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Los Alamos Sediment Grade Control Structures 
DP Canyon and Pueblo Canyon 

 
 
Executive Summary 
 
The following report was prepared by PBS&J for the Department of Energy’s Los 
Alamos National Laboratory (LANL) to summarize the analysis and design efforts to 
assist LANL in implementation of mitigation actions in Delta Prime (DP) Canyon and 
Pueblo Canyon in the vicinity of Los Alamos, New Mexico. 
 
The project consists of the construction of grade-control structures in DP Canyon and 
Pueblo Canyon.  The approximate location of the proposed DP Canyon grade-control 
structure is down canyon from the 21-011(k) outfall at Technical Area 21 and near the 
site of the current E039 gaging station at the east end of reach DP-2.  The approximate 
location of the proposed Pueblo Canyon grade control structure is 400 feet downstream 
of the current E060 gaging station. 
 
The proposed structures are part of a number of mitigation actions taken to reduce the 
migration of contaminated sediment.  The primary objectives of the structure in DP 
Canyon are to reduce erosive flow energy and to induce upstream aggradation 
(sediment deposition) that will fill the channel and partially bury the existing sediments in 
the floodplain. 
 
The primary objectives of the structure in Pueblo 
Canyon are to reduce erosive flow energy and to 
induce upstream aggradation (sediment 
deposition) that will fill the channel, re-establish 
and extend the wetland down canyon and 
establish a new grade that provides stability to the 
channel headcuts near the E060 stream gage 
station. The new channel slope will help repair the 
degraded channel and prevent the further 
upstream migration of the headcuts.  The headcut 
regions will be replaced with a broad aggraded 
wetland surface where floodwaters will spread and further increase sediment 
deposition.   
 
Grade control structures were designed for both sites to accomplish these objectives.  
The following is a summary of each proposed structure for this project: 
 
Pueblo Canyon 
 
The proposed structure is composed of gabions with a 30-foot low flow weir width at 4 
feet above the low point in the existing stream (thalweg) and a 171-foot overflow weir at 
3 feet above the low flow weir.  The 5-year flow was used to design a low flow notch.  
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The 100 year flow was used to determine the rest of the weir dimensions (the upper 
notch and confinement walls) and to calculate the energy dissipation (stilling) basin 
dimensions and end sill heights. 
 
The initial design crest of the low flow notch is 4 feet above the existing ground but can 
go as high as 8 feet. The structure will include a 350-foot earthen guide berm in the 
floodplain to prevent erosion caused by water as it is collected and funneled toward the 
structure opening.  The elevations of the berm, as it projects upstream, are designed to 
capture all the flows up to the 100-year flood with the assumption that the ultimate 
sedimentation in the channel, due to the structure, has occurred. 
 
A perforated and slotted riser pipe will be placed approximately 50 feet upstream of the 
structure to assist in releasing water stored upstream.  This pipe is connected to 
another pipe that goes through the gabion structure and outlets to the stilling basin.  
Before the flow event occurs, the slot elevation is placed at the elevation of the low flow 
notch to assure that maximum water surface elevations are achieved to induce 
sediment settling.  After the event, the perforations on the pipe allow dewatering.  
However, if the rate of dewatering is not sufficient to meet standards or the perforations 
are plugged by debris, the slots in the pipe can be removed as needed to accelerate the 
dewatering process. 
 
DP Canyon 
 
The proposed structure is composed of gabions with a 21-foot low flow weir width at 4 
feet above the lowest elevation in the existing stream (thalweg) and a 54-foot overflow 
weir at 3 feet above the low flow weir.  The 5-year flow was used to design the low flow 
notch.  The 100-year flow was used to determine the rest of the weir dimensions (the 
upper notch and confinement walls) and to calculate the energy dissipation (stilling) 
basin dimensions and end sill heights. 
 
The initial design crest of the low-flow notch is 4 feet above the existing ground but can 
go as high as 7.5 feet. 
 
A perforated and slotted riser pipe will be placed approximately 50 feet upstream of the 
structure to assist in releasing water stored upstream.  This pipe is connected to an 
outfall pipe that goes through the gabion structure and outlets to the stilling basin or 
plunge pool.  Before the flow event occurs, the slot elevation is placed at the elevation 
of the low-flow notch to assure that maximum water surface elevations are achieved to 
induce sediment settling.  After the event, the perforations on the pipe allow dewatering.  
However, if the rate of dewatering is not sufficient to meet standards or the perforations 
are plugged by debris, the slots in the pipe can be removed as needed to accelerate the 
dewatering process. 
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General 
 
A Technical Design Description narrative describing the objectives and design elements 
for each grade control structure is provided in Sections II and III of the following report.  
In addition to the analysis already conducted, geotechnical explorations were recently 
conducted at both sites confirming anticipated site conditions.  To further refine our 
designs and capture a baseline for future site comparisons, an aerial topographic 
(LiDAR) and photographic survey will be performed prior to the start of construction.  
This high-resolution LiDAR survey may also reveal that the requirement for perforated 
and slotted riser pipes are no longer necessary because there will be sufficient soil 
excavated during the construction of the grade control structures, as well as 
downstream contaminated sediments, to create conditions similar to the eventual 
wetland grades.  The HEC-RAS hydraulic modeling analysis performed in the design of 
the grade control structures is provided in Appendix A (on CD).  Construction plans for 
the structures are provided in Appendix B.  
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Technical Design Description: 
Pueblo Canyon Grade Control Structure 

 
General Project Description 
 
The project consists of the construction of a grade-control structure within the 
Department of Energy's Los Alamos National Laboratory (LANL) in the vicinity of Los 
Alamos, New Mexico.  The structure is located within Pueblo Canyon and is referred to 
as the Pueblo Canyon grade control structure. The approximate location of the 
proposed Pueblo Canyon grade control structure is approximately 400 feet downstream 
of the current E060 gaging station.   
 
The proposed structure is part of mitigation actions being implemented to reduce the 
migration of contaminated sediment. 
 
Project Objectives 
 
The primary objectives of the structure in Pueblo Canyon are to reduce erosive flow 
energy and to induce upstream aggradation (sediment deposition) that will re-establish 
and extend the existing wetland down canyon, and establish a new grade that provides 
stability to the channel headcuts near the existing E060 stream gage station. The new 
channel slope will help repair the degraded channel and prevent the further upstream 
migration of the headcuts.  The headcut regions will be replaced with a broad aggraded 
wetland surface where floodwaters will spread and further increase sediment 
deposition.  The proposed structure location is downstream of the current wetland 

headcut area and upstream of the 
channel constriction adjacent to the 
highway.  These goals will be 
accomplished by establishing an 
adaptable base level above the 
existing channel elevation and close to 
the historic channel invert (wetland 
surface) before the headcutting began.  
A re-established and stable terminus 
of the wetland surface will reduce 
erosion of contaminated sediment and 
eliminate headcut formation.  If 
possible, contaminated sediments that 
are located down canyon of the 
structure and are subject to erosion 

will be excavated and placed as fill material upgradient of the structure.  This transfer of 
sediment will all occur within the footprint of the Area of Concern.  Filling of the basin 
upgradient of the grade-control structure as part of the construction phase is expected 
to significantly accelerate re-establishment of the wetland and raising of the water table 
because low sediment delivery rates are expected in Pueblo Canyon due to wetland 
trapping efficiency.   
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Hydrology 
 
Hydrologic analysis has been performed to provide design parameters for the proposed 
gabion drop control structure at Pueblo Canyon.  This analysis is based on stream gage 
data, topographic information, a site visit and the geomorphic and climatologic 
conditions of the project area.  The basin area is within the arid to semi-arid higher-
elevation mountains of New Mexico and contains ephemeral stream systems.  Flood 
flow frequency estimates for the drop structure location were based on applying 
statistical techniques to stream gage information within the project area and utilizing 
regional USGS regression formulas.  The table below presents the flood frequency 
results for the project site.  One column in the table is based upon the U.S. Army Corps 
of Engineers statistical computer program, HEC-FFA. 
 

Pueblo Canyon Flood Frequencies 
Percent Chance 

Exceedance USGS Small USGS Rural FFA 

0.2 (500 yr) 4,690 6,340 5,200 

1 (100 yr) 2,740 3,380 3,570 

2 (50 yr) 2,060 2,440 2,970 

10 (10 yr) 932 1,000 1,770 

20 (5 yr) 593 591 1,320 

50 (2 yr) 245 225 768 
 
The gage data used for this analysis includes the most recent six years of record as a 
basis for estimating future runoff response to rainfall.  In addition, the USGS regression 
formulas are based on regional analysis of gage data. 
 
For this project site, there are two possible USGS regression sets of formulas to use.  
The USGS has established a set of equations for watersheds having drainage areas 
less than 10 square miles (Pueblo Canyon drainage area is approximately 8.4 square 
miles) and a mean basin elevation less than 7,500 feet, NGVD (Pueblo Canyon mean 
basin elevation is 7,340 feet, NGVD) (USGS Small); and a set of equations for rural 
watersheds within the Central Mountain Valley (USGS Rural).  For this watershed, the 
USGS Small regression equations would appear to be the more appropriate, given the 
basin size.  With regard to the FFA analysis, the Pueblo Canyon FFA is based on 
statistical analysis of a very short record base.  Since the stream gage is located very 
near the proposed project location, no adjustments to the results were deemed 
necessary.  However, although the FFA results are more conservative, the USGS Small 
regression results were adopted.  To accommodate the uncertainty at the high flows 
and potential effects of additional runoff generated from development within the Los 
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Alamos town site, a safety factor was incorporated by raising the side walls of the 
structure above the design elevation required to contain the 100-yr flood. 
 
Development of the HEC-RAS Hydraulic Models 
 
To determine the hydraulic effects of the proposed structure, HEC-RAS models were 
developed.  The HEC-RAS (Version 4.0) models were constructed using the most 
recent topographic data and GIS techniques for cross section development.  An existing 
conditions model was constructed, calibrated to the best extent, and the water surface 
elevations for the 2-, 5-, 10-, 50-, and 100-year return interval peak flood discharges 
were simulated and plotted.  All subsequent models utilized these peak flood 
discharges.  A proposed conditions model (with grade control), without accumulated 
sedimentation behind the structure, was constructed, simulated and plotted.  The HEC-
RAS In-line weir option was used to model the grade control structure.  A proposed 
condition model, with sedimentation, was created to simulate the change in the 
streambed elevations due to anticipated long term deposition of sediment (described in 
a later section) upstream of the grade control structure.  These 3 conditions, existing, 
grade control structure without sediment deposits, and grade control structure with 
sediment deposits, were compared and analyzed.  Results of the HEC-RAS hydraulic 
modeling analysis for the Pueblo Canyon structure are provided in Appendix A of this 
report. 
 
Grade Control Structure Design 
 
The structure will primarily be composed of gabions, which are relatively small rocks 
enclosed in wire baskets and generally consist of standard 3’ x 3’ x 6’ gabions (2 
attached 3’ x 3’ x 3’ gabions).  Since the 
gabion drop structure would initially be 
unsupported and act as a retaining 
structure, the gabion design requires 
sufficient mass to prevent slippage and/or 
overturning.  The design of the structure 
required the raising of the water surface 
elevations for the more frequent flood 
events (5-year) such that the sediment 
deposition occurred immediately 
upstream of the structure yet minimizes 
the backwater effects of the rare flood 
events (50 to 100-year). 
 
