.45 1

Sweat Cany 6.732| 473.15 463.28 1
. Sweat Cany 6.779| 434.59 54417 0.8

Sweat Cany 6.833| 320.84 577 06

Sweat Cany 6.874| 247.08 524.34 0.5

Sweat Cany 6.922| 428.39 462.61 0.9

Sweat Cany 6.969| 549.33 414.67 1.3

Sweat Cany 7.083| 580.03 310.33 19

Sweat Cany 7.112| 502.49 247,52 2

Sweat Cany 7.168| 595.02 171.92 3.5

Sweat Cany 7.209| 367.06 146.82 25

Sweat Cany 7.253| 535.53 147 3.8

Sweat Cany 7.303| 547.05 185.12 3

Sweat Cany 7.347| 494.01 128.07 a9

1.9 Avg Hyd Rad

Sweat Cany 7.442| 747,56 194.15 3.9

Sweat Cany 7.554) 493.26 163.89 3

Sweat Cany 7.587| 496.77 157.83 3.1

3.3 Avg Hyd Rad

Sweat Cany 7.631| 586.06 221.43 26

Sweat Cany 7.726| 510.36 127.76 4

Sweat Cany 7.773| 653.85 157.53 42

Sweat Cany 7.821| 807.45 156.79 5.1

Sweat Cany 7.867] 611.27 142.16 4.3

Sweat Cany 7.915, 867.66 156.05 56
. Sweat Cany 7.962| 731.32 160.53 46
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Average Hydraulic Radius

Sweat Cany 8.01} 707.16 131.62 54
- 4.5 Avg Hyd Rad
. Sweat Cany 8.105| 543.14 117.14 26
Sweat Cany 82 777.89 191.11 4.1
Sweat Cany 8.294. 521.43 130.95 4
Sweat Cany 8.347| 706.03 189.47 37
Sweat Cany 8.435| 44234 3569.73 1.2
Sweat Cany 8.484| 406.19 215.64 1.9
Sweat Cany 8.551) 530.84 192.62 2.8
Sweat Cany 8.578| 610.94 119.05 5.1
Sweat Cany 8.673| 565.41 135.97 42
Sweat Cany 8.766| 597.42 150.06 4
Sweat Cany 8.891| 345.74 183.32 1.9
34 Avg Hyd Rad
Sweat Cany 8.926, 318.2 164 1.9
Sweat Cany 9.01| 407.9 146.67 28
Sweat Cany 0.052| 371.82 121.95 3
Sweat Cany 9.147| 509.48 102.52 5
Sweat Cany 9.202) 400.05 129.86 3.1
Sweat Cany 9.241| 38845 96.22 4
Sweat Cany 9.286| 585.53 128.53 4.6
Sweat Cany 9.329| 680.55 141.83 4.8
Sweat Cany 9.424| 397.64 81.23 4.9
3.8 Avg Hyd Rad
Sweat Cany 9.613] 563.25 122.22 46 -
. Sweat Cany 9.708] 391.96 201.13 1.9
Sweat Cany 9.802| 418.59 89.59 47
Sweat Cany 9.894| 527.2 100.08 5.3
Sweat Cany 9.892; 370.88 117.95 3.1
3.9 Avg Hyd Rad
Sweat Cany 10.087| 432.56 84.76 5.1
Sweat Cany 10.181] 44219 92.71 4.8
Sweat Cany 10.276| 370.74 88.19 4.2
' 4.7 Avg Hyd Rad
Sweat Cany 10.371) 349.55 74.51 47
Sweat Cany 10.465| 307.68 64.64 4.8
Sweat Cany 10.56| 286.39 57.58 5.1
4.9 Avg Hyd Rad
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152 Hydrology and Hydraulics Planning lor the Chiumacha Trike

increased {rom 4+ 10.00 to +11.55 for suh-aceas C and P_/Therelore, fo
reduce flooding in sub-areas B, C, and D below ke curr EFE., fqrced
drainage is warranted, as showa in the ultimate conditiofls investigatian.

Scenario G

This scenario emulated the same flood reductionfleatures as ultinate
condilions. However, the desiga consteaints allowgd for “nuisance™ floading
aver the entice study arca. The reason for this cgistraint was to seduce pump
size by allowing for “minimal " flooding.

This investigation showed that two [18-cff, (wo 89-cfs, and twa 361 -cfs
pumps would he appeopriate for sub-areas AR, and C, f{ia'pect:\rel)-. With
respect fo e pemp sizes delormined uader filtinate condilions, the reduction
in forced drainage capacity is minimal, angd thus a significant cost savings s

" not anticipated.

ConsTastar CosTs

Based on 2 unil cost of §5.50 per cybic yard, consteuction costs far {illing
would easily exceed $25 million plfs tequired interior draimage
fomprovements, This alterative wyfs deterdaed cost prohibitive. One
fiuadred-yeac levee construction £osts are cstimated at $2.3 million, 25-yeac
forced drainage costs ace estimfied at $6.0 aiiflion, and $-year gravity
deainage cosly ars estimated ay 3600.0().

