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1 Purpose

The purpose of this report and its enclosures is to provide final hydraulic and scour mitigation analyses for
the proposed Aztec Pedestrian Bridge, located on the Animas River. This report is intended to support final
design of the bridge and associated embankment features. The project is located in County of San Juan,
New Mexico within the City of Aztec (City’s). The site is located in Section 9, Township 30 North, Range 11
West (T30N, R11W) along the Animas River. Appendix A contains a Site and Vicinity map for reference.

The City is interested in constructing a new pedestrian access bridge across the Animas River to connect the
Aztec Ruins National Monument to the existing trail system which continues east of the Animas River. The
proposed pedestrian bridge crossing for the Animas River will provide connectivity to additional parking for
the monument and expand visitor opportunities, as identified in the Aztec Ruins National Monument
General Management Plan.

A review of the effective Flood Insurance Rate Map (FIRM) for the project area indicates the proposed
bridge is located within Federal Emergency Management Agency (FEMA) designated Zone A (Figure 1).
Zone A is described by FEMA as areas of potential flooding with a 1% annual chance of being equaled or
exceeded in any given year.” This means that structures within this area have a 26% chance of experiencing
flooding equal to, or greater than, the depths of flooding represented by this floodplain over a 30-year
period. Because this is a Zone A, detailed analyses were not performed for this area by FEMA and no
depths or base flood elevations are shown within these zones on the FIRM. As a result, a hydraulic analysis
pursuant to National Flood Insurance Program (NFIP) regulations (44 CFR 60.3) has been conducted as part
of this submittal to provide a basis for evaluating compliance with Federal and local floodplain management
ordinances that limit the cumulative allowable water surface increase within this area of the floodplain.

Several bridge configurations were assessed in an attempt to provide feasible pre-fabricated bridge span
alternatives for the connection of the trails while minimizing effects to the water surface elevations during
the 1% Chance Flood Event. Furthermore, the City is interested in constructing the bridge abutments, piers
and associated embankment features outside of the Ordinary High Water Mark (OHWM), per the United
States Army Corps of Engineers (USACE) definition. The identification of the proposed bridge location was
heavily influenced by the restrictions in available right of way and the location of eligible cultural sites
adjacent to the river. The preferred bridge alignment would be placed at an approximate 15° skew to the
Animas River with respect to the Animas River channel.

This document discusses the hydraulic analysis of the proposed piers, abutments, and embankments.
Furthermore, this document approximates the effects to the water surface elevation and regulatory
floodplain. Determining the project impacts required only an analysis of approximately 0.60 miles of the
Animas River. The analysis was extended far enough downstream to approximate the tailwater condition
and evaluate the impacts of the proposed bridge downstream. The analysis was also extended far enough
upstream to adequately evaluate the hydraulic impacts of the bridge on the upstream reach. Analysis of a
longer reach would have required additional channel surveys and would not have been necessary to
approximate project impacts since those impacts are confined to the reached analyzed. The document
provides an estimation of potential scour depths as a result of the proposed Aztec Pedestrian Bridge as well
as recommended scour mitigation measures.
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2 Background

2.1 Regulatory

The Animas River is a regulated Waters of the US as defined by the USACE. The intent of this project is to
construct the pedestrian bridge and its appurtenances outside of the ordinary high water mark (OHWM) to
avoid impacts to existing wetlands and jurisdictional waters of the US which would result in the need for a
Section 404 Permit.