The gabion design included buttress structures upstream of the drop as well as 
founding the structure at least 3’ below natural grade.  The reason for the buttress 
gabions being upstream include: providing an uplift of the flow of water approaching the 
weir for better efficiency; and preventing constant attack of the buttress gabion structure 
from debris flow that may contain boulders, trees and other such objects.  Buttress 
gabions in the downstream area will dissipate energy.  However, the weirs in this area 
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are relatively low, being one gabion basket above the apron area.  The top of the drop 
structure will have flow directed onto benches below the top elevation.  With this flow 
directed to the stilling floor, energy will be dissipated through the benches. 
 
The upstream face of each structure will be wrapped in a geotextile material (based on 
gradation analysis of the stream sediment) to minimize the transport of fine sediments 
during the early stages of operation as well as prevent water leaking though the 
structure.  The material will be buried by backfill using streambed material to stabilize 
the geotextile and add impermeability.  In addition, 3-inch concrete caps will be applied 
to the low flow weir crests to protect against potential damage from scouring and debris.  
 
The 5-year flow was used to design a low flow notch (described in a later section).  The 
100 year flow was used to determine the rest of the weir dimensions (the upper notch 
and confinement walls) and to calculate the energy dissipation (stilling) basin 
dimensions and end sill heights, utilizing the Corps of Engineers HEC hydraulic Design 
Chart 623.  A 50 year design was considered but since the increase in design height to 
contain the 100 year event was less than 0.6 feet, the design was based upon the 100 
year peak flood event.  This resulted in minimal increase in cost as well as provided 
additional structural safety.  Structural integrity of the grade control structures, with and 
without saturated sediment against the upstream face, was evaluated by a licensed 
structural engineer. 
 
Structural measures are made to accommodate a stream gage with water quality 
sampling and coordinated with a stream gage and water quality sampling 
instrumentation professional.   
 
Design of the Grade Control Low Flow Notch 
 
A low flow rectangular notch was sized to induce the design volumes and location of 
deposition in the upstream areas.  The width and depth of the notch was determined 
using regime equations and assuming that the 5-year discharge is a “channel forming” 
discharge; a common practice for arid to semi-arid regions.  This notch is laterally 
placed where the natural thalweg of the stream is located.  The height of the notch was 
determined by examining the design deposition slope (described in the next section) 
and adjusting it vertically to maximize deposition on the overbank sediments, safely 
pass the 100-year flood, and still be a stable structure.  The initial height of the notch is 
4 feet above the existing ground.  This height can be varied as described in the 
Adaptive Management Feature section.  The stilling basin below the low flow notch is 
designed to release the energy of the turbulent water flow resulting in low energy, 
laminar flows downstream of the structure. 
 
Sediment Deposition Profile Analysis 
 
The profile of the anticipated sedimentation behind the grade control structure was 
based upon equilibrium slope analyses and using engineering judgment to select an 
appropriate slope.  The equilibrium slope is the theoretical slope which the stream 
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would eventually reach.  This slope is projected upstream, starting at the low flow weir 
notch elevation, to determine the depths that will cover the contaminated sediments in 
the floodplain and the potential wetland extents.  This deposition profile was used to 
adjust the cross section geometry in the HEC-RAS models to determine the water 
surface elevations for the various frequency floods.  This predicts the water surface 
profiles for ultimate conditions. 
 
Location of the Pueblo Canyon Grade Control Structure 
 
In general, the orientation of the weir portion of the grade control structure will be 
perpendicular to the approach flow line and the downstream energy dissipation basin 
should exit into the relatively straight portion of the channel.  Looking in plan view, the 
proposed structure location is very near a bend in the stream and the water 
approaching the weir portion of the structure will slightly deviate from the perpendicular 
to the orientation of the weir as is the traditional guidance.  Also, the energy dissipation 
apron is placed downstream of the structure, and as the water exits, it will have to 
immediately make a slight turn to follow the natural path of the stream.  Although the 
guidelines are not fully met, the structure was positioned to minimize these concerns, 
given the need to drown out the headcuts. 
 
Guide Berm for the Pueblo Canyon Grade Control Structure 
 
Looking in the upstream direction, the right side of the overbank area could easily 
capture the stream if a large flood occurred.  This would result in bypassing the 
proposed grade control structure and defeating its purpose.  Reinforcing this concern is 
the observation of headcuts (vertical streambed scour that progresses upstream) that 
were initiated downstream of the proposed structure that extend from the main channel 

into the right overbanks.  If the headcut 
is fed flood flows from the overbank, it 
would progress upstream, reconnect 
with the main stream upstream of the 
structure, and eventually bypassing the 
grade control structure.  To address this 
concern, an interception berm is 
designed that starts at the right side of 
the grade control structure (looking in 
the upstream direction) and starting at 
the same top elevation of the structure.  
This berm will extend laterally until it 
encounters the valley wall.  The berm 
will be embedded into the floodplain to 

prevent erosion caused by water as it is collected and funneled toward the structure 
opening.  The elevations of the berm, as it projects upstream, are designed to capture 
all the flows up to the 100 year flood with the assumption that the ultimate 
sedimentation in the channel, due to the structure, has occurred.  Because the 
upstream side of the berm would be subject to toe scour as the water is directed toward 
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the grade control structure, the berm’s bottom elevation at the structure is as the bottom 
elevation of the structure and tapers up and laterally for about 100 feet until it reaches 
the design berm embedment depths in the overbanks. 
 
Adaptive Management Features 
 
Predictions of the sediment deposition in the upstream overbank areas can vary from 
the design due to variations in the stream flow, changes in the sediment characteristics 
and other factors.  To add design flexibility, an additional vertical column of gabions is 
added to the structure.  This will add a thicker upper weir foundation that would enable 
adjustment of the low notch weir crest utilizing addition of row(s) of gabions or gabion 
mattresses (also called Reno mattresses), up to the crest of the 100-year overflow weir.  
This gives opportunities to accelerate the deposition and to increase or decrease the 
sediment deposition elevations in the areas upstream of the structures.  For the Pueblo 
Canyon structure, the initial design crest of the low flow notch is 4 feet above the 
existing ground but can go as high as 8 feet.  This additional column of weirs does not 
affect the structural integrity of the structures and will, in fact, increase it.   
 
When a flow event occurs, the structure will cause an impoundment of the water 
allowing settling of suspended sediment.  After the event has receded and the majority 
of the suspended sediment has settled, the standing water must be released 
downstream.  To assist in this, a perforated and slotted riser pipe will be placed 
approximately 50 feet upstream of the structure.  This pipe is connected to another pipe 
that goes through the gabion structure and outlets to the stilling basin.  Before the flow 
event occurs, the slot elevation is placed at the elevation of the low flow notch to assure 
that maximum water surface elevations are achieved to induce sediment settling.  After 
the event, the perforations on the pipe will allow dewatering.  However, if the rate of 
dewatering is not sufficient to meet standards or the perforations get plugged by debris, 
the slots in the pipe can be removed, one at a time as needed, to accelerate the 
dewatering process. 
 
Storm Water Pollution Prevention Plans (SWPPP) 
 
Storm Water Pollution Prevention Plans (SWPPP) and erosion control plans have been 
prepared to assure the use of Best Management Practices (BMP’s) and maximum 
protection to the environment during and after construction.  Erosion and sediment 
control measures are in accordance with the New Mexico Environment Department 
requirements and the Watershed Protection Section’s work plan guidelines.  The design 
team has worked closely with LANL’s environmental specialists to provide a plan that is 
sensitive to the environment and provides maximum protection against the offsite 
transport of pollutants with particular attention to the protection of adjacent wetlands.  
The protocols of the SWPPPs conform to the LANL’s format.  These plans were 
prepared under the direction of Dr. Williams, who is a Certified Professional in Erosion 
and Sediment Control (CPESC). 
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Technical Design Description: 
DP Grade Control Structure 

 
General Project Description 
 
The project consists of the construction of a grade stabilization structure within the 
Department of Energy's Los Alamos National Laboratory (LANL) in the vicinity of Los 
Alamos, New Mexico.  The structure will be located within DP Canyon and is referred to 
as the DP Canyon grade control structure. The approximate location of the proposed 
DP Canyon grade control structure is down canyon from the outfall at Technical Area 21 
and near the site of the current E039 gaging station at the east end of reach DP-2.  
 
The proposed structure is part of remedial actions taken to reduce the migration of 
contaminated sediment.  A beneficial result of the grade control is the expansion and 
enhancement of wetland areas upstream of the structure.   
 
Project Objectives 
 
The primary objectives of the structure 
in DP Canyon are to reduce erosive flow 
energy and to induce upstream 
aggradation (sediment deposition) that 
will fill the channel and partially bury the 
existing sediments in the floodplain.  
This goal will be accomplished by 
establishing an adaptable base level 
above the existing channel elevation. 
Aggradation within the channel 
upstream of the structure will reduce 
erosion of contaminated stream banks 
and overbank areas during significant 
discharge events.  A sediment-filled 
channel will cause flood flows to spill into the overbank more frequently.  Overbank 
flows will contain sediments originating from reaches upstream and through deposition, 
bury existing contaminated floodplain deposits.  These actions will also result in 
enhanced conditions for additional wetlands establishment and sustainability. 
 
The New Mexico dam safety law, contained in New Mexico Statutes Annotated Chapter 
72, 1985 Repl. Pamphlet, originally enacted in 1907, stipulates the conditions for 
declaring a hydraulic structure as a dam.  Regulations related to dam safety are found 
in the Manual of Rules and Regulations Governing the Appropriation and Use of 
Surface Waters of the State of New Mexico (Manual), last revised in 1987.  Under these 
rules and regulations, dams are declared as such when the structure is more than 10 
feet in height (measured from original invert to the top of the low spillway) or are 
capable of impounding more than 10 acre-feet of water.  The DP Canyon grade control 
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structure does not exceed either of these limitations and therefore is not classified as a 
dam.  This releases the requirements for further analyses for dam safety. 
 
Hydrology 
 
Hydrologic analysis has been performed to provide design parameters for the proposed 
gabion drop control structure at the DP Canyon.  This analysis is based on stream gage 
data, topographic information, a site visit and the geomorphic and climatologic 
conditions of the project area.  The basin area is within the arid to semi-arid higher-
elevation mountains of New Mexico and contains ephemeral stream systems.  While the 
upper portion of the DP Basin is almost entirely developed, the lower portion of the DP 
basin, within the Canyon, is not.  Flood flow frequency estimates for the drop structure 
location were based on applying statistical techniques to stream gage information within 
the project area and using regional USGS regression formulas.  The table below 
presents the flood frequency results for the project site.  Two columns in the table are 
based upon the U.S. Army Corps of Engineers statistical computer program, HEC-FFA. 
 
 

DP Canyon Flood Frequencies 
Percent Chance 

Exceedance 
FFA at Gage 

E038 
FFA Extended to 

Project Site USGS Regression 

0.2 (500 yr) 372 523 998 

1 (100 yr) 333 465 601 

2 (50 yr) 316 438 468 

10 (10 yr) 274 374 226 

20 (5 yr) 253 343 149 

50 (2 yr) 218 289 68 
 
 
The gage data used for this analysis includes the most recent six years of record as a 
basis for estimating future runoff response to rainfall. In addition, the USGS regression 
formulas are based on regional analysis of gage data. 
 