RECOMMENDATIONS

This study pravides deciglonmaking information to the Chitimachas vith )
respect o fnture develoginent, A key considerstion (o fulure development 15
following FEMA repufations, specifically devefoping accerding to the FEMA
100-year BFE, in ardlr te participate in the NFIP,

The current BEE ia the study acez is well above natural grouad elevation.

Thus flood reductifn Tmprovements are warrantes. A J00-year hurricane
protection [eves if necessacy to prevent surge inundation. However, if levee
protection is profided withont forcud drainage, the BFE will increase in sub-
* aceas C and Dftue to inferior ponding. Although the BFEs in sub-aress A
and B would flecrease without farcud drairage, fill requirements would

COMPARISON OF VERIFIED ROUGHNESS COEFFICIENTS
FOR GRAVEL-BED STREANS
IN CENTRAL ARIZONA WITH OTHER AREAS OF THE
WESTERN UNITED STATES

Jeft ¥, Phillips and Tedd L. Ingersol
U.5, Geologicat Survey

INTRODUCTON

Manniag's roughness coetficient, n, commonly is used 10 represent flow
resistance foc hydraulic computations of flow in open channels. The
prucesiure for selecting a values is subjective and requires fudgmenl and
skill developed primarily thcough expedience. The expertise necessary fog
peoper sclection of n valwes can be obtained, in part, by examining
characleristics of channcls with knowa or verilied reughness coefficients.

In cooperation with the Flood Coualrol District of Madcopa Couaty,
Arizona, the U.5. Geological Survey has underdaken a two-phase
investigation to assess o values for sircam channels in central Acizona.
Thomsen and Hjalmarson (1991) coacluded the fiest phase by publishing
guidlelines for delermining n values and presented estimated o values for
16 stream channcls in central Arizona. Phase fwo objectives include
determining the validity of phase one cesults by verifying Maaning's n
for cepresentative streams,

This papee peesents verified n values for 13 discharge measurements
al ¥ selected gravel-bed streams in central Acizona and compaces them
with data from simifac studies in other areas of (he western United Stales.
The vecification data ace used to develop 2n empiricaf relation belweesn
Mamsing's n, hydeaulic cadius, and median geain size. This celation can
be used to transfer cesulls to similar gravet-bed stream chanaels.

Dara COLLECTION

Stte-selection and data-collection techniques used in this study genecatly
were selecled to meet, as closely as possible, ¢riteria presented by Jaerett-
and Petsch {1985) for accurate n-verification measurements. Discharge

* This manuscript benefited substantially from helpfut discussions with H. Hjelmarzon,
T. Letvman, S, Traw, B. Aldridge, R. Jarren, X. Nolen, and J. Capesits.
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154 Compardson of Vesdilied Roughness Ceelficlents for Gravel-Bed Stenms

used {or each of the verification measurements was oblained by the
gurreit-meter method or from a welt-defined stage-discharge relation. A
transil-siadia survey way done at eith reach efther at the time of the

. current-meler acasurement or soon after floww subsided 10 oblain accusate
waler-surface clevafion and channel-gearactey dala. A pacticle-size distre-
hutica ef the bed material was ebttined by measucing the inlermediate
axis of (00 padticles selected af candom from the siedy ceach (Benson and
Daleymple, 1967). These dita were penerally abtained aller flows and
used to determine median grain-size diamelec (dsg) for each sie.

DAava ANALYSIES

Compuiation of Manning's a

The fundamenial equativas on which many open-chaanel hydratlic
compitations are based include the Manaing, the continuity, and the
energy cquations. The computec program NCALC, develaped by Jarrett
and Petsch {1985], is based on these equalions and was used to compute
the values of total roughaess {n) presentedd in this repont (Tablke 1),

Table 1. Summary of verification measurernients including 1ha
magaitude of total (n} and base (n,} reughness, the factors
required to adeguately descrbe flow resistence. and vasigus
7 channel and Rydraufic parameters. -
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Camponents of Manning's n

The general approach for estimating resistance to flow in stream
channels is to first sclect a base value of n for the bed material (Thomsen
and Hjalmarson, 1991). The base value of Maaning's o {ny) is
repeeserded by the size and shape of the prains of the material that form
the wetted perimeter and prodace a retaeding effoct on flow (Chow,
1939). Cress-section irregolarities (ng), chunnel alignment (ny),
obstructions (ny), vegetation (ny), are (hen added Io the hase value of n;
aud the o value is then multiplied by a cormection factoc for channel
rieandecing {m). Because the sites were selected for reach and cross-
sectional uniformity (Jarrett and Petsch, 1985), factocs oc compencats of
n (a; theough ng) at the siles were considered to have no effect on total
roughness (Table 3.

Base Vakie of Manning's a for Grave!-Bed Streams

In the abscoce of vegetatioa and ather bank abstructions, roughness
in 2 uniform gravel-bed stream generally decreases with increasing depih
(sec Table 1}. As flow approaches hankfill stage, however, roughness
may asymptatically approach a constant value, a5 shown by sevecal
previous invesligations (Blodgett, 1986; Bensoun and Dalrymple, 1267).

