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1. INTRODUCTION 

1.1. PROJECT DESRIPTION 

This study has been prepared for the Hereford Natural Resource Conservation 
District (NRCD), who has identified the need for a project which will significantly 
reduce flooding, erosion and soil loss, as well as road and property damage in and 
adjacent to the ephemeral Horseshoe Draw (the Project). In order to complete such 
a project, the Hereford NRCD was awarded a grant from the Arizona Department of 
Water Resources (ADWR) through the Arizona Water Protection Fund Program. In 
turn, HILGARTWILSON has been contracted under the Water Protection Fund grant 
for professional engineering services. 
 

1.2. LOCATION 

The study area spans the border between the United States and Mexico roughly 7 
miles west of Naco, Arizona/Sonora. The section of the study area located in the US 
lies within Township 24 South, Range 22 East of the Gila and Salt River Base and 
Meridian within the Upper San Pedro Basin in Cochise County, Arizona. The 
watershed of the Project originates in the Sierra San Jose mountains in Mexico and 
extends to the confluence of Horseshoe Draw and the San Pedro River, located just 
south of Highway 92. The Project’s location is highlighted in Figure 1 (Vicinity Map) 
of Appendix A. 
 

1.3. PURPOSE 

The purpose of this report is to detail the proposed hydrologic and hydraulic 
conditions, as well as estimates for the sediment transport and groundwater 
recharge potential of various storm events to include the impoundment structure 
and basin design alternative selected in the Volume 5, Remedial Design Alternatives 
Feasibility Study (Volume 5) (HILGARTWILSON 2016). Previous reports submitted to 
the NRCD including; Volume 1, Existing Conditions Hydrologic Study (Volume 1) 
(HILGARTWILSON 2015a); Volume 2, Existing Conditions Hydraulic Report (Volume 
2) (HILGARTWILSON 2015b); Volume 3, Existing Conditions Sediment Transport 
Analysis (Volume 3) (HILGARTWILSON 2015c); and Volume 4, Existing Conditions 
Recharge Potential Analysis (Volume 4) (HILGARTWILSON 2015d) are used as the 
baseline of comparison for the proposed hydrologic and hydraulic conditions, 
sediment transport, and  groundwater recharge potential of the proposed 
embankment. This report shows that the impoundment structure effectively slows 
the rate of discharge to downstream waters by detaining surface water runoff and 
subsequently, increases groundwater recharge to the aquifer located within the 
Upper San Pedro Basin for typical, more regular storm events up to and including 
the theoretical 10-year design storm. Regulatory constraints which limit the 
practicable design capacity of the project also limit its effect in reducing flows for 
the larger, more extraordinary storm events. 
 

1.4. REMEDIAL ALTERNATIVE SELECTION 

Various alternatives were considered based on the effectiveness of remedial 
objectives (RO’s) identified which would reduce road and property damage near 
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Horseshoe Draw by limiting flooding, erosion, and soil loss on the watershed 
resulting in sediment flows into the San Pedro River and increase groundwater 
recharge by slowing the rate of discharge to downstream waters. A combination 
embankment with an excavated detention basin below the downstream toe of the 
embankment was selected as the remedial alternative for the Project. The 
alternative of the embankment and detention basin was selected based on the 
effectiveness to reduce flooding and erosion during smaller storm events, limited 
regulatory requirements, modest construction efforts, and lower costs. Further 
justification for the alternative selection can be found in Volume 5. 
    

2. HYDROLIGIC AND HYDRAULIC DESIGN BASIS 

As discussed above, Volumes 1-4 have been prepared for the NRCD, detailing the 
hydrologic and hydraulic conditions, as well as estimates for the sediment transport and 
recharge potential of various storm events for the existing conditions. HEC-HMS 
(hydrologic) and HEC-RAS (hydraulic) models from previous reports, which were validated 
using various methods for comparison, have been updated to reflect the proposed 
embankment. An overview of the methodology for each analysis is described below. 
Specific methodology can be referenced from previous reports. Unless otherwise noted, 
parameters discussed below remained consistent between existing and proposed 
conditions models.    
 
2.1. HYDROLOGIC MODELING METHOD DESCRIPTION 

HEC-HMS Version 4.0 was used to model the hydrologic conditions of the Project. 
General parameters and input used in the analysis are discussed below. 

2.1.1. WATERSHED DESCRIPTION 

As mentioned above, the study area of the watershed for Horseshoe Draw 
extends from the Sierra San Jose Mountains in Sonora Mexico to Paloma Trail 
near the San Pedro River. The watershed was divided into 21 different sub 
basins. Sub basins were divided according to points of interest within the 
overall watershed, such as, junctions of the various wash branches. They 
were also separated at mountainous and low lying areas and were divided to 
be similar in area and flow path length.  

Data for the delineation of the drainage sub basins was obtained from 2 
sources. The first source was a flown topographical survey performed by 
Kenny Aerial Mapping in October, 2014. The second was a surface and 
corresponding image obtained from Google Earth. These sub basin 
boundaries are shown in the Hydrology Exhibit - Figure 2, Appendix A. 

2.1.2. RAINFALL DATA 

Site specific rainfall data for the Project was obtained from the National 
Oceanic and Atmospheric Administration (NOAA) Atlas 14 
Hydrometeorological Design Studies Center. The 100-year, 6-hour and 100-
year, 24-hour precipitation depths were originally used to compute peak flow 
rates in the HEC-HMS model. It was determined in Volume 2 that the 6-hour 
storm event produced the greatest amount of stormwater runoff and was 
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therefore used as the design storm event. Precipitation values were entered 
into the HEC-HMS model at five minute intervals in order to match the time 
interval at which hydrograph values were calculated. 

2.1.3. SOILS 

Soil data and classifications for the site were gathered from the Natural 
Resources Conservation Services (NRCS) soil survey. The soil classifications 
found within the custom soil report for the area were used in in the HEC-HMS 
model while estimating infiltration losses. Further details regarding the soil 
near the Project can be found in Volume 1.   

2.1.4. LOSS METHODS 

Rainfall losses are a result of natural infiltration and surface retention. In the 
HEC-HMS modeling program, the SCS Curve Number loss method was used 
to estimate infiltration losses and determine sub basin runoff. The SCS Curve 
Number method is based off of several variables such as; soil type, hydraulic 
conductivity, vegetation type and coverage, and the time of concentration 
within each sub basin. Further details regarding SCS Curve Numbers used 
can be found in Volume 1. 

A percolation rate of 6.1 cfs/acre was used in the groundwater recharge 
portion of the analysis comparing losses with and without infiltration. 
Justification for the percolation rate can be found in Volume 3. 

2.1.5. TRANSFORM METHOD 

The actual surface runoff calculations within the HEC-HMS model are 
performed by a transform method contained within the sub basin. The 
“Snyder Unit Hydrograph” transform method has been utilized while modeling 
runoff from the sub basins within the Horseshoe Draw watershed. The Snyder 
Unit Hydrograph transform method requires the user to enter two parameters 
into the model; these are the standard lag time and the peaking factor. 
Further discussion of the lag time and peaking factor can be found in Volume 
1. 

2.1.6. REACH ROUTING 

Routing of hydrograph flows was modeled using the Lag routing method for 
all reaches in HEC-HMS with the exception of the groundwater recharge 
potential analysis. The Muskingum-Cunge method was used for the main 
wash of the hydrologic model in order to use percolation as an input 
parameter to estimate the amount of groundwater recharge occurring within 
the main channel of Horseshoe Draw. Further discussion of the routing and 
percolation can be found in Volume 4. 

2.2. HYDRAULIC MODELING METHOD DESCRIPTION 

Hydraulic analysis for this study was performed utilizing HEC-RAS version 4.1.0. 
General parameters and input for the analysis are discussed below.  
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2.2.1. VERTICAL DATUM 

Cross sections within the model were exported from a digital terrain model 
(DTM) from AutoCAD Civil 3D. The DTM was built based on a topographic 
aerial survey performed by Kenny Aerial Mapping, Inc. in October, 2014. The 
aerial mapping contains detailed topography at 2-foot intervals using the 
North American Vertical Datum of 1988 (NAVD 88). A hydraulic exhibit has 
been included as Figure 3 of Appendix A, detailing the HEC-RAS cross 
sections and proposed embankment locations.  

2.2.2. GENERAL HEC-RAS INPUT 

Manning’s roughness coefficients for Horseshoe Draw were estimated to be 
0.030 and 0.035 for the channel and overbank areas respectively. The HEC-
RAS expansion and contraction coefficients were assumed to be 0.1 and 0.3. 

The most upstream and downstream cross sections were cut as closely as 
possible to the limits of the updated topography along horseshoe draw as to 
encompass the largest reach possible to be used in the future hydraulic 
design of the impoundment structure.  

The hydraulic analysis focuses on the main wash of Horseshoe draw while 
taking into consideration the lateral inflows from the wash tributaries. The 
flow rates from these tributaries were also determined in the hydrologic study 
detailed in Volume 1. Flow changes have been added to cross sections 
directly downstream of these tributaries in order to reflect these conditions.  

Many of the cross sections within the model span both the main channel of 
Horseshoe Draw as well as various tributaries. Consequently, these cross 
sections graphically display low points in the main wash as well as the 
tributaries. The levee option has been used within the model at these 
sections in order to continue directing flows in the main channel and not 
allowing flow to be shown in the tributaries. This has the effect of calculating 
the most conservative water surface elevations within the main channel while 
also keeping the delineated floodplain uniform rather than inaccurately 
displaying flow spits where these tributaries intersect the main wash.  Further 
discussion regarding the HEC-RAS analysis can be found in Volume 2. 

2.3. SEDIEMENT TRANSPORT ANALYSIS 

Parameters required for the sediment transport analysis including upstream and 
downstream boundary conditions, soil properties and sediment data, the specified 
particle fall velocity method, and the specified sediment transport function which are 
discussed in detail in Volume 3.  

The proposed conditions hydraulic model of the impoundment structure required the 
main reach to be spilt into two distinct models within HEC-RAS due to software 
limitations. Sediment transport in HEC-RAS requires a quasi-unsteady state 
simulation which subsequently does not allow flow reductions within the reach. 
Therefore, the reach was separated into two, split at the embankment location where 
the flow reduction occurs. The program does allow for an upstream mass loading 
boundary condition to be specified. Sediment loading at incremental time steps, 
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copied from the upstream reaches last cross section, was entered in the downstream 
sediment data’s upstream boundary condition.  

2.4. GROUNDWATER RECHARGE ANALYSIS 

The estimated increased volume of infiltration that may be observed within the main 
channel was calculated in HEC-HMS utilizing the percolation loss parameter function 
as mentioned in Section 2.1.4.  

Identical to the analysis performed in Volume 4, the 2-year, 10-year, 25-year, 50-
year, and 100-year storm events were modeled in HEC-HMS under two different 
scenarios; 1) without percolation losses which serves as a baseline for the analysis 
and 2) with percolation losses. The difference between the two flow hydrographs is 
then used to calculate the total recharge volume into the aquifer. The proposed 
results are then compared to the existing conditions infiltration results. 

3. GEOTECHNICAL EVALUATION 

Geotechnical analysis for the Project was prepared by Ninyo & Moore, in a report dated 
October 30, 2015 Geotechnical Evaluation, Horseshoe Draw Basin (Ninyo & Moore 
2015). The purpose of the geotechnical evaluation was to assess the subsurface 
conditions at the project site in order to provide soil specification data to be used the 
sediment transport analysis as well as providing geotechnical recommendations for 
design and construction of the impoundment structure. The geotechnical evaluation 
included soil borings, shallow field infiltration tests, and laboratory testing evaluating the 
soil properties such as; moisture content, dry density, gradation, and Atterberg limits. 
The geotechnical report concluded the following:  
 

• The near surface soils encountered at the project site are considered to be 
excavatable with conventional earth moving or excavation equipment. However, 
gravel, cobbles and possible boulders were encountered in borings at variable 
depths, resulting in slower excavation rates. The contractor should plan for such 
conditions. 

• Based on the results of the field and laboratory evaluations, the proposed 
embankments can be founded on native soil deposits, subject to subgrade over 
excavation. 

• It is anticipated that many of the site soils will be suitable for re-use as 
engineered fill. Imported and onsite soils that exhibit a relatively low plasticity 
and a very low to low expansive potential can generally be used for engineered 
fill. However, some isolated soils many not be suitable for reuse for the 
embankment construction without processing. 

• It is estimated that native soils will have a shrinkage factor of 15 to 20 percent. 
 
Further details regarding the recommended embankment material composition, 
foundation, and geometry can be found in the pertinent geotechnical report excerpts 
included as Appendix B. 
 



6 
 

4. EMBANKMENT AND DETENTION BASIN DESIGN 

Construction documents detailing the physical description of the proposed embankment 
can be found in Appendix C. The general embankment layout can be seen in Figure 4 of 
Appendix A. 
 

Table 1: Horseshoe Draw Basin and Embankment Data 

Type of structure Non-jurisdictional earthen embankment 

Height of embankment above downstream toe 5.5 ft 

Height of embankment above upstream basin 22 ft 

Embankment slopes 6H:1V 

Downstream Toe Elevation 4357.5 ft     
Dead storage volume (below downstream ground 
surface) 61 ac-ft (20 million gallons)  

Live storage volume (above downstream ground 
surface) 59 ac-ft (19 million gallons ) 

Top of dead storage basin elevation 4,363 ft 

Primary Outlet 

Pipe 3-36" Coated CMP 

Invert elevation 4,350 ft 

Emergency Outlet     

Crest elevation 4,363 ft 

Bottom Width 40 ft 

Depth 9 ft 

  Side Slopes   2:1     

Freeboard during 100-year design storm 1 ft 

Maximum flow capacity 6,160 cfs 

Storm Event Peak Storage 
(ac-ft) Inlfow (cfs) Outflow (cfs) Percent 

Reduction 

Dewatering 
Duration 

(hrs) 
2-Year  148 1,155 613 47% 10.6 

10-Year  180 2,369 2,222 6% 11.6 

25-Year  195 3,256 3,178 2% 11.9 

50-Year  207 4,003 3,940 - 12.0 

100-Year 217 4,821 4,781 - 12.2 

 
4.1. EMBANKMENT CLASSIFICATION 

The embankment will be classified as a non-jurisdictional structure as it does not meet 
the Arizona Department of Water Resources’ (ADWR) definition of a jurisdictional dam 
being less than 6 feet high of the downstream toe. The basin will completely empty well 
under 24-hours exempting the embankment from water rights issues with ADWR. This 
structure is also exempt from Arizona Revised Statutes A.R.S 45-2631, prohibiting the 
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construction or enlargement of new dams within the Gila River Maintenance Area as it is 
a flood control structure (B.1.a.) and therefore, the statute is not applicable. 
 
As the site will be completely dry under normal operating conditions, implementation of 
a sand filter is recommended which is often utilized in the construction of embankments 
to prevent cracking and desiccation. However, it is understandable that due to the high 
cost associated with the construction of the embankment with a sand filter, the option is 
not feasible. Therefore, inspections and regular maintenance should be conducted to 
ensure the embankment functions as designed. 
 
4.2. HYDRAULIC DESIGN 

4.2.1. DETENTION BASIN 

Stormwater is routed into the detention basin through a graded inlet 
approximately 700 feet upstream of the embankment. The opening, modeled 
as a 40-foot wide bottom width channel with 2:1 side slopes, has been 
dimensioned to accommodate 100-year peak flows. The basin emergency 
outlet has been modeled with an identical configuration. Toe protection 
provided at the inlet and outlet, have been sized based on methodology 
described in the Flood Control District of Maricopa County (FCDMC) Drainage 
Design Manual, Hydraulics (FCDMC 2013). The channel and scour protection 
calculations can be found in Appendix D. 

4.2.2. EMBANKMENT OUTLETS 

An elevation-storage-discharge relationship was required to determine how 
the main wash of Horseshoe Draw would function with the proposed 
embankment which included the storage component, primary culvert outlet, 
and the emergency outlet. 

Various configurations of pipe quantities and sizes were considered to 
determine the inflow and outflow of the primary and emergency outlets for 
the given design storm events. Storage volumes at various elevations were 
determined within AutoCAD Civil 3D. 

The 1987 Unites States Bureau of Reclamations’ (USBR) Design of Small 
Dams (USBR 1987) was referenced to calculate the culvert spillway storage 
and discharge relationship for varying water surface elevations contained 
within the embankment using the equation below: 

 
USBR Eq. 33 

 
where: 

  H = hydraulic depth behind embankment to pipe invert (ft) 
  D = pipe diameter (ft) 
  L = pipe length (ft) 
  Θ = angle of pipe from upstream to downstream inverts (radians) 
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  Ke = entrance loss coefficient 
  r = pipe inlet radius (squared or rounded) (ft) 
  Q = pipe discharge (cfs) 
 

Rearranging and solving for Q yields: 
 
 
 
 
 
 

 
The embankments emergency spillway was sized using the channel flow 
calculation within Hydraflow. As previously mentioned, the emergency outlet 
was sized similar to the inlet with a 40-foot wide bottom width, 9-feet deep, 
including one foot of freeboard. The outflow capacity of the spillway with 
freeboard is approximately 6,160 cfs and completely full, without freeboard, 
is 7,650 cfs. Supporting calculations for the elevation-storage-discharge 
relationship, inlet channel, and outlet channel can be found in Appendix D. 

4.2.3. OUTLET ENERGY DISSIPATION 

A riprap apron has been sized downstream of the primary culvert outlet to 
protect against scour, provide uniform spreading of flows, and decrease flow 
velocities. The apron was designed to accommodate calculated flows using a 
free outfall tail water condition, based on Figure 12-2 and Figure 12-3 in the 
2003 Municipal Storm Water Management Manual, Second Edition by Debo 
and Reese.  

Larger flows exiting the basin will be slowed within a 400-foot long channel 
corridor with a bottom width of 100-feet and a mild longitudinal slope of 
0.1%. Flows exiting the corridor will be approximately 5 fps. The outlet 
channel Hydraflow calculation is included in Appendix D. Monitoring of the 
condition and performance of the toe of the inlet and embankment outlet will 
be critical in order to identify and repair erosional damage after storm events 
to ensure the basin and embankment continue to operate as designed. 

5. RESULTS COMPARISON 

Results comparing existing and proposed conditions of flows, sediment transport, and 
groundwater recharge potential for the main wash of Horseshoe Draw were performed 
and are summarized in the following sections. 

 
5.1. HYDROLOGIC 

As detailed in Table 1, the embankment is effective in reducing flows downstream of 
the structure for the 2-year and 10-year storm events but has little impact on the 
larger storms. A 47% reduction in flow is observed for the 2-year storm reducing the 
peak flow by approximately 550 cfs. Conversely, the 100-year storm reduction in 
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flows is less than 1% as the majority of the runoff is bypassed through the emergency 
spillway. HEC-HMS output of the proposed conditions and comparison tables can be 
found in Appendix E. 

5.2. SEDIMENT TRANSPORT 

As discussed in Section 2.2.3, the sediment transport model for proposed conditions 
required dividing the wash into two separate models in order to account for the flow 
reduction from the embankment. Model results indicate that there is a reduction of 
sediment transport for all storm events shown in Table 2 below. Proposed conditions 
HEC-RAS output and results comparison tables can be found in Appendix F. 

Table 2: Sediment Transport Comparison at Reach Outlet 

Storm Event 
Mass [tons] 

Existing Proposed Sediment Reduction 
2-Year 43,358 42,364 994 

10-Year 90,528 68,590 21,938 
25-Year 115,038 85,689 29,349 
50-Year 129,804 97,032 32,772 

100-Year 144,882 114,646 30,236 
  

Based on the modeling methodology required for the proposed conditions, the results 
may be a poor indicator of the actual sediment transport reduction for the given 
storm events. Further study may be needed to adequately quantify the sediment 
transport downstream of the embankment. However, qualitatively, there is a direct 
correlation between flow and sediment transport. The reduced flows determined in 
the comparative hydrologic analysis indicate that there would also be a reduction in 
sediment transport.  It can be anticipated that the sediment carried downstream will 
be reduced most significantly for the 2-year and 10-year storms as it shows the 
greatest flow reductions calculated. It would be expected that larger storm events 
resulting in larger peak flows would have similar quantities of sediment transported 
downstream. 

5.3. GROUNDWATER RECHARGE POTENTIAL 

HEC-HMS model results which included infiltration losses based on the estimated 
percolation rates observed at the site were compared for existing and proposed 
conditions. Results of the comparison can be seen in Table 3 below. 
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Table 3: Groundwater Recharge Potential Comparison 

Storm Event 
Volume [acre-feet] 

Existing Proposed Infiltration Increase 
2-Year 243 423 180 

10-Year 327 538 211 
25-Year 368 594 226 
50-Year 402 642 240 

100-Year 480 722 242 
 

Model results show that for the given storm events, there are considerable increases 
in the volumes of beneficial infiltration for the main reach of Horseshoe Draw. 
Proposed conditions HEC-HMS results and comparison tables can be found in 
Appendix G. 

6. CONCLUSION 

The Project will be subject to limited state, county, and federal review and regulations. 
As mentioned previously in Section 4.1, the impoundment structure will be classified as 
a non-jurisdictional structure as it does not meet the Arizona Department of Water 
Resources’ (ADWR) definition of a jurisdictional dam being less than 6 feet high from the 
downstream toe. Because the impoundment structure is not considered jurisdictional, it 
will be exempt from a detailed ADWR review. Water retained by the basin will drain 
within 24-hours, exempting the impoundment structure from water rights issues with 
ADWR as well. Therefore, a permit to appropriate surface waters of the state will not be 
required. A comprehensive, supplementary report detailing the permits and agreements 
required to ensure compliance with all applicable local, state, and federal requirements 
has been included as Appendix H. The permitting and compliance report is also being 
submitted as a stand-alone document. 

This study has been prepared in order to provide justification for the construction of an 
embankment and detention basin comparing existing and proposed conditions with 
respect to hydrologic and hydraulic analyses demonstrating resultant reduced flows, 
reduced sediment transport, and increased infiltration to help meet the Project RO’s, 
especially for the smaller 2- and 10-year storm events. This report has also detailed the 
selected design features of the embankment and detention basin. 
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APPENDIX B 
GEOTECHNICAL EVALUATION EXCERPTS 

















































 

 

 

 

 

 

 

 

 

APPENDIX C 
CONSTRUCTION DOCUMENTS 



  
 
 

 
FLOODPLAIN USE PERMIT NO.  FP 17-01 

 

A permit is hereby issued to the applicant for the purpose of: Horseshoe Draw Earthen 
Embankment & Detention Plan 

 
 

Name Of Applicant: Aubrey Thomas – HilgartWilson, LLC
Address Of Applicant: 2141 E. Highland – Suite 250 – Phoenix, AZ 85016 
Telephone Number: 602-490-0535 
Contractor / License:  HilgartWilson, LLC 
Legal Descriptions:                                  Township 24 S, Range 22 E. Section 11 & 14 
Location: 104-62-002A & 104-62-003 
Date: January 10, 2017 

This permit is subject to the following conditions and/or restrictions.  

1. Stabilization work will be limited to the area detailed on application.

2. Excavation will be limited to the area detailed on application. 

3. No obstructions or equipment shall be left in the watercourses when work is not in progress. 

4. Vegetation damaged shall be kept to a minimum outside of the construction envelope.

5. Any adverse impacts to adjacent properties due to the construction covered under this permit are the 
responsibility of the applicant, including Right of Way areas maintained by the County.

6. Storage of materials that are buoyant in time of flooding is prohibited. 

7. This permit allows you to work along the channel bed upstream and downstream of Horseshow Draw.

All pertinent portions of the Cochise County Floodplain Regulations, January 2016, are incorporated herein 
by reference.

By accepting the Permit, the Permittee hereby agrees to faithfully abide by all the Covenants, Conditions 
and Restrictions contained or referred to herein. 

APPROVED BY:  ________________________________________________ DATE: January 10, 2017 
            Floodplain Engineer 

23,

/plans.

/plans.

