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EXECUTIVE SUMMARY  

This report was prepared by Kellogg Brown and Root Services, Inc. (KBR), and Post, Buckley, Schuh, 
and Jernigan, Inc. (PBS&J), for the U.S. Department of Energy (DOE) Los Alamos Site Office and 
Los Alamos National Laboratory (LANL or the Laboratory) to document and summarize the design, 
analysis, and construction of the Pueblo Canyon grade-control structure and associated stream 
gage E060.1. This report addresses engineering and site exploration activities, deviations from the 
original design, permitting, and construction activities.  

The Los Alamos and Pueblo watershed, including the canyons and their tributaries, encompasses several 
former and current technical areas of the Laboratory. In 2004, the Los Alamos and Pueblo Canyons 
Investigation Report presented investigations of the nature, extent, transport, and potential risk from 
chemicals of potential concern in the watershed. Following a notice of disapproval from the New Mexico 
Environment Department (NMED) in 2005, DOE and the University of California prepared a supplemental 
investigation report for Los Alamos and Pueblo Canyons. In 2007, NMED issued an approval with 
direction for this report, with requests that the Laboratory conduct actions to mitigate the transport of 
polychlorinated biphenyls (PCBs) in stormwater. The February 2008 Interim Measure Work Plan to 
Mitigate Contaminated Sediment Transport in Los Alamos and Pueblo Canyons presented interim actions 
to mitigate PCB transport. NMED issued an approval with modifications to the interim measure work plan, 
resulting in a supplemental interim measure work plan. The Pueblo Canyon grade-control structure was 
presented in the supplemental plan as an additional mitigation measure to reduce contaminant transport 
within the Los Alamos and Pueblo watershed. 

This Pueblo Canyon project consisted of the construction of a grade-control structure that raises the level 
of the stream bed in an area downstream of headcuts that have degraded an existing wetland. The 
primary goal of this structure is to induce channel aggradation (sediment deposition) upstream of the 
structure and stabilize the upstream wetland by preventing further headcut migration. The approximate 
location of the Pueblo Canyon grade-control structure is north of NM 502, approximately 400 ft 
downstream of the existing New Mexico Department of Transportation’s maintenance facility. The 
reinstalled and upgraded gage E060.1 is located 320 ft downstream of the structure. In this location the 
flume and gage can measure the efficiency of the grade-control structure. The downstream location also 
incorporates the stabilization of two nickpoints located downstream of the grade-control structure. 

Construction of the grade-control structure began October 26, 2009, and was completed January 26, 
2010. A letter submitted to NMED on February 5, 2010, gave notice of the grade-control structure 
completion and requested extensions for the dates to complete construction of stream gage E060.1 and 
submit the completion report. In a letter dated February 16, 2010, NMED approved the requested 
extension for both stream gage completion and completion report to June 3, 2010. Stream gage E060.1 
construction was completed March 11, 2010. Final rip-rap installation was completed May 18, 2010, and 
the entire site was seeded May 19, 2010. 
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1.0 PROJECT OBJECTIVES 

The Los Alamos and Pueblo watershed, including the canyons and their tributaries, encompasses several 
former and current technical areas of Los Alamos National Laboratory (LANL or the Laboratory). The  
Los Alamos and Pueblo Canyons Investigation Report (LANL 2004, 087390) presented investigations of 
the nature, extent, transport, and potential risk from chemicals of potential concern in the watershed. 
Following a notice of disapproval from the New Mexico Environment Department (NMED) (2005, 088463), 
the Laboratory prepared a supplemental investigation report for Los Alamos and Pueblo Canyons (LANL 
2005, 091818). NMED issued an approval with direction for this report (2007, 098284), with requests that 
actions be conducted to mitigate the transport of polychlorinated biphenyls (PCBs) in stormwater. The 
February 2008 Interim Measure Work Plan (IMWP) to Mitigate Contaminated Sediment Transport in Los 
Alamos and Pueblo Canyons (LANL 2008, 101714) presented interim actions to mitigate PCB transport. 
NMED issued an approval with modifications to the IMWP (NMED 2008, 103007), resulting in a 
supplemental IMWP (SIMWP) (LANL 2008, 105716; NMED 2009, 105014). The Pueblo Canyon grade-
control structure is an additional mitigation measure identified in the SIMWP to reduce contaminant 
transport within the Los Alamos and Pueblo watershed. In order to monitor the effectiveness of the 
structure for mitigating sediment transport, relocation of stream gage E060 was included as part of the 
grade-control structure work. Figure 1.0-1 shows sediment transport mitigation sites in Los Alamos and 
Pueblo Canyons, highlighting the Pueblo Canyon grade-control structure and the relocated stream  
gage E060.1.  

The project consisted of the construction of a grade-control structure and the relocation of stream gage 
E060 (now named stream gage E060.1) within the Laboratory’s Technical Area 74 (TA-74) in the vicinity 
of Los Alamos, New Mexico. The grade-control structure is located within Pueblo Canyon and is referred 
to as the Pueblo Canyon grade-control structure. The approximate location of the structure is 360 ft 
downstream of the previous E060 gaging station location. The new location for stream gage E060.1 is 
approximately 320 ft downstream of the structure. See Figure 1.0-2 and Appendix A for the location of the 
structure and relocated stream gage E060.1. 

The structure is part of remedial actions taken to reduce the migration of contaminated sediment. A 
beneficial result of the grade control is the stabilization, expansion, and enhancement of wetland areas 
upstream of the structure. 

The Pueblo Canyon grade-control structure was designed to induce upstream aggradation (sediment 
deposition) to fill the channel, to establish a new grade that provides stability to the channel headcuts, 
and to aid in the development of an enhanced wetland environment. The headcut regions were replaced 
with a broad aggraded wetland surface where floodwaters will spread and further increase sediment 
deposition. Contaminated materials from areas downstream of the structure were used to provide backfill 
against the new structure. This material was used to establish an adaptable base level above the 
preconstruction channel elevation and close to the historic channel level before channel degradation. 
Aggradation within the channel upstream of the structure will reduce erosion of contaminated stream 
banks and overbank areas during significant storm events. Flood flows will more frequently spill into the 
overbank areas and through deposition will bury existing contaminated floodplain deposits. These actions 
will also contribute to enhanced and sustainable wetlands. 

In order to simplify the design, reduce costs, and still provide a stable, safe structure, the structure was 
designed and constructed to ensure that it did not fall under New Mexico Safe Dams regulations. Under 
these rules and regulations, a structure is classified as a dam when the structure is more than 10 ft in 
height (measured from original channel elevation to the top of the low spillway) or is capable of 
impounding more than 10 acre-ft of water. The Pueblo Canyon grade-control structure does not exceed 
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either of these limitations. The design and final as-built height of structure is 6 ft at the low-flow weir and 
7 ft at the overflow weir, as measured from the stream-channel elevation. Maximum impoundment at the 
low-flow weir is 0.75 acre-ft and at the overflow weir is 1.05 acre-ft. 

The objective of locating stream gage E060.1 downstream of the structure is to monitor the efficiency of 
the structure for mitigating sediment transport.  

2.0 DESIGN 

2.1 General 

2.1.1 Grade-Control Structure 

The Pueblo Canyon grade-control structure is composed of gabion baskets with a 30-ft low-flow weir, 
centered perpendicular to the stream centerline. The low-flow weir was designed to carry storm runoff 
from a 5-yr storm event. An overflow weir was also incorporated into the structure to handle flow 
capacities up to the 100-yr storm without overtopping the structure. The total length of the overflow, 
including the low-flow weir, is 168 ft. The height of the low-flow weir crest was initially designed to be 3 ft 
below the height of crest of the overflow weir and 4 ft above the stream centerline. The height of the low-
flow weir was modified to 1 ft below the height of the overflow weir at the request of NMED to induce 
greater aggradation upstream of the structure. See Figure 2.1-1 and Appendix A, sheet C-200.  

Since the gabion structure would be unsupported, it was designed to provide sufficient mass to prevent 
slippage and overturning. The design of the structure also provides for the raising of water surface 
elevations behind the structure during more frequent flood events (5-yr) such that the sediment deposition 
occurs immediately upstream of the structure and yet minimizes the backwater effects of the less frequent 
flood events (50- to 100-yr). 

The structure design also includes buttress gabions upstream of the weir. The upstream buttress gabions 
protect the main gabion structure from flow that may contain boulders, trees, and other debris. The top of 
the grade-control structure was designed to direct flow onto the gabion benches below the top elevation. 
Downstream buttress gabions also provide energy dissipation of flows. With flows directed to the stilling-
basin floor, energy will also be dissipated through the benches. 

The upstream face of the structure was wrapped in a geotextile material to minimize the transport of fine 
sediments during the early stages of operation as well as to reduce the flow of water through the 
structure. The type of geotextile material was based on gradation analysis of the stream sediment. The 
material was buried by backfill, using streambed material to stabilize the geotextile and to add 
impermeability. In addition, a 3-in. concrete cap was applied to the low-flow and overflow crests to protect 
against potential damage from scouring and debris (Figures 2.1-2 and 2.1-3).  

The structure also includes a 220-ft rip-rap armored earthen berm (using New Mexico Department of 
Transportation wire-enclosed Class A rip-rap) (Figures 2.1-4 and 2.1-5). The elevation of the berm is 
designed to capture all flow up to the 100-yr flood once sedimentation in the channel is maximized. The 
berm extends north until it ties back into a common elevation in the canyon (Appendix A). 

A perforated and slotted riser pipe was constructed approximately 32 ft upstream of the structure to assist 
in releasing water stored upstream (Figure 2.1-6). One side consists of removable wood boards placed in 
slots. The remaining riser pipe is a perforated corrugated metal pipe (CMP) to allow water to enter the 
pipe. This pipe is connected to an outfall pipe that goes through the gabion structure to the stilling basin. 
The top wood board is placed at the elevation of the low-flow weir or higher to ensure that maximum 
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water surface elevations are achieved to induce sediment settling. After a storm event, the perforations 
on the pipe will allow dewatering behind the weir. However, if the rate of dewatering is not sufficient to 
meet standards or the perforations get plugged by debris, wood boards can be removed as needed to 
accelerate the dewatering process. 

2.1.2 Stream Gage 

The new stream gage, E060.1, was originally designed to be located within the grade-control structure. 
However, during construction, the location was changed to provide more accurate measurements and to 
better monitor the efficiency of the grade-control structure. The stream gage’s concrete supercritical-flow 
flume design measures flow up to 350 cubic ft per second (cfs) (Figure 2.1-7). The determination of the 
stream-gage location, approximately 320 ft downstream of the grade-control structure stilling basin, was 
based on topographic conditions, on-site investigations, and stream geometry. The U. S. Geological 
Survey (USGS) publication “Techniques of Water Resources Investigations of United States Geological 
Survey,” Chapter A14, Use of Flumes in Measuring Discharge, (Kilpatrick and Schneider 1983, 109514), 
was used to develop a flume design to accommodate measuring equipment and instrumentation. The 
final design, the result of the collaboration of design, construction, and environmental professionals, was 
subjected to a thorough review by Laboratory and U.S. Department of Energy (DOE) personnel. Design 
details and as-built information are contained in Appendix A.  

2.2 Site Selection/Exploration 

2.2.1 Grade-Control Structure 

The grade-control structure location was chosen to meet the overall project objectives and also provide 
an efficient and value-engineered structure. During the initial design process, adjustments were made to 
the structure to reduce the overall length by taking advantage of existing topography.  

The general area in which the structure was to be constructed was determined primarily by U.S. Army 
Corps of Engineers (USACE), DOE, and Laboratory input to meet the principal objectives for the project. 
During the design process, more detailed topographic information was obtained and a geotechnical 
exploration was performed. The geotechnical exploration and subsequent report provided information on 
subsurface soil and bedrock conditions; groundwater conditions; structure support; lateral earth 
pressures; and earthwork recommendations (see Appendix B for the geotechnical engineering report).  

The final site selection was based on a variety of additional factors including hydrologic/hydraulic 
effectiveness, existing topography, vegetation, on-site investigations, and value engineering. Two factors 
were considered as the primary focus: 

 Hydraulic Effectiveness. During the modeling and design process, the positions of the structure 
longitudinally along the canyon and laterally within the canyon were evaluated. Factors such as 
turbulence of flow, erosion mitigation, sediment containment, and structural stability were 
considered. Upstream and downstream channel conditions played a significant role in the design 
based on the model analysis of the effectiveness of the proposed upstream channel aggradation. 

 Existing Topography. Significant material excavation and fill were necessary to construct the 
grade-control structure. Personnel and equipment access during construction and operation were 
also considered. Once a preliminary structure design was complete, the gabion configuration was 
fitted into the existing topography of several of the preliminary locations that were identified by field 
surveys. Each potential site was then evaluated based on the amount of material to be excavated 
and filled, ease of access, and position in reference to significant contour changes in the canyon. 
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Once the final location was determined, an additional field visit was performed to ensure no other existing 
conditions were overlooked. 

2.2.2 Stream Gage 

Greater accuracy in flow measurements and sediment data were factors that contributed to the choice of 
a supercritical-flow flume design for the stream gage. The new stream gage measures flow up to 350 cfs. 
The flume has specific dimensions, is trapezoidal in shape, and requires a 5% channel slope and a 
straight approach and exit for proper operation. The distance from the structure was also an important 
consideration. Location of the gage station was driven by 

 channel geometry and topographic conditions, so that the approach to and exit from the flume 
would be fairly straight and that minimal channel disturbance would be required to construct the 
flume, and 

 a distance from the structure that would allow water exiting the structure to calm before entering 
the flume but would not be too far to prevent accurate sediment disposition measurements.  

Appendix A provides as-built drawings of the grade-control structure and stream gage.  

2.3 Hydrologic/Hydraulic Modeling 

2.3.1 General 

The Pueblo Canyon watershed is within the semiarid higher-elevation mountains of New Mexico and 
contains an ephemeral stream system. The watershed includes areas of variable vegetation density, rock 
outcrops, and urbanization. Flood-flow frequency estimates for the structure locations were based on 
statistical analysis based on historical stream-gage information within the project area and the regional 
USGS regression formulas (USGS 2000, 109515) and the USACE statistical computer program Hydraulic 
Engineering Center Flood Frequency Analysis (HEC-FFA) (USACE 1992, 109512).  

A hydrologic analysis was performed to provide design parameters for the proposed grade-control 
structure. The initial analysis, performed in August 2009, was based on stream-gage data, topographic 
information, a site visit, and the geomorphic and climatologic conditions of the project area. This initial 
analysis was used to develop the conceptual and preliminary construction plans. Additional light detection 
and ranging (LIDAR) survey data was obtained during the final phases of design. This provided a more 
detailed and accurate surface model than was previously available. The new LIDAR data and final design 
dimensions, which included changes to weir elevations and approach conditions, were used to run a 
second analysis with the HEC River Analysis System (HEC-RAS) model (USACE 2008, 109518) in 
December 2009. The results of the new model verified that the final design and as-built structure met the 
original project objectives. Results of the HEC-RAS analysis are included in Appendix C.  

2.3.2 Flood Frequency Analysis Results 

Table 2.3-1 presents the FFA results for the Pueblo Canyon project site. The fourth column in the table is 
based upon the USACE statistical computer program HEC-FFA. 

The Pueblo Canyon basin is largely undeveloped, which favors the USGS regression (USGS 2000, 
109515). Of the two USGS regression equation sets, Small and Rural, the USGS Small regression 
equations are most appropriate, considering the basin size. 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 
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project location, no adjustments to the results were deemed necessary. Although the FFA results are 
more conservative, the USGS Small regression results were adopted. 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. 

Waltemeyer (2008, 109516) updated the regression equations and with these equations, the 100-yr peak 
discharge is 2925 cfs, whereas the USGS Small value is 2740 cfs for Pueblo Canyon. Although 2,740 cfs 
isused for the 100-yr design flow, 2925 cfs was checked in the HEC-RAS models. This discharge resulted 
in a water surface elevation for the proposed condition that slightly encroached on the freeboard but did 
not overtop the structure. 

2.3.3 Development of the HEC-RAS Hydraulic Models 

To determine the hydraulic effects of the proposed structures, HEC-RAS models were developed. The 
HEC-RAS Version 4.0 models were initially constructed using shape (.shp) files provided by the 
Laboratory. The 2-dimensional (2-D) data were then converted to 3-D data and geographic information 
system techniques were used for cross-section development. Existing conditions models were 
constructed and calibrated to the best extent, and water surface elevations for the 2-, 5-, 10-, 50-, and 
100-yr peak-flood discharges were simulated and plotted. All subsequent models used these peak-flood 
discharges. This initial model was used to develop a base design and plan for the structure. Additional 
survey data were collected for the site. Based on the new data, new cross sections were prepared and 
the final, revised, and refined current model was developed.  

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. Proposed conditions models, with sedimentation, were created to simulate 
the change in the streambed elevations due to anticipated long-term deposition of sediment upstream of 
the grade-control structures (described in section 2.4). These three conditions–existing, grade-control 
structure without sediment deposits, and grade-control structure with sediment deposits–were compared 
and analyzed. Cross-section layouts, profiles, cross sections, and tabular results for each model condition 
are included in Appendix C. 

2.3.4 Grade-Control Structure Stilling-Basin Design 

The stilling-basin length and end-sill height were determined using the USACE Hydraulic Design Chart 
(HDC) Number 623 (USACE 1959, 109511) based upon the 100-yr flood. HDC 623 develops empirical 
relationships between the design-critical depth of the approach flow to the height between the weir crest 
and the top of the end sill in order to size the length of the stilling basin as well as the height of the end sill.  

For the empirical relationship of HDC 623 to be successful, the tailwater depth beyond the end sill is 
recommended to be between 1.25 to 1.67 times that of the approach flow-critical depth. For Pueblo 
Canyon, the design discharge tailwater would need to be approximately 2½ to 3 ft above the top of the 
end sill. The HEC-RAS results showed the tailwater conditions were met. 

2.3.5 Grade-Control Structure Low-flow Weir Design 

A low-flow rectangular weir was sized to induce the design volumes and location of deposition in the 
upstream area. The width and depth of the weir were estimated using regime equations (Copeland 1994, 
109508) and assuming that the 5-yr discharge is a “channel forming” discharge, a common practice for 
arid to semiarid regions. The regime width and depth dimensions for the 5-yr flood were used as initial 
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guides and adjusted to meet multiple objectives such as accommodating standard gabion sizes and 
physical site restrictions and minimizing the structure footprint. The weir was laterally placed where the 
natural thalweg of the stream is located. The height of the weir above the natural ground was determined 
by examining the design deposition slope (described in section 2.4) and adjusting it vertically to maximize 
deposition on the overbank sediments, safely pass the 100-yr flood above the weir, and still be a stable 
structure. The initial height of the low-flow weir was 4 ft above the existing ground. To account for the 
sediment placed on the upstream side of the structure, and at the request of NMED, the height of the low-
flow weir was raised by 2 ft, making the height above the existing ground elevation 6 ft, or 2 ft above the 
fill elevation behind the structure. The height of the low-flow weir can be varied as described in 
section 2.5. 

2.4 Sediment Deposition Profile Analysis 

The profile of the anticipated sedimentation behind the grade-control structure was based upon 
equilibrium slope analyses (Pemberton and Lara 1984, 109509) and engineering judgment to select an 
appropriate slope. The equilibrium slope is the theoretical slope that 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 varied-frequency floods. The deposition profile predicts the water 
surface profiles for ultimate conditions. 

2.5 Adaptive Management Features 

2.5.1 Adjustable Weir Crest Height 

Predictions of the sediment deposition in the upstream overbank areas can vary because of variations in 
the stream flow, changes in the sediment characteristics, varying equilibrium slopes, and other factors. To 
enhance operational flexibility, an additional vertical column of gabions was added to the structure, 
increasing the thickness of the upper weir foundation. The thicker foundation makes it possible to 
increase the low-flow weir crest by progressively adding gabions or gabion mattresses up to the crest of 
the 100-yr overflow. This gives opportunities to accelerate the deposition and to increase or decrease the 
sediment deposition elevations in the areas upstream of the structure. The initial design crest of the low-
flow weir is 1 ft above the existing ground but can go as high as 7 ft. Any additional gabions also increase 
the structural integrity of the structure. 

2.5.2 Adjustable Riser Pipe 

When a flow event occurs, the structure causes an impoundment of the water and allows settling of the 
sediment. After the event has receded and the majority of the suspended sediment has settled, the 
standing water must be released downstream. A perforated and slotted riser pipe, placed approximately 
32 ft upstream of the structure, assists in these functions. The upstream face consists of removable wood 
boards placed in slots, while the remainder of the riser pipe is perforated CMP. This pipe is connected to 
an outfall pipe that goes through the gabion structure out to the stilling basin. The height of the riser pipe 
is the same as the top of the overflow weir to allow for adjustments if the low-flow weir elevation is 
increased to the height of the overflow weir. Varying the elevation of the top board enables maximum 
retention of water behind the structure, inducing sediment settlement, or allows for accelerated 
dewatering.  
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2.6 Engineering 

2.6.1 Grade-Control Structure 

Since the gabion grade-control structure is unsupported and acts as a retaining structure, the gabion 
design required sufficient mass to prevent sliding and overturning. The design of the structure required 
raising the water surface elevations for the more frequent flood events (5-yr) such that significant 
sediment deposition will now occur immediately upstream of the structure, minimizing potential backwater 
effects of the rare flood events (50- to 100-yr) and ensuring the 100-yr flood does not overtop the 
structure. 

The 5-yr flow was used to design a low-flow weir. The 100-yr flow was used to determine the dimensions 
of the rest of the structure (the overflow weir and confinement walls) and to calculate the energy 
dissipation (stilling) basin dimensions and end-sill heights. A 50-yr design was considered, but since the 
increase in design heights to contain the 100-yr event was small (0.5 feet or less), the design was based 
upon the 100-yr peak-flood event. This resulted in a 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. 

The structure design included additional gabions upstream of the low-flow weir. The purpose of these 
gabions is to raise the flow of water approaching the weir for better efficiency; to prevent damage of the 
main gabion structure and weirs from flow that may contain large rocks, trees, and other debris; and to 
provide additional structural mass to prevent sliding and overturning. The lower and upper weirs direct 
flow into buttress gabions downstream. These gabions dissipate flow energy and also provide additional 
structural mass to prevent sliding and overturning.  

The structure design is composed of gabions consisting of 6- to 9-in.-diameter rock enclosed in wire 
baskets. Whenever possible, standard 3-ft x 3-ft x 6-ft gabions were used. Structure dimensions and 
embedment elevations were conservatively adjusted to eliminate the need for nonstandard-size gabions. 
See Appendix A for as-built drawings. 

2.6.2 Stream Gage 

The supercritical-flow flume is a concrete structure approximately 19 ft wide at the entrance, 15 ft wide at 
the exit, 15 ft in length, and 4 ft in depth. The width of the channel downstream of the structure posed a 
few challenges regarding the location of the flume. Several factors were considered in determining the 
flume location, including minimal disturbance to the downstream channel, overall design and construction 
costs, providing a straight channel for entrance and exit, and minimal influence on the accuracy of 
instrument readings. The flume was placed 320 ft downstream of the structure.  

Class A rip-rap armoring was added upstream, downstream, and along the edges of the flume to prevent 
water from undermining the flume, to minimize potential accumulation of additional sediment between the 
gabion structure and flume, and to protect the stream channel from potential erosion. To maintain flow 
through the flume and provide accurate measurements, the Class A rip rap on the downstream is a 
minimum of 4 in. below the bottom of the flume. This elevation difference allows unimpeded flow from the 
flume. 

Class B rip rap, made up of larger rocks, was placed upstream of the Class A rip rap at the flume 
entrance to stabilize two nickpoints located between the structure and the flume and to provide protection 
to the channel bank. Since Class B rip rap requires a minimum 18 in. recess into the channel, the Class B 
rip rap also provides erosion protection for the channel.  
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Three polyvinyl chloride (PVC) pipes are embedded into the south wall of the flume at varying heights. 
The PVC pipes daylight into a CMP stilling well. As the water levels in the flume reach the pipe openings, 
the water is conveyed to the stilling well. Equipment used in measuring water flow and in sample 
collection is housed in and on top of the CMP. The height of the CMP was designed to keep the 
equipment above the water surface in the event of a 100-yr flow event. As-built drawings are provided in 
Appendix A. Equipment for collecting sampling and flow data was also installed at the stream  
gage E060.1. 

2.7 Permitting 

The Laboratory’s Construction and Engineering group performed an internal review of the design model 
and the construction documents. To comply with Section 404/401 of the Clean Water Act, applications for 
Nationwide Permits 43 and 5 were filed with the NMED Surface Water Quality Bureau and the 
Albuquerque District of the USACE. Section 404 regulates discharges of dredged or filled material in 
waters of the United States. NMED certified the proposed discharges would not adversely affect water 
quality standards under Section 401. Local municipal permitting was not required for the proposed 
improvements. 

A joint Notice of Intent (NOI) was submitted to the EPA by DOE and AS Horner (construction 
subcontractor) for review of the proposed construction activities. Per the NOI, a stormwater pollution 
prevention plan (SWPPP) was prepared and followed to ensure the use of best management practices 
and ensure maximum protection of the environment during and after construction. Erosion and sediment 
control measures were in accordance with NMED Watershed Protection and EPA Guidelines (EPA 2007, 
109510) for stormwater pollution prevention. The protocols of the SWPPP conform to Laboratory 
requirements. This plan was prepared under the direction of a certified professional in erosion and 
sediment control. Designers coordinated with DOE and Laboratory environmental specialists to provide a 
SWPPP that was sensitive to the environment and provided maximum protection against the offsite 
transport of pollutants with particular attention to the protection of adjacent wetlands. The SWPPP will be 
maintained until final stabilization criteria are met per the NOI. At that time, a notice of termination will be 
submitted to close out the permitted construction activity. 

2.8 Design Improvements/Deviations 

The design process was relatively fluid and adaptive to the existing site conditions and Laboratory 
requirements. The following were the key design changes in the project: 

 A riser pipe was designed and installed upstream of the structure to facilitate the sedimentation 
upstream of the structure while providing a means for discharging retained water though the 
structure. The riser pipe is adjustable so that it remains functional as sedimentation accumulates 
behind the structure. 

 The riser pipe elevation was increased from the height of the low-flow weir crest to that of the 
overflow weir crest to allow for greater flexibility should the height of the structure increase. 

 The structure was shifted to accommodate the existing topographic conditions and avoid Native 
American Reservation Lands adjacent to the project site. 

 A stabilized construction-access unimproved road was constructed to reduce construction time 
and minimize site disturbance. This temporary road was restored to a natural state at the end of 
construction activities through hydro-seeding with a Laboratory-approved seed mix. 
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 A 3-in. concrete cap was added to the low-flow and overflow weirs to protect the gabions and 
reduce long-term maintenance.  

 Class B rip rap was added downstream of the structure to ensure that flows exiting the stilling 
basin would not undermine the downstream side of the stilling-basin gabions. 

 Additional Class A rip-rap stabilization was added to the southern slope upstream and 
downstream of the structure to provide additional erosion protection. 

 Additional fill material was deposited upstream of the structure to hasten the creation of the 
wetland. 

Constructability reviews by the construction subcontractor where completed before the initiation of 
construction. Therefore, no significant modifications occurred during the construction process. As-builts of 
the improvements detail the minor deviations (Appendix A). 

3.0 CONSTRUCTION 

3.1 General 

Under contract with the USACE, Omaha District, Security, Disaster, Infrastructure Construction (SDIC) 
multiple-award task-order contract, KBR performed general contractor services, delivering the project 
using the design-build method. Construction of the Pueblo Canyon grade-control structure and stream 
gage E060.1 began on October 26, 2009. The grade-control structure was completed on January 26, 
2010. Construction of the supercritical-flow flume and installation of the Class A rip rap upstream and 
downstream of the flume were completed on March 11, 2010. Because of freeze/thaw conditions, 
installation of Class B rip rap upstream of the flume was postponed until May 3, 2010, and was completed 
May 18, 2010. The entire site was seeded May 19, 2010. Appendix D presents photo documentation of 
construction activities. 

3.2 Safety and Health 

With the guidance and approval of the Omaha District of the USACE, and the Laboratory, the design-
build contractor implemented a specific project safety plan to ensure the project met safety and health 
goals. All work and reports were accomplished in accordance with the USACE Safety and Health 
Requirements Manual EM 385-1-1 and Laboratory requirements. An activity hazard analysis was 
conducted for each definable feature of work. Consideration was given to work tasks and steps; hazards, 
concerns, and potential accidents; controls, preventive measures, and bounding conditions; reference 
documents; and training and qualification requirements. As a result, there were no loss-time accidents or 
incidents during the entire project. 

3.3 Quality Control 

With the guidance and approval of the Omaha District of the USACE, the design-build contractor 
implemented a contractor quality control (CQC) plan to ensure the project met quality construction goals. 
The plan was compliant with ISO 9001:2000 international quality standards and met the quality control 
requirements of the contract. The project quality manager used the quality management system and CQC 
plan to ensure adherence to USACE, SDIC requirements and standards.  
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The design-build contractor implemented the CQC as follows: 

 Assigned ultimate responsibility for quality to the project manager (PM), who delegated 
responsibility to each level within the program organization, down to the individual craftsperson 
and worker. Each level was responsible for application and enforcement of policy within its 
respective area of authority.  

 Provided a quality control supervisor who assisted the PM by administering the program and 
providing an independent analysis of the quality control program’s results.  

 Explained to each employee and subcontractor, through an orientation, the program, the 
individual’s role in it, and his or her expected contribution. A primary goal of the quality 
improvement program was to promote a sense of pride in workmanship. Top management led 
this program and took a strong, active part in its implementation. 

 Delegated to the quality control supervisor the necessary authority, such as stop-work authority, 
to make quality a viable program. This delegated authority for the quality function ensured that 
deficiencies were corrected. 
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Figure 1.0-1 Sediment transport mitigation sites in Los Alamos and Pueblo Canyons, highlighting the site locations for the Pueblo 
Canyon grade-control structure and stream gage E060.1 
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Figure 1.0-2 Pueblo Canyon grade-control structure and stream gage E060.1 site locations 
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Figure 2.1-1 Pueblo grade-control structure (looking north) showing 
entire length of weir and 1-ft difference between overflow 
and low-flow weir crests 

 

 

Figure 2.1-2 Placement of concrete cap  
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Figure 2.1-3 Pueblo grade-control structure (looking south). 
Concrete cap on weir 

 

 

 

Figure 2.1-4 Construction of Class A rip-rap armored earthen berm (looking north) 
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Figure 2.1-5 Class A armored earthen berm upon completion 
(looking north) 

 

 

 

Figure 2.1-6 Riser pipe after extension 
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Figure 2.1-7 E060.1 stream-gage flume during construction 
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Table 2.3-1 

Pueblo Canyon Flood Frequencies 

Percent Chance 
Exceedance USGS Small (cfs)a USGS Rural (cfs)b 

FFAc 
(cfs) 

0.2 (500 yr) 4690 6340 5200 

1 (100 yr) 2740 3380 3570 

2 (50 yr) 2060 2440 2970 

10 (10 yr) 932 1,000 1770 

20 (5 yr) 593 591 1320 

50 (2 yr) 245 225 768 

Note: Equations used for determining basin discharges were based on the following references: 
a Waltemeyer, S.D., 2008. “Analysis of the Magnitude and Frequency of Peak Discharge and 

Maximum Observed Peak Discharge in New Mexico and Surrounding Areas,” report prepared for 
the U.S. Department of the Interior and the U.S. Geological Survey in cooperation with the  
New Mexico Department of Transportation, Scientific Investigations Report 2008-5119, 
Washington, D.C. (Waltemeyer 2008, 109516). 

b
 USGS (U.S. Geological Survey), October 2000. “The National Flood-Frequency Program—
Methods for Estimating Flood Magnitude and Frequency in Rural Areas in New Mexico, 2000,” 
USGS Fact Sheet 055-00. (USGS 2000, 109515). 

c USACE (U.S. Army Corps of Engineers), May 1992. “HEC-FFA Flood Frequency Analysis, User's 
Manual,” Computer Program Documentation No. CPD-13, Washington, D.C. (USACE 1992, 
109512). 
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INTRODUCTION 
 
This report contains the results of our geotechnical engineering exploration for the proposed 
sediment grade control structures in Los Alamos, New Mexico. The location of the two sites 
with respect to the surrounding roads and general topography is shown on the Area Map, 
Figure A1 in Appendix A. 
 
The purpose of these services is to provide information and geotechnical engineering 
recommendations relative to: 
 

• subsurface soil/bedrock conditions, 

• groundwater conditions, 

• structure support, 

• lateral earth pressures,  

• earthwork. 
 
The recommendations contained in this report are based upon results of field and laboratory 
testing, engineering analyses, experience with similar soil/bedrock conditions and 
structures, and our understanding of the proposed project.   
 
 
PROPOSED CONSTRUCTION 
 
Based on the provided information, we understand that the project will consist of the 
construction of sediment grade control structures at the Pueblo Canyon and DP Canyon 
sites.  The structure at each site will consist of a gabion drop structure comprised of 3 feet 
wide, 3 feet long, and 6 feet deep units.  The gabions will be embedded one course below 
the ground surface to prevent scouring and undermining the structures, along with providing 
stability.  In addition, the upstream side will be wrapped in a geotextile filter fabric to 
minimize transport of fine sediments during early stages of use.  The maximum height of the 
gabion drop structures will range from about 9 to 12 feet.  The gabion drop structures will be 
designed to resist potential hydrostatic/flood loads and to resist overturning and sliding.   
 
The scope of services for this project does not include either specifically or by implication 
any environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or 
identification or prevention of pollutants, hazardous materials or conditions.  If the owner is 
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concerned about the potential for such contamination or pollution, other studies should be 
undertaken. 
 
SITE OBSERVATIONS 
 
During the site visits performed as part of the Kick-off meeting on August 11, 2009, it 
appeared that relatively shallow volcanic tuff bedrock was exposed within portions of the 
channel within the drainage at each proposed structure location.   
 
Based upon our observations at the Pueblo Canyon site, the bedrock exposed at this 
location was weakly welded and “soft”. In some cases several feet of alluvium is situated 
above the suspected bedrock.  Accessibility to this site was fairly remote due to existing 
vegetation and trees and the lack of an access road to this area.   
  
Based upon our visual observations, the bedrock exposed at the DP site was more strongly 
welded and harder than the Pueblo Canyon site.  Existing piezometers had been installed in 
this area to observe shallow water conditions during storm events.  It is our understanding 
that information associated with the installation of these piezometers indicates that bedrock 
is about 3 to 5 feet below existing site grade.   Accessibility to this site was relatively good, 
via an unpaved and/or gravel surfaced road. 
 
 
SITE EXPLORATION 
 
The scope of the services performed for this project included site reconnaissance by a 
Terracon representative, a subsurface exploration program, laboratory testing and 
engineering analyses. 
 
Field Exploration:  A total of five (5) explorations were performed on August 19, 2009.  The 
location, depths, and type of exploration are summarized in the following:   

 

Location  
Type of  

Exploration  

Depth of 
Exploration 

(ft.) 

DP Canyon – South Side Boring (B-01) 15-1/2 

DP Canyon  - North Side Test Pit (TP-01) 5-1/2* 
Pueblo Canyon – Floodplain   Test Pit (TP-02) 9-1/2 

Pueblo Canyon – Drainage Test Pit (TP-03) 9-1/2 

Pueblo Canyon – Channel Test Pit (TP-04) 11 
   *Test pit refusal encountered 
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The approximate locations of the explorations are shown on the Exploration Location 
Diagrams, Figure A2a and A2b in Appendix A.  The boring was advanced with a truck-
mounted drilling rig, utilizing 7-½ inch outside-diameter hollow-stem augers.   The test pits 
were performed with a rubber-tired backhoe using a 24-inch bucket.   
 