The DP Canyon stream gage (Gage E038) is located upstream of the proposed drop 
structure site.  Therefore, the FFA results were modified to reflect the larger drainage 
basin at the project location (From the table above, FFA Extended to Project Site).  This 
was done by multiplying the results by the ratio of the drainage area at the project site to 
the drainage area at the gage location to the power of the drainage area factor as 
recommended by the USGS for this region.  In review of the results, the FFA extended 
discharge-frequencies are higher for the more frequent events (2 to 10 year floods) and 
becoming smaller for the more rare events (50 to 500 year floods).  This may be 
explained by the fact that this watershed has a large area that has become urbanized.  
The USGS regression equation generally accounts for rural or undeveloped areas and 
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thus would miss the higher runoff from more frequent rainfall events that would not 
produce runoff in undeveloped arid and semi-arid conditions.  The FFA results are 
based on just a few years of information that do not contain a rare event flood and thus 
misses the higher end of the frequency range (higher flows).  Since the geomorphic 
design for DP Canyon is based upon the more frequent lower flow, the FFA was 
adopted.  The higher flows (50 to 100 year) are used to assure that the structure can 
safely pass these flows.  To accommodate the uncertainty at the high flows, a safety 
factor was incorporated by raising the side walls of the structure above the design 
elevation required to contain the 100-yr flood. 
 
Development of the HEC-RAS Hydraulic Models 
 
To determine the hydraulic effects of the proposed structure, HEC-RAS models were 
developed.  The HEC-RAS (Version 4.0) models were constructed using the most 
recent topographic data and GIS techniques for cross section development.  An existing 
conditions model was constructed, calibrated to the best extent, and the water surface 
elevations for the 2-, 5-, 10-, 50-, and 100-year peak flood discharges were simulated 
and plotted.  All subsequent models utilized these peak flood discharges.  A proposed 
conditions model (with grade control), without accumulated sedimentation behind the 

structure, was constructed, simulated and 
plotted.  The HEC-RAS In-line weir option 
was used to model the grade control 
structure.  A proposed condition model, with 
sedimentation, was created to simulate the 
change in the streambed elevations due to 
anticipated long term deposition of sediment 
(described in a later section) upstream of the 
grade control structure.  These 3 conditions, 
existing, grade control structure without 
sediment deposits, and grade control 
structure with sediment deposits, were 
compared and analyzed.  Results of the HEC-
RAS hydraulic modeling analysis for the 
Pueblo Canyon structure are provided in 
Appendix A of this report. 

 
Grade Control Structure Design 
 
The structure will primarily be composed of gabions, which are relatively small rocks 
enclosed in wire baskets and generally consist of standard 3’ x 3’ x 6’ gabions (2 
attached 3’ x 3’ x 3’ gabions).  Since the gabion drop structure would initially be 
unsupported and act as a retaining structure, the gabion design requires sufficient mass 
to prevent slippage and/or overturning.  The design of the structure required the raising 
of the water surface elevations for the more frequent flood events (5-year) such that the 
sediment deposition occurred immediately upstream of the structure yet minimizes the 
backwater effects of the rare flood events (50 to 100-year). 
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The gabion design included buttress structures upstream of the drop as well as 
founding the structure at least below natural grade.  The reason for the buttress gabions 
being upstream include: providing an uplift of the flow of water approaching the weir for 
better efficiency; and preventing constant attack of the buttress gabion structure from 
debris flow that may contain boulders, trees and other such objects.  Buttress gabions in 
the downstream area will dissipate energy.  However, the weirs in this area are 
relatively low, being one gabion basket above the apron area.  The top of the drop 
structure will have flow directed onto benches below the top elevation.  With this flow 
directed to the stilling floor, energy will be dissipated through the benches. 
 
The upstream face of each structure will be wrapped in a geotextile material (based on 
gradation analysis of the stream sediment) to minimize the transport of fine sediments 
during the early stages of operation as well as prevent water leaking though the 
structure.  The material will be buried by backfill using streambed material to stabilize 
the geotextile and add impermeability.  In addition, 3-inch concrete caps will be applied 
to the low flow weir crests to protect against potential damage from scouring and debris.  
 
The 5-year flow was used to design a low flow notch (described in a later section).  The 
100 year flow was used to determine the rest of the weir dimensions (the upper notch 
and confinement walls) and to calculate the energy dissipation (stilling) basin 
dimensions and end sill heights, utilizing the Corps of Engineers HEC hydraulic Design 
Chart 623.  A 50 year design was considered but since the increase in design height to 
contain the 100 year event was less than 0.1 feet, the design was based upon the 100 
year peak flood event.  This resulted in minimal increase in cost as well as provided 
additional structural safety.  Structural integrity of the grade control structures, with and 
without saturated sediment against the upstream face, was evaluated by a licensed 
structural engineer. 
 
Structural measures are made to accommodate a stream gage with water quality 
sampling and coordinated with a stream gage and water quality sampling 
instrumentation professional.   
 
Design of the Grade Control Low Flow Notch 
 
A low flow rectangular notch was sized to induce the design volumes and location of 
deposition in the upstream areas.  The width and depth of the notch was determined 
using regime equations and assuming that the 5-year discharge is a “channel forming” 
discharge; a common practice for arid to semi-arid regions.  This notch is laterally 
placed where the natural thalweg of the stream is located.  The height of the notch was 
determined by examining the design deposition slope (described in the next section) 
and adjusting it vertically to maximize deposition on the overbank sediments, safely 
pass the 100-year flood, and still be a stable structure.  The initial height of the notch is 
4 feet above the existing ground.  This height can be varied as described in the 
Adaptive Management Feature section.  The plunge pool below the low flow notch is 
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designed to release the energy of the turbulent water flow resulting in low energy, 
laminar flows downstream of the structure. 
 
Sediment Deposition Profile Analysis 
 
The profile of the anticipated sedimentation behind the grade control structure was 
based upon equilibrium slope analyses and using engineering judgment to select an 
appropriate slope.  The equilibrium slope is the theoretical slope which the stream 
would eventually reach.  This slope is projected upstream, starting at the low flow weir 
notch elevation, to determine the depths that would cover the contaminated sediments 
in the floodplain and the potential wetland extents.  This deposition profile was used to 
adjust the cross section geometry in the HEC-RAS models to determine the water 
surface elevations for the various frequency floods.  This predicts the water surface 
profiles for ultimate conditions. 
 
Adaptive Management Features 
 
Predictions of the sediment deposition in the upstream overbank areas can vary from 
the design due to variations in the stream flow, changes in the sediment characteristics 
and other factors.  To add design flexibility, an additional vertical column of gabions is 
added to the structure.  This will add a thicker upper weir foundation that will enable 
adjustment of the low notch weir crest utilizing additional row(s) of gabions or gabion 
mattresses (also called Reno mattresses), up to the crest of the 100-year overflow weir.  
This gives opportunities to accelerate the deposition and to increase or decrease the 
sediment deposition elevations in the areas upstream of the structures.  For the DP 
structure, the initial design crest of the low flow notch is 4 feet above the existing ground 
but can go as high as 7.5 feet.  This additional column of weirs does not affect the 
structural integrity of the structures and will, in fact, increase it.   
 
When a flow event occurs, the structure will cause an impoundment of the water 
allowing settling of suspended sediment.  After the event has receded and the majority 
of the suspended sediment has settled, the standing water must be released 
downstream.  To assist in this, a perforated and slotted riser pipe is place approximately 
50 feet upstream of the structure.  This pipe is connected to an outfall pipe that goes 
through the gabion structure and outlets to the stilling basin or plunge pool.  Before the 
flow event occurs, the slot elevation is placed at the elevation of the low flow notch to 
assure that maximum water surface elevations are achieved to induce sediment 
settling.  After the event, the perforations on the pipe will allow dewatering.  However, if 
the rate of dewatering is not sufficient to meet standards or the perforations get plugged 
by debris, the slots in the pipe can be removed, one at a time as needed, to accelerate 
the dewatering process. 
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Storm Water Pollution Prevention Plans (SWPPP) 
 
Storm Water Pollution Prevention Plans (SWPPP) and erosion control plans have been 
prepared to assure the use of Best Management Practices (BMP’s) and maximum 
protection to the environment during and after construction.  Erosion and sediment 
control measures are in accordance with the New Mexico Environment Department 
requirements and the Watershed Protection Section’s work plan guidelines.  The design 
team has worked closely with LANL’s environmental specialists to provide a plan that is 
sensitive to the environment and provides maximum protection against the offsite 
transport of pollutants with particular attention to the protection of adjacent wetlands.  
The protocols of the SWPPPs conform to the LANL’s format.  These plans were 
prepared under the direction of Dr. Williams, who is a Certified Professional in Erosion 
and Sediment Control (CPESC). 
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HEC-RAS  Plan: DPCanyonExist   River: DP_1   Reach: reach_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)  

reach_1 1250.00 2yr 289.00 7037.20 7038.95 7039.22 0.006109 4.21 68.72 60.49 0.70

reach_1 1250.00 5yr 343.00 7037.20 7039.10 7039.40 0.005640 4.40 78.16 62.23 0.68

reach_1 1250.00 10yr 374.00 7037.20 7039.18 7039.50 0.005450 4.50 83.33 63.17 0.68

reach_1 1250.00 50yr 438.00 7037.20 7039.35 7039.69 0.005094 4.70 94.02 65.31 0.67

reach_1 1250.00 100yr 465.00 7037.20 7039.41 7039.77 0.004992 4.78 98.32 66.19 0.67

reach_1 1200.00 2yr 289.00 7036.26 7038.21 7038.21 7038.76 0.012964 5.99 48.28 43.76 1.00

reach_1 1200.00 5yr 343.00 7036.26 7038.34 7038.34 7038.96 0.012809 6.31 54.40 46.29 1.01

reach_1 1200.00 10yr 374.00 7036.26 7038.42 7038.42 7039.07 0.012475 6.48 57.88 47.67 1.01

reach_1 1200.00 50yr 438.00 7036.26 7038.56 7038.56 7039.28 0.011928 6.81 65.02 50.39 1.01

reach_1 1200.00 100yr 465.00 7036.26 7038.63 7038.63 7039.37 0.011560 6.91 68.35 51.61 1.00

reach_1 1150.00 2yr 289.00 7035.00 7036.92 7036.92 7037.52 0.012814 6.17 46.84 40.30 1.01

reach_1 1150.00 5yr 343.00 7035.00 7037.08 7037.08 7037.72 0.012405 6.45 53.21 42.06 1.01

reach_1 1150.00 10yr 374.00 7035.00 7037.15 7037.15 7037.84 0.012447 6.68 56.03 42.63 1.02

reach_1 1150.00 50yr 438.00 7035.00 7037.31 7037.31 7038.06 0.011705 6.98 62.96 44.01 1.01

reach_1 1150.00 100yr 465.00 7035.00 7037.37 7037.37 7038.15 0.011519 7.12 65.71 44.58 1.00

reach_1 1100.00 2yr 289.00 7034.20 7036.33 7036.64 0.006468 4.50 64.26 53.29 0.72

reach_1 1100.00 5yr 343.00 7034.20 7036.49 7036.83 0.006065 4.72 72.77 54.26 0.71

reach_1 1100.00 10yr 374.00 7034.20 7036.57 7036.94 0.005904 4.84 77.35 54.77 0.71

reach_1 1100.00 50yr 438.00 7034.20 7036.74 7037.14 0.005578 5.07 86.77 55.82 0.70

reach_1 1100.00 100yr 465.00 7034.20 7036.81 7037.22 0.005478 5.16 90.58 56.23 0.70

reach_1 1050.00 2yr 289.00 7033.61 7036.10 7036.36 0.004518 4.08 70.78 51.74 0.62

reach_1 1050.00 5yr 343.00 7033.61 7036.27 7036.56 0.004376 4.29 80.13 55.82 0.62

reach_1 1050.00 10yr 374.00 7033.61 7036.37 7036.67 0.004262 4.40 85.41 58.00 0.61

reach_1 1050.00 50yr 438.00 7033.61 7036.56 7036.89 0.004010 4.60 96.83 62.09 0.61

reach_1 1050.00 100yr 465.00 7033.61 7036.63 7036.97 0.003937 4.69 101.52 63.40 0.60