23,













 

 

 

 

 

 

 

 

 

APPENDIX D 
EMBANKMENT AND DETENTION BASIN SUPPORTING CALCULATIONS 



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Dec 16 2016

Basin Inlet

Trapezoidal
Bottom Width (ft) =  40.00
Side Slopes (z:1) =  2.00, 2.00
Total Depth (ft) =  10.00
Invert Elev (ft) =  1463.00
Slope (%) =  0.50
N-Value =  0.025

Calculations
Compute by: Q vs Depth
No. Increments =  10

Highlighted
Depth (ft) =  9.00
Q (cfs) =  7,650
Area (sqft) =  522.00
Velocity (ft/s) =  14.66
Wetted Perim (ft) =  80.25
Crit Depth, Yc (ft) =  8.93
Top Width (ft) =  76.00
EGL (ft) =  12.34

0 10 20 30 40 50 60 70 80 90 100

Elev (ft) Depth (ft)Section

1461.00 -2.00

1463.00 0.00

1465.00 2.00

1467.00 4.00

1469.00 6.00

1471.00 8.00

1473.00 10.00

1475.00 12.00

Reach (ft)



EMBANKMENT ELEVATION-STORAGE-DISCHARGE RELATIONSHIP
Project: Horseshoe Draw

Prepared by: HW

Date: December 2016

Primary Outlet(1) Emergency(2)
Total

4371 238 292 6160 6452
4369 207 288 3665 3953
4367 178 271 1795 2066
4365 157 253 547 800
4363 131 235 0 235
4361 106 214 0 214
4359 71 191 0 191
4357 50 165 0 165
4355 30 134 0 134
4353 12 94 0 94
4351 2 17 0 17
4350 0 0 0 0

Notes:

(1) Calculations below are for the total flow from Primary outlet (3-36" CMPs).
(2) Emergency Spillway outlet elevation-discharge calculated in Hydraflow.

USBR; Design of Small Dams, Equation 33

Rearange and solve for Q

Elevation
Storage
[ac-ft]

Discharge [ft3/s]

2

2/53/4

21.2910252.00.1sin 
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CULVERT RIPRAP SIZING CALCULATION
Project: Horseshoe Draw

Prepared by: HW

Date: December 2016

Pipe Water 
Height

100 YR 
Discharge 

Flow(2)

100 YR 

Velocity(2) Depth of Flow Width1=3Do
Minimum 

Length of Apron
Width2 =Do+La

Minimum 
Riprap Size 

Required
[Q] [V] [d ] W1 [La] W2 [d50]

(in) (cfs) (ft/s) (ft) (ft) (ft) (ft) (in)

Primary 3 36 97 14.0 3.0 27.0 32.0 41.0 15"

Notes
(1)
(2)

Outlet ID Quantity

Source: Thomas N. Debo, Andre J. Reese. Municipal Stormwater Management . Figure 12-3
Flow and velocity obtained from USBR Design of Small Dams (USBR 1987), Equation 33 calculation.



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Dec 16 2016

Basin Emergency Outlet

Trapezoidal
Bottom Width (ft) =  40.00
Side Slopes (z:1) =  2.00, 2.00
Total Depth (ft) =  9.00
Invert Elev (ft) =  1463.00
Slope (%) =  0.50
N-Value =  0.025

Calculations
Compute by: Q vs Depth
No. Increments =  9

Highlighted
Depth (ft) =  8.00
Q (cfs) =  6,160
Area (sqft) =  448.00
Velocity (ft/s) =  13.75
Wetted Perim (ft) =  75.78
Crit Depth, Yc (ft) =  7.87
Top Width (ft) =  72.00
EGL (ft) =  10.94

0 10 20 30 40 50 60 70 80 90 100

Elev (ft) Depth (ft)Section

1461.00 -2.00

1463.00 0.00

1465.00 2.00

1467.00 4.00

1469.00 6.00

1471.00 8.00

1473.00 10.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Dec 16 2016

Outlet Channel

Trapezoidal
Bottom Width (ft) =  100.00
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  10.00
Invert Elev (ft) =  4345.00
Slope (%) =  0.10
N-Value =  0.035

Calculations
Compute by: Known Q
Known Q (cfs) =  4781.00

Highlighted
Depth (ft) =  8.10
Q (cfs) =  4,781
Area (sqft) =  1006.84
Velocity (ft/s) =  4.75
Wetted Perim (ft) =  151.23
Crit Depth, Yc (ft) =  3.98
Top Width (ft) =  148.60
EGL (ft) =  8.45

0 20 40 60 80 100 120 140 160 180 200

Elev (ft) Depth (ft)Section

4343.00 -2.00

4345.00 0.00

4347.00 2.00

4349.00 4.00

4351.00 6.00

4353.00 8.00

4355.00 10.00

4357.00 12.00

Reach (ft)



SCOUR DEPTH CALCULATION
Project: Horseshoe Draw

Prepared by: HW

Date: December 2016

Flowrate: Peak flowrate values were taken from HEC‐HMS analysis.

Flowrate 4821 cfs

General Scour- Regime Equations

1. Lacey's Equation

where: ygs = general scour depth (ft)
kl = adjustment coefficient for Lacey's Equation (0.25 for straight reaches)
Q = design discharge, (ft3/s)

f = Lacey's silt factor = 1.76(Dm)1/2

Dm = mean grain size of bed material, (mm)

Dm f Q kl ygs

0.1 0.5566 4821 0.25 2.4

2. Blench Equation

where: ygs = 
kb = 
qf =

Fb0 =

kb qf Fb0 ygs

0.6 44.23 1.05 7.4

Long Term Degradation

Arizona State Standard SSA 5‐96 Level I (1996)

dlts = 0.02 (Q100)0.6

where: dlts = long term scour depth, (ft)
Q100 = 100-year peak flowrate, (ft3/s)

Q100 dlts

4821 3.2

design discharge per unit width (ft3/s/ft)
Blench's "zero bed factor" in ft/s2 from Chart for Estimating F b0  (Pemberton and Lara, 1984)

ygs = kl * 0.47 (Q / f)1/3

ygs = kb * [qf
2/3/ Fb0

1/3]

general scour depth (ft)
adjustment coefficient for Blench's Equation (0.6)



Bedform Scour

Simons and Senturn (1992)

where: ybfs = bedform scour depth, (ft)
dh = dune height for subcritical flow with Fr < 0.7, (ft)

dh = 0.066* Yh
1.21

dh = dune height for supercritical flow with Fr > 0.7, (ft)
dh = 0.28 * π *  Yh * Fr

2

Yh = hydraulic Depth of Flow (ft)
Fr = Froude number

Yh Fr dh ybfs

1.26 4.52 22.64 11.3

4.9 ft
3.2 ft

11.3 ft
Low Flow Scour = 1.5

1.3
27.3 ft

Note:
Extending the cutoff protection below the total theoretical scour depth is cost prohibitive. The proposed 7 foot scour wall

will provide a significant level of protection to the portions of the spillway that are vulnerable to scour. These areas, along 
with all other portions of the project that are subject to concentrated flow will need to be inspected and maintained after 
large storm events.

Factor of Safety =
Design Scour Depth =

ybfs = 0.5 dh

Average General Scour Depth = 
Long Term Degradation Depth = 

Bedform Scour Depth = 



 

 

 

 

 

 

 

 

 

APPENDIX E 
HYDROLOGIC HEC-HMS RESULTS AND COMPARISON 



HEC-HMS FLOW REDUCTION AND DEWATERING SUMMARY
Project: Horseshoe Draw

Prepared by: HW

Date: December 2016

Storm Event
Peak Storage

 [ac-ft]
Inlfow 
[cfs]

Outflow 
[cfs]

Percent Reduction
Dewatering 

Duration(1) [hrs]
2-Year 148 1155 613 47% 10.6
10-Year 180 2,369 2,222 6% 11.6
25-Year 195 3,256 3,178 2% 11.9
50-Year 207 4,003 3,940 - 12.0

100-Year 217 4,821 4,781 - 12.2

Notes:

(1) Dewatering duration based based on time of final inflow ‐ time of final outflow.



 



Project: HSD EMBANKMENT Simulation Run: Run 1

Start of Run: 01Jan2016, 00:00 Basin Model: Basin 1
End of Run: 02Jan2016, 23:00 Meteorologic Model: Met 1: 2-YR
Compute Time: 16Dec2016, 09:42:08 Control Specifications:Control 1

Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

SB-1 1.027 35.1 01Jan2016, 05:00 6.8
SB-2 1.064 34.9 01Jan2016, 04:50 7.0
JC-1 2.091 69.9 01Jan2016, 04:55 13.8
R-1 2.091 69.9 01Jan2016, 05:30 13.8
SB-3 0.323 10.5 01Jan2016, 05:00 2.1
R-2 0.323 10.5 01Jan2016, 05:20 2.1
SB-5 1.113 173.0 01Jan2016, 04:40 31.0
SB-6 0.854 126.8 01Jan2016, 04:40 23.8
JC-2 4.381 342.1 01Jan2016, 04:55 70.6
R-4 4.381 342.1 01Jan2016, 06:00 70.6
SB-7 2.093 323.8 01Jan2016, 04:40 58.2
SB-11 0.539 86.5 01Jan2016, 04:40 15.0
SB-4 1.003 33.5 01Jan2016, 04:55 6.6
R-3 1.003 33.5 01Jan2016, 05:40 6.6
SB-8 2.19 340.9 01Jan2016, 04:35 60.9
JC-3 3.193 341.9 01Jan2016, 04:40 67.5
R-5 3.193 341.9 01Jan2016, 05:00 67.5
SB-9 0.854 138.5 01Jan2016, 04:45 23.8
SB-12 0.73 117.4 01Jan2016, 04:45 20.3
JC-4 4.777 590.6 01Jan2016, 04:50 111.6
R-6 4.777 589.7 01Jan2016, 05:05 111.6
SB-13 0.249 19.3 01Jan2016, 04:45 3.7
JC-5 12.039 1147.0 01Jan2016, 05:20 259.0
R-8 12.039 1146.0 01Jan2016, 05:25 259.0
SB-15 0.141 10.5 01Jan2016, 04:45 2.1
JC-6 12.180 1154.5 01Jan2016, 05:25 261.1
Res 12.180 612.7 01Jan2016, 06:55 261.1

Page 1



Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

R-9 12.180 612.4 01Jan2016, 07:20 261.1
SB-10 0.826 139.0 01Jan2016, 04:45 23.0
R-7 0.826 138.8 01Jan2016, 05:10 23.0
SB-14 0.733 63.3 01Jan2016, 04:55 10.8
SB-17 0.641 107.5 01Jan2016, 04:45 17.8
JC-7 2.200 297.5 01Jan2016, 05:00 51.6
R-11 2.200 297.4 01Jan2016, 05:15 51.6
SB-16 0.967 85.8 01Jan2016, 04:55 14.2
R-10 0.967 85.7 01Jan2016, 05:10 14.2
SB-18 0.738 62.9 01Jan2016, 04:50 10.9
SB-19 0.406 63.4 01Jan2016, 04:40 11.3
SB-20 0.316 47.9 01Jan2016, 04:40 8.8
JC-8 16.807 724.7 01Jan2016, 07:10 357.9
R-12 16.807 724.1 01Jan2016, 07:20 357.9
SB-21 0.036 5.3 01Jan2016, 04:35 1.0
JC-9 16.843 725.0 01Jan2016, 07:20 358.9

Page 2



Project: HSD EMBANKMENT Simulation Run: Run 1

Start of Run: 01Jan2016, 00:00 Basin Model: Basin 1
End of Run: 02Jan2016, 23:00 Meteorologic Model: Met 1: 2-YR
Compute Time: 16Dec2016, 09:43:42 Control Specifications:Control 1

Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

SB-1 1.027 118.0 01Jan2016, 04:45 22.4
SB-2 1.064 117.2 01Jan2016, 04:45 23.2
JC-1 2.091 235.1 01Jan2016, 04:45 45.6
R-1 2.091 234.4 01Jan2016, 05:15 45.6
SB-3 0.323 35.3 01Jan2016, 04:45 7.0
R-2 0.323 35.3 01Jan2016, 05:05 7.0
SB-5 1.113 352.5 01Jan2016, 04:35 62.7
SB-6 0.854 258.6 01Jan2016, 04:30 48.1
JC-2 4.381 799.9 01Jan2016, 04:55 163.4
R-4 4.381 799.9 01Jan2016, 06:00 163.4
SB-7 2.093 659.9 01Jan2016, 04:35 117.9
SB-11 0.539 175.7 01Jan2016, 04:35 30.4
SB-4 1.003 112.6 01Jan2016, 04:45 21.9
R-3 1.003 112.5 01Jan2016, 05:30 21.9
SB-8 2.19 694.3 01Jan2016, 04:30 123.4
JC-3 3.193 714.3 01Jan2016, 04:45 145.2
R-5 3.193 714.3 01Jan2016, 05:05 145.2
SB-9 0.854 281.4 01Jan2016, 04:40 48.1
SB-12 0.73 238.6 01Jan2016, 04:40 41.1
JC-4 4.777 1204.1 01Jan2016, 04:50 234.5
R-6 4.777 1201.5 01Jan2016, 05:00 234.5
SB-13 0.249 48.1 01Jan2016, 04:35 9.1
JC-5 12.039 2349.9 01Jan2016, 05:20 555.3
R-8 12.039 2349.4 01Jan2016, 05:25 555.3
SB-15 0.141 26.3 01Jan2016, 04:35 5.1
JC-6 12.180 2368.9 01Jan2016, 05:25 560.4
Res 12.180 2221.7 01Jan2016, 05:55 560.4

Page 1



Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

R-9 12.180 2220.6 01Jan2016, 06:20 560.4
SB-10 0.826 281.7 01Jan2016, 04:40 46.5
R-7 0.826 280.7 01Jan2016, 05:05 46.5
SB-14 0.733 158.6 01Jan2016, 04:45 26.6
SB-17 0.641 217.6 01Jan2016, 04:40 36.1
JC-7 2.200 628.1 01Jan2016, 05:00 109.3
R-11 2.200 628.0 01Jan2016, 05:10 109.3
SB-16 0.967 214.2 01Jan2016, 04:50 35.2
R-10 0.967 214.1 01Jan2016, 05:05 35.2
SB-18 0.738 157.2 01Jan2016, 04:45 26.8
SB-19 0.406 129.0 01Jan2016, 04:35 22.9
SB-20 0.316 97.6 01Jan2016, 04:35 17.8
JC-8 16.807 2810.8 01Jan2016, 06:15 772.4
R-12 16.807 2808.9 01Jan2016, 06:20 772.4
SB-21 0.036 10.7 01Jan2016, 04:30 2.0
JC-9 16.843 2813.0 01Jan2016, 06:20 774.4

Page 2



Project: HSD EMBANKMENT Simulation Run: Run 1

Start of Run: 01Jan2016, 00:00 Basin Model: Basin 1
End of Run: 02Jan2016, 23:00 Meteorologic Model: Met 1: 2-YR
Compute Time: 16Dec2016, 09:44:29 Control Specifications:Control 1

Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

SB-1 1.027 189.5 01Jan2016, 04:40 35.6
SB-2 1.064 187.8 01Jan2016, 04:35 36.9
JC-1 2.091 376.2 01Jan2016, 04:40 72.6
R-1 2.091 375.9 01Jan2016, 05:10 72.6
SB-3 0.323 56.6 01Jan2016, 04:40 11.2
R-2 0.323 56.6 01Jan2016, 05:00 11.2
SB-5 1.113 477.6 01Jan2016, 04:35 85.3
SB-6 0.854 350.8 01Jan2016, 04:30 65.5
JC-2 4.381 1151.7 01Jan2016, 04:55 234.6
R-4 4.381 1151.7 01Jan2016, 06:00 234.6
SB-7 2.093 894.2 01Jan2016, 04:30 160.5
SB-11 0.539 238.6 01Jan2016, 04:35 41.3
SB-4 1.003 180.6 01Jan2016, 04:35 34.8
R-3 1.003 180.2 01Jan2016, 05:20 34.8
SB-8 2.19 943.1 01Jan2016, 04:30 167.9
JC-3 3.193 990.0 01Jan2016, 04:45 202.7
R-5 3.193 990.0 01Jan2016, 05:05 202.7
SB-9 0.854 381.3 01Jan2016, 04:40 65.5
SB-12 0.73 323.3 01Jan2016, 04:35 56.0
JC-4 4.777 1641.3 01Jan2016, 04:50 324.1
R-6 4.777 1638.7 01Jan2016, 05:00 324.1
SB-13 0.249 70.5 01Jan2016, 04:35 13.2
JC-5 12.039 3231.3 01Jan2016, 05:20 773.7
R-8 12.039 3228.3 01Jan2016, 05:25 773.7
SB-15 0.141 38.5 01Jan2016, 04:35 7.5
JC-6 12.180 3256.2 01Jan2016, 05:25 781.2
Res 12.180 3178.7 01Jan2016, 05:45 781.2
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

R-9 12.180 3176.3 01Jan2016, 06:10 781.2
SB-10 0.826 382.1 01Jan2016, 04:40 63.3
R-7 0.826 381.5 01Jan2016, 05:05 63.3
SB-14 0.733 231.6 01Jan2016, 04:45 38.9
SB-17 0.641 295.5 01Jan2016, 04:40 49.1
JC-7 2.200 868.0 01Jan2016, 04:55 151.3
R-11 2.200 865.7 01Jan2016, 05:10 151.3
SB-16 0.967 313.1 01Jan2016, 04:45 51.3
R-10 0.967 312.4 01Jan2016, 05:00 51.3
SB-18 0.738 229.9 01Jan2016, 04:40 39.1
SB-19 0.406 175.0 01Jan2016, 04:35 31.1
SB-20 0.316 132.6 01Jan2016, 04:30 24.2
JC-8 16.807 4102.8 01Jan2016, 06:00 1078.3
R-12 16.807 4095.8 01Jan2016, 06:10 1078.3
SB-21 0.036 14.6 01Jan2016, 04:30 2.8
JC-9 16.843 4102.0 01Jan2016, 06:10 1081.0
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Project: HSD EMBANKMENT Simulation Run: Run 1

Start of Run: 01Jan2016, 00:00 Basin Model: Basin 1
End of Run: 02Jan2016, 23:00 Meteorologic Model: Met 1: 2-YR
Compute Time: 16Dec2016, 09:44:50 Control Specifications:Control 1

Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

SB-1 1.027 254.4 01Jan2016, 04:40 47.6
SB-2 1.064 252.6 01Jan2016, 04:35 49.4
JC-1 2.091 506.3 01Jan2016, 04:35 97.0
R-1 2.091 505.5 01Jan2016, 05:10 97.0
SB-3 0.323 76.1 01Jan2016, 04:40 15.0
R-2 0.323 76.1 01Jan2016, 05:00 15.0
SB-5 1.113 583.4 01Jan2016, 04:30 104.3
SB-6 0.854 428.4 01Jan2016, 04:30 80.0
JC-2 4.381 1455.0 01Jan2016, 04:50 296.2
R-4 4.381 1455.0 01Jan2016, 05:55 296.2
SB-7 2.093 1092.4 01Jan2016, 04:30 196.1
SB-11 0.539 291.0 01Jan2016, 04:35 50.5
SB-4 1.003 243.0 01Jan2016, 04:35 46.5
R-3 1.003 242.5 01Jan2016, 05:20 46.5
SB-8 2.19 1151.5 01Jan2016, 04:30 205.2
JC-3 3.193 1221.5 01Jan2016, 04:45 251.7
R-5 3.193 1221.5 01Jan2016, 05:05 251.7
SB-9 0.854 465.3 01Jan2016, 04:35 80.0
SB-12 0.73 394.7 01Jan2016, 04:35 68.4
JC-4 4.777 2010.8 01Jan2016, 04:50 400.1
R-6 4.777 2007.9 01Jan2016, 05:00 400.1
SB-13 0.249 89.7 01Jan2016, 04:35 16.8
JC-5 12.039 3971.8 01Jan2016, 05:20 959.7
R-8 12.039 3969.8 01Jan2016, 05:30 959.7
SB-15 0.141 49.0 01Jan2016, 04:35 9.5
JC-6 12.180 4003.1 01Jan2016, 05:30 969.2
Res 12.180 3939.8 01Jan2016, 05:45 969.2
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

R-9 12.180 3938.9 01Jan2016, 06:10 969.2
SB-10 0.826 465.4 01Jan2016, 04:40 77.4
R-7 0.826 465.1 01Jan2016, 05:05 77.4
SB-14 0.733 294.8 01Jan2016, 04:40 49.5
SB-17 0.641 360.1 01Jan2016, 04:40 60.1
JC-7 2.200 1066.9 01Jan2016, 04:55 186.9
R-11 2.200 1064.3 01Jan2016, 05:05 186.9
SB-16 0.967 398.7 01Jan2016, 04:45 65.2
R-10 0.967 398.2 01Jan2016, 05:00 65.2
SB-18 0.738 293.2 01Jan2016, 04:40 49.8
SB-19 0.406 213.4 01Jan2016, 04:35 38.0
SB-20 0.316 161.9 01Jan2016, 04:30 29.6
JC-8 16.807 5123.9 01Jan2016, 05:55 1338.8
R-12 16.807 5120.1 01Jan2016, 06:00 1338.8
SB-21 0.036 17.8 01Jan2016, 04:30 3.4
JC-9 16.843 5128.4 01Jan2016, 06:00 1342.1
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Project: HSD EMBANKMENT Simulation Run: Run 1

Start of Run: 01Jan2016, 00:00 Basin Model: Basin 1
End of Run: 02Jan2016, 23:00 Meteorologic Model: Met 1: 2-YR
Compute Time: 16Dec2016, 09:45:13 Control Specifications:Control 1

Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

SB-1 1.027 328.3 01Jan2016, 04:35 61.3
SB-2 1.064 325.3 01Jan2016, 04:35 63.5
JC-1 2.091 653.6 01Jan2016, 04:35 124.9
R-1 2.091 651.4 01Jan2016, 05:10 124.9
SB-3 0.323 98.1 01Jan2016, 04:35 19.3
R-2 0.323 98.1 01Jan2016, 04:55 19.3
SB-5 1.113 696.4 01Jan2016, 04:30 124.8
SB-6 0.854 511.4 01Jan2016, 04:30 95.7
JC-2 4.381 1793.8 01Jan2016, 04:50 364.6
R-4 4.381 1793.8 01Jan2016, 05:55 364.6
SB-7 2.093 1304.1 01Jan2016, 04:30 234.6
SB-11 0.539 346.9 01Jan2016, 04:35 60.4
SB-4 1.003 313.2 01Jan2016, 04:35 59.9
R-3 1.003 313.0 01Jan2016, 05:20 59.9
SB-8 2.19 1374.2 01Jan2016, 04:30 245.5
JC-3 3.193 1475.8 01Jan2016, 04:45 305.4
R-5 3.193 1475.8 01Jan2016, 05:05 305.4
SB-9 0.854 555.2 01Jan2016, 04:35 95.7
SB-12 0.73 470.9 01Jan2016, 04:35 81.8
JC-4 4.777 2409.3 01Jan2016, 04:50 482.9
R-6 4.777 2405.8 01Jan2016, 05:00 482.9
SB-13 0.249 111.1 01Jan2016, 04:30 20.8
JC-5 12.039 4780.4 01Jan2016, 05:25 1163.4
R-8 12.039 4780.3 01Jan2016, 05:30 1163.4
SB-15 0.141 60.6 01Jan2016, 04:30 11.8
JC-6 12.180 4820.7 01Jan2016, 05:30 1175.1
Res 12.180 4780.7 01Jan2016, 05:40 1175.1
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

R-9 12.180 4778.1 01Jan2016, 06:05 1175.1
SB-10 0.826 554.6 01Jan2016, 04:35 92.6
R-7 0.826 554.4 01Jan2016, 05:05 92.6
SB-14 0.733 364.9 01Jan2016, 04:40 61.2
SB-17 0.641 429.0 01Jan2016, 04:40 71.9
JC-7 2.200 1283.5 01Jan2016, 04:55 225.6
R-11 2.200 1281.6 01Jan2016, 05:05 225.6
SB-16 0.967 492.5 01Jan2016, 04:45 80.7
R-10 0.967 492.3 01Jan2016, 05:00 80.7
SB-18 0.738 362.4 01Jan2016, 04:40 61.6
SB-19 0.406 254.4 01Jan2016, 04:35 45.5
SB-20 0.316 193.3 01Jan2016, 04:30 35.4
JC-8 16.807 6267.8 01Jan2016, 05:50 1624.0
R-12 16.807 6263.3 01Jan2016, 05:55 1624.0
SB-21 0.036 21.2 01Jan2016, 04:30 4.0
JC-9 16.843 6273.6 01Jan2016, 05:55 1628.1
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APPENDIX F 
HEC-RAS SEDIMENT TRANSPORT RESULTS AND COMPARISON 



SEDIMENT TRANSPORT RESULTS COMPARISON SUMMARY
Project: Horseshoe Draw

Prepared by: HW

Date: Mar 2016

Existing Proposed Reduction

2‐Year  43,358 42,364 994
10‐Year 90,528 68,590 21,938
25‐Year 115,038 85,689 29,349
50‐Year 129,804 97,032 32,772

100‐Year 144,882 114,646 30,236

Storm Event
Mass [tons]



 

 

 

 

 

 

 

 

 

 

 

 

 

HEC-RAS SEDIMENT TRANSPORT 

FLOW DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TIME SERIES AND FLOW CHANGE STATION LOCATION - 2-YEAR
Project: Horseshoe Draw