The explorations were located in the field based upon the site plan prepared by PBS&J and 
measurements from existing site features.  The accuracy of exploration locations should 
only be assumed to the level implied by the methods used to determine each. 
 
Lithologic logs of the explorations were recorded by the Terracon representative during the 
drilling/excavation operations.  At selected intervals within the boring, samples of the 
subsurface materials were taken by driving standard split-spoon or ring-barrel samplers.  In 
addition, bulk disturbed samples were obtained at selected intervals in the test pits. 
 
Penetration resistance measurements performed in the boring were obtained by driving the 
split-spoon and ring-barrel into the subsurface materials with a 140-pound hammer falling 30 
inches.  The penetration resistance value is a useful index in estimating the consistency, 
relative density or hardness of the materials encountered. 
 
A CME automatic SPT hammer was used to advance the split-barrel sampler in the boring 
performed at the DP Canyon site. A greater efficiency is typically achieved with the 
automatic hammer compared to the conventional safety hammer operated with a cathead 
and rope.  The effect of the automatic hammer's efficiency has been considered in the 
interpretation and analysis of the subsurface information for this report. 
 
In addition to obtaining penetration resistance measurements, bedrock core drilling 
operations were performed in the boring at the DP Canyon site, coring operations were 
performed.   The bedrock was cored using NX coring methods.  A minimum 10-foot core 
sample was obtained.  Rock Quality Designation (RQD) was recorded for each 5-foot core 
run. 
 
Groundwater conditions were evaluated in the explorations at the time of site exploration, 
and immediately upon completion of drilling/excavating. 
 
Laboratory Testing:  Samples retrieved during the field exploration were taken to the 
laboratory for observation by the project geotechnical engineer and were classified in 
general accordance with the Unified Soil Classification System and Rock Descriptions in 
Appendix C.  At that time, an applicable laboratory testing program was formulated to 
determine the engineering properties of the subsurface materials and the field descriptions 
were confirmed or modified as necessary.  Boring and Test Pit Logs were prepared and are 
presented in Appendix A. 
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Laboratory tests were conducted on selected soil and bedrock samples and are presented 
in Appendix B and on the Logs of Boring and Test Pits.  The test results were used for the 
geotechnical engineering analyses, and the development of foundation and earthwork 
recommendations.  Laboratory tests were performed in general accordance with applicable 
accepted standards. 
 
Selected soil and/or bedrock samples were tested for the following engineering properties: 
 

• Water Content • Percent Fines/Gradation 

• Unconfined Compressive Strength 
Soluble Sulfates 

• Plasticity Index 

• Dry Density 

• Resistivity 
 

• pH 
 

 
SITE CONDITIONS 
 
DP Canyon:  The proposed site is located within an existing drainage north of DP Road and 
the TSTA Building.  The site is undeveloped, with the exception of an unpaved and/or gravel 
surfaced access road that parallels the existing drainage.  Existing piezometers were 
observed directly west of the project site.  A gauge station and equipment shelters were 
observed directly south of the proposed site.  Vegetation consisted of a sparse to heavy 
growth of native brush and grasses. The site generally slopes down to the east, along the 
existing drainage. 
 
Pueblo Canyon:  The proposed site is located within an existing drainage northwest of 
State Highway 502 and 4.  The site is undeveloped.  An unpaved and/or gravel surfaced 
road that parallels the existing drainage and gauge station are located upstream from the 
project site.  In addition, a New Mexico Department of Transportation maintenance patrol 
yard is located northwest of the project site. Vegetation consisted of a sparse to heavy 
growth of native brush and grasses. The site generally slopes down to the south and 
southeast, along the existing drainage. 
 
 
SUBSURFACE CONDITIONS 
 
DP Canyon:  As presented on the Log of Boring and Log of Test Pit, the surface soils 
consisted of silty sand (SM) to a depth of about 2 to 3 feet below existing site grade.  
Volcanic tuff bedrock was encountered below the silty sand and extended down to the full 
depth of exploration.  Test pit excavation refusal was encountered in Test Pit TP-01at a 
depth of about 5-1/2 feet below existing site grade.   The tuff bedrock varied from non-
welded to strongly welded.  
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Pueblo Canyon:  As presented on the Logs of Test Pits, the surface and subsurface soils 
consisted of well graded sand with silt and gravel (SW-SM), poorly graded sand with gravel 
(SP), silty sand (SM), and sandy silt (ML) to the full depth of exploration.   Auger refusal was 
not encountered in the test pits. 
 
Field and Laboratory Test Results:  Correlation to field penetration test results indicates 
that the tuff bedrock varies from medium heard to very hard in hardness. 
 
Laboratory test results indicate that the sands and silts are non-plastic in plasticity.  Based 
upon our experience with similar soil conditions and our observations performed during 
drilling/excavation, it is our opinion that the sand soils will likely exhibit low to moderate 
compressibility under anticipated loads.  Furthermore, it is our opinion that the sand soils will 
likely exhibit low to moderate potential for hydro-compaction when elevated in moisture 
content.   
 
Results of the unconfined compressive strength testing performed on the tuff bedrock at a 
depth of about six feet below existing site grade, indicated a value of 112,032 pounds per 
square foot (778 pounds per square inch).  
 
Results of the chemical laboratory testing, performed on two subsurface samples obtained 
within each site indicate that the soluble sulfate concentrations are about 17 mg/kg, the pH 
values range between 6.8 to 7.1, and the resistivities range between 10,900 to 27,400 
ohms-cm.  
 
Groundwater Conditions: Groundwater was not encountered in the explorations at the 
time of field exploration.   These observations represent groundwater conditions at the time 
of the field exploration and may not be indicative of other times, or at other locations.  
Groundwater conditions can change with varying seasonal and weather conditions, and 
other factors. 
 
Fluctuations in groundwater levels can best be determined by implementation of a 
groundwater monitoring plan.  Such a plan would include installation of groundwater 
monitoring wells, and periodic measurement of groundwater levels over a sufficient period of 
time.  The possibility of groundwater fluctuations will need to be considered when 
developing design and construction plans for the project. 
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ENGINEERING ANALYSES AND RECOMMENDATIONS 
 
Geotechnical Considerations:  The sites appear suitable for the proposed construction.  
However, medium hard to very hard volcanic tuff bedrock was encountered at depths of 
about 2 to 3 feet below existing site grade at the DP Canyon site.  Test pit excavation 
refusal was encountered at a depth of about 5-1/2 feet below existing site grade.   Difficult 
excavation techniques may be required in this area depending on the final excavation 
depths.  A qualified contractor should review the data and information contained in this 
report to determine the appropriate equipment required to advance the excavations to 
construction depths.  It should be noted that a limited number of explorations were 
performed at both sites; therefore, the subsurface conditions encountered during 
construction could vary form those encountered as part of this study. 
 
In addition, potentially compressible soils at shallow depths which show low to moderate 
tendency for compressibility at in-situ moisture contents and low to moderate tendency for 
hydro-compaction when elevated in moisture content will require particular attention in the 
design and construction.   
 
Based on the geotechnical analyses, subsurface information and laboratory results, it is our 
opinion that the proposed structures can be supported on the existing soils or tuff bedrock at 
the sites. 
 
Design and construction recommendations for structure support and other earth connected 
phases of the project are outlined below. 
 
Structure Support:  Based upon the boring and test pit information, and our experience 
with similar soil and bedrock conditions, the allowable bearing pressure of the sands is 
anticipated to be on the order of about 2,000 pounds per square foot (psf).  A conservative 
allowable bearing pressure for the tuff bedrock is anticipated to be on the order of about 
3,500 psf.   
 
Total settlement of the structure designed to the maximum bearing pressure is estimated to 
be on the order of one to 2 inches.  Due to the potential for unstable or very loose subgrade 
soils or seasonal groundwater at the base of the structures, a 12-inch gravel or rock layer 
may be required below the structures to provide a stable working/construction platform.   
 
Foundation excavations and engineered fill placement should be observed by the 
geotechnical engineer.  If the soil conditions encountered differ significantly from those 
presented in this report, supplemental recommendations will be required. 

 
 
 

 



Sediment Grade Control Structures    
Los Alamos, New Mexico   
Terracon Project No. 66095039 
August 31, 2009 
 

 7  

Lateral Earth Pressures:  The recommended equivalent fluid pressures for unrestrained 
foundation elements when using on-site soils as backfill are: 

Active: 

• Sand Soils........................................................ 35 psf/ft 
Passive: 

• Sand Soils...................................................... 390 psf/ft 
 
           Coefficient of base friction: 

• Sand Soils.............................................................0.40* 
 

*The coefficient of base friction should be reduced to 0.35 when used in 
conjunction with passive pressure. 

 
Where the design includes restrained elements, the following equivalent fluid pressure is 
recommended: 

At Rest: 

• Sand Soils........................................................ 55 psf/ft 
 
The above lateral earth pressures and coefficient do not include any factor of safety.  
Additional recommendations may be necessary if such conditions are to be included in the 
design. 
 
Fill against the structures should be compacted to densities specified in the Earthwork 
section of this report.  Compaction of each lift adjacent to structures should be accomplished 
with hand-operated tampers or other lightweight compactors.  Overcompaction may cause 
higher lateral earth pressures which could result in movements.  
 
Geotextile Filter Fabric: We recommend that a non-woven geotextile fabric be used to 
prevent the migration of fines from entering the Gabion structure.  The fabric specified 
should be compatible with the on-site soils and meet minimum strength, permittivity, and 
flow rate requirements.  
 
Earthwork: 
 

• General Considerations:  The following presents recommendations for site 
preparation, excavation, subgrade preparation and placement of engineered fills on 
the project.  The recommendations presented for design and construction of earth 
supported elements including foundations and slabs are contingent upon following 
the recommendations outlined in this section. 

 
Earthwork on the project should be observed and evaluated by Terracon 
Consultants, Inc.  The evaluation of earthwork should include observation and testing 
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of engineered fill, subgrade preparation, foundation bearing soils, and other 
geotechnical conditions exposed during the construction of the project. 
 

• Site Preparation:  Strip and remove the existing vegetation, debris, and other 
deleterious materials from proposed structure areas.  Exposed surfaces should be 
free of mounds and depressions, which could prevent uniform compaction.   

 
Stripped materials consisting of vegetation and organic materials should be wasted 
from the site, or used to revegetate landscaped areas or exposed slopes after 
completion of grading operations.   
 
If fill is placed in areas of the site where existing slopes are steeper than 5:1 
(horizontal: vertical), the area should be benched to reduce the potential for slippage 
between existing slopes and fills.  Benches should be wide enough to accommodate 
compaction and earth moving equipment and to allow placement of horizontal lifts of 
fills. 
 
It is anticipated that shallow excavations in some areas for the proposed construction 
can be accomplished with conventional earthmoving equipment.   However, very 
hard bedrock materials, and auger refusal materials were encountered at depths 
ranging between 2 and 3 feet below existing ground surface.  Based upon the boring 
and test pit data, this condition appears to be associated with the DP Canyon site.  
Difficult excavation techniques may be required in this area depending on the final 
excavation depths.  A qualified contractor should review the data and information 
contained in this report to determine the appropriate equipment required to advance 
the excavations to construction depths.  It should be noted that a limited number of 
explorations were performed at both sites; therefore, the subsurface conditions 
encountered during construction could vary form those encountered as part of this 
study. 
 
Groundwater was not encountered to depths of about 5-1/2 to 11 feet below existing 
site grades.  However, depending upon the season during construction, groundwater 
could be encountered at the project sites.  Therefore, groundwater control measures 
could be required depending on the construction excavation depths.   
 
Based upon the subsurface conditions determined from the geotechnical exploration, 
it is our opinion that the shallow subgrade soils exposed during construction are 
anticipated to be relatively stable; however, groundwater could be encountered 
during construction.  The stability of the subgrade may be affected by precipitation,  
repetitive construction traffic or other factors.  If unstable conditions develop, 
workability may be improved by scarifying and drying.  Overexcavation of wet zones 
and replacement with granular materials may be necessary.  Use of cement or 
geotextiles could also be considered as a stabilization technique.  Laboratory 
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evaluation is recommended to determine the effect of chemical stabilization on 
subgrade soils prior to construction.  Lightweight excavation equipment may be 
required to reduce subgrade pumping. 
 
The individual contractor(s) is responsible for designing and constructing stable, 
temporary excavations as required to maintain stability of both the excavation sides 
and bottom.  Excavations should be sloped or shored in the interest of safety 
following local, and federal regulations, including current OSHA excavation and 
trench safety standards. 

 

• Subgrade Preparation: Exposed areas which will receive fill of the initial course of 
the gabion structure, once properly cleared, should be scarified to a minimum depth 
of 10 inches, conditioned to near optimum moisture content, and compacted. 

 

• Fill Materials and Placement:  Generally, clean on-site soils or approved imported 
materials may be used as fill material (if applicable) for the site.  The fill materials 
should conform to the following: 

         Percent finer by weight 
 Gradation (ASTM C136) 
 

6" ........................................................................................................... 100 
3" ......................................................................................................70-100 
No. 4 Sieve .......................................................................................50-100 
No. 200 Sieve ................................................................................35 (max) 

• Liquid Limit.........................................................................30 (max) 

• Plasticity Index...................................................................12 (max) 
 
Engineered fill should be placed and compacted in horizontal lifts, using equipment 
and procedures that will produce recommended moisture contents and densities 
throughout the lift.  Fill lifts should not exceed 10 inches loose thickness.  
Recommended compaction criteria for engineered fill materials are as follows: 
 
                  Minimum Percent

 Material                                                                                     (ASTM D1557) 
 

Scarified subgrade soils .......................................................................... 90 
 
Miscellaneous backfill (non-structural areas) .......................................... 85 
 

Imported soils should be compacted within a moisture range of optimum to 3 percent 
above optimum if the materials have a PI of 5 or more.  On-site soils and import soils 
that have a PI of less than 5 should be compacted within a moisture range of +/-3 
percent of optimum moisture content. 
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• Excavation and Trench Construction:  Excavations into the on-site materials will 
likely encounter caving soils and possibly groundwater, depending upon the final 
depth of excavation.  The individual contractor(s) should be made responsible for 
designing and constructing stable, temporary excavations as required to maintain 
stability of both the excavation sides and bottom.  All excavations should be sloped 
or shored in the interest of safety following local, and federal regulations, including 
current OSHA excavation and trench safety standards. 

 
The soils or bedrock to be penetrated by the proposed excavations may vary 
significantly across the site.  The contractor should verify that similar conditions exist 
throughout the proposed area of excavation.  If different subsurface conditions are 
encountered at the time of construction, the actual conditions should be evaluated to 
determine any excavation modifications necessary to maintain safe conditions. 

 
As a safety measure, it is recommended that all vehicles and soil piles be kept to a 
minimum lateral distance from the crest of the slope equal to no less than the slope 
height.  The exposed slope face should be protected against the elements. 
 
The contractor should retain a geotechnical engineer to monitor the soils/bedrock 
exposed in all excavations and provide engineering services for slopes.  This will 
provide an opportunity to monitor the soil types encountered and to modify the 
excavation slopes as necessary.  It also offers an opportunity to verify the stability of 
the excavation slopes during construction. 

 
Additional Design and Construction Considerations: 
 

• Exterior Slab Design and Construction:  Exterior slabs-on-grade, exterior 
architectural features, and utilities founded on, or in fill/backfill or undisturbed soils 
may experience some movement due to the volume change of the backfill.  To 
reduce the potential for damage caused by movement, we recommend: 

 

• using granular fill 

• minimizing moisture increases in the backfill/undisturbed soils 

• controlling moisture-density during placement of backfill 

• using designs which allow vertical movement between the exterior features 
and adjoining structural elements 

• placing effective control joints on relatively close centers 
 

• Corrosion Protection:   Results of the chemical laboratory testing, performed on 
two subsurface samples obtained within each site indicate that the soluble sulfate 
concentrations are about 17 mg/kg, the pH values range between 6.8 to 7.1, and the 
resistivities range between 10,900 to 27,400 ohms-cm.  
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Results of the chemical laboratory test results indicate that the soils tested have a 
mild potential for corrosion of concrete and a mild potential for corrosion of ferrous 
metals.  

 
 
GENERAL COMMENTS 
 
Terracon should be retained to review the final design plans and specifications so 
comments can be made regarding interpretation and implementation of our geotechnical 
recommendations in the design and specifications. Terracon also should be retained to 
provide observation and testing services during grading, excavation, foundation construction 
and other earth-related construction phases of the project. 
 
The analysis and recommendations presented in this report are based upon the data 
obtained from the borings performed at the indicated locations and from other information 
discussed in this report.  This report does not reflect variations that may occur between 
borings, across the site, or due to the modifying effects of construction or weather.  The 
nature and extent of such variations may not become evident until during or after 
construction.  If variations appear, we should be immediately notified so that further 
evaluation and supplemental recommendations can be provided.  
 
The scope of services for this project does not include either specifically or by implication 
any environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or 
identification or prevention of pollutants, hazardous materials or conditions.  If the owner is 
concerned about the potential for such contamination or pollution, other studies should be 
undertaken. 
 
This report has been prepared for the exclusive use of our client for specific application to 
the project discussed and has been prepared in accordance with generally accepted 
geotechnical engineering practices.  No warranties, either express or implied, are intended 
or made.  Site safety, excavation support, and dewatering requirements are the 
responsibility of others.  In the event that changes in the nature, design, or location of the 
project as outlined in this report are planned, the conclusions and recommendations 
contained in this report shall not be considered valid unless Terracon reviews the changes 
and either verifies or modifies the conclusions of this report in writing. 
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GENERAL NOTES 

  DRILLING & SAMPLING SYMBOLS: 
  SS:          Split Spoon - 1-3/8" I.D., 2" O.D., unless otherwise noted HS:           Hollow Stem Auger 
  ST: Thin-Walled Tube - 2" O.D., unless otherwise noted PA: Power Auger 
  RS: Ring Sampler - 2.42" I.D., 3" O.D., unless otherwise noted HA: Hand Auger 
  DB: Diamond Bit Coring - 4", N, B RB: Rock Bit 
  BS: Bulk Sample or Auger Sample WB: Wash Boring or Mud Rotary 

The number of blows required to advance a standard 2-inch O.D. split-spoon sampler (SS) the last 12 inches of the total 18-inch    
penetration with a 140-pound hammer falling 30 inches is considered the “Standard Penetration” or “N-value”.  For 3” O.D. ring samplers  
(RS) the penetration value is reported as the number of blows required to advance the sampler 12 inches using a 140-pound hammer  
falling 30 inches, reported as “blows per foot,” and is not considered equivalent to the “Standard Penetration”or “N-value”. 

  WATER LEVEL MEASUREMENT SYMBOLS: 

  WL: Water Level WS: While Sampling N/E: Not Encountered 
  WCI: Wet Cave in WD: While Drilling   
  DCI: Dry Cave in BCR: Before Casing Removal   
  AB: After Boring ACR: After Casing Removal   

Water levels indicated on the boring logs are the levels measured in the borings at the times indicated. Groundwater levels at other 
times and other locations across the site could vary.  In pervious soils, the indicated levels may reflect the location of groundwater.  In 
low permeability soils, the accurate determination of groundwater levels may not be possible with only short-term observations.      

DESCRIPTIVE SOIL CLASSIFICATION: Soil classification is based on the Unified Classification System. Coarse Grained Soils have 
more than 50% of their dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine 
Grained Soils have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic, 
and silts if they are slightly plastic or non-plastic.  Major constituents may be added as modifiers and minor constituents may be added 
according to the relative proportions based on grain size.  In addition to gradation, coarse-grained soils are defined on the basis of their  
in-place relative density and fine-grained soils on the basis of their consistency.   

CONSISTENCY OF FINE-GRAINED SOILS          RELATIVE DENSITY OF COARSE-GRAINED SOILS

 
Unconfined 

Compressive 
Strength, Qu, psf

Standard 
Penetration or 
N-value (SS) 

Blows/Ft.

                 
                 
 

Consistency       

Standard 
Penetration or 
N-value (SS) 

Blows/Ft.

                 
 

Ring Sampler (RS) 
Blows/Ft.

 
                       
 

Relative Density

                  < 500 0 - 1 Very Soft 0 – 3 0-6 Very Loose 
          500  –   1,000 2 - 4 Soft 4 – 9 7-18 Loose 
       1,000  –   2,000 4 - 8 Medium Stiff 10 – 29 19-58 Medium Dense 
       2,000  –   4,000 8 -15 Stiff 30 – 49 59-98 Dense 
       4,000  –   8,000 15 - 30 Very Stiff > 50 > 99 Very Dense 
          8,000+ > 30  Hard    

RELATIVE PROPORTIONS OF SAND AND GRAVEL GRAIN SIZE TERMINOLOGY

Descriptive Term(s) of other 
constituents

Percent of  
Dry Weight 

 

Major Component  
of Sample

 
Particle Size

Trace < 15 Boulders Over 12 in. (300mm) 
With 15 – 29 Cobbles 12 in. to 3 in. (300mm to 75 mm) 

Modifier > 30 Gravel 3 in. to #4 sieve (75mm to 4.75 mm) 

RELATIVE PROPORTIONS OF FINES
Sand 

Silt or Clay 
#4 to #200 sieve (4.75mm to 0.075mm)  

Passing #200 Sieve (0.075mm) 

 PLASTICITY DESCRIPTION  Descriptive Term(s) of other 
constituents 

 

Percent of  
Dry Weight

 Term Plasticity Index  

Trace 
With 

Modifiers 

< 5 
5 – 12 
> 12 

 
Non-plastic  

Low   
  Medium     

High 

0 
1-10 
11-30 
> 30 

 

    

 



 
GENERAL NOTES 

Description of Rock Properties 

WEATHERING 

Fresh Rock fresh, crystals bright, few joints may show slight staining. Rock rings under hammer if crystalline. 

Very slight Rock generally fresh, joints stained, some joints may show thin clay coatings, crystals in broken face show 
bright. Rock rings under hammer if crystalline. 

Slight Rock generally fresh, joints stained, and discoloration extends into rock up to 1 in. Joints may contain clay. 
In granitoid rocks some occasional feldspar crystals are dull and discolored. Crystalline rocks ring under 
hammer. 

Moderate Significant portions of rock show discoloration and weathering effects. In granitoid rocks, most feldspars are 
dull and discolored; some show clayey. Rock has dull sound under hammer and shows significant loss of 
strength as compared with fresh rock. 

Moderately severe All rock except quartz discolored or stained. In granitoid rocks, all feldspars dull and discolored and majority 
show kaolinization. Rock shows severe loss of strength and can be excavated with geologist’s pick.   

Severe All rock except quartz discolored or stained. Rock “fabric” clear and evident, but reduced in strength to 
strong soil.  In granitoid rocks, all feldspars kaolinized to some extent. Some fragments of strong rock 
usually left. 

Very severe All rock except quartz discolored or stained. Rock “fabric” discernible, but mass effectively reduced to “soil” 
with only fragments of strong rock remaining. 

Complete  Rock reduced to ”soil”. Rock “fabric” not discernible or discernible only in small, scattered locations.  Quartz 
may be present as dikes or stringers. 

HARDNESS (for engineering description of rock – not to be confused with Moh’s scale for minerals) 

Very hard Cannot be scratched with knife or sharp pick. Breaking of hand specimens requires several hard blows of 
geologist’s pick.  

Hard Can be scratched with knife or pick only with difficulty. Hard blow of hammer required to detach hand 
specimen. 

Moderately hard Can be scratched with knife or pick. Gouges or grooves to ¼ in. deep can be excavated by hard blow of 
point of a geologist’s pick. Hand specimens can be detached by moderate blow. 

Medium  Can be grooved or gouged 1/16 in. deep by firm pressure on knife or pick point. Can be excavated in small 
chips to pieces about 1-in. maximum size by hard blows of the point of a geologist’s pick. 

Soft Can be gouged or grooved readily with knife or pick point. Can be excavated in chips to pieces several 
inches in size by moderate blows of a pick point. Small thin pieces can be broken by finger pressure. 

Very soft Can be carved with knife. Can be excavated readily with point of pick. Pieces 1-in. or more in thickness can 
be broken with finger pressure. Can be scratched readily by fingernail. 

Joint, Bedding and Foliation Spacing in Rocka

Spacing Joints Bedding/Foliation 
Less than 2 in. Very close Very thin 
2 in. – 1 ft. Close Thin 
1 ft. – 3 ft. Moderately close Medium 
3 ft. – 10 ft. Wide Thick 
More than 10 ft. Very wide Very thick 

Rock Quality Designator (RQD)b Joint Openness Descriptors 
RQD, as a percentage Diagnostic description Openness Descriptor 

Exceeding 90 Excellent No Visible Separation Tight 
90 – 75 Good Less than 1/32 in. Slightly Open 
75 – 50 Fair 1/32 to 1/8 in. Moderately Open 
50 – 25 Poor 1/8 to 3/8 in. Open 
Less than 25 Very poor 3/8 in. to 0.1 ft. Moderately Wide  
  Greater than 0.1 ft. Wide 

a. Spacing refers to the distance normal to the planes, of the described feature, which are parallel to each other or nearly so.  
b. RQD (given as a percentage) = length of core in pieces 4 in. and longer/length of run. 
 

References:  American Society of Civil Engineers. Manuals and Reports on Engineering Practice - No. 56. Subsurface Investigation for Design 
and Construction of Foundations of Buildings. New York: American Society of Civil Engineers, 1976. 

 U.S. Department of the Interior, Bureau of Reclamation, Engineering Geology Field Manual. 



UNIFIED SOIL CLASSIFICATION SYSTEM 

Criteria for Assigning Group Symbols and Group Names Using Laboratory TestsA Soil Classification 

 Group 
Symbol 

 
Group NameB

Cu ≥ 4 and 1 ≤ Cc ≤ 3E GW Well-graded gravelFClean Gravels  
Less than 5% finesC

Cu < 4 and/or 1 > Cc > 3E GP Poorly graded gravelF

Fines classify as ML or MH  GM Silty gravelF,G, H

Coarse Grained Soils 

More than 50% retained 

on No. 200 sieve 

Gravels 
More than 50% of coarse 
fraction retained on 
No. 4 sieve Gravels with Fines    More 

than 12% finesC

Fines classify as CL or CH GC Clayey gravelF,G,H

Cu ≥ 6 and 1 ≤ Cc ≤ 3E SW Well-graded sandIClean Sands  
Less than 5% finesD

Cu < 6 and/or 1 > Cc > 3E SP Poorly graded sandI

Fines classify as ML or MH SM Silty sandG,H,I

 Sands  
50% or more of coarse  
fraction passes  
No. 4 sieve Sands with Fines  

More than 12% finesD

Fines Classify as CL or CH SC Clayey sandG,H,I

PI > 7 and plots on or above “A” lineJ CL Lean clayK,L,MSilts and Clays 
Liquid limit less than 50 

inorganic 

PI < 4 or plots below “A” lineJ ML SiltK,L,M

Liquid limit - oven dried Organic clayK,L,M,N

Fine-Grained Soils  
50% or more passes the 
No. 200 sieve 

 organic 

Liquid limit - not dried 
< 0.75 OL 

Organic siltK,L,M,O

 inorganic PI plots on or above “A” line CH Fat clayK,L,M

 

Silts and Clays          
Liquid limit 50 or more  

 PI plots below “A” line MH Elastic SiltK,L,M

Liquid limit - oven dried Organic clayK,L,M,P  organic 

Liquid limit - not dried 
< 0.75 OH 

Organic siltK,L,M,Q

Highly organic soils Primarily organic matter, dark in color, and organic odor PT Peat 

 

A Based on the material passing the 3-in. (75-mm) sieve 
B If field sample contained cobbles or boulders, or both, add “with cobbles 

or boulders, or both” to group name. 
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded 

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly 
graded gravel with silt, GP-GC poorly graded gravel with clay. 

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded 
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded 
sand with silt, SP-SC poorly graded sand with clay 

E Cu = D60/D10     Cc = 
6010

2
30

DxD

)(D
 

F If soil contains ≥ 15% sand, add “with sand” to group name. 
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

 

HIf fines are organic, add “with organic fines” to group name. 
I If soil contains ≥ 15% gravel, add “with gravel” to group name. 
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with 

gravel,” whichever is predominant. 
L If soil contains ≥ 30% plus No. 200 predominantly sand, add 

“sandy” to group name. 
M If soil contains ≥ 30% plus No. 200, predominantly gravel, add 

“gravelly” to group name. 
N PI ≥ 4 and plots on or above “A” line. 
O PI < 4 or plots below “A” line. 
P PI plots on or above “A” line. 
Q PI plots below “A” line. 
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Los Alamos National Laboratory 
Pueblo Canyon Grade Control Structure 
HEC-RAS Revised Modeling Narrative 

December 21, 2009 
 
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.  LANL consists of representatives from DOE and LANS.  LANS is Los Alamos 
National Security, LLC., the M&O contractor for DOE at the LANL. The structure is located 
within Pueblo Canyon and referred to as the Pueblo Canyon grade control structure.  The 
approximate location of the proposed Pueblo Canyon grade control structure is located 
approximately 400 feet downstream of the current E060 gauging station.   
 
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. 
 
Development of the HEC-RAS Hydraulic Model 
 
To determine the hydraulic effects of the proposed structure, a HEC-RAS model was developed.  
The HEC-RAS (Version 4.0) model was 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 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 is available immediately following 
in this Appendix.   
 
The HEC-RAS model for the stream system was revised in December 2009 to reflect new 
topographic survey information which was made available, as well as changes in the design of 
the grade control structure for the stream and the addition of a flume just downstream of the 
grade control structure.  Below is a brief description of the methodology and assumptions used in 
preparing the revised HEC-RAS model for Pueblo Canyon. 
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Pueblo Canyon 
 

1. Existing Conditions 
 
 Cross sections of the channel were taken from River Station (RS) 100 (approx. 510’ 

downstream of proposed Gabion Grade Control Structure) to RS 2527. 
 Cross section coordinates were taken perpendicular to the centerline of the stream 

from new topographic survey using AutoCAD Civil 3D. 
 The sign convention of the cross sections is left to right looking downstream with the 

zero station on an assumed survey baseline. 
 By iteratively running the HEC-RAS model, the Left Bank and Right Bank stations 

were set so that the 50-year water surface was at or just above the bank elevations. 
 Manning’s n values of 0.03 for the channel and 0.07 for left overbank (LOB) and 

right overbank (ROB) were selected. 
 Contraction and expansion coefficients of 0.1 and 0.3, respectively, were assumed. 
 Flow data used was as follows (see original project design report for background 

information): 
 
2-year 245 cfs 
5-year 593 cfs 
10-year 932 cfs 
50-year 2060 cfs 
100-year 2740 cfs 
 
In addition, a flow of 350 cfs was analyzed for design of the flume under proposed 
conditions. 
 

2. Proposed Conditions 
 
 Existing Conditions model cross sections between RS 320 and RS 179 were revised 

to define a proposed 5’ to 1’ bottom-width flume from RS 260 to RS 245, with 20’ 
transitions from RS 280 to RS 260 upstream of the flume and from RS 245 to RS 225 
downstream of the flume. 

 A Gabion Grade Control Structure was added at RS 609, with the following 
characteristics: 

o Station and elevation coordinates defined to match the plans (30’ low flow 
weir at crest el. 6341; 168’ weir at crest el. 6342; top of weir at el. 6345). 

o Distance = 3.0’ to upstream section at RS 612. 
o Width = 3.0. 
o Weir Coefficient – 3.0. 

 Ineffective flow areas upstream of the Gabion Grade Control Structure were assumed 
to direct flow to the structure: 

o At RS 655:  Station 288 Left; Station 552 Left 
o At RS 612:  Station 386 Left; Station 554 Right 

 
 



3 
 

3. Proposed Conditions with Sediment 
 
 Proposed Conditions model was revised to analyze the effects of a sediment fill slope 

of 0.9% (as in the original HEC-RAS analysis) from RS 612 just upstream of the 
proposed Gabion Grade Control Structure. 

 The first analysis used a starting sediment elevation of 6339, which resulted in the 
sediment intersecting the channel bottom approx. 220’ upstream of the structure. 