The basic coughness cocfficient far gravel-bed streams should aot
vary gecatly with depth of flow if the refative roughness {ratio of
hydeaulic radius, R, to intecmediste diametes of the stceambed material,
dso} s between about 5 and 276 {Benson and Dafeymple, 1967). Existing
data indicate frends between hydeaulic eadivs, median grain-size diameter,
and verified base values of a for gravel-bed stycams in some regions of
the United States, For examgple, Blodgett (1986} examined verified values
of n foc 4B perennial gravel-bed streams in Califoruia, Colerade, (daho,
Montana, and Washingien. Blodge!t developed an equation that celates
Manning's 0 1o hydeaufic radios {assumed 10 approximate mean depth of
flow) and median geain size of the bed material (Table 2}. A stmilar
equation was developed for pravel-bed steeams in centeal Arizona.

Tab{e 2: Equations Tor the relation between base values of
Manning’s n, hydraulic radius (R}, and medien dismeter of bed
matesial for gravel-had streams.

Sourve ©arzation Rengaind, Rmgens  Comelation L-oeation
] Marolog's & Coeficiont
ok ne Q0006 RW (7 oMse1$s podiwbis nes’ (95 werten U3
/ (1oes) QM ¢ 185 log A i r033'}0i.5 0'05;:)*0,[3% (Mm]ﬂ
Onpitel fs w" 2 G2 o 2030w 0K ‘n.!l Maricogm County,
Adaonk * / Auore, .
werimmrd, 849,30 ,03010.038 v

Q N=©.09ak R¥%

NI

o) V-3

WeBs:8| B6EL-8l-8

BPPELETEIS SINYLTISNDD 1s3m WOHA

£
SO0ST00 R

RB/RT /RN

nerITY

Togr a0 2n4L%

00 YOO THYH

an4g




188 Campadson of Verilied Roughness Coetficients fof GiavelTled Streams

Manning's a is plotéed against rclative roughness o compare data for
seavel bed streams in Giffereat sites in the western U.S, (Figuce [). To
sonpare (he cquations develaped (sce Table 2}, trendlines also are plotied
for dgy vataes equal Lo 0.3 feet and R valves between 0.6 and 6 fewd,

DISCUSSION

Althouph sevecsl of the verified a values ncarporated iaw l%lngcu'.s data
set are in cluse proximity to (he data oblained {rom slreams in cem.rall
Acizuna (see Figiee 1), most n values are substaatially taeger for similac
ealues of relative coughaess. It the equations presented ace to be properly
used as aids in delermining basc vahees of Manning's 0, adequate
descriptions of channel chacacteristics (rom which the data were @lamed
must be presented. This discussian, therefore, presents poteatial taclors
thal may account for (he differcaces between the data sets (Figure ().

As goted by Blodgett (1986), the large scarter in data points of the
verification measdrements used lo develop equation | may reflect
exteaneows flow-rtarding offects associatod with irregularilics in baak
thape and chapges i channet alignment. Maay of the sites used by
Bladgett ace located in relatively pristine mountain areas whege streams
are uahindered by haman influences. Three of the ceateal Acizona sites,
however, are located in diver reaches that bave been channelized. In

008y @ vedfed avales o ceAT2! Afeea
o0 o0 ° o steams
wera § o Od’ o o equatian 2 (tablo 2}
042 - O verified n vatues for gifer stafas in the
0.060 4+ a Qs a o° o g westem 1.5 (Blodgeati, 1986]
DQ 2 = = = gquation {{tabie 2}
a0s0 4 P o o o
o ‘ggp‘;q'b- -G < °o
(XXX S 0. ®s 080 OO I S AP R
' .\‘E\Q\O_e_m\ %o o e o ©
0030 4 Py w *
T T T T e e w e v w
Refativa Roughasss

Figure 1. Relation of Manning’s n and relative roughness for
gravel-bed stream channels in central Arizana and the western
United States. For simple comparisen of equations, the valug of

5o ased to plat the trendlines is constant and equal to 0.3 feet.

p——
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addition 10 swabilizing channef banks, chanaelization projects generatly
tend lo increase conveyance by slraighlening rivers, potentially resuiting
in a decrease of flow-retanding effects associated with chaneel imeandecs
and other icregulacities. Anthropogenic effects to river systems, therefore,
may be vne explanation for the differences ia the data sets (Figure 1).
Another explanation may be that the selected sites in centrat Anzona
fie 2t relatively large distances from the river's source, where the sleeam
is consideced base level, For base-level streamis, individual padicles can
be rovader, and grain-size distributions may seflect better socting and
homogencity thay particles ta higher-gradien! piedment channels (Leopoid
et al., 1964). Many steeams used by Bladget (1986) ace biphec-gradient
piedmont streams. As sugpested by Leopold ef af. (1964), for these (ypes
of channels, particles 4hat are substantialy larger than the median can
play an imporiant rofe in Mlow resistance by increasing local energy losses
and, camparad (0 base-level streams with siarilar values of dgg, greater
turbulence may accur pear the chanael bed, resulling in lacger values of
ny,. Additionally, the cange in median diameter of panictes for streams in
centeal Atizona is much nacrower thau the range used lo develap the
equation for gravel-bed steeams focated ia other states in the western
Usited States (see Table 2). The sites with relatively lacge median grain
sizes (boutder channels wilh values of dp up to 1.3 feet, for example)
that were employed in the development of Blodgett’s equation may have

~.had a dispeoportionate effect on roughness, & consegquence that may skew
‘oc weighl the line af best it toward higher vatues of o.