Prepared by: HW

Date: Nov 2015

JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

0:00 0.0 0.0 0.0 0.0 0.0
0:05 0.0 0.0 0.0 0.0 0.0
0:10 0.0 0.0 0.0 0.0 0.0
0:15 0.0 0.0 0.0 0.0 0.0
0:20 0.0 0.0 0.0 0.0 0.0
0:25 0.0 0.0 0.0 0.0 0.0
0:30 0.0 0.0 0.0 0.0 0.0
0:35 0.0 0.0 0.0 0.0 0.0
0:40 0.0 0.0 0.0 0.0 0.0
0:45 0.0 0.0 0.0 0.0 0.0
0:50 0.0 0.0 0.0 0.0 0.0
0:55 0.0 0.0 0.0 0.0 0.0
1:00 0.0 0.0 0.0 0.0 0.0
1:05 0.0 0.0 0.0 0.0 0.0
1:10 0.0 0.0 0.0 0.0 0.0
1:15 0.0 0.0 0.0 0.0 0.0
1:20 0.0 0.0 0.0 0.0 0.0
1:25 0.0 0.0 0.0 0.0 0.0
1:30 0.0 0.0 0.0 0.0 0.0
1:35 0.0 0.0 0.0 0.0 0.0
1:40 0.0 0.0 0.0 0.0 0.0
1:45 0.0 0.0 0.0 0.0 0.0
1:50 0.0 0.0 0.0 0.0 0.0
1:55 0.0 0.0 0.0 0.0 0.0
2:00 0.0 0.0 0.0 0.0 0.0
2:05 0.0 0.0 0.0 0.0 0.0
2:10 0.0 0.0 0.0 0.0 0.0
2:15 0.0 0.0 0.0 0.0 0.0
2:20 0.0 0.0 0.0 0.0 0.0
2:25 0.0 0.0 0.0 0.0 0.0
2:30 0.0 0.0 0.0 0.0 0.0
2:35 0.0 0.0 0.0 0.0 0.0
2:40 0.0 0.0 0.0 0.0 0.0
2:45 0.0 0.0 0.0 0.0 0.0
2:50 0.0 0.0 0.0 0.0 0.0
2:55 0.0 0.0 0.0 0.0 0.0
3:00 0.0 0.0 0.0 0.0 0.0
3:05 0.0 0.0 0.0 0.0 0.0
3:10 0.0 0.0 0.0 0.0 0.0
3:15 0.0 0.0 0.1 0.0 0.0
3:20 0.2 0.1 0.7 0.0 0.2
3:25 0.9 0.4 2.4 0.0 0.7
3:30 2.4 1.0 6.0 0.0 1.8
3:35 5.4 1.3 13.4 0.0 3.9
3:40 11.9 1.9 27.2 0.1 8.3
3:45 23.5 3.5 50.3 0.5 16.0
3:50 42.1 6.7 84.1 1.2 28.1
3:55 69.7 12.4 128.2 2.3 45.9
4:00 109.1 21.9 180.8 3.8 70.5
4:05 160.7 36.2 237.6 5.3 102.0
4:10 222.4 52.0 292.3 6.7 139.6
4:15 291.0 64.9 340.5 8.0 182.7
4:20 362.1 81.6 378.7 9.0 229.4
4:25 429.9 102.2 405.6 9.6 277.7
4:30 488.0 126.5 423.1 10.0 326.0
4:35 533.6 140.2 433.4 10.3 372.6

Elapsed Time
[Min]

Flow [CFS]
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

4:40 565.5 147.4 441.1 10.5 415.9
4:45 583.8 155.5 449.6 10.5 453.8
4:50 590.6 164.2 461.6 10.5 485.4
4:55 589.0 171.3 477.5 10.3 509.4
5:00 583.1 178.2 497.8 10.1 525.7
5:05 574.6 185.4 522.6 10.0 534.3
5:10 563.0 192.7 547.4 9.6 535.5
5:15 548.5 198.8 566.7 9.1 530.0
5:20 532.3 205.0 579.4 8.8 518.9
5:25 514.2 211.2 585.4 8.4 503.4
5:30 493.3 217.1 585.7 8.0 484.8
5:35 470.5 222.6 583.2 7.7 464.4
5:40 447.1 228.1 580.4 7.4 442.8
5:45 424.3 233.4 577.4 7.1 420.8
5:50 403.0 246.5 573.4 6.9 398.8
5:55 383.5 262.5 567.3 6.7 377.3
6:00 365.1 277.7 557.8 6.4 356.7
6:05 347.8 292.0 545.5 6.1 336.9
6:10 331.5 305.4 530.4 5.8 317.7
6:15 314.9 316.0 511.7 5.4 299.0
6:20 298.0 323.0 488.8 5.0 280.7
6:25 281.2 329.5 463.8 4.7 262.8
6:30 263.3 335.5 439.4 4.3 245.3
6:35 244.7 340.9 415.7 4.0 228.4
6:40 226.4 345.7 393.6 3.7 211.9
6:45 208.6 350.0 372.5 3.5 195.9
6:50 192.0 353.7 351.6 3.2 180.5
6:55 177.4 357.0 332.0 3.0 165.6
7:00 163.7 359.7 314.3 2.8 151.5
7:05 151.0 362.0 297.5 2.6 138.1
7:10 139.3 396.1 281.3 2.4 125.6
7:15 128.1 415.7 265.5 2.2 114.0
7:20 117.5 423.6 249.1 2.1 103.3
7:25 107.8 423.0 232.8 1.9 93.5
7:30 98.9 415.9 217.4 1.8 84.7
7:35 90.7 404.0 202.7 1.7 76.7
7:40 83.2 388.9 188.9 1.5 69.5
7:45 76.3 371.5 175.5 1.4 63.0
7:50 70.0 361.5 162.3 1.3 57.1
7:55 64.2 360.4 149.8 1.2 51.7
8:00 58.9 359.1 138.1 1.2 46.8
8:05 54.0 357.5 127.3 1.1 42.4
8:10 49.5 355.7 117.4 1.0 38.4
8:15 45.4 353.8 108.2 0.9 34.8
8:20 41.7 351.7 99.8 0.9 31.6
8:25 38.2 349.4 92.0 0.8 28.6
8:30 35.0 347.1 84.8 0.7 25.9
8:35 32.1 344.6 78.2 0.7 23.3
8:40 29.3 342.0 72.1 0.6 21.0
8:45 26.8 339.3 66.3 0.6 18.8
8:50 24.4 336.5 61.2 0.6 16.7
8:55 22.2 333.7 56.3 0.5 14.8
9:00 20.1 330.8 51.7 0.5 13.0
9:05 18.2 327.8 47.4 0.4 11.4
9:10 16.5 324.8 43.5 0.4 9.9
9:15 14.8 321.8 39.8 0.4 8.5
9:20 13.3 318.7 36.4 0.4 7.4
9:25 11.9 315.6 33.2 0.3 6.4
9:30 10.6 312.0 30.4 0.3 5.4
9:35 9.3 306.9 27.7 0.3 4.6
9:40 8.1 301.7 25.3 0.3 3.9
9:45 7.2 296.5 23.2 0.2 3.3
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

9:50 6.3 291.4 21.2 0.2 2.8
9:55 5.5 286.3 19.4 0.2 2.4

10:00 4.9 281.3 17.7 0.2 2.0
10:05 4.3 276.3 16.1 0.2 1.8
10:10 3.8 271.3 14.7 0.1 1.4
10:15 3.3 266.4 13.3 0.1 1.3
10:20 2.9 261.5 12.0 0.1 1.1
10:25 2.6 256.7 10.8 0.1 0.8
10:30 2.3 252.0 9.8 0.1 0.7
10:35 2.0 247.3 8.8 0.1 0.6
10:40 1.8 242.7 7.9 0.1 0.4
10:45 1.6 238.1 7.1 0.1 0.4
10:50 1.4 234.6 6.2 0.0 0.3
10:55 1.2 233.2 5.6 0.0 0.2
11:00 1.1 231.9 4.9 0.0 0.2
11:05 0.9 230.5 4.4 0.0 0.1
11:10 0.8 229.2 4.0 0.0 0.1
11:15 0.7 227.8 3.5 0.0 0.0
11:20 0.6 226.5 3.1 0.0 0.0
11:25 0.5 225.2 2.8 0.0 0.1
11:30 0.4 223.8 2.5 0.0 0.0
11:35 0.3 222.5 2.2 0.0 0.0
11:40 0.2 221.2 2.0 0.0 0.0
11:45 0.2 219.9 1.8 0.0 0.0
11:50 0.2 218.6 1.5 0.0 0.0
11:55 0.2 217.3 1.3 0.0 0.0
12:00 0.1 216.0 1.1 0.0 0.0
12:05 0.1 214.7 0.9 0.0 0.0
12:10 0.1 213.4 0.8 0.0 0.0
12:15 0.1 212.0 0.7 0.0 0.0
12:20 0.1 210.6 0.6 0.0 0.0
12:25 0.1 209.2 0.4 0.0 0.0
12:30 0.1 207.8 0.4 0.0 0.0
12:35 0.0 206.5 0.3 0.0 0.0
12:40 0.0 205.1 0.2 0.0 0.0
12:45 0.0 203.8 0.3 0.0 0.0
12:50 0.0 202.4 0.2 0.0 0.0
12:55 0.0 201.1 0.2 0.0 0.0
13:00 0.0 199.8 0.2 0.0 0.0
13:05 0.0 198.5 0.1 0.0 0.0
13:10 0.0 197.2 0.1 0.0 0.0
13:15 0.0 195.9 0.1 0.0 0.0
13:20 0.0 194.6 0.1 0.0 0.0
13:25 0.0 193.3 0.0 0.0 0.0
13:30 0.0 192.0 0.0 0.0 0.0
13:35 0.0 190.5 0.0 0.0 0.0
13:40 0.0 189.0 0.0 0.0 0.0
13:45 0.0 187.4 0.0 0.0 0.0
13:50 0.0 185.9 0.0 0.0 0.0
13:55 0.0 184.4 0.0 0.0 0.0
14:00 0.0 182.9 0.0 0.0 0.0
14:05 0.0 181.4 0.0 0.0 0.0
14:10 0.0 180.0 0.0 0.0 0.0
14:15 0.0 178.5 0.0 0.0 0.0
14:20 0.0 177.0 0.0 0.0 0.0
14:25 0.0 175.6 0.0 0.0 0.0
14:30 0.0 174.2 0.0 0.0 0.0
14:35 0.0 172.8 0.0 0.0 0.0
14:40 0.0 171.4 0.0 0.0 0.0
14:45 0.0 170.0 0.0 0.0 0.0
14:50 0.0 168.6 0.0 0.0 0.0
14:55 0.0 167.2 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

15:00 0.0 165.8 0.0 0.0 0.0
15:05 0.0 163.9 0.0 0.0 0.0
15:10 0.0 162.1 0.0 0.0 0.0
15:15 0.0 160.2 0.0 0.0 0.0
15:20 0.0 158.4 0.0 0.0 0.0
15:25 0.0 156.6 0.0 0.0 0.0
15:30 0.0 154.8 0.0 0.0 0.0
15:35 0.0 153.0 0.0 0.0 0.0
15:40 0.0 151.3 0.0 0.0 0.0
15:45 0.0 149.6 0.0 0.0 0.0
15:50 0.0 147.9 0.0 0.0 0.0
15:55 0.0 146.2 0.0 0.0 0.0
16:00 0.0 144.5 0.0 0.0 0.0
16:05 0.0 142.8 0.0 0.0 0.0
16:10 0.0 141.2 0.0 0.0 0.0
16:15 0.0 139.6 0.0 0.0 0.0
16:20 0.0 138.0 0.0 0.0 0.0
16:25 0.0 136.4 0.0 0.0 0.0
16:30 0.0 131.2 0.0 0.0 0.0
16:35 0.0 124.7 0.0 0.0 0.0
16:40 0.0 118.6 0.0 0.0 0.0
16:45 0.0 112.7 0.0 0.0 0.0
16:50 0.0 107.2 0.0 0.0 0.0
16:55 0.0 101.9 0.0 0.0 0.0
17:00 0.0 96.9 0.0 0.0 0.0
17:05 0.0 92.1 0.0 0.0 0.0
17:10 0.0 87.6 0.0 0.0 0.0
17:15 0.0 83.3 0.0 0.0 0.0
17:20 0.0 79.1 0.0 0.0 0.0
17:25 0.0 75.3 0.0 0.0 0.0
17:30 0.0 71.5 0.0 0.0 0.0
17:35 0.0 68.0 0.0 0.0 0.0
17:40 0.0 64.7 0.0 0.0 0.0
17:45 0.0 61.5 0.0 0.0 0.0
17:50 0.0 58.5 0.0 0.0 0.0
17:55 0.0 55.6 0.0 0.0 0.0
18:00 0.0 52.8 0.0 0.0 0.0
18:05 0.0 50.2 0.0 0.0 0.0
18:10 0.0 47.5 0.0 0.0 0.0
18:15 0.0 42.6 0.0 0.0 0.0
18:20 0.0 38.3 0.0 0.0 0.0
18:25 0.0 34.4 0.0 0.0 0.0
18:30 0.0 30.8 0.0 0.0 0.0
18:35 0.0 27.7 0.0 0.0 0.0
18:40 0.0 24.8 0.0 0.0 0.0
18:45 0.0 22.3 0.0 0.0 0.0
18:50 0.0 20.0 0.0 0.0 0.0
18:55 0.0 18.0 0.0 0.0 0.0
19:00 0.0 16.1 0.0 0.0 0.0
19:05 0.0 14.5 0.0 0.0 0.0
19:10 0.0 13.0 0.0 0.0 0.0
19:15 0.0 11.7 0.0 0.0 0.0
19:20 0.0 10.5 0.0 0.0 0.0
19:25 0.0 9.4 0.0 0.0 0.0
19:30 0.0 8.4 0.0 0.0 0.0
19:35 0.0 7.6 0.0 0.0 0.0
19:40 0.0 6.8 0.0 0.0 0.0
19:45 0.0 6.1 0.0 0.0 0.0
19:50 0.0 5.5 0.0 0.0 0.0
19:55 0.0 4.9 0.0 0.0 0.0
20:00 0.0 4.4 0.0 0.0 0.0
20:05 0.0 4.0 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

20:10 0.0 3.6 0.0 0.0 0.0
20:15 0.0 3.2 0.0 0.0 0.0
20:20 0.0 2.9 0.0 0.0 0.0
20:25 0.0 2.6 0.0 0.0 0.0
20:30 0.0 2.3 0.0 0.0 0.0
20:35 0.0 2.1 0.0 0.0 0.0
20:40 0.0 1.9 0.0 0.0 0.0
20:45 0.0 1.7 0.0 0.0 0.0
20:50 0.0 1.5 0.0 0.0 0.0
20:55 0.0 1.3 0.0 0.0 0.0
21:00 0.0 1.2 0.0 0.0 0.0
21:05 0.0 1.1 0.0 0.0 0.0
21:10 0.0 0.6 0.0 0.0 0.0
21:15 0.0 0.0 0.0 0.0 0.0
21:20 0.0 0.0 0.0 0.0 0.0
21:25 0.0 0.0 0.0 0.0 0.0
21:30 0.0 0.0 0.0 0.0 0.0
21:35 0.0 0.0 0.0 0.0 0.0
21:40 0.0 0.0 0.0 0.0 0.0
21:45 0.0 0.0 0.0 0.0 0.0
21:50 0.0 0.0 0.0 0.0 0.0
21:55 0.0 0.0 0.0 0.0 0.0
22:00 0.0 0.0 0.0 0.0 0.0
22:05 0.0 0.0 0.0 0.0 0.0
22:10 0.0 0.0 0.0 0.0 0.0
22:15 0.0 0.0 0.0 0.0 0.0
22:20 0.0 0.0 0.0 0.0 0.0
22:25 0.0 0.0 0.0 0.0 0.0
22:30 0.0 0.0 0.0 0.0 0.0
22:35 0.0 0.0 0.0 0.0 0.0
22:40 0.0 0.0 0.0 0.0 0.0
22:45 0.0 0.0 0.0 0.0 0.0
22:50 0.0 0.0 0.0 0.0 0.0
22:55 0.0 0.0 0.0 0.0 0.0
23:00 0.0 0.0 0.0 0.0 0.0

Notes:

*Lateral Inflow
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TIME SERIES AND FLOW CHANGE STATION LOCATION - 10-YEAR
Project: Horseshoe Draw

Prepared by: HW

Date: Nov 2015

JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

0:00 0.0 0.0 0.0 0.0 0.0
0:05 0.0 0.0 0.0 0.0 0.0
0:10 0.0 0.0 0.0 0.0 0.0
0:15 0.0 0.0 0.0 0.0 0.0
0:20 0.0 0.0 0.0 0.0 0.0
0:25 0.0 0.0 0.0 0.0 0.0
0:30 0.0 0.0 0.0 0.0 0.0
0:35 0.0 0.0 0.0 0.0 0.0
0:40 0.0 0.0 0.0 0.0 0.0
0:45 0.0 0.0 0.0 0.0 0.0
0:50 0.0 0.0 0.0 0.0 0.0
0:55 0.0 0.0 0.0 0.0 0.0
1:00 0.0 0.0 0.0 0.0 0.0
1:05 0.0 0.0 0.0 0.0 0.0
1:10 0.0 0.0 0.0 0.0 0.0
1:15 0.0 0.0 0.0 0.0 0.0
1:20 0.0 0.0 0.0 0.0 0.0
1:25 0.0 0.0 0.0 0.0 0.0
1:30 0.0 0.0 0.0 0.0 0.0
1:35 0.0 0.0 0.0 0.0 0.0
1:40 0.0 0.0 0.0 0.0 0.0
1:45 0.0 0.0 0.0 0.0 0.0
1:50 0.0 0.0 0.0 0.0 0.0
1:55 0.0 0.0 0.0 0.0 0.0
2:00 0.0 0.0 0.0 0.0 0.0
2:05 0.0 0.0 0.0 0.0 0.0
2:10 0.0 0.0 0.0 0.0 0.0
2:15 0.0 0.0 0.0 0.0 0.0
2:20 0.0 0.0 0.0 0.0 0.0
2:25 0.0 0.0 0.0 0.0 0.0
2:30 0.0 0.0 0.0 0.0 0.0
2:35 0.0 0.0 0.0 0.0 0.0
2:40 0.0 0.0 0.1 0.0 0.0
2:45 0.1 0.0 0.2 0.0 0.1
2:50 0.2 0.1 0.6 0.0 0.2
2:55 0.6 0.4 1.3 0.0 0.4
3:00 1.2 1.0 2.6 0.0 0.8
3:05 2.2 1.1 4.7 0.0 1.4
3:10 4.1 1.3 8.1 0.0 2.6
3:15 7.3 1.8 13.3 0.0 4.3
3:20 12.3 2.6 21.5 0.0 7.1
3:25 20.0 4.1 34.3 0.1 11.4
3:30 31.5 6.5 52.4 0.4 18.0
3:35 48.8 10.4 79.1 1.0 28.5
3:40 74.9 16.5 119.8 2.2 45.3
3:45 112.8 25.8 177.8 4.1 71.3
3:50 164.6 40.0 255.0 6.7 109.2
3:55 233.7 54.2 349.7 10.0 161.5
4:00 324.3 68.7 458.6 13.8 229.9
4:05 435.8 89.2 572.5 17.4 313.4
4:10 562.4 116.5 676.4 20.2 408.6
4:15 697.0 139.5 762.0 22.4 512.0
4:20 832.4 149.4 827.0 24.3 619.4
4:25 957.7 161.4 874.0 25.5 726.2
4:30 1058.7 172.6 906.4 26.0 828.4
4:35 1130.0 183.8 926.0 26.3 921.9

Elapsed Time
[Min]

Flow [CFS]
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

4:40 1174.4 195.5 938.8 26.1 1003.6
4:45 1197.6 206.4 954.7 25.9 1070.7
4:50 1204.1 217.8 977.6 25.5 1121.3
4:55 1198.0 229.0 1009.0 24.9 1155.3
5:00 1185.0 253.4 1049.0 24.4 1173.1
5:05 1169.1 292.3 1095.4 23.6 1175.5
5:10 1147.5 324.2 1140.3 22.6 1163.1
5:15 1118.4 348.1 1173.3 21.5 1138.3
5:20 1085.2 556.5 1193.8 20.5 1103.7
5:25 1047.9 975.8 1209.0 19.5 1062.0
5:30 1004.6 1297.9 1223.3 18.6 1015.5
5:35 957.1 1564.4 1236.2 17.8 966.2
5:40 908.1 1843.4 1245.3 17.0 915.8
5:45 861.1 2012.3 1246.8 16.3 865.6
5:50 817.7 2107.8 1241.0 15.7 816.4
5:55 776.7 2152.3 1229.5 15.0 768.9
6:00 738.4 2161.0 1210.8 14.5 724.1
6:05 703.0 2144.9 1184.9 13.8 681.5
6:10 668.0 2111.2 1150.9 13.0 640.8
6:15 632.8 2064.5 1107.3 12.1 601.3
6:20 598.2 2007.5 1056.6 11.2 563.0
6:25 563.6 1941.7 1003.6 10.4 525.9
6:30 527.8 1868.6 951.0 9.7 490.0
6:35 490.6 1790.0 900.9 9.0 455.2
6:40 453.5 1708.2 853.1 8.4 421.5
6:45 418.6 1625.1 806.0 7.8 388.9
6:50 386.7 1541.6 760.3 7.2 357.5
6:55 357.4 1474.5 717.1 6.7 327.6
7:00 330.6 1417.3 677.3 6.3 299.3
7:05 306.1 1355.3 640.5 5.8 272.6
7:10 282.9 1290.7 605.8 5.4 247.8
7:15 260.2 1225.5 571.1 5.0 224.7
7:20 238.9 1160.8 536.0 4.7 203.6
7:25 219.3 1097.1 501.7 4.3 184.3
7:30 201.3 1034.5 469.1 4.0 167.0
7:35 184.8 973.2 438.8 3.7 151.3
7:40 169.7 913.6 409.9 3.5 136.9
7:45 155.8 856.0 381.2 3.2 124.0
7:50 143.0 800.7 352.8 3.0 112.3
7:55 131.3 747.5 325.8 2.8 101.8
8:00 120.5 696.6 300.6 2.6 92.2
8:05 110.7 647.8 277.3 2.4 83.5
8:10 101.6 601.5 255.9 2.2 75.7
8:15 93.3 557.8 236.1 2.1 68.5
8:20 85.6 516.6 217.8 1.9 61.9
8:25 78.5 478.1 200.9 1.8 56.0
8:30 72.0 442.0 185.3 1.7 50.5
8:35 65.9 408.5 171.0 1.6 45.4
8:40 60.3 377.2 157.7 1.4 40.6
8:45 55.0 361.3 145.3 1.3 36.1
8:50 50.1 359.7 133.8 1.2 31.9
8:55 45.6 358.0 123.3 1.2 28.1
9:00 41.3 356.0 113.3 1.1 24.5
9:05 37.4 353.9 104.1 1.0 21.3
9:10 33.9 351.7 95.6 0.9 18.4
9:15 30.5 349.3 87.5 0.9 15.9
9:20 27.4 346.8 80.2 0.8 13.6
9:25 24.6 344.1 73.3 0.7 11.7
9:30 21.8 341.4 67.1 0.7 9.9
9:35 19.3 338.5 61.5 0.6 8.4
9:40 17.0 335.6 56.3 0.6 7.1
9:45 15.1 332.7 51.6 0.5 6.1
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