reach_1 1000.00 2yr 289.00 7033.09 7035.37 7035.37 7035.97 0.012829 6.22 46.43 39.44 1.01

reach_1 1000.00 5yr 343.00 7033.09 7035.53 7035.53 7036.18 0.012222 6.48 52.95 42.09 1.00

reach_1 1000.00 10yr 374.00 7033.09 7035.61 7035.61 7036.30 0.011911 6.66 56.36 43.43 1.00

reach_1 1000.00 50yr 438.00 7033.09 7035.76 7035.76 7036.52 0.011605 7.04 62.98 46.00 1.00

reach_1 1000.00 100yr 465.00 7033.09 7035.82 7035.82 7036.61 0.011332 7.15 66.07 47.13 1.00

reach_1 950.00  2yr 289.00 7032.56 7034.83 7035.13 0.005636 4.33 66.69 52.74 0.68

reach_1 950.00  5yr 343.00 7032.56 7034.96 7034.62 7035.30 0.005905 4.67 73.52 54.79 0.70

reach_1 950.00  10yr 374.00 7032.56 7035.03 7034.71 7035.40 0.005964 4.85 77.30 55.90 0.71

reach_1 950.00  50yr 438.00 7032.56 7035.15 7034.85 7035.58 0.006264 5.24 84.08 57.88 0.74

reach_1 950.00  100yr 465.00 7032.56 7035.19 7034.91 7035.65 0.006424 5.40 86.67 58.64 0.75

reach_1 900.00  2yr 289.00 7032.36 7034.21 7034.21 7034.69 0.013737 5.57 51.92 55.15 1.01

reach_1 900.00  5yr 343.00 7032.36 7034.34 7034.34 7034.86 0.013307 5.77 59.44 59.40 1.01

reach_1 900.00  10yr 374.00 7032.36 7034.39 7034.39 7034.95 0.013305 5.97 62.77 61.50 1.02

reach_1 900.00  50yr 438.00 7032.36 7034.52 7034.52 7035.13 0.012540 6.25 70.86 65.97 1.01

reach_1 900.00  100yr 465.00 7032.36 7034.58 7034.58 7035.20 0.012194 6.34 74.45 67.66 1.00

reach_1 850.00  2yr 289.00 7031.28 7033.52 7033.75 0.004286 3.81 75.90 59.46 0.59

reach_1 850.00  5yr 343.00 7031.28 7033.68 7033.93 0.004257 4.03 85.24 63.26 0.60

reach_1 850.00  10yr 374.00 7031.28 7033.75 7034.02 0.004219 4.16 90.26 65.10 0.60

reach_1 850.00  50yr 438.00 7031.28 7033.91 7034.21 0.004179 4.42 100.31 68.65 0.61

reach_1 850.00  100yr 465.00 7031.28 7033.97 7034.29 0.004104 4.50 105.03 70.25 0.61

reach_1 800.00  2yr 289.00 7030.65 7032.85 7032.85 7033.37 0.013435 5.76 50.15 49.65 1.01

reach_1 800.00  5yr 343.00 7030.65 7032.99 7032.99 7033.55 0.012974 6.04 56.88 53.66 1.01

reach_1 800.00  10yr 374.00 7030.65 7033.05 7033.05 7033.65 0.012637 6.20 60.62 55.74 1.01

reach_1 800.00  50yr 438.00 7030.65 7033.20 7033.20 7033.85 0.011730 6.46 69.06 60.19 0.99

reach_1 800.00  100yr 465.00 7030.65 7033.24 7033.24 7033.92 0.011856 6.64 71.70 61.49 1.00

reach_1 750.00  2yr 289.00 7030.00 7031.74 7031.74 7032.24 0.013466 5.65 51.11 52.22 1.01

reach_1 750.00  5yr 343.00 7030.00 7031.86 7031.86 7032.42 0.013407 6.00 57.21 55.16 1.02

reach_1 750.00  10yr 374.00 7030.00 7031.94 7031.94 7032.51 0.012499 6.08 61.77 57.25 1.00

reach_1 750.00  50yr 438.00 7030.00 7032.07 7032.07 7032.70 0.012096 6.41 69.32 62.38 1.00

reach_1 750.00  100yr 465.00 7030.00 7032.12 7032.12 7032.78 0.011751 6.51 72.95 63.55 0.99

reach_1 700.00  2yr 289.00 7029.00 7031.12 7031.36 0.005395 3.94 73.34 64.91 0.65

reach_1 700.00  5yr 343.00 7029.00 7031.30 7031.55 0.004711 4.01 85.59 68.47 0.62

reach_1 700.00  10yr 374.00 7029.00 7031.39 7031.65 0.004449 4.08 91.96 70.25 0.61

reach_1 700.00  50yr 438.00 7029.00 7031.59 7031.86 0.003880 4.17 106.34 74.12 0.59

reach_1 700.00  100yr 465.00 7029.00 7031.67 7031.94 0.003727 4.22 112.07 75.60 0.58

reach_1 650.00  2yr 289.00 7028.00 7030.30 7030.30 7030.93 0.012523 6.37 45.40 36.33 1.00

reach_1 650.00  5yr 343.00 7028.00 7030.46 7030.46 7031.15 0.012144 6.67 51.66 41.93 1.00

reach_1 650.00  10yr 374.00 7028.00 7030.56 7030.56 7031.27 0.011382 6.77 56.05 45.34 0.98

reach_1 650.00  50yr 438.00 7028.00 7030.72 7030.72 7031.50 0.011040 7.14 63.67 50.87 0.99
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HEC-RAS  Plan: DPCanyonExist   River: DP_1   Reach: reach_1 (Continued)

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)  

reach_1 650.00  100yr 465.00 7028.00 7030.79 7030.79 7031.60 0.010609 7.22 67.72 53.50 0.97

reach_1 600.00  2yr 289.00 7027.25 7029.46 7029.46 7029.99 0.013296 5.82 49.69 48.08 1.01

reach_1 600.00  5yr 343.00 7027.25 7029.58 7029.58 7030.17 0.013280 6.18 55.59 50.89 1.02

reach_1 600.00  10yr 374.00 7027.25 7029.67 7029.67 7030.27 0.012283 6.25 60.18 52.98 1.00

reach_1 600.00  50yr 438.00 7027.25 7029.81 7029.81 7030.48 0.011769 6.57 67.70 56.23 0.99

reach_1 600.00  100yr 465.00 7027.25 7029.86 7029.86 7030.56 0.011777 6.73 70.47 57.38 1.00

reach_1 550.00  2yr 289.00 7026.55 7029.00 7029.35 0.007595 4.74 60.97 52.75 0.78

reach_1 550.00  5yr 343.00 7026.55 7029.16 7029.54 0.007242 4.92 69.80 57.47 0.77

reach_1 550.00  10yr 374.00 7026.55 7029.23 7029.63 0.007206 5.09 73.85 59.51 0.78

reach_1 550.00  50yr 438.00 7026.55 7029.38 7029.13 7029.82 0.006987 5.37 82.82 63.79 0.78

reach_1 550.00  100yr 465.00 7026.55 7029.43 7029.18 7029.90 0.006961 5.49 86.39 65.41 0.78

reach_1 500.00  2yr 289.00 7026.00 7028.29 7028.29 7028.84 0.012776 5.99 48.24 43.18 1.00

reach_1 500.00  5yr 343.00 7026.00 7028.43 7028.43 7029.04 0.012965 6.27 54.82 48.61 1.02

reach_1 500.00  10yr 374.00 7026.00 7028.51 7028.51 7029.14 0.012362 6.39 58.86 51.67 1.00

reach_1 500.00  50yr 438.00 7026.00 7028.66 7028.66 7029.35 0.011728 6.70 66.78 56.96 0.99

reach_1 500.00  100yr 465.00 7026.00 7028.72 7028.72 7029.43 0.011344 6.79 70.56 59.36 0.99

reach_1 450.00  2yr 289.00 7024.40 7026.97 7026.97 7027.59 0.012586 6.31 45.82 37.48 1.01

reach_1 450.00  5yr 343.00 7024.40 7027.12 7027.12 7027.81 0.012507 6.64 51.74 40.53 1.02

reach_1 450.00  10yr 374.00 7024.40 7027.22 7027.22 7027.93 0.011805 6.75 55.67 42.44 1.00

reach_1 450.00  50yr 438.00 7024.40 7027.39 7027.39 7028.16 0.011133 7.06 63.06 45.81 0.99

reach_1 450.00  100yr 465.00 7024.40 7027.45 7027.45 7028.25 0.010970 7.20 66.05 47.10 0.99

reach_1 400.00  2yr 289.00 7023.20 7026.05 7026.05 7026.62 0.013318 6.01 48.08 44.00 1.01

reach_1 400.00  5yr 343.00 7023.20 7026.20 7026.20 7026.81 0.012677 6.26 55.05 49.98 1.01

reach_1 400.00  10yr 374.00 7023.20 7026.29 7026.29 7026.92 0.012051 6.38 59.34 53.33 0.99

reach_1 400.00  50yr 438.00 7023.20 7026.44 7026.44 7027.12 0.011287 6.65 67.89 57.29 0.98

reach_1 400.00  100yr 465.00 7023.20 7026.50 7026.50 7027.21 0.011164 6.79 71.13 58.08 0.98

reach_1 350.00  2yr 289.00 7022.63 7025.17 7025.17 7025.67 0.013697 5.67 50.99 52.38 1.01

reach_1 350.00  5yr 343.00 7022.63 7025.29 7025.29 7025.84 0.013765 5.98 57.48 57.68 1.03

reach_1 350.00  10yr 374.00 7022.63 7025.38 7025.38 7025.94 0.012558 6.02 62.64 61.72 0.99

reach_1 350.00  50yr 438.00 7022.63 7025.51 7025.51 7026.12 0.011848 6.29 71.24 66.87 0.98

reach_1 350.00  100yr 465.00 7022.63 7025.56 7025.56 7026.20 0.011615 6.40 74.85 68.52 0.98

reach_1 300.00  2yr 289.00 7020.40 7023.80 7024.02 0.003114 3.75 77.16 48.18 0.52

reach_1 300.00  5yr 343.00 7020.40 7024.06 7024.28 0.003307 3.76 91.16 61.23 0.53

reach_1 300.00  10yr 374.00 7020.40 7024.18 7024.40 0.003050 3.80 98.85 65.31 0.52

reach_1 300.00  50yr 438.00 7020.40 7024.42 7024.66 0.002642 3.88 115.66 72.63 0.50

reach_1 300.00  100yr 465.00 7020.40 7024.52 7024.76 0.002504 3.91 123.01 74.96 0.49

reach_1 265.39  2yr 289.00 7020.00 7023.08 7023.08 7023.78 0.012548 6.73 42.92 31.16 1.01

reach_1 265.39  5yr 343.00 7020.00 7023.27 7023.27 7024.03 0.011913 6.97 49.23 33.77 1.00

reach_1 265.39  10yr 374.00 7020.00 7023.37 7023.37 7024.16 0.011629 7.17 52.38 34.84 1.00

reach_1 265.39  50yr 438.00 7020.00 7023.55 7023.55 7024.43 0.011043 7.51 59.03 36.74 0.99

reach_1 265.39  100yr 465.00 7020.00 7023.63 7023.63 7024.53 0.010824 7.65 61.83 37.43 0.99

reach_1 259.30  2yr 289.00 7020.00 7022.40 7022.40 7023.08 0.012489 6.61 43.70 33.00 1.01

reach_1 259.30  5yr 343.00 7020.00 7022.59 7022.59 7023.32 0.011988 6.87 49.91 34.56 1.01