A final explanation for the appareat shift in relations may be fonad
by examining phologeaphs and descriptions of Bladget's (1986) sites.
Although somewhal conjectural, the examinations indicate that the flow-
retarcling effects associated with baak vegetation may have conlributed to
the overall value of v. Several of Ihe sites in queslion are presented in
Barves (1967). If the contribution of bank vegetation (o tatal fiow
relardance was not considered at a schstantial aumber of sites, the result
could be an apparent upnvard shift for the celation between R, dgg. and n
{see Figure 1). Sites used to develop equation 2 for geavel-bed steeams in
Arizona, however, were carcfolly examined so thal no extrancous flaw-
retarding clements (such as bank vegetation) contributed to 0.

Whatever the cause for tlie differences in verified n values tor the
separate regions of lhe United States, the verical difference belween
trendlines indicales the application of Bledgelt's equation Io gravel-hed
streams in central Ardzont may result in gross ovecestimates of ny, {scc
Eiguce ). Fortumately, recently published guidetines for estimating n
values jn Macicapa County suggest vilues of ny, simifar ¢o those oblained
from cquation 2 {Thomsen aed Hjalmarson, 19917,
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1589 Camgparisen of Verified Roughnaess Coefficients Tor Geavel-Red Streame

SUMMARY AND CONCLUSIONS

Thirteen evughness caefficients determined for five selected gravel-bed
steeam channels in conteal Arizoma are prescoled here. Computed
roughness-coefficient values ranged feom 0.030 to 0.038 and median size
of (ke streambed material ranged from 0.28 to 0.26 /. Hydraulic cadius,
median grain-size diameter, and the verified n valucs obtained from
streams in cenlral Arizona were used to develop an equation that can be
applied 1o similacly characterized streams. The data obtained tor gravel-
bed streamts in central Arizona are compared to data gathered for other
sites in the western United States. Although the equalions derived for the
scpacale regions ace similar in form, the verttcal diffesence hetween
trendlines suppests the application of Blodgett's equation to geavel-bed
steemns ia central Arizona may resull in gross ovecestimates of ny,. The
data set from which eguation 2 is derived is timited in size and range and
caulion must be exercised if the equation is =pphied to chandel conditions
sobstanliafly beyond the range of data. Further study is required 10 extead
equalion 2 ta larger Qow depths similar to those at flood slages.
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CONTINUOUS HYDROLOGIC AND HYDRAULIC MODELING
FOR FLOODPLAIN MAPPING ALONG THE WEST BRANCH

Frank Lan, Steve Rogers and lohn Si
Woodward-Clyde Cansoftanis

Jetf Dailey

ysts an the simulated peak stages
Pzage River in lllinois. FEQ, a
euc-dimensional unsteady flow hydraulic model with flood routiog
capabilities is coupled with a copfinuous-simulation hydrologic model to
compute floud hydropraphs asgd river stages.

The model was constae using a large amount of field surveyed
data consisting of river and/floodplain cross sccfions and hydraulic
slructaee data, The civer fetwork was divided into compuiational
i:rr_auchcs caonected by representations foc hydraulic structures, such as
bridges, culverts, respfvoirs, spillways, cte. The main slem model has
approximately 100 Pranches, 20 reservoirs, 3 braided sections of channel,
3 in-stream dams dnd 55 bridges, culverts, and other hydeaulic structures.
The watershed dfdrology was simulated using HSPF (EPA, 1993) and
was developeg/using land use data, soil type information, and
precipitatiog/nd evagoration cecords for the area. The precipilation data
was ablainéd from six cain gages with approxirately SO years of recocd.

The Aiydeaulic model was cafibeated to U.S. Genlogical Survey
contingbus recording siream gauge records and high water macks along
the rjter for recent large storm cvents. The calibrated model was vecified
by fomparing simulation resulls with recorded peak discharges, stages,

d volumes for a 5U-year continwous cecord peciod through 1994, The
[ibeated mode! will ultimately be used to determine flond levels and

delinéate the floodplain for the West Branch DuPage River wateeshed
based on a peak-to-volume statistical analysis that utitizes the simulated
peak stages and flow volumes to estimate peak stage exceedence
probabilities. In addition, the mode) has been used and will continue 1o be
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Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 4.222 and 4.602 (Location A)

Left overbank vegetation. Right overbank vegetation

d:\Memplsw4222 doc



Sweat Canyon Wash, Soil and Vegetation CharacteristiL_ netween Cross Section 4.602 and 4.728 (Location

Right overbank vegetation

Left overbank vegetation
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Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 4.728 and 4.74 (Location Uy

Lake Pleasant Road looking west. [.ake Pleasant Road looking east
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Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 4.7417 and 4.790 (Location .,

Typical cross section

Main channel soil sample.
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o

Right overbank veuzetation

o

Left overbank vegetation.
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at Canyon Wash, Soil and Vegetation Characteristic etween Cross Section 4.790 and 4.867 (Location '

N

Left overbank vegetation. Right overbank vegetation.
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€ at Canyon Wash, Soil and Vegetation Characteristic etween Cross Section 4.867 and 6.2|1 (Location

Main channel soil sample. Typical cross section.