9:50 13.3 329.6 47.3 0.5 5.2
9:55 11.7 326.5 43.3 0.4 4.4

10:00 10.4 323.4 39.6 0.4 3.7
10:05 9.3 320.2 36.1 0.3 3.2
10:10 8.2 317.0 32.9 0.3 2.6
10:15 7.4 313.8 30.0 0.3 2.3
10:20 6.6 309.0 27.1 0.2 1.9
10:25 5.9 303.7 24.5 0.2 1.6
10:30 5.3 298.4 22.2 0.2 1.3
10:35 4.7 293.2 20.0 0.1 1.0
10:40 4.2 288.0 18.0 0.1 0.8
10:45 3.7 282.8 16.2 0.1 0.6
10:50 3.3 277.7 14.5 0.1 0.5
10:55 2.9 272.7 13.1 0.1 0.3
11:00 2.5 267.7 11.8 0.1 0.3
11:05 2.1 262.7 10.5 0.1 0.2
11:10 1.8 257.8 9.5 0.0 0.1
11:15 1.6 253.0 8.5 0.0 0.1
11:20 1.3 248.3 7.5 0.0 0.0
11:25 1.1 243.6 6.7 0.0 0.0
11:30 0.9 239.0 6.0 0.0 0.0
11:35 0.7 234.8 5.2 0.0 0.0
11:40 0.6 233.5 4.6 0.0 0.0
11:45 0.5 232.1 4.0 0.0 0.0
11:50 0.4 230.7 3.5 0.0 0.0
11:55 0.4 229.4 3.0 0.0 0.0
12:00 0.3 228.0 2.5 0.0 0.0
12:05 0.3 226.7 2.2 0.0 0.0
12:10 0.2 225.3 1.9 0.0 0.0
12:15 0.2 224.0 1.5 0.0 0.0
12:20 0.2 222.7 1.3 0.0 0.0
12:25 0.1 221.3 1.1 0.0 0.0
12:30 0.1 220.0 0.9 0.0 0.0
12:35 0.1 218.7 0.7 0.0 0.0
12:40 0.1 217.4 0.7 0.0 0.0
12:45 0.1 216.1 0.5 0.0 0.0
12:50 0.0 214.8 0.4 0.0 0.0
12:55 0.0 213.5 0.3 0.0 0.0
13:00 0.0 212.1 0.3 0.0 0.0
13:05 0.0 210.7 0.3 0.0 0.0
13:10 0.0 209.3 0.2 0.0 0.0
13:15 0.0 207.9 0.2 0.0 0.0
13:20 0.0 206.6 0.1 0.0 0.0
13:25 0.0 205.2 0.1 0.0 0.0
13:30 0.0 203.9 0.1 0.0 0.0
13:35 0.0 202.5 0.0 0.0 0.0
13:40 0.0 201.2 0.0 0.0 0.0
13:45 0.0 199.9 0.0 0.0 0.0
13:50 0.0 198.6 0.0 0.0 0.0
13:55 0.0 197.3 0.0 0.0 0.0
14:00 0.0 196.0 0.0 0.0 0.0
14:05 0.0 194.7 0.0 0.0 0.0
14:10 0.0 193.4 0.0 0.0 0.0
14:15 0.0 192.1 0.0 0.0 0.0
14:20 0.0 190.6 0.0 0.0 0.0
14:25 0.0 189.1 0.0 0.0 0.0
14:30 0.0 187.5 0.0 0.0 0.0
14:35 0.0 186.0 0.0 0.0 0.0
14:40 0.0 184.5 0.0 0.0 0.0
14:45 0.0 183.0 0.0 0.0 0.0
14:50 0.0 181.5 0.0 0.0 0.0
14:55 0.0 180.0 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

15:00 0.0 178.6 0.0 0.0 0.0
15:05 0.0 177.1 0.0 0.0 0.0
15:10 0.0 175.7 0.0 0.0 0.0
15:15 0.0 174.3 0.0 0.0 0.0
15:20 0.0 172.9 0.0 0.0 0.0
15:25 0.0 171.5 0.0 0.0 0.0
15:30 0.0 170.1 0.0 0.0 0.0
15:35 0.0 168.7 0.0 0.0 0.0
15:40 0.0 167.3 0.0 0.0 0.0
15:45 0.0 166.0 0.0 0.0 0.0
15:50 0.0 164.1 0.0 0.0 0.0
15:55 0.0 162.2 0.0 0.0 0.0
16:00 0.0 160.3 0.0 0.0 0.0
16:05 0.0 158.5 0.0 0.0 0.0
16:10 0.0 156.7 0.0 0.0 0.0
16:15 0.0 154.9 0.0 0.0 0.0
16:20 0.0 153.1 0.0 0.0 0.0
16:25 0.0 151.4 0.0 0.0 0.0
16:30 0.0 149.7 0.0 0.0 0.0
16:35 0.0 148.0 0.0 0.0 0.0
16:40 0.0 146.3 0.0 0.0 0.0
16:45 0.0 144.6 0.0 0.0 0.0
16:50 0.0 143.0 0.0 0.0 0.0
16:55 0.0 141.3 0.0 0.0 0.0
17:00 0.0 139.7 0.0 0.0 0.0
17:05 0.0 138.1 0.0 0.0 0.0
17:10 0.0 136.5 0.0 0.0 0.0
17:15 0.0 131.6 0.0 0.0 0.0
17:20 0.0 125.1 0.0 0.0 0.0
17:25 0.0 118.9 0.0 0.0 0.0
17:30 0.0 113.1 0.0 0.0 0.0
17:35 0.0 107.5 0.0 0.0 0.0
17:40 0.0 102.2 0.0 0.0 0.0
17:45 0.0 97.2 0.0 0.0 0.0
17:50 0.0 92.4 0.0 0.0 0.0
17:55 0.0 87.8 0.0 0.0 0.0
18:00 0.0 83.5 0.0 0.0 0.0
18:05 0.0 79.4 0.0 0.0 0.0
18:10 0.0 75.5 0.0 0.0 0.0
18:15 0.0 71.8 0.0 0.0 0.0
18:20 0.0 68.2 0.0 0.0 0.0
18:25 0.0 64.9 0.0 0.0 0.0
18:30 0.0 61.7 0.0 0.0 0.0
18:35 0.0 58.6 0.0 0.0 0.0
18:40 0.0 55.8 0.0 0.0 0.0
18:45 0.0 53.0 0.0 0.0 0.0
18:50 0.0 50.4 0.0 0.0 0.0
18:55 0.0 47.8 0.0 0.0 0.0
19:00 0.0 42.9 0.0 0.0 0.0
19:05 0.0 38.5 0.0 0.0 0.0
19:10 0.0 34.6 0.0 0.0 0.0
19:15 0.0 31.0 0.0 0.0 0.0
19:20 0.0 27.9 0.0 0.0 0.0
19:25 0.0 25.0 0.0 0.0 0.0
19:30 0.0 22.4 0.0 0.0 0.0
19:35 0.0 20.1 0.0 0.0 0.0
19:40 0.0 18.1 0.0 0.0 0.0
19:45 0.0 16.2 0.0 0.0 0.0
19:50 0.0 14.6 0.0 0.0 0.0
19:55 0.0 13.1 0.0 0.0 0.0
20:00 0.0 11.7 0.0 0.0 0.0
20:05 0.0 10.5 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

20:10 0.0 9.5 0.0 0.0 0.0
20:15 0.0 8.5 0.0 0.0 0.0
20:20 0.0 7.6 0.0 0.0 0.0
20:25 0.0 6.8 0.0 0.0 0.0
20:30 0.0 6.1 0.0 0.0 0.0
20:35 0.0 5.5 0.0 0.0 0.0
20:40 0.0 4.9 0.0 0.0 0.0
20:45 0.0 4.4 0.0 0.0 0.0
20:50 0.0 4.0 0.0 0.0 0.0
20:55 0.0 3.6 0.0 0.0 0.0
21:00 0.0 3.2 0.0 0.0 0.0
21:05 0.0 2.9 0.0 0.0 0.0
21:10 0.0 2.6 0.0 0.0 0.0
21:15 0.0 2.3 0.0 0.0 0.0
21:20 0.0 2.1 0.0 0.0 0.0
21:25 0.0 1.9 0.0 0.0 0.0
21:30 0.0 1.7 0.0 0.0 0.0
21:35 0.0 1.5 0.0 0.0 0.0
21:40 0.0 1.4 0.0 0.0 0.0
21:45 0.0 1.2 0.0 0.0 0.0
21:50 0.0 1.1 0.0 0.0 0.0
21:55 0.0 0.7 0.0 0.0 0.0
22:00 0.0 0.0 0.0 0.0 0.0
22:05 0.0 0.0 0.0 0.0 0.0
22:10 0.0 0.0 0.0 0.0 0.0
22:15 0.0 0.0 0.0 0.0 0.0
22:20 0.0 0.0 0.0 0.0 0.0
22:25 0.0 0.0 0.0 0.0 0.0
22:30 0.0 0.0 0.0 0.0 0.0
22:35 0.0 0.0 0.0 0.0 0.0
22:40 0.0 0.0 0.0 0.0 0.0
22:45 0.0 0.0 0.0 0.0 0.0
22:50 0.0 0.0 0.0 0.0 0.0
22:55 0.0 0.0 0.0 0.0 0.0
23:00 0.0 0.0 0.0 0.0 0.0

Notes:

*Lateral Inflow
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TIME SERIES AND FLOW CHANGE STATION LOCATION - 25-YEAR
Project: Horseshoe Draw

Prepared by: HW

Date: Nov 2015

JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

0:00 0.0 0.0 0.0 0.0 0.0
0:05 0.0 0.0 0.0 0.0 0.0
0:10 0.0 0.0 0.0 0.0 0.0
0:15 0.0 0.0 0.0 0.0 0.0
0:20 0.0 0.0 0.0 0.0 0.0
0:25 0.0 0.0 0.0 0.0 0.0
0:30 0.0 0.0 0.0 0.0 0.0
0:35 0.0 0.0 0.0 0.0 0.0
0:40 0.0 0.0 0.0 0.0 0.0
0:45 0.0 0.0 0.0 0.0 0.0
0:50 0.0 0.0 0.0 0.0 0.0
0:55 0.0 0.0 0.0 0.0 0.0
1:00 0.0 0.0 0.0 0.0 0.0
1:05 0.0 0.0 0.0 0.0 0.0
1:10 0.0 0.0 0.0 0.0 0.0
1:15 0.0 0.0 0.0 0.0 0.0
1:20 0.0 0.0 0.0 0.0 0.0
1:25 0.0 0.0 0.0 0.0 0.0
1:30 0.0 0.0 0.0 0.0 0.0
1:35 0.0 0.0 0.0 0.0 0.0
1:40 0.0 0.0 0.0 0.0 0.0
1:45 0.0 0.0 0.0 0.0 0.0
1:50 0.0 0.0 0.0 0.0 0.0
1:55 0.0 0.0 0.0 0.0 0.0
2:00 0.0 0.0 0.0 0.0 0.0
2:05 0.0 0.0 0.0 0.0 0.0
2:10 0.0 0.0 0.0 0.0 0.0
2:15 0.0 0.0 0.0 0.0 0.0
2:20 0.1 0.0 0.2 0.0 0.1
2:25 0.2 0.1 0.5 0.0 0.1
2:30 0.4 0.3 1.1 0.0 0.3
2:35 0.9 0.8 2.0 0.0 0.6
2:40 1.6 1.0 3.3 0.0 1.0
2:45 2.8 1.2 5.0 0.0 1.6
2:50 4.4 1.5 7.0 0.0 2.3
2:55 6.6 1.9 9.5 0.0 3.3
3:00 9.4 2.6 12.6 0.0 4.5
3:05 13.2 3.6 17.1 0.0 6.3
3:10 18.4 5.0 24.4 0.0 9.1
3:15 25.4 7.0 34.9 0.1 13.1
3:20 35.1 9.9 49.7 0.3 18.9
3:25 49.0 14.0 70.3 0.7 27.3
3:30 69.1 19.9 98.5 1.4 39.7
3:35 97.6 28.2 139.5 2.7 58.4
3:40 137.9 39.8 200.6 4.9 87.6
3:45 193.9 52.1 286.4 8.1 130.8
3:50 269.1 63.8 397.7 12.1 191.6
3:55 368.1 80.8 530.6 16.9 272.8
4:00 495.9 104.6 679.0 22.3 375.9
4:05 650.7 136.2 830.6 27.4 499.0
4:10 823.8 145.7 966.9 31.2 636.6
4:15 1004.5 158.0 1078.4 34.1 783.7
4:20 1182.3 171.0 1161.3 36.4 933.8
4:25 1342.8 183.6 1218.1 37.6 1080.2
4:30 1469.5 196.9 1256.0 38.2 1218.0

Elapsed Time
[Min]

Flow [CFS]
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

4:35 1556.7 210.1 1279.4 38.5 1342.0
4:40 1609.1 223.7 1296.6 38.2 1447.9
4:45 1634.8 245.0 1318.2 37.6 1532.2
4:50 1641.3 294.5 1349.9 36.9 1593.2
4:55 1634.1 332.8 1393.5 36.0 1631.0
5:00 1619.1 409.3 1448.5 35.1 1646.8
5:05 1598.7 1023.1 1511.1 34.0 1642.1
5:10 1569.6 1513.7 1570.9 32.4 1618.1
5:15 1530.3 2116.9 1616.8 30.7 1577.9
5:20 1485.7 2517.5 1650.0 29.2 1525.0
5:25 1434.4 2782.0 1678.3 27.9 1463.6
5:30 1374.0 2953.0 1704.9 26.6 1396.6
5:35 1308.4 3059.3 1728.4 25.3 1326.4
5:40 1241.0 3120.5 1745.1 24.1 1254.8
5:45 1176.3 3149.2 1749.3 23.0 1183.6
5:50 1117.0 3151.7 1741.9 22.2 1114.4
5:55 1061.0 3131.3 1725.8 21.3 1048.2
6:00 1006.6 3091.4 1698.3 20.4 985.6
6:05 955.9 3035.8 1659.6 19.4 926.1
6:10 908.1 2967.4 1610.1 18.2 868.9
6:15 860.0 2888.2 1547.6 16.9 813.7
6:20 811.3 2798.9 1475.2 15.7 760.2
6:25 762.4 2700.0 1400.4 14.6 708.8
6:30 712.6 2593.0 1328.6 13.6 659.2
6:35 661.6 2480.2 1260.2 12.6 611.2
6:40 611.2 2364.6 1193.3 11.7 564.9
6:45 563.9 2247.9 1125.6 10.9 520.2
6:50 521.5 2130.8 1059.7 10.1 477.6
6:55 483.2 2013.4 999.4 9.4 437.1
7:00 447.4 1896.7 945.1 8.7 398.8
7:05 413.9 1783.2 893.9 8.1 362.9
7:10 382.3 1674.9 843.2 7.5 329.5
7:15 351.7 1572.5 792.6 7.0 298.8
7:20 323.0 1485.6 742.9 6.5 270.6
7:25 296.6 1423.7 696.2 6.1 245.1
7:30 272.4 1357.2 652.0 5.6 222.0
7:35 250.1 1288.1 609.7 5.2 201.0
7:40 229.7 1217.9 568.8 4.9 182.1
7:45 210.9 1147.9 528.5 4.5 164.9
7:50 193.7 1078.7 489.0 4.2 149.3
7:55 177.9 1010.9 451.7 3.9 135.3
8:00 163.4 944.8 416.9 3.6 122.5
8:05 150.0 880.9 384.7 3.4 110.9
8:10 137.8 819.7 355.0 3.1 100.5
8:15 126.5 761.4 327.6 2.9 91.0
8:20 116.1 706.3 302.3 2.7 82.3
8:25 106.5 654.4 279.0 2.5 74.2
8:30 97.7 605.8 257.4 2.3 66.8
8:35 89.5 560.3 237.5 2.2 59.9
8:40 81.8 517.9 219.1 2.0 53.5
8:45 74.7 478.4 201.9 1.9 47.5
8:50 68.0 441.7 186.1 1.7 41.8
8:55 61.8 407.5 171.4 1.6 36.6
9:00 56.0 375.8 157.6 1.5 32.0
9:05 50.8 361.2 144.8 1.4 27.7
9:10 46.1 359.6 132.9 1.3 23.9
9:15 41.5 357.8 121.8 1.2 20.5
9:20 37.2 355.8 111.6 1.1 17.5
9:25 33.4 353.6 102.1 1.0 15.0
9:30 29.7 351.3 93.7 1.0 12.8
9:35 26.3 348.8 85.8 0.9 10.8
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

9:40 23.2 346.2 78.5 0.8 9.3
9:45 20.6 343.5 72.1 0.8 7.8
9:50 18.2 340.7 66.0 0.7 6.5
9:55 16.1 337.8 60.5 0.6 5.5

10:00 14.4 334.9 55.3 0.5 4.7
10:05 12.8 331.8 50.5 0.5 4.0
10:10 11.4 328.8 46.0 0.4 3.4
10:15 10.3 325.6 41.9 0.3 2.8
10:20 9.2 322.5 38.0 0.3 2.4
10:25 8.2 319.3 34.4 0.3 1.9
10:30 7.4 316.0 31.2 0.2 1.7
10:35 6.6 312.6 28.2 0.2 1.3
10:40 5.8 307.3 25.4 0.2 1.0
10:45 5.2 301.9 22.9 0.1 0.8
10:50 4.6 296.7 20.6 0.1 0.6
10:55 4.1 291.4 18.6 0.1 0.4
11:00 3.5 286.2 16.8 0.1 0.3
11:05 3.0 281.0 15.1 0.1 0.2
11:10 2.6 275.9 13.5 0.1 0.2
11:15 2.2 270.8 12.0 0.1 0.1
11:20 1.8 265.8 10.7 0.0 0.1
11:25 1.5 260.9 9.5 0.0 0.0
11:30 1.2 256.0 8.4 0.0 0.1
11:35 1.0 251.2 7.4 0.0 0.0
11:40 0.8 246.5 6.5 0.0 0.0
11:45 0.7 241.8 5.5 0.0 0.0
11:50 0.6 237.2 4.7 0.0 0.0
11:55 0.5 234.3 4.0 0.0 0.0
12:00 0.4 232.9 3.6 0.0 0.0
12:05 0.4 231.5 3.1 0.0 0.0
12:10 0.3 230.2 2.5 0.0 0.0
12:15 0.3 228.8 2.1 0.0 0.0
12:20 0.2 227.4 1.8 0.0 0.0
12:25 0.2 226.1 1.5 0.0 0.0
12:30 0.2 224.8 1.2 0.0 0.0
12:35 0.1 223.4 1.1 0.0 0.0
12:40 0.1 222.1 0.9 0.0 0.0
12:45 0.1 220.8 0.7 0.0 0.0
12:50 0.1 219.4 0.6 0.0 0.0
12:55 0.0 218.1 0.5 0.0 0.0
13:00 0.0 216.8 0.4 0.0 0.0
13:05 0.0 215.5 0.4 0.0 0.0
13:10 0.0 214.2 0.3 0.0 0.0
13:15 0.0 212.8 0.2 0.0 0.0
13:20 0.0 211.4 0.2 0.0 0.0
13:25 0.0 210.1 0.1 0.0 0.0
13:30 0.0 208.7 0.1 0.0 0.0
13:35 0.0 207.3 0.1 0.0 0.0
13:40 0.0 205.9 0.0 0.0 0.0
13:45 0.0 204.6 0.0 0.0 0.0
13:50 0.0 203.3 0.0 0.0 0.0
13:55 0.0 201.9 0.0 0.0 0.0
14:00 0.0 200.6 0.0 0.0 0.0
14:05 0.0 199.3 0.0 0.0 0.0
14:10 0.0 198.0 0.0 0.0 0.0
14:15 0.0 196.7 0.0 0.0 0.0
14:20 0.0 195.4 0.0 0.0 0.0
14:25 0.0 194.1 0.0 0.0 0.0
14:30 0.0 192.8 0.0 0.0 0.0
14:35 0.0 191.4 0.0 0.0 0.0
14:40 0.0 189.9 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

14:45 0.0 188.4 0.0 0.0 0.0
14:50 0.0 186.8 0.0 0.0 0.0
14:55 0.0 185.3 0.0 0.0 0.0
15:00 0.0 183.8 0.0 0.0 0.0
15:05 0.0 182.3 0.0 0.0 0.0
15:10 0.0 180.8 0.0 0.0 0.0
15:15 0.0 179.4 0.0 0.0 0.0
15:20 0.0 177.9 0.0 0.0 0.0
15:25 0.0 176.5 0.0 0.0 0.0
15:30 0.0 175.1 0.0 0.0 0.0
15:35 0.0 173.6 0.0 0.0 0.0
15:40 0.0 172.2 0.0 0.0 0.0
15:45 0.0 170.8 0.0 0.0 0.0
15:50 0.0 169.4 0.0 0.0 0.0
15:55 0.0 168.1 0.0 0.0 0.0
16:00 0.0 166.7 0.0 0.0 0.0
16:05 0.0 165.1 0.0 0.0 0.0
16:10 0.0 163.2 0.0 0.0 0.0
16:15 0.0 161.3 0.0 0.0 0.0
16:20 0.0 159.5 0.0 0.0 0.0
16:25 0.0 157.7 0.0 0.0 0.0
16:30 0.0 155.9 0.0 0.0 0.0
16:35 0.0 154.1 0.0 0.0 0.0
16:40 0.0 152.3 0.0 0.0 0.0
16:45 0.0 150.6 0.0 0.0 0.0
16:50 0.0 148.9 0.0 0.0 0.0
16:55 0.0 147.2 0.0 0.0 0.0
17:00 0.0 145.5 0.0 0.0 0.0
17:05 0.0 143.9 0.0 0.0 0.0
17:10 0.0 142.2 0.0 0.0 0.0
17:15 0.0 140.6 0.0 0.0 0.0
17:20 0.0 139.0 0.0 0.0 0.0
17:25 0.0 137.4 0.0 0.0 0.0
17:30 0.0 135.3 0.0 0.0 0.0
17:35 0.0 128.6 0.0 0.0 0.0
17:40 0.0 122.3 0.0 0.0 0.0
17:45 0.0 116.2 0.0 0.0 0.0
17:50 0.0 110.5 0.0 0.0 0.0
17:55 0.0 105.1 0.0 0.0 0.0
18:00 0.0 99.9 0.0 0.0 0.0
18:05 0.0 95.0 0.0 0.0 0.0
18:10 0.0 90.3 0.0 0.0 0.0
18:15 0.0 85.8 0.0 0.0 0.0
18:20 0.0 81.6 0.0 0.0 0.0
18:25 0.0 77.6 0.0 0.0 0.0
18:30 0.0 73.8 0.0 0.0 0.0
18:35 0.0 70.1 0.0 0.0 0.0
18:40 0.0 66.7 0.0 0.0 0.0
18:45 0.0 63.4 0.0 0.0 0.0
18:50 0.0 60.3 0.0 0.0 0.0
18:55 0.0 57.3 0.0 0.0 0.0
19:00 0.0 54.5 0.0 0.0 0.0
19:05 0.0 51.8 0.0 0.0 0.0
19:10 0.0 49.2 0.0 0.0 0.0
19:15 0.0 45.5 0.0 0.0 0.0
19:20 0.0 40.9 0.0 0.0 0.0
19:25 0.0 36.7 0.0 0.0 0.0
19:30 0.0 32.9 0.0 0.0 0.0
19:35 0.0 29.6 0.0 0.0 0.0
19:40 0.0 26.5 0.0 0.0 0.0
19:45 0.0 23.8 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

19:50 0.0 21.4 0.0 0.0 0.0
19:55 0.0 19.2 0.0 0.0 0.0
20:00 0.0 17.2 0.0 0.0 0.0
20:05 0.0 15.5 0.0 0.0 0.0
20:10 0.0 13.9 0.0 0.0 0.0
20:15 0.0 12.5 0.0 0.0 0.0
20:20 0.0 11.2 0.0 0.0 0.0
20:25 0.0 10.0 0.0 0.0 0.0
20:30 0.0 9.0 0.0 0.0 0.0
20:35 0.0 8.1 0.0 0.0 0.0
20:40 0.0 7.3 0.0 0.0 0.0
20:45 0.0 6.5 0.0 0.0 0.0
20:50 0.0 5.8 0.0 0.0 0.0
20:55 0.0 5.2 0.0 0.0 0.0
21:00 0.0 4.7 0.0 0.0 0.0
21:05 0.0 4.2 0.0 0.0 0.0
21:10 0.0 3.8 0.0 0.0 0.0
21:15 0.0 3.4 0.0 0.0 0.0
21:20 0.0 3.1 0.0 0.0 0.0
21:25 0.0 2.7 0.0 0.0 0.0
21:30 0.0 2.5 0.0 0.0 0.0
21:35 0.0 2.2 0.0 0.0 0.0
21:40 0.0 2.0 0.0 0.0 0.0
21:45 0.0 1.8 0.0 0.0 0.0
21:50 0.0 1.6 0.0 0.0 0.0
21:55 0.0 1.4 0.0 0.0 0.0
22:00 0.0 1.3 0.0 0.0 0.0
22:05 0.0 1.2 0.0 0.0 0.0
22:10 0.0 1.0 0.0 0.0 0.0
22:15 0.0 0.0 0.0 0.0 0.0
22:20 0.0 0.0 0.0 0.0 0.0
22:25 0.0 0.0 0.0 0.0 0.0
22:30 0.0 0.0 0.0 0.0 0.0
22:35 0.0 0.0 0.0 0.0 0.0
22:40 0.0 0.0 0.0 0.0 0.0
22:45 0.0 0.0 0.0 0.0 0.0
22:50 0.0 0.0 0.0 0.0 0.0
22:55 0.0 0.0 0.0 0.0 0.0
23:00 0.0 0.0 0.0 0.0 0.0

Notes:

*Lateral Inflow
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TIME SERIES AND FLOW CHANGE STATION LOCATION - 50-YEAR
Project: Horseshoe Draw