 A second analysis used a starting sediment elevation near the Gabion Grade Control 
Structure equal to the low flow weir elevation of 6341 as in the original analysis.  The 
sediment intersected the channel bottom approx. 310’ upstream of the structure. 
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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 2527    2yr 245.00 6375.00 6376.23 6376.23 6376.55 0.015580 4.55 53.90 85.44 1.01

reach_1 2527    Flume Design 350.00 6375.00 6376.41 6376.41 6376.79 0.014787 4.93 71.09 100.15 1.01

reach_1 2527    5yr 593.00 6375.00 6376.76 6376.76 6377.22 0.011766 5.51 119.18 162.48 0.95

reach_1 2527    10yr 932.00 6375.00 6377.15 6377.15 6377.67 0.009075 5.99 199.18 271.94 0.88

reach_1 2527    50yr 2060.00 6375.00 6377.88 6377.88 6378.65 0.008634 7.70 402.95 284.23 0.92

reach_1 2527    100yr 2740.00 6375.00 6378.21 6378.21 6379.13 0.008882 8.57 496.55 295.93 0.96

reach_1 2427    2yr 245.00 6373.96 6374.77 6374.97 0.011096 3.55 69.05 123.00 0.83

reach_1 2427    Flume Design 350.00 6373.96 6374.91 6374.85 6375.16 0.011953 4.05 86.33 133.12 0.89

reach_1 2427    5yr 593.00 6373.96 6375.14 6375.14 6375.51 0.013110 4.89 128.21 213.08 0.96

reach_1 2427    10yr 932.00 6373.96 6375.41 6375.41 6375.88 0.011785 5.62 185.59 215.78 0.96

reach_1 2427    50yr 2060.00 6373.96 6376.06 6376.06 6376.85 0.010817 7.39 328.27 223.00 0.99

reach_1 2427    100yr 2740.00 6373.96 6376.40 6376.40 6377.34 0.010342 8.13 404.24 232.05 1.00

reach_1 2327    2yr 245.00 6372.62 6373.35 6373.35 6373.57 0.018109 3.78 64.90 152.21 1.02

reach_1 2327    Flume Design 350.00 6372.62 6373.46 6373.46 6373.74 0.017161 4.25 82.30 155.07 1.03

reach_1 2327    5yr 593.00 6372.62 6373.70 6373.70 6374.07 0.014757 4.89 121.18 165.15 1.01

reach_1 2327    10yr 932.00 6372.62 6373.96 6373.96 6374.45 0.013679 5.63 165.96 178.78 1.01

reach_1 2327    50yr 2060.00 6372.62 6374.67 6374.67 6375.43 0.010213 7.04 315.78 246.90 0.96

reach_1 2327    100yr 2740.00 6372.62 6375.02 6375.02 6375.90 0.009419 7.65 403.15 269.34 0.95

reach_1 2227    2yr 245.00 6368.94 6370.55 6370.55 6371.06 0.013435 5.73 42.75 42.69 1.01

reach_1 2227    Flume Design 350.00 6368.94 6370.86 6370.86 6371.45 0.012625 6.17 56.69 48.30 1.00

reach_1 2227    5yr 593.00 6368.94 6371.42 6371.42 6371.92 0.012966 5.71 104.84 109.61 1.00

reach_1 2227    10yr 932.00 6368.94 6371.78 6371.78 6372.44 0.011499 6.57 148.79 126.92 0.99

reach_1 2227    50yr 2060.00 6368.94 6372.77 6372.77 6373.71 0.008318 8.02 318.74 204.15 0.92

reach_1 2227    100yr 2740.00 6368.94 6373.21 6373.21 6374.28 0.007853 8.72 417.68 266.46 0.92

reach_1 2127    2yr 245.00 6365.00 6368.18 6368.18 6368.94 0.012406 6.99 35.04 23.65 1.01

reach_1 2127    Flume Design 350.00 6365.00 6368.89 6368.89 6369.32 0.013838 5.27 66.38 76.10 0.99

reach_1 2127    5yr 593.00 6365.00 6369.27 6369.27 6369.75 0.014227 5.57 109.10 147.31 1.02

reach_1 2127    10yr 932.00 6365.00 6369.64 6369.64 6370.20 0.010828 6.09 178.16 233.21 0.94

reach_1 2127    50yr 2060.00 6365.00 6370.45 6370.45 6371.16 0.008092 7.27 432.80 366.38 0.88

reach_1 2127    100yr 2740.00 6365.00 6370.78 6370.78 6371.58 0.008011 7.96 557.57 401.56 0.90

reach_1 2027    2yr 245.00 6364.92 6366.25 6366.16 6366.36 0.016014 3.35 97.61 169.87 0.94

reach_1 2027    Flume Design 350.00 6364.92 6366.40 6366.22 6366.55 0.015775 3.85 124.17 187.31 0.97

reach_1 2027    5yr 593.00 6364.92 6366.70 6366.39 6366.94 0.015192 4.90 190.29 261.98 1.02

reach_1 2027    10yr 932.00 6364.92 6366.98 6366.84 6367.29 0.013748 5.55 267.16 289.86 1.01

reach_1 2027    50yr 2060.00 6364.92 6367.55 6367.55 6368.16 0.014598 7.84 467.67 411.09 1.13

reach_1 2027    100yr 2740.00 6364.92 6367.74 6367.70 6368.60 0.017621 9.33 553.16 478.41 1.26

reach_1 1927    2yr 245.00 6364.00 6365.19 6365.34 0.010420 3.97 112.87 221.31 0.84

reach_1 1927    Flume Design 350.00 6364.00 6365.36 6365.55 0.010057 4.51 153.65 252.04 0.85

reach_1 1927    5yr 593.00 6364.00 6365.65 6365.91 0.010440 5.55 235.13 334.55 0.91

reach_1 1927    10yr 932.00 6364.00 6365.88 6365.83 6366.24 0.011883 6.70 318.22 377.94 1.00

reach_1 1927    50yr 2060.00 6364.00 6366.44 6366.44 6366.97 0.012871 8.74 573.74 486.06 1.11

reach_1 1927    100yr 2740.00 6364.00 6366.67 6366.67 6367.30 0.013553 9.67 689.07 509.44 1.16

reach_1 1827    2yr 245.00 6363.29 6363.91 6363.84 6364.06 0.018333 3.82 94.63 208.87 1.03

reach_1 1827    Flume Design 350.00 6363.29 6364.02 6363.96 6364.21 0.021802 4.24 119.11 246.51 1.12

reach_1 1827    5yr 593.00 6363.29 6364.20 6364.16 6364.50 0.023093 5.33 164.51 269.75 1.22

reach_1 1827    10yr 932.00 6363.29 6364.47 6364.47 6364.86 0.018706 5.95 245.88 334.05 1.16

reach_1 1827    50yr 2060.00 6363.29 6365.09 6365.09 6365.63 0.014089 7.15 494.28 476.38 1.09

reach_1 1827    100yr 2740.00 6363.29 6365.32 6365.32 6365.95 0.013566 7.83 611.98 508.07 1.10

reach_1 1727    2yr 245.00 6360.64 6362.01 6362.01 6362.37 0.015139 4.82 51.63 89.44 1.01

reach_1 1727    Flume Design 350.00 6360.64 6362.25 6362.25 6362.62 0.011858 4.94 81.94 151.73 0.93

reach_1 1727    5yr 593.00 6360.64 6362.63 6362.63 6363.03 0.010019 5.34 153.00 233.77 0.89

reach_1 1727    10yr 932.00 6360.64 6362.96 6362.96 6363.40 0.009759 5.82 240.82 282.30 0.90

reach_1 1727    50yr 2060.00 6360.64 6363.54 6363.54 6364.30 0.011485 8.02 446.13 437.21 1.04

reach_1 1727    100yr 2740.00 6360.64 6363.95 6363.95 6364.69 0.009089 8.15 650.72 551.89 0.95

reach_1 1627    2yr 245.00 6357.96 6359.00 6359.00 6359.29 0.028383 5.38 72.55 145.09 1.32

reach_1 1627    Flume Design 350.00 6357.96 6359.20 6359.20 6359.46 0.025264 5.16 106.50 200.24 1.25

reach_1 1627    5yr 593.00 6357.96 6359.41 6359.41 6359.78 0.026995 6.10 154.14 239.99 1.33

reach_1 1627    10yr 932.00 6357.96 6359.75 6359.75 6360.14 0.018589 6.27 246.23 308.45 1.17

reach_1 1627    50yr 2060.00 6357.96 6360.32 6360.32 6360.94 0.017035 8.01 447.30 386.57 1.20

reach_1 1627    100yr 2740.00 6357.96 6360.57 6360.57 6361.32 0.016715 8.87 547.24 404.71 1.22

reach_1 1527    2yr 245.00 6354.96 6356.87 6356.87 6357.19 0.011273 5.27 83.47 132.54 0.92

reach_1 1527    Flume Design 350.00 6354.96 6357.08 6357.08 6357.42 0.011859 5.69 113.30 155.04 0.96

reach_1 1527    5yr 593.00 6354.96 6357.45 6357.38 6357.80 0.012020 6.07 175.48 181.85 0.98

reach_1 1527    10yr 932.00 6354.96 6357.87 6357.70 6358.23 0.011059 6.29 257.68 211.75 0.96

reach_1 1527    50yr 2060.00 6354.96 6358.70 6358.47 6359.28 0.010291 8.17 492.92 324.97 1.00

reach_1 1527    100yr 2740.00 6354.96 6358.99 6358.86 6359.72 0.011119 9.27 594.77 368.98 1.06



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 1427    2yr 245.00 6353.85 6355.54 6355.54 6355.89 0.011359 5.09 69.76 112.10 0.92

reach_1 1427    Flume Design 350.00 6353.85 6355.76 6355.76 6356.15 0.011470 5.56 94.77 124.22 0.94

reach_1 1427    5yr 593.00 6353.85 6356.10 6356.10 6356.61 0.011718 6.53 146.40 169.26 0.99

reach_1 1427    10yr 932.00 6353.85 6356.49 6356.49 6357.12 0.011056 7.49 216.55 198.45 1.00

reach_1 1427    50yr 2060.00 6353.85 6357.40 6357.40 6358.26 0.009839 9.38 454.06 343.75 1.02

reach_1 1427    100yr 2740.00 6353.85 6357.86 6357.86 6358.74 0.008699 9.82 637.16 444.45 0.98

reach_1 1328    2yr 245.00 6351.99 6353.50 6353.67 0.011926 4.40 90.80 116.88 0.90

reach_1 1328    Flume Design 350.00 6351.99 6353.67 6353.49 6353.90 0.013291 5.03 112.05 125.84 0.97

reach_1 1328    5yr 593.00 6351.99 6353.98 6353.81 6354.33 0.015483 6.18 153.04 143.72 1.08

reach_1 1328    10yr 932.00 6351.99 6354.27 6354.20 6354.81 0.017164 7.67 207.53 197.02 1.19

reach_1 1328    50yr 2060.00 6351.99 6354.91 6354.85 6356.02 0.021728 11.29 349.15 262.84 1.43

reach_1 1328    100yr 2740.00 6351.99 6354.90 6354.90 6356.88 0.039189 15.08 345.35 254.24 1.92

reach_1 1253    2yr 245.00 6351.96 6352.89 6352.95 0.005714 2.47 129.79 182.60 0.59

reach_1 1253    Flume Design 350.00 6351.96 6353.07 6353.16 0.005419 2.85 164.52 203.84 0.60

reach_1 1253    5yr 593.00 6351.96 6353.35 6353.50 0.005684 3.68 228.30 240.93 0.66

reach_1 1253    10yr 932.00 6351.96 6353.66 6353.88 0.005985 4.53 307.86 278.10 0.70

reach_1 1253    50yr 2060.00 6351.96 6354.30 6354.77 0.007642 6.70 528.12 417.61 0.85

reach_1 1253    100yr 2740.00 6351.96 6354.59 6355.18 0.008161 7.59 653.60 468.81 0.90

reach_1 1149    2yr 245.00 6350.76 6351.71 6351.71 6352.00 0.020139 5.05 71.97 124.20 1.14

reach_1 1149    Flume Design 350.00 6350.76 6351.87 6351.87 6352.22 0.020126 5.56 93.42 138.27 1.17

reach_1 1149    5yr 593.00 6350.76 6352.20 6352.20 6352.60 0.016441 6.12 154.87 233.79 1.11

reach_1 1149    10yr 932.00 6350.76 6352.51 6352.51 6353.00 0.014574 6.95 235.42 290.80 1.09

reach_1 1149    50yr 2060.00 6350.76 6353.26 6353.26 6353.88 0.011170 8.31 517.36 436.41 1.03

reach_1 1149    100yr 2740.00 6350.76 6353.55 6353.55 6354.26 0.011123 9.09 648.39 460.08 1.06

reach_1 1048    2yr 245.00 6346.99 6348.51 6348.59 0.007625 3.22 115.03 126.24 0.70

reach_1 1048    Flume Design 350.00 6346.99 6348.78 6348.89 0.007019 3.53 152.35 144.85 0.70

reach_1 1048    5yr 593.00 6346.99 6349.27 6349.40 0.006115 3.84 234.02 214.18 0.68

reach_1 1048    10yr 932.00 6346.99 6349.60 6349.80 0.007360 4.94 320.51 352.07 0.77

reach_1 1048    50yr 2060.00 6346.99 6350.36 6350.74 0.008473 7.03 638.74 473.05 0.89

reach_1 1048    100yr 2740.00 6346.99 6350.69 6351.10 0.007731 7.46 796.67 482.41 0.87

reach_1 950     2yr 245.00 6344.97 6347.03 6347.03 6347.58 0.013404 5.97 41.05 42.21 1.01

reach_1 950     Flume Design 350.00 6344.97 6347.39 6347.39 6348.00 0.011075 6.31 59.63 63.51 0.95

reach_1 950     5yr 593.00 6344.97 6347.96 6347.96 6348.64 0.008979 6.89 118.52 130.69 0.90

reach_1 950     10yr 932.00 6344.97 6348.69 6348.69 6349.19 0.004980 6.44 309.90 372.09 0.71

reach_1 950     50yr 2060.00 6344.97 6349.45 6349.45 6350.06 0.005648 8.15 651.55 486.22 0.79

reach_1 950     100yr 2740.00 6344.97 6349.73 6349.73 6350.41 0.006199 9.01 787.97 488.93 0.84

reach_1 851     2yr 245.00 6341.96 6344.14 6344.14 6344.78 0.012629 6.42 38.16 30.43 1.01

reach_1 851     Flume Design 350.00 6341.96 6344.52 6344.52 6345.27 0.012015 6.91 50.62 34.78 1.01

reach_1 851     5yr 593.00 6341.96 6345.21 6345.21 6346.13 0.011119 7.69 77.12 42.61 1.01

reach_1 851     10yr 932.00 6341.96 6346.02 6346.02 6347.00 0.009095 7.98 125.83 116.75 0.94

reach_1 851     50yr 2060.00 6341.96 6347.47 6347.47 6348.37 0.005314 8.52 460.65 352.21 0.78

reach_1 851     100yr 2740.00 6341.96 6348.00 6348.00 6348.92 0.004989 9.02 679.47 472.91 0.78

reach_1 751     2yr 245.00 6338.84 6340.31 6340.31 6340.87 0.012829 6.04 40.54 35.99 1.00

reach_1 751     Flume Design 350.00 6338.84 6340.63 6340.63 6341.32 0.012164 6.68 52.41 38.41 1.01

reach_1 751     5yr 593.00 6338.84 6341.24 6341.24 6342.15 0.011076 7.68 77.19 42.59 1.01

reach_1 751     10yr 932.00 6338.84 6341.91 6341.91 6343.08 0.010328 8.68 107.37 46.64 1.01

reach_1 751     50yr 2060.00 6338.84 6343.76 6343.76 6345.22 0.007711 9.81 242.93 116.50 0.93

reach_1 751     100yr 2740.00 6338.84 6344.80 6344.80 6345.96 0.004835 9.14 484.88 316.87 0.77

reach_1 655     2yr 245.00 6334.96 6336.69 6336.69 6337.29 0.012648 6.19 39.57 33.49 1.00

reach_1 655     Flume Design 350.00 6334.96 6337.04 6337.04 6337.74 0.012104 6.75 51.86 37.28 1.01

reach_1 655     5yr 593.00 6334.96 6337.67 6337.67 6338.59 0.011028 7.72 76.78 41.92 1.01

reach_1 655     10yr 932.00 6334.96 6338.37 6338.37 6339.52 0.010284 8.60 108.36 47.65 1.01

reach_1 655     50yr 2060.00 6334.96 6340.04 6340.04 6341.69 0.009288 10.30 200.01 62.00 1.01

reach_1 655     100yr 2740.00 6334.96 6340.74 6340.74 6342.70 0.008593 11.25 244.88 66.53 1.00

reach_1 612     2yr 245.00 6333.97 6335.83 6335.83 6336.51 0.012524 6.60 37.12 28.18 1.01

reach_1 612     Flume Design 350.00 6333.97 6336.23 6336.23 6337.03 0.011682 7.17 48.79 30.95 1.01

reach_1 612     5yr 593.00 6333.97 6336.95 6336.95 6337.98 0.010776 8.12 73.00 36.06 1.01

reach_1 612     10yr 932.00 6333.97 6337.75 6337.75 6338.98 0.010176 8.90 104.71 43.15 1.01

reach_1 612     50yr 2060.00 6333.97 6339.54 6339.54 6341.26 0.009201 10.50 196.17 58.68 1.01

reach_1 612     100yr 2740.00 6333.97 6340.29 6340.29 6342.31 0.008329 11.42 242.13 64.57 0.99

reach_1 578     2yr 245.00 6333.00 6335.21 6335.21 6335.88 0.012460 6.59 37.17 28.13 1.01

reach_1 578     Flume Design 350.00 6333.00 6335.60 6335.60 6336.40 0.011741 7.15 48.95 31.31 1.01

reach_1 578     5yr 593.00 6333.00 6336.33 6336.33 6337.33 0.010870 8.04 73.79 37.30 1.01

reach_1 578     10yr 932.00 6333.00 6337.13 6337.13 6338.32 0.010195 8.78 106.20 44.80 1.00

reach_1 578     50yr 2060.00 6333.00 6338.87 6338.87 6340.41 0.009320 9.98 206.44 67.23 1.00



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_1 578     100yr 2740.00 6333.00 6339.53 6339.53 6341.38 0.008599 10.90 252.92 72.26 1.00

reach_1 528     2yr 245.00 6332.88 6334.39 6334.39 6334.99 0.012926 6.22 39.38 33.60 1.01

reach_1 528     Flume Design 350.00 6332.88 6334.74 6334.74 6335.45 0.011896 6.79 51.54 36.14 1.00

reach_1 528     5yr 593.00 6332.88 6335.37 6335.37 6336.32 0.011135 7.81 75.95 40.98 1.01

reach_1 528     10yr 932.00 6332.88 6336.17 6336.17 6337.19 0.010711 8.12 114.75 56.69 1.01

reach_1 528     50yr 2060.00 6332.88 6337.62 6337.62 6339.16 0.009142 9.98 207.56 70.72 1.00

reach_1 528     100yr 2740.00 6332.88 6338.27 6338.27 6340.13 0.008545 10.95 255.39 76.17 0.99

reach_1 475     2yr 245.00 6331.88 6333.71 6333.71 6334.22 0.013364 5.77 42.46 41.73 1.01

reach_1 475     Flume Design 350.00 6331.88 6334.01 6334.01 6334.61 0.013053 6.22 56.31 48.63 1.02

reach_1 475     5yr 593.00 6331.88 6334.53 6334.53 6335.33 0.011744 7.15 82.93 53.50 1.01

reach_1 475     10yr 932.00 6331.88 6335.14 6335.14 6336.12 0.010620 7.97 117.00 59.42 1.00

reach_1 475     50yr 2060.00 6331.88 6336.59 6336.59 6337.75 0.010253 8.63 238.85 105.71 1.01

reach_1 475     100yr 2740.00 6331.88 6337.08 6337.08 6338.46 0.009557 9.44 291.17 109.03 1.00

reach_1 378     2yr 245.00 6328.00 6331.15 6331.15 6331.71 0.013386 5.97 41.05 37.53 1.01

reach_1 378     Flume Design 350.00 6328.00 6331.50 6331.50 6332.12 0.013012 6.29 55.63 46.18 1.01

reach_1 378     5yr 593.00 6328.00 6332.08 6332.08 6332.81 0.012010 6.89 86.11 59.00 1.00

reach_1 378     10yr 932.00 6328.00 6332.63 6332.63 6333.56 0.011158 7.74 120.45 65.60 1.01

reach_1 378     50yr 2060.00 6328.00 6334.02 6334.02 6335.27 0.010227 8.96 230.01 95.00 1.01

reach_1 378     100yr 2740.00 6328.00 6334.55 6334.55 6336.04 0.009439 9.80 280.98 99.67 1.00

reach_1 320     2yr 245.00 6326.65 6328.87 6328.87 6329.51 0.012959 6.46 37.92 30.48 1.02

reach_1 320     Flume Design 350.00 6326.65 6329.28 6329.28 6329.97 0.012406 6.68 52.37 38.65 1.01

reach_1 320     5yr 593.00 6326.65 6329.98 6329.98 6330.75 0.011334 7.02 84.50 54.06 0.99

reach_1 320     10yr 932.00 6326.65 6330.93 6331.60 0.006078 6.57 141.86 62.58 0.77

reach_1 320     50yr 2060.00 6326.65 6332.49 6331.94 6333.56 0.005434 8.34 257.76 105.25 0.78

reach_1 320     100yr 2740.00 6326.65 6332.84 6332.70 6334.38 0.006920 10.02 297.45 120.97 0.90

reach_1 250     2yr 245.00 6324.01 6327.70 6328.23 0.007289 5.85 41.86 24.33 0.79

reach_1 250     Flume Design 350.00 6324.01 6328.25 6328.85 0.006662 6.23 56.20 27.80 0.77

reach_1 250     5yr 593.00 6324.01 6329.26 6329.97 0.005796 6.80 87.22 34.04 0.75

reach_1 250     10yr 932.00 6324.01 6330.43 6331.19 0.005595 6.97 133.64 49.36 0.75

reach_1 250     50yr 2060.00 6324.01 6331.74 6331.74 6333.09 0.007394 9.51 259.91 137.22 0.90

reach_1 250     100yr 2740.00 6324.01 6332.40 6332.40 6333.88 0.006684 10.16 357.49 153.06 0.88

reach_1 179     2yr 245.00 6323.92 6326.66 6326.66 6327.54 0.011997 7.51 32.63 19.04 1.01

reach_1 179     Flume Design 350.00 6323.92 6327.19 6327.19 6328.20 0.011346 8.04 43.51 21.92 1.01

reach_1 179     5yr 593.00 6323.92 6328.11 6328.11 6329.37 0.010641 8.99 65.97 26.73 1.01

reach_1 179     10yr 932.00 6323.92 6329.12 6329.12 6330.59 0.010123 9.73 95.77 33.21 1.01

reach_1 179     50yr 2060.00 6323.92 6331.23 6331.23 6332.52 0.005994 9.83 321.24 144.25 0.83

reach_1 179     100yr 2740.00 6323.92 6331.81 6331.81 6333.31 0.006160 10.84 406.33 147.18 0.86

reach_1 100     2yr 245.00 6322.86 6325.68 6325.68 6326.49 0.012143 7.20 34.01 21.57 1.01

reach_1 100     Flume Design 350.00 6322.86 6326.18 6326.18 6327.09 0.011668 7.64 45.79 25.82 1.01

reach_1 100     5yr 593.00 6322.86 6327.05 6327.05 6328.10 0.011019 8.21 72.25 35.21 1.01

reach_1 100     10yr 932.00 6322.86 6328.18 6328.18 6329.07 0.010914 7.55 123.50 68.60 0.99

reach_1 100     50yr 2060.00 6322.86 6329.30 6329.30 6330.31 0.011046 8.10 254.61 131.08 1.02

reach_1 100     100yr 2740.00 6322.86 6329.72 6329.72 6330.94 0.010235 8.87 310.23 133.51 1.01
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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 2527    Flume Design 350.00 6375.00 6376.41 6376.41 6376.79 0.014787 4.93 71.09 100.15 1.01

reach_1 2527    5yr 593.00 6375.00 6376.76 6376.76 6377.22 0.011766 5.51 119.18 162.48 0.95

reach_1 2527    100yr 2740.00 6375.00 6378.21 6378.21 6379.13 0.008882 8.57 496.55 295.93 0.96

reach_1 2427    Flume Design 350.00 6373.96 6374.91 6374.85 6375.16 0.011953 4.05 86.33 133.12 0.89

reach_1 2427    5yr 593.00 6373.96 6375.14 6375.14 6375.51 0.013110 4.89 128.21 213.08 0.96

reach_1 2427    100yr 2740.00 6373.96 6376.40 6376.40 6377.34 0.010342 8.13 404.24 232.05 1.00

reach_1 2327    Flume Design 350.00 6372.62 6373.46 6373.46 6373.74 0.017161 4.25 82.30 155.07 1.03

reach_1 2327    5yr 593.00 6372.62 6373.70 6373.70 6374.07 0.014757 4.89 121.18 165.15 1.01

reach_1 2327    100yr 2740.00 6372.62 6375.02 6375.02 6375.90 0.009419 7.65 403.15 269.34 0.95

reach_1 2227    Flume Design 350.00 6368.94 6370.86 6370.86 6371.45 0.012625 6.17 56.69 48.30 1.00

reach_1 2227    5yr 593.00 6368.94 6371.42 6371.42 6371.92 0.012966 5.71 104.84 109.61 1.00

reach_1 2227    100yr 2740.00 6368.94 6373.21 6373.21 6374.28 0.007853 8.72 417.68 266.46 0.92

reach_1 2127    Flume Design 350.00 6365.00 6368.89 6368.89 6369.32 0.013838 5.27 66.38 76.10 0.99

reach_1 2127    5yr 593.00 6365.00 6369.27 6369.27 6369.75 0.014227 5.57 109.10 147.31 1.02

reach_1 2127    100yr 2740.00 6365.00 6370.78 6370.78 6371.58 0.008011 7.96 557.57 401.56 0.90

reach_1 2027    Flume Design 350.00 6364.92 6366.40 6366.22 6366.55 0.015775 3.85 124.17 187.31 0.97

reach_1 2027    5yr 593.00 6364.92 6366.70 6366.39 6366.94 0.015192 4.90 190.29 261.98 1.02

reach_1 2027    100yr 2740.00 6364.92 6367.74 6367.70 6368.60 0.017621 9.33 553.16 478.41 1.26

reach_1 1927    Flume Design 350.00 6364.00 6365.36 6365.55 0.010057 4.51 153.65 252.04 0.85

reach_1 1927    5yr 593.00 6364.00 6365.65 6365.91 0.010440 5.55 235.13 334.55 0.91

reach_1 1927    100yr 2740.00 6364.00 6366.67 6366.67 6367.30 0.013553 9.67 689.07 509.44 1.16

reach_1 1827    Flume Design 350.00 6363.29 6364.02 6363.96 6364.21 0.021802 4.24 119.11 246.51 1.12

reach_1 1827    5yr 593.00 6363.29 6364.20 6364.16 6364.50 0.023093 5.33 164.51 269.75 1.22

reach_1 1827    100yr 2740.00 6363.29 6365.32 6365.32 6365.95 0.013566 7.83 611.98 508.07 1.10

reach_1 1727    Flume Design 350.00 6360.64 6362.25 6362.25 6362.62 0.011858 4.94 81.94 151.73 0.93

reach_1 1727    5yr 593.00 6360.64 6362.63 6362.63 6363.03 0.010019 5.34 153.00 233.77 0.89

reach_1 1727    100yr 2740.00 6360.64 6363.95 6363.95 6364.69 0.009089 8.15 650.72 551.89 0.95

reach_1 1627    Flume Design 350.00 6357.96 6359.20 6359.20 6359.46 0.025264 5.16 106.50 200.24 1.25

reach_1 1627    5yr 593.00 6357.96 6359.41 6359.41 6359.78 0.026995 6.10 154.14 239.99 1.33

reach_1 1627    100yr 2740.00 6357.96 6360.57 6360.57 6361.32 0.016715 8.87 547.24 404.71 1.22

reach_1 1527    Flume Design 350.00 6354.96 6357.08 6357.08 6357.42 0.011859 5.69 113.30 155.04 0.96

reach_1 1527    5yr 593.00 6354.96 6357.45 6357.38 6357.80 0.012020 6.07 175.48 181.85 0.98

reach_1 1527    100yr 2740.00 6354.96 6358.99 6358.86 6359.72 0.011119 9.27 594.77 368.98 1.06

reach_1 1427    Flume Design 350.00 6353.85 6355.76 6355.76 6356.15 0.011470 5.56 94.77 124.22 0.94

reach_1 1427    5yr 593.00 6353.85 6356.10 6356.10 6356.61 0.011718 6.53 146.40 169.26 0.99

reach_1 1427    100yr 2740.00 6353.85 6357.86 6357.86 6358.74 0.008699 9.82 637.16 444.45 0.98

reach_1 1328    Flume Design 350.00 6351.99 6353.67 6353.49 6353.90 0.013291 5.03 112.05 125.84 0.97

reach_1 1328    5yr 593.00 6351.99 6353.98 6353.81 6354.33 0.015483 6.18 153.04 143.72 1.08

reach_1 1328    100yr 2740.00 6351.99 6354.90 6354.90 6356.88 0.039189 15.08 345.35 254.24 1.92

reach_1 1253    Flume Design 350.00 6351.96 6353.07 6353.16 0.005419 2.85 164.52 203.84 0.60

reach_1 1253    5yr 593.00 6351.96 6353.35 6353.50 0.005684 3.68 228.30 240.93 0.66

reach_1 1253    100yr 2740.00 6351.96 6354.59 6355.18 0.008161 7.59 653.60 468.81 0.90

reach_1 1149    Flume Design 350.00 6350.76 6351.87 6351.87 6352.22 0.020126 5.56 93.42 138.27 1.17

reach_1 1149    5yr 593.00 6350.76 6352.20 6352.20 6352.60 0.016441 6.12 154.87 233.79 1.11

reach_1 1149    100yr 2740.00 6350.76 6353.55 6353.55 6354.26 0.011123 9.09 648.39 460.08 1.06

reach_1 1048    Flume Design 350.00 6346.99 6348.78 6348.89 0.007019 3.53 152.35 144.85 0.70

reach_1 1048    5yr 593.00 6346.99 6349.27 6349.40 0.006115 3.84 234.02 214.18 0.68

reach_1 1048    100yr 2740.00 6346.99 6350.69 6351.10 0.007731 7.46 796.67 482.41 0.87

reach_1 950     Flume Design 350.00 6344.97 6347.39 6347.39 6348.00 0.011075 6.31 59.63 63.51 0.95

reach_1 950     5yr 593.00 6344.97 6347.96 6347.96 6348.64 0.008979 6.89 118.52 130.69 0.90

reach_1 950     100yr 2740.00 6344.97 6349.73 6349.73 6350.41 0.006199 9.01 787.97 488.93 0.84

reach_1 851     Flume Design 350.00 6341.96 6344.52 6344.52 6345.27 0.012005 6.91 50.64 34.79 1.01

reach_1 851     5yr 593.00 6341.96 6345.22 6345.22 6346.13 0.011000 7.66 77.43 42.69 1.00

reach_1 851     100yr 2740.00 6341.96 6348.00 6348.00 6348.92 0.004989 9.02 679.47 472.91 0.78

reach_1 751     Flume Design 350.00 6338.84 6342.50 6342.60 0.000736 2.58 135.64 49.96 0.28

reach_1 751     5yr 593.00 6338.84 6342.75 6343.00 0.001634 4.00 149.53 66.83 0.42

reach_1 751     100yr 2740.00 6338.84 6344.80 6344.80 6345.96 0.004835 9.14 484.88 316.87 0.77



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_1 655     Flume Design 350.00 6334.96 6342.55 6337.04 6342.56 0.000038 0.97 414.50 238.42 0.07

reach_1 655     5yr 593.00 6334.96 6342.87 6337.70 6342.91 0.000089 1.53 482.43 281.84 0.11

reach_1 655     100yr 2740.00 6334.96 6344.62 6340.79 6344.93 0.000631 4.83 928.44 481.09 0.30

reach_1 612     Flume Design 350.00 6333.97 6342.55 6336.26 6342.56 0.000028 0.89 513.93 318.18 0.06

reach_1 612     5yr 593.00 6333.97 6342.87 6336.97 6342.90 0.000066 1.41 568.24 339.59 0.10

reach_1 612     100yr 2740.00 6333.97 6344.60 6340.27 6344.90 0.000552 4.74 858.63 445.42 0.29

reach_1 609     Inl Struct

reach_1 578     Flume Design 350.00 6333.00 6335.60 6335.60 6336.40 0.011761 7.15 48.92 31.30 1.01

reach_1 578     5yr 593.00 6333.00 6336.33 6336.33 6337.33 0.010870 8.04 73.79 37.30 1.01

reach_1 578     100yr 2740.00 6333.00 6339.53 6339.53 6341.38 0.008599 10.90 252.92 72.26 1.00

reach_1 528     Flume Design 350.00 6332.88 6334.73 6334.73 6335.45 0.011980 6.81 51.42 36.12 1.01

reach_1 528     5yr 593.00 6332.88 6335.37 6335.37 6336.32 0.011135 7.81 75.95 40.98 1.01

reach_1 528     100yr 2740.00 6332.88 6338.27 6338.27 6340.13 0.008545 10.95 255.39 76.17 0.99

reach_1 475     Flume Design 350.00 6331.88 6334.02 6334.02 6334.61 0.012920 6.19 56.50 48.67 1.01

reach_1 475     5yr 593.00 6331.88 6334.53 6334.53 6335.33 0.011744 7.15 82.93 53.50 1.01

reach_1 475     100yr 2740.00 6331.88 6337.08 6337.08 6338.46 0.009557 9.44 291.17 109.03 1.00

reach_1 378     Flume Design 350.00 6328.00 6331.50 6331.50 6332.12 0.013055 6.30 55.54 46.10 1.01

reach_1 378     5yr 593.00 6328.00 6332.08 6332.08 6332.81 0.012022 6.89 86.08 58.99 1.00

reach_1 378     100yr 2740.00 6328.00 6334.55 6334.55 6336.04 0.009439 9.80 280.98 99.67 1.00

reach_1 320     Flume Design 350.00 6326.65 6330.06 6330.30 0.003662 3.93 89.01 58.23 0.56

reach_1 320     5yr 593.00 6326.65 6330.97 6331.23 0.002357 4.12 143.85 62.72 0.48

reach_1 320     100yr 2740.00 6326.65 6333.57 6334.59 0.003705 8.23 393.13 137.45 0.67

reach_1 280     Flume Design 350.00 6325.00 6329.83 6330.15 0.003582 4.54 77.16 38.09 0.56

reach_1 280     5yr 593.00 6325.00 6330.69 6331.09 0.004147 5.09 116.41 54.72 0.62

reach_1 280     100yr 2740.00 6325.00 6333.58 6334.39 0.003324 7.87 510.21 158.98 0.63

reach_1 260     Flume Design 350.00 6325.00 6329.70 6330.06 0.004311 4.83 72.40 37.36 0.61

reach_1 260     5yr 593.00 6325.00 6330.52 6330.99 0.004960 5.51 107.59 51.27 0.67

reach_1 260     100yr 2740.00 6325.00 6333.41 6334.31 0.003820 8.24 483.73 158.18 0.67

reach_1 255     Flume Design 350.00 6324.75 6329.74 6330.02 0.002903 4.27 81.93 37.59 0.51

reach_1 255     5yr 593.00 6324.75 6330.56 6330.95 0.003787 5.05 117.49 51.99 0.59

reach_1 255     100yr 2740.00 6324.75 6333.42 6334.28 0.003508 8.04 493.62 158.23 0.65

reach_1 250     Flume Design 350.00 6324.50 6329.46 6329.14 6329.98 0.007256 5.77 60.66 35.47 0.78

reach_1 250     5yr 593.00 6324.50 6330.24 6329.81 6330.90 0.007299 6.51 91.08 45.00 0.81

reach_1 250     100yr 2740.00 6324.50 6333.19 6334.23 0.004783 8.86 445.56 157.11 0.75

reach_1 245     Flume Design 350.00 6324.50 6329.14 6329.14 6329.91 0.012851 7.03 49.82 33.25 1.01

reach_1 245     5yr 593.00 6324.50 6329.81 6329.81 6330.82 0.011973 8.06 73.55 37.96 1.02

reach_1 245     100yr 2740.00 6324.50 6332.77 6332.77 6334.17 0.007075 10.09 381.31 155.02 0.89

reach_1 225     Flume Design 350.00 6324.01 6327.85 6327.85 6328.77 0.011861 7.69 45.50 25.28 1.01

reach_1 225     5yr 593.00 6324.01 6328.85 6328.68 6329.85 0.009036 8.02 73.91 31.39 0.92

reach_1 225     100yr 2740.00 6324.01 6332.40 6332.40 6333.88 0.006684 10.16 357.49 153.06 0.88

reach_1 179     Flume Design 350.00 6323.92 6327.19 6327.19 6328.20 0.011346 8.04 43.51 21.92 1.01

reach_1 179     5yr 593.00 6323.92 6328.11 6328.11 6329.37 0.010641 8.99 65.97 26.73 1.01

reach_1 179     100yr 2740.00 6323.92 6331.81 6331.81 6333.31 0.006160 10.84 406.33 147.18 0.86

reach_1 100     Flume Design 350.00 6322.86 6326.18 6326.18 6327.09 0.011668 7.64 45.79 25.82 1.01

reach_1 100     5yr 593.00 6322.86 6327.05 6327.05 6328.10 0.011019 8.21 72.25 35.21 1.01

reach_1 100     100yr 2740.00 6322.86 6329.72 6329.72 6330.94 0.010235 8.87 310.23 133.51 1.01
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HEC-RAS  Plan: Pueblo_Prop_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 2527    Flume Design 350.00 6375.00 6376.41 6376.41 6376.79 0.014787 4.93 71.09 100.15 1.01

reach_1 2527    5yr 593.00 6375.00 6376.76 6376.76 6377.22 0.011766 5.51 119.18 162.48 0.95

reach_1 2527    100yr 2740.00 6375.00 6378.21 6378.21 6379.13 0.008882 8.57 496.55 295.93 0.96

reach_1 2427    Flume Design 350.00 6373.96 6374.91 6374.85 6375.16 0.011953 4.05 86.33 133.12 0.89

reach_1 2427    5yr 593.00 6373.96 6375.14 6375.14 6375.51 0.013110 4.89 128.21 213.08 0.96

reach_1 2427    100yr 2740.00 6373.96 6376.40 6376.40 6377.34 0.010342 8.13 404.24 232.05 1.00

reach_1 2327    Flume Design 350.00 6372.62 6373.46 6373.46 6373.74 0.017161 4.25 82.30 155.07 1.03

reach_1 2327    5yr 593.00 6372.62 6373.70 6373.70 6374.07 0.014757 4.89 121.18 165.15 1.01

reach_1 2327    100yr 2740.00 6372.62 6375.02 6375.02 6375.90 0.009419 7.65 403.15 269.34 0.95

reach_1 2227    Flume Design 350.00 6368.94 6370.86 6370.86 6371.45 0.012625 6.17 56.69 48.30 1.00

reach_1 2227    5yr 593.00 6368.94 6371.42 6371.42 6371.92 0.012966 5.71 104.84 109.61 1.00

reach_1 2227    100yr 2740.00 6368.94 6373.21 6373.21 6374.28 0.007853 8.72 417.68 266.46 0.92