The proposed pedestrian bridge is located within a reach of the Animas River that is designated as a FEMA
regulatory flood zone. The City of Aztec and San Juan County are participating in the National Flood
Insurance Program (NFIP). The City of Aztec joined the Regular Program of the NFIP on July 15, 1988 and
San Juan County joined on August 4, 1988. As a condition of that participation in the NFIP, they were each
required to adopt and enforce a local floodplain ordinance that contains the provisions of the Federal
regulations contained in 44 CFR Part 60. The project area is designated as a FEMA Zone A (with no base
flood elevations determined) and can be seen on FIRM Panel Number 35045C0730F (Effective August 5,
2010) in Figure 1 and Appendix B. Construction of this bridge will require verification that proposed
improvements are compliant with the Code of Federal Regulations (CFR), Title 44, Part 60.3 (b) in addition
to local floodplain ordinances for both the City of Aztec and potentially San Juan County. 44 CFR 60.3
requires analysis to demonstrate flood carrying capacity is maintained and that “...it is demonstrated that
the cumulative effect of the proposed development, when combined with all other existing and anticipated
development, will not increase the water surface elevation of the base flood more than one foot at any
point within the community.” (44 CFR 60.3 (c) (10)). This analysis evaluates the impact of this project alone.
The “cumulative effect” of this proposed project, “when combined with all other existing and anticipated
development” requires the identification of both existing (encroachments in the floodplain that occurred
within the reach after the original flood insurance studies were performed) and future encroachments that
could occur in the future. HDR has insufficient information about existing or future encroachments.
Therefore, this analysis only addresses the effects of this project alone. Peak discharge rates for extreme
events occurring in the Animas River are described in the San Juan County, NM and Incorporated Areas
FEMA Flood Insurance Study (FIS) (Effective August 5, 2010) for the reach immediately downstream of the
proposed bridge site. The peak discharges reported in the FIS, are provided in Table 1. Appendix H
provides excerpts from the current FIS which include the discharge table for the Animas River at Aztec
Boulevard which is approximately 2600 feet downstream of the proposed pedestrian bridge crossing as
well as a description of existing conditions and expected debris impacts during flooding events.

Table 1 - Effective FIS Discharge Values

FIS Qyr | Animas River

Qso 18,000
Quoo 21,500
Qso0 30,000

All discharges in cubic feet per second (cfs) as reported in the FIS for City of Farmington, NM San Juan County

It is important to note, that the FEMA Zone A boundaries are more detailed than is typical for an
approximate floodplain boundary. This level of detail suggests that the boundary is based on the results of
a modeling effort. This mapping was prepared as a part of the same study that produced the detailed
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analysis immediately downstream. Based on available information, HDR believes that the FEMA study used
the same topographic mapping as was used in this analysis. However, the floodplain boundary shown on
the FEMA maps in the project areas would only result from an analysis using a peak discharge in excess of
the 500-year. HDR was able to reproduce this floodplain boundary using a peak discharge of 50,000 cfs.
Therefore, using the 1% Chance of Flood Event discharge estimate from the FEMA FIS for the Animas River,
the resulting floodplain boundary is considerably lower than the Zone A boundary shown on the FIRM.

HDR believes that the boundary does not correctly represent the published peak flow rates and the
mapping is in error. The floodplain mapping shown in Appendix F, Exhibit 3 compares the FEMA Zone A
boundary to the existing and proposed floodplain boundary that is based on the FEMA 1% Chance of Flood
Event peak flow estimate of 21,500 cfs.

2.2 Existing Conditions

Within the study limits of this project, the Animas River flows in a southwesterly direction before crossing
beneath Highway 516 and continuing southward. The river is classified as mild in its sinuosity with minor
meandering of the river thalweg within the floodplain. However, at the approximate location of the project
site there is a pronounced bend in the river as it transitions from southwest to due south.

Effective FEMA mapping shows significant overbank flow throughout the study limits. As delineated in the
existing conditions mapping, the bulk of overbank discharge is contained within the eastern floodplains
upstream of the project. However, approximately 460-ft north of the project site overbank discharge
transitions from the western to eastern floodplains. There is low density residential development within the

Figure 1 - FEMA Effective Regulatory Mapping
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study limits that is included in the Zone A. As indicated above, the Zone A boundary does not correctly
reflect the inundation limits associated with the FEMA 1% Chance of Flood Event peak flow estimates.
When the floodplain is corrected two of these residential structures are shown to be outside of the 1%
Chance of Flood Event floodplain. There is one residential area that is impacted by the regulatory mapping
within study limits. Figure 1 is the FEMA effective regulatory mapping as contained within the FIS.