Prepared by: HW

Date: Nov 2015

JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

0:00 0.0 0.0 0.0 0.0 0.0
0:05 0.0 0.0 0.0 0.0 0.0
0:10 0.0 0.0 0.0 0.0 0.0
0:15 0.0 0.0 0.0 0.0 0.0
0:20 0.0 0.0 0.0 0.0 0.0
0:25 0.0 0.0 0.0 0.0 0.0
0:30 0.0 0.0 0.0 0.0 0.0
0:35 0.0 0.0 0.0 0.0 0.0
0:40 0.0 0.0 0.0 0.0 0.0
0:45 0.0 0.0 0.0 0.0 0.0
0:50 0.0 0.0 0.0 0.0 0.0
0:55 0.0 0.0 0.0 0.0 0.0
1:00 0.0 0.0 0.0 0.0 0.0
1:05 0.0 0.0 0.0 0.0 0.0
1:10 0.0 0.0 0.0 0.0 0.0
1:15 0.0 0.0 0.0 0.0 0.0
1:20 0.0 0.0 0.0 0.0 0.0
1:25 0.0 0.0 0.0 0.0 0.0
1:30 0.0 0.0 0.0 0.0 0.0
1:35 0.0 0.0 0.0 0.0 0.0
1:40 0.0 0.0 0.0 0.0 0.0
1:45 0.0 0.0 0.0 0.0 0.0
1:50 0.0 0.0 0.0 0.0 0.0
1:55 0.0 0.0 0.0 0.0 0.0
2:00 0.0 0.0 0.0 0.0 0.0
2:05 0.1 0.0 0.2 0.0 0.1
2:10 0.2 0.1 0.6 0.0 0.2
2:15 0.5 0.4 1.3 0.0 0.4
2:20 1.0 0.9 2.3 0.0 0.7
2:25 1.9 1.1 3.8 0.0 1.2
2:30 3.2 1.2 5.7 0.0 1.8
2:35 5.0 1.6 7.8 0.0 2.6
2:40 7.3 2.1 10.1 0.0 3.6
2:45 10.2 2.9 12.9 0.0 4.8
2:50 13.7 4.0 16.3 0.0 6.3
2:55 17.8 5.4 20.6 0.0 8.2
3:00 22.6 7.3 26.1 0.0 10.6
3:05 28.7 9.7 33.4 0.1 13.9
3:10 36.7 12.8 43.6 0.2 18.4
3:15 47.2 16.8 57.7 0.4 24.4
3:20 61.2 22.1 77.7 0.9 33.3
3:25 80.6 29.0 106.5 1.7 46.4
3:30 107.3 38.2 145.9 2.8 65.2
3:35 144.3 49.4 201.3 4.7 92.8
3:40 196.9 57.7 281.5 7.8 134.3
3:45 270.3 69.7 391.1 12.1 193.9
3:50 367.0 86.7 529.2 17.2 274.9
3:55 491.2 110.4 689.6 23.1 380.3
4:00 649.0 137.5 865.7 29.7 511.6
4:05 838.0 147.3 1044.9 36.0 666.2
4:10 1046.3 160.1 1207.3 40.6 837.8
4:15 1259.9 173.2 1340.1 44.2 1020.1
4:20 1467.9 186.9 1438.9 46.9 1205.2
4:25 1655.9 201.0 1506.9 48.4 1384.5
4:30 1805.2 215.7 1552.0 48.9 1551.3
4:35 1908.7 231.0 1580.1 49.0 1699.9

Elapsed Time
[Min]

Flow [CFS]
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

4:40 1971.8 276.4 1600.6 48.5 1824.9
4:45 2003.6 326.0 1626.0 47.5 1922.5
4:50 2010.8 377.6 1663.3 46.4 1990.5
4:55 2000.1 1111.7 1713.3 45.2 2029.6
5:00 1980.1 1813.2 1776.1 44.0 2042.1
5:05 1953.9 2514.5 1850.2 42.6 2030.0
5:10 1917.0 2990.6 1925.7 40.8 1995.9
5:15 1868.9 3318.7 1990.3 38.8 1943.2
5:20 1815.3 3547.7 2040.0 36.8 1875.6
5:25 1754.7 3732.2 2080.3 34.9 1797.5
5:30 1683.2 3845.9 2115.8 33.3 1712.8
5:35 1604.8 3909.7 2146.3 31.7 1624.7
5:40 1523.3 3938.7 2170.0 30.1 1535.7
5:45 1442.1 3942.3 2178.1 28.9 1447.6
5:50 1365.2 3923.8 2167.9 27.6 1361.5
5:55 1294.0 3883.2 2143.8 26.3 1279.0
6:00 1228.1 3821.1 2106.8 25.3 1201.1
6:05 1166.8 3740.2 2058.3 24.2 1127.4
6:10 1107.1 3644.1 1998.2 22.6 1057.1
6:15 1047.0 3538.9 1923.0 21.1 989.3
6:20 988.0 3437.0 1834.6 19.6 923.9
6:25 928.9 3321.0 1741.3 18.2 860.7
6:30 868.9 3192.9 1649.8 16.9 800.0
6:35 807.6 3055.9 1563.1 15.7 741.5
6:40 746.2 2913.8 1480.4 14.6 685.3
6:45 689.3 2770.0 1398.6 13.6 631.2
6:50 637.7 2626.1 1318.8 12.6 579.4
6:55 589.5 2482.5 1242.6 11.7 530.2
7:00 545.8 2340.1 1170.5 10.9 483.8
7:05 506.2 2200.6 1105.4 10.1 440.5
7:10 468.0 2066.4 1043.8 9.4 400.1
7:15 430.7 1939.0 982.6 8.7 362.7
7:20 395.6 1818.7 922.0 8.1 328.6
7:25 363.3 1704.6 862.9 7.5 297.5
7:30 333.7 1595.7 806.8 7.0 269.5
7:35 306.5 1495.8 755.2 6.5 244.0
7:40 281.5 1430.9 705.9 6.1 221.0
7:45 258.6 1361.2 656.5 5.6 200.2
7:50 237.5 1289.0 607.8 5.2 181.3
7:55 218.2 1215.5 561.3 4.9 164.2
8:00 200.4 1141.9 518.1 4.5 148.7
8:05 184.1 1069.1 478.2 4.2 134.6
8:10 169.0 998.2 441.4 3.9 121.9
8:15 155.2 929.8 407.4 3.6 110.2
8:20 142.5 864.5 376.1 3.4 99.6
8:25 130.7 802.6 347.0 3.1 89.8
8:30 119.9 744.2 320.2 2.9 80.7
8:35 109.8 689.3 295.5 2.7 72.3
8:40 100.4 637.8 272.5 2.5 64.5
8:45 91.6 589.8 251.2 2.3 57.2
8:50 83.5 545.0 231.5 2.2 50.4
8:55 76.0 503.2 213.4 2.0 44.0
9:00 68.9 464.3 196.1 1.9 38.4
9:05 62.4 428.1 180.2 1.7 33.3
9:10 56.6 394.4 165.5 1.6 28.7
9:15 50.9 363.0 151.8 1.5 24.6
9:20 45.8 360.5 139.1 1.4 21.0
9:25 41.0 358.8 127.4 1.3 17.9
9:30 36.6 356.9 116.8 1.2 15.3
9:35 32.4 354.8 107.1 1.1 12.9
9:40 28.6 352.5 98.0 1.0 11.1
9:45 25.5 350.1 89.9 0.9 9.4
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

9:50 22.6 347.5 82.5 0.8 7.8
9:55 20.0 344.8 75.6 0.8 6.6

10:00 17.8 342.0 69.1 0.7 5.6
10:05 16.0 339.2 63.1 0.6 4.8
10:10 14.3 336.2 57.7 0.5 4.0
10:15 12.8 333.2 52.5 0.4 3.4
10:20 11.5 330.1 47.7 0.4 2.8
10:25 10.4 327.0 43.1 0.3 2.4
10:30 9.3 323.8 39.2 0.3 2.0
10:35 8.3 320.6 35.4 0.2 1.6
10:40 7.3 317.4 32.0 0.2 1.3
10:45 6.6 314.1 28.9 0.2 1.0
10:50 5.8 309.5 26.0 0.1 0.7
10:55 5.1 304.1 23.5 0.1 0.5
11:00 4.4 298.8 21.2 0.1 0.3
11:05 3.7 293.5 19.0 0.1 0.3
11:10 3.2 288.3 17.1 0.1 0.2
11:15 2.7 283.1 15.3 0.1 0.1
11:20 2.2 277.9 13.5 0.1 0.0
11:25 1.9 272.8 11.9 0.0 0.0
11:30 1.6 267.8 10.6 0.0 0.0
11:35 1.3 262.8 9.3 0.0 0.0
11:40 1.0 257.9 8.0 0.0 0.0
11:45 0.9 253.0 6.9 0.0 0.0
11:50 0.8 248.2 5.9 0.0 0.0
11:55 0.6 243.5 5.1 0.0 0.0
12:00 0.6 238.8 4.4 0.0 0.0
12:05 0.5 234.8 3.7 0.0 0.0
12:10 0.4 233.4 3.2 0.0 0.0
12:15 0.3 232.0 2.7 0.0 0.0
12:20 0.3 230.6 2.2 0.0 0.0
12:25 0.3 229.3 1.8 0.0 0.0
12:30 0.2 227.9 1.6 0.0 0.0
12:35 0.2 226.6 1.3 0.0 0.0
12:40 0.1 225.2 1.2 0.0 0.0
12:45 0.1 223.9 0.9 0.0 0.0
12:50 0.1 222.5 0.7 0.0 0.0
12:55 0.1 221.2 0.7 0.0 0.0
13:00 0.0 219.9 0.5 0.0 0.0
13:05 0.0 218.6 0.4 0.0 0.0
13:10 0.0 217.2 0.4 0.0 0.0
13:15 0.0 215.9 0.3 0.0 0.0
13:20 0.0 214.6 0.2 0.0 0.0
13:25 0.0 213.3 0.2 0.0 0.0
13:30 0.0 211.9 0.1 0.0 0.0
13:35 0.0 210.5 0.1 0.0 0.0
13:40 0.0 209.1 0.0 0.0 0.0
13:45 0.0 207.8 0.0 0.0 0.0
13:50 0.0 206.4 0.0 0.0 0.0
13:55 0.0 205.0 0.0 0.0 0.0
14:00 0.0 203.7 0.0 0.0 0.0
14:05 0.0 202.4 0.0 0.0 0.0
14:10 0.0 201.0 0.0 0.0 0.0
14:15 0.0 199.7 0.0 0.0 0.0
14:20 0.0 198.4 0.0 0.0 0.0
14:25 0.0 197.1 0.0 0.0 0.0
14:30 0.0 195.8 0.0 0.0 0.0
14:35 0.0 194.5 0.0 0.0 0.0
14:40 0.0 193.2 0.0 0.0 0.0
14:45 0.0 192.0 0.0 0.0 0.0
14:50 0.0 190.4 0.0 0.0 0.0
14:55 0.0 188.9 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

15:00 0.0 187.3 0.0 0.0 0.0
15:05 0.0 185.8 0.0 0.0 0.0
15:10 0.0 184.3 0.0 0.0 0.0
15:15 0.0 182.8 0.0 0.0 0.0
15:20 0.0 181.3 0.0 0.0 0.0
15:25 0.0 179.9 0.0 0.0 0.0
15:30 0.0 178.4 0.0 0.0 0.0
15:35 0.0 177.0 0.0 0.0 0.0
15:40 0.0 175.5 0.0 0.0 0.0
15:45 0.0 174.1 0.0 0.0 0.0
15:50 0.0 172.7 0.0 0.0 0.0
15:55 0.0 171.3 0.0 0.0 0.0
16:00 0.0 169.9 0.0 0.0 0.0
16:05 0.0 168.5 0.0 0.0 0.0
16:10 0.0 167.2 0.0 0.0 0.0
16:15 0.0 165.7 0.0 0.0 0.0
16:20 0.0 163.8 0.0 0.0 0.0
16:25 0.0 162.0 0.0 0.0 0.0
16:30 0.0 160.1 0.0 0.0 0.0
16:35 0.0 158.3 0.0 0.0 0.0
16:40 0.0 156.5 0.0 0.0 0.0
16:45 0.0 154.7 0.0 0.0 0.0
16:50 0.0 152.9 0.0 0.0 0.0
16:55 0.0 151.2 0.0 0.0 0.0
17:00 0.0 149.5 0.0 0.0 0.0
17:05 0.0 147.7 0.0 0.0 0.0
17:10 0.0 146.1 0.0 0.0 0.0
17:15 0.0 144.4 0.0 0.0 0.0
17:20 0.0 142.7 0.0 0.0 0.0
17:25 0.0 141.1 0.0 0.0 0.0
17:30 0.0 139.5 0.0 0.0 0.0
17:35 0.0 137.9 0.0 0.0 0.0
17:40 0.0 136.3 0.0 0.0 0.0
17:45 0.0 130.7 0.0 0.0 0.0
17:50 0.0 124.3 0.0 0.0 0.0
17:55 0.0 118.2 0.0 0.0 0.0
18:00 0.0 112.4 0.0 0.0 0.0
18:05 0.0 106.8 0.0 0.0 0.0
18:10 0.0 101.6 0.0 0.0 0.0
18:15 0.0 96.6 0.0 0.0 0.0
18:20 0.0 91.8 0.0 0.0 0.0
18:25 0.0 87.3 0.0 0.0 0.0
18:30 0.0 83.0 0.0 0.0 0.0
18:35 0.0 78.9 0.0 0.0 0.0
18:40 0.0 75.0 0.0 0.0 0.0
18:45 0.0 71.3 0.0 0.0 0.0
18:50 0.0 67.8 0.0 0.0 0.0
18:55 0.0 64.5 0.0 0.0 0.0
19:00 0.0 61.3 0.0 0.0 0.0
19:05 0.0 58.3 0.0 0.0 0.0
19:10 0.0 55.4 0.0 0.0 0.0
19:15 0.0 52.7 0.0 0.0 0.0
19:20 0.0 50.1 0.0 0.0 0.0
19:25 0.0 47.2 0.0 0.0 0.0
19:30 0.0 42.3 0.0 0.0 0.0
19:35 0.0 38.0 0.0 0.0 0.0
19:40 0.0 34.1 0.0 0.0 0.0
19:45 0.0 30.6 0.0 0.0 0.0
19:50 0.0 27.5 0.0 0.0 0.0
19:55 0.0 24.7 0.0 0.0 0.0
20:00 0.0 22.1 0.0 0.0 0.0
20:05 0.0 19.9 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

20:10 0.0 17.8 0.0 0.0 0.0
20:15 0.0 16.0 0.0 0.0 0.0
20:20 0.0 14.4 0.0 0.0 0.0
20:25 0.0 12.9 0.0 0.0 0.0
20:30 0.0 11.6 0.0 0.0 0.0
20:35 0.0 10.4 0.0 0.0 0.0
20:40 0.0 9.3 0.0 0.0 0.0
20:45 0.0 8.4 0.0 0.0 0.0
20:50 0.0 7.5 0.0 0.0 0.0
20:55 0.0 6.7 0.0 0.0 0.0
21:00 0.0 6.1 0.0 0.0 0.0
21:05 0.0 5.4 0.0 0.0 0.0
21:10 0.0 4.9 0.0 0.0 0.0
21:15 0.0 4.4 0.0 0.0 0.0
21:20 0.0 3.9 0.0 0.0 0.0
21:25 0.0 3.5 0.0 0.0 0.0
21:30 0.0 3.2 0.0 0.0 0.0
21:35 0.0 2.8 0.0 0.0 0.0
21:40 0.0 2.6 0.0 0.0 0.0
21:45 0.0 2.3 0.0 0.0 0.0
21:50 0.0 2.1 0.0 0.0 0.0
21:55 0.0 1.8 0.0 0.0 0.0
22:00 0.0 1.7 0.0 0.0 0.0
22:05 0.0 1.5 0.0 0.0 0.0
22:10 0.0 1.3 0.0 0.0 0.0
22:15 0.0 1.2 0.0 0.0 0.0
22:20 0.0 1.1 0.0 0.0 0.0
22:25 0.0 0.5 0.0 0.0 0.0
22:30 0.0 0.0 0.0 0.0 0.0
22:35 0.0 0.0 0.0 0.0 0.0
22:40 0.0 0.0 0.0 0.0 0.0
22:45 0.0 0.0 0.0 0.0 0.0
22:50 0.0 0.0 0.0 0.0 0.0
22:55 0.0 0.0 0.0 0.0 0.0
23:00 0.0 0.0 0.0 0.0 0.0

Notes:

*Lateral Inflow
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TIME SERIES AND FLOW CHANGE STATION LOCATION - 100-YEAR
Project: Horseshoe Draw

Prepared by: HW

Date: Nov 2015

JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

0:00 0.0 0.0 0.0 0.0 0.0
0:05 0.0 0.0 0.0 0.0 0.0
0:10 0.0 0.0 0.0 0.0 0.0
0:15 0.0 0.0 0.0 0.0 0.0
0:20 0.0 0.0 0.0 0.0 0.0
0:25 0.0 0.0 0.0 0.0 0.0
0:30 0.0 0.0 0.0 0.0 0.0
0:35 0.0 0.0 0.0 0.0 0.0
0:40 0.0 0.0 0.0 0.0 0.0
0:45 0.0 0.0 0.0 0.0 0.0
0:50 0.0 0.0 0.0 0.0 0.0
0:55 0.0 0.0 0.0 0.0 0.0
1:00 0.0 0.0 0.0 0.0 0.0
1:05 0.0 0.0 0.0 0.0 0.0
1:10 0.0 0.0 0.0 0.0 0.0
1:15 0.0 0.0 0.0 0.0 0.0
1:20 0.0 0.0 0.0 0.0 0.0
1:25 0.0 0.0 0.0 0.0 0.0
1:30 0.0 0.0 0.0 0.0 0.0
1:35 0.0 0.0 0.0 0.0 0.0
1:40 0.0 0.0 0.0 0.0 0.0
1:45 0.0 0.0 0.0 0.0 0.0
1:50 0.0 0.0 0.1 0.0 0.0
1:55 0.1 0.0 0.3 0.0 0.1
2:00 0.3 0.2 0.9 0.0 0.2
2:05 0.7 0.5 1.8 0.0 0.5
2:10 1.4 1.0 3.3 0.0 1.0
2:15 2.6 1.1 5.2 0.0 1.6
2:20 4.3 1.4 7.4 0.0 2.5
2:25 6.7 1.9 10.1 0.0 3.5
2:30 9.7 2.6 13.1 0.0 4.6
2:35 13.4 3.7 16.5 0.0 6.2
2:40 17.6 5.1 20.6 0.0 8.0
2:45 22.4 7.0 25.2 0.0 10.2
2:50 27.8 9.3 30.3 0.0 12.8
2:55 34.0 12.3 35.9 0.1 15.8
3:00 41.3 15.9 42.9 0.1 19.6
3:05 50.1 20.2 52.9 0.3 24.6
3:10 60.7 25.5 67.3 0.6 31.4
3:15 74.2 31.9 87.2 1.1 40.9
3:20 92.3 40.1 114.9 1.8 54.3
3:25 117.5 49.2 153.1 3.0 73.3
3:30 152.1 55.8 203.1 4.6 99.6
3:35 199.6 64.7 272.2 7.1 137.2
3:40 266.4 76.9 371.5 11.2 192.0
3:45 357.3 93.5 506.1 16.7 268.8
3:50 475.0 116.3 673.4 23.0 371.7
3:55 625.5 138.6 866.2 30.3 504.0
4:00 816.0 148.3 1076.4 38.5 667.4
4:05 1042.5 161.1 1288.2 45.9 857.8
4:10 1289.6 174.1 1477.5 51.3 1067.3
4:15 1541.6 188.5 1629.9 55.4 1287.8
4:20 1785.9 203.1 1742.7 58.5 1510.1
4:25 2004.7 218.9 1820.9 60.1 1724.0
4:30 2176.3 237.3 1873.0 60.6 1921.3
4:35 2293.1 298.5 1904.3 60.6 2095.3

Elapsed Time
[Min]

Flow [CFS]
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

4:40 2364.0 344.2 1926.4 59.7 2239.9
4:45 2400.6 840.7 1956.2 58.4 2350.6
4:50 2409.3 1647.7 2001.7 57.1 2425.8
4:55 2397.2 2594.4 2063.1 55.6 2466.5
5:00 2374.1 3246.9 2141.0 54.1 2475.6
5:05 2343.7 3728.2 2232.1 52.2 2455.6
5:10 2300.6 4098.3 2323.8 49.8 2409.2
5:15 2243.0 4346.9 2401.3 47.2 2340.6
5:20 2177.8 4518.7 2462.5 44.8 2254.9
5:25 2103.3 4636.5 2514.4 42.5 2157.5
5:30 2014.9 4712.8 2562.0 40.4 2052.8
5:35 1918.2 4756.1 2604.6 38.5 1944.3
5:40 1818.6 4773.8 2636.0 36.6 1835.2
5:45 1721.2 4769.6 2646.7 35.1 1727.9
5:50 1630.5 4742.8 2635.8 33.7 1624.0
5:55 1546.5 4691.0 2609.0 32.2 1525.0
6:00 1468.2 4614.6 2565.4 30.9 1431.7
6:05 1396.1 4516.9 2505.0 29.3 1343.5
6:10 1325.5 4401.6 2428.3 27.4 1259.1
6:15 1253.6 4271.6 2332.6 25.5 1177.9
6:20 1181.9 4128.5 2222.7 23.7 1099.6
6:25 1109.9 3973.0 2109.6 22.0 1024.3
6:30 1036.5 3806.4 1999.4 20.5 951.8
6:35 962.1 3632.2 1894.2 19.0 881.8
6:40 889.5 3469.0 1792.9 17.7 814.6
6:45 822.0 3311.4 1692.3 16.4 749.9
6:50 761.2 3147.1 1594.9 15.3 688.0
6:55 705.0 2979.1 1503.3 14.2 629.2
7:00 653.0 2810.5 1418.0 13.2 573.9
7:05 605.3 2644.9 1338.4 12.3 522.1
7:10 559.3 2485.4 1262.6 11.4 474.1
7:15 514.7 2333.6 1187.9 10.6 429.8
7:20 472.8 2189.6 1114.6 9.8 389.2
7:25 434.3 2052.5 1044.8 9.1 352.5
7:30 399.0 1921.7 978.1 8.5 319.2
7:35 366.5 1796.5 915.5 7.9 289.1
7:40 336.7 1677.2 855.0 7.3 261.7
7:45 309.3 1563.8 794.6 6.8 237.0
7:50 284.2 1473.3 735.4 6.3 214.7
7:55 261.1 1403.4 679.2 5.9 194.4
8:00 239.8 1329.0 627.1 5.5 176.0
8:05 220.3 1252.4 578.9 5.1 159.3
8:10 202.3 1175.4 534.4 4.7 144.1
8:15 185.8 1099.5 493.3 4.4 130.3
8:20 170.6 1025.9 455.3 4.1 117.8
8:25 156.5 955.1 420.3 3.8 106.2
8:30 143.6 887.7 387.8 3.5 95.4
8:35 131.5 823.8 357.9 3.3 85.3
8:40 120.2 763.6 330.1 3.0 76.0
8:45 109.8 707.0 304.3 2.8 67.4
8:50 100.0 654.0 280.6 2.6 59.2
8:55 90.9 604.5 258.4 2.4 51.7
9:00 82.5 558.2 237.7 2.3 45.0
9:05 74.8 515.1 218.4 2.1 39.0
9:10 67.8 474.8 200.6 2.0 33.6
9:15 61.1 437.2 184.0 1.8 28.8
9:20 54.9 402.2 168.7 1.7 24.5
9:25 49.2 369.6 154.5 1.6 20.9
9:30 43.9 360.8 141.8 1.4 17.8
9:35 38.9 359.1 130.0 1.3 15.1
9:40 34.4 357.2 119.1 1.2 12.8
9:45 30.7 355.1 109.3 1.1 10.8
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