reach_1 259.30  10yr 374.00 7020.00 7022.68 7022.68 7023.45 0.011611 7.05 53.12 35.28 1.00

reach_1 259.30  50yr 438.00 7020.00 7022.85 7022.85 7023.71 0.011269 7.44 59.15 36.58 1.00

reach_1 259.30  100yr 465.00 7020.00 7022.92 7022.92 7023.81 0.011148 7.59 61.65 37.03 1.00

reach_1 241.00  2yr 289.00 7019.40 7021.50 7022.02 0.007884 5.79 49.94 32.44 0.82

reach_1 241.00  5yr 343.00 7019.40 7021.68 7022.26 0.007981 6.16 55.72 33.25 0.84

reach_1 241.00  10yr 374.00 7019.40 7021.75 7021.56 7022.39 0.008299 6.45 58.03 33.57 0.86

reach_1 241.00  50yr 438.00 7019.40 7021.92 7021.74 7022.65 0.008249 6.85 64.04 34.43 0.87

reach_1 241.00  100yr 465.00 7019.40 7021.98 7021.81 7022.75 0.008368 7.05 66.17 34.74 0.88

reach_1 210.58  2yr 289.00 7018.70 7021.02 7021.02 7021.70 0.012293 6.64 43.49 32.30 1.01

reach_1 210.58  5yr 343.00 7018.70 7021.18 7021.18 7021.95 0.012038 7.03 48.83 33.56 1.02

reach_1 210.58  10yr 374.00 7018.70 7021.29 7021.29 7022.08 0.011354 7.15 52.47 34.37 1.00

reach_1 210.58  50yr 438.00 7018.70 7021.46 7021.46 7022.34 0.011119 7.57 58.38 35.69 1.00

reach_1 210.58  100yr 465.00 7018.70 7021.54 7021.54 7022.45 0.010818 7.68 61.23 36.32 1.00

reach_1 200.00  2yr 289.00 7018.50 7020.73 7020.73 7021.40 0.012391 6.58 43.93 33.32 1.01

reach_1 200.00  5yr 343.00 7018.50 7020.90 7020.90 7021.64 0.012044 6.91 49.63 34.35 1.01

reach_1 200.00  10yr 374.00 7018.50 7020.98 7020.98 7021.77 0.011837 7.12 52.59 34.86 1.01

reach_1 200.00  50yr 438.00 7018.50 7021.17 7021.17 7022.03 0.011116 7.44 59.12 35.96 1.00

reach_1 200.00  100yr 465.00 7018.50 7021.23 7021.23 7022.13 0.011192 7.63 61.26 36.30 1.01

reach_1 150.00  2yr 289.00 7018.00 7020.04 7020.04 7020.69 0.012365 6.48 44.60 34.58 1.01

reach_1 150.00  5yr 343.00 7018.00 7020.23 7020.23 7020.92 0.012103 6.64 51.63 38.26 1.00
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HEC-RAS  Plan: DPCanyonExist   River: DP_1   Reach: reach_1 (Continued)

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)  

reach_1 150.00  10yr 374.00 7018.00 7020.31 7020.31 7021.04 0.012128 6.85 54.65 39.54 1.01

reach_1 150.00  50yr 438.00 7018.00 7020.48 7020.48 7021.27 0.011289 7.14 61.77 41.87 1.00

reach_1 150.00  100yr 465.00 7018.00 7020.55 7020.55 7021.37 0.011054 7.27 64.66 42.79 0.99

reach_1 100.00  2yr 289.00 7016.60 7018.60 7018.60 7019.19 0.012929 6.17 46.85 40.63 1.01

reach_1 100.00  5yr 343.00 7016.60 7018.76 7018.76 7019.40 0.012255 6.42 53.41 41.97 1.00

reach_1 100.00  10yr 374.00 7016.60 7018.83 7018.83 7019.52 0.012338 6.66 56.21 42.53 1.01

reach_1 100.00  50yr 438.00 7016.60 7018.99 7018.99 7019.74 0.011508 6.94 63.31 43.94 1.00

reach_1 100.00  100yr 465.00 7016.60 7019.04 7019.04 7019.83 0.011644 7.14 65.49 44.36 1.01

reach_1 50.00   2yr 289.00 7014.50 7017.66 7017.66 7018.31 0.012865 6.48 44.61 35.36 1.02

reach_1 50.00   5yr 343.00 7014.50 7017.85 7017.85 7018.54 0.012459 6.64 51.67 38.57 1.01

reach_1 50.00   10yr 374.00 7014.50 7017.96 7017.96 7018.66 0.012202 6.71 55.71 40.28 1.01

reach_1 50.00   50yr 438.00 7014.50 7018.11 7018.11 7018.88 0.011908 7.05 62.20 42.08 1.01

reach_1 50.00   100yr 465.00 7014.50 7018.18 7018.18 7018.98 0.011618 7.17 65.04 42.67 1.00

reach_1 0.00    2yr 289.00 7014.00 7016.78 7016.78 7017.36 0.013665 6.13 47.11 42.72 1.03

reach_1 0.00    5yr 343.00 7014.00 7016.94 7016.94 7017.57 0.012359 6.36 54.07 45.11 1.00

reach_1 0.00    10yr 374.00 7014.00 7017.01 7017.01 7017.68 0.012216 6.56 57.33 46.28 1.00

reach_1 0.00    50yr 438.00 7014.00 7017.17 7017.17 7017.90 0.011402 6.84 64.98 48.71 0.99

reach_1 0.00    100yr 465.00 7014.00 7017.21 7017.21 7017.98 0.011638 7.05 67.16 49.35 1.00
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HEC-RAS  Plan: DPCanyonProp   River: DP_1   Reach: reach_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)  

reach_1 1250.00 5yr 343.00 7037.20 7039.10 7039.40 0.005640 4.40 78.16 62.23 0.68

reach_1 1250.00 100yr 465.00 7037.20 7039.41 7039.77 0.004992 4.78 98.32 66.19 0.67

reach_1 1200.00 5yr 343.00 7036.26 7038.34 7038.34 7038.96 0.012809 6.31 54.40 46.29 1.01

reach_1 1200.00 100yr 465.00 7036.26 7038.63 7038.63 7039.37 0.011560 6.91 68.35 51.61 1.00

reach_1 1150.00 5yr 343.00 7035.00 7037.08 7037.08 7037.72 0.012405 6.45 53.21 42.06 1.01

reach_1 1150.00 100yr 465.00 7035.00 7037.37 7037.37 7038.15 0.011519 7.12 65.71 44.58 1.00

reach_1 1100.00 5yr 343.00 7034.20 7036.49 7036.83 0.006065 4.72 72.77 54.26 0.71

reach_1 1100.00 100yr 465.00 7034.20 7036.81 7037.22 0.005478 5.16 90.58 56.23 0.70

reach_1 1050.00 5yr 343.00 7033.61 7036.27 7036.56 0.004376 4.29 80.13 55.82 0.62

reach_1 1050.00 100yr 465.00 7033.61 7036.63 7036.97 0.003937 4.69 101.52 63.40 0.60

reach_1 1000.00 5yr 343.00 7033.09 7035.53 7035.53 7036.18 0.012222 6.48 52.95 42.09 1.00

reach_1 1000.00 100yr 465.00 7033.09 7035.82 7035.82 7036.61 0.011332 7.15 66.07 47.13 1.00

reach_1 950.00  5yr 343.00 7032.56 7034.96 7034.62 7035.30 0.005905 4.67 73.52 54.79 0.70

reach_1 950.00  100yr 465.00 7032.56 7035.19 7034.91 7035.65 0.006424 5.40 86.67 58.64 0.75

reach_1 900.00  5yr 343.00 7032.36 7034.34 7034.34 7034.86 0.013307 5.77 59.44 59.40 1.01

reach_1 900.00  100yr 465.00 7032.36 7034.58 7034.58 7035.20 0.012194 6.34 74.45 67.66 1.00

reach_1 850.00  5yr 343.00 7031.28 7033.68 7033.93 0.004257 4.03 85.24 63.26 0.60

reach_1 850.00  100yr 465.00 7031.28 7033.97 7034.29 0.004104 4.50 105.03 70.25 0.61

reach_1 800.00  5yr 343.00 7030.65 7032.99 7032.99 7033.55 0.012974 6.04 56.88 53.66 1.01

reach_1 800.00  100yr 465.00 7030.65 7033.24 7033.24 7033.92 0.011856 6.64 71.70 61.49 1.00

reach_1 750.00  5yr 343.00 7030.00 7031.86 7031.86 7032.42 0.013407 6.00 57.21 55.16 1.02

reach_1 750.00  100yr 465.00 7030.00 7032.12 7032.12 7032.78 0.011751 6.51 72.95 63.55 0.99

reach_1 700.00  5yr 343.00 7029.00 7031.30 7031.55 0.004711 4.01 85.59 68.47 0.62

reach_1 700.00  100yr 465.00 7029.00 7031.67 7031.94 0.003727 4.22 112.07 75.60 0.58

reach_1 650.00  5yr 343.00 7028.00 7030.46 7030.46 7031.15 0.012144 6.67 51.66 41.93 1.00

reach_1 650.00  100yr 465.00 7028.00 7030.79 7030.79 7031.60 0.010609 7.22 67.72 53.50 0.97

reach_1 600.00  5yr 343.00 7027.25 7029.58 7029.58 7030.17 0.013280 6.18 55.59 50.89 1.02

reach_1 600.00  100yr 465.00 7027.25 7029.86 7029.86 7030.56 0.011777 6.73 70.47 57.38 1.00

reach_1 550.00  5yr 343.00 7026.55 7029.16 7029.54 0.007242 4.92 69.80 57.47 0.77

reach_1 550.00  100yr 465.00 7026.55 7029.43 7029.18 7029.90 0.006961 5.49 86.39 65.41 0.78

reach_1 500.00  5yr 343.00 7026.00 7028.43 7028.43 7029.04 0.012965 6.27 54.82 48.61 1.02

reach_1 500.00  100yr 465.00 7026.00 7028.72 7028.72 7029.43 0.011344 6.79 70.56 59.36 0.99

reach_1 450.00  5yr 343.00 7024.40 7027.14 7027.14 7027.81 0.012056 6.56 52.34 40.83 1.00

reach_1 450.00  100yr 465.00 7024.40 7027.44 7027.44 7028.25 0.011294 7.26 65.39 46.82 1.00

reach_1 400.00  5yr 343.00 7023.20 7026.99 7027.20 0.002254 3.69 101.82 65.11 0.46

reach_1 400.00  100yr 465.00 7023.20 7027.45 7027.69 0.002028 4.02 132.58 71.05 0.45

reach_1 350.00  5yr 343.00 7022.63 7027.05 7027.11 0.000443 2.07 209.35 109.49 0.22

reach_1 350.00  100yr 465.00 7022.63 7027.52 7027.59 0.000464 2.34 262.51 119.49 0.23

reach_1 300.00  5yr 343.00 7020.40 7027.07 7027.09 0.000073 1.16 388.31 127.34 0.10

reach_1 300.00  100yr 465.00 7020.40 7027.54 7027.57 0.000094 1.40 449.47 133.84 0.11

reach_1 265.39  5yr 343.00 7020.00 7027.04 7023.29 7027.09 0.000144 1.77 248.87 113.06 0.14

reach_1 265.39  100yr 465.00 7020.00 7027.50 7023.64 7027.56 0.000196 2.18 276.12 120.69 0.16

reach_1 259.30  5yr 343.00 7020.00 7027.05 7022.61 7027.08 0.000094 1.56 265.88 115.68 0.11

reach_1 259.30  100yr 465.00 7020.00 7027.50 7022.94 7027.56 0.000133 1.94 291.42 122.87 0.14

reach_1 259     Inl Struct

reach_1 241.00  5yr 343.00 7019.40 7021.68 7022.26 0.007981 6.16 55.72 33.25 0.84

reach_1 241.00  100yr 465.00 7019.40 7021.98 7021.81 7022.75 0.008368 7.05 66.17 34.74 0.88

reach_1 210.58  5yr 343.00 7018.70 7021.18 7021.18 7021.95 0.012038 7.03 48.83 33.56 1.02

reach_1 210.58  100yr 465.00 7018.70 7021.54 7021.54 7022.45 0.010818 7.68 61.23 36.32 1.00

reach_1 200.00  5yr 343.00 7018.50 7020.90 7020.90 7021.64 0.012044 6.91 49.63 34.35 1.01

reach_1 200.00  100yr 465.00 7018.50 7021.23 7021.23 7022.13 0.011192 7.63 61.26 36.30 1.01