reach_1 2127    Flume Design 350.00 6365.00 6368.89 6368.89 6369.32 0.013838 5.27 66.38 76.10 0.99

reach_1 2127    5yr 593.00 6365.00 6369.27 6369.27 6369.75 0.014227 5.57 109.10 147.31 1.02

reach_1 2127    100yr 2740.00 6365.00 6370.78 6370.78 6371.58 0.008011 7.96 557.57 401.56 0.90

reach_1 2027    Flume Design 350.00 6364.92 6366.40 6366.22 6366.55 0.015775 3.85 124.17 187.31 0.97

reach_1 2027    5yr 593.00 6364.92 6366.70 6366.39 6366.94 0.015192 4.90 190.29 261.98 1.02

reach_1 2027    100yr 2740.00 6364.92 6367.74 6367.70 6368.60 0.017621 9.33 553.16 478.41 1.26

reach_1 1927    Flume Design 350.00 6364.00 6365.36 6365.55 0.010057 4.51 153.65 252.04 0.85

reach_1 1927    5yr 593.00 6364.00 6365.65 6365.91 0.010440 5.55 235.13 334.55 0.91

reach_1 1927    100yr 2740.00 6364.00 6366.67 6366.67 6367.30 0.013553 9.67 689.07 509.44 1.16

reach_1 1827    Flume Design 350.00 6363.29 6364.02 6363.96 6364.21 0.021802 4.24 119.11 246.51 1.12

reach_1 1827    5yr 593.00 6363.29 6364.20 6364.16 6364.50 0.023093 5.33 164.51 269.75 1.22

reach_1 1827    100yr 2740.00 6363.29 6365.32 6365.32 6365.95 0.013566 7.83 611.98 508.07 1.10

reach_1 1727    Flume Design 350.00 6360.64 6362.25 6362.25 6362.62 0.011858 4.94 81.94 151.73 0.93

reach_1 1727    5yr 593.00 6360.64 6362.63 6362.63 6363.03 0.010019 5.34 153.00 233.77 0.89

reach_1 1727    100yr 2740.00 6360.64 6363.95 6363.95 6364.69 0.009089 8.15 650.72 551.89 0.95

reach_1 1627    Flume Design 350.00 6357.96 6359.20 6359.20 6359.46 0.025264 5.16 106.50 200.24 1.25

reach_1 1627    5yr 593.00 6357.96 6359.41 6359.41 6359.78 0.026995 6.10 154.14 239.99 1.33

reach_1 1627    100yr 2740.00 6357.96 6360.57 6360.57 6361.32 0.016715 8.87 547.24 404.71 1.22

reach_1 1527    Flume Design 350.00 6354.96 6357.08 6357.08 6357.42 0.011859 5.69 113.30 155.04 0.96

reach_1 1527    5yr 593.00 6354.96 6357.45 6357.38 6357.80 0.012020 6.07 175.48 181.85 0.98

reach_1 1527    100yr 2740.00 6354.96 6358.99 6358.86 6359.72 0.011119 9.27 594.77 368.98 1.06

reach_1 1427    Flume Design 350.00 6353.85 6355.76 6355.76 6356.15 0.011470 5.56 94.77 124.22 0.94

reach_1 1427    5yr 593.00 6353.85 6356.10 6356.10 6356.61 0.011718 6.53 146.40 169.26 0.99

reach_1 1427    100yr 2740.00 6353.85 6357.86 6357.86 6358.74 0.008699 9.82 637.16 444.45 0.98

reach_1 1328    Flume Design 350.00 6351.99 6353.67 6353.49 6353.90 0.013291 5.03 112.05 125.84 0.97

reach_1 1328    5yr 593.00 6351.99 6353.98 6353.81 6354.33 0.015483 6.18 153.04 143.72 1.08

reach_1 1328    100yr 2740.00 6351.99 6354.90 6354.90 6356.88 0.039189 15.08 345.35 254.24 1.92

reach_1 1253    Flume Design 350.00 6351.96 6353.07 6353.16 0.005419 2.85 164.52 203.84 0.60

reach_1 1253    5yr 593.00 6351.96 6353.35 6353.50 0.005684 3.68 228.30 240.93 0.66

reach_1 1253    100yr 2740.00 6351.96 6354.59 6355.18 0.008161 7.59 653.60 468.81 0.90

reach_1 1149    Flume Design 350.00 6350.76 6351.87 6351.87 6352.22 0.020126 5.56 93.42 138.27 1.17

reach_1 1149    5yr 593.00 6350.76 6352.20 6352.20 6352.60 0.016441 6.12 154.87 233.79 1.11

reach_1 1149    100yr 2740.00 6350.76 6353.55 6353.55 6354.26 0.011123 9.09 648.39 460.08 1.06

reach_1 1048    Flume Design 350.00 6346.99 6348.78 6348.89 0.007019 3.53 152.35 144.85 0.70

reach_1 1048    5yr 593.00 6346.99 6349.27 6349.40 0.006115 3.84 234.02 214.18 0.68

reach_1 1048    100yr 2740.00 6346.99 6350.69 6351.10 0.007731 7.46 796.67 482.41 0.87

reach_1 950     Flume Design 350.00 6344.97 6347.39 6347.39 6348.00 0.011075 6.31 59.63 63.51 0.95

reach_1 950     5yr 593.00 6344.97 6347.96 6347.96 6348.64 0.008979 6.89 118.52 130.69 0.90

reach_1 950     100yr 2740.00 6344.97 6349.73 6349.73 6350.41 0.006199 9.01 787.97 488.93 0.84

reach_1 851     Flume Design 350.00 6341.96 6344.52 6344.52 6345.27 0.012005 6.91 50.64 34.79 1.01

reach_1 851     5yr 593.00 6341.96 6345.22 6345.22 6346.13 0.010992 7.66 77.45 42.70 1.00

reach_1 851     100yr 2740.00 6341.96 6348.00 6348.00 6348.92 0.004989 9.02 679.47 472.91 0.78

reach_1 751     Flume Design 350.00 6340.29 6342.48 6342.69 0.002413 3.70 94.68 49.83 0.47

reach_1 751     5yr 593.00 6340.29 6342.68 6343.17 0.005091 5.65 105.26 61.07 0.70

reach_1 751     100yr 2740.00 6340.29 6345.27 6345.27 6346.22 0.004605 8.68 612.95 411.31 0.74



HEC-RAS  Plan: Pueblo_Prop_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_1 655     Flume Design 350.00 6339.39 6342.53 6340.43 6342.58 0.000273 1.74 249.89 235.86 0.17

reach_1 655     5yr 593.00 6339.39 6342.83 6340.85 6342.93 0.000546 2.62 312.18 278.22 0.25

reach_1 655     100yr 2740.00 6339.39 6344.45 6343.53 6344.99 0.002130 6.70 722.27 478.91 0.53

reach_1 612     Flume Design 350.00 6339.00 6342.53 6340.06 6342.56 0.000168 1.48 345.55 316.78 0.14

reach_1 612     5yr 593.00 6339.00 6342.84 6340.49 6342.90 0.000345 2.24 396.40 337.20 0.20

reach_1 612     100yr 2740.00 6339.00 6344.38 6342.98 6344.90 0.001901 6.60 655.05 443.10 0.50

reach_1 609     Inl Struct

reach_1 578     Flume Design 350.00 6333.00 6335.60 6335.60 6336.40 0.011761 7.15 48.92 31.30 1.01

reach_1 578     5yr 593.00 6333.00 6336.33 6336.33 6337.33 0.010870 8.04 73.79 37.30 1.01

reach_1 578     100yr 2740.00 6333.00 6339.53 6339.53 6341.38 0.008599 10.90 252.92 72.26 1.00

reach_1 528     Flume Design 350.00 6332.88 6334.73 6334.73 6335.45 0.011980 6.81 51.42 36.12 1.01

reach_1 528     5yr 593.00 6332.88 6335.37 6335.37 6336.32 0.011135 7.81 75.95 40.98 1.01

reach_1 528     100yr 2740.00 6332.88 6338.27 6338.27 6340.13 0.008545 10.95 255.39 76.17 0.99

reach_1 475     Flume Design 350.00 6331.88 6334.02 6334.02 6334.61 0.012920 6.19 56.50 48.67 1.01

reach_1 475     5yr 593.00 6331.88 6334.53 6334.53 6335.33 0.011744 7.15 82.93 53.50 1.01

reach_1 475     100yr 2740.00 6331.88 6337.08 6337.08 6338.46 0.009557 9.44 291.17 109.03 1.00

reach_1 378     Flume Design 350.00 6328.00 6331.50 6331.50 6332.12 0.013055 6.30 55.54 46.10 1.01

reach_1 378     5yr 593.00 6328.00 6332.08 6332.08 6332.81 0.012022 6.89 86.08 58.99 1.00

reach_1 378     100yr 2740.00 6328.00 6334.55 6334.55 6336.04 0.009439 9.80 280.98 99.67 1.00

reach_1 320     Flume Design 350.00 6326.65 6330.06 6330.30 0.003662 3.93 89.01 58.23 0.56

reach_1 320     5yr 593.00 6326.65 6330.97 6331.23 0.002357 4.12 143.85 62.72 0.48

reach_1 320     100yr 2740.00 6326.65 6333.57 6334.59 0.003705 8.23 393.13 137.45 0.67

reach_1 280     Flume Design 350.00 6325.00 6329.83 6330.15 0.003582 4.54 77.16 38.09 0.56

reach_1 280     5yr 593.00 6325.00 6330.69 6331.09 0.004147 5.09 116.41 54.72 0.62

reach_1 280     100yr 2740.00 6325.00 6333.58 6334.39 0.003324 7.87 510.21 158.98 0.63

reach_1 260     Flume Design 350.00 6325.00 6329.70 6330.06 0.004311 4.83 72.40 37.36 0.61

reach_1 260     5yr 593.00 6325.00 6330.52 6330.99 0.004960 5.51 107.59 51.27 0.67

reach_1 260     100yr 2740.00 6325.00 6333.41 6334.31 0.003820 8.24 483.73 158.18 0.67

reach_1 255     Flume Design 350.00 6324.75 6329.74 6330.02 0.002903 4.27 81.93 37.59 0.51

reach_1 255     5yr 593.00 6324.75 6330.56 6330.95 0.003787 5.05 117.49 51.99 0.59

reach_1 255     100yr 2740.00 6324.75 6333.42 6334.28 0.003508 8.04 493.62 158.23 0.65

reach_1 250     Flume Design 350.00 6324.50 6329.46 6329.14 6329.98 0.007256 5.77 60.66 35.47 0.78

reach_1 250     5yr 593.00 6324.50 6330.24 6329.81 6330.90 0.007299 6.51 91.08 45.00 0.81

reach_1 250     100yr 2740.00 6324.50 6333.19 6334.23 0.004783 8.86 445.56 157.11 0.75

reach_1 245     Flume Design 350.00 6324.50 6329.14 6329.14 6329.91 0.012851 7.03 49.82 33.25 1.01

reach_1 245     5yr 593.00 6324.50 6329.81 6329.81 6330.82 0.011973 8.06 73.55 37.96 1.02

reach_1 245     100yr 2740.00 6324.50 6332.77 6332.77 6334.17 0.007075 10.09 381.31 155.02 0.89

reach_1 225     Flume Design 350.00 6324.01 6327.85 6327.85 6328.77 0.011861 7.69 45.50 25.28 1.01

reach_1 225     5yr 593.00 6324.01 6328.85 6328.68 6329.85 0.009036 8.02 73.91 31.39 0.92

reach_1 225     100yr 2740.00 6324.01 6332.40 6332.40 6333.88 0.006684 10.16 357.49 153.06 0.88

reach_1 179     Flume Design 350.00 6323.92 6327.19 6327.19 6328.20 0.011346 8.04 43.51 21.92 1.01

reach_1 179     5yr 593.00 6323.92 6328.11 6328.11 6329.37 0.010641 8.99 65.97 26.73 1.01

reach_1 179     100yr 2740.00 6323.92 6331.81 6331.81 6333.31 0.006160 10.84 406.33 147.18 0.86

reach_1 100     Flume Design 350.00 6322.86 6326.18 6326.18 6327.09 0.011668 7.64 45.79 25.82 1.01

reach_1 100     5yr 593.00 6322.86 6327.05 6327.05 6328.10 0.011019 8.21 72.25 35.21 1.01

reach_1 100     100yr 2740.00 6322.86 6329.72 6329.72 6330.94 0.010235 8.87 310.23 133.51 1.01
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HEC-RAS  Plan: Pueblo_Prop_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 2527    Flume Design 350.00 6375.00 6376.41 6376.41 6376.79 0.014787 4.93 71.09 100.15 1.01

reach_1 2527    5yr 593.00 6375.00 6376.76 6376.76 6377.22 0.011766 5.51 119.18 162.48 0.95

reach_1 2527    100yr 2740.00 6375.00 6378.21 6378.21 6379.13 0.008882 8.57 496.55 295.93 0.96

reach_1 2427    Flume Design 350.00 6373.96 6374.91 6374.85 6375.16 0.011953 4.05 86.33 133.12 0.89

reach_1 2427    5yr 593.00 6373.96 6375.14 6375.14 6375.51 0.013110 4.89 128.21 213.08 0.96

reach_1 2427    100yr 2740.00 6373.96 6376.40 6376.40 6377.34 0.010342 8.13 404.24 232.05 1.00

reach_1 2327    Flume Design 350.00 6372.62 6373.46 6373.46 6373.74 0.017161 4.25 82.30 155.07 1.03

reach_1 2327    5yr 593.00 6372.62 6373.70 6373.70 6374.07 0.014757 4.89 121.18 165.15 1.01

reach_1 2327    100yr 2740.00 6372.62 6375.02 6375.02 6375.90 0.009419 7.65 403.15 269.34 0.95

reach_1 2227    Flume Design 350.00 6368.94 6370.86 6370.86 6371.45 0.012625 6.17 56.69 48.30 1.00

reach_1 2227    5yr 593.00 6368.94 6371.42 6371.42 6371.92 0.012966 5.71 104.84 109.61 1.00

reach_1 2227    100yr 2740.00 6368.94 6373.21 6373.21 6374.28 0.007853 8.72 417.68 266.46 0.92

reach_1 2127    Flume Design 350.00 6365.00 6368.89 6368.89 6369.32 0.013838 5.27 66.38 76.10 0.99

reach_1 2127    5yr 593.00 6365.00 6369.27 6369.27 6369.75 0.014227 5.57 109.10 147.31 1.02

reach_1 2127    100yr 2740.00 6365.00 6370.78 6370.78 6371.58 0.008011 7.96 557.57 401.56 0.90

reach_1 2027    Flume Design 350.00 6364.92 6366.40 6366.22 6366.55 0.015775 3.85 124.17 187.31 0.97

reach_1 2027    5yr 593.00 6364.92 6366.70 6366.39 6366.94 0.015192 4.90 190.29 261.98 1.02

reach_1 2027    100yr 2740.00 6364.92 6367.74 6367.70 6368.60 0.017621 9.33 553.16 478.41 1.26

reach_1 1927    Flume Design 350.00 6364.00 6365.36 6365.55 0.010057 4.51 153.65 252.04 0.85

reach_1 1927    5yr 593.00 6364.00 6365.65 6365.91 0.010440 5.55 235.13 334.55 0.91

reach_1 1927    100yr 2740.00 6364.00 6366.67 6366.67 6367.30 0.013553 9.67 689.07 509.44 1.16

reach_1 1827    Flume Design 350.00 6363.29 6364.02 6363.96 6364.21 0.021802 4.24 119.11 246.51 1.12

reach_1 1827    5yr 593.00 6363.29 6364.20 6364.16 6364.50 0.023093 5.33 164.51 269.75 1.22

reach_1 1827    100yr 2740.00 6363.29 6365.32 6365.32 6365.95 0.013566 7.83 611.98 508.07 1.10

reach_1 1727    Flume Design 350.00 6360.64 6362.25 6362.25 6362.62 0.011858 4.94 81.94 151.73 0.93

reach_1 1727    5yr 593.00 6360.64 6362.63 6362.63 6363.03 0.010019 5.34 153.00 233.77 0.89

reach_1 1727    100yr 2740.00 6360.64 6363.95 6363.95 6364.69 0.009089 8.15 650.72 551.89 0.95

reach_1 1627    Flume Design 350.00 6357.96 6359.20 6359.20 6359.46 0.025264 5.16 106.50 200.24 1.25

reach_1 1627    5yr 593.00 6357.96 6359.41 6359.41 6359.78 0.026995 6.10 154.14 239.99 1.33

reach_1 1627    100yr 2740.00 6357.96 6360.57 6360.57 6361.32 0.016715 8.87 547.24 404.71 1.22

reach_1 1527    Flume Design 350.00 6354.96 6357.08 6357.08 6357.42 0.011859 5.69 113.30 155.04 0.96

reach_1 1527    5yr 593.00 6354.96 6357.45 6357.38 6357.80 0.012127 6.09 174.86 181.62 0.98

reach_1 1527    100yr 2740.00 6354.96 6358.99 6358.86 6359.72 0.011119 9.27 594.77 368.98 1.06

reach_1 1427    Flume Design 350.00 6353.85 6355.76 6355.76 6356.15 0.011470 5.56 94.77 124.22 0.94

reach_1 1427    5yr 593.00 6353.85 6356.10 6356.10 6356.61 0.011718 6.53 146.40 169.26 0.99

reach_1 1427    100yr 2740.00 6353.85 6357.86 6357.86 6358.74 0.008699 9.82 637.16 444.45 0.98

reach_1 1328    Flume Design 350.00 6351.99 6353.67 6353.49 6353.90 0.013270 5.03 112.11 125.87 0.97

reach_1 1328    5yr 593.00 6351.99 6353.98 6353.81 6354.33 0.015444 6.18 153.19 144.18 1.08

reach_1 1328    100yr 2740.00 6351.99 6354.90 6354.90 6356.88 0.039189 15.08 345.35 254.24 1.92

reach_1 1253    Flume Design 350.00 6351.96 6353.07 6353.16 0.005441 2.85 164.32 203.69 0.61

reach_1 1253    5yr 593.00 6351.96 6353.35 6353.50 0.005718 3.68 227.83 240.70 0.66

reach_1 1253    100yr 2740.00 6351.96 6354.59 6355.18 0.008161 7.59 653.60 468.81 0.90

reach_1 1149    Flume Design 350.00 6350.76 6351.87 6351.87 6352.22 0.020126 5.56 93.42 138.27 1.17

reach_1 1149    5yr 593.00 6350.76 6352.20 6352.20 6352.60 0.016441 6.12 154.87 233.79 1.11

reach_1 1149    100yr 2740.00 6350.76 6353.55 6353.55 6354.26 0.011123 9.09 648.39 460.08 1.06

reach_1 1048    Flume Design 350.00 6346.99 6348.80 6348.90 0.006732 3.48 154.62 145.92 0.68

reach_1 1048    5yr 593.00 6346.99 6349.26 6349.39 0.006267 3.86 231.84 209.75 0.68

reach_1 1048    100yr 2740.00 6346.99 6350.69 6351.10 0.007731 7.46 796.67 482.41 0.87

reach_1 950     Flume Design 350.00 6344.97 6347.36 6347.36 6348.00 0.011849 6.46 57.82 61.69 0.98

reach_1 950     5yr 593.00 6344.97 6347.98 6347.98 6348.64 0.008523 6.77 122.11 146.17 0.88

reach_1 950     100yr 2740.00 6344.97 6349.73 6349.73 6350.41 0.006199 9.01 787.97 488.93 0.84

reach_1 851     Flume Design 350.00 6343.19 6344.97 6344.97 6345.65 0.012246 6.59 53.09 39.93 1.01

reach_1 851     5yr 593.00 6343.19 6345.61 6345.61 6346.44 0.010906 7.33 81.72 58.45 0.99

reach_1 851     100yr 2740.00 6343.19 6348.21 6348.21 6348.96 0.004443 8.45 769.82 488.81 0.73

reach_1 751     Flume Design 350.00 6342.29 6343.39 6343.39 6343.83 0.012217 5.55 77.97 96.32 0.97

reach_1 751     5yr 593.00 6342.29 6343.80 6343.80 6344.37 0.011180 6.43 121.88 118.15 0.97

reach_1 751     100yr 2740.00 6342.29 6345.64 6345.64 6346.42 0.006849 8.83 688.59 444.08 0.87



HEC-RAS  Plan: Pueblo_Prop_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_1 655     Flume Design 350.00 6341.39 6342.48 6342.37 6342.76 0.007202 4.47 112.88 227.48 0.75

reach_1 655     5yr 593.00 6341.39 6342.77 6342.74 6343.17 0.008342 5.61 170.36 272.75 0.84

reach_1 655     100yr 2740.00 6341.39 6344.60 6344.23 6345.23 0.005497 8.00 634.24 480.86 0.79

reach_1 612     Flume Design 350.00 6341.00 6342.49 6341.87 6342.57 0.001664 2.63 213.77 313.66 0.38

reach_1 612     5yr 593.00 6341.00 6342.76 6342.13 6342.91 0.002584 3.67 259.79 331.85 0.49

reach_1 612     100yr 2740.00 6341.00 6343.96 6343.69 6344.90 0.008789 9.57 460.35 438.93 0.98

reach_1 609     Inl Struct

reach_1 578     Flume Design 350.00 6333.00 6335.60 6335.60 6336.40 0.011761 7.15 48.92 31.30 1.01

reach_1 578     5yr 593.00 6333.00 6336.33 6336.33 6337.33 0.010870 8.04 73.79 37.30 1.01

reach_1 578     100yr 2740.00 6333.00 6339.53 6339.53 6341.38 0.008599 10.90 252.92 72.26 1.00

reach_1 528     Flume Design 350.00 6332.88 6334.73 6334.73 6335.45 0.011980 6.81 51.42 36.12 1.01

reach_1 528     5yr 593.00 6332.88 6335.37 6335.37 6336.32 0.011135 7.81 75.95 40.98 1.01

reach_1 528     100yr 2740.00 6332.88 6338.27 6338.27 6340.13 0.008545 10.95 255.39 76.17 0.99

reach_1 475     Flume Design 350.00 6331.88 6334.02 6334.02 6334.61 0.012920 6.19 56.50 48.67 1.01

reach_1 475     5yr 593.00 6331.88 6334.53 6334.53 6335.33 0.011744 7.15 82.93 53.50 1.01

reach_1 475     100yr 2740.00 6331.88 6337.08 6337.08 6338.46 0.009557 9.44 291.17 109.03 1.00

reach_1 378     Flume Design 350.00 6328.00 6331.50 6331.50 6332.12 0.013055 6.30 55.54 46.10 1.01

reach_1 378     5yr 593.00 6328.00 6332.08 6332.08 6332.81 0.012022 6.89 86.08 58.99 1.00

reach_1 378     100yr 2740.00 6328.00 6334.55 6334.55 6336.04 0.009439 9.80 280.98 99.67 1.00

reach_1 320     Flume Design 350.00 6326.65 6330.06 6330.30 0.003662 3.93 89.01 58.23 0.56

reach_1 320     5yr 593.00 6326.65 6330.97 6331.23 0.002357 4.12 143.85 62.72 0.48

reach_1 320     100yr 2740.00 6326.65 6333.57 6334.59 0.003705 8.23 393.13 137.45 0.67

reach_1 280     Flume Design 350.00 6325.00 6329.83 6330.15 0.003582 4.54 77.16 38.09 0.56

reach_1 280     5yr 593.00 6325.00 6330.69 6331.09 0.004147 5.09 116.41 54.72 0.62

reach_1 280     100yr 2740.00 6325.00 6333.58 6334.39 0.003324 7.87 510.21 158.98 0.63

reach_1 260     Flume Design 350.00 6325.00 6329.70 6330.06 0.004311 4.83 72.40 37.36 0.61

reach_1 260     5yr 593.00 6325.00 6330.52 6330.99 0.004960 5.51 107.59 51.27 0.67

reach_1 260     100yr 2740.00 6325.00 6333.41 6334.31 0.003820 8.24 483.73 158.18 0.67

reach_1 255     Flume Design 350.00 6324.75 6329.74 6330.02 0.002903 4.27 81.93 37.59 0.51

reach_1 255     5yr 593.00 6324.75 6330.56 6330.95 0.003787 5.05 117.49 51.99 0.59

reach_1 255     100yr 2740.00 6324.75 6333.42 6334.28 0.003508 8.04 493.62 158.23 0.65

reach_1 250     Flume Design 350.00 6324.50 6329.46 6329.14 6329.98 0.007256 5.77 60.66 35.47 0.78

reach_1 250     5yr 593.00 6324.50 6330.24 6329.81 6330.90 0.007299 6.51 91.08 45.00 0.81

reach_1 250     100yr 2740.00 6324.50 6333.19 6334.23 0.004783 8.86 445.56 157.11 0.75

reach_1 245     Flume Design 350.00 6324.50 6329.14 6329.14 6329.91 0.012851 7.03 49.82 33.25 1.01

reach_1 245     5yr 593.00 6324.50 6329.81 6329.81 6330.82 0.011973 8.06 73.55 37.96 1.02

reach_1 245     100yr 2740.00 6324.50 6332.77 6332.77 6334.17 0.007075 10.09 381.31 155.02 0.89

reach_1 225     Flume Design 350.00 6324.01 6327.85 6327.85 6328.77 0.011861 7.69 45.50 25.28 1.01

reach_1 225     5yr 593.00 6324.01 6328.85 6328.68 6329.85 0.009036 8.02 73.91 31.39 0.92

reach_1 225     100yr 2740.00 6324.01 6332.40 6332.40 6333.88 0.006684 10.16 357.49 153.06 0.88

reach_1 179     Flume Design 350.00 6323.92 6327.19 6327.19 6328.20 0.011346 8.04 43.51 21.92 1.01

reach_1 179     5yr 593.00 6323.92 6328.11 6328.11 6329.37 0.010641 8.99 65.97 26.73 1.01

reach_1 179     100yr 2740.00 6323.92 6331.81 6331.81 6333.31 0.006160 10.84 406.33 147.18 0.86

reach_1 100     Flume Design 350.00 6322.86 6326.18 6326.18 6327.09 0.011668 7.64 45.79 25.82 1.01

reach_1 100     5yr 593.00 6322.86 6327.05 6327.05 6328.10 0.011019 8.21 72.25 35.21 1.01

reach_1 100     100yr 2740.00 6322.86 6329.72 6329.72 6330.94 0.010235 8.87 310.23 133.51 1.01
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Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-1 June 2010 

This appendix contains a series of photographs depicting the work progress on the Pueblo Canyon 
grade-control structure and associated stream gage E060.1. Photos are representative of the work 
performed and completed as of the dates noted. Although field work commenced October 26, 2010, 
photos were not allowed to be taken until November 14, 2009. These photos range from November 14, 
2009, through final seeding on May 19, 2010. 

November 14, 2009 

  

Photo 1  Downstream of structure, looking east Photo 2  Temporary access road, looking 
upgradient at structure location 

  

Photo 3  Silt fence and rock check dam, 
downgradient of structure 

Photo 4  Silt fence and rock check dam 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-2 EP2010-0135 

November 14, 2009 (continued) 

  

Photo 5  Assembly area Photo 6  Assembly area 

  

Photo 7  Gabion baskets Photo 8  Gabion structure, looking downgradient 
at stilling-basin subgrade 

  

Photo 9  Stream through temporary access 
road, diversion channel-right side of photo 

Photo 10  Temporary access road 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-3 June 2010 

November 14, 2009 (continued) 

  

Photo 11  Gabion stone stockpile Photo 12  Gabion structure, looking north 

  

Photo 13  Gabion structure subgrade, looking 
northwest 

Photo 14  Gabion structure upstream, looking 
northeast at overflow weir subgrade and crest 

  

Photo 15  Downstream, looking east Photo 16  Gabion structure upstream, looking 
northeast at stilling basin and overflow weir 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-4 EP2010-0135 

November 14, 2009 (continued) 

  

Photo 17  Silt fence along channel, looking 
downstream of borrow area 

Photo 18  Looking downstream of structure 

  

Photo 19  Check dam and silt fence Photo 20  Check dam 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-5 June 2010 

November 14, 2009 (continued) 

  

Photo 21  Silt fence Photo 22  Silt fence, downstream of structure 
around borrow area 

 

 

Photo 23  Gabion structure, upstream looking 
east 

 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-6 EP2010-0135 

November 21, 2009 

  

Photo 1  Temporary access road upgradient of 
structure 

Photo 2  Gabion stone stockpile 

  

Photo 3  Gabion stone stockpile, looking 
upgradient 

Photo 4  Gabion construction, looking north 

  

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-7 June 2010 

November 21, 2009 (continued) 

  

Photo 5  Gabion structure upstream, looking 
east at stilling basin and overflow weir 

Photo 6  Structure construction, looking north 

  

Photo 7  Gabion assembly Photo 8  Structure looking north, gabion 
assembly 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-8 EP2010-0135 

November 21, 2009 (continued) 

  

Photo 9  Geotextile fabric on upstream face of 
structure 

Photo 10  Geotextile fabric on upstream face of 
structure 

  

Photo 11  Close-up view of gabion baskets Photo 12  Close-up view of gabion baskets 

  

Photo 13  Overflow basin/gabion bench, looking 
southwest 

Photo 14  Looking upstream towards structure 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-9 June 2010 

November 23, 2009 

  

Photo 1  Channel access to structure Photo 2  Subgrade overflow weir gabion baskets 

  

Photo 3  Overflow weir subgrade gabion 
baskets 

Photo 4  Excavated area for stilling-basin gabion 
baskets 

  

Photo 5  Stilling-basin gabion baskets, looking 
northwest 

Photo 6  Structure construction, looking north 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-10 EP2010-0135 

November 23, 2009 (continued) 

  

Photo 7  Diversion channel downstream of 
structure 

Photo 8  Diversion channel upstream of channel 

 

 

Photo 9  Structure construction, looking north  

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-11 June 2010 

November 28, 2009 

  

Photo 1  Area to be excavated for southern 
portion of structure 

Photo 2  Structure looking north, gabion-basket 
production 

  

Photo 3  Area to be excavated for southern 
portion of structure 

Photo 4  Structure looking northeast, gabion-
basket production 

  

Photo 5  Subgrade gabion baskets for gabion 
bench and stilling basin 

Photo 6  Subgrade gabion baskets for gabion 
bench and stilling basin 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-12 EP2010-0135 

November 28, 2009 (continued) 

  

Photo 7  Gabion basket production area Photo  8  Class A rip-rap stone stockpiles 

  

Photo 9  Excavation of south half of stilling 
basin 

Photo 10  Looking upstream from structure 

 

 

Photo 11  Area to be excavated for southern 
portion of structure 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-13 June 2010 

December 3, 2009 

  

Photo 1  Gabion structure looking south Photo 2  Earthen berm construction 

  

Photo 3  Gabion structure, looking south Photo 4  Gabion structure, looking south from 
confinement gabion wall 

  

Photo 5  Looking downstream at structure Photo 6  Structure looking downstream 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-14 EP2010-0135 

December 11, 2009 

  

Photo 1  Grading of permanent access road Photo 2  Grading of permanent access road 

 

Photo 3  Grading of permanent access road Photo 4  Grading of permanent access road 

  

Photo 5  Grading of permanent access road Photo 6  Structure, looking north from access 
road 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-15 June 2010 

December 11, 2009 (continued) 

  

Photo 7  Earthen berm, looking north Photo 8  Structure, looking upstream 

  

Photo 9  Compacted earthen berm Photo 10  Structure, looking upstream 

 

 

Photo 11  Looking upstream at structure, gabion 
baskets in background 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-16 EP2010-0135 

December 16, 2009 

  

Photo 1  Structure, looking south from 
confinement gabions 

Photo 2  Forms for concrete cap 

  

Photo 3  Form for concrete cap Photo 4  Concrete being delivered 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-17 June 2010 

December 16, 2009 (continued) 

  

Photo 5  Concrete placement, low-flow and 
overflow weir 

Photo 6  Concrete placement, low-flow and 
overflow weir 

  

Photo 7  Concrete placement, low-flow and 
overflow weir 

Photo 8  Concrete slump test 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-18 EP2010-0135 

December 16, 2009 (continued) 

  

Photo 9  Concrete placement, low-flow and 
overflow weir 

Photo 10  Concrete placement, low-flow and 
overflow weir 

December 17, 2009  

  

Photo 1  Concrete cap finishing Photo 2  Looking south, concrete cap placement

 

 

Photo 3  Placing Class A rip rap along upstream 
side of earthen berm 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-19 June 2010 

December 26, 2009 

  

Photo 1  Concrete weir cap (low-flow and 
overflow weir) 

Photo 2  Concrete weir cap 

 

Photo 3  Class A rip-rap armoring of earthen 
berm, upstream face of berm 

 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-20 EP2010-0135 

January 3, 2010 

 

Photo 1  Structure, looking south Photo 2  Looking downstream from structure 

  

Photo 3  Low-flow weir, looking north Photo 4  Standpipe buried by ice before extension 

  

Photo 5  Earthen berm after rip-rap placement Photo 6  Earthen berm 
 
 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-21 June 2010 

January 7, 2010 

  

Photo 1  Structure with concrete cap Photo 2  Structure, looking north from access 
road 

January 11, 2010 

  

Photo 1  Excavation for installation of Class B 
rip-rap armoring, downstream side of structure 
stilling basin 

Photo 2  Excavation for installation of Class B rip-
rap armoring, downstream side of structure 
stilling basin 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-22 EP2010-0135 

January 14, 2010 

  

Photo 1  Temporary access road looking 
downstream towards structure 

Photo 2  Structure, looking north 

  

Photo 3  South portion of structure, low-flow 
weir (foreground), overflow weir, confinement 
wall and gabion bench 

Photo 4  Class B rip rap, downstream side of 
stilling basin 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-23 June 2010 

January 14, 2010 (continued) 

  

Photo 5  Structure, looking south Photo 6  Downgradient side of confinement wall 
and overflow weir, looking south 

  

Photo 7  Stilling basin, downstream Class B rip 
rap armoring 

Photo 8  Channel access road to flume 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-24 EP2010-0135 

January 18, 2010 

  

Photo 1  View from access road, looking 
northwest 

Photo 2  Looking east at north overflow weir 

  

Photo 3  View of structure from access road, 
looking northwest 

Photo 4  Looking upstream of structure 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-25 June 2010 

January 18, 2010 (continued) 

  

Photo 5  Downstream side of structure, looking 
southwest 

Photo 6  Downstream side of structure, looking 
northwest 

 

Photo 7  Overflow weir bench, overflow weir 

 

 Photo 8  North overflow weir and confinement 
gabion wall, looking northwest 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-26 EP2010-0135 

January 18, 2010 (continued) 

  

Photo 9  Looking south from confinement wall Photo 10  Riser pipe before extension 

 

Photo 11  Looking downstream (structure in 
background) 

 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-27 June 2010 

February 1, 2010 

  

Photo 1  Structure, looking upstream at stilling 
basin and riser-pipe outlet pipe 

Photo 2  Downstream of structure, Class B rip rap 
for flume entrance 

  

Photo 3  Groundwater intrusion in flume 
excavation 

Photo 4  Excavation for concrete flume 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-28 EP2010-0135 

February 1, 2010 (continued) 

  

Photo 5  Form work for flume Photo 6  Form work for flume 

  

Photo 7  Form work for flume Photo 8  Excavation for flume 

  

Photo 9  Excavation for flume, groundwater 
intrusion 

Photo 10  Excavation for flume, groundwater 
intrusion 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-29 June 2010 

February 1, 2010 (continued) 

  

Photo 11  Excavation for flume, groundwater 
intrusion 

Photo 12  Looking downgradient at flume 

  

Photo 13  Headwall subgrade compaction Photo 14  Headwall subgrade compaction 

 

 

Photo 15  Headwall subgrade compaction  



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-30 EP2010-0135 

February 2, 2010 

  