9:50 27.3 352.8 100.2 1.0 9.1
9:55 24.2 350.4 91.8 0.9 7.7

10:00 21.6 347.8 84.1 0.8 6.5
10:05 19.3 345.1 76.8 0.7 5.5
10:10 17.3 342.3 70.1 0.6 4.7
10:15 15.6 339.5 63.9 0.5 3.9
10:20 14.0 336.5 58.0 0.4 3.3
10:25 12.6 333.5 52.5 0.4 2.8
10:30 11.3 330.4 47.7 0.3 2.3
10:35 10.1 327.3 43.2 0.3 1.8
10:40 8.9 324.1 39.1 0.2 1.5
10:45 8.0 320.9 35.3 0.2 1.1
10:50 7.1 317.6 31.9 0.2 0.8
10:55 6.2 314.4 28.7 0.1 0.6
11:00 5.3 309.9 26.0 0.1 0.4
11:05 4.5 304.5 23.3 0.1 0.3
11:10 3.9 299.2 20.9 0.1 0.2
11:15 3.3 293.9 18.7 0.1 0.1
11:20 2.7 288.6 16.5 0.1 0.1
11:25 2.3 283.4 14.6 0.1 0.0
11:30 1.9 278.2 12.8 0.0 0.0
11:35 1.5 273.1 11.2 0.0 0.0
11:40 1.3 268.0 9.8 0.0 0.0
11:45 1.1 263.0 8.4 0.0 0.0
11:50 0.9 258.0 7.1 0.0 0.0
11:55 0.8 253.1 6.1 0.0 0.0
12:00 0.7 248.3 5.3 0.0 0.0
12:05 0.5 243.6 4.5 0.0 0.0
12:10 0.5 238.9 3.8 0.0 0.0
12:15 0.4 234.8 3.2 0.0 0.0
12:20 0.4 233.4 2.7 0.0 0.0
12:25 0.3 232.0 2.3 0.0 0.0
12:30 0.3 230.6 1.9 0.0 0.0
12:35 0.2 229.3 1.6 0.0 0.0
12:40 0.2 227.9 1.3 0.0 0.0
12:45 0.1 226.6 1.1 0.0 0.0
12:50 0.1 225.2 0.9 0.0 0.0
12:55 0.1 223.9 0.7 0.0 0.0
13:00 0.0 222.5 0.7 0.0 0.0
13:05 0.0 221.2 0.5 0.0 0.0
13:10 0.0 219.9 0.5 0.0 0.0
13:15 0.0 218.5 0.4 0.0 0.0
13:20 0.0 217.2 0.3 0.0 0.0
13:25 0.0 215.9 0.2 0.0 0.0
13:30 0.0 214.6 0.1 0.0 0.0
13:35 0.0 213.3 0.1 0.0 0.0
13:40 0.0 211.9 0.0 0.0 0.0
13:45 0.0 210.5 0.0 0.0 0.0
13:50 0.0 209.1 0.0 0.0 0.0
13:55 0.0 207.7 0.0 0.0 0.0
14:00 0.0 206.4 0.0 0.0 0.0
14:05 0.0 205.0 0.0 0.0 0.0
14:10 0.0 203.7 0.0 0.0 0.0
14:15 0.0 202.3 0.0 0.0 0.0
14:20 0.0 201.0 0.0 0.0 0.0
14:25 0.0 199.7 0.0 0.0 0.0
14:30 0.0 198.4 0.0 0.0 0.0
14:35 0.0 197.1 0.0 0.0 0.0
14:40 0.0 195.8 0.0 0.0 0.0
14:45 0.0 194.5 0.0 0.0 0.0
14:50 0.0 193.2 0.0 0.0 0.0
14:55 0.0 191.9 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

15:00 0.0 190.4 0.0 0.0 0.0
15:05 0.0 188.8 0.0 0.0 0.0
15:10 0.0 187.3 0.0 0.0 0.0
15:15 0.0 185.8 0.0 0.0 0.0
15:20 0.0 184.3 0.0 0.0 0.0
15:25 0.0 182.8 0.0 0.0 0.0
15:30 0.0 181.3 0.0 0.0 0.0
15:35 0.0 179.8 0.0 0.0 0.0
15:40 0.0 178.4 0.0 0.0 0.0
15:45 0.0 176.9 0.0 0.0 0.0
15:50 0.0 175.5 0.0 0.0 0.0
15:55 0.0 174.1 0.0 0.0 0.0
16:00 0.0 172.7 0.0 0.0 0.0
16:05 0.0 171.3 0.0 0.0 0.0
16:10 0.0 169.9 0.0 0.0 0.0
16:15 0.0 168.5 0.0 0.0 0.0
16:20 0.0 167.1 0.0 0.0 0.0
16:25 0.0 165.7 0.0 0.0 0.0
16:30 0.0 163.8 0.0 0.0 0.0
16:35 0.0 161.9 0.0 0.0 0.0
16:40 0.0 160.1 0.0 0.0 0.0
16:45 0.0 158.3 0.0 0.0 0.0
16:50 0.0 156.5 0.0 0.0 0.0
16:55 0.0 154.7 0.0 0.0 0.0
17:00 0.0 152.9 0.0 0.0 0.0
17:05 0.0 151.2 0.0 0.0 0.0
17:10 0.0 149.4 0.0 0.0 0.0
17:15 0.0 147.7 0.0 0.0 0.0
17:20 0.0 146.0 0.0 0.0 0.0
17:25 0.0 144.4 0.0 0.0 0.0
17:30 0.0 142.7 0.0 0.0 0.0
17:35 0.0 141.1 0.0 0.0 0.0
17:40 0.0 139.5 0.0 0.0 0.0
17:45 0.0 137.9 0.0 0.0 0.0
17:50 0.0 136.3 0.0 0.0 0.0
17:55 0.0 130.7 0.0 0.0 0.0
18:00 0.0 124.2 0.0 0.0 0.0
18:05 0.0 118.1 0.0 0.0 0.0
18:10 0.0 112.3 0.0 0.0 0.0
18:15 0.0 106.8 0.0 0.0 0.0
18:20 0.0 101.5 0.0 0.0 0.0
18:25 0.0 96.5 0.0 0.0 0.0
18:30 0.0 91.8 0.0 0.0 0.0
18:35 0.0 87.2 0.0 0.0 0.0
18:40 0.0 82.9 0.0 0.0 0.0
18:45 0.0 78.9 0.0 0.0 0.0
18:50 0.0 75.0 0.0 0.0 0.0
18:55 0.0 71.3 0.0 0.0 0.0
19:00 0.0 67.8 0.0 0.0 0.0
19:05 0.0 64.4 0.0 0.0 0.0
19:10 0.0 61.3 0.0 0.0 0.0
19:15 0.0 58.2 0.0 0.0 0.0
19:20 0.0 55.4 0.0 0.0 0.0
19:25 0.0 52.6 0.0 0.0 0.0
19:30 0.0 50.0 0.0 0.0 0.0
19:35 0.0 47.1 0.0 0.0 0.0
19:40 0.0 42.3 0.0 0.0 0.0
19:45 0.0 38.0 0.0 0.0 0.0
19:50 0.0 34.1 0.0 0.0 0.0
19:55 0.0 30.6 0.0 0.0 0.0
20:00 0.0 27.5 0.0 0.0 0.0
20:05 0.0 24.6 0.0 0.0 0.0
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JC-4 for US Flow RES For DS Flow JC-5 - R-6 SB-15 JC-8 - R-9

165+20.00 123+29.17 146+92.54* 125+56.85* 44+62.68*

Elapsed Time
[Min]

Flow [CFS]

20:10 0.0 22.1 0.0 0.0 0.0
20:15 0.0 19.9 0.0 0.0 0.0
20:20 0.0 17.8 0.0 0.0 0.0
20:25 0.0 16.0 0.0 0.0 0.0
20:30 0.0 14.4 0.0 0.0 0.0
20:35 0.0 12.9 0.0 0.0 0.0
20:40 0.0 11.6 0.0 0.0 0.0
20:45 0.0 10.4 0.0 0.0 0.0
20:50 0.0 9.3 0.0 0.0 0.0
20:55 0.0 8.4 0.0 0.0 0.0
21:00 0.0 7.5 0.0 0.0 0.0
21:05 0.0 6.7 0.0 0.0 0.0
21:10 0.0 6.1 0.0 0.0 0.0
21:15 0.0 5.4 0.0 0.0 0.0
21:20 0.0 4.9 0.0 0.0 0.0
21:25 0.0 4.4 0.0 0.0 0.0
21:30 0.0 3.9 0.0 0.0 0.0
21:35 0.0 3.5 0.0 0.0 0.0
21:40 0.0 3.2 0.0 0.0 0.0
21:45 0.0 2.8 0.0 0.0 0.0
21:50 0.0 2.5 0.0 0.0 0.0
21:55 0.0 2.3 0.0 0.0 0.0
22:00 0.0 2.1 0.0 0.0 0.0
22:05 0.0 1.8 0.0 0.0 0.0
22:10 0.0 1.7 0.0 0.0 0.0
22:15 0.0 1.5 0.0 0.0 0.0
22:20 0.0 1.3 0.0 0.0 0.0
22:25 0.0 1.2 0.0 0.0 0.0
22:30 0.0 1.1 0.0 0.0 0.0
22:35 0.0 0.5 0.0 0.0 0.0
22:40 0.0 0.0 0.0 0.0 0.0
22:45 0.0 0.0 0.0 0.0 0.0
22:50 0.0 0.0 0.0 0.0 0.0
22:55 0.0 0.0 0.0 0.0 0.0
23:00 0.0 0.0 0.0 0.0 0.0

Notes:

*Lateral Inflow
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CUMULATIVE SEDIMENT MASS FOR 2-YEAR, DESIGN STORM EVENT
Project: Horseshoe Draw

Prepared by: HW

Date: Mar 2016

Existing Proposed Difference
16520.00 1682 1,682 0
16246.06 4468 4,482 14
15946.84 4377 4,407 30
15673.03 7410 7,468 58
15381.93 9042 9,112 71
15141.09 9202 9,310 108
14931.77 12382 12,505 123
14692.54 15587 15,552 -34
14379.42 16214 16,346 132
14066.58 23953 24,160 208
13772.72 27086 27,516 431
13457.43 26382 27,095 712
13130.33 30121 30,706 586
12856.26 34515 34,597 82

12556.85* 31668 30,032 -1,637
12329.17 29722 27,675 -2,046
12141.33 27506 10,797 -16,709
11917.10 28178 12,854 -15,324
11610.72 30746 13,458 -17,288
11182.79 32487 15,439 -17,049
10592.60 28953 16,715 -12,238
10118.27 27971 17,781 -10,190
9624.29 33051 21,549 -11,502
9149.64 36602 23,620 -12,982
8654.43 38369 25,169 -13,201
8227.06 37484 25,862 -11,622
7805.03 32561 25,400 -7,161
7385.40 35905 25,124 -10,781
6964.05 39136 24,874 -14,262
6467.25 40667 23,021 -17,646
6090.97 40031 22,022 -18,010
5785.22 38195 21,172 -17,024
5546.66 35338 20,149 -15,189
5283.29 38129 21,427 -16,702
5034.86 38370 22,925 -15,445
4695.55 36889 23,413 -13,476
4462.68 37192 24,241 -12,951
4219.43 37364 25,104 -12,259
3967.44 37457 25,599 -11,857
3674.39 37954 25,828 -12,126
3379.10 39028 26,248 -12,780
3030.67 38829 25,316 -13,514
2816.21 39071 24,373 -14,699
2587.35 40381 23,552 -16,828
2350.58 41551 23,195 -18,357
2118.63 42407 24,712 -17,695
1888.92 40887 27,036 -13,851
1668.12 40222 27,901 -12,321
1490.38 39845 29,578 -10,267
1255.37 40042 31,755 -8,287
1071.27 42156 33,860 -8,296
800.36 44048 37,239 -6,809
623.07 44738 38,709 -6,028
432.97 41308 38,924 -2,383
239.99 42193 41,009 -1,183
20.29 43358 42,364 -994

NOTES:
Station totals are cumulative sum of sediment going out of control volume at each cross-section
*Location of proposed impoundment structure

River Station
Cumulative Sediment Mass [TONS]



CUMULATIVE SEDIMENT MASS FOR 10-YEAR, DESIGN STORM EVENT
Project: Horseshoe Draw

Prepared by: HW

Date: Mar 2016

Existing Proposed Difference
16520.00 2854 2,855 1
16246.06 8388 8,405 17
15946.84 9781 9,806 25
15673.03 13805 13,829 24
15381.93 15703 15,729 26
15141.09 16003 16,031 28
14931.77 22286 22,285 0
14692.54 28272 28,257 -15
14379.42 31651 31,625 -26
14066.58 41322 41,239 -83
13772.72 47276 47,305 29
13457.43 47887 47,115 -772
13130.33 52098 52,355 257
12856.26 57015 57,563 548

12556.85* 52701 51,161 -1,540
12329.17 48892 47,613 -1,280
12141.33 45537 24,732 -20,805
11917.10 48374 20,689 -27,685
11610.72 53697 20,958 -32,739
11182.79 53951 21,944 -32,006
10592.60 54285 23,345 -30,939
10118.27 56082 25,249 -30,833
9624.29 62415 28,992 -33,424
9149.64 68197 33,337 -34,859
8654.43 78664 37,278 -41,387
8227.06 79247 38,803 -40,444
7805.03 78840 39,063 -39,777
7385.40 79541 39,013 -40,528
6964.05 82711 40,712 -42,000
6467.25 80168 40,805 -39,363
6090.97 78234 40,723 -37,511
5785.22 74866 41,065 -33,801
5546.66 70879 41,432 -29,447
5283.29 79914 43,966 -35,948
5034.86 79764 45,651 -34,113
4695.55 75181 47,489 -27,692
4462.68 77978 48,303 -29,675
4219.43 80637 49,123 -31,514
3967.44 82579 49,846 -32,733
3674.39 84689 50,557 -34,132
3379.10 86998 53,127 -33,871
3030.67 87711 53,735 -33,976
2816.21 88452 54,148 -34,305
2587.35 89158 54,854 -34,304
2350.58 89477 55,606 -33,871
2118.63 88951 56,554 -32,397
1888.92 82886 55,237 -27,649
1668.12 83482 55,353 -28,129
1490.38 85699 56,649 -29,049
1255.37 88363 58,496 -29,867
1071.27 91389 60,325 -31,065
800.36 94304 63,601 -30,703
623.07 95359 65,191 -30,168
432.97 91588 64,970 -26,618
239.99 91063 67,351 -23,713
20.29 90528 68,590 -21,938

NOTES:
Station totals are cumulative sum of sediment going out of control volume at each cross-section
*Location of proposed impoundment structure

River Station
Cumulative Sediment Mass [TONS]



CUMULATIVE SEDIMENT MASS FOR 25-YEAR, DESIGN STORM EVENT
Project: Horseshoe Draw

Prepared by: HW

Date: Mar 2016

Existing Proposed Difference
16520.00 3592 3,597 6
16246.06 10993 11,017 24
15946.84 13620 13,636 17
15673.03 18921 19,060 139
15381.93 21372 21,406 34
15141.09 22681 22,696 15
14931.77 30791 30,898 107
14692.54 36199 36,259 60
14379.42 43601 43,794 192
14066.58 56008 56,685 677
13772.72 62669 63,736 1,066
13457.43 63314 64,708 1,394
13130.33 64041 66,413 2,371
12856.26 63652 66,759 3,107

12556.85* 60853 60,669 -184
12329.17 57437 57,282 -155
12141.33 52624 32,548 -20,076
11917.10 56823 26,926 -29,897
11610.72 67607 26,734 -40,873
11182.79 76409 28,898 -47,511
10592.60 76104 30,568 -45,535
10118.27 76908 31,711 -45,197
9624.29 84092 35,837 -48,255
9149.64 90659 39,068 -51,591
8654.43 98126 41,721 -56,405
8227.06 96744 44,322 -52,422
7805.03 94345 45,532 -48,814
7385.40 98260 44,878 -53,383
6964.05 101486 50,246 -51,240
6467.25 97493 51,517 -45,976
6090.97 99324 51,760 -47,563
5785.22 100456 51,903 -48,553
5546.66 99595 52,236 -47,359
5283.29 99511 54,675 -44,836
5034.86 99207 55,093 -44,114
4695.55 97389 55,667 -41,722
4462.68 99496 55,298 -44,198
4219.43 101174 56,919 -44,255
3967.44 104238 58,990 -45,249
3674.39 108581 61,327 -47,254
3379.10 109209 65,530 -43,680
3030.67 109271 68,150 -41,121
2816.21 108082 69,689 -38,393
2587.35 108393 70,366 -38,027
2350.58 108696 71,291 -37,405
2118.63 108696 71,579 -37,117
1888.92 102105 68,952 -33,153
1668.12 101655 68,893 -32,762
1490.38 104390 70,054 -34,336
1255.37 107261 72,084 -35,177
1071.27 110818 74,677 -36,140
800.36 114796 77,495 -37,301
623.07 116267 79,047 -37,220
432.97 114715 81,961 -32,754
239.99 114958 84,499 -30,459
20.29 115038 85,689 -29,349

NOTES:
Station totals are cumulative sum of sediment going out of control volume at each cross-section
*Location of proposed impoundment structure

River Station
Cumulative Sediment Mass [TONS]



CUMULATIVE SEDIMENT MASS FOR 50-YEAR, DESIGN STORM EVENT
Project: Horseshoe Draw

Prepared by: HW

Date: Nov 2015

Existing Proposed Difference
16520.00 4,170 4,214 45
16246.06 13,047 13,028 -19
15946.84 16,605 16,826 222
15673.03 23,862 24,748 886
15381.93 26,086 26,535 449
15141.09 28,060 28,621 561
14931.77 37,223 37,890 668
14692.54 43,103 43,635 532
14379.42 52,824 53,072 248
14066.58 67,594 67,360 -233
13772.72 74,616 74,193 -424
13457.43 75,562 75,112 -451
13130.33 77,383 75,371 -2,012
12856.26 72,905 71,770 -1,135

12556.85* 67,888 66,062 -1,826
12329.17 63,256 62,525 -731
12141.33 59,292 39,449 -19,842
11917.10 63,315 33,093 -30,222
11610.72 71,670 32,094 -39,575
11182.79 72,519 31,954 -40,565
10592.60 71,876 34,084 -37,792
10118.27 73,503 36,406 -37,097
9624.29 80,805 41,746 -39,058
9149.64 94,655 48,757 -45,898
8654.43 107,191 52,118 -55,074
8227.06 108,507 54,612 -53,895
7805.03 112,535 55,214 -57,321
7385.40 111,405 53,009 -58,396
6964.05 114,099 55,250 -58,850
6467.25 116,572 57,073 -59,499
6090.97 112,754 58,846 -53,908
5785.22 107,438 61,121 -46,317
5546.66 103,131 62,179 -40,952
5283.29 116,758 66,460 -50,298
5034.86 116,497 65,161 -51,337
4695.55 110,393 64,182 -46,211
4462.68 111,754 64,032 -47,721
4219.43 116,362 65,589 -50,773
3967.44 123,849 68,669 -55,180
3674.39 130,819 71,297 -59,522
3379.10 130,241 75,063 -55,177
3030.67 129,813 77,880 -51,933
2816.21 130,077 80,016 -50,061
2587.35 135,873 85,335 -50,538
2350.58 136,642 85,767 -50,875
2118.63 136,461 86,212 -50,249
1888.92 127,732 83,692 -44,040
1668.12 127,763 83,995 -43,768
1490.38 129,428 85,340 -44,088
1255.37 131,553 87,330 -44,223
1071.27 133,992 89,809 -44,183
800.36 136,865 93,206 -43,660
623.07 137,751 94,378 -43,374
432.97 129,587 94,948 -34,639
239.99 129,456 96,337 -33,118
20.29 129,804 97,032 -32,772

NOTES:
Station totals are cumulative sum of sediment going out of control volume at each cross-section
*Location of proposed impoundment structure

River Station
Cumulative Sediment Mass [TONS]



CUMULATIVE SEDIMENT MASS FOR 100-YEAR, DESIGN STORM EVENT
Project: Horseshoe Draw

Prepared by: HW

Date: Mar 2016

Existing Proposed Difference
16520.00 4763 4,752 -11
16246.06 15292 15,040 -252
15946.84 20074 19,527 -547
15673.03 29069 28,018 -1,050
15381.93 29674 28,682 -992
15141.09 27847 26,738 -1,109
14931.77 32193 30,938 -1,255
14692.54 37961 36,931 -1,030
14379.42 51089 49,695 -1,394
14066.58 70074 68,718 -1,356
13772.72 82399 79,161 -3,238
13457.43 87057 85,020 -2,037
13130.33 91578 90,894 -684
12856.26 86908 86,439 -469

12556.85* 80326 79,245 -1,081
12329.17 74700 75,086 386
12141.33 76006 42,969 -33,037
11917.10 78970 39,380 -39,590
11610.72 85729 39,006 -46,723
11182.79 86463 39,411 -47,052
10592.60 85613 42,303 -43,310
10118.27 86710 45,187 -41,523
9624.29 94584 51,475 -43,109
9149.64 111484 59,639 -51,845
8654.43 126154 63,088 -63,066
8227.06 128495 64,940 -63,556
7805.03 131559 67,295 -64,264
7385.40 138259 72,445 -65,814
6964.05 140258 81,959 -58,299
6467.25 136028 81,318 -54,710
6090.97 132592 82,402 -50,189
5785.22 125943 83,732 -42,211
5546.66 120400 83,886 -36,514
5283.29 120776 84,552 -36,225
5034.86 125503 82,333 -43,170
4695.55 123678 77,844 -45,833
4462.68 127190 77,755 -49,435
4219.43 132668 78,878 -53,790
3967.44 141072 84,901 -56,171
3674.39 149220 88,769 -60,451
3379.10 148372 92,408 -55,964
3030.67 147661 94,709 -52,953
2816.21 146764 96,870 -49,894
2587.35 145883 103,234 -42,649
2350.58 155560 103,610 -51,950
2118.63 155409 103,939 -51,470
1888.92 144754 101,050 -43,704
1668.12 145392 100,901 -44,490
1490.38 147139 101,846 -45,293
1255.37 149102 103,612 -45,490
1071.27 151144 106,055 -45,089
800.36 153709 109,927 -43,782
623.07 154487 111,567 -42,920
432.97 144746 111,045 -33,701
239.99 144577 113,291 -31,287
20.29 144882 114,646 -30,236

NOTES:
Station totals are cumulative sum of sediment going out of control volume at each cross-section
*Location of proposed impoundment structure

River Station
Cumulative Sediment Mass [TONS]
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PROJECT DATA
Project Title: Horseshoe Draw Proposed (Sediment)
Project File : HorseshoeDrawProp.prj
Run Date and Time: 3/30/2016 10:28:47 AM

Project in English units

                                                                                

PLAN DATA

Plan Title: Plan 30
Plan File : u:\1400\1472\REPORTS\DRAINAGE\HEC-RAS\Proposed Conditions\Sediment Transport\Split Geo - 
US\HorseshoeDrawProp.p30

           Geometry Title: Horseshoe Draw Existing Conditions
           Geometry File : u:\1400\1472\REPORTS\DRAINAGE\HEC-RAS\Proposed Conditions\Sediment Transport\Split Geo - 
US\HorseshoeDrawProp.g01

           Flow Title    : 
           Flow File     : 

Plan Summary Information:
Number of:  Cross Sections =   16    Multiple Openings  =    0
            Culverts       =    0    Inline Structures  =    0
            Bridges        =    0    Lateral Structures =    0

Computational Information
    Water surface calculation tolerance  =  0.01 
    Critical depth calculation tolerance =  0.01 
    Maximum number of iterations         =  20 
    Maximum difference tolerance         =  0.3 
    Flow tolerance factor                =  0.001 

Computation Options
    Critical depth computed only where necessary
    Conveyance Calculation Method: At breaks in n values only
    Friction Slope Method:         Average Conveyance
    Computational Flow Regime:     Mixed Flow

                                                                                

FLOW DATA

Flow Title: 
Flow File : 

Flow Data (cfs)
                                                             
  River           Reach           RS                   PF 1  
                                                             

Boundary Conditions
                                                                                                        
  River           Reach           Profile                       Upstream                 Downstream     
                                                                                                        
                                                                                                        

                                                                                

SUMMARY OF MANNING'S N VALUES 

River:HSD Main Channel
                                                                 
      Reach          River Sta.       n1        n2        n3     
                                                                 
 HSD Main Channel     16520             .035       .03      .035 
 HSD Main Channel     16246.06          .035       .03      .035 
 HSD Main Channel     15946.84          .035       .03      .035 
 HSD Main Channel     15673.03          .035       .03      .035 
 HSD Main Channel     15381.93          .035       .03      .035 
 HSD Main Channel     15141.09          .035       .03      .035 
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 HSD Main Channel     14931.77          .035       .03      .035 
 HSD Main Channel     14692.54          .035       .03      .035 
 HSD Main Channel     14379.42          .035       .03      .035 
 HSD Main Channel     14066.58          .035       .03      .035 
 HSD Main Channel     13772.72          .035       .03      .035 
 HSD Main Channel     13457.43          .035       .03      .035 
 HSD Main Channel     13130.33          .035       .03      .035 
 HSD Main Channel     12856.26          .035       .03      .035 
 HSD Main Channel     12556.85          .035       .03      .035 
 HSD Main Channel     12329.17          .035       .03      .035 
                                                                 

                                                                                