1



HEC-RAS  Plan: DPCanyonProp   River: DP_1   Reach: reach_1 (Continued)

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)  

reach_1 150.00  5yr 343.00 7018.00 7020.23 7020.23 7020.92 0.012103 6.64 51.63 38.26 1.00

reach_1 150.00  100yr 465.00 7018.00 7020.55 7020.55 7021.37 0.011054 7.27 64.66 42.79 0.99

reach_1 100.00  5yr 343.00 7016.60 7018.76 7018.76 7019.40 0.012255 6.42 53.41 41.97 1.00

reach_1 100.00  100yr 465.00 7016.60 7019.04 7019.04 7019.83 0.011644 7.14 65.49 44.36 1.01

reach_1 50.00   5yr 343.00 7014.50 7017.85 7017.85 7018.54 0.012459 6.64 51.67 38.57 1.01

reach_1 50.00   100yr 465.00 7014.50 7018.18 7018.18 7018.98 0.011618 7.17 65.04 42.67 1.00

reach_1 0.00    5yr 343.00 7014.00 7016.94 7016.94 7017.57 0.012359 6.36 54.07 45.11 1.00

reach_1 0.00    100yr 465.00 7014.00 7017.21 7017.21 7017.98 0.011638 7.05 67.16 49.35 1.00

2



Proposed Conditions 
With Sediment
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HEC-RAS  Plan: DPCanyonProp_Sed   River: DP_1   Reach: reach_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)  

reach_1 1250.00 5yr 343.00 7037.20 7039.10 7039.40 0.005640 4.40 78.16 62.23 0.68

reach_1 1250.00 100yr 465.00 7037.20 7039.41 7039.77 0.004992 4.78 98.32 66.19 0.67

reach_1 1200.00 5yr 343.00 7036.26 7038.34 7038.34 7038.96 0.012809 6.31 54.40 46.29 1.01

reach_1 1200.00 100yr 465.00 7036.26 7038.63 7038.63 7039.37 0.011560 6.91 68.35 51.61 1.00

reach_1 1150.00 5yr 343.00 7035.00 7037.08 7037.08 7037.72 0.012405 6.45 53.21 42.06 1.01

reach_1 1150.00 100yr 465.00 7035.00 7037.37 7037.37 7038.15 0.011519 7.12 65.71 44.58 1.00

reach_1 1100.00 5yr 343.00 7034.20 7036.49 7036.83 0.006065 4.72 72.77 54.26 0.71

reach_1 1100.00 100yr 465.00 7034.20 7036.81 7037.22 0.005478 5.16 90.58 56.23 0.70

reach_1 1050.00 5yr 343.00 7033.61 7036.27 7036.56 0.004376 4.29 80.13 55.82 0.62

reach_1 1050.00 100yr 465.00 7033.61 7036.63 7036.97 0.003937 4.69 101.52 63.40 0.60

reach_1 1000.00 5yr 343.00 7033.09 7035.53 7035.53 7036.18 0.012222 6.48 52.95 42.09 1.00

reach_1 1000.00 100yr 465.00 7033.09 7035.82 7035.82 7036.61 0.011332 7.15 66.07 47.13 1.00

reach_1 950.00  5yr 343.00 7032.56 7034.96 7034.62 7035.30 0.005905 4.67 73.52 54.79 0.70

reach_1 950.00  100yr 465.00 7032.56 7035.19 7034.91 7035.65 0.006424 5.40 86.67 58.64 0.75

reach_1 900.00  5yr 343.00 7032.36 7034.34 7034.34 7034.86 0.013307 5.77 59.44 59.40 1.01

reach_1 900.00  100yr 465.00 7032.36 7034.58 7034.58 7035.20 0.012194 6.34 74.45 67.66 1.00

reach_1 850.00  5yr 343.00 7031.28 7033.68 7033.93 0.004257 4.03 85.24 63.26 0.60

reach_1 850.00  100yr 465.00 7031.28 7033.97 7034.29 0.004104 4.50 105.03 70.25 0.61

reach_1 800.00  5yr 343.00 7030.65 7032.99 7032.99 7033.55 0.012974 6.04 56.88 53.66 1.01

reach_1 800.00  100yr 465.00 7030.65 7033.24 7033.24 7033.92 0.011856 6.64 71.70 61.49 1.00

reach_1 750.00  5yr 343.00 7030.00 7031.86 7031.86 7032.42 0.013407 6.00 57.21 55.16 1.02

reach_1 750.00  100yr 465.00 7030.00 7032.12 7032.12 7032.78 0.011751 6.51 72.95 63.55 0.99

reach_1 700.00  5yr 343.00 7029.00 7031.30 7031.55 0.004711 4.01 85.59 68.47 0.62

reach_1 700.00  100yr 465.00 7029.00 7031.67 7031.94 0.003727 4.22 112.07 75.60 0.58

reach_1 650.00  5yr 343.00 7028.00 7030.46 7030.46 7031.15 0.012144 6.67 51.66 41.93 1.00

reach_1 650.00  100yr 465.00 7028.00 7030.79 7030.79 7031.60 0.010609 7.22 67.72 53.50 0.97

reach_1 600.00  5yr 343.00 7027.25 7029.58 7029.58 7030.17 0.013280 6.18 55.59 50.89 1.02

reach_1 600.00  100yr 465.00 7027.25 7029.86 7029.86 7030.56 0.011777 6.73 70.47 57.38 1.00

reach_1 550.00  5yr 343.00 7026.62 7029.17 7029.54 0.007173 4.91 70.00 57.60 0.77

reach_1 550.00  100yr 465.00 7026.62 7029.44 7029.19 7029.90 0.006818 5.45 87.01 65.71 0.77

reach_1 500.00  5yr 343.00 7026.17 7028.44 7028.44 7029.05 0.012831 6.25 55.00 49.07 1.01

reach_1 500.00  100yr 465.00 7026.17 7028.73 7028.73 7029.44 0.011421 6.80 70.45 59.50 0.99

reach_1 450.00  5yr 343.00 7025.72 7027.45 7027.45 7028.10 0.011635 6.50 54.19 47.07 0.99

reach_1 450.00  100yr 465.00 7025.72 7027.77 7027.77 7028.53 0.010263 7.04 70.78 55.77 0.96

reach_1 400.00  5yr 343.00 7025.27 7026.97 7027.33 0.005706 4.88 78.51 64.77 0.70

reach_1 400.00  100yr 465.00 7025.27 7027.44 7027.79 0.004042 4.93 110.32 70.94 0.62

reach_1 350.00  5yr 343.00 7024.82 7027.06 7027.15 0.000940 2.56 175.60 109.64 0.30

reach_1 350.00  100yr 465.00 7024.82 7027.53 7027.64 0.000846 2.77 230.17 119.88 0.30

reach_1 300.00  5yr 343.00 7024.37 7027.07 7027.11 0.000330 1.75 275.97 127.26 0.19

reach_1 300.00  100yr 465.00 7024.37 7027.55 7027.60 0.000340 1.97 338.40 133.90 0.20

reach_1 265.39  5yr 343.00 7024.06 7026.99 7025.31 7027.09 0.000751 2.78 165.93 112.12 0.29

reach_1 265.39  100yr 465.00 7024.06 7027.44 7025.59 7027.57 0.000847 3.25 193.06 119.79 0.31

reach_1 259.30  5yr 343.00 7024.00 7026.98 7025.29 7027.08 0.000741 2.79 156.33 114.55 0.29

reach_1 259.30  100yr 465.00 7024.00 7027.42 7025.55 7027.56 0.000842 3.26 181.62 121.64 0.31

reach_1 259     Inl Struct

reach_1 241.00  5yr 343.00 7019.40 7021.68 7022.26 0.007981 6.16 55.72 33.25 0.84

reach_1 241.00  100yr 465.00 7019.40 7021.98 7021.81 7022.75 0.008368 7.05 66.17 34.74 0.88

reach_1 210.58  5yr 343.00 7018.70 7021.18 7021.18 7021.95 0.012038 7.03 48.83 33.56 1.02

reach_1 210.58  100yr 465.00 7018.70 7021.54 7021.54 7022.45 0.010818 7.68 61.23 36.32 1.00

reach_1 200.00  5yr 343.00 7018.50 7020.90 7020.90 7021.64 0.012044 6.91 49.63 34.35 1.01

reach_1 200.00  100yr 465.00 7018.50 7021.23 7021.23 7022.13 0.011192 7.63 61.26 36.30 1.01

1



HEC-RAS  Plan: DPCanyonProp_Sed   River: DP_1   Reach: reach_1 (Continued)

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)  

reach_1 150.00  5yr 343.00 7018.00 7020.23 7020.23 7020.92 0.012103 6.64 51.63 38.26 1.00

reach_1 150.00  100yr 465.00 7018.00 7020.55 7020.55 7021.37 0.011054 7.27 64.66 42.79 0.99

reach_1 100.00  5yr 343.00 7016.60 7018.76 7018.76 7019.40 0.012255 6.42 53.41 41.97 1.00

reach_1 100.00  100yr 465.00 7016.60 7019.04 7019.04 7019.83 0.011644 7.14 65.49 44.36 1.01

reach_1 50.00   5yr 343.00 7014.50 7017.85 7017.85 7018.54 0.012459 6.64 51.67 38.57 1.01

reach_1 50.00   100yr 465.00 7014.50 7018.18 7018.18 7018.98 0.011618 7.17 65.04 42.67 1.00

reach_1 0.00    5yr 343.00 7014.00 7016.94 7016.94 7017.57 0.012359 6.36 54.07 45.11 1.00

reach_1 0.00    100yr 465.00 7014.00 7017.21 7017.21 7017.98 0.011638 7.05 67.16 49.35 1.00
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HEC-RAS  Plan: PuebloExist   River: Pueblo   Reach: reach_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)  

reach_1 2500    5yr 593.00 6372.00 6374.17 6374.17 6374.65 0.010216 5.60 120.82 186.93 0.91

reach_1 2500    100yr 2740.00 6372.00 6375.77 6375.77 6376.72 0.008008 8.76 512.16 317.47 0.92

reach_1 2400    5yr 593.00 6371.88 6372.66 6372.66 6372.98 0.015336 4.59 129.31 199.93 1.00

reach_1 2400    100yr 2740.00 6371.88 6373.81 6373.81 6374.69 0.010523 7.51 372.32 218.66 0.99

reach_1 2300    5yr 593.00 6368.66 6370.49 6370.48 6371.00 0.013035 5.69 104.40 108.14 1.00

reach_1 2300    100yr 2740.00 6368.66 6372.28 6372.28 6373.42 0.008091 8.84 394.21 237.02 0.93