Photo 1  Flume headwall form work Photo 2  Headwall subgrade compaction 

  

Photo 3  Headwall subgrade compaction Photo 4  Headwall subgrade compaction 

  

Photo 5  Headwall form work Photo 6  Headwall subgrade compaction 

 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-31 June 2010 

February 2, 2010 (continued) 

  

Photo 7  Headwall subgrade compaction Photo 8  Headwall subgrade compaction 

  

Photo 9  Headwall form work Photo 10  Headwall form work 

  

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-32 EP2010-0135 

February 5, 2010 

  

Photo 1  Concrete testing for flume headwall 
concrete placement 

Photo 2  Mode of transporting concrete to flume 

  

Photo 3  Slump test Photo 4  Preparing test cylinder 

  

Photo 5  Concrete testing Photo 6  Preparing concrete cylinders 



Pueblo Canyon Grade-Control Structure Completion Report 

EP2010-0135 D-33 June 2010 

February 5, 2010 (continued) 

  

Photo 7  Flume headwall concrete placement Photo 8  Flume headwall concrete placement 

  

Photo 9  Flume headwall concrete placement Photo 10  Flume headwall concrete placement 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-34 EP2010-0135 

February 9, 2010 

  

Photo 1  Excavation for flume subgrade Photo 2  Excavation for flume subgrade 

  

Photo 3  Flume headwalls Photo 4  Flume subgrade compaction 

  

Photo 5  Flume subgrade compaction Photo 6  Flume subgrade compaction 
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EP2010-0135 D-35 June 2010 

February 10, 2010 

  

Photo 1  Flume subgrade compaction Photo 2  Flume subgrade compaction

  

Photo 3  Flume subgrade compaction Photo 4  Flume subgrade compaction 

 

 

Photo 5  Flume subgrade compaction  
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February 11, 2010 

  

Photo 1  Wire mesh reinforcement for flume Photo 2  Monitoring temperature of concrete for 
flume concrete placement 

  

Photo 3  Flume concrete slump test Photo 4  Flume concrete cylinder samples 

  

Photo 5  Flume concrete cylinder samples for 
lab testing 

Photo 6  Placing concrete flume 
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February 11, 2010 (continued) 

  

Photo 7  Concrete placement and finishing of 
flume 

Photo 8  Concrete finishing of flume 

  

Photo 9  Concrete finishing of flume Photo 10  Concrete finishing of flume 

 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-38 EP2010-0135 

February 11, 2010 (continued) 

  

Photo 11  Concrete finishing of flume Photo 12  Concrete finishing of flume 

 

 

Photo 13  Concrete finishing of flume  
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March 4, 2010 

  

Photo 1  Channel access to flume downstream 
of structure 

Photo 2  Flume diversion trench 

  

Photo 3  Placing stilling well for gage Photo 4  Working on flume rip-rap installation 

March 5, 2010 

  

Photo 1  Rip-rap placement Photo 2  Stream gage stilling-well installation, 
compaction around well 
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March 8, 2010 

  

Photo 1  View of south downgradient slope 
being prepared for Class A rip-rap armoring 
installation 

Photo 2  Structure, looking at south upgradient 
slope, being prepared for Class A rip-rap 
armoring installation 

  

Photo 3  Working on Class B rip-rap installation 
upstream of flume 

Photo 4  Installing Class A rip rap for flume 
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Photo 5  Installing Class A rip rap Photo 6  Preparing south downgradient slope for 
Class A rip-rap armoring 

  

Photo 7  Downstream of structure, looking at 
gage station rip-rap installation 

Photo 8  Final grading, upstream side of structure 

 

 

Photo 9  Downstream of structure, looking 
south 
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March 9, 2010 

  

Photo 1  Gage station/flume rip-rap installation Photo 2  Preparing south slope, downstream of 
structure, for rip rap 

  

Photo 3  Placing geotextile for south slope rip 
rap, downstream of structure 

Photo 4  Preparing to place Class A rip-rap  
armoring on south slope downgradient of structure

 

 

Photo 5  Preparing to place Class A rip-rap 
armoring on south slope downgradient of 
structure 
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Photo 1  Structure, looking south Photo 2  Looking upgradient at south 
downgradient slope Class A rip-rap armoring 

 

Photo 3  Looking downgradient from structure Photo 4  Class A rip-rap placement, south slope 
downgradient of structure 
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March 10, 2010 (continued) 

  

Photo 5  Looking south at south slope armoring Photo 6  Looking south at south slope armoring 

  

Photo 7  Working on installing Class A rip-rap 
armoring, south slope downgradient of structure 

Photo 8  Working on Class A rip-rap exit from 
flume 

 

Photo 9  Working on Class A rip-rap entrance to 
flume 
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March 11, 2010 

  

Photo 1  Placing Class A rip-rap armoring on 
south slope downgradient of structure 

Photo 2  Placing rip-rap armoring on south slope 
downgradient of structure 

  

Photo 3  Finalizing grade downstream of flume Photo 4  Upstream side of low-flow weir 
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March 12, 2010 

 

Photo 1  Access road Photo 2  Flume 

 

Photo 3  Class B rip-rap work Photo 4  Class A rip-rap armoring of south slope 
on upstream side of structure 
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March 12, 2010 (continued) 

  

Photo 5 Grading and compacting area south of 
flume 

Photo 6  View looking south at structure from 
confinement wall 

 

 

Photo 7  Class B (foreground) and Class A 
(background) rip-rap approach to flume 
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March 15, 2010 

  

Photo 1  Slope of flume Photo 2  Concrete flume 

  

Photo 3  Flume and stilling well Photo 4  South access road 
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Photo 1  Flume Class B rip-rap installation 
looking downstream from structure 

Photo 2  Flume Class B rip-rap installation looking 
upstream from flume 

  

Photo 3  Flume Class B rip-rap installation 
looking downstream from structure 

Photo 4  Final grading upstream of structure, riser 
pipe and willows in foreground 
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May 4, 2010 (continued) 

  

Photo 5  Final grading upstream and 
downstream of structure, south slope rip-rap 
armoring in background 

Photo 6  Final grading upstream of structure, 
newly planted willows on right side of photo 

  

Photo 7  View looking upstream at flume and 
stilling well (foreground) and structure 
(background) 

Photo 8  View looking downstream at flume from 
structure, Class B armoring on downstream side 
of structure in foreground 
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Photo 1  Site hydroseeding complete, looking 
downstream from the structure 

Photo 2  Looking upstream from structure 

 

Photo 3  Looking north from overflow weir Photo 4  At access, looking east to structure 

 

Photo 5  Looking northeast at upstream side of 
structure 

Photo 6  Hydroseeding 



Pueblo Canyon Grade-Control Structure Completion Report 

June 2010 D-52 EP2010-0135 

 



 LA-UR-10-3300 
June 2010 

EP2010-0214 

Completion Report for DP 
Canyon Grade-Control Structure 
and Gage Station E039.1 



 

Prepared by the Environmental Programs Directorate 

Los Alamos National Laboratory, operated by Los Alamos National Security, LLC, for the U.S. Department 
of Energy under Contract No. DE-AC52-06NA25396, has prepared this document pursuant to the 
Compliance Order on Consent, signed March 1, 2005. The Compliance Order on Consent contains 
requirements for the investigation and cleanup, including corrective action, of contamination at Los Alamos 
National Laboratory. The U.S. government has rights to use, reproduce, and distribute this document. The 
public may copy and use this document without charge, provided that this notice and any statement of 
authorship are reproduced on all copies.





DP Canyon Grade-Control Structure Completion Report  

EP2010-0214 v June 2010 

EXECUTIVE SUMMARY  

This report was prepared by Kellogg Brown and Root Services, Inc. (KBR), and Post, Buckley, Schuh, 
and Jernigan, Inc. (PBS&J), for the U.S. Department of Energy (DOE) Los Alamos Site Office, and 
Los Alamos National Laboratory (LANL or the Laboratory) to document and summarize the design, 
analysis, and construction of the Delta Prime (DP) Canyon grade-control structure and associated stream 
gage E039.1. This report addresses engineering and site exploration activities, deviations from the 
original design, permitting, and construction activities.  

The Los Alamos and Pueblo watershed, including the canyons and their tributaries, encompasses several 
former and current technical areas of the Laboratory. In 2004, the Los Alamos and Pueblo Canyons 
Investigation Report presented investigations of the nature, extent, transport, and potential risk from 
chemicals of potential concern in the watershed. Following a notice of disapproval from the New Mexico 
Environment Department (NMED) in 2005, DOE and the University of California prepared a supplemental 
investigation report for Los Alamos and Pueblo Canyons. In 2007, NMED issued an approval with 
direction for this report, with requests that the Laboratory conduct actions to mitigate the transport of 
polychlorinated biphenyls (PCBs) in stormwater. The February 2008 Interim Measure Work Plan to 
Mitigate Contaminated Sediment Transport in Los Alamos and Pueblo Canyons presented interim actions 
to mitigate PCB transport. NMED issued an approval with modifications to the interim measure work plan, 
resulting in a supplemental interim measure work plan. The DP Canyon grade-control structure was 
presented in the supplemental plan as an additional mitigation measure to reduce contaminant transport 
within the Los Alamos and Pueblo watershed.  

The DP Canyon project consisted of (1) the construction of a grade-control structure that raises the level 
of the stream bed to induce channel aggradation (sediment deposition) upstream of the structure and (2) 
the relocation of the E039 stream gage and construction of a supercritical-flow flume to enhance water 
flow measurements at the new location. The goal of the grade-control structure is to partially fill the 
upstream channel, with the result of more frequent out-of-bank flooding, thereby increasing the potential 
for sediment deposition on adjacent floodplains, burying contaminated sediment deposits. The DP 
Canyon grade-control structure is located downcanyon from the former Solid Waste Management Unit 
21-011(k) Outfall at Technical Area 21 and near the site of the former E039 gaging station at the east end 
of reach DP-2. The relocated and upgraded gage, E039.1, is located 62 ft downstream of the structure. In 
this location, the flume and gage can measure the efficiency of the grade-control structure.  

Construction of the grade-control structure began October 26, 2009, and was completed January 26, 
2010. A letter submitted to NMED on February 5, 2010, gave notice of the grade-control structure 
completion and requested an extension to the completion report submittal date. In a letter dated 
February 16, 2010, NMED approved the requested extension for the completion report to June 3, 2010. 
Stream gage E039.1 construction was completed February 27, 2010. Seeding of the entire area was 
delayed until May when the noise ordinance for the canyon was lifted. The site was seeded May 4, 2010. 
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1.0 PROJECT OBJECTIVES 

The Los Alamos and Pueblo watershed, including the canyons and their tributaries, encompasses several 
former and current technical areas of Los Alamos National Laboratory (LANL or the Laboratory). The 
Los Alamos and Pueblo Canyons Investigation Report (LANL 2004, 087390) presented investigations of 
the nature, extent, transport, and potential risk from chemicals of potential concern in the watershed. 
Following a notice of disapproval from the New Mexico Environment Department (NMED) (2005, 088463), 
the Laboratory prepared a supplemental investigation report for Los Alamos and Pueblo Canyons (LANL 
2005, 091818). NMED issued an approval with direction for this report (NMED 2007, 098284), with 
requests that actions be conducted to mitigate the transport of polychlorinated biphenyls (PCBs) in 
stormwater. The February 2008 Interim Measure Work Plan (IMWP) to Mitigate Contaminated Sediment 
Transport in Los Alamos and Pueblo Canyons (LANL 2008, 101714) presented interim actions to mitigate 
PCB transport. NMED issued an approval with modifications to the IMWP (NMED 2008, 103007), 
resulting in a supplemental IMWP (SIMWP) (LANL 2008, 105716; NMED 2009, 105014). The DP Canyon 
grade-control structure is an additional mitigation measure identified in the SIMWP to reduce contaminant 
transport within the Los Alamos and Pueblo watershed. Figure 1.0-1 shows sediment transport mitigation 
sites in Los Alamos and Pueblo Canyons, highlighting the DP Canyon grade-control structure and the 
stream gage E039.1.  

The project consisted of the construction of a grade-control structure and relocation and upgrade of the 
E039 stream gage located within the Laboratory’s Technical Area 71 (TA-71). The structure and 
associated stream gage are within Delta Prime (DP) Canyon and are referred to as the DP Canyon 
grade-control structure and stream gage E039.1, respectively. The DP Canyon grade-control structure is 
located downcanyon from the former 21-011(k) Outfall at TA 21 and near the site of the prior E039 gaging 
station at the east end of reach DP-2. The relocated stream gage, E039.1, is located approximately 62 ft 
downgradient of the structure as measured from the downstream end of the structure stilling basin to the 
upstream flume invert (see Figures 1.0-1, 1.0-2, and Appendix A). 

The structure is part of remedial actions taken to reduce the migration of contaminated sediment into the 
lower reaches of DP and Los Alamos Canyons, where they could migrate off-site. Beneficial results of the 
grade control include the partial burial of upstream banks, reducing the potential for bank erosion, and the 
enhancement of floodplain deposition upstream of the structure. 

The DP Canyon grade-control structure was designed to induce upstream aggradation (sediment 
deposition) that will fill the channel and partially bury the existing sediments in the floodplain. Aggradation 
within the channel upstream of the structure will reduce erosion of contaminated stream banks and 
overbank areas during significant storm events. Flood flows will more frequently spill into the overbank 
areas and, through deposition, bury existing contaminated floodplain deposits. 

In order to simplify the design, reduce costs, and still provide a stable, safe structure, the structure was 
designed and constructed to ensure that it did not fall under New Mexico Safe Dams regulations. Under 
these rules and regulations, a structure is classified as a dam when the structure is more than 10 ft in 
height (measured from original channel elevation to the top of the low spillway) or is capable of 
impounding more than 10 acre-ft of water. The DP Canyon grade-control structure does not exceed either 
of these limitations. The design and final as-built height of the structure is 4 ft at the low-flow weir and 7 ft 
at the overflow weir as measured from the stream-channel elevation. Maximum impoundment at the low-
flow weir is 0.05 acre-ft and at the overflow weir is 0.33 acre-ft. 
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The objective of relocating stream gage E039 downstream of the structure is to monitor the efficiency of 
the structure. To enhance the accuracy of water flow data, a concrete supercritical flume was constructed 
at the relocated stream-gage location. 

2.0 DESIGN 

2.1 General 

2.1.1  Grade-Control Structure 

The DP Canyon grade-control structure is composed of rock-filled gabion baskets with a 21-ft-wide low-
flow weir centered perpendicular to the stream centerline. The low-flow weir was designed to carry storm 
runoff from a 5-yr storm event. A 54-ft-long overflow weir was constructed at 3 ft above the low-flow weir 
to accommodate a 100-yr storm event. The 100-yr flow was used to determine the upper-weir and 
confinement-wall dimensions and to calculate the energy dissipation stilling-basin dimensions 
(Figures 2.1-1 and 2.1-2, and Appendix A sheet C-400). 

Since the gabion structure would be unsupported, it was designed to provide sufficient mass to prevent 
slippage and overturning. The design of the structure also provides for the raising of water surface 
elevations behind the structure during more frequent flood events (5-yr), such that the sediment 
deposition occurs immediately upstream of the structure and yet minimizes the backwater effects of the 
less frequent flood events (50- to 100-yr). 

The structure design also includes buttress gabions upstream of the weir. The upstream buttress gabions 
protect the main gabion structure from flow that may contain boulders, trees, and other debris. The top of 
the grade-control structure was designed to direct flow onto the gabion benches below the top elevation. 
Downstream buttress gabions also provide energy dissipation of flows. With flows directed to the stilling-
basin floor, energy will also be dissipated through the benches. 

The upstream face of the structure was wrapped in a geotextile material to minimize the transport of fine 
sediments during the early stages of operation as well as to reduce the flow of water through the 
structure. The type of geotextile material was based on gradation analysis of the stream sediment. The 
material was buried by backfill, using streambed material to stabilize the geotextile and to add 
impermeability. In addition, a 3-in. concrete cap was applied to the low-flow and overflow weir crests to 
protect against potential damage from scouring and debris (Figure 2.1-3).  

A perforated and slotted riser pipe was constructed approximately 25 ft upstream of the structure to assist 
in releasing water stored upstream (Figure 2.1-4). One side consists of removable wood boards placed in 
slots. The remaining riser pipe is a perforated corrugated metal pipe (CMP) to allow water to enter the 
pipe. This pipe is connected to an outfall pipe that goes through the gabion structure to the stilling basin. 
The top wood board is placed at the elevation of the low-flow weir or higher to ensure that maximum 
water surface elevations are achieved to induce sediment settling. After a storm event, the perforations 
on the pipe will allow dewatering behind the weir. However, if the rate of dewatering is not sufficient to 
meet standards or the perforations get plugged by debris, wood boards can be removed as needed to 
accelerate the dewatering process. 

2.1.2  Stream Gage 

The new stream gage, E039.1, was originally designed to be located within the grade-control structure. 
However, during construction the location was changed to provide more accurate measurements and to 
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better monitor the efficiency of the grade-control structure. The stream gage’s concrete supercritical-flow 
flume design measures flow up to 350 cubic ft per second (cfs) (Figure 2.1-5). The determination of the 
stream-gage location, approximately 62 ft downstream of the grade-control structure stilling basin, was 
based on topographic conditions, on-site investigations, and stream geometry. The U.S. Geological 
Survey (USGS) publication “Techniques of Water Resources Investigations of United States Geological 
Survey,” Chapter A14, Use of Flumes in Measuring Discharge (Kilpatrick and Schneider 1983, 109514), 
was used to develop a flume design to accommodate measuring equipment and instrumentation and 
measure flows up to 350 cfs. The final design, the result of the collaboration of design, construction, and 
environmental professionals, was subjected to a thorough review by Laboratory and U.S. Department of 
Energy (DOE) personnel. Design details and as-built information are contained in Appendix A, sheets  
C-06 through SG-03.  

2.2 Site Selection/Exploration 

2.2.1 Grade-Control Structure 

The grade-control structure location was chosen to meet the overall project objectives and also provide 
an efficient and value-engineered structure. During the initial design process, adjustments were made to 
the structure to reduce the overall length by taking advantage of existing topography.  

The general area in which the structure was to be constructed was determined primarily by U.S. Army 
Corps of Engineers (USACE), DOE, and Laboratory input to meet the principal objectives for the project. 
During the design process, more detailed topographic information was obtained and a geotechnical 
exploration was performed. The geotechnical exploration and subsequent report provided information on 
subsurface soil and bedrock conditions; groundwater conditions; structure support; lateral earth 
pressures; and earthwork recommendations (see Appendix B for the geotechnical engineering report).  

The final site selection was based on a variety of additional factors including hydrologic/hydraulic 
effectiveness, existing topography, vegetation, on-site investigations, an existing historic trail, and value 
engineering. Two factors were considered as the primary focus. 

 Hydraulic Effectiveness. During the modeling and design process, the positions of the structure 
longitudinally along the canyon and laterally within the canyon were evaluated. Factors such as 
turbulence of flow, erosion mitigation, sediment containment, and structural stability were 
considered. Upstream and downstream channel conditions played a significant role in the design 
based on the model analysis of the effectiveness of the proposed upstream channel aggradation. 

 Existing Topography. Significant material excavation and fill were necessary to construct the 
grade-control structure. Personnel and equipment access during construction and operation were 
also considered. Once a preliminary structure design was complete, the gabion configuration was 
fitted into the existing topography of several of the preliminary locations that were identified by 
field surveys.  Each potential site was then evaluated based on the amount of material to be 
excavated and filled, ease of access, and position in reference to significant contour changes in 
the canyon. 

Once the final location was determined, an additional field visit was performed to ensure no other existing 
conditions were overlooked. 
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2.2.2 Stream Gage 

Greater accuracy in flow measurements and sediment data were factors that contributed to the choice of 
a supercritical-flow flume design for the stream gage. The new stream gage measures flow up to 350 cfs. 
The flume has specific dimensions, is trapezoidal in shape, and requires a 5% channel slope and a 
straight approach and exit for proper operation. Distance from the structure was also an important 
consideration. Location of the gage station was driven by 

 channel geometry and topographic conditions, so that the approach to and exit from the flume 
would be fairly straight and that minimal channel disturbance would be required to construct the 
flume, and 

 a distance from the structure that would allow water exiting the structure to calm before entering 
the flume but would not be too far to prevent accurate sediment disposition measurements.  

Appendix A provides as-built drawings of the grade-control structure and stream gage. 

2.3 Hydrologic/Hydraulic Modeling 

2.3.1 General 

The DP Canyon watershed is within the semiarid higher-elevation mountains of New Mexico and contains 
an ephemeral stream system. The watershed includes areas of variable vegetation density, rock 
outcrops, and urbanization. Flood-flow frequency estimates for the structure locations were based on 
statistical analysis based on historical stream-gage information within the project area and the regional 
USGS regression formulas (USGS 2000, 109515) and the USACE statistical computer program Hydraulic 
Engineering Center Flood Frequency Analysis (HEC-FFA) (USACE 1992, 109512).  

A hydrologic analysis was performed to provide design parameters for the proposed grade-control 
structure. The initial analysis, performed in August 2009, was based on stream-gage data, topographic 
information, a site visit, and the geomorphic and climatologic conditions of the project area. This initial 
analysis was used to develop the conceptual and preliminary construction plans. Additional light detection 
and ranging (LIDAR) survey data was obtained during the final phases of design. This provided a more 
detailed and accurate surface model than was previously available. The new LIDAR data and final design 
dimensions, which included changes to weir elevations and approach conditions, were used to run a 
second analysis with the HEC River Analysis System (HEC-RAS) model (USACE 2008, 109518) in 
December 2009. The results of the new model verified that the final design and as-built structure met the 
original project objectives. Results of the HEC-RAS analysis are included in Appendix C.  

2.3.2 Flood Frequency Analysis Results 

Table 2.3-1 presents the FFA results for the DP Canyon project site collected at DP Canyon gage station 
E038. The gage data at the site is statistically very short, having only 6 yr of records. In addition, the 
USGS regression formulas used, USGS Rural (USGS 2000, 109515), are based on regional analysis of 
gage data, which also is sparse and generally of short-record periods. 

Stream gage E038 is located upstream of the DP Canyon grade-control structure. Therefore, the FFA 
results were modified to reflect the larger drainage basin at the project location (Table 2.3-1, column 3, 
FFA Extended to Project Site). The modification involved 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 (Waltemeyer 2008, 109516).  
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In review of the results, the FFA extended discharge-frequencies are higher for the more frequent events 
(2- to 10-yr floods) and becoming smaller for the more rare events (50- to 500-yr 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 would miss the higher runoff 
from more frequent rainfall events that would not produce runoff in undeveloped semiarid conditions. The 
FFA results are based on just a few years of information that do not contain a rare-event flood and miss 
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 Extended to Project Site was adopted. The higher 
flows (50- to 100-yr) were used to ensure 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. 

2.3.3 Development of the HEC-RAS Hydraulic Models 

To determine the hydraulic effects of the proposed structures, HEC-RAS models were developed. The 
HEC-RAS Version 4.0 models were initially constructed using shape (.shp) files provided by the 
Laboratory. The two-dimensional (2-D) data were then converted to 3-D data and geographic information 
system techniques were used for cross-section development. Existing conditions models were 
constructed and calibrated to the best extent, and water surface elevations for the 2-, 5-, 10-, 50-, and 
100-yr peak-flood discharges were simulated and plotted. All subsequent models used these peak-flood 
discharges. This initial model was used to develop a base design and plan for the structure. Additional 
survey data were collected for the site. Based on the new data, new cross sections were prepared and 
the final, revised, and refined current model was developed.   

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. Proposed conditions models, with sedimentation, were created to simulate 
the change in the streambed elevations due to anticipated long-term deposition of sediment upstream of 
the grade-control structures (described in section 2.4). These three conditions─existing, grade-control 
structure without sediment deposits, and grade-control structure with sediment deposits─were compared 
and analyzed. Cross-section layouts, profiles, cross sections, and tabular results for each model condition 
are included in Appendix C. 

2.3.4 Grade-Control Structure Stilling-Basin Design 

The stilling-basin length and end-sill height were determined using the USACE Hydraulic Design Chart 
(HDC) Number 623 (USACE 1959, 109511) based upon the 100-yr flood. HDC 623 develops empirical 
relationships between the design-critical depth of the approach flow to the height between the weir crest 
and the top of the end sill in order to size the length of the stilling basin as well as the height of the end 
sill.  

For the empirical relationship of HDC 623 to be successful, the tailwater depth beyond the end sill is 
recommended to be between 1.25 to 1.67 times that of the approach flow-critical depth. For DP Canyon, 
the design discharge tailwater would need to be approximately 2½ to 3 ft above the top of the end sill. 
The HEC-RAS results showed the tailwater conditions were met. 

2.3.5 Grade-Control Structure Low-Flow Weir Design 

A low-flow rectangular weir was sized to induce the design volumes and location of deposition in the 
upstream area. The width and depth of the weir was estimated using regime equations (Copeland 1994, 
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109508) and assuming that the 5-yr discharge is a “channel forming” discharge; a common practice for 
arid to semiarid regions. The regime width and depth dimensions for the 5-yr flood were used as initial 
guides and adjusted to meet multiple objectives such as accommodating standard gabion sizes and 
physical site restrictions and minimizing the structure footprint. The weir was laterally placed where the 
natural thalweg of the stream is located. The height of the weir above the natural ground was determined 
by examining the design deposition slope (described in section 2.4) and adjusting it vertically to maximize 
deposition on the overbank sediments, safely pass the 100-yr flood above the weir, and still be a stable 
structure. The initial height of the low-flow weir is 1 ft above the existing ground. This height can be varied 
as described in section 2.5. 

2.4 Sediment Deposition Profile Analysis 

The profile of the anticipated sedimentation behind the grade-control structure was based upon 
examination of equilibrium slope analyses (Pemberton and Lara 1984, 109509) and engineering 
judgment to select an appropriate slope. The equilibrium slope is the theoretical slope that 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 varied-frequency floods. The deposition profile 
predicts the water surface profiles for ultimate conditions. 

2.5 Adaptive Management Features 

2.5.1 Adjustable Weir Crest Height 

Predictions of the sediment deposition in the upstream overbank areas can vary because of variations in 
the stream flow, changes in the sediment characteristics, varying equilibrium slopes, and other factors. To 
enhance operational flexibility, an additional vertical column of gabions was added to the structure, 
increasing the thickness of the upper weir foundation. The thicker foundation makes it possible to 
increase the low-flow weir crest by progressively adding gabions or gabion mattresses up to the crest of 
the 100-yr overflow. This gives opportunities to accelerate the deposition and to increase or decrease the 
sediment deposition elevations in the areas upstream of the structure. The initial design crest of the low-
flow weir is 1 ft above the existing ground but can go as high as 7 ft. Any additional gabions also increase 
the structural integrity of the structure. 

2.5.2 Adjustable Riser Pipe 

When a flow event occurs, the structure causes an impoundment of the water and allows settling of the 
sediment. After the event has receded and the majority of the suspended sediment has settled, the 
standing water must be released downstream. A perforated and slotted riser pipe, placed approximately 
25 ft upstream of the structure, assists in these functions. The upstream face consists of removable wood 
boards placed in slots, while the remainder of the riser pipe is perforated CMP (Figure 2.1-4). This pipe is 
connected to an outfall pipe that goes through the gabion structure out to the stilling basin. The height of 
the riser pipe is the same as the top of the overflow weir to allow for adjustments if the low-flow weir 
elevation is ever increased. Varying the elevation of the top board enables maximum retention of water 
behind the structure, inducing sediment settlement, or allows for accelerated dewatering.  
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2.6 Engineering 

2.6.1 Grade-Control Structure 

Since the gabion grade-control structure is unsupported and acts as a retaining structure, the gabion 
design required sufficient mass to prevent sliding and overturning. The design of the structure required 
raising the water surface elevations for the more frequent flood events (5-yr) such that significant sediment 
deposition will now occur immediately upstream of the structure, minimizing potential backwater effects of 
the rare flood events (50- to 100-yr) and ensuring the 100-yr flood does not overtop the structure. 

The 5-yr flow was used to design a low-flow notch. The 100-yr flow was used to determine the 
dimensions of the rest of the structure (the overflow weir and confinement walls) and to calculate the 
energy dissipation (stilling) basin dimensions and end-sill heights. A 50-yr design was considered, but 
since the increase in design heights to contain the 100-yr event was small (0.5 ft or less); the design was 
based upon the 100-yr peak-flood event. This resulted in a 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. 

The structure design included additional gabions upstream of the low-flow weir. The purpose of these 
gabions is to raise the flow of water approaching the weir for better efficiency; to prevent damage of the 
main gabion structure and weirs from flow that may contain large rocks, trees, and other debris; and to 
provide additional structural mass to prevent sliding and overturning. The lower and upper weirs direct 
flow into buttress gabions downstream. These gabions dissipate flow energy and also provide additional 
structural mass to prevent sliding and overturning.  

The structure design is composed of gabions consisting of 6- to 9-in. -diameter rock enclosed in wire 
baskets. Whenever possible, standard 3-ft x 3-ft x 6-ft gabions were used. Structure dimensions and 
embedment elevations were conservatively adjusted to eliminate the need for nonstandard size gabions.  
See Appendix A for as-built drawings. 

2.6.2 Stream Gage 

The supercritical-flow flume is a concrete structure approximately 19 ft wide at the entrance, 15 ft wide at 
the exit, 15 ft in length, and 4 ft in depth. Several factors were considered in determining the flume 
location, including minimal disturbance to the downstream channel, overall design and construction costs, 
providing a straight channel for entrance and exit, and minimal influence on the accuracy of instrument 
readings. The flume was placed 62 ft downstream of the structure.   

Class A rip-rap armoring was added upstream, downstream, and along the edges of the flume to prevent 
water from undermining the flume, to minimize potential accumulation of additional sediment between the 
gabion structure and flume, and to protect the stream channel from potential erosion. To maintain flow 
through the flume and provide accurate measurements, the Class A rip rap on the downstream is a 
minimum of 4 in. below the bottom of the flume. This elevation difference allows unimpeded flow from the 
flume. 

Three polyvinyl chloride (PVC) pipes are embedded into the south wall of the flume at varying heights. The 
PVC pipes daylight into a CMP stilling well. As the water levels in the flume reach the pipe openings, the 
water is conveyed to the stilling well. Equipment used in measuring water flow and in sample collection is 
housed in and on top of the CMP. The height of the CMP was designed to keep the equipment above the 
water surface in the event of a 100-yr flow event. As-built drawings are provided in Appendix A. Equipment 
for collecting sampling and flow data was also installed at the stream gage E039.1. 
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2.7 Permitting 

The Laboratory’s Construction and Engineering group performed an internal review of the design model 
and the construction documents. To comply with Section 404/401 of the Clean Water Act, applications for 
Nationwide Permits 43 and 5 were filed with the NMED Surface Water Quality Bureau and the 
Albuquerque District of the USACE. Section 404 regulates discharges of dredged or filled material in 
waters of the United States. NMED certified the proposed discharges would not adversely affect water 
quality standards under Section 401. Local municipal permitting was not required for the proposed 
improvements.  

An erosion control plan was prepared and followed to ensure the use of best management practices and 
ensure maximum protection of the environment during and after construction. Erosion and sediment 
control measures were in accordance with NMED Watershed Protection and U.S. Environmental 
Protection Agency Guidelines (EPA 2007, 109510) for stormwater pollution prevention. The protocols of 
the erosion control plan conform to Laboratory requirements. This plan was prepared under the direction 
of a certified professional in erosion and sediment control. The erosion control plan is provided in 
Appendix A, sheet C-304.   

2.8 Design Improvements/Deviations 

The design process was relatively fluid and adaptive to the existing site conditions and Laboratory 
requirements. The following were the key design changes in the project: 

 A riser pipe was designed and installed upstream of the structure to facilitate sedimentation while 
providing a means for discharging retained water through the structure. The riser pipe is 
adjustable so that it remains functional as sedimentation accumulates behind the structure. 

 The riser pipe elevation was increased from the height of the low-flow weir crest to match the 
height of the overflow weir crest, allowing for greater flexibility should the height of the structure 
increase. 

 The structure was shifted to accommodate the existing topographic conditions and minimize 
potential impact to an existing historic trail. 

 Gabion depths and configuration were adjusted in some areas where bedrock was encountered. 

 A 3-in. concrete cap was added to the low-flow and overflow weirs to protect the gabions and 
reduce long-term maintenance.  

 Class B rip rap was added downstream of the structure to ensure that flows exiting the stilling 
basin would not undermine the downstream side of the stilling-basin gabions. 

 Existing bedrock found directly downstream of the structure was used as a substitute for a portion 
of the proposed rip rap.  

Constructability reviews by the construction subcontractor where completed before the initiation of 
construction. Therefore, no significant modifications occurred during the construction process. As-built 
drawings of the improvements detail the minor deviations (Appendix A). 
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3.0 CONSTRUCTION 

3.1 General 

Under contract with the USACE, Omaha District, Security, Disaster, Infrastructure Construction (SDIC) 
multiple award task order contract, Kellogg Brown and Root Services, Inc. (KBR) performed general 
contractor services, delivering the project using the design-build method. Construction of the DP Canyon 
grade-control structure and stream gage E039.1 began on October 26, 2009. The grade-control structure 
was completed on January 26, 2010. The Class B rip-rap installation downstream of the structure and 
construction of the stream gage and associated Class A rip rap were completed on February 27, 2010. 
Seeding of the entire area was delayed until May when the noise ordinance for the canyon was lifted. The 
site was seeded May 4, 2010. Appendix D presents photo documentation of construction activities. 

3.2 Safety and Health 

With the guidance and approval of the Omaha District of the USACE, and the Laboratory, the design-
build contractor implemented a specific project safety plan to ensure the project met safety and health 
goals. All work and reports were accomplished in accordance with the USACE Safety and Health 
Requirements Manual EM 385-1-1 and Laboratory requirements. An activity hazard analysis was 
conducted for each definable feature of work. Consideration was given to work tasks and steps; hazards, 
concerns, and potential accidents; controls, preventive measures, and bounding conditions; reference 
documents; and training and qualification requirements. As a result, there were no lost-time accidents or 
incidents during the entire project. 

3.3 Quality Control 

With the guidance and approval of the Omaha District of the USACE, the design-build contractor 
implemented a contractor quality control (CQC) plan to ensure the project met quality construction goals. 
The plan was compliant with ISO 9001:2000 international quality standards and met the quality control 
requirements of the contract. The project quality manager used the quality management system and CQC 
plan to ensure adherence to USACE SDIC requirements and standards.  

The design-build contractor implemented the CQC as follows: 

 Assigned ultimate responsibility for quality to the project manager (PM), who delegated 
responsibility to each level within the program organization, down to the individual craftsperson 
and worker. Each level was responsible for application and enforcement of policy within its 
respective area of authority.  

 Provided a quality control supervisor who assisted the PM by administering the program and 
providing an independent analysis of the quality control program’s results.  

 Explained to each employee and subcontractor, through an orientation, the program, the 
individual’s role in it, and his or her expected contribution. A primary goal of the quality 
improvement program was to promote a sense of pride in workmanship. Top management led 
this program and took a strong, active part in its implementation. 