SUMMARY OF REACH LENGTHS

River: HSD Main Channel
                                                                 
      Reach          River Sta.      Left     Channel    Right   
                                                                 
 HSD Main Channel     16520           273.94    273.94    273.94 
 HSD Main Channel     16246.06        299.22    299.22    299.22 
 HSD Main Channel     15946.84        273.81    273.81    273.81 
 HSD Main Channel     15673.03         291.1     291.1     291.1 
 HSD Main Channel     15381.93        240.84    240.84    240.84 
 HSD Main Channel     15141.09        209.32    209.32    209.32 
 HSD Main Channel     14931.77        239.23    239.23    239.23 
 HSD Main Channel     14692.54        313.12    313.12    313.12 
 HSD Main Channel     14379.42        312.84    312.84    312.84 
 HSD Main Channel     14066.58        293.86    293.86    293.86 
 HSD Main Channel     13772.72        315.29    315.29    315.29 
 HSD Main Channel     13457.43         327.1     327.1     327.1 
 HSD Main Channel     13130.33        274.07    274.07    274.07 
 HSD Main Channel     12856.26        299.41    299.41    299.41 
 HSD Main Channel     12556.85        227.68    227.68    227.68 
 HSD Main Channel     12329.17        187.84    187.84    187.84 
                                                                 

                                                                                

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: HSD Main Channel

                                                       
      Reach          River Sta.     Contr.    Expan.   
                                                       
 HSD Main Channel     16520           .1        .3 
 HSD Main Channel     16246.06        .1        .3 
 HSD Main Channel     15946.84        .1        .3 
 HSD Main Channel     15673.03        .1        .3 
 HSD Main Channel     15381.93        .1        .3 
 HSD Main Channel     15141.09        .1        .3 
 HSD Main Channel     14931.77        .1        .3 
 HSD Main Channel     14692.54        .1        .3 
 HSD Main Channel     14379.42        .1        .3 
 HSD Main Channel     14066.58        .1        .3 
 HSD Main Channel     13772.72        .1        .3 
 HSD Main Channel     13457.43        .1        .3 
 HSD Main Channel     13130.33        .1        .3 
 HSD Main Channel     12856.26        .1        .3 
 HSD Main Channel     12556.85        .1        .3 
 HSD Main Channel     12329.17        .1        .3 
                                                       

Profile Output Table - Standard Table 1
                                                                                                                        
                                                   
  Reach              River Sta     Profile          Q Total   Min Ch El   W.S. Elev   Crit W.S.   E.G. Elev   E.G. Slope
  Vel Chnl   Flow Area   Top Width   Froude # Chl  
                                                      (cfs)        (ft)        (ft)        (ft)        (ft)      (ft/ft)
    (ft/s)     (sq ft)        (ft)                 
                                                                                                                        
                                                   
  HSD Main Channel   16520         02Jun2015 0000      0.01     4391.22     4391.24                 4391.24     0.018879
      0.26        0.04        5.05           0.53  
  HSD Main Channel   16246.06      02Jun2015 0000      0.01     4389.64     4389.67     4389.67     4389.67     0.002736
      0.14        0.07        5.65           0.22  
  HSD Main Channel   15946.84      02Jun2015 0000      0.01     4386.00     4386.02     4386.02     4386.03     0.000152
      0.05        0.21        9.47           0.06  
  HSD Main Channel   15673.03      02Jun2015 0000      0.01     4384.82     4384.83                 4384.83     0.006310
      0.14        0.07       10.47           0.30  
  HSD Main Channel   15381.93      02Jun2015 0000      0.01     4382.06     4382.09     4382.09     4382.09     0.015609
      0.33        0.03        2.43           0.52  
  HSD Main Channel   15141.09      02Jun2015 0000      0.01     4379.34     4379.36     4379.36     4379.36     0.000878
      0.07        0.13       11.81           0.12  
  HSD Main Channel   14931.77      02Jun2015 0000      0.01     4377.97     4377.99     4377.99     4377.99     0.000129
      0.02        0.43       50.92           0.04  
  HSD Main Channel   14692.54      02Jun2015 0000      0.01     4377.03     4377.05     4377.05     4377.05     0.001135
      0.08        0.12       10.56           0.14  
  HSD Main Channel   14379.42      02Jun2015 0000      0.01     4372.65     4372.67                 4372.67     0.005706
      0.18        0.06        5.63           0.31  
  HSD Main Channel   14066.58      02Jun2015 0000      0.01     4371.27     4371.29     4371.29     4371.29     0.003513
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      0.14        0.07        6.57           0.24  
  HSD Main Channel   13772.72      02Jun2015 0000      0.01     4368.04     4368.06     4368.06     4368.06     0.003444
      0.14        0.07        7.07           0.24  
  HSD Main Channel   13457.43      02Jun2015 0000      0.01     4363.18     4363.20     4363.20     4363.20     0.000085
      0.03        0.37       25.58           0.04  
  HSD Main Channel   13130.33      02Jun2015 0000      0.01     4360.46     4360.48     4360.48     4360.48     0.000139
      0.03        0.35       32.07           0.05  
  HSD Main Channel   12856.26      02Jun2015 0000      0.01     4356.52     4356.54     4356.54     4356.54     0.001662
      0.10        0.10        9.01           0.17  
  HSD Main Channel   12556.85      02Jun2015 0000      0.01     4344.00     4344.03     4344.03     4344.03     0.000018
      0.02        0.56       21.94           0.02  
  HSD Main Channel   12329.17      02Jun2015 0000      0.01     4342.48     4342.50     4342.50     4342.50     0.000542
      0.07        0.14        9.34           0.10  
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PROJECT DATA
Project Title: Horseshoe Draw Proposed (Sediment)
Project File : HorseshoeDrawProp.prj
Run Date and Time: 3/30/2016 12:21:44 PM

Project in English units

                                                                                

PLAN DATA

Plan Title: Plan 30
Plan File : u:\1400\1472\REPORTS\DRAINAGE\HEC-RAS\Proposed Conditions\Sediment Transport\Split Geo - 
DS\HorseshoeDrawProp.p30

           Geometry Title: Horseshoe Draw Existing Conditions
           Geometry File : u:\1400\1472\REPORTS\DRAINAGE\HEC-RAS\Proposed Conditions\Sediment Transport\Split Geo - 
DS\HorseshoeDrawProp.g01

           Flow Title    : 
           Flow File     : 

Plan Summary Information:
Number of:  Cross Sections =   41    Multiple Openings  =    0
            Culverts       =    0    Inline Structures  =    0
            Bridges        =    0    Lateral Structures =    0

Computational Information
    Water surface calculation tolerance  =  0.01 
    Critical depth calculation tolerance =  0.01 
    Maximum number of iterations         =  20 
    Maximum difference tolerance         =  0.3 
    Flow tolerance factor                =  0.001 

Computation Options
    Critical depth computed only where necessary
    Conveyance Calculation Method: At breaks in n values only
    Friction Slope Method:         Average Conveyance
    Computational Flow Regime:     Mixed Flow

                                                                                

FLOW DATA

Flow Title: 
Flow File : 

Flow Data (cfs)
                                                             
  River           Reach           RS                   PF 1  
                                                             

Boundary Conditions
                                                                                                        
  River           Reach           Profile                       Upstream                 Downstream     
                                                                                                        
                                                                                                        

                                                                                

SUMMARY OF MANNING'S N VALUES 

River:HSD Main Channel
                                                                 
      Reach          River Sta.       n1        n2        n3     
                                                                 
 HSD Main Channel     12329.17          .035       .03      .035 
 HSD Main Channel     12141.33          .035       .03      .035 
 HSD Main Channel     11917.1           .035       .03      .035 
 HSD Main Channel     11610.72          .035       .03      .035 
 HSD Main Channel     11182.79          .035       .03      .035 
 HSD Main Channel     10592.6           .035       .03      .035 
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 HSD Main Channel     10118.27          .035       .03      .035 
 HSD Main Channel     9624.29           .035       .03      .035 
 HSD Main Channel     9149.64           .035       .03      .035 
 HSD Main Channel     8654.43           .035       .03      .035 
 HSD Main Channel     8227.06           .035       .03      .035 
 HSD Main Channel     7805.03           .035       .03      .035 
 HSD Main Channel     7385.4            .035       .03      .035 
 HSD Main Channel     6964.05           .035       .03      .035 
 HSD Main Channel     6467.25           .035       .03      .035 
 HSD Main Channel     6090.97           .035       .03      .035 
 HSD Main Channel     5785.22           .035       .03      .035 
 HSD Main Channel     5546.66           .035       .03      .035 
 HSD Main Channel     5283.29           .035       .03      .035 
 HSD Main Channel     5034.86           .035       .03      .035 
 HSD Main Channel     4695.55           .035       .03      .035 
 HSD Main Channel     4462.68           .035       .03      .035 
 HSD Main Channel     4219.43           .035       .03      .035 
 HSD Main Channel     3967.44           .035       .03      .035 
 HSD Main Channel     3674.39           .035       .03      .035 
 HSD Main Channel     3379.1            .035       .03      .035 
 HSD Main Channel     3030.67           .035       .03      .035 
 HSD Main Channel     2816.21           .035       .03      .035 
 HSD Main Channel     2587.35           .035       .03      .035 
 HSD Main Channel     2350.58           .035       .03      .035 
 HSD Main Channel     2118.63           .035       .03      .035 
 HSD Main Channel     1888.92           .035       .03      .035 
 HSD Main Channel     1668.12           .035       .03      .035 
 HSD Main Channel     1490.38           .035       .03      .035 
 HSD Main Channel     1255.37           .035       .03      .035 
 HSD Main Channel     1071.27           .035       .03      .035 
 HSD Main Channel     800.36            .035       .03      .035 
 HSD Main Channel     623.07            .035       .03      .035 
 HSD Main Channel     432.97            .035       .03      .035 
 HSD Main Channel     239.99            .035       .03      .035 
 HSD Main Channel     20.29             .035       .03      .035 
                                                                 

                                                                                

SUMMARY OF REACH LENGTHS

River: HSD Main Channel
                                                                 
      Reach          River Sta.      Left     Channel    Right   
                                                                 
 HSD Main Channel     12329.17        187.84    187.84    187.84 
 HSD Main Channel     12141.33        224.23    224.23    224.23 
 HSD Main Channel     11917.1         306.38    306.38    306.38 
 HSD Main Channel     11610.72        427.93    427.93    427.93 
 HSD Main Channel     11182.79        590.19    590.19    590.19 
 HSD Main Channel     10592.6         474.33    474.33    474.33 
 HSD Main Channel     10118.27        493.98    493.98    493.98 
 HSD Main Channel     9624.29         474.65    474.65    474.65 
 HSD Main Channel     9149.64         495.21    495.21    495.21 
 HSD Main Channel     8654.43         427.37    427.37    427.37 
 HSD Main Channel     8227.06         422.03    422.03    422.03 
 HSD Main Channel     7805.03         419.63    419.63    419.63 
 HSD Main Channel     7385.4          421.35    421.35    421.35 
 HSD Main Channel     6964.05          496.8     496.8     496.8 
 HSD Main Channel     6467.25         376.28    376.28    376.28 
 HSD Main Channel     6090.97         305.75    305.75    305.75 
 HSD Main Channel     5785.22         238.56    238.56    238.56 
 HSD Main Channel     5546.66         263.37    263.37    263.37 
 HSD Main Channel     5283.29         248.43    248.43    248.43 
 HSD Main Channel     5034.86         339.31    339.31    339.31 
 HSD Main Channel     4695.55         232.87    232.87    232.87 
 HSD Main Channel     4462.68         243.25    243.25    243.25 
 HSD Main Channel     4219.43         251.99    251.99    251.99 
 HSD Main Channel     3967.44         293.05    293.05    293.05 
 HSD Main Channel     3674.39         295.29    295.29    295.29 
 HSD Main Channel     3379.1          348.43    348.43    348.43 
 HSD Main Channel     3030.67         214.46    214.46    214.46 
 HSD Main Channel     2816.21         228.86    228.86    228.86 
 HSD Main Channel     2587.35         236.77    236.77    236.77 
 HSD Main Channel     2350.58         231.95    231.95    231.95 
 HSD Main Channel     2118.63         229.71    229.71    229.71 
 HSD Main Channel     1888.92          220.8     220.8     220.8 
 HSD Main Channel     1668.12         177.74    177.74    177.74 
 HSD Main Channel     1490.38         235.01    235.01    235.01 
 HSD Main Channel     1255.37          184.1     184.1     184.1 
 HSD Main Channel     1071.27         270.91    270.91    270.91 
 HSD Main Channel     800.36          177.29    177.29    177.29 
 HSD Main Channel     623.07           190.1     190.1     190.1 
 HSD Main Channel     432.97          192.98    192.98    192.98 
 HSD Main Channel     239.99           219.7     219.7     219.7 
 HSD Main Channel     20.29                                      
                                                                 

                                                                                

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: HSD Main Channel
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      Reach          River Sta.     Contr.    Expan.   
                                                       
 HSD Main Channel     12329.17        .1        .3 
 HSD Main Channel     12141.33        .1        .3 
 HSD Main Channel     11917.1         .1        .3 
 HSD Main Channel     11610.72        .1        .3 
 HSD Main Channel     11182.79        .1        .3 
 HSD Main Channel     10592.6         .1        .3 
 HSD Main Channel     10118.27        .1        .3 
 HSD Main Channel     9624.29         .1        .3 
 HSD Main Channel     9149.64         .1        .3 
 HSD Main Channel     8654.43         .1        .3 
 HSD Main Channel     8227.06         .1        .3 
 HSD Main Channel     7805.03         .1        .3 
 HSD Main Channel     7385.4          .1        .3 
 HSD Main Channel     6964.05         .1        .3 
 HSD Main Channel     6467.25         .1        .3 
 HSD Main Channel     6090.97         .1        .3 
 HSD Main Channel     5785.22         .1        .3 
 HSD Main Channel     5546.66         .1        .3 
 HSD Main Channel     5283.29         .1        .3 
 HSD Main Channel     5034.86         .1        .3 
 HSD Main Channel     4695.55         .1        .3 
 HSD Main Channel     4462.68         .1        .3 
 HSD Main Channel     4219.43         .1        .3 
 HSD Main Channel     3967.44         .1        .3 
 HSD Main Channel     3674.39         .1        .3 
 HSD Main Channel     3379.1          .1        .3 
 HSD Main Channel     3030.67         .1        .3 
 HSD Main Channel     2816.21         .1        .3 
 HSD Main Channel     2587.35         .1        .3 
 HSD Main Channel     2350.58         .1        .3 
 HSD Main Channel     2118.63         .1        .3 
 HSD Main Channel     1888.92         .1        .3 
 HSD Main Channel     1668.12         .1        .3 
 HSD Main Channel     1490.38         .1        .3 
 HSD Main Channel     1255.37         .1        .3 
 HSD Main Channel     1071.27         .1        .3 
 HSD Main Channel     800.36          .1        .3 
 HSD Main Channel     623.07          .1        .3 
 HSD Main Channel     432.97          .1        .3 
 HSD Main Channel     239.99          .1        .3 
 HSD Main Channel     20.29           .1        .3 
                                                       

Profile Output Table - Standard Table 1
                                                                                                                        
                                                   
  Reach              River Sta     Profile          Q Total   Min Ch El   W.S. Elev   Crit W.S.   E.G. Elev   E.G. Slope
  Vel Chnl   Flow Area   Top Width   Froude # Chl  
                                                      (cfs)        (ft)        (ft)        (ft)        (ft)      (ft/ft)
    (ft/s)     (sq ft)        (ft)                 
                                                                                                                        
                                                   
  HSD Main Channel   12329.17      02Jun2015 0000      0.01     4342.48     4342.50     4342.50     4342.50     0.000542
      0.07        0.14        9.34           0.10  
  HSD Main Channel   12141.33      02Jun2015 0000      0.01     4340.05     4340.08     4340.08     4340.08     0.000646
      0.07        0.14        9.69           0.11  
  HSD Main Channel   11917.1       02Jun2015 0000      0.01     4338.00     4338.02     4338.02     4338.02     0.000060
      0.03        0.35       16.73           0.04  
  HSD Main Channel   11610.72      02Jun2015 0000      0.01     4334.81     4334.84     4334.84     4334.84     0.000338
      0.06        0.17       10.70           0.08  
  HSD Main Channel   11182.79      02Jun2015 0000      0.01     4330.00     4330.02     4330.02     4330.02     0.004871
      0.18        0.06        4.65           0.29  
  HSD Main Channel   10592.6       02Jun2015 0000      0.01     4323.90     4323.92     4323.92     4323.93     0.014527
      0.28        0.04        3.64           0.49  
  HSD Main Channel   10118.27      02Jun2015 0000      0.01     4320.00     4320.02     4320.02     4320.02     0.000033
      0.02        0.43       17.91           0.03  
  HSD Main Channel   9624.29       02Jun2015 0000      0.01     4317.98     4318.00     4318.00     4318.00     0.000029
      0.02        0.64       44.65           0.02  
  HSD Main Channel   9149.64       02Jun2015 0000      0.01     4312.29     4312.34     4312.33     4312.34     0.005606
      0.33        0.03        1.18           0.35  
  HSD Main Channel   8654.43       02Jun2015 0000      0.01     4306.00     4306.03     4306.03     4306.04     0.051934
      0.74        0.01        0.79           1.00  
  HSD Main Channel   8227.06       02Jun2015 0000      0.01     4301.98     4302.00     4302.00     4302.00     0.000137
      0.03        0.35       30.96           0.05  
  HSD Main Channel   7805.03       02Jun2015 0000      0.01     4296.00     4296.02     4296.02     4296.02     0.000043
      0.02        0.41       19.78           0.03  
  HSD Main Channel   7385.4        02Jun2015 0000      0.01     4291.98     4292.01     4292.01     4292.01     0.000582
      0.07        0.14        9.07           0.10  
  HSD Main Channel   6964.05       02Jun2015 0000      0.01     4287.78     4287.80     4287.80     4287.80     0.000961
      0.08        0.13       11.82           0.13  
  HSD Main Channel   6467.25       02Jun2015 0000      0.01     4282.00     4282.06     4282.05     4282.06     0.020003
      0.64        0.02        0.55           0.67  
  HSD Main Channel   6090.97       02Jun2015 0000      0.01     4278.26     4278.31     4278.29     4278.31     0.005955
      0.31        0.03        1.35           0.36  
  HSD Main Channel   5785.22       02Jun2015 0000      0.01     4275.65     4275.68     4275.68     4275.68     0.013521
      0.32        0.03        2.43           0.49  
  HSD Main Channel   5546.66       02Jun2015 0000      0.01     4271.99     4272.01     4272.01     4272.01     0.000167
      0.04        0.23       12.59           0.06  
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  HSD Main Channel   5283.29       02Jun2015 0000      0.01     4269.93     4269.95     4269.95     4269.95     0.005404
      0.17        0.06        5.72           0.30  
  HSD Main Channel   5034.86       02Jun2015 0000      0.01     4267.96     4267.99     4267.99     4267.99     0.000477
      0.05        0.18       15.96           0.09  
  HSD Main Channel   4695.55       02Jun2015 0000      0.01     4262.00     4262.01                 4262.01     0.001643
      0.11        0.09        7.37           0.17  
  HSD Main Channel   4462.68       02Jun2015 0000      0.01     4261.39     4261.42     4261.42     4261.42     0.004359
      0.20        0.05        3.41           0.29  
  HSD Main Channel   4219.43       02Jun2015 0000      0.01     4259.99     4260.01     4260.01     4260.01     0.000072
      0.03        0.39       25.92           0.04  
  HSD Main Channel   3967.44       02Jun2015 0000      0.01     4258.00     4258.02     4258.02     4258.02     0.000031
      0.02        0.49       24.02           0.03  
  HSD Main Channel   3674.39       02Jun2015 0000      0.01     4256.00     4256.03     4256.03     4256.03     0.000013
      0.02        0.59       19.97           0.02  
  HSD Main Channel   3379.1        02Jun2015 0000      0.01     4255.47     4255.49                 4255.49     0.006076
      0.19        0.05        4.92           0.32  
  HSD Main Channel   3030.67       02Jun2015 0000      0.01     4250.87     4250.90     4250.90     4250.91     0.046918
      0.64        0.02        1.05           0.93  
  HSD Main Channel   2816.21       02Jun2015 0000      0.01     4250.00     4250.03     4250.03     4250.03     0.000009
      0.01        0.74       26.69           0.01  
  HSD Main Channel   2587.35       02Jun2015 0000      0.01     4248.00     4248.02     4248.02     4248.02     0.000028
      0.02        0.51       24.83           0.02  
  HSD Main Channel   2350.58       02Jun2015 0000      0.01     4245.98     4246.00     4246.00     4246.00     0.000187
      0.04        0.28       22.20           0.06  
  HSD Main Channel   2118.63       02Jun2015 0000      0.01     4243.99     4244.01     4244.01     4244.01     0.000031
      0.02        0.58       37.37           0.02  
  HSD Main Channel   1888.92       02Jun2015 0000      0.01     4240.00     4240.03     4240.03     4240.03     0.000003
      0.01        1.45       58.44           0.01  
  HSD Main Channel   1668.12       02Jun2015 0000      0.01     4238.00     4238.02                 4238.02     0.000016
      0.02        0.64       28.74           0.02  
  HSD Main Channel   1490.38       02Jun2015 0000      0.01     4238.00     4238.02     4238.02     4238.02     0.000012
      0.01        0.77       37.15           0.02  
  HSD Main Channel   1255.37       02Jun2015 0000      0.01     4236.00     4236.05     4236.02     4236.05     0.001585
      0.17        0.06        2.21           0.19  
  HSD Main Channel   1071.27       02Jun2015 0000      0.01     4235.51     4235.54     4235.54     4235.54     0.006306
      0.21        0.05        3.93           0.33  
  HSD Main Channel   800.36        02Jun2015 0000      0.01     4233.98     4234.01     4234.01     4234.01     0.000056
      0.02        0.45       30.40           0.03  
  HSD Main Channel   623.07        02Jun2015 0000      0.01     4232.00     4232.03     4232.03     4232.03     0.000009
      0.01        0.78       30.16           0.01  
  HSD Main Channel   432.97        02Jun2015 0000      0.01     4228.00     4228.03     4228.03     4228.03     0.000007
      0.01        0.85       32.67           0.01  
  HSD Main Channel   239.99        02Jun2015 0000      0.01     4226.73     4226.76     4226.76     4226.76     0.005509
      0.20        0.05        3.85           0.31  
  HSD Main Channel   20.29         02Jun2015 0000      0.01     4226.00     4226.02     4226.02     4226.02     0.000009
      0.01        0.86       40.39           0.01  
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GROUNDWATER RECHARGE POTENTIAL HEC-HMS COMPARISON
Project: Horseshoe Draw

Prepared by: HW

Date: December 2016

Volume Total Volume Volume Total Volume

[acre‐feet] [acre‐feet] [acre‐feet] [acre‐feet] [acre‐feet]

Basin ‐‐ ‐‐ 89
R‐9 123+29.17‐46+95.55 119 157

R‐12 44+62.68‐21+18.63 124 176
Basin ‐‐ ‐‐ 117
R‐9 123+29.17‐46+95.55 160 198

R‐12 44+62.68‐21+18.63 167 222
Basin ‐‐ ‐‐ 129
R‐9 123+29.17‐46+95.55 181 219

R‐12 44+62.68‐21+18.63 188 246
Basin ‐‐ ‐‐ 139
R‐9 123+29.17‐46+95.55 197 234

R‐12 44+62.68‐21+18.63 205 270
Basin ‐‐ ‐‐ 147
R‐9 123+29.17‐46+95.55 235 267

R‐12 44+62.68‐21+18.63 245 308
Notes:

Percolation rate = 0.5 ft3/hr/ft2 = 6.1 cfs/acre

10‐Year 327

480 722

2‐Year 

25‐Year

50‐Year

100‐Year

642

368

402

594

Storm Event

Proposed
HEC‐HMS 

Reach

226

240

242

Volumetric 
Increase

HEC‐RAS Reach Cross‐
Section Span 

423 180

211538

Existing

243



HEC-HMS CROSS-SECTION EIGHT POINT GEOMETRY
Project: Horseshoe Draw

Prepared by: HW

Date: December 2016
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1. INTRODUCTION 

1.1. PROJECT DESCRIPTION, LOCATION, AND PURPOSE 

This study has been prepared for the Hereford Natural Resource Conservation 

District (NRCD), who has identified the need for a project which will substantially 

reduce flooding, erosion and soil loss, as well as road and property damage in and 

adjacent to the ephemeral Horseshoe Draw (the Project). The study area spans the 

border between the United States and Mexico roughly 7 miles west of Naco, 

Arizona/Sonora in Cochise County. 

 

The purpose of this supplementary report is to summarize the necessary permits 

and agreements prior to and during construction of the proposed embankment and 

detention basin (impoundment structure) that will ensure compliance with the 

applicable local, state, and federal requirements. Details of the proposed Project 

found in previously submitted reports provide justification for the permitting (and 

exemptions) pertaining to the construction of the impoundment structure and are 

discussed below. 