Left overbank vegetation. Right overbank vegetation.
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Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 6.211 and 6.390 (Locauon G)
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ey

Left overbank vegetation. Right overbank vegetation.
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oweat Canyon Wash, Soil and Vegetation Characteristi.s between Cross Section 6.590 and 7.82| (Locatior. )

Typical cross section.

S

:
T

Left overbank vegetation Right overbank vegetation.

ditemplsw7239 doc



sweat Canyon Wash, Soil and Vegetation Characteristius between Cross Section 7.821 and 8.89] {Locatio.. ./

Main channel soil sample. Typical cross section.

ht overbank vegetation.

Left overbank vegetation, Ri

ag
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sweat Canyon Wash, Soil and Vegetation Characterist... between Cross Section 8.891 and 9.147 (Locatior

Typical cross section.

Left overbank vegetation. Right overbank vegetation.
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Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 9.147 and 9.424 |Location ..)
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Left overbank vegetation. Right overbank vegetation.
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weat Canyon Wash, Soil and Vegetation Characteris. . between Cross Section 9.424 and 9.894 |Locatiol

section.

Left overbank vegetation Right overbank vegetation
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Sweat Canyon Wash, Soil and Vegetation Characteristics between Cross Section 9.894 and 10.465 [Location wi)

Left overbank vegetation. Right overbank vegetation.
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Sweat Canyon Wash, Soil and Vegetation Characteristic. stween Cross Section 10.465 and 10.623 (Locatio )

Lett overbank vegetation. Right overbank vegetation.
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Doe Peak Wash, Soil and Vegetation Characteristics vetween Cross Section 0.018 and 0.396 (Location G,

Right overbank vegetation.

Left overbank vegetation.
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Doe Peak Wash, Soil and Vegetation Characteristics netween Cross Section 0.396 and 0.681 (Location P)

Right overbank vegetation

[eft overbank vegetation
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Doe Peak Wash, Soil and Vegetation Characteristics vetween Cross Section 0.681 and 1.231 (Location O,
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Y

Left overbank vegetation Right overbank vegetation.
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Doe Peak Wash, Soil and Vegetation Characteristics vetween Cross Section 1.231 and 2.859 (Location R)

Lelt overbank vegetation. Right overbank vegetation
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Doe Peak Wash, Soil and Vegetation Characteristics vetween Cross Section 2.859 and 3.804 (Location S)

Typical cross section

Left overbank vegetation, Right overbank vegetation.
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Doe Peak Wash, Soil and Vegetation Characteristics vetween Cross Section 3.804 and 4.279 (Location T)

Left overbank vegetation. Right overbank vegetation.
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Doe Peak Wash, Soil and Vegetation Characteristics uetween Cross Section 4.279 and 4.696 (Location U

Main channel soil sample.

Left overbank vegetation. Right overbank vegetation.
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Eas. ..ork Doe Peak Wash, Soil and Vegetation Characteris..cs hetween Cross Section 0.094 and 0.283 (Locatic.. V)

Left overbank vegetation (typical for right overbank).

d:\temp\dpe094 . doc



Eas. .rk Doe Peak Wash, Soil and Vegetation Characteris . between Cross Section 0.283 and 0.661 (Locatic J)

Main channel soil sample.

Lett overbank vegetation. Rigthit overbank vegetation.

d:\lemp\dpe66 1. doc



Soui  urk Doe Peak Wash, Sail and Vegetation Character s between Cross Section 0.102 and 0.271 (Locatic ) X

Typical cross section.

Left overbank vegetation. Right overbank vegetation.

d:\temp\dpsU83.doc



Soutn Fork Doe Peak Wash, Soil and Vegetation Characterisucs between Cross Section 0.271 and 0.555 (Locatiun Y)

Left overbank vegetation. Right overbank vegetation.

d:\temp\dps271.doc



Soutn rork Doe Peak Wash, Soil and Vegetation Characterisucs between Cross Section 0.555 and 0.745 (Locatw.. Z)

Main channel soil sample. Typical cross section.

Left overbank vegetation (typical for right overbank).

d:\temp\dps355.doc



Sout ork Doe Peak Wash, Soil and Vegetation Characteri s between Cross Section 0.745 and 1.040 (Locat’ AA)

Typical cross section.