 Delegated to the quality control supervisor the necessary authority, such as stop-work authority, 
to make quality a viable program. This delegated authority for the quality function ensured that 
deficiencies were corrected. 
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Figure 1.0-1 Sediment transport mitigation sites in Los Alamos and Pueblo Canyons, highlighting the site locations for the DP 
Canyon grade-control structure and stream gage E039.1 
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Figure 1.0-2 DP Canyon grade-control structure and stream gage E039.1 site locations  
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Figure 2.1-1 DP grade-control structure (looking north) 
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Figure 2.1-2 DP grade-control structure (looking east), low-flow and overflow weirs shown (riser 
pipe in foreground) 
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Figure 2.1-3 Concrete cap placement 
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Figure 2.1-4 Adjustable riser pipe extended in height to match overflow weir crest height, low-
flow and overflow weirs in background 
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Figure 2.1-5 E039.1 supercritical-flow flume/stream gage 
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Table 2.3-1 

DP Canyon Flood Frequencies 

Percent Chance 
Exceedance 

FFA at Gage E038 
(cfs)a 

FFA Extended to 
Project Site (cfs)a,b USGS Rural (cfs)c 

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 

Note: Equations used for determining basin discharges were based on the following references: 
a USACE (U.S. Army Corps of Engineers), May 1992. “HEC-FFA Flood Frequency Analysis, User's 

Manual,” Computer Program Documentation No. CPD-13, Washington, D.C. (USACE 1992, 109512). 
b
 Waltemeyer, S.D., 2008. “Analysis of the Magnitude and Frequency of Peak Discharge and Maximum 

Observed Peak Discharge in New Mexico and Surrounding Areas,” report prepared for the  
U.S. Department of the Interior and the U.S. Geological Survey in cooperation with the  
New Mexico Department of Transportation, Scientific Investigations Report 2008-5119, Washington, 
D.C. (Waltemeyer 2008, 109516). 

c
 USGS (U.S. Geological Survey), October 2000. “The National Flood-Frequency Program—Methods for Estimating 

Flood Magnitude and Frequency in Rural Areas in New Mexico, 2000,” USGS Fact Sheet 055-00. (USGS 2000, 
109515) 
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INTRODUCTION 
 
This report contains the results of our geotechnical engineering exploration for the proposed 
sediment grade control structures in Los Alamos, New Mexico. The location of the two sites 
with respect to the surrounding roads and general topography is shown on the Area Map, 
Figure A1 in Appendix A. 
 
The purpose of these services is to provide information and geotechnical engineering 
recommendations relative to: 
 

• subsurface soil/bedrock conditions, 

• groundwater conditions, 

• structure support, 

• lateral earth pressures,  

• earthwork. 
 
The recommendations contained in this report are based upon results of field and laboratory 
testing, engineering analyses, experience with similar soil/bedrock conditions and 
structures, and our understanding of the proposed project.   
 
 
PROPOSED CONSTRUCTION 
 
Based on the provided information, we understand that the project will consist of the 
construction of sediment grade control structures at the Pueblo Canyon and DP Canyon 
sites.  The structure at each site will consist of a gabion drop structure comprised of 3 feet 
wide, 3 feet long, and 6 feet deep units.  The gabions will be embedded one course below 
the ground surface to prevent scouring and undermining the structures, along with providing 
stability.  In addition, the upstream side will be wrapped in a geotextile filter fabric to 
minimize transport of fine sediments during early stages of use.  The maximum height of the 
gabion drop structures will range from about 9 to 12 feet.  The gabion drop structures will be 
designed to resist potential hydrostatic/flood loads and to resist overturning and sliding.   
 
The scope of services for this project does not include either specifically or by implication 
any environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or 
identification or prevention of pollutants, hazardous materials or conditions.  If the owner is 
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concerned about the potential for such contamination or pollution, other studies should be 
undertaken. 
 
SITE OBSERVATIONS 
 
During the site visits performed as part of the Kick-off meeting on August 11, 2009, it 
appeared that relatively shallow volcanic tuff bedrock was exposed within portions of the 
channel within the drainage at each proposed structure location.   
 
Based upon our observations at the Pueblo Canyon site, the bedrock exposed at this 
location was weakly welded and “soft”. In some cases several feet of alluvium is situated 
above the suspected bedrock.  Accessibility to this site was fairly remote due to existing 
vegetation and trees and the lack of an access road to this area.   
  
Based upon our visual observations, the bedrock exposed at the DP site was more strongly 
welded and harder than the Pueblo Canyon site.  Existing piezometers had been installed in 
this area to observe shallow water conditions during storm events.  It is our understanding 
that information associated with the installation of these piezometers indicates that bedrock 
is about 3 to 5 feet below existing site grade.   Accessibility to this site was relatively good, 
via an unpaved and/or gravel surfaced road. 
 
 
SITE EXPLORATION 
 
The scope of the services performed for this project included site reconnaissance by a 
Terracon representative, a subsurface exploration program, laboratory testing and 
engineering analyses. 
 
Field Exploration:  A total of five (5) explorations were performed on August 19, 2009.  The 
location, depths, and type of exploration are summarized in the following:   

 

Location  
Type of  

Exploration  

Depth of 
Exploration 

(ft.) 

DP Canyon – South Side Boring (B-01) 15-1/2 

DP Canyon  - North Side Test Pit (TP-01) 5-1/2* 
Pueblo Canyon – Floodplain   Test Pit (TP-02) 9-1/2 

Pueblo Canyon – Drainage Test Pit (TP-03) 9-1/2 

Pueblo Canyon – Channel Test Pit (TP-04) 11 
   *Test pit refusal encountered 
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The approximate locations of the explorations are shown on the Exploration Location 
Diagrams, Figure A2a and A2b in Appendix A.  The boring was advanced with a truck-
mounted drilling rig, utilizing 7-½ inch outside-diameter hollow-stem augers.   The test pits 
were performed with a rubber-tired backhoe using a 24-inch bucket.   
 
The explorations were located in the field based upon the site plan prepared by PBS&J and 
measurements from existing site features.  The accuracy of exploration locations should 
only be assumed to the level implied by the methods used to determine each. 
 
Lithologic logs of the explorations were recorded by the Terracon representative during the 
drilling/excavation operations.  At selected intervals within the boring, samples of the 
subsurface materials were taken by driving standard split-spoon or ring-barrel samplers.  In 
addition, bulk disturbed samples were obtained at selected intervals in the test pits. 
 
Penetration resistance measurements performed in the boring were obtained by driving the 
split-spoon and ring-barrel into the subsurface materials with a 140-pound hammer falling 30 
inches.  The penetration resistance value is a useful index in estimating the consistency, 
relative density or hardness of the materials encountered. 
 
A CME automatic SPT hammer was used to advance the split-barrel sampler in the boring 
performed at the DP Canyon site. A greater efficiency is typically achieved with the 
automatic hammer compared to the conventional safety hammer operated with a cathead 
and rope.  The effect of the automatic hammer's efficiency has been considered in the 
interpretation and analysis of the subsurface information for this report. 
 
In addition to obtaining penetration resistance measurements, bedrock core drilling 
operations were performed in the boring at the DP Canyon site, coring operations were 
performed.   The bedrock was cored using NX coring methods.  A minimum 10-foot core 
sample was obtained.  Rock Quality Designation (RQD) was recorded for each 5-foot core 
run. 
 
Groundwater conditions were evaluated in the explorations at the time of site exploration, 
and immediately upon completion of drilling/excavating. 
 
Laboratory Testing:  Samples retrieved during the field exploration were taken to the 
laboratory for observation by the project geotechnical engineer and were classified in 
general accordance with the Unified Soil Classification System and Rock Descriptions in 
Appendix C.  At that time, an applicable laboratory testing program was formulated to 
determine the engineering properties of the subsurface materials and the field descriptions 
were confirmed or modified as necessary.  Boring and Test Pit Logs were prepared and are 
presented in Appendix A. 
 



Sediment Grade Control Structures    
Los Alamos, New Mexico   
Terracon Project No. 66095039 
August 31, 2009 
 

 4  

Laboratory tests were conducted on selected soil and bedrock samples and are presented 
in Appendix B and on the Logs of Boring and Test Pits.  The test results were used for the 
geotechnical engineering analyses, and the development of foundation and earthwork 
recommendations.  Laboratory tests were performed in general accordance with applicable 
accepted standards. 
 
Selected soil and/or bedrock samples were tested for the following engineering properties: 
 

• Water Content • Percent Fines/Gradation 

• Unconfined Compressive Strength 
Soluble Sulfates 

• Plasticity Index 

• Dry Density 

• Resistivity 
 

• pH 
 

 
SITE CONDITIONS 
 
DP Canyon:  The proposed site is located within an existing drainage north of DP Road and 
the TSTA Building.  The site is undeveloped, with the exception of an unpaved and/or gravel 
surfaced access road that parallels the existing drainage.  Existing piezometers were 
observed directly west of the project site.  A gauge station and equipment shelters were 
observed directly south of the proposed site.  Vegetation consisted of a sparse to heavy 
growth of native brush and grasses. The site generally slopes down to the east, along the 
existing drainage. 
 
Pueblo Canyon:  The proposed site is located within an existing drainage northwest of 
State Highway 502 and 4.  The site is undeveloped.  An unpaved and/or gravel surfaced 
road that parallels the existing drainage and gauge station are located upstream from the 
project site.  In addition, a New Mexico Department of Transportation maintenance patrol 
yard is located northwest of the project site. Vegetation consisted of a sparse to heavy 
growth of native brush and grasses. The site generally slopes down to the south and 
southeast, along the existing drainage. 
 
 
SUBSURFACE CONDITIONS 
 
DP Canyon:  As presented on the Log of Boring and Log of Test Pit, the surface soils 
consisted of silty sand (SM) to a depth of about 2 to 3 feet below existing site grade.  
Volcanic tuff bedrock was encountered below the silty sand and extended down to the full 
depth of exploration.  Test pit excavation refusal was encountered in Test Pit TP-01at a 
depth of about 5-1/2 feet below existing site grade.   The tuff bedrock varied from non-
welded to strongly welded.  
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Pueblo Canyon:  As presented on the Logs of Test Pits, the surface and subsurface soils 
consisted of well graded sand with silt and gravel (SW-SM), poorly graded sand with gravel 
(SP), silty sand (SM), and sandy silt (ML) to the full depth of exploration.   Auger refusal was 
not encountered in the test pits. 
 
Field and Laboratory Test Results:  Correlation to field penetration test results indicates 
that the tuff bedrock varies from medium heard to very hard in hardness. 
 
Laboratory test results indicate that the sands and silts are non-plastic in plasticity.  Based 
upon our experience with similar soil conditions and our observations performed during 
drilling/excavation, it is our opinion that the sand soils will likely exhibit low to moderate 
compressibility under anticipated loads.  Furthermore, it is our opinion that the sand soils will 
likely exhibit low to moderate potential for hydro-compaction when elevated in moisture 
content.   
 
Results of the unconfined compressive strength testing performed on the tuff bedrock at a 
depth of about six feet below existing site grade, indicated a value of 112,032 pounds per 
square foot (778 pounds per square inch).  
 
Results of the chemical laboratory testing, performed on two subsurface samples obtained 
within each site indicate that the soluble sulfate concentrations are about 17 mg/kg, the pH 
values range between 6.8 to 7.1, and the resistivities range between 10,900 to 27,400 
ohms-cm.  
 
Groundwater Conditions: Groundwater was not encountered in the explorations at the 
time of field exploration.   These observations represent groundwater conditions at the time 
of the field exploration and may not be indicative of other times, or at other locations.  
Groundwater conditions can change with varying seasonal and weather conditions, and 
other factors. 
 
Fluctuations in groundwater levels can best be determined by implementation of a 
groundwater monitoring plan.  Such a plan would include installation of groundwater 
monitoring wells, and periodic measurement of groundwater levels over a sufficient period of 
time.  The possibility of groundwater fluctuations will need to be considered when 
developing design and construction plans for the project. 
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ENGINEERING ANALYSES AND RECOMMENDATIONS 
 
Geotechnical Considerations:  The sites appear suitable for the proposed construction.  
However, medium hard to very hard volcanic tuff bedrock was encountered at depths of 
about 2 to 3 feet below existing site grade at the DP Canyon site.  Test pit excavation 
refusal was encountered at a depth of about 5-1/2 feet below existing site grade.   Difficult 
excavation techniques may be required in this area depending on the final excavation 
depths.  A qualified contractor should review the data and information contained in this 
report to determine the appropriate equipment required to advance the excavations to 
construction depths.  It should be noted that a limited number of explorations were 
performed at both sites; therefore, the subsurface conditions encountered during 
construction could vary form those encountered as part of this study. 
 
In addition, potentially compressible soils at shallow depths which show low to moderate 
tendency for compressibility at in-situ moisture contents and low to moderate tendency for 
hydro-compaction when elevated in moisture content will require particular attention in the 
design and construction.   
 
Based on the geotechnical analyses, subsurface information and laboratory results, it is our 
opinion that the proposed structures can be supported on the existing soils or tuff bedrock at 
the sites. 
 
Design and construction recommendations for structure support and other earth connected 
phases of the project are outlined below. 
 
Structure Support:  Based upon the boring and test pit information, and our experience 
with similar soil and bedrock conditions, the allowable bearing pressure of the sands is 
anticipated to be on the order of about 2,000 pounds per square foot (psf).  A conservative 
allowable bearing pressure for the tuff bedrock is anticipated to be on the order of about 
3,500 psf.   
 
Total settlement of the structure designed to the maximum bearing pressure is estimated to 
be on the order of one to 2 inches.  Due to the potential for unstable or very loose subgrade 
soils or seasonal groundwater at the base of the structures, a 12-inch gravel or rock layer 
may be required below the structures to provide a stable working/construction platform.   
 
Foundation excavations and engineered fill placement should be observed by the 
geotechnical engineer.  If the soil conditions encountered differ significantly from those 
presented in this report, supplemental recommendations will be required. 
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Lateral Earth Pressures:  The recommended equivalent fluid pressures for unrestrained 
foundation elements when using on-site soils as backfill are: 

Active: 

• Sand Soils........................................................ 35 psf/ft 
Passive: 

• Sand Soils...................................................... 390 psf/ft 
 
           Coefficient of base friction: 

• Sand Soils.............................................................0.40* 
 

*The coefficient of base friction should be reduced to 0.35 when used in 
conjunction with passive pressure. 

 
Where the design includes restrained elements, the following equivalent fluid pressure is 
recommended: 

At Rest: 

• Sand Soils........................................................ 55 psf/ft 
 
The above lateral earth pressures and coefficient do not include any factor of safety.  
Additional recommendations may be necessary if such conditions are to be included in the 
design. 
 
Fill against the structures should be compacted to densities specified in the Earthwork 
section of this report.  Compaction of each lift adjacent to structures should be accomplished 
with hand-operated tampers or other lightweight compactors.  Overcompaction may cause 
higher lateral earth pressures which could result in movements.  
 
Geotextile Filter Fabric: We recommend that a non-woven geotextile fabric be used to 
prevent the migration of fines from entering the Gabion structure.  The fabric specified 
should be compatible with the on-site soils and meet minimum strength, permittivity, and 
flow rate requirements.  
 
Earthwork: 
 

• General Considerations:  The following presents recommendations for site 
preparation, excavation, subgrade preparation and placement of engineered fills on 
the project.  The recommendations presented for design and construction of earth 
supported elements including foundations and slabs are contingent upon following 
the recommendations outlined in this section. 

 
Earthwork on the project should be observed and evaluated by Terracon 
Consultants, Inc.  The evaluation of earthwork should include observation and testing 
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of engineered fill, subgrade preparation, foundation bearing soils, and other 
geotechnical conditions exposed during the construction of the project. 
 

• Site Preparation:  Strip and remove the existing vegetation, debris, and other 
deleterious materials from proposed structure areas.  Exposed surfaces should be 
free of mounds and depressions, which could prevent uniform compaction.   

 
Stripped materials consisting of vegetation and organic materials should be wasted 
from the site, or used to revegetate landscaped areas or exposed slopes after 
completion of grading operations.   
 
If fill is placed in areas of the site where existing slopes are steeper than 5:1 
(horizontal: vertical), the area should be benched to reduce the potential for slippage 
between existing slopes and fills.  Benches should be wide enough to accommodate 
compaction and earth moving equipment and to allow placement of horizontal lifts of 
fills. 
 
It is anticipated that shallow excavations in some areas for the proposed construction 
can be accomplished with conventional earthmoving equipment.   However, very 
hard bedrock materials, and auger refusal materials were encountered at depths 
ranging between 2 and 3 feet below existing ground surface.  Based upon the boring 
and test pit data, this condition appears to be associated with the DP Canyon site.  
Difficult excavation techniques may be required in this area depending on the final 
excavation depths.  A qualified contractor should review the data and information 
contained in this report to determine the appropriate equipment required to advance 
the excavations to construction depths.  It should be noted that a limited number of 
explorations were performed at both sites; therefore, the subsurface conditions 
encountered during construction could vary form those encountered as part of this 
study. 
 
Groundwater was not encountered to depths of about 5-1/2 to 11 feet below existing 
site grades.  However, depending upon the season during construction, groundwater 
could be encountered at the project sites.  Therefore, groundwater control measures 
could be required depending on the construction excavation depths.   
 
Based upon the subsurface conditions determined from the geotechnical exploration, 
it is our opinion that the shallow subgrade soils exposed during construction are 
anticipated to be relatively stable; however, groundwater could be encountered 
during construction.  The stability of the subgrade may be affected by precipitation,  
repetitive construction traffic or other factors.  If unstable conditions develop, 
workability may be improved by scarifying and drying.  Overexcavation of wet zones 
and replacement with granular materials may be necessary.  Use of cement or 
geotextiles could also be considered as a stabilization technique.  Laboratory 
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evaluation is recommended to determine the effect of chemical stabilization on 
subgrade soils prior to construction.  Lightweight excavation equipment may be 
required to reduce subgrade pumping. 
 
The individual contractor(s) is responsible for designing and constructing stable, 
temporary excavations as required to maintain stability of both the excavation sides 
and bottom.  Excavations should be sloped or shored in the interest of safety 
following local, and federal regulations, including current OSHA excavation and 
trench safety standards. 

 

• Subgrade Preparation: Exposed areas which will receive fill of the initial course of 
the gabion structure, once properly cleared, should be scarified to a minimum depth 
of 10 inches, conditioned to near optimum moisture content, and compacted. 

 

• Fill Materials and Placement:  Generally, clean on-site soils or approved imported 
materials may be used as fill material (if applicable) for the site.  The fill materials 
should conform to the following: 

         Percent finer by weight 
 Gradation (ASTM C136) 
 

6" ........................................................................................................... 100 
3" ......................................................................................................70-100 
No. 4 Sieve .......................................................................................50-100 
No. 200 Sieve ................................................................................35 (max) 

• Liquid Limit.........................................................................30 (max) 

• Plasticity Index...................................................................12 (max) 
 
Engineered fill should be placed and compacted in horizontal lifts, using equipment 
and procedures that will produce recommended moisture contents and densities 
throughout the lift.  Fill lifts should not exceed 10 inches loose thickness.  
Recommended compaction criteria for engineered fill materials are as follows: 
 
                  Minimum Percent

 Material                                                                                     (ASTM D1557) 
 

Scarified subgrade soils .......................................................................... 90 
 
Miscellaneous backfill (non-structural areas) .......................................... 85 
 

Imported soils should be compacted within a moisture range of optimum to 3 percent 
above optimum if the materials have a PI of 5 or more.  On-site soils and import soils 
that have a PI of less than 5 should be compacted within a moisture range of +/-3 
percent of optimum moisture content. 
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• Excavation and Trench Construction:  Excavations into the on-site materials will 
likely encounter caving soils and possibly groundwater, depending upon the final 
depth of excavation.  The individual contractor(s) should be made responsible for 
designing and constructing stable, temporary excavations as required to maintain 
stability of both the excavation sides and bottom.  All excavations should be sloped 
or shored in the interest of safety following local, and federal regulations, including 
current OSHA excavation and trench safety standards. 

 
The soils or bedrock to be penetrated by the proposed excavations may vary 
significantly across the site.  The contractor should verify that similar conditions exist 
throughout the proposed area of excavation.  If different subsurface conditions are 
encountered at the time of construction, the actual conditions should be evaluated to 
determine any excavation modifications necessary to maintain safe conditions. 

 
As a safety measure, it is recommended that all vehicles and soil piles be kept to a 
minimum lateral distance from the crest of the slope equal to no less than the slope 
height.  The exposed slope face should be protected against the elements. 
 
The contractor should retain a geotechnical engineer to monitor the soils/bedrock 
exposed in all excavations and provide engineering services for slopes.  This will 
provide an opportunity to monitor the soil types encountered and to modify the 
excavation slopes as necessary.  It also offers an opportunity to verify the stability of 
the excavation slopes during construction. 

 
Additional Design and Construction Considerations: 
 

• Exterior Slab Design and Construction:  Exterior slabs-on-grade, exterior 
architectural features, and utilities founded on, or in fill/backfill or undisturbed soils 
may experience some movement due to the volume change of the backfill.  To 
reduce the potential for damage caused by movement, we recommend: 

 

• using granular fill 

• minimizing moisture increases in the backfill/undisturbed soils 

• controlling moisture-density during placement of backfill 

• using designs which allow vertical movement between the exterior features 
and adjoining structural elements 

• placing effective control joints on relatively close centers 
 

• Corrosion Protection:   Results of the chemical laboratory testing, performed on 
two subsurface samples obtained within each site indicate that the soluble sulfate 
concentrations are about 17 mg/kg, the pH values range between 6.8 to 7.1, and the 
resistivities range between 10,900 to 27,400 ohms-cm.  
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Results of the chemical laboratory test results indicate that the soils tested have a 
mild potential for corrosion of concrete and a mild potential for corrosion of ferrous 
metals.  

 
 
GENERAL COMMENTS 
 
Terracon should be retained to review the final design plans and specifications so 
comments can be made regarding interpretation and implementation of our geotechnical 
recommendations in the design and specifications. Terracon also should be retained to 
provide observation and testing services during grading, excavation, foundation construction 
and other earth-related construction phases of the project. 
 
The analysis and recommendations presented in this report are based upon the data 
obtained from the borings performed at the indicated locations and from other information 
discussed in this report.  This report does not reflect variations that may occur between 
borings, across the site, or due to the modifying effects of construction or weather.  The 
nature and extent of such variations may not become evident until during or after 
construction.  If variations appear, we should be immediately notified so that further 
evaluation and supplemental recommendations can be provided.  
 
The scope of services for this project does not include either specifically or by implication 
any environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or 
identification or prevention of pollutants, hazardous materials or conditions.  If the owner is 
concerned about the potential for such contamination or pollution, other studies should be 
undertaken. 
 
This report has been prepared for the exclusive use of our client for specific application to 
the project discussed and has been prepared in accordance with generally accepted 
geotechnical engineering practices.  No warranties, either express or implied, are intended 
or made.  Site safety, excavation support, and dewatering requirements are the 
responsibility of others.  In the event that changes in the nature, design, or location of the 
project as outlined in this report are planned, the conclusions and recommendations 
contained in this report shall not be considered valid unless Terracon reviews the changes 
and either verifies or modifies the conclusions of this report in writing. 
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GENERAL NOTES 

  DRILLING & SAMPLING SYMBOLS: 
  SS:          Split Spoon - 1-3/8" I.D., 2" O.D., unless otherwise noted HS:           Hollow Stem Auger 
  ST: Thin-Walled Tube - 2" O.D., unless otherwise noted PA: Power Auger 
  RS: Ring Sampler - 2.42" I.D., 3" O.D., unless otherwise noted HA: Hand Auger 
  DB: Diamond Bit Coring - 4", N, B RB: Rock Bit 
  BS: Bulk Sample or Auger Sample WB: Wash Boring or Mud Rotary 

The number of blows required to advance a standard 2-inch O.D. split-spoon sampler (SS) the last 12 inches of the total 18-inch    
penetration with a 140-pound hammer falling 30 inches is considered the “Standard Penetration” or “N-value”.  For 3” O.D. ring samplers  
(RS) the penetration value is reported as the number of blows required to advance the sampler 12 inches using a 140-pound hammer  
falling 30 inches, reported as “blows per foot,” and is not considered equivalent to the “Standard Penetration”or “N-value”. 

  WATER LEVEL MEASUREMENT SYMBOLS: 

  WL: Water Level WS: While Sampling N/E: Not Encountered 
  WCI: Wet Cave in WD: While Drilling   
  DCI: Dry Cave in BCR: Before Casing Removal   
  AB: After Boring ACR: After Casing Removal   

Water levels indicated on the boring logs are the levels measured in the borings at the times indicated. Groundwater levels at other 
times and other locations across the site could vary.  In pervious soils, the indicated levels may reflect the location of groundwater.  In 
low permeability soils, the accurate determination of groundwater levels may not be possible with only short-term observations.      

DESCRIPTIVE SOIL CLASSIFICATION: Soil classification is based on the Unified Classification System. Coarse Grained Soils have 
more than 50% of their dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine 
Grained Soils have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic, 
and silts if they are slightly plastic or non-plastic.  Major constituents may be added as modifiers and minor constituents may be added 
according to the relative proportions based on grain size.  In addition to gradation, coarse-grained soils are defined on the basis of their  
in-place relative density and fine-grained soils on the basis of their consistency.   

CONSISTENCY OF FINE-GRAINED SOILS          RELATIVE DENSITY OF COARSE-GRAINED SOILS

 
Unconfined 

Compressive 
Strength, Qu, psf

Standard 
Penetration or 
N-value (SS) 

Blows/Ft.

                 
                 
 

Consistency       

Standard 
Penetration or 
N-value (SS) 

Blows/Ft.

                 
 

Ring Sampler (RS) 
Blows/Ft.

 
                       
 

Relative Density

                  < 500 0 - 1 Very Soft 0 – 3 0-6 Very Loose 
          500  –   1,000 2 - 4 Soft 4 – 9 7-18 Loose 
       1,000  –   2,000 4 - 8 Medium Stiff 10 – 29 19-58 Medium Dense 
       2,000  –   4,000 8 -15 Stiff 30 – 49 59-98 Dense 
       4,000  –   8,000 15 - 30 Very Stiff > 50 > 99 Very Dense 
          8,000+ > 30  Hard    

RELATIVE PROPORTIONS OF SAND AND GRAVEL GRAIN SIZE TERMINOLOGY

Descriptive Term(s) of other 
constituents

Percent of  
Dry Weight 

 

Major Component  
of Sample

 
Particle Size

Trace < 15 Boulders Over 12 in. (300mm) 
With 15 – 29 Cobbles 12 in. to 3 in. (300mm to 75 mm) 

Modifier > 30 Gravel 3 in. to #4 sieve (75mm to 4.75 mm) 

RELATIVE PROPORTIONS OF FINES
Sand 

Silt or Clay 
#4 to #200 sieve (4.75mm to 0.075mm)  

Passing #200 Sieve (0.075mm) 

 PLASTICITY DESCRIPTION  Descriptive Term(s) of other 
constituents 

 

Percent of  
Dry Weight

 Term Plasticity Index  

Trace 
With 

Modifiers 

< 5 
5 – 12 
> 12 

 
Non-plastic  

Low   
  Medium     

High 

0 
1-10 
11-30 
> 30 

 

    

 



 
GENERAL NOTES 

Description of Rock Properties 

WEATHERING 

Fresh Rock fresh, crystals bright, few joints may show slight staining. Rock rings under hammer if crystalline. 

Very slight Rock generally fresh, joints stained, some joints may show thin clay coatings, crystals in broken face show 
bright. Rock rings under hammer if crystalline. 

Slight Rock generally fresh, joints stained, and discoloration extends into rock up to 1 in. Joints may contain clay. 
In granitoid rocks some occasional feldspar crystals are dull and discolored. Crystalline rocks ring under 
hammer. 

Moderate Significant portions of rock show discoloration and weathering effects. In granitoid rocks, most feldspars are 
dull and discolored; some show clayey. Rock has dull sound under hammer and shows significant loss of 
strength as compared with fresh rock. 

Moderately severe All rock except quartz discolored or stained. In granitoid rocks, all feldspars dull and discolored and majority 
show kaolinization. Rock shows severe loss of strength and can be excavated with geologist’s pick.   

Severe All rock except quartz discolored or stained. Rock “fabric” clear and evident, but reduced in strength to 
strong soil.  In granitoid rocks, all feldspars kaolinized to some extent. Some fragments of strong rock 
usually left. 

Very severe All rock except quartz discolored or stained. Rock “fabric” discernible, but mass effectively reduced to “soil” 
with only fragments of strong rock remaining. 

Complete  Rock reduced to ”soil”. Rock “fabric” not discernible or discernible only in small, scattered locations.  Quartz 
may be present as dikes or stringers. 

HARDNESS (for engineering description of rock – not to be confused with Moh’s scale for minerals) 

Very hard Cannot be scratched with knife or sharp pick. Breaking of hand specimens requires several hard blows of 
geologist’s pick.  

Hard Can be scratched with knife or pick only with difficulty. Hard blow of hammer required to detach hand 
specimen. 

Moderately hard Can be scratched with knife or pick. Gouges or grooves to ¼ in. deep can be excavated by hard blow of 
point of a geologist’s pick. Hand specimens can be detached by moderate blow. 

Medium  Can be grooved or gouged 1/16 in. deep by firm pressure on knife or pick point. Can be excavated in small 
chips to pieces about 1-in. maximum size by hard blows of the point of a geologist’s pick. 

Soft Can be gouged or grooved readily with knife or pick point. Can be excavated in chips to pieces several 
inches in size by moderate blows of a pick point. Small thin pieces can be broken by finger pressure. 

Very soft Can be carved with knife. Can be excavated readily with point of pick. Pieces 1-in. or more in thickness can 
be broken with finger pressure. Can be scratched readily by fingernail. 

Joint, Bedding and Foliation Spacing in Rocka

Spacing Joints Bedding/Foliation 
Less than 2 in. Very close Very thin 
2 in. – 1 ft. Close Thin 
1 ft. – 3 ft. Moderately close Medium 
3 ft. – 10 ft. Wide Thick 
More than 10 ft. Very wide Very thick 

Rock Quality Designator (RQD)b Joint Openness Descriptors 
RQD, as a percentage Diagnostic description Openness Descriptor 

Exceeding 90 Excellent No Visible Separation Tight 
90 – 75 Good Less than 1/32 in. Slightly Open 
75 – 50 Fair 1/32 to 1/8 in. Moderately Open 
50 – 25 Poor 1/8 to 3/8 in. Open 
Less than 25 Very poor 3/8 in. to 0.1 ft. Moderately Wide  
  Greater than 0.1 ft. Wide 

a. Spacing refers to the distance normal to the planes, of the described feature, which are parallel to each other or nearly so.  
b. RQD (given as a percentage) = length of core in pieces 4 in. and longer/length of run. 
 

References:  American Society of Civil Engineers. Manuals and Reports on Engineering Practice - No. 56. Subsurface Investigation for Design 
and Construction of Foundations of Buildings. New York: American Society of Civil Engineers, 1976. 

 U.S. Department of the Interior, Bureau of Reclamation, Engineering Geology Field Manual. 



UNIFIED SOIL CLASSIFICATION SYSTEM 

Criteria for Assigning Group Symbols and Group Names Using Laboratory TestsA Soil Classification 

 Group 
Symbol 

 
Group NameB

Cu ≥ 4 and 1 ≤ Cc ≤ 3E GW Well-graded gravelFClean Gravels  
Less than 5% finesC

Cu < 4 and/or 1 > Cc > 3E GP Poorly graded gravelF

Fines classify as ML or MH  GM Silty gravelF,G, H

Coarse Grained Soils 

More than 50% retained 

on No. 200 sieve 

Gravels 
More than 50% of coarse 
fraction retained on 
No. 4 sieve Gravels with Fines    More 

than 12% finesC

Fines classify as CL or CH GC Clayey gravelF,G,H

Cu ≥ 6 and 1 ≤ Cc ≤ 3E SW Well-graded sandIClean Sands  
Less than 5% finesD

Cu < 6 and/or 1 > Cc > 3E SP Poorly graded sandI

Fines classify as ML or MH SM Silty sandG,H,I

 Sands  
50% or more of coarse  
fraction passes  
No. 4 sieve Sands with Fines  

More than 12% finesD

Fines Classify as CL or CH SC Clayey sandG,H,I

PI > 7 and plots on or above “A” lineJ CL Lean clayK,L,MSilts and Clays 
Liquid limit less than 50 

inorganic 

PI < 4 or plots below “A” lineJ ML SiltK,L,M

Liquid limit - oven dried Organic clayK,L,M,N

Fine-Grained Soils  
50% or more passes the 
No. 200 sieve 

 organic 

Liquid limit - not dried 
< 0.75 OL 

Organic siltK,L,M,O

 inorganic PI plots on or above “A” line CH Fat clayK,L,M

 

Silts and Clays          
Liquid limit 50 or more  

 PI plots below “A” line MH Elastic SiltK,L,M

Liquid limit - oven dried Organic clayK,L,M,P  organic 

Liquid limit - not dried 
< 0.75 OH 

Organic siltK,L,M,Q

Highly organic soils Primarily organic matter, dark in color, and organic odor PT Peat 

 

A Based on the material passing the 3-in. (75-mm) sieve 
B If field sample contained cobbles or boulders, or both, add “with cobbles 

or boulders, or both” to group name. 
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded 

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly 
graded gravel with silt, GP-GC poorly graded gravel with clay. 

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded 
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded 
sand with silt, SP-SC poorly graded sand with clay 

E Cu = D60/D10     Cc = 
6010

2
30

DxD

)(D
 

F If soil contains ≥ 15% sand, add “with sand” to group name. 
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

 

HIf fines are organic, add “with organic fines” to group name. 
I If soil contains ≥ 15% gravel, add “with gravel” to group name. 
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with 

gravel,” whichever is predominant. 
L If soil contains ≥ 30% plus No. 200 predominantly sand, add 

“sandy” to group name. 
M If soil contains ≥ 30% plus No. 200, predominantly gravel, add 

“gravelly” to group name. 
N PI ≥ 4 and plots on or above “A” line. 
O PI < 4 or plots below “A” line. 
P PI plots on or above “A” line. 
Q PI plots below “A” line. 
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Los Alamos National Laboratory 
DP Canyon Grade Control Structure 

HEC-RAS Revised Modeling Narrative 
December 21, 2009 

 
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.  LANL consists of representatives from DOE and LANS.  LANS is Los Alamos 
National Security, LLC., the M&O contractor for DOE at the LANL. The structure is located 
within DP Canyon and referred to as the DP Canyon grade control structures.  The approximate 
location of the proposed DP Canyon grade control structure is located down canyon from the 
outfall at Technical Area 21 and near the site of the current E039 gauging 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. 
 
Development of the HEC-RAS Hydraulic Model 
 
To determine the hydraulic effects of the proposed structure, a HEC-RAS model was developed.  
The HEC-RAS (Version 4.0) model was 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 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 DP Canyon structure is available immediately following in 
this Appendix. 
 
The HEC-RAS model for the stream system was revised in December 2009 to reflect new 
topographic survey information which was made available, as well as changes in the design of 
the grade control structure for the stream and the addition of a flume just downstream of the 
grade control structure.  Below is a brief description of the methodology and assumptions used in 
preparing the revised HEC-RAS models for DP Canyon. 
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DP Canyon 
 

1. Existing Conditions 
 
 Cross sections of the channel were taken from RS 0 (approx. 2600’ downstream of 

proposed Gabion Grade Control Structure) to RS 1250. 
 Cross section coordinates were taken perpendicular to the centerline of the stream 

from new topographic survey using AutoCAD Civil 3D. 
 Sign convention of the cross sections is left to right looking downstream with the zero 

station on an assumed survey baseline. 
 By iteratively running the HEC-RAS model, the Left Bank and Right Bank stations 

were set so that the 50-year water surface was at or just above the bank elevations. 
 Manning’s n values of 0.03 for the channel and 0.07 for left overbank (LOB) and 

right overbank (ROB) were selected. 
 Contraction and expansion coefficients of 0.1 and 0.3, respectively, were assumed. 
 Flow data used was as follows (see original project design report for background 

information): 
 
2-year 289 cfs 
5-year 343 cfs 
10-year 374 cfs 
50-year 438 cfs 
100-year 465 cfs 
 
In addition, a flow of 350 cfs was analyzed for design of the flume in proposed 
conditions. 
 