 

Previous reports under this study submitted to the NRCD include; Volume 1, Existing 

Conditions Hydrologic Study (Volume 1) (HILGARTWILSON 2015a); Volume 2, 

Existing Conditions Hydraulic Report (Volume 2) (HILGARTWILSON 2015b); Volume 

3, Existing Conditions Sediment Transport Analysis (Volume 3) (HILGARTWILSON 

2015c); and Volume 4, Existing Conditions Recharge Potential Analysis (Volume 4) 

(HILGARTWILSON 2015d) which detail existing conditions used for comparison of 

the impoundment structure with respect to hydrologic and hydraulic conditions, 

sediment transport, and groundwater recharge potential. The recommended 

remedial alternative was selected in Volume 5, Remedial Design Alternatives 

Feasibility Study (Volume 5) (HILGARTWILSON 2016a) and the resulting impacts and 

design specifications of the proposed alternative are detailed in Volume 6, Final 

Design Report (Volume 6) (HILGARTWILSON 2016b).  

 
2. IMPOUNDMENT STRUCTURE CLASSIFICATION AND EXEMPTIONS 

The impoundment structure will be classified as a non-jurisdictional structure as it does 

not meet the Arizona Department of Water Resources’ (ADWR) definition of a 

jurisdictional dam being less than 6 feet high from the downstream toe. Because the 

impoundment structure is not considered jurisdictional, it will be exempt from ADWR 

review. Water retained by the basin will drain within 24-hours, exempting the 

impoundment structure from water rights issues with ADWR as well. Therefore, a permit 

to appropriate surface waters of the state will not be required.  

 

In addition, the Project is located on privately held land; thus the Arizona State Land 

Department (ASLD) or Bureau of Land Management (BLM) do not have jurisdiction.  

 

While portions of the Project are located within the Gila River Maintenance Area, 

designated by the ADWR, the impoundment structure is exempt from the prohibitions 

listed under ARS 45-2631, which do not allow construction or enlargement of new dams 
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within this designated area.  The Project is exempt because it falls within the definition 

of a flood control structure pursuant to ARS 45-2631(B)(1)(a).    

 
3. REQUIRED PERMITTING 

The Project would be subject to limited state, county, and federal review and regulations, 

as discussed herein. Table 1 summarizes the anticipated permitting for the Project; a 

discussion of the permits and supporting documentation required is provided 

subsequently. 

 

Table 1: Horseshoe Draw Permitting 

Regulator Permit 

U.S. Army Corps of 

Engineers  

Approved Jurisdictional Determination (demonstrating there are no “waters of 

the U.S.” in the project area pursuant to CWA Section 404) 

U.S. Fish and 

Wildlife Service 
Endangered Species Act 

Arizona Water 

Protection Fund 
Arizona Historic Preservation Act 

ADEQ 

CWA Section 402 Arizona Pollutant Discharge Elimination System Permit 

(AZPDES) 

Stormwater Construction General Permit 

Notice of Intent (NOI) 

Stormwater Pollution Prevention Plan (SWPPP) 

Cochise County 

Floodplain Use Permit - Non-Residential 

Building/Use Permit 

Clearing Permit 

 

3.1. U.S. ARMY CORPS OF ENGINEERS  

The U.S. Army Corps of Engineers (Corps) administers CWA Section 404, including 

the identification of “waters of the U.S.” via a jurisdictional determination and 

permitting for the discharge of dredged or fill materials into waters of the U.S. 

 

3.1.1. JURISDICTIONAL DETERMINATION 

Pursuant to the U.S. Army Corps of Engineers Jurisdictional Determination 

Form Instructional Guidebook prepared jointly by the Corps and the 

Environmental Protection Agency (EPA; Corps and EPA 2007), as revised per 

the memorandum dated December 2, 2008, entitled Clean Water Act 

Jurisdiction Following the U.S. Supreme Court's Decision in Rapanos v. United 

States & Carabell v. United States (Corps and EPA 2008), an approved 

jurisdictional determination (JD) seeks to define the limits of “waters of the 

U.S.,” that are present (or absent) on a particular site. 
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In the arid southwest (and for the Horseshow Draw project), a significant 

nexus analysis will be used to assess the flow characteristics and functions of 

drainage feature(s) and wetlands in the project area to determine if they 

significantly affect the chemical, physical, and biological integrity of the 

downstream “traditional navigable water.”  Significant nexus includes 

consideration of hydrologic factors including the following: 

 volume, duration, and frequency of flow, including consideration of 

certain physical characteristics of the tributary 

 proximity to the traditionally navigable water (TNW) 

 size of the watershed 

 average annual rainfall 

 potential of tributaries to carry pollutants and flood waters to 

traditional navigable waters 

 provision of aquatic habitat that supports a traditional navigable 

water 

 potential of wetlands to trap and filter pollutants or store flood waters 

 maintenance of water quality in traditional navigable waters 

It is anticipated that the drainage features in the project area will not be 

found to have a significant nexus with a downstream TNW, and thus, the 

Corps will determine that there are no waters of the U.S. in the project area.  

Review and processing times may vary depending on the Corps Project 

Managers’ work load and other factors, but would be expected within 4 to 6 

months. 

3.1.2. SECTION 404 PERMIT 

Because it is not expected that the Corps will identify waters of the U.S. in the 

project area, a Section 404 permit is not anticipated.   

3.2. ENDANGERED SPECIES ACT 

The purpose of the Endangered Species Act (ESA) is to protect and recover imperiled 

species and the ecosystems upon which they depend.  The ESA makes it unlawful 

for a person to take a listed animal without a permit.  Take is defined as “to harass, 

harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect or attempt to engage 

in any such conduct.” Through regulations, the term “harm” is defined as “an act 

which actually kills or injures wildlife. Such an act may include significant habitat 

modification or degradation where it actually kills or injures wildlife by significantly 

impairing essential behavioral patterns, including breeding, feeding, or sheltering.” 

Listed plants are not protected from take, although it is illegal to collect or 

maliciously harm them on Federal land.   

Information on threatened and endangered species and designated critical habitat 

can be obtained from the U.S. Fish and Wildlife Service (FWS) website at 

http://www.fws.gov/ipac.   

Section 7(a)(2) of the ESA requires cooperation and consultation with the FWS to 

ensure that federal actions are not likely to jeopardize the continued existence of a 

listed species or result in the destruction or adverse modification of designated 

critical habitat. Without a nexus to another federal permit, compliance with Section 

http://www.fws.gov/ipac
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7 of the ESA is not needed for this project. However, HILGARTWILSON conducted the 

ESA screening analysis and is summarized in a memo included as Attachment 1. 

The analysis found no potentials for occurrence of any endangered species other 

than the Jaguar which was deemed unlikely to occur near the Project.  

3.3. ARIZONA WATER PROTECTION FUND 

3.3.1. ARIZONA HISTORIC PRESERVATION ACT  

Pursuant to the Arizona Water Protection Fund (AWPF) Commission Grant 

Application Manual (AWPF 2015),  

…it is understood that recipients of state funds are required 

to comply with [the Arizona Historic Preservation Act (AHPA)] 

throughout the project period. All projects that affect the 

ground-surface that are funded by AWPF require [State 

Historic Preservation Officer] SHPO clearance, including those 

on private and federal lands. 

The State Historic Preservation Office (SHPO) must review 

each grant application recommended for funding in order to 

determine the effect, if any, a proposed project may have on 

archaeological or cultural resources. 

The AHPA (Arizona Revised Statutes [ARS] 41-861 et seq.) provides that the 

SHPO review and comment on plans which involve property eligible for listing 

on the Arizona register of historic places.  The AWPF project must include 

measures coordinated with the SHPO to ensure that the prehistorical, 

historical, architectural or culturally significant values will be preserved or 

enhanced.1 A Class III archaeological survey is currently being conducted and 

is not expected to yield any significant findings based on previous surveys.  

3.4. ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY/ ARIZONA POLLUTANT 

DISCHARGE ELIMINATION SYSTEM GENERAL PERMIT 

The Arizona Department of Environmental Quality (ADEQ) has primacy to administer 

the Arizona Pollutant Discharge Elimination System (AZPDES) Permit program 

pursuant to Section 402 of the CWA. Under this program, facilities with the potential 

to discharge pollutants are required to obtain coverage under an AZPDES permit. A 

Construction General Permit (CGP) is available for construction activities, which 

would likely apply to the construction of the impoundment structure. 

To obtain authorization for discharges of stormwater associated with construction 

activity, the applicant must comply with the requirements of the CGP and submit a 

Notice of Intent (NOI).  A Stormwater Pollution Prevention Plan (SWPPP) would be 

required to be maintained on the project site during construction.  The SWPPP would 

identify best management practices, such as erosion control measures (waddles, 

straw bales, etc.) to prevent stormwater pollution. 

                                                
1 As with Section 7 of the ESA, without a nexus to another federal permit, compliance with Section 106 

of the National Historic Preservation Act (NHPA) is not required for this Project. 
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3.5. COCHISE COUNTY  

The following sections discuss the permitting required to construct the proposed 

Project within Cochise County (the County). Review and processing times may vary 

but will take a minimum of 4-weeks per permit application. 

 

3.5.1. FLOODPLAIN USE PERMIT 

A Floodplain Use Permit is required prior to building, grading, filling, or 

installing a structure within the floodplain.  The Floodplain Use Permit would 

be issued by the Cochise County (County) Flood Control District. A completed 

form found on the County’s website will need to be signed and submitted with 

pertinent project information.  

3.5.2. BUILDING/USE PERMIT 

A Building/Use Permit is required to erect, construct, reconstruct, alter or use 

any structure in the County disturbing one acre of land or more. A 

Building/Use Permit by contacting the Cochise County Planning and Zoning 

Department. 

3.5.3. CLEARING PERMIT 

A Clearing Permit is required if the proposed clearing is in conjunction with 

construction, structures, or improvements. Information regarding dust and 

erosion control measures, area to be cleared, and acreage must be included. 

A completed signed form found on the County’s website will need to be 

submitted with pertinent project information and should be submitted with 

the Building/Use Permit.  

4. CONCLUSION 

This report summarizes the permits and compliance that is anticipated for the Project.  

The identified permits would need to be approved prior to construction activities.  
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TECHNICAL MEMORANDUM 
 
 

Date: June 21st, 2016 

 

RE: Horseshoe Draw Endangered Species Screening Analysis 

 

Project No.: 1472 

 

 

Introduction and Background 

 

HILGARTWILSON, LLC (HW) conducted the following screening analysis for endangered species, 

pursuant to Section 7 of the Endangered Species Act for the Horseshoe Draw project area (Project 

Area). 

 

The project area encompasses the headwaters of Horseshoe Draw, a tributary to the upper San 

Pedro River in Cochise County, southeast of Palominas, Arizona.  The project area is characterized by 

a broad alluvial plain of desert scrub and semi-desert grassland, dissected by headcutting of the 

Horseshow Draw tributary. Vegetation on the project area includes mesquite (Prosopis spp.), tarbush 

(Flourensia cernua), sacaton (Sporobolus spp.), seep willow, (Baccharis salicifolia), desert broom 

(Baccharis sarothroides), desert hackberry (Celtis pallida), and desert willow (Chilopsis linearis). 

There are no special aquatic habitats or riparian areas. 

 

Screening Analysis for Federally Listed Species 

 

Species Identification—HW conducted an official query of the U.S. Fish and Wildlife Service 

Information (USFWS) for Planning and Conservation (IPaC) online database to identify federally listed 

species that have the potential to occur within the project area (Table 1).  Species range and habitat 

data was obtained from information provided by the USFWS and the Arizona Game and Fish 

Department (AGFD) Heritage Database Management System (HDMS).  Natural history for each of 

these species was reviewed to determine habitat and life history requirements and to assess 

potential habitat on the project area. 

 

Habitat Assessment—Background research information, previous studies, site photography, and 

maps depicting the ecoregion were used to characterize the habitat features and vegetation 

communities that occur in the project area and vicinity.  This information was used to evaluate the 

project area’s potential to support federally listed species identified by the IPaC. 

 

Potential for Occurrence—Results from the species identification and habitat assessment described 

above were used to facilitate the screening analysis and determine the potential for federally listed 

species to occur on or near the project area.  Individual species were eliminated from detailed 

evaluation if the project area occurred outside their known range or if habitat requirements were not 

present at or near the project area.  In addition, the presence or absence of proposed or designated 

critical habitat was reviewed for the federally listed species.  The potential for each species to occur 
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within or near the project area was then evaluated and designated one of the following four 

categories: 

Known to occur—The species is documented to occur in the project area or vicinity. 

May occur—The project area is within the species’ currently known range or distribution, and 

vegetation communities, habitat, soils, or other biotic and abiotic indicators resemble those known 

to support the lifecycle and/or natural history requirements of the species. 

Unlikely to occur—The project area is within the species’ currently known range or distribution, but 

vegetation communities, soils, and other biotic and abiotic indicators do not resemble those known 

to support the lifecycle and/or natural history requirements of the species.  

Does not occur—The project area is not within the species’ known range or distribution and other 

biotic and abiotic indicators do not resemble those known to support the lifecycle and/or natural 

history requirements of the species. 

 

Table 1 provides the list of federally listed species identified in the IPaC, and their potential for 

occurrence. There are no critical habitats in the project area. 

 
Table 1 – Screening Analysis for Federally Listed Species in the Project Area 

Common Name 

(Species Name) 

Status* Habitat Requirements Potential for Occurrence 

in Project Area 

Amphibians 

Arizona Treefrog 

(Hyla wrightorum) 

C Range: The species range spans from near 

Williams, Arizona, southeast along Mogollon Rim 

into mountains of western New Mexico. Treefrog 

populations also are found in the Sierra Ancha 

Mountains of central Arizona, the Huachuca 

Mountains and Canelo Hills of southeastern 

Arizona, and the Sierra Madre Occidental of 

northern Mexico. 

Habitat:  Habitat includes streams, ponds, 

cienegas and wet meadows in oak, pine and fir 

forests. Frogs can be found in shallow pools, on 

damp ground in monsoon rains. 

Elevation: Above 5,000 feet 

Does not occur. The 

project area is too low in 

elevation, and does not 

have any suitable habitat 

of conifer forests or 

riparian areas. 
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Common Name 

(Species Name) 

Status* Habitat Requirements Potential for Occurrence 

in Project Area 

Chiricahua leopard 

frog 

(Lithobates 

chiricahuensis) 

T Range: U.S. range includes west-central and 

southwestern New Mexico, and central and 

southeastern Arizona. Critical habitat is 

designated for 10,346 acres in Apache, 

Cochise, Gila, Graham, Greenlee, Pima, Santa 

Cruz, and Yavapai counties in Arizona. 

Habitat: Habitat includes ponds, tanks, cienegas 

(wet meadows), and small streams that provide 

permanent water.  Habitats with a variety of 

plants, depths, in-water structure, and other 

complexities are desired. Currently restricted to 

springs, livestock tanks, and streams in upper 

portion of watersheds with few non-native 

predators. 

Elevation: 3,200-8,900 feet 

Does not occur. No 

suitable riparian habitat 

in the project area. 

Birds 

Mexican Spotted owl 

(Strix occidentalis 

lucida) 

T Range. The Mexican spotted owl occurs in 

isolated areas in forested mountains and 

canyon lands in the U.S. Southwest and Mexico. 

Within the U.S., its range includes portions of 

the states of Utah, Colorado, New Mexico, and 

west Texas. 

Habitat: Most common in mature to old-growth 

mixed-conifer forests dominated by Douglas fir 

and or white fir and forested canyons. They also 

occur in ponderosa pine-Gambel oak habitats, 

typically where the understory vegetation is well 

developed; nesting and roosting habitat within 

closed canopy forest or rocky canyons. 

Elevation: 5,820 to 9,100 feet (Meyer 2007; 

USFWS 2012). 

Does not occur. No 

suitable nesting or 

roosting forest habitat 

exists in the project area. 
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Common Name 

(Species Name) 

Status* Habitat Requirements Potential for Occurrence 

in Project Area 

Northern aplomado 

falcon 

(Falco femoralis 

septentrionalis) 

EXPN Range: Species ranges from southwestern 

United States through Mexico and Central 

America to Argentina and Chile. Currently very 

rare in the United States and extremely 

uncommon in northern Mexico. Prior to 1890, a 

fairly common summer or permanent resident in 

southweatern AZ, then virtually extirpated from 

the state, and there have been only two credible 

sightings in AZ since 1910. Under Section 10(j) 

of the endangered species Act, reintroduction of 

these birds has begun in Texas and New Mexico. 

The Nonessential/Experimental range includes 

southeastern Arizona. The State of Arizona is 

supportive of having falcons re-established, but 

does not wish to conduct reintroductions, and 

thus far, no individuals or breeding pairs have 

established in Arizona. 

Habitat: In the U.S., this species prefers open 

Chihuahuan Desert grassland areas with 

relatively low ground cover and scattered trees 

suitable for nesting platforms. Habitat suitability 

declines rapidly with an increase in woody 

vegetation. 

Elevation: 3,500-9,000 feet 

Does not occur. 

No individuals or 

breeding pairs of this 

species have established 

in Arizona. 

Southwestern Willow 

flycatcher 

(Empidonax traillii 

extimus) 

E Range: A neotropical migrant that winters in 

Mexico and Central America. Known to breed 

throughout the southwest United States. The 

species breeds locally along Colorado River in 

Grand Canyon and Little Colorado River 

headwaters, very locally along the middle Gila, 

Salt, and Verde rivers; middle to lower San 

Pedro River; and upper San Francisco River near 

Alpine.  

Habitat: The species occurs in dense riparian 

habitats along streams, rivers, and other 

wetlands where cottonwood, willow, boxelder, 

tamarisk, Russian olive, buttonbush, and 

arrowweed are present.  Nests are found in 

thickets of trees and shrubs that are primarily 

13 to 23 feet tall, among dense, homogeneous 

foliage.  The species prefers dense canopy 

cover, a large volume of foliage, and surface 

water during midsummer.  

Elevation: 75–9,180 feet in AZ 

Does not occur. 

Vegetation found within 

the project area has 

none of the documented 

and required habitat 

elements for this 

species. Lack of suitable 

riparian habitat 

necessary for breeding 

and foraging. 
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Common Name 

(Species Name) 

Status* Habitat Requirements Potential for Occurrence 

in Project Area 

Yellow-Billed Cuckoo 

(Coccyzus 

americanus) 

T Range: The Yellow-billed cuckoo ranges from 

Canada to South America, and may be found in 

southern, central, and northeastern Arizona.  

The highest concentrations in Arizona are along 

the Agua Fria, San Pedro, upper Santa Cruz, and 

Verde river drainages, and Cienega and Sonoita 

creeks. 

Habitat: The species prefers habitats of 

streamside cottonwood, willow groves, and 

mesquite bosques for migrating and breeding.  

Dense understory foliage appears to be an 

important factor in nest site selection. 

Elevation: 90 to 6,710 feet in AZ 

Does not occur. 

Vegetation found within 

the project area has 

none of the documented 

and required habitat 

elements for this 

species. Lack of suitable 

riparian habitat 

necessary for breeding 

and foraging 

Flowering Plants 

Huachuca water-

umbel (Lilaeopsis 

schaffneriana var. 

recurva) 

E Range: The species’ range includes 

southwestern New Mexico to southeastern 

Arizona and adjacent Sonora, Mexico. Within 

Arizona, disjunct populations are located in 

Cochise and Santa Cruz counties in the 

Huachuca Mountains, San Pedro area, and San 

Bernardino Valley/Black Draw, and in Santa 

Cruz County in the Canelo Hills/Turkey Creek, 

Sonoita Creek and San Rafael Valley. 

Habitat: Cienegas or marshy wetlands in 

Sonoran desertscrub, grassland or oak 

woodland, and conifer forest. The species 

requires perennial water with gentle stream 

gradients. 

Elevation: 2,000 to 6,000 feet 

Does not occur. No 

suitable riparian habitat 

in the project area. 

Wright's Marsh 

thistle (Cirsium 

wrightii) 

C Range: Currently occurs in New Mexico; 

however, it has been extirpated from all 

previously known locations in Arizona. 

Historically from San Bernardino Cienega on 

what is now the U.S. Fish and Wildlife Service, 

San Bernardino National Wildlife Refuge, 

Cochise County. 

Habitat: Wet, alkaline soils in spring seeps, 

cienegas, and marshy edges of streams and 

ponds, in otherwise semi-arid to arid areas. 

Elevation: 3,450 - 8,500 feet 

Does not occur. The 

species is considered to 

be extirpated from AZ, 

and no suitable riparian 

habitat in the project 

area. 
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Common Name 

(Species Name) 

Status* Habitat Requirements Potential for Occurrence 

in Project Area 

Mammals 

Jaguar (Panthera 

onca) 

E Range.  Historically, the jaguar’s range extended 

from southern Brazil and Argentina north 

through South and Central America, then along 

the coasts and the western mountains of Mexico 

into the southwestern United States as far north 

as the Grand Canyon (AGFD 2013).  Isolated 

jaguars have been reported in southeastern 

Arizona, and these sightings led to the 

designation of critical habitat for the species in 

Pima, Santa Cruz, and Cochise counties in 

Arizona (79 FR 12571). 

Habitat.   In Arizona and New Mexico, jaguars 

are known to have occurred in habitats ranging 

from desert grassland to montane-conifer forest. 

Their movement corridors in the American 

Southwest and northern Mexico are not well 

known but probably include a variety of upland 

habitats that connect some of the isolated, 

rugged mountains, foothills, and ridges in this 

region. 

Unlikely to occur. 

Isolated jaguars have 

been reported in 

southeastern Arizona; 

these jaguars are 

considered to be part of 

populations in Mexico. 

Lesser Long-Nosed 

bat (Leptonycteris 

curasoae 

yerbabuenae) 

E Range: Migrates from central Mexico and arrives 

in Arizona, New Mexico, and adjoining portions 

of Sonora, Mexico in April.  Move from the 

southwestern part of the state to the 

southeastern part over the summer, and returns 

to central Mexico by September. 

Habitat: Requires caves and mines for roost 

sites (maternity, male-only, late-summer, and 

night roosts are used differently) and access to 

healthy stands of saguaro cactus and paniculate 

agaves for foraging. 

Elevation: <3,500 feet but may range up to 

7,320 feet 

Does not occur.   

No suitable roosting or 

foraging habitat in 

project vicinity. 

Ocelot (Leopardus 

(=felis) pardalis) 

E Range: Southern Texas and southern Arizona, 

through Central and South America into 

northern Argentina and Uruguay. Listed 

endangered throughout its range in the western 

hemisphere. 

Habitat: Species prefers dense cover or 

vegetation of forests or thorscrub with high prey 

populations and generally avoid open areas. 

Elevation: below 4,000 feet 

Does not occur.   

The species is very rare 

in Arizona, and the 

project area does not 

have any dense, forested 

habitat. 
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Common Name 

(Species Name) 

Status* Habitat Requirements Potential for Occurrence 

in Project Area 

Reptiles 

Northern Mexican 

gartersnake 

(Thamnophis eques 

megalops) 

T Range: Current range includes fragmented 

populations within the middle and upper Verde 

River drainage, middle and lower Tonto Creek, 

and the upper Santa Cruz River, as well as in a 

small number of isolated wetland habitats in 

southeastern Arizona. Status in New Mexico is 

uncertain; however, it is likely extirpated.  

Habitat: Strongly associated with permanent 

water with vegetation, including stock tanks, 

ponds, lakes, cienegas, cienegas, streams, and 

riparian woods. In New Mexico, this snake is 

known from the lower Gila River basin, along 

Duck and Mule creeks in Grant County. 

Elevation:  3,000-5,000 feet; up to 8,500 feet. 

Does not occur. No 

suitable riparian habitat 

exists in the project area. 

*USFWS Status Definitions: 

E = Endangered.  The ESA specifically prohibits the take of a species listed as endangered.  Take is defined by 

the ESA as: to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to engage in any such 

conduct. 

T = Threatened.  The ESA specifically prohibits the take of a species listed as threatened.  Take is defined by 

the ESA as: to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to engage in any such 

conduct. 

PT = Proposed Threatened.  Species in this category are currently in the process of being listed as threatened 

species under the ESA.  Due to the pending uplisting, these species are treated as though listed as threatened.  

C = Candidate.  Candidate species are those for which USFWS has sufficient information on biological 

vulnerability and threats to support proposals to list as endangered or threatened under the ESA.  However, 

proposed rules have not yet been issued because they are precluded by other listing activity that is a higher 

priority.  This listing category has no legal protection, but some federal agencies have developed guidelines 

and measures to reduce impacts to candidate species. 

EXPN = Experimental Non-essential Population.  A species listed as experimental and non-essential.  

Experimental, nonessential populations of endangered species are treated as threatened species on public 

land for consultation purposes and as species proposed for listing on private land. 
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