Left overbank vegetation. Right overbank vegetation.

d:\temp\dps745.doc
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E.4 Analysis of structures

. There are no existing structures within the work study area.
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Depthg!- -ification

Frouq ‘
FM*

- iRouting HEC-RAS | Peak |_lInter Depth [Avg Depth] W@F-xak Avg Depth [Avg Depth| Froude | Froude
Reach| XSECS [Q'(cfs}] HEC-1 M Q?(cfs) | HEC-RAS Fm*  |HEC-RAS! FM®
6-7 [10.371-10.465] 3520 7.9 8.5 3977 9.6 8.7 0.92 0.8 0.87
7-8 |10.087-10.276] 3945 9.3 9.3 4375 8.4 0.8 0.93 0.85 0.86
8-9 | 9.701-9.992 [ 4308 7.4 8.0 5172 8.7 8.7 0.85 0.71 0.71
9-11 | 9.010-9.606 | 4819 8.9 9.3 5396 8.5 9.7 0.72 0.64 0.64
11-12 | 8.200-8.926 | 5008 8.8 8.9 5811 7.9 9.5 0.72 0.69 0.69
12-14 | 7.729-8.105 | 5605 6.0 6.4 5718 7.3 6.4 0.68 0.67 0.67
14-15 | 7.554-7.631 | 5721 8.6 9.2 6035 7.3 9.3 0.85 0.61 0.61
15-16 | 6.684-7.442 | 5867 9.0 9.1 6481 7.4 9.3 0.78 0.75 0.74
16-17 | 5.134-6.590 | 6078 8.7 9.2 7174 8.1 9.8 0.65 0.6 0.6
20-21 | 4.185-4.696 | 614 3.7 3.9 1392 5.5 5.4 0.79 0.78 0.81
2324 | .094-661 | 991 4.5 5.1 1458 4.8 5.6 0.82 0.58 0.6
24.25 | 3.804-4.138 | 2634 4.4 4.7 3719 6.8 5.4 0.77 0.81 0.81
25-26 | 2.859-3.707 | 3457 7.3 7.5 3715 55 7.7 0.69 0.68 0.68
26-32 | 1.343-2.734 | 3351 4.7 4.6 5677 6.5 5.7 0.68 0.73 0.76
32-34B| .018-1.2317 | 5275 9.2 10.2 7335 8.3 11.1 0.64 0.59 0.6
35-18 | 4.790-4.949 | 13524 10.9 1.1 13677 9.1 11.1 0.53 0.61 0.62
18-19A]| 4.222-4.741 | 12953 5.1 53 13034 8.1 53 0.58 0.47 0.47 |
Velocity Verification
Routing HEC-RAS | Peak | Interpolated | Routing |Conveyance Velocity Avg Vel Peak Avg Vel | Avg Vel
Reach| XSECS |Q' (cfs)Storage (ac-ft){Length (ft)l Area (ft%) HEC-1 FM® Q2 (cfs) |HEC-RAS| FM*
6-7 |10.371-10.465] 3520 8.1 1211 291 12.1 10.7 3977 12.1 1.7
7-8 110.087-10.276] 3945 11 1462 328 12.0 12 4375 11.4 12.3
8-9 | 9.701-9.992 | 4308 26.3 2714 422 10.2 8.9 5172 11.4 9.3
9-11 | 9.010-9.606 | 4819 37 2934 549 8.8 8.1 5396 10.4 8.4
11-12 | 8.200-8.926 | 5008 52.3 4331 526 9.5 9.4 5811 9.5 9.9
12-14 | 7.729-8.105 | 5605 37.1 2565 630 8.9 8.2 5718 8.4 8.2
14-15 | 7.554-7.631 | 5721 11.9 766 677 8.5 7.4 6035 11.3 7.5
15-16 | 6.684-7.442 | 5867 76.1 4306 770 76 7.5 6481 10.1 7.7
16-17 | 5.134-6.590 | 6078 161.9 9527 740 8.2 7.2 7174 8.7 7.6
20-21 | 4.185-4.696 | 614 14 6955 88 7.0 6.4 1392 8.2 7.8
23-24 | .094-661 | 991 28.3 8047 153 6.5 4.4 1458 8.6 5.1
24-25 | 3.804-4.138 | 2634 13.9 1843 329 8.0 7.3 3719 8.6 7.9
25-26 | 2.859-3.707 | 3457 51.8 5507 410 8.4 8.2 3715 75 8.4
26-32 | 1.343-2.734 | 3351 91.5 7976 500 6.7 7 5677 8.1 8.4
32.34B] .018-1.231 | 5275 95.8 6403 652 8.1 6.3 7335 8.1 6.9
35-18 | 4.790-4.949 | 13524 32.9 682 2101 6.4 59 13677 6.9 5.9
18-19A[| 4.222-4.741 | 12953 199.3 3249 2672 4.8 4.4 13034 7.1 4.4

' HEC-1 routed flow
2 peak flow at concentration points

3 FlowMaster using HEC-1 routed flow
* FlowMaster using peak flow at concentration point
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CORPORATE LIMITS Corporate Limits
COUNTY, PARISH, STATE R~ Gounty Boundary
INTERNATIONAL BOUNDARY ==