2. Proposed Conditions 
 
 Existing Conditions model cross sections between RS 200 and RS 100 were revised 

to define a proposed 5’ to 1’ bottom width flume from RS 180 to RS 165, with 20’ 
transitions from RS 200 to RS 180 upstream of the flume and from RS 165 to RS 145 
downstream of the flume. 

 A Gabion Grade Control Structure was added at RS 259, with the following 
characteristics: 

o Station and elevation coordinates defined to match the plans (21’ low flow 
weir at crest el. 7026; 54’ weir at crest el. 7029; top of weir at el. 7032). 

o Distance = 0.3’ to upstream section at RS 259.30. 
o Width = 3.0. 
o Weir Coefficient – 3.0. 

 Ineffective flow areas upstream of the Gabion Grade Control Structure were assumed 
to direct flow to the structure: 

o At RS 265.39:  Station 150 Left; Station 210 Left 
o At RS 259.30:  Station 157 Left; Station 213 Right 
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3. Proposed Conditions with Sediment 
 
 Proposed Conditions model was revised to analyze the effects of a sediment fill slope 

of 0.9% (as in the original HEC-RAS analysis) from RS 259.30 just upstream of the 
proposed Gabion Grade Control Structure. 

 The sediment analysis profile used a starting sediment elevation near the Gabion 
Grade Control Structure equal to the low flow weir elevation of 7026 as in the 
original analysis.  The sediment intersected the channel bottom approx. 110’ 
upstream of the structure. 
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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 7041.92 7043.65 7043.99 0.008261 4.62 62.49 59.86 0.80

reach_1 1250.00 5yr 343.00 7041.92 7043.77 7044.15 0.008636 4.92 69.76 63.01 0.82

reach_1 1250.00 Flume Design 350.00 7041.92 7043.79 7044.17 0.008677 4.95 70.65 63.33 0.83

reach_1 1250.00 10yr 374.00 7041.92 7043.83 7044.23 0.008768 5.07 73.77 64.37 0.83

reach_1 1250.00 50yr 438.00 7041.92 7043.98 7044.41 0.008637 5.27 83.04 67.50 0.84

reach_1 1250.00 100yr 465.00 7041.92 7044.02 7044.47 0.008741 5.40 86.06 68.50 0.85

reach_1 1200.00 2yr 289.00 7040.99 7042.99 7042.99 7043.44 0.014129 5.40 53.48 60.48 1.01

reach_1 1200.00 5yr 343.00 7040.99 7043.10 7043.10 7043.60 0.013331 5.68 60.51 62.50 1.00

reach_1 1200.00 Flume Design 350.00 7040.99 7043.12 7043.12 7043.62 0.013241 5.71 61.40 62.74 1.00

reach_1 1200.00 10yr 374.00 7040.99 7043.17 7043.17 7043.69 0.012970 5.83 64.39 63.54 1.00

reach_1 1200.00 50yr 438.00 7040.99 7043.27 7043.27 7043.87 0.012918 6.20 71.21 65.32 1.01

reach_1 1200.00 100yr 465.00 7040.99 7043.33 7043.33 7043.94 0.012512 6.29 74.75 66.22 1.00

reach_1 1150.00 2yr 289.00 7040.00 7042.05 7042.05 7042.56 0.013940 5.76 50.15 51.64 1.02

reach_1 1150.00 5yr 343.00 7040.00 7042.18 7042.18 7042.74 0.012964 6.04 57.01 53.65 1.01

reach_1 1150.00 Flume Design 350.00 7040.00 7042.19 7042.19 7042.77 0.012922 6.08 57.80 53.88 1.01

reach_1 1150.00 10yr 374.00 7040.00 7042.24 7042.24 7042.84 0.012896 6.24 60.32 54.60 1.01

reach_1 1150.00 50yr 438.00 7040.00 7042.39 7042.39 7043.04 0.011883 6.48 68.56 56.87 0.99

reach_1 1150.00 100yr 465.00 7040.00 7042.43 7042.43 7043.12 0.012014 6.66 71.05 57.53 1.00

reach_1 1100.00 2yr 289.00 7039.00 7041.04 7040.98 7041.47 0.011341 5.23 55.29 55.79 0.92

reach_1 1100.00 5yr 343.00 7039.00 7041.17 7041.11 7041.64 0.010929 5.52 62.21 57.03 0.92

reach_1 1100.00 Flume Design 350.00 7039.00 7041.19 7041.12 7041.66 0.010768 5.54 63.27 57.20 0.92

reach_1 1100.00 10yr 374.00 7039.00 7041.22 7041.17 7041.73 0.011022 5.73 65.43 57.56 0.93

reach_1 1100.00 50yr 438.00 7039.00 7041.36 7041.29 7041.92 0.010480 6.01 73.30 58.83 0.93

reach_1 1100.00 100yr 465.00 7039.00 7041.42 7041.34 7042.00 0.010049 6.08 77.11 59.44 0.92

reach_1 1050.00 2yr 289.00 7038.24 7040.29 7040.29 7040.85 0.013147 5.96 48.89 47.92 1.01

reach_1 1050.00 5yr 343.00 7038.24 7040.43 7040.43 7041.04 0.012534 6.29 55.37 49.32 1.01

reach_1 1050.00 Flume Design 350.00 7038.24 7040.44 7040.44 7041.07 0.012585 6.35 56.02 49.46 1.01

reach_1 1050.00 10yr 374.00 7038.24 7040.51 7040.51 7041.15 0.011898 6.41 59.55 50.20 0.99

reach_1 1050.00 50yr 438.00 7038.24 7040.66 7040.66 7041.36 0.011415 6.74 66.94 51.76 0.99

reach_1 1050.00 100yr 465.00 7038.24 7040.71 7040.71 7041.44 0.011471 6.91 69.53 52.27 1.00

reach_1 1000.00 2yr 289.00 7036.98 7039.65 7039.52 7040.06 0.009685 5.16 56.04 51.07 0.87

reach_1 1000.00 5yr 343.00 7036.98 7039.84 7040.25 0.008951 5.17 66.34 56.80 0.84

reach_1 1000.00 Flume Design 350.00 7036.98 7039.85 7040.27 0.009136 5.23 66.87 57.08 0.85

reach_1 1000.00 10yr 374.00 7036.98 7039.93 7040.35 0.008767 5.22 71.67 60.19 0.84

reach_1 1000.00 50yr 438.00 7036.98 7040.09 7040.54 0.007880 5.37 82.08 65.81 0.81

reach_1 1000.00 100yr 465.00 7036.98 7040.16 7040.62 0.007517 5.43 86.69 67.00 0.80

reach_1 950.00  2yr 289.00 7036.21 7038.88 7038.88 7039.48 0.013033 6.22 46.43 39.57 1.01

reach_1 950.00  5yr 343.00 7036.21 7039.02 7039.02 7039.69 0.012942 6.57 52.23 41.31 1.02

reach_1 950.00  Flume Design 350.00 7036.21 7039.05 7039.05 7039.72 0.012465 6.55 53.49 41.91 1.01

reach_1 950.00  10yr 374.00 7036.21 7039.11 7039.11 7039.81 0.012312 6.70 55.96 43.07 1.01

reach_1 950.00  50yr 438.00 7036.21 7039.27 7039.27 7040.04 0.011602 7.01 63.20 46.31 1.00

reach_1 950.00  100yr 465.00 7036.21 7039.34 7039.34 7040.13 0.011393 7.14 66.20 47.59 1.00

reach_1 900.00  2yr 289.00 7034.96 7038.58 7038.65 0.000951 2.16 135.31 88.81 0.29

reach_1 900.00  5yr 343.00 7034.96 7038.75 7038.83 0.000973 2.32 150.69 94.34 0.30

reach_1 900.00  Flume Design 350.00 7034.96 7038.77 7038.85 0.000980 2.35 152.45 94.95 0.30

reach_1 900.00  10yr 374.00 7034.96 7038.84 7038.93 0.000989 2.42 159.11 97.23 0.31

reach_1 900.00  50yr 438.00 7034.96 7039.01 7039.12 0.001004 2.58 177.06 102.99 0.31

reach_1 900.00  100yr 465.00 7034.96 7039.08 7039.19 0.001013 2.65 184.31 104.63 0.32

reach_1 850.00  2yr 289.00 7035.96 7038.00 7038.00 7038.49 0.013856 5.63 51.36 53.94 1.02

reach_1 850.00  5yr 343.00 7035.96 7038.12 7038.12 7038.66 0.013245 5.94 58.00 59.12 1.01

reach_1 850.00  Flume Design 350.00 7035.96 7038.14 7038.14 7038.69 0.012747 5.92 59.52 60.19 1.00

reach_1 850.00  10yr 374.00 7035.96 7038.20 7038.20 7038.76 0.012373 6.02 62.85 62.62 0.99

reach_1 850.00  50yr 438.00 7035.96 7038.32 7038.32 7038.94 0.012059 6.36 70.76 66.81 0.99

reach_1 850.00  100yr 465.00 7035.96 7038.38 7038.38 7039.02 0.011673 6.45 74.69 68.57 0.99

reach_1 800.00  2yr 289.00 7033.99 7036.84 7036.84 7037.33 0.013914 5.61 51.47 54.11 1.01

reach_1 800.00  5yr 343.00 7033.99 7036.98 7036.98 7037.50 0.013651 5.77 59.40 59.07 1.01

reach_1 800.00  Flume Design 350.00 7033.99 7036.99 7036.99 7037.52 0.013735 5.81 60.21 59.56 1.02

reach_1 800.00  10yr 374.00 7033.99 7037.04 7037.04 7037.59 0.013655 5.95 62.89 60.91 1.02

reach_1 800.00  50yr 438.00 7033.99 7037.16 7037.16 7037.76 0.013031 6.25 70.45 64.49 1.02

reach_1 800.00  100yr 465.00 7033.99 7037.21 7037.21 7037.84 0.012724 6.35 73.79 66.00 1.01

reach_1 750.00  2yr 289.00 7033.97 7036.08 7036.08 7036.57 0.014323 5.63 51.38 56.74 1.03

reach_1 750.00  5yr 343.00 7033.97 7036.22 7036.22 7036.74 0.012692 5.81 59.54 61.47 0.99

reach_1 750.00  Flume Design 350.00 7033.97 7036.23 7036.23 7036.76 0.012682 5.86 60.36 61.93 0.99

reach_1 750.00  10yr 374.00 7033.97 7036.27 7036.27 7036.83 0.012871 6.04 62.77 63.25 1.01

reach_1 750.00  50yr 438.00 7033.97 7036.40 7036.40 7037.02 0.011944 6.29 71.77 67.94 0.99

reach_1 750.00  100yr 465.00 7033.97 7036.45 7036.45 7037.09 0.012025 6.45 74.69 69.40 1.00



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_1 700.00  2yr 289.00 7033.19 7035.63 7035.83 0.004146 3.60 80.79 71.38 0.58

reach_1 700.00  5yr 343.00 7033.19 7035.75 7035.98 0.004203 3.87 89.79 73.87 0.59

reach_1 700.00  Flume Design 350.00 7033.19 7035.77 7036.01 0.004156 3.89 91.31 74.28 0.59

reach_1 700.00  10yr 374.00 7033.19 7035.82 7036.07 0.004205 4.00 95.00 75.27 0.60

reach_1 700.00  50yr 438.00 7033.19 7035.96 7036.24 0.004164 4.25 105.86 78.12 0.60

reach_1 700.00  100yr 465.00 7033.19 7036.01 7036.31 0.004218 4.37 109.74 79.13 0.61

reach_1 650.00  2yr 289.00 7033.00 7034.99 7034.99 7035.45 0.014405 5.46 52.92 61.31 1.02

reach_1 650.00  5yr 343.00 7033.00 7035.11 7035.11 7035.61 0.013119 5.68 60.78 65.25 1.00

reach_1 650.00  Flume Design 350.00 7033.00 7035.12 7035.12 7035.63 0.013440 5.77 61.10 65.40 1.01

reach_1 650.00  10yr 374.00 7033.00 7035.17 7035.17 7035.70 0.012739 5.83 64.92 67.19 0.99

reach_1 650.00  50yr 438.00 7033.00 7035.29 7035.29 7035.87 0.012509 6.17 72.59 70.66 1.00

reach_1 650.00  100yr 465.00 7033.00 7035.35 7035.35 7035.94 0.011901 6.22 76.93 72.55 0.99

reach_1 600.00  2yr 289.00 7033.00 7034.29 7034.24 7034.65 0.012015 4.85 59.54 70.36 0.93

reach_1 600.00  5yr 343.00 7033.00 7034.38 7034.35 7034.80 0.012329 5.16 66.52 73.18 0.95

reach_1 600.00  Flume Design 350.00 7033.00 7034.39 7034.36 7034.82 0.012528 5.22 67.09 73.41 0.96

reach_1 600.00  10yr 374.00 7033.00 7034.43 7034.41 7034.88 0.012780 5.36 69.80 74.47 0.98

reach_1 600.00  50yr 438.00 7033.00 7034.52 7034.51 7035.03 0.013274 5.74 76.34 76.98 1.01

reach_1 600.00  100yr 465.00 7033.00 7034.56 7034.56 7035.09 0.012979 5.84 79.75 78.24 1.00

reach_1 550.00  2yr 289.00 7032.58 7033.78 7033.70 7034.06 0.010764 4.22 68.49 91.97 0.86

reach_1 550.00  5yr 343.00 7032.58 7033.85 7033.79 7034.18 0.011527 4.56 75.23 94.71 0.90

reach_1 550.00  Flume Design 350.00 7032.58 7033.88 7034.19 0.011122 4.53 77.23 95.50 0.89

reach_1 550.00  10yr 374.00 7032.58 7033.91 7034.24 0.011310 4.65 80.37 96.74 0.90

reach_1 550.00  50yr 438.00 7032.58 7033.99 7033.94 7034.37 0.011460 4.93 89.05 106.91 0.92

reach_1 550.00  100yr 465.00 7032.58 7034.03 7033.98 7034.42 0.011336 5.03 92.96 108.81 0.92

reach_1 500.00  2yr 289.00 7031.41 7033.04 7033.04 7033.40 0.015974 4.85 59.66 88.36 1.03

reach_1 500.00  5yr 343.00 7031.41 7033.13 7033.13 7033.53 0.014453 5.03 68.31 90.62 1.01

reach_1 500.00  Flume Design 350.00 7031.41 7033.13 7033.13 7033.54 0.014986 5.13 68.40 90.65 1.02

reach_1 500.00  10yr 374.00 7031.41 7033.17 7033.17 7033.60 0.014560 5.22 71.92 91.55 1.02

reach_1 500.00  50yr 438.00 7031.41 7033.27 7033.27 7033.73 0.013837 5.48 80.69 93.76 1.01

reach_1 500.00  100yr 465.00 7031.41 7033.30 7033.30 7033.79 0.013810 5.61 83.87 94.55 1.02

reach_1 450.00  2yr 289.00 7029.00 7031.76 7031.76 7032.19 0.014963 5.26 54.91 67.34 1.03

reach_1 450.00  5yr 343.00 7029.00 7031.87 7031.87 7032.34 0.014306 5.49 62.54 70.29 1.02

reach_1 450.00  Flume Design 350.00 7029.00 7031.88 7031.88 7032.36 0.014342 5.53 63.29 70.54 1.02

reach_1 450.00  10yr 374.00 7029.00 7031.94 7031.94 7032.42 0.013610 5.58 67.15 71.81 1.01

reach_1 450.00  50yr 438.00 7029.00 7032.04 7032.04 7032.58 0.013371 5.89 74.69 74.92 1.01

reach_1 450.00  100yr 465.00 7029.00 7032.09 7032.09 7032.64 0.012772 5.95 78.73 77.06 1.00

reach_1 400.00  2yr 289.00 7028.86 7030.43 7030.43 7030.95 0.012945 5.80 50.96 53.59 1.00

reach_1 400.00  5yr 343.00 7028.86 7030.56 7030.56 7031.14 0.012298 6.11 58.01 55.50 0.99

reach_1 400.00  Flume Design 350.00 7028.86 7030.57 7030.57 7031.16 0.012382 6.17 58.66 55.67 1.00

reach_1 400.00  10yr 374.00 7028.86 7030.63 7030.63 7031.24 0.011977 6.27 62.01 56.57 0.99

reach_1 400.00  50yr 438.00 7028.86 7030.77 7030.77 7031.44 0.011645 6.62 69.65 58.54 0.99

reach_1 400.00  100yr 465.00 7028.86 7030.83 7030.83 7031.52 0.011233 6.70 73.45 59.49 0.98

reach_1 350.00  2yr 289.00 7025.99 7029.15 7029.15 7029.71 0.011545 5.99 50.40 63.70 0.96

reach_1 350.00  5yr 343.00 7025.99 7029.31 7029.31 7029.90 0.010456 6.20 61.29 69.96 0.93

reach_1 350.00  Flume Design 350.00 7025.99 7029.33 7029.33 7029.92 0.010353 6.23 62.66 70.66 0.93

reach_1 350.00  10yr 374.00 7025.99 7029.39 7029.39 7030.00 0.010194 6.35 66.84 72.15 0.93

reach_1 350.00  50yr 438.00 7025.99 7029.53 7029.53 7030.20 0.009996 6.69 77.24 75.72 0.93

reach_1 350.00  100yr 465.00 7025.99 7029.59 7029.59 7030.28 0.009885 6.81 81.69 77.36 0.93

reach_1 300.00  2yr 289.00 7023.87 7027.04 7027.04 7027.87 0.011782 7.29 39.63 24.07 1.00

reach_1 300.00  5yr 343.00 7023.87 7027.29 7027.29 7028.16 0.011739 7.48 45.86 26.81 1.01

reach_1 300.00  Flume Design 350.00 7023.87 7027.33 7027.33 7028.19 0.011604 7.47 46.96 31.22 1.00

reach_1 300.00  10yr 374.00 7023.87 7027.46 7027.46 7028.30 0.011062 7.40 51.60 39.95 0.98

reach_1 300.00  50yr 438.00 7023.87 7027.76 7027.76 7028.56 0.009769 7.21 66.38 54.45 0.93

reach_1 300.00  100yr 465.00 7023.87 7027.91 7027.85 7028.66 0.008926 7.01 74.67 59.10 0.90

reach_1 265.39  2yr 289.00 7022.96 7026.43 7026.43 7027.34 0.011713 7.66 37.71 20.76 1.00

reach_1 265.39  5yr 343.00 7022.96 7026.69 7026.69 7027.66 0.011638 7.92 43.33 22.65 1.01

reach_1 265.39  Flume Design 350.00 7022.96 7026.74 7026.74 7027.70 0.011406 7.89 44.39 22.99 1.00

reach_1 265.39  10yr 374.00 7022.96 7026.84 7026.84 7027.83 0.011459 8.00 46.74 23.79 1.01

reach_1 265.39  50yr 438.00 7022.96 7027.09 7027.09 7028.15 0.011069 8.26 53.06 26.01 1.00

reach_1 265.39  100yr 465.00 7022.96 7027.18 7027.18 7028.28 0.010848 8.41 55.45 26.88 1.00

reach_1 259.30  2yr 289.00 7022.94 7025.84 7025.84 7026.65 0.011841 7.24 39.94 24.84 1.01

reach_1 259.30  5yr 343.00 7022.94 7026.04 7026.04 7026.94 0.011696 7.63 45.01 26.34 1.01

reach_1 259.30  Flume Design 350.00 7022.94 7026.06 7026.06 7026.98 0.011640 7.68 45.65 26.53 1.01

reach_1 259.30  10yr 374.00 7022.94 7026.15 7026.15 7027.10 0.011334 7.82 47.98 27.21 1.01

reach_1 259.30  50yr 438.00 7022.94 7026.36 7026.36 7027.41 0.010765 8.20 54.05 28.89 1.00



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_1 259.30  100yr 465.00 7022.94 7026.45 7026.45 7027.53 0.010581 8.35 56.58 29.57 1.00

reach_1 241.00  2yr 289.00 7020.96 7024.82 7025.22 0.004217 5.05 57.24 27.96 0.62

reach_1 241.00  5yr 343.00 7020.96 7025.05 7025.50 0.004406 5.38 63.71 29.58 0.64

reach_1 241.00  Flume Design 350.00 7020.96 7025.07 7025.53 0.004398 5.43 64.54 29.82 0.64

reach_1 241.00  10yr 374.00 7020.96 7025.17 7025.65 0.004347 5.55 67.49 30.66 0.64

reach_1 241.00  50yr 438.00 7020.96 7025.41 7025.95 0.004307 5.90 74.94 32.67 0.65

reach_1 241.00  100yr 465.00 7020.96 7025.50 7026.06 0.004323 6.04 77.89 33.44 0.66

reach_1 210.58  2yr 289.00 7020.85 7024.20 7024.20 7024.97 0.012013 7.08 40.95 27.91 1.00

reach_1 210.58  5yr 343.00 7020.85 7024.39 7024.39 7025.25 0.011304 7.44 46.64 29.58 0.99

reach_1 210.58  Flume Design 350.00 7020.85 7024.42 7024.42 7025.29 0.011255 7.49 47.34 29.79 0.99

reach_1 210.58  10yr 374.00 7020.85 7024.49 7024.49 7025.41 0.011303 7.70 49.41 30.41 1.00

reach_1 210.58  50yr 438.00 7020.85 7024.70 7024.70 7025.70 0.010766 8.08 55.98 32.30 0.99

reach_1 210.58  100yr 465.00 7020.85 7024.79 7024.79 7025.82 0.010342 8.17 59.21 33.20 0.98

reach_1 200.00  2yr 289.00 7020.81 7023.94 7023.94 7024.70 0.012076 7.00 41.31 27.48 1.01

reach_1 200.00  5yr 343.00 7020.81 7024.12 7024.12 7024.97 0.011961 7.40 46.45 29.60 1.02

reach_1 200.00  Flume Design 350.00 7020.81 7024.15 7024.15 7025.01 0.011844 7.44 47.19 29.89 1.01

reach_1 200.00  10yr 374.00 7020.81 7024.23 7024.23 7025.12 0.011509 7.57 49.70 30.83 1.01

reach_1 200.00  50yr 438.00 7020.81 7024.45 7024.45 7025.41 0.010638 7.87 56.68 33.15 0.99

reach_1 200.00  100yr 465.00 7020.81 7024.52 7024.52 7025.53 0.010677 8.07 58.99 33.86 1.00

reach_1 150.00  2yr 289.00 7020.00 7023.25 7023.25 7023.97 0.012321 6.81 42.47 29.88 1.01

reach_1 150.00  5yr 343.00 7020.00 7023.46 7023.46 7024.22 0.012340 6.99 49.15 34.22 1.01

reach_1 150.00  Flume Design 350.00 7020.00 7023.48 7023.48 7024.25 0.012511 7.05 49.71 34.55 1.02

reach_1 150.00  10yr 374.00 7020.00 7023.56 7023.56 7024.35 0.011879 7.13 52.71 36.60 1.01

reach_1 150.00  50yr 438.00 7020.00 7023.76 7023.76 7024.61 0.010929 7.40 60.39 41.40 0.98

reach_1 150.00  100yr 465.00 7020.00 7023.84 7023.84 7024.71 0.010667 7.52 63.59 42.66 0.98

reach_1 100.00  2yr 289.00 7019.94 7022.38 7022.38 7023.05 0.012225 6.61 44.37 36.37 1.00

reach_1 100.00  5yr 343.00 7019.94 7022.54 7022.54 7023.29 0.011581 6.96 50.63 38.14 1.00

reach_1 100.00  Flume Design 350.00 7019.94 7022.56 7022.56 7023.32 0.011559 7.01 51.35 38.34 1.00

reach_1 100.00  10yr 374.00 7019.94 7022.65 7022.65 7023.42 0.011005 7.09 54.63 39.23 0.98

reach_1 100.00  50yr 438.00 7019.94 7022.82 7022.82 7023.68 0.010803 7.50 61.33 40.98 0.99

reach_1 100.00  100yr 465.00 7019.94 7022.89 7022.89 7023.78 0.010536 7.62 64.52 41.79 0.98

reach_1 50.00   2yr 289.00 7017.93 7020.72 7020.72 7021.48 0.012098 7.01 41.20 27.51 1.01

reach_1 50.00   5yr 343.00 7017.93 7020.94 7020.94 7021.75 0.011790 7.21 47.58 29.92 1.01

reach_1 50.00   Flume Design 350.00 7017.93 7020.97 7020.97 7021.78 0.011730 7.23 48.43 30.23 1.01

reach_1 50.00   10yr 374.00 7017.93 7021.06 7021.06 7021.89 0.011605 7.29 51.29 31.33 1.00

reach_1 50.00   50yr 438.00 7017.93 7021.27 7021.27 7022.16 0.011301 7.58 57.87 33.76 1.00

reach_1 50.00   100yr 465.00 7017.93 7021.33 7021.33 7022.26 0.011271 7.75 60.12 34.61 1.01

reach_1 0.00    2yr 289.00 7016.00 7019.45 7019.45 7020.23 0.012106 7.06 40.94 26.82 1.01

reach_1 0.00    5yr 343.00 7016.00 7019.69 7019.69 7020.49 0.011807 7.21 47.61 30.35 1.00

reach_1 0.00    Flume Design 350.00 7016.00 7019.70 7019.70 7020.53 0.012068 7.31 47.95 30.52 1.02

reach_1 0.00    10yr 374.00 7016.00 7019.78 7019.78 7020.64 0.011704 7.41 50.60 31.92 1.01

reach_1 0.00    50yr 438.00 7016.00 7019.98 7019.98 7020.91 0.011108 7.77 57.25 36.33 1.00

reach_1 0.00    100yr 465.00 7016.00 7020.07 7020.07 7021.02 0.010622 7.85 60.75 38.48 0.99
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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 7041.92 7043.77 7044.15 0.008636 4.92 69.76 63.01 0.82

reach_1 1250.00 Flume Design 350.00 7041.92 7043.79 7044.17 0.008677 4.95 70.65 63.33 0.83

reach_1 1250.00 100yr 465.00 7041.92 7044.02 7044.47 0.008741 5.40 86.06 68.50 0.85

reach_1 1200.00 5yr 343.00 7040.99 7043.10 7043.10 7043.60 0.013331 5.68 60.51 62.50 1.00

reach_1 1200.00 Flume Design 350.00 7040.99 7043.12 7043.12 7043.62 0.013241 5.71 61.40 62.74 1.00

reach_1 1200.00 100yr 465.00 7040.99 7043.33 7043.33 7043.94 0.012512 6.29 74.75 66.22 1.00

reach_1 1150.00 5yr 343.00 7040.00 7042.18 7042.18 7042.74 0.012964 6.04 57.01 53.65 1.01

reach_1 1150.00 Flume Design 350.00 7040.00 7042.19 7042.19 7042.77 0.012922 6.08 57.80 53.88 1.01

reach_1 1150.00 100yr 465.00 7040.00 7042.43 7042.43 7043.12 0.012014 6.66 71.05 57.53 1.00

reach_1 1100.00 5yr 343.00 7039.00 7041.17 7041.11 7041.64 0.010929 5.52 62.21 57.03 0.92

reach_1 1100.00 Flume Design 350.00 7039.00 7041.19 7041.12 7041.66 0.010768 5.54 63.27 57.20 0.92

reach_1 1100.00 100yr 465.00 7039.00 7041.42 7041.34 7042.00 0.010049 6.08 77.11 59.44 0.92

reach_1 1050.00 5yr 343.00 7038.24 7040.43 7040.43 7041.04 0.012534 6.29 55.37 49.32 1.01

reach_1 1050.00 Flume Design 350.00 7038.24 7040.44 7040.44 7041.07 0.012585 6.35 56.02 49.46 1.01

reach_1 1050.00 100yr 465.00 7038.24 7040.71 7040.71 7041.44 0.011471 6.91 69.53 52.27 1.00

reach_1 1000.00 5yr 343.00 7036.98 7039.84 7040.25 0.008951 5.17 66.34 56.80 0.84

reach_1 1000.00 Flume Design 350.00 7036.98 7039.85 7040.27 0.009136 5.23 66.87 57.08 0.85

reach_1 1000.00 100yr 465.00 7036.98 7040.16 7040.62 0.007517 5.43 86.69 67.00 0.80

reach_1 950.00  5yr 343.00 7036.21 7039.02 7039.02 7039.69 0.012942 6.57 52.23 41.31 1.02

reach_1 950.00  Flume Design 350.00 7036.21 7039.05 7039.05 7039.72 0.012465 6.55 53.49 41.91 1.01

reach_1 950.00  100yr 465.00 7036.21 7039.34 7039.34 7040.13 0.011393 7.14 66.20 47.59 1.00

reach_1 900.00  5yr 343.00 7034.96 7038.75 7038.83 0.000973 2.32 150.69 94.34 0.30

reach_1 900.00  Flume Design 350.00 7034.96 7038.77 7038.85 0.000980 2.35 152.45 94.95 0.30

reach_1 900.00  100yr 465.00 7034.96 7039.08 7039.19 0.001013 2.65 184.31 104.63 0.32

reach_1 850.00  5yr 343.00 7035.96 7038.12 7038.12 7038.66 0.013245 5.94 58.00 59.12 1.01

reach_1 850.00  Flume Design 350.00 7035.96 7038.14 7038.14 7038.69 0.012747 5.92 59.52 60.19 1.00

reach_1 850.00  100yr 465.00 7035.96 7038.38 7038.38 7039.02 0.011673 6.45 74.69 68.57 0.99

reach_1 800.00  5yr 343.00 7033.99 7036.98 7036.98 7037.50 0.013651 5.77 59.40 59.07 1.01

reach_1 800.00  Flume Design 350.00 7033.99 7036.99 7036.99 7037.52 0.013735 5.81 60.21 59.56 1.02

reach_1 800.00  100yr 465.00 7033.99 7037.21 7037.21 7037.84 0.012724 6.35 73.79 66.00 1.01

reach_1 750.00  5yr 343.00 7033.97 7036.22 7036.22 7036.74 0.012692 5.81 59.54 61.47 0.99

reach_1 750.00  Flume Design 350.00 7033.97 7036.23 7036.23 7036.76 0.012682 5.86 60.36 61.93 0.99

reach_1 750.00  100yr 465.00 7033.97 7036.45 7036.45 7037.09 0.012025 6.45 74.69 69.40 1.00

reach_1 700.00  5yr 343.00 7033.19 7035.75 7035.98 0.004203 3.87 89.79 73.87 0.59

reach_1 700.00  Flume Design 350.00 7033.19 7035.77 7036.01 0.004156 3.89 91.31 74.28 0.59

reach_1 700.00  100yr 465.00 7033.19 7036.01 7036.31 0.004218 4.37 109.74 79.13 0.61

reach_1 650.00  5yr 343.00 7033.00 7035.11 7035.11 7035.61 0.013119 5.68 60.78 65.25 1.00

reach_1 650.00  Flume Design 350.00 7033.00 7035.12 7035.12 7035.63 0.013440 5.77 61.10 65.40 1.01

reach_1 650.00  100yr 465.00 7033.00 7035.35 7035.35 7035.94 0.011901 6.22 76.93 72.55 0.99

reach_1 600.00  5yr 343.00 7033.00 7034.38 7034.35 7034.80 0.012329 5.16 66.52 73.18 0.95

reach_1 600.00  Flume Design 350.00 7033.00 7034.39 7034.36 7034.82 0.012528 5.22 67.09 73.41 0.96

reach_1 600.00  100yr 465.00 7033.00 7034.56 7034.56 7035.09 0.012979 5.84 79.75 78.24 1.00

reach_1 550.00  5yr 343.00 7032.58 7033.85 7033.79 7034.18 0.011527 4.56 75.23 94.71 0.90

reach_1 550.00  Flume Design 350.00 7032.58 7033.88 7034.19 0.011122 4.53 77.23 95.50 0.89

reach_1 550.00  100yr 465.00 7032.58 7034.03 7033.98 7034.42 0.011336 5.03 92.96 108.81 0.92

reach_1 500.00  5yr 343.00 7031.41 7033.13 7033.13 7033.53 0.014453 5.03 68.31 90.62 1.01

reach_1 500.00  Flume Design 350.00 7031.41 7033.13 7033.13 7033.54 0.014986 5.13 68.40 90.65 1.02

reach_1 500.00  100yr 465.00 7031.41 7033.30 7033.30 7033.79 0.013810 5.61 83.87 94.55 1.02

reach_1 450.00  5yr 343.00 7029.00 7031.87 7031.87 7032.34 0.014306 5.49 62.54 70.29 1.02

reach_1 450.00  Flume Design 350.00 7029.00 7031.88 7031.88 7032.36 0.014342 5.53 63.29 70.54 1.02

reach_1 450.00  100yr 465.00 7029.00 7032.09 7032.09 7032.64 0.012772 5.95 78.73 77.06 1.00

reach_1 400.00  5yr 343.00 7028.86 7030.56 7030.56 7031.14 0.012298 6.11 58.01 55.50 0.99

reach_1 400.00  Flume Design 350.00 7028.86 7030.57 7030.57 7031.16 0.012382 6.17 58.66 55.67 1.00

reach_1 400.00  100yr 465.00 7028.86 7030.83 7030.83 7031.52 0.011233 6.70 73.45 59.49 0.98

reach_1 350.00  5yr 343.00 7025.99 7029.31 7029.31 7029.90 0.010523 6.21 61.12 69.87 0.93

reach_1 350.00  Flume Design 350.00 7025.99 7029.33 7029.33 7029.92 0.010405 6.24 62.52 70.60 0.93

reach_1 350.00  100yr 465.00 7025.99 7029.61 7029.61 7030.28 0.009500 6.73 83.09 77.90 0.92