reach_1 2200    5yr 593.00 6367.40 6369.18 6369.18 6369.67 0.013622 5.59 106.06 111.35 1.01

reach_1 2200    100yr 2740.00 6367.40 6370.91 6370.91 6372.02 0.008241 8.64 377.03 205.19 0.93

reach_1 2100    5yr 593.00 6365.00 6366.56 6366.56 6366.98 0.014336 5.19 114.68 144.75 1.01

reach_1 2100    100yr 2740.00 6365.00 6367.92 6367.92 6368.91 0.009899 8.29 428.38 311.39 0.99

reach_1 2000    5yr 593.00 6363.30 6364.60 6364.73 0.010082 3.86 243.13 304.09 0.82

reach_1 2000    100yr 2740.00 6363.30 6365.59 6365.42 6366.22 0.014994 8.53 601.25 451.25 1.16

reach_1 1900    5yr 593.00 6362.00 6363.17 6363.17 6363.51 0.025437 5.83 156.20 237.40 1.29

reach_1 1900    100yr 2740.00 6362.00 6364.37 6364.37 6365.04 0.014070 8.69 615.29 471.77 1.14

reach_1 1800    5yr 593.00 6360.00 6361.46 6361.45 6361.91 0.011359 5.48 127.81 168.98 0.94

reach_1 1800    100yr 2740.00 6360.00 6362.95 6362.95 6363.63 0.007479 7.57 652.93 515.07 0.87

reach_1 1700    5yr 593.00 6358.54 6360.34 6360.34 6360.62 0.013541 4.72 184.60 346.41 0.97

reach_1 1700    100yr 2740.00 6358.54 6361.34 6361.34 6362.00 0.011713 7.71 586.70 475.79 1.03

reach_1 1600    5yr 593.00 6356.00 6357.08 6357.23 0.007387 3.98 240.64 285.61 0.74

reach_1 1600    100yr 2740.00 6356.00 6358.16 6357.93 6358.75 0.011040 7.85 591.40 359.38 1.01

reach_1 1500    5yr 593.00 6355.00 6355.81 6355.59 6356.00 0.024357 4.23 172.73 230.33 1.17

reach_1 1500    100yr 2740.00 6355.00 6357.14 6356.72 6357.60 0.011342 7.05 628.64 410.46 1.00

reach_1 1400    5yr 593.00 6354.00 6354.29 6354.44 0.011313 1.44 191.22 152.19 0.67

reach_1 1400    100yr 2740.00 6354.00 6355.26 6355.19 6355.85 0.031851 7.18 450.55 375.55 1.48

reach_1 1300    5yr 593.00 6352.00 6352.20 6352.07 6352.41 0.046939 2.28 160.45 249.75 1.28

reach_1 1300    100yr 2740.00 6352.00 6353.69 6353.02 6354.01 0.011192 6.53 739.45 488.86 0.98

reach_1 1200    5yr 593.00 6348.13 6350.23 6350.23 6350.82 0.009772 6.51 127.04 127.58 0.92

reach_1 1200    100yr 2740.00 6348.13 6352.63 6352.63 6353.36 0.004827 8.55 783.20 508.74 0.76

reach_1 1100    5yr 593.00 6347.00 6349.06 6349.06 6349.63 0.011726 6.27 116.26 121.13 0.98

reach_1 1100    100yr 2740.00 6347.00 6350.91 6350.91 6351.68 0.006497 8.51 677.58 456.38 0.85

reach_1 1000    5yr 593.00 6346.00 6347.14 6347.00 6347.47 0.012283 5.63 172.32 182.89 0.97

reach_1 1000    100yr 2740.00 6346.00 6348.51 6348.51 6349.16 0.010250 8.98 694.64 470.13 1.02

reach_1 900     5yr 593.00 6344.00 6346.22 6346.22 6346.64 0.006026 5.58 187.18 340.53 0.74

reach_1 900     100yr 2740.00 6344.00 6347.44 6347.44 6348.15 0.007937 9.09 726.49 478.95 0.93

reach_1 800     5yr 593.00 6342.00 6343.80 6343.80 6344.40 0.011980 6.26 95.94 96.20 0.99

reach_1 800     100yr 2740.00 6342.00 6345.60 6345.60 6346.30 0.006124 7.97 700.13 483.78 0.81

reach_1 700     5yr 593.00 6339.00 6341.22 6341.22 6341.79 0.010855 6.31 116.89 120.67 0.95

reach_1 700     100yr 2740.00 6339.00 6343.15 6343.15 6343.86 0.005836 8.25 728.69 480.58 0.81

reach_1 600     5yr 593.00 6336.00 6338.75 6338.75 6339.48 0.012223 6.85 86.51 61.28 1.02

reach_1 600     100yr 2740.00 6336.00 6341.25 6341.25 6342.19 0.005246 8.71 596.81 379.34 0.79

reach_1 500     5yr 593.00 6334.25 6337.10 6337.10 6337.64 0.012936 5.93 104.48 117.20 1.00

reach_1 500     100yr 2740.00 6334.25 6339.21 6340.07 0.005599 8.01 486.82 223.20 0.79

reach_1 477.05  5yr 593.00 6334.00 6335.96 6335.96 6336.67 0.011786 6.75 88.96 68.01 1.00

reach_1 477.05  100yr 2740.00 6334.00 6338.69 6338.69 6339.91 0.005503 9.43 447.90 246.94 0.82

reach_1 471.04  5yr 593.00 6334.00 6335.77 6335.77 6336.44 0.012139 6.58 90.36 70.18 1.01

reach_1 471.04  100yr 2740.00 6334.00 6338.40 6338.39 6339.62 0.005614 9.28 427.86 237.29 0.82

reach_1 465.04  5yr 593.00 6334.00 6335.64 6335.64 6336.31 0.012085 6.57 90.78 71.41 1.00

reach_1 465.04  100yr 2740.00 6334.00 6338.31 6338.31 6339.57 0.005623 9.35 410.42 243.51 0.82

reach_1 446.95  5yr 593.00 6334.00 6335.43 6335.43 6336.04 0.012631 6.29 94.25 78.05 1.01

reach_1 446.95  100yr 2740.00 6334.00 6337.51 6337.51 6339.01 0.008639 10.00 321.54 156.71 0.98

reach_1 400     5yr 593.00 6332.00 6334.32 6334.25 6334.76 0.010839 5.31 112.29 110.46 0.91

1



HEC-RAS  Plan: PuebloExist   River: Pueblo   Reach: reach_1 (Continued)

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)  

reach_1 400     100yr 2740.00 6332.00 6336.01 6336.01 6337.35 0.009300 9.33 308.96 150.46 0.99

reach_1 300     5yr 593.00 6332.00 6333.04 6333.04 6333.54 0.013700 5.74 112.03 123.74 1.02

reach_1 300     100yr 2740.00 6332.00 6334.78 6334.78 6335.88 0.008421 8.86 403.63 200.40 0.95

reach_1 200     5yr 593.00 6329.43 6330.74 6330.74 6331.20 0.014192 5.65 124.15 144.01 1.03

reach_1 200     100yr 2740.00 6329.43 6332.35 6332.35 6333.52 0.010087 9.25 374.91 167.78 1.02

2
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HEC-RAS  Plan: PuebloProp   River: Pueblo   Reach: reach_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)  

reach_1 2500    5yr 593.00 6372.00 6374.17 6374.17 6374.65 0.010216 5.60 120.82 186.93 0.91

reach_1 2500    100yr 2740.00 6372.00 6375.77 6375.77 6376.72 0.008008 8.76 512.16 317.47 0.92

reach_1 2400    5yr 593.00 6371.88 6372.66 6372.66 6372.98 0.015336 4.59 129.31 199.93 1.00

reach_1 2400    100yr 2740.00 6371.88 6373.81 6373.81 6374.69 0.010523 7.51 372.32 218.66 0.99

reach_1 2300    5yr 593.00 6368.66 6370.49 6370.48 6371.00 0.012972 5.68 104.56 108.23 1.00

reach_1 2300    100yr 2740.00 6368.66 6372.28 6372.28 6373.42 0.008091 8.84 394.21 237.02 0.93

reach_1 2200    5yr 593.00 6367.40 6369.18 6369.18 6369.67 0.013767 5.61 105.68 111.24 1.01

reach_1 2200    100yr 2740.00 6367.40 6370.91 6370.91 6372.02 0.008342 8.68 375.43 204.92 0.94

reach_1 2100    5yr 593.00 6365.00 6366.56 6366.56 6366.98 0.014336 5.19 114.68 144.75 1.01

reach_1 2100    100yr 2740.00 6365.00 6367.92 6367.92 6368.91 0.009899 8.29 428.38 311.39 0.99

reach_1 2000    5yr 593.00 6363.30 6364.60 6364.73 0.010082 3.86 243.13 304.09 0.82

reach_1 2000    100yr 2740.00 6363.30 6365.59 6365.42 6366.22 0.014994 8.53 601.25 451.25 1.16

reach_1 1900    5yr 593.00 6362.00 6363.17 6363.17 6363.51 0.025437 5.83 156.20 237.40 1.29

reach_1 1900    100yr 2740.00 6362.00 6364.37 6364.37 6365.04 0.014070 8.69 615.29 471.77 1.14

reach_1 1800    5yr 593.00 6360.00 6361.46 6361.45 6361.91 0.011359 5.48 127.81 168.98 0.94

reach_1 1800    100yr 2740.00 6360.00 6362.95 6362.95 6363.63 0.007479 7.57 652.93 515.07 0.87

reach_1 1700    5yr 593.00 6358.54 6360.34 6360.34 6360.62 0.013541 4.72 184.60 346.41 0.97

reach_1 1700    100yr 2740.00 6358.54 6361.34 6361.34 6362.00 0.011713 7.71 586.70 475.79 1.03

reach_1 1600    5yr 593.00 6356.00 6357.08 6357.23 0.007387 3.98 240.64 285.61 0.74

reach_1 1600    100yr 2740.00 6356.00 6358.16 6357.93 6358.75 0.011040 7.85 591.40 359.38 1.01

reach_1 1500    5yr 593.00 6355.00 6355.81 6355.59 6356.00 0.024357 4.23 172.73 230.33 1.17

reach_1 1500    100yr 2740.00 6355.00 6357.14 6356.72 6357.60 0.011342 7.05 628.64 410.46 1.00

reach_1 1400    5yr 593.00 6354.00 6354.29 6354.44 0.011313 1.44 191.22 152.19 0.67

reach_1 1400    100yr 2740.00 6354.00 6355.26 6355.19 6355.85 0.031851 7.18 450.55 375.55 1.48

reach_1 1300    5yr 593.00 6352.00 6352.20 6352.07 6352.41 0.046939 2.28 160.45 249.75 1.28

reach_1 1300    100yr 2740.00 6352.00 6353.69 6353.02 6354.01 0.011192 6.53 739.45 488.86 0.98

reach_1 1200    5yr 593.00 6348.13 6350.23 6350.23 6350.82 0.009772 6.51 127.04 127.58 0.92

reach_1 1200    100yr 2740.00 6348.13 6352.63 6352.63 6353.36 0.004827 8.55 783.20 508.74 0.76

reach_1 1100    5yr 593.00 6347.00 6349.06 6349.06 6349.63 0.011726 6.27 116.26 121.13 0.98

reach_1 1100    100yr 2740.00 6347.00 6350.91 6350.91 6351.68 0.006497 8.51 677.58 456.38 0.85

reach_1 1000    5yr 593.00 6346.00 6347.14 6347.00 6347.47 0.012283 5.63 172.32 182.89 0.97

reach_1 1000    100yr 2740.00 6346.00 6348.51 6348.51 6349.16 0.010250 8.98 694.64 470.13 1.02