SECTION LINES

ELEVATION REFERENCE MARKS

NOTE: ALL ELEVATIONS ARE BASED ON NATIONAL
GEODETIC VERTICAL DATUM OF 1929

L.D. NUMBER  ELEVATION (FT) DESCRIPTION /LOCATION

o 2058 2149.12 GLO BC UP 2.00'/COR
SEC 19, 20, 29 & 30
% TINR 2
> g % 2059 2120.80 GLO BC UP 1.00'/ 1/4 COR
AN Q% SEC 19 & 30, T 7N, R 2E
3 2060 2154.45 GLO BC UP 2.50°/ 1/4 COR
SEC 29 & 30, T /N, R 2E
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S PHOENIX, AZ 85020
o 8y DATE
x == DESIGN TJCL 11/98 | FLOOD CONTROL DISTRICT
RECOMMENDED BY:
PLANS TJCL 11/98 DATE
o] APPROVED BY:
S ///\Eﬂ PLANS CHK. | Tsm | 11/98 DATE
2 CHIEF ENGINEER AND CENERAL MANACER
2 ?\9 ) TIED BY:
< ﬁ-——n\ 5 ) IRNVZ2 S ///\ ~J’—\*——-—- = i S DATE: SHEET 7 OF 1 2
AERIAL MAPPING COMPANY, iINC. u MAD LS PREFPARED RBRY PHOTTIGRAMM . M "inl) 1 N2 FIN A MAP A §=7. ANHART
DAVID EVANS AND ASSOCIATES 1'= 600 AND 1°= 13583‘ HORIZONTAL SCALE AND 2’ AND 10’ CONTOUR INTERVALS AND BASED ON GRUOUND

—FLOWN 9/23/7 AND 11/7/97 CONTROL SURVEY DATA PROVIBED BY DAVID EVANS AND ASSACIATES




FP=1756.66 | ' l | FLOOD CONTROL DISTRICT

FW=1756.66

At OF MARICOPA COUNTY
Ofimlc FLOOD DELINEATION STUDY OF
e

SWEAT CANYON WASH

F.C.D. CONTRACT NO. 9/7-12

LEGEND
100~YR FLOODPLAIN BOUNDARY
FLOODWAY BOUNDARY

HYDRAULIC BASE LINE Wzo MBS0

" WITH RIVER MILE o0 s

| CROSS SECTION A F=Floodwey WSE O
ELEVATION REFERENCE MARK ERM3 X
BASE FLOOD ELEVATIONS e 1221~
ZONE DESIGNATIONS ZONE AE
CORPORATE LIMITS Corporate Limits
COUNTY, PARISH, STATE OR County Boundary

INTERNATIONAL BOUNDARY
SECTION LINES

FLEVATION REFERENCE MARKS

NOTE: ALL ELEVATIONS ARE DASED ON NATIONAL
GEODETIC VERTICAL DATUM OF 1929

1.D. NUMBER ELEVATION (FT) DESCRIPTION /LOCATION

2014 1821.03 GLO BC UP 1.00’/ COR
SEC 7, 8, 17 & 18
T6N, R 2E
2015 1802.36 GLO BC UP 1.50'/ 1 /4 COR
- SEC 17 & 18, TBN, R 2E
2017 1805.10 GLO BC UP 1.50'/ 1/4 COR
SEC7 & 18 TO6N, R 2t
NOTES
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NAVD8B ELEVATION = NGVD29 ELEVATION + 2ft
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3 PHOENIX, AZ 85020
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g DESIGN Tl | 11768 | FLOOD CONTROL DISTRICT
s DESIGN CHK.| Fcome | 11/98 OF MARICOPA COUNTY
! RECOMMENDED BY:
PLANS TJCL 11/98 DATE
APFROVED BY:
2 / PLANS CHK. | TSM 11/98 OATE
8 - \ SUBMITTED BY: :;Ta”"'a i
% DATE: 8 OF 1 2
AERIAL MAPPING COMPANY, INC. HIS MAP WAS PREPARED BY PHUTUGRAMMETRIC METHODS 70 NATILNAL MAP ACCURRA ANDARL ' S |
DAVID EVANS AND ASSOCIATES 1= 600’ AND 1’= 1583’ HORIZONTAL SCALE AND 2/ AND 10‘ CONTOUR INTERVALS AND BASED ON GROUND
L FLOWN 9/23/97 AND 11/7/97 CONTROL SURVEY DATA PROVIDED BY DAVID EVANS AND ASSOCIATES . S e e e+ e e .




FLOOD CONTROL DISTRICT

@ FP=1816.23

FW=1816.22 OF MARICOPA COUNTY

Q=5,677

FLOOD DELINEATION STUDY OF
SWEAT CANYON WASH

F.C.D. CONTRACT NO. 97-12

LEGEND
100-YR FLOODPLAIN BOUNDARY
FLOODWAY BOUNDARY

HYDRAULIC BASE LINE Mi2.0 30
WTH RIVER MILE o \\SEi

=100 Yr
CROSS SECTION @Fw=ﬂoodway \’l’:‘:EQT>
ELEVATION REFERENCE MARK ERM3 X

BASE FLOOD ELEVATIONS Ao~ 122U~~~
ZONE DESIGNATIONS ZONE AE
CORPORATE LIMITS Corporate Limits

COUNTY, PARISH, STATE OR Count ]
INTERNATIONAL BOUNDARY ounty Boundary

SECTION LINES

ELEVATION REFERENCE MARKS

NOTE: ALL ELEVATIONS ARE BASED ON NATIONAL
GEODETIC VERTICAL DATUM OF 1929

.D. NUMBER ELEVATION (FT) DESCRIPTION /LOCATION

i
1)