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_1 300.00  5yr 343.00 7023.87 7029.02 7029.13 0.000855 2.91 167.16 97.56 0.30

reach_1 300.00  Flume Design 350.00 7023.87 7029.05 7029.17 0.000846 2.92 170.99 98.51 0.30

reach_1 300.00  100yr 465.00 7023.87 7029.49 7029.63 0.000872 3.25 216.23 108.96 0.31

reach_1 265.39  5yr 343.00 7022.96 7028.95 7026.73 7029.10 0.000735 3.24 134.51 88.93 0.29

reach_1 265.39  Flume Design 350.00 7022.96 7028.98 7026.74 7029.14 0.000738 3.27 136.72 89.79 0.29

reach_1 265.39  100yr 465.00 7022.96 7029.38 7027.21 7029.59 0.000900 3.84 160.56 95.75 0.32

reach_1 259.30  5yr 343.00 7022.94 7028.98 7026.08 7029.08 0.000374 2.63 166.86 91.07 0.21

reach_1 259.30  Flume Design 350.00 7022.94 7029.02 7026.09 7029.12 0.000378 2.66 168.91 91.73 0.22

reach_1 259.30  100yr 465.00 7022.94 7029.42 7026.49 7029.57 0.000490 3.20 191.34 97.66 0.25

reach_1 259     Inl Struct

reach_1 241.00  5yr 343.00 7020.96 7025.92 7026.15 0.001415 3.82 92.93 37.02 0.39

reach_1 241.00  Flume Design 350.00 7020.96 7025.95 7026.18 0.001423 3.86 94.09 37.28 0.39

reach_1 241.00  100yr 465.00 7020.96 7026.41 7026.71 0.001571 4.44 112.06 42.00 0.42

reach_1 210.58  5yr 343.00 7020.85 7025.88 7026.11 0.001366 3.90 100.42 42.96 0.38

reach_1 210.58  Flume Design 350.00 7020.85 7025.91 7026.14 0.001376 3.94 101.75 43.26 0.38

reach_1 210.58  100yr 465.00 7020.85 7026.36 7026.66 0.001539 4.54 122.48 49.40 0.42

reach_1 200.00  5yr 343.00 7021.00 7025.57 7026.06 0.003395 5.71 71.25 44.75 0.57

reach_1 200.00  Flume Design 350.00 7021.00 7025.59 7026.09 0.003430 5.77 72.37 45.03 0.58

reach_1 200.00  100yr 465.00 7021.00 7025.94 7026.60 0.004011 6.70 88.96 49.08 0.63

reach_1 180     5yr 343.00 7021.00 7025.42 7025.98 0.004096 6.06 64.63 43.02 0.62

reach_1 180     Flume Design 350.00 7021.00 7025.44 7026.01 0.004156 6.14 65.51 43.26 0.63

reach_1 180     100yr 465.00 7021.00 7025.65 7026.49 0.005676 7.50 74.78 45.64 0.74

reach_1 175     5yr 343.00 7020.75 7025.48 7025.92 0.002864 5.42 74.61 43.76 0.53

reach_1 175     Flume Design 350.00 7020.75 7025.50 7025.96 0.002908 5.49 75.58 44.01 0.53

reach_1 175     100yr 465.00 7020.75 7025.75 7026.41 0.003874 6.66 87.00 46.89 0.62

reach_1 170     5yr 343.00 7020.50 7025.07 7025.07 7025.87 0.007028 7.43 64.89 58.86 0.80

reach_1 170     Flume Design 350.00 7020.50 7025.10 7025.10 7025.90 0.007011 7.47 66.47 59.13 0.80

reach_1 170     100yr 465.00 7020.50 7025.48 7025.48 7026.37 0.006940 8.11 89.92 62.91 0.81

reach_1 165     5yr 343.00 7020.25 7024.84 7024.84 7025.68 0.007230 7.57 60.12 56.19 0.81

reach_1 165     Flume Design 350.00 7020.25 7024.87 7024.87 7025.72 0.007153 7.59 61.99 56.59 0.81

reach_1 165     100yr 465.00 7020.25 7025.29 7025.29 7026.21 0.006820 8.15 86.82 61.05 0.81

reach_1 150     5yr 343.00 7020.00 7024.59 7024.59 7025.49 0.007582 7.74 54.93 52.02 0.83

reach_1 150     Flume Design 350.00 7020.00 7024.62 7024.62 7025.52 0.007495 7.76 56.77 52.73 0.83

reach_1 150     100yr 465.00 7020.00 7025.10 7025.10 7026.04 0.006741 8.19 83.58 59.10 0.80

reach_1 145     5yr 343.00 7020.00 7023.46 7023.46 7024.22 0.012340 6.99 49.15 34.22 1.01

reach_1 145     Flume Design 350.00 7020.00 7023.48 7023.48 7024.25 0.012511 7.05 49.71 34.55 1.02

reach_1 145     100yr 465.00 7020.00 7023.84 7023.84 7024.71 0.010667 7.52 63.59 42.66 0.98

reach_1 100.00  5yr 343.00 7019.94 7022.54 7022.54 7023.29 0.011581 6.96 50.63 38.14 1.00

reach_1 100.00  Flume Design 350.00 7019.94 7022.56 7022.56 7023.32 0.011559 7.01 51.35 38.34 1.00

reach_1 100.00  100yr 465.00 7019.94 7022.89 7022.89 7023.78 0.010536 7.62 64.52 41.79 0.98

reach_1 50.00   5yr 343.00 7017.93 7020.94 7020.94 7021.75 0.011790 7.21 47.58 29.92 1.01

reach_1 50.00   Flume Design 350.00 7017.93 7020.97 7020.97 7021.78 0.011730 7.23 48.43 30.23 1.01

reach_1 50.00   100yr 465.00 7017.93 7021.33 7021.33 7022.26 0.011271 7.75 60.12 34.61 1.01

reach_1 0.00    5yr 343.00 7016.00 7019.69 7019.69 7020.49 0.011807 7.21 47.61 30.35 1.00

reach_1 0.00    Flume Design 350.00 7016.00 7019.70 7019.70 7020.53 0.012068 7.31 47.95 30.52 1.02

reach_1 0.00    100yr 465.00 7016.00 7020.07 7020.07 7021.02 0.010622 7.85 60.75 38.48 0.99



  

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 7041.92 7043.77 7044.15 0.008636 4.92 69.76 63.01 0.82

reach_1 1250.00 Flume Design 350.00 7041.92 7043.79 7044.17 0.008677 4.95 70.65 63.33 0.83

reach_1 1250.00 100yr 465.00 7041.92 7044.02 7044.47 0.008741 5.40 86.06 68.50 0.85

reach_1 1200.00 5yr 343.00 7040.99 7043.10 7043.10 7043.60 0.013331 5.68 60.51 62.50 1.00

reach_1 1200.00 Flume Design 350.00 7040.99 7043.12 7043.12 7043.62 0.013241 5.71 61.40 62.74 1.00

reach_1 1200.00 100yr 465.00 7040.99 7043.33 7043.33 7043.94 0.012512 6.29 74.75 66.22 1.00

reach_1 1150.00 5yr 343.00 7040.00 7042.18 7042.18 7042.74 0.012964 6.04 57.01 53.65 1.01

reach_1 1150.00 Flume Design 350.00 7040.00 7042.19 7042.19 7042.77 0.012922 6.08 57.80 53.88 1.01

reach_1 1150.00 100yr 465.00 7040.00 7042.43 7042.43 7043.12 0.012014 6.66 71.05 57.53 1.00

reach_1 1100.00 5yr 343.00 7039.00 7041.17 7041.11 7041.64 0.010929 5.52 62.21 57.03 0.92

reach_1 1100.00 Flume Design 350.00 7039.00 7041.19 7041.12 7041.66 0.010768 5.54 63.27 57.20 0.92

reach_1 1100.00 100yr 465.00 7039.00 7041.42 7041.34 7042.00 0.010049 6.08 77.11 59.44 0.92

reach_1 1050.00 5yr 343.00 7038.24 7040.43 7040.43 7041.04 0.012534 6.29 55.37 49.32 1.01

reach_1 1050.00 Flume Design 350.00 7038.24 7040.44 7040.44 7041.07 0.012585 6.35 56.02 49.46 1.01

reach_1 1050.00 100yr 465.00 7038.24 7040.71 7040.71 7041.44 0.011471 6.91 69.53 52.27 1.00

reach_1 1000.00 5yr 343.00 7036.98 7039.84 7040.25 0.008951 5.17 66.34 56.80 0.84

reach_1 1000.00 Flume Design 350.00 7036.98 7039.85 7040.27 0.009136 5.23 66.87 57.08 0.85

reach_1 1000.00 100yr 465.00 7036.98 7040.16 7040.62 0.007517 5.43 86.69 67.00 0.80

reach_1 950.00  5yr 343.00 7036.21 7039.02 7039.02 7039.69 0.012942 6.57 52.23 41.31 1.02

reach_1 950.00  Flume Design 350.00 7036.21 7039.05 7039.05 7039.72 0.012465 6.55 53.49 41.91 1.01

reach_1 950.00  100yr 465.00 7036.21 7039.34 7039.34 7040.13 0.011393 7.14 66.20 47.59 1.00

reach_1 900.00  5yr 343.00 7034.96 7038.75 7038.83 0.000973 2.32 150.69 94.34 0.30

reach_1 900.00  Flume Design 350.00 7034.96 7038.77 7038.85 0.000980 2.35 152.45 94.95 0.30

reach_1 900.00  100yr 465.00 7034.96 7039.08 7039.19 0.001013 2.65 184.31 104.63 0.32

reach_1 850.00  5yr 343.00 7035.96 7038.12 7038.12 7038.66 0.013245 5.94 58.00 59.12 1.01

reach_1 850.00  Flume Design 350.00 7035.96 7038.14 7038.14 7038.69 0.012747 5.92 59.52 60.19 1.00

reach_1 850.00  100yr 465.00 7035.96 7038.38 7038.38 7039.02 0.011673 6.45 74.69 68.57 0.99

reach_1 800.00  5yr 343.00 7033.99 7036.98 7036.98 7037.50 0.013651 5.77 59.40 59.07 1.01

reach_1 800.00  Flume Design 350.00 7033.99 7036.99 7036.99 7037.52 0.013735 5.81 60.21 59.56 1.02

reach_1 800.00  100yr 465.00 7033.99 7037.21 7037.21 7037.84 0.012724 6.35 73.79 66.00 1.01

reach_1 750.00  5yr 343.00 7033.97 7036.22 7036.22 7036.74 0.012692 5.81 59.54 61.47 0.99

reach_1 750.00  Flume Design 350.00 7033.97 7036.23 7036.23 7036.76 0.012682 5.86 60.36 61.93 0.99

reach_1 750.00  100yr 465.00 7033.97 7036.45 7036.45 7037.09 0.012025 6.45 74.69 69.40 1.00

reach_1 700.00  5yr 343.00 7033.19 7035.75 7035.98 0.004203 3.87 89.79 73.87 0.59

reach_1 700.00  Flume Design 350.00 7033.19 7035.77 7036.01 0.004156 3.89 91.31 74.28 0.59

reach_1 700.00  100yr 465.00 7033.19 7036.01 7036.31 0.004218 4.37 109.74 79.13 0.61

reach_1 650.00  5yr 343.00 7033.00 7035.11 7035.11 7035.61 0.013119 5.68 60.78 65.25 1.00

reach_1 650.00  Flume Design 350.00 7033.00 7035.12 7035.12 7035.63 0.013440 5.77 61.10 65.40 1.01

reach_1 650.00  100yr 465.00 7033.00 7035.35 7035.35 7035.94 0.011901 6.22 76.93 72.55 0.99

reach_1 600.00  5yr 343.00 7033.00 7034.38 7034.35 7034.80 0.012329 5.16 66.52 73.18 0.95

reach_1 600.00  Flume Design 350.00 7033.00 7034.39 7034.36 7034.82 0.012528 5.22 67.09 73.41 0.96

reach_1 600.00  100yr 465.00 7033.00 7034.56 7034.56 7035.09 0.012979 5.84 79.75 78.24 1.00

reach_1 550.00  5yr 343.00 7032.58 7033.85 7033.79 7034.18 0.011527 4.56 75.23 94.71 0.90

reach_1 550.00  Flume Design 350.00 7032.58 7033.88 7034.19 0.011122 4.53 77.23 95.50 0.89

reach_1 550.00  100yr 465.00 7032.58 7034.03 7033.98 7034.42 0.011336 5.03 92.96 108.81 0.92

reach_1 500.00  5yr 343.00 7031.41 7033.13 7033.13 7033.53 0.014453 5.03 68.31 90.62 1.01

reach_1 500.00  Flume Design 350.00 7031.41 7033.13 7033.13 7033.54 0.014986 5.13 68.40 90.65 1.02

reach_1 500.00  100yr 465.00 7031.41 7033.30 7033.30 7033.79 0.013810 5.61 83.87 94.55 1.02

reach_1 450.00  5yr 343.00 7029.00 7031.87 7031.87 7032.34 0.014306 5.49 62.54 70.29 1.02

reach_1 450.00  Flume Design 350.00 7029.00 7031.88 7031.88 7032.36 0.014342 5.53 63.29 70.54 1.02

reach_1 450.00  100yr 465.00 7029.00 7032.09 7032.09 7032.64 0.012772 5.95 78.73 77.06 1.00

reach_1 400.00  5yr 343.00 7028.86 7030.56 7030.56 7031.14 0.012298 6.11 58.01 55.50 0.99

reach_1 400.00  Flume Design 350.00 7028.86 7030.57 7030.57 7031.16 0.012382 6.17 58.66 55.67 1.00

reach_1 400.00  100yr 465.00 7028.86 7030.83 7030.83 7031.52 0.011233 6.70 73.45 59.49 0.98

reach_1 350.00  5yr 343.00 7026.82 7029.38 7029.38 7029.96 0.010425 6.19 63.14 71.95 0.93

reach_1 350.00  Flume Design 350.00 7026.82 7029.41 7029.41 7029.99 0.010168 6.19 64.94 72.58 0.92

reach_1 350.00  100yr 465.00 7026.82 7029.67 7029.67 7030.34 0.009639 6.75 84.57 79.65 0.92
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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 7041.92 7043.77 7044.15 0.008636 4.92 69.76 63.01 0.82

reach_1 1250.00 Flume Design 350.00 7041.92 7043.79 7044.17 0.008677 4.95 70.65 63.33 0.83

reach_1 1250.00 100yr 465.00 7041.92 7044.02 7044.47 0.008741 5.40 86.06 68.50 0.85

reach_1 1200.00 5yr 343.00 7040.99 7043.10 7043.10 7043.60 0.013331 5.68 60.51 62.50 1.00

reach_1 1200.00 Flume Design 350.00 7040.99 7043.12 7043.12 7043.62 0.013241 5.71 61.40 62.74 1.00

reach_1 1200.00 100yr 465.00 7040.99 7043.33 7043.33 7043.94 0.012512 6.29 74.75 66.22 1.00

reach_1 1150.00 5yr 343.00 7040.00 7042.18 7042.18 7042.74 0.012964 6.04 57.01 53.65 1.01

reach_1 1150.00 Flume Design 350.00 7040.00 7042.19 7042.19 7042.77 0.012922 6.08 57.80 53.88 1.01

reach_1 1150.00 100yr 465.00 7040.00 7042.43 7042.43 7043.12 0.012014 6.66 71.05 57.53 1.00

reach_1 1100.00 5yr 343.00 7039.00 7041.17 7041.11 7041.64 0.010929 5.52 62.21 57.03 0.92

reach_1 1100.00 Flume Design 350.00 7039.00 7041.19 7041.12 7041.66 0.010768 5.54 63.27 57.20 0.92

reach_1 1100.00 100yr 465.00 7039.00 7041.42 7041.34 7042.00 0.010049 6.08 77.11 59.44 0.92

reach_1 1050.00 5yr 343.00 7038.24 7040.43 7040.43 7041.04 0.012534 6.29 55.37 49.32 1.01

reach_1 1050.00 Flume Design 350.00 7038.24 7040.44 7040.44 7041.07 0.012585 6.35 56.02 49.46 1.01

reach_1 1050.00 100yr 465.00 7038.24 7040.71 7040.71 7041.44 0.011471 6.91 69.53 52.27 1.00

reach_1 1000.00 5yr 343.00 7036.98 7039.84 7040.25 0.008951 5.17 66.34 56.80 0.84

reach_1 1000.00 Flume Design 350.00 7036.98 7039.85 7040.27 0.009136 5.23 66.87 57.08 0.85

reach_1 1000.00 100yr 465.00 7036.98 7040.16 7040.62 0.007517 5.43 86.69 67.00 0.80

reach_1 950.00  5yr 343.00 7036.21 7039.02 7039.02 7039.69 0.012942 6.57 52.23 41.31 1.02

reach_1 950.00  Flume Design 350.00 7036.21 7039.05 7039.05 7039.72 0.012465 6.55 53.49 41.91 1.01

reach_1 950.00  100yr 465.00 7036.21 7039.34 7039.34 7040.13 0.011393 7.14 66.20 47.59 1.00

reach_1 900.00  5yr 343.00 7034.96 7038.75 7038.83 0.000973 2.32 150.69 94.34 0.30

reach_1 900.00  Flume Design 350.00 7034.96 7038.77 7038.85 0.000980 2.35 152.45 94.95 0.30

reach_1 900.00  100yr 465.00 7034.96 7039.08 7039.19 0.001013 2.65 184.31 104.63 0.32

reach_1 850.00  5yr 343.00 7035.96 7038.12 7038.12 7038.66 0.013245 5.94 58.00 59.12 1.01

reach_1 850.00  Flume Design 350.00 7035.96 7038.14 7038.14 7038.69 0.012747 5.92 59.52 60.19 1.00

reach_1 850.00  100yr 465.00 7035.96 7038.38 7038.38 7039.02 0.011673 6.45 74.69 68.57 0.99

reach_1 800.00  5yr 343.00 7033.99 7036.98 7036.98 7037.50 0.013651 5.77 59.40 59.07 1.01

reach_1 800.00  Flume Design 350.00 7033.99 7036.99 7036.99 7037.52 0.013735 5.81 60.21 59.56 1.02

reach_1 800.00  100yr 465.00 7033.99 7037.21 7037.21 7037.84 0.012724 6.35 73.79 66.00 1.01

reach_1 750.00  5yr 343.00 7033.97 7036.22 7036.22 7036.74 0.012692 5.81 59.54 61.47 0.99

reach_1 750.00  Flume Design 350.00 7033.97 7036.23 7036.23 7036.76 0.012682 5.86 60.36 61.93 0.99

reach_1 750.00  100yr 465.00 7033.97 7036.45 7036.45 7037.09 0.012025 6.45 74.69 69.40 1.00

reach_1 700.00  5yr 343.00 7033.19 7035.75 7035.98 0.004203 3.87 89.79 73.87 0.59

reach_1 700.00  Flume Design 350.00 7033.19 7035.77 7036.01 0.004156 3.89 91.31 74.28 0.59

reach_1 700.00  100yr 465.00 7033.19 7036.01 7036.31 0.004218 4.37 109.74 79.13 0.61

reach_1 650.00  5yr 343.00 7033.00 7035.11 7035.11 7035.61 0.013119 5.68 60.78 65.25 1.00

reach_1 650.00  Flume Design 350.00 7033.00 7035.12 7035.12 7035.63 0.013440 5.77 61.10 65.40 1.01

reach_1 650.00  100yr 465.00 7033.00 7035.35 7035.35 7035.94 0.011901 6.22 76.93 72.55 0.99

reach_1 600.00  5yr 343.00 7033.00 7034.38 7034.35 7034.80 0.012329 5.16 66.52 73.18 0.95

reach_1 600.00  Flume Design 350.00 7033.00 7034.39 7034.36 7034.82 0.012528 5.22 67.09 73.41 0.96

reach_1 600.00  100yr 465.00 7033.00 7034.56 7034.56 7035.09 0.012979 5.84 79.75 78.24 1.00

reach_1 550.00  5yr 343.00 7032.58 7033.85 7033.79 7034.18 0.011527 4.56 75.23 94.71 0.90

reach_1 550.00  Flume Design 350.00 7032.58 7033.88 7034.19 0.011122 4.53 77.23 95.50 0.89

reach_1 550.00  100yr 465.00 7032.58 7034.03 7033.98 7034.42 0.011336 5.03 92.96 108.81 0.92

reach_1 500.00  5yr 343.00 7031.41 7033.13 7033.13 7033.53 0.014453 5.03 68.31 90.62 1.01

reach_1 500.00  Flume Design 350.00 7031.41 7033.13 7033.13 7033.54 0.014986 5.13 68.40 90.65 1.02

reach_1 500.00  100yr 465.00 7031.41 7033.30 7033.30 7033.79 0.013810 5.61 83.87 94.55 1.02

reach_1 450.00  5yr 343.00 7029.00 7031.87 7031.87 7032.34 0.014306 5.49 62.54 70.29 1.02

reach_1 450.00  Flume Design 350.00 7029.00 7031.88 7031.88 7032.36 0.014342 5.53 63.29 70.54 1.02

reach_1 450.00  100yr 465.00 7029.00 7032.09 7032.09 7032.64 0.012772 5.95 78.73 77.06 1.00

reach_1 400.00  5yr 343.00 7028.86 7030.56 7030.56 7031.14 0.012298 6.11 58.01 55.50 0.99

reach_1 400.00  Flume Design 350.00 7028.86 7030.57 7030.57 7031.16 0.012382 6.17 58.66 55.67 1.00

reach_1 400.00  100yr 465.00 7028.86 7030.83 7030.83 7031.52 0.011233 6.70 73.45 59.49 0.98

reach_1 350.00  5yr 343.00 7026.82 7029.38 7029.38 7029.96 0.010425 6.19 63.14 71.95 0.93

reach_1 350.00  Flume Design 350.00 7026.82 7029.41 7029.41 7029.99 0.010168 6.19 64.94 72.58 0.92

reach_1 350.00  100yr 465.00 7026.82 7029.67 7029.67 7030.34 0.009639 6.75 84.57 79.65 0.92



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_1 300.00  5yr 343.00 7026.37 7029.13 7029.28 0.001506 3.37 153.62 100.36 0.39

reach_1 300.00  Flume Design 350.00 7026.37 7029.09 7029.25 0.001690 3.53 149.09 99.27 0.41

reach_1 300.00  100yr 465.00 7026.37 7029.53 7029.70 0.001524 3.76 194.98 109.76 0.40

reach_1 265.39  5yr 343.00 7026.06 7028.91 7028.00 7029.20 0.002237 4.53 101.99 88.13 0.48

reach_1 265.39  Flume Design 350.00 7026.06 7028.83 7027.97 7029.16 0.002616 4.81 97.23 86.30 0.52

reach_1 265.39  100yr 465.00 7026.06 7029.21 7028.49 7029.61 0.002733 5.38 120.05 93.29 0.55

reach_1 259.30  5yr 343.00 7026.00 7028.96 7027.77 7029.16 0.001422 3.85 121.87 90.72 0.39

reach_1 259.30  Flume Design 350.00 7026.00 7028.89 7027.81 7029.11 0.001617 4.04 118.08 89.29 0.42

reach_1 259.30  100yr 465.00 7026.00 7029.28 7028.13 7029.56 0.001813 4.65 139.10 95.51 0.45

reach_1 259     Inl Struct

reach_1 241.00  5yr 343.00 7020.96 7025.92 7026.15 0.001415 3.82 92.93 37.02 0.39

reach_1 241.00  Flume Design 350.00 7020.96 7025.95 7026.18 0.001423 3.86 94.09 37.28 0.39

reach_1 241.00  100yr 465.00 7020.96 7026.41 7026.71 0.001571 4.44 112.06 42.00 0.42

reach_1 210.58  5yr 343.00 7020.85 7025.88 7026.11 0.001366 3.90 100.42 42.96 0.38

reach_1 210.58  Flume Design 350.00 7020.85 7025.91 7026.14 0.001376 3.94 101.75 43.26 0.38

reach_1 210.58  100yr 465.00 7020.85 7026.36 7026.66 0.001539 4.54 122.48 49.40 0.42

reach_1 200.00  5yr 343.00 7021.00 7025.57 7026.06 0.003395 5.71 71.25 44.75 0.57

reach_1 200.00  Flume Design 350.00 7021.00 7025.59 7026.09 0.003430 5.77 72.37 45.03 0.58

reach_1 200.00  100yr 465.00 7021.00 7025.94 7026.60 0.004011 6.70 88.96 49.08 0.63

reach_1 180     5yr 343.00 7021.00 7025.42 7025.98 0.004096 6.06 64.63 43.02 0.62

reach_1 180     Flume Design 350.00 7021.00 7025.44 7026.01 0.004156 6.14 65.51 43.26 0.63

reach_1 180     100yr 465.00 7021.00 7025.65 7026.49 0.005676 7.50 74.78 45.64 0.74

reach_1 175     5yr 343.00 7020.75 7025.48 7025.92 0.002864 5.42 74.61 43.76 0.53

reach_1 175     Flume Design 350.00 7020.75 7025.50 7025.96 0.002908 5.49 75.58 44.01 0.53

reach_1 175     100yr 465.00 7020.75 7025.75 7026.41 0.003874 6.66 87.00 46.89 0.62

reach_1 170     5yr 343.00 7020.50 7025.07 7025.07 7025.87 0.007028 7.43 64.89 58.86 0.80

reach_1 170     Flume Design 350.00 7020.50 7025.10 7025.10 7025.90 0.007011 7.47 66.47 59.13 0.80

reach_1 170     100yr 465.00 7020.50 7025.48 7025.48 7026.37 0.006940 8.11 89.92 62.91 0.81

reach_1 165     5yr 343.00 7020.25 7024.84 7024.84 7025.68 0.007230 7.57 60.12 56.19 0.81

reach_1 165     Flume Design 350.00 7020.25 7024.87 7024.87 7025.72 0.007153 7.59 61.99 56.59 0.81

reach_1 165     100yr 465.00 7020.25 7025.29 7025.29 7026.21 0.006820 8.15 86.82 61.05 0.81

reach_1 150     5yr 343.00 7020.00 7024.59 7024.59 7025.49 0.007582 7.74 54.93 52.02 0.83

reach_1 150     Flume Design 350.00 7020.00 7024.62 7024.62 7025.52 0.007495 7.76 56.77 52.73 0.83

reach_1 150     100yr 465.00 7020.00 7025.10 7025.10 7026.04 0.006741 8.19 83.58 59.10 0.80

reach_1 145     5yr 343.00 7020.00 7023.46 7023.46 7024.22 0.012340 6.99 49.15 34.22 1.01

reach_1 145     Flume Design 350.00 7020.00 7023.48 7023.48 7024.25 0.012511 7.05 49.71 34.55 1.02

reach_1 145     100yr 465.00 7020.00 7023.84 7023.84 7024.71 0.010667 7.52 63.59 42.66 0.98

reach_1 100.00  5yr 343.00 7019.94 7022.54 7022.54 7023.29 0.011581 6.96 50.63 38.14 1.00

reach_1 100.00  Flume Design 350.00 7019.94 7022.56 7022.56 7023.32 0.011559 7.01 51.35 38.34 1.00

reach_1 100.00  100yr 465.00 7019.94 7022.89 7022.89 7023.78 0.010536 7.62 64.52 41.79 0.98

reach_1 50.00   5yr 343.00 7017.93 7020.94 7020.94 7021.75 0.011790 7.21 47.58 29.92 1.01

reach_1 50.00   Flume Design 350.00 7017.93 7020.97 7020.97 7021.78 0.011730 7.23 48.43 30.23 1.01

reach_1 50.00   100yr 465.00 7017.93 7021.33 7021.33 7022.26 0.011271 7.75 60.12 34.61 1.01

reach_1 0.00    5yr 343.00 7016.00 7019.69 7019.69 7020.49 0.011807 7.21 47.61 30.35 1.00

reach_1 0.00    Flume Design 350.00 7016.00 7019.70 7019.70 7020.53 0.012068 7.31 47.95 30.52 1.02

reach_1 0.00    100yr 465.00 7016.00 7020.07 7020.07 7021.02 0.010622 7.85 60.75 38.48 0.99
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DP Canyon Grade-Control Structure Completion Report 

EP2010-0214 D-1 June 2010 

This appendix contains a series of photographs depicting the work progress on the DP Canyon Grade 
Control Structure and associated Stream Gauge E039.1. Photos are representative of the work 
performed and completed as of the date noted. Although field work commenced October 26, 2010, 
photos were not allowed to be taken until November 14, 2009. These photos range from November 16, 
2009 through final seeding on May 4, 2010. 

November 16, 2009 

 

Photo 1  Existing Stream Gage E039 Photo 2  Excavation for structure, looking 
northwest 

Photo 3  Clearing for structure, looking south Photo 4  Excavation for structure 



DP Canyon Grade-Control Structure Completion Report 

June 2010 D-2 EP2010-0214 

November 16, 2009 (continued) 

 

Photo 5  Structure excavation, looking north Photo 6  Structure excavation, looking northwest 

November 17, 2009 

 

Photo 1  Gabion basket assembly area 

 

Photo 2  Center line of structure length 
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EP2010-0214 D-3 June 2010 

November 18, 2009 

  

Photo 1  Gabion stone stockpile area Photo 2  Diversion channel 

November 20, 2009 

  

Photo 1  Structure construction, looking north Photo 2  Gabion basket assembly area 

 

 

Photo 3  Structure subgrade gabion baskets, 
looking north 
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November 28, 2009 

  

Photo 1  Gabion basket assembly area Photo 2  Gabion stone stockpile 

  

Photo 3  North half of structure subgrade 
compaction, looking north 

Photo 4  Structure subgrade compaction, north 
half, looking north 

 



DP Canyon Grade-Control Structure Completion Report 

EP2010-0214 D-5 June 2010 

November 28, 2009 (continued) 

  

Photo 5  Excavated north half of structure Photo 6  Water intrusion in north-half excavation 

 

Photo 7  Subgrade compaction, north half 
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December 3, 2009 

  

Photo 1  Gabion assembly area, looking east Photo 2  Access road and stone stockpile, looking 
west 

  

Photo 3  Structure with geotextile fabric 
wrapped on upstream face, on north half of 
structure, pumping groundwater from stilling 
basin excavation 

Photo 4  Structure with geotextile fabric wrapped 
on upstream face on north half of structure 
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December 5, 2009 

  

Photo 1  Water intrusion in stilling basin 
excavation 

Photo 2  Structure, looking north; subgrade and 
above grade gabion baskets 

  

Photo 3  Water intrusion in stilling basin 
excavation 

Photo 4  Structure construction, looking 
north/northwest 
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December 5, 2009 (continued) 

  

Photo 5  North-half structure construction; 
water intrusion in stilling basin excavation 

Photo 6  High water mark within stilling basin 
excavation area 

  

Photo 7  Water intrusion, high water mark in 
stilling basin excavation 

Photo 8  Stilling basin excavation, looking northeast

  

Photo 9  Stilling basin water intrusion Photo 10  Structure construction, north half,  
pumping groundwater from stilling basin excavation
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December 17, 2009 

  

Photo 1  Placing concrete cap on low-flow and 
overflow weir 

Photo 2  Placing concrete cap on low-flow and 
overflow weir 

  

Photo 3  Concrete cap covered for curing, 
structure facing north, water intrusion 
downstream of stilling basin 

Photo 4  Concrete cap covered for curing, 
structure facing north, water intrusion 
downstream of stilling basin 
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January 3, 2010 

  

Photo 1  Looking downstream at structure, 
concrete blankets covering concrete cap 

Photo 2  Looking northeast at structure, concrete 
blankets covering concrete cap 

  

Photo 3  Looking northeast at structure, 
concrete blankets covering concrete cap 

Photo 4  Looking north at structure, ice covers 
stilling basin 
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January 7, 2010 

  

Photo 1  Looking north, at structure and 
concrete cap 

Photo 2  Riser pipe, before extension 

  

Photo 3  Excavation for downstream installation 
of Class A and Class B rip rap 

Photo 4  Structure, looking north; concrete cap on 
low-flow and overflow weir crests 
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January 9, 2010 

  

Photo 1  Upstream face of structure, riser pipe 
before extension 

Photo 2  Structure, looking north, downstream 
north slope prepared for Class B rip rap 
installation 

  

Photo 3  Looking downstream towards flume 
location 

Photo 4  Looking at upstream side of structure, 
flume location in backgound 
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January 9, 2010 (continued) 

  

Photo 5  Downstream, facing side of structure, 
ice-filled stilling basin, looking northwest 

Photo 6  Downstream, facing side of structure, 
ice-filled stilling basin, looking west 

January 14, 2010 

  

Photo 1  Structure, looking north Photo 2  Upstream approach to structure 
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January 14, 2010 (continued) 

  

Photo 3  Access road crossing southern 
confinement wall gabion baskets, looking east 

Photo 4  Completed structure, looking south 

  

Photo 5  Forms for flume headwall concrete 
placement, looking northeast from access road 

Photo 6  Flume headwall forms, looking 
downstream from structure 

January 26, 2010 

No work due to weather. 

  

Photo 1  Riser pipe (fully extended) looking 
northeast 

Photo 2  Riser pipe looking northwest 
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February 18, 2010 

  

Photo 1  Newly placed concrete headwall 
covered with blanket to cure 

Photo 2  Excavation for Class B rip rap 
installation upstream of flume 

  

Photo 3  Downstream side of structure rip rap 
installation work, fully extended riser pipe in 
foreground 

Photo 4  Newly placed flume headwalls covered 
with concrete blankets to cure 
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February 18, 2010 (continued) 

  

Photo 5  Flume headwall forms prior to placing 
concrete 

Photo 6  Preparing north slope, downstream of 
structure, for rip rap installation 

  

Photo 7  Preparing north slope, downstream of 
structure, for rip rap installation 

Photo 8  Concrete blankets cover newly placed 
concrete headwalls 

  

Photo 9  East headwall form, prior to concrete 
placement 

Photo 10  West headwall form, prior to concrete 
placement 
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February 18, 2010 (continued) 

  

Photo 11  Concrete for headwall placement Photo 12  Headwall concrete slump test 

  

Photo 13  Monitoring headwall concrete 
temperature 

Photo 14  Setting up for concrete test

  

Photo 15  Concrete Test Photo 16  Placing headwall concrete 
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February 18, 2010 (continued) 

  

Photo 17  Placing headwall concrete Photo 18  Placing headwall concrete 

 

 

Photo 19  Placing headwall concrete  

February 19, 2010 

  

Photo 1  Class B rip rap installation, on north 
slope, downgradient of structure 

Photo 2  Class B rip rap installation, on north 
slope, downgradient of structure; water being 
pumped from Class B excavation area 
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February 20, 2010 

  

Photo 1  Class B rip rap on south slope, 
downgradient of structure 

Photo 2  Class B rip rap on north slope, 
downgradient side of structure; pumping water 
from rip rap excavation area to keep flume 
subgrade dry 

 

Photo 3  Preparing flume subgrade, concrete 
headwalls complete 

Photo 4  Concrete headwall 
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February 20, 2010 (continued) 

  

Photo 5  Class B rip rap, on south slope and 
downgradient of stilling basin, looking south 

Photo 6  Looking upstream at downstream, facing 
side of structure from flume location 

 

Photo 7  Preparing flume subgrade Photo 8  Looking northeast from access road at 
flume subgrade preparation 
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February 21, 2010 

  

Photo 1  Flume subgrade covered with concrete 
blanket to keep warm and dry 

Photo 2  Removal of blanket from flume subgrade  
to continue preparation of flume subgrade 

 

 

Photo 3  Compaction of flume subgrade  

February 23, 2010 

  

Photo 1  Grade control structure, looking south Photo 2  Work on flume subgrade 
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February 24, 2010 

  

Photo 1  Forming flume for concrete placement Photo 2  Forming flume for concrete placement 

  

Photo 3  Wire mesh reinforcement installed in 
flume form prior to concrete placement 

Photo 4  Wire mesh reinforcement installed in 
flume form prior to concrete placement 

  

Photo 5  Measuring concrete temperature for 
flume concrete placement 

Photo 6  Measuring flume subgrade temperature 
prior to concrete placement 
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EP2010-0214 D-23 June 2010 

February 24, 2010 (continued) 

  

Photo 7  Flume concrete placement Photo 8  Concrete test of flume 

  

Photo 9  Concrete test cylinders for flume 
concrete placement 

Photo 10  Slump Test for flume concrete 
placement 

  

Photo 11  Flume concrete placement and 
finishing 

Photo 12  Flume concrete placement and   
finishing 
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February 24, 2010 (continued) 

  

Photo 13  Gage Station stilling well placed in 
concrete 

Photo 14  Finished flume concrete 

 

 

Photo 15  Photo of water being pumped from 
upstream of flume to keep flume area dry 
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February 25, 2010 

  

Photo 1  Flume concrete covered with concrete 
blankets to cure, looking northeast 

Photo 2  Flume concrete covered with concrete 
blankets to cure, looking northeast from access 
road 

February 26, 2010 

 

Photo 1  Installation of Class A rip rap on 
upstream and downstream sides of flume 

Photo 2  Installation of Class A rip rap on 
upstream and downstream sides of flume 
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February 27, 2010 

  

Photo 1  Upstream face of structure with 
downstream rip rap and flume in background 

Photo 2  Gage Station stilling well, looking 
northeast from access road 

  

Photo 3  Completed Class B rip rap on north 
slope, on downgradient side of structure 

Photo 4  Looking east, towards Stream Gage 
stilling well and access road 

  

Photo 5  Completed Class B rip rap, upgradient 
of flume; Class A rip rap installation continues 

Photo 6  Upstream face of structure; riser pipe in 
foreground and flume in background 
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March 5, 2010 

  

Photo 1  Completed flume, looking 
east/northeast 

Photo 2  Completed flume, looking 
west/northwest 

 

 

Photo 3  Looking downstream at structure, riser 
pipe in foreground and flume in background 
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May 4, 2010 

  

Photo 1  DP Canyon hydroseeding Photo 2  DP Canyon hydroseeding 

  

Photo 3  DP Canyon hydroseeding Photo 4  DP Canyon hydroseeding 

 

 

Photo 5  DP Canyon hydroseeding  
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