Upstream from the project site eastern channel banks are showing signs of erosion due to natural channel
migration that is typical of western rivers. Downstream of the project site, aerial photography does not
indicate visible evidence of erosion or channel migration along the banks of the river.

Several archaeological sites have been identified in proximity to the proposed bridge construction site. The
sites appear disturbed either by natural causes or by human activity. A map of the location of the known
archaeological sites within the project limits has been provided in Appendix H.

There have not been any identified utilities in the immediate vicinity of the proposed bridge. There is
however two know irrigation channels at the southern end of the study limits.

3 Hydraulic Design Considerations

It is the City’s intent to provide a bridge structure that minimizes the effects on both the floodplain limits
and the water surface elevation during the 1% Chance of Flood Event design storm event. Furthermore, the
City wants to ensure impacts from the proposed bridge construction and associated changes to river flow
conditions are minimized at the existing archaeological sites.

This report will contain information on the 50-year, 100-year and 500-year flood event as required by the
NMDOT Drainage Bureau. Per The City of Aztec, the design event for this structure will be the 1% Chance
of Flood Event.

The low chord elevation for the structure will be established by the controlling elevation between a 2’ free
board above the 50 year event or a O’ free board above the 100 year event as specified in the NMDOT
Bridge Design Guide. The NMDOT Bridge Bureau’s policy is to design bridges over waterways for the design
flood event using the AASHTO strength load combinations, and to check the bridges to ensure they can
withstand the 500-year flood event using the AASHTO Extreme Event load combinations and providing
depth of foundation to ultimate scour conditions.

HDR has coordinated with City’s officials to identify potential and/or planned development along the
Animas River (within City limits), identifying any pre-existing archeological sites. At the time of this report
the City has advised HDR that it is not aware of any potential and/or planned developments within the
foreseeable future. The analysis contained within this report is reflective of this conditional “no future
development” only. HDR has advised the local floodplain administrator that any future projects beyond
what has been included within this modeling will require additional analysis of impacts to the regulatory. It
is highly recommended that additional detailed floodplain modeling be conducted at that time to
demonstrate a cumulative rise in water surface elevation of no more than one foot occurs within the
Animas River.
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3.1 Hydrology

Peak flows on the Animas River have historically occurred in May and June in response to rapid snowmelt
and in August to October due to general rain events during the southwest monsoon season. Peak
discharge estimates have been developed by FEMA using stochastic methods for which are described in the
Flood Insurance Study for San Juan County, NM and Incorporated Areas, effective August 5, 2010. The
FEMA estimate of the 1% Chance of Flood Event peak discharge for the reach immediately below the
project location is 21,500 cfs. Due to the size of the watershed and complexities of performing
deterministic modeling of large watersheds with snowmelt influenced peak flows, it is desirable to use
stochastic methods for estimating peak flow rates associated with a given recurrence interval when there
are gages located near or within the study reach that have a sufficient period of record. In this case, there
are two gages that provide a sufficient period of record for stochastic analyses that are representative of
the project location.

3.1.1 USGS Gage Information

In order to validate the peak flow estimates published in the FEMA Flood Insurance Study, a statistical
analysis of the gage record was performed to determine comparative discharge values for design storm
events. These values were compared to the regulatory design discharge values as provided within the FIS to
provide further verification of the current regulatory values.