4
)
)

2012 1871.56 6LO BC / COR

SEC 5, 6, 7 &B

T 6N, R 2E
2013 1816.98 GLO BC / 1/4 COR

SEC 7 & 8, T 6N, R 2E
2052 1902.90 6LO BC / E 1/4 COR

SEC5 & B T6N R 2E
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& REBAR

@® BRASS CAP

© STONES

NAVDBB ELEVATION = NGVD29 ELEVATION + 2ft

INDEX MAP
A I —
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DAVID EVANS AND ASSOCIATES, INC.
/7878 N. 16TH ST., STE. 2580
PHOENIX, AZ 85020

ficL | 1798 | FLOOD CONTROL DISTRICT

DESIGN CHK.l FcOMC | 11/98 OF MARICOPA COUNTY

RECOMMENDED BY:
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P1881.12 FLOOD CONTROL DISTRICT
© Heig . OF MARICOPA COUNTY
| | FLOOD DELINEATION STUDY OF
\ \ SWEAT CANYON WASH
ATCH SHEET

F.C.D. CONTRACT NO. 97-12

LEGEND
100-YR FLOODPLAIN BOUNDARY
FLOODWAY BOUNDARY

FactA

| | HYDRAULIC BASE LINE Mi20 3o
| WITH RIVER MLE ! '
\ FP=100 Yr WSE
( T A CROSS SECTION Or o— {A)
3 ELEVATION REFERENCE MARK ERM3 X
BASE FLOOD ELEVATIONS A2~~~
ZONE DESIGNATIONS ZONE AE
——— CORPORATE LIMITS Corporate Limits
% B COUNTY, PARISH, STATE OR County Boundary

INTERNATIONAL BOUNDARY
\/ SECTION LINES
ELEVATION REFERENCE MARKS

NOTE: ALL ELEVATIONS ARE BASED ON NATIONAL
GEQDETIC VERTICAL DATUM OF 1929

\

%, —
g < 1.D. NUMBER ELEVATION (FT)  DESCRIPTION/LOCATION
) & 2040 1930.53 GLO BC UP 2.00°/ N 1/4
: = COR, SEC 5, T6N, R %€ &

GLO BC / S 1/4 COR
SEC 32, T 7N, R 2E

2041 1939.20 GLO BC UP 2.00'/ COR
SEC & 32, T/N,R 2E &
SEC 5 & 6, T 6N, R 2E

g6?"

2042 1806.75 GLO BC UP 2.00'/ E 1/4
o COR, SEC 6, T 6N, R 2E
2 T
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sck  05/21/99 09:45:23 sck S:\CAD\MARIOOZ9\HECRAS\FEMA\Ma29to11.dwg

MARIO029

® fp=gse 7 FLOOD CONTROL DISTRICT

FW=1956.27

Q=1,362 OF MARICOPA COUNTY

FLOOD DELINEATION STUDY OF
SWEAT CANYON WASH

F.C.D. CONTRACT NO. 97-12

LEGEND
100~YR FLOODPLAIN BOUNDARY
FLOODWAY BOUNDARY

HYDRAULIC BASE LINE M2o 30

WTH RIVER MILE ~ - N wsai

CROSS SECTION A rwerionivey WoE )
ELEVATION REFERENCE MARK ERM3 X

BASE FLOOD ELEVATIONS N2~
ZONE DESIGNATIONS ZONE AE
CORPORATE LIMITS . Corporate Limits
COUNTY, PARISH, STATE OR County Boundary |
INTERNATIONAL BOUNDARY ==

SECTION LINES

ELEVATION REFERENCE MARKS

NOTE: ALL ELEVATIONS ARE BASED ON NATIONAL
GEODETIC VERTICAL DATUM OF 1929

N

1.D. NUMBER ELEVATION (FT) DESCRIPTION /LOCATION

2043 2023.03 GLO BC UP 3.00°/ 1/4 COF
SEC 31 & 32, TN, R %€
_ 2044 1976.92 GLO BC UP 2.00'/ COR

> SEC 29, 30, 31 & 32
TIN,RZ2E

2056 1977.59 GLO BC UP 1.00°/ COR
SEC 29 &32, T 7N, R 2E
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INDEX MAP
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DAVID EVANS AND ASSOCIATES, INC.
7878 N. 16TH ST., STE. 250
PHOENIX; AZ 85020
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PLANS TJCL 11/98 DATE
APPROVED BY:
=t BPLANS CHK. | TSM 11/98 DATE
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£ A \/ AN AR
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1/2/97 ONTROL SURVEY DATA PROVIDED BY DAVID EVANS AND ASSACTATES
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SWEAT CANYON WASH

FLOOD DELINEATION STUDY OF
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