reach_1 900     5yr 593.00 6344.00 6346.22 6346.22 6346.64 0.006026 5.58 187.18 340.53 0.74

reach_1 900     100yr 2740.00 6344.00 6347.44 6347.44 6348.15 0.007937 9.09 726.49 478.95 0.93

reach_1 800     5yr 593.00 6342.00 6343.79 6343.79 6344.40 0.012282 6.31 94.92 94.25 1.00

reach_1 800     100yr 2740.00 6342.00 6345.60 6345.60 6346.30 0.006099 7.96 701.31 483.82 0.81

reach_1 700     5yr 593.00 6339.00 6342.94 6342.99 0.000390 2.04 626.86 478.27 0.21

reach_1 700     100yr 2740.00 6339.00 6345.01 6345.12 0.000653 3.73 1639.71 500.16 0.29

reach_1 600     5yr 593.00 6336.00 6342.95 6338.78 6342.97 0.000053 1.12 1027.77 488.67 0.08

reach_1 600     100yr 2740.00 6336.00 6344.98 6341.27 6345.08 0.000283 3.18 1702.31 511.17 0.20

reach_1 542     Inl Struct

reach_1 500     5yr 593.00 6334.25 6337.10 6337.10 6337.64 0.012936 5.93 104.48 117.20 1.00

reach_1 500     100yr 2740.00 6334.25 6339.21 6340.07 0.005599 8.01 486.82 223.20 0.79

reach_1 477.05  5yr 593.00 6334.00 6335.96 6335.96 6336.67 0.011786 6.75 88.96 68.01 1.00

reach_1 477.05  100yr 2740.00 6334.00 6338.69 6338.69 6339.91 0.005503 9.43 447.90 246.94 0.82

reach_1 471.04  5yr 593.00 6334.00 6335.77 6335.77 6336.44 0.012139 6.58 90.36 70.18 1.01

reach_1 471.04  100yr 2740.00 6334.00 6338.40 6338.39 6339.62 0.005614 9.28 427.86 237.29 0.82

reach_1 465.04  5yr 593.00 6334.00 6335.64 6335.64 6336.31 0.012085 6.57 90.78 71.41 1.00

reach_1 465.04  100yr 2740.00 6334.00 6338.31 6338.31 6339.57 0.005623 9.35 410.42 243.51 0.82

reach_1 446.95  5yr 593.00 6334.00 6335.43 6335.43 6336.04 0.012631 6.29 94.25 78.05 1.01

reach_1 446.95  100yr 2740.00 6334.00 6337.51 6337.51 6339.01 0.008639 10.00 321.54 156.71 0.98

1



HEC-RAS  Plan: PuebloProp   River: Pueblo   Reach: reach_1 (Continued)

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)  

reach_1 400     5yr 593.00 6332.00 6334.32 6334.25 6334.76 0.010839 5.31 112.29 110.46 0.91

reach_1 400     100yr 2740.00 6332.00 6336.01 6336.01 6337.35 0.009300 9.33 308.96 150.46 0.99

reach_1 300     5yr 593.00 6332.00 6333.04 6333.04 6333.54 0.013700 5.74 112.03 123.74 1.02

reach_1 300     100yr 2740.00 6332.00 6334.78 6334.78 6335.88 0.008421 8.86 403.63 200.40 0.95

reach_1 200     5yr 593.00 6329.43 6330.74 6330.74 6331.20 0.014192 5.65 124.15 144.01 1.03

reach_1 200     100yr 2740.00 6329.43 6332.35 6332.35 6333.52 0.010087 9.25 374.91 167.78 1.02
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HEC-RAS  Plan: PuebloProp_Sed   River: Pueblo   Reach: reach_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)  

reach_1 2500    5yr 593.00 6372.00 6374.17 6374.17 6374.65 0.010216 5.60 120.82 186.93 0.91

reach_1 2500    100yr 2740.00 6372.00 6375.77 6375.77 6376.72 0.008008 8.76 512.16 317.47 0.92

reach_1 2400    5yr 593.00 6371.88 6372.66 6372.66 6372.98 0.015336 4.59 129.31 199.93 1.00

reach_1 2400    100yr 2740.00 6371.88 6373.81 6373.81 6374.69 0.010523 7.51 372.32 218.66 0.99

reach_1 2300    5yr 593.00 6368.66 6370.49 6370.48 6371.00 0.012972 5.68 104.56 108.23 1.00

reach_1 2300    100yr 2740.00 6368.66 6372.28 6372.28 6373.42 0.008091 8.84 394.21 237.02 0.93

reach_1 2200    5yr 593.00 6367.40 6369.18 6369.18 6369.67 0.013767 5.61 105.68 111.24 1.01

reach_1 2200    100yr 2740.00 6367.40 6370.91 6370.91 6372.02 0.008342 8.68 375.43 204.92 0.94

reach_1 2100    5yr 593.00 6365.00 6366.56 6366.56 6366.98 0.014336 5.19 114.68 144.75 1.01

reach_1 2100    100yr 2740.00 6365.00 6367.92 6367.92 6368.91 0.009899 8.29 428.38 311.39 0.99

reach_1 2000    5yr 593.00 6363.30 6364.60 6364.73 0.010082 3.86 243.13 304.09 0.82

reach_1 2000    100yr 2740.00 6363.30 6365.59 6365.42 6366.22 0.014994 8.53 601.25 451.25 1.16

reach_1 1900    5yr 593.00 6362.00 6363.17 6363.17 6363.51 0.025437 5.83 156.20 237.40 1.29

reach_1 1900    100yr 2740.00 6362.00 6364.37 6364.37 6365.04 0.014070 8.69 615.29 471.77 1.14

reach_1 1800    5yr 593.00 6360.00 6361.46 6361.45 6361.91 0.011359 5.48 127.81 168.98 0.94

reach_1 1800    100yr 2740.00 6360.00 6362.95 6362.95 6363.63 0.007479 7.57 652.93 515.07 0.87

reach_1 1700    5yr 593.00 6358.54 6360.34 6360.34 6360.62 0.013541 4.72 184.60 346.41 0.97

reach_1 1700    100yr 2740.00 6358.54 6361.34 6361.34 6362.00 0.011713 7.71 586.70 475.79 1.03

reach_1 1600    5yr 593.00 6356.00 6357.08 6357.23 0.007387 3.98 240.64 285.61 0.74

reach_1 1600    100yr 2740.00 6356.00 6358.16 6357.93 6358.75 0.011040 7.85 591.40 359.38 1.01

reach_1 1500    5yr 593.00 6355.00 6355.81 6355.59 6356.00 0.024357 4.23 172.73 230.33 1.17

reach_1 1500    100yr 2740.00 6355.00 6357.14 6356.72 6357.60 0.011342 7.05 628.64 410.46 1.00

reach_1 1400    5yr 593.00 6354.00 6354.29 6354.44 0.011313 1.44 191.22 152.19 0.67

reach_1 1400    100yr 2740.00 6354.00 6355.26 6355.19 6355.85 0.031851 7.18 450.55 375.55 1.48

reach_1 1300    5yr 593.00 6352.00 6352.20 6352.07 6352.41 0.046939 2.28 160.45 249.75 1.28

reach_1 1300    100yr 2740.00 6352.00 6353.69 6353.02 6354.01 0.011192 6.53 739.45 488.86 0.98

reach_1 1200    5yr 593.00 6348.13 6350.23 6350.23 6350.82 0.009772 6.51 127.04 127.58 0.92

reach_1 1200    100yr 2740.00 6348.13 6352.63 6352.63 6353.36 0.004827 8.55 783.20 508.74 0.76

reach_1 1100    5yr 593.00 6347.00 6349.06 6349.06 6349.63 0.011726 6.27 116.26 121.13 0.98

reach_1 1100    100yr 2740.00 6347.00 6350.91 6350.91 6351.68 0.006497 8.51 677.58 456.38 0.85

reach_1 1000    5yr 593.00 6346.00 6347.14 6347.00 6347.47 0.012283 5.63 172.32 182.89 0.97

reach_1 1000    100yr 2740.00 6346.00 6348.51 6348.51 6349.16 0.010250 8.98 694.64 470.13 1.02

reach_1 900     5yr 593.00 6344.00 6346.22 6346.22 6346.64 0.006026 5.58 187.18 340.53 0.74

reach_1 900     100yr 2740.00 6344.00 6347.44 6347.44 6348.15 0.007937 9.09 726.49 478.95 0.93

reach_1 800     5yr 593.00 6342.00 6343.79 6343.79 6344.40 0.012282 6.31 94.92 94.25 1.00

reach_1 800     100yr 2740.00 6342.00 6345.60 6345.60 6346.30 0.006099 7.96 701.31 483.82 0.81

reach_1 700     5yr 593.00 6340.90 6342.96 6343.01 0.000902 2.38 554.24 478.47 0.29

reach_1 700     100yr 2740.00 6340.90 6345.04 6345.14 0.000880 3.77 1573.35 500.45 0.33

reach_1 600     5yr 593.00 6340.00 6342.95 6340.72 6342.97 0.000185 1.39 828.38 488.66 0.14

reach_1 600     100yr 2740.00 6340.00 6344.98 6341.81 6345.07 0.000580 3.48 1502.27 511.06 0.27

reach_1 542     Inl Struct

reach_1 500     5yr 593.00 6334.25 6337.10 6337.10 6337.64 0.012936 5.93 104.48 117.20 1.00

reach_1 500     100yr 2740.00 6334.25 6339.21 6340.07 0.005599 8.01 486.82 223.20 0.79

reach_1 477.05  5yr 593.00 6334.00 6335.96 6335.96 6336.67 0.011786 6.75 88.96 68.01 1.00

reach_1 477.05  100yr 2740.00 6334.00 6338.69 6338.69 6339.91 0.005503 9.43 447.90 246.94 0.82

reach_1 471.04  5yr 593.00 6334.00 6335.77 6335.77 6336.44 0.012139 6.58 90.36 70.18 1.01

reach_1 471.04  100yr 2740.00 6334.00 6338.40 6338.39 6339.62 0.005614 9.28 427.86 237.29 0.82

reach_1 465.04  5yr 593.00 6334.00 6335.64 6335.64 6336.31 0.012085 6.57 90.78 71.41 1.00

reach_1 465.04  100yr 2740.00 6334.00 6338.31 6338.31 6339.57 0.005623 9.35 410.42 243.51 0.82

reach_1 446.95  5yr 593.00 6334.00 6335.43 6335.43 6336.04 0.012631 6.29 94.25 78.05 1.01

reach_1 446.95  100yr 2740.00 6334.00 6337.51 6337.51 6339.01 0.008639 10.00 321.54 156.71 0.98

1



HEC-RAS  Plan: PuebloProp_Sed   River: Pueblo   Reach: reach_1 (Continued)

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)  

reach_1 400     5yr 593.00 6332.00 6334.32 6334.25 6334.76 0.010839 5.31 112.29 110.46 0.91

reach_1 400     100yr 2740.00 6332.00 6336.01 6336.01 6337.35 0.009300 9.33 308.96 150.46 0.99

reach_1 300     5yr 593.00 6332.00 6333.04 6333.04 6333.54 0.013700 5.74 112.03 123.74 1.02

reach_1 300     100yr 2740.00 6332.00 6334.78 6334.78 6335.88 0.008421 8.86 403.63 200.40 0.95

reach_1 200     5yr 593.00 6329.43 6330.74 6330.74 6331.20 0.014192 5.65 124.15 144.01 1.03

reach_1 200     100yr 2740.00 6329.43 6332.35 6332.35 6333.52 0.010087 9.25 374.91 167.78 1.02
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