There are three stream gages on the Animas River that supply useful data for this purpose. The first gage is
located just north of the New Mexico/Colorado border in La Plata County, Colorado (USGS 09363500
ANIMAS RIVER NEAR CEDAR HILL, NM). This gage has a contributing watershed of 1090 square miles and
has 77 years of gage record. The second gage is located approximately one mile downstream of the
project site (USGS 09364010 ANIMAS RIVER BELOW AZTEC, NM). This gage has only 8 year of peak flow
records and has a contributing watershed of 1300 square miles. Eight years of record is not sufficient for a
stochastic analysis. However, the available record does indicate that peak flows at the two gages for
comment events in the record are very similar. Since most of the flow contribution is from the upper part
of the watershed during snowmelt events, snowmelt flows do not appear to increase between the two
gages. However, the one comparable general rain event does show an increase in flow rate at the
downstream gage location in comparison to gage 09363500. One additional gage is located downstream in
Farmington on the Animas River just above the confluence with the San Juan River. This gage (USGS
09364500 ANIMAS RIVER AT FARMINGTON, NM) has 98 years of record and a contributing watershed of
1360 square miles. This gage also shows that the general rain events that occur in the August to October
period show an increase in peak flow in the Animas River with additional watershed contribution, but
snowmelt events do not.

The USACE Hydrologic Engineering Center Statistical Software Package (HEC- SSP Version 2.0) was utilized
to perform a flood flow frequency analysis for USGS Stream Gage 09364500 and Gage 0963500. The
analysis is based on methodologies outlined in Bulletin 17B “Guidelines for Determining Flood Flow
Frequency”. The available records of event span 67 years of historical flows in the Animas River. As a result
of this effort, Figure 2 and Figure 3 reflect the graphical output of the Bulletin 17b results. Output files for
the analysis are located in Appendix C.
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Figure 3 - Bulletin 17B Results for USGS 09363500 near Cedar Hill, NM

Figure 2 Bulletin 17B Results for USGS 09364500 at Farmington, NM
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Table 2 provides a comparison of the current regulatory FIS values and the Bulletin 17b results for
discharge events based on a statistical analysis.

Table 2 - Comparison of the FIS vs. SSP Design Discharge Values

Effective FIS USGS 09363500 near USGS 09364500 at
FIS Qyr Cedar Hill, NM Farmington, NM
Qso 18,000 12,777 14,740
Qio0 21,500 14,407 16,582
Qso00 30,000 18,493 20,976

All discharges in cubic feet per second (cfs)

As a result of this analysis, it has been determined the FIS discharge values reflect greater discharge
estimates and therefore will may yield a conservative approach for design of the proposed Aztec Pedestrian
Bridge in comparison to the estimates developed using the gage data and the methods described in Bulletin
17b. Itis also possible that the FEMA estimate is based on an analysis that segregated the snowmelt
events from the rain events which might yield a different result. However, as can be seen in the ordered
values presented in Figures 2 and 3, the rain flood and snowmelt floods are very similar in magnitude.
Segregation of the data sets is unlikely to produce significantly different estimates. The FIS estimates also
represent the current regulatory flow rate and must be used for evaluation of project impacts until changed
formally with a Letter of Map Change with FEMA.

3.2 Bridge Hydraulics

There is currently no effective FEMA hydraulic model for this portion of the Animas River. Therefore USACE
Hydrologic Engineering Center software program named River Analysis System (HEC-RAS Version 4.1.0) was
utilized to develop and perform detailed hydraulic modeling for the proposed bridge and associated
features.

3.2.1  Existing Conditions Hydraulic Analysis

An existing conditions HEC-RAS model was developed for the study reach and was utilized as a baseline
condition of which the proposed conditions were compared against. Survey data was collected on (March
3" 2011 and November 11™, 2011) and provided by Survey Control Inc. (SCI) to HDR. The SCI survey data
points were merged with 2007 San Juan County Laser Imaging Detection and Ranging (LiDAR) information
to develop an existing conditions Triangulated Irregular Network (TIN) surface which encompasses the
existing floodplain extents in the vicinity of the proposed bridge. SCl additionally collected in-river cross
sections at 10 locations along the Animas River in the project vicinity. This cross section survey information
was manually entered into HEC-RAS as a function of geometry modification, in order to reflect current
channel bottom (below water conditions) with the existing condition geometry. The HEC-RAS cross section
linear interpolation feature was utilized to estimate channel bottom cross section geometry for additional
cross sections located between actual SCI filed surveyed cross sections.
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The existing conditions model consists of 19 cross sections covering approximately 0.60 river miles. All
irrigation ditches are modeled as full or blocked obstructions thus removing their conveyance capacity and
treating them conservatively as non flood conveying features. Manning’s roughness values have been
selected based upon review of both site photos from field visits and aerial reconnaissance conducted with
Google Earth imagery. Manning’s n values range from 0.035 (for the main channel) to overbank values
ranging from 0.038 to 0.080. The range in overbank roughness values reflects the variations of vegetative
coverage and land use within the region. Ineffective regions within the eastern overbank reflect backwater
effects during design storm event flooding and have been coded into the model as permanent infective
areas respectively. Refer to Appendix E for copies of the hydraulic model output files. Refer to Appendix F
for non-regulatory mapping for existing conditions hydraulic modeling.

Consistent with the FEMA regulatory approximate mapping, the existing model cross sections indicate a
transition within the overbank conveyance as floodwaters migrate from west to east in the overbanks.
Average velocity in the west overbank floodplain is 2.3 ft/s, however velocities increase towards the
southern terminus of the model, increasing to an average of 4.8 ft/s. Upstream of the project location
average velocity in the eastern overbank floodplain is 2.6 ft/s. As with the western floodplain, velocities in
the eastern overbanks continue to increase to an average velocity of 4.0 ft/s south of the project site.

Average floodplain depths range from 2- to 5-ft along both the eastern and western overbanks.

3.2.2 Proposed Bridge Hydraulic Analysis

The proposed conditions hydraulic model consists of 20 cross sections, extending approximately 1400-ft
upstream and 1600-ft downstream of the proposed Aztec Pedestrian Bridge location. The proposed bridge
configuration reflects a 3-span configuration with lengths from east to west of 219-ft, 74-ft, and 139-ft
respectively. The configuration includes two 3-ft diameter piers located at span connections. Handrail and
truss areas of the bridge were treated as blocked obstructions, it is anticipated they will become obstructed
with debris during large flood events. The bridge modeler function in HEC-RAS was populated with data
extracted from a merged surface developed in Bentley’s Microstation Inroads platform. The surface
extraction was further modified with information gathered from available bridge plans and profiles.

The bridge deck slopes from west to east at 1.50%, or milder, grades. The depth to soffit is modeled as 2-ft
with a low-chord elevation of 5616.67-ft (NAVD 88) along the eastern abutment.

Ineffective areas were introduced immediately up- and down-stream of the eastern abutment fill slopes to
reflect contraction and expansion losses associated with overbank discharges meandering around the
proposed structural and embankment features. Pier widths reflect an additional 2-ft of debris either side of
the pier centerline. Figure 4 is the bridge modeling as developed in HEC-RAS bridge modeler.
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Figure 4 - HEC-RAS Bridge Modeling

Refer to Appendix D a copy of the proposed bridge plans. Refer to Appendix E for copies of the hydraulic
model output files. Refer to Appendix F for non-regulatory mapping for proposed conditions hydraulic
modeling.

3.2.3 Comparison of Existing vs. Proposed Conditions

In order to determine the level impact on water surface elevation and extents of flooding in design storm
events, a comparison of the existing and proposed conditions hydraulic models has been prepared. As a
result, it has been determined that a slight rise in water surface elevation (WSEL) will occur from the
installation of the proposed bridge features. The upstream increases in WSEL range from 0.01-ft to 0.47-ft
with an accumulated debris width of 7 feet on each bridge pier. Immediately downstream of the bridge a
decrease was observed in the order of 0.10-ft of WSEL. As a result of the proposed 3-span bridge, the
impacts to WSEL extend approximately 1300-ft upstream, but are very minimal at that extent (0.01-ft
increase in WSEL). Downstream impacts extend 200-ft below the proposed structure and then dissipate,
returning the river to existing conditions. Table 3 reflects a comparison of the water surface elevations
reported in NAVD8S, for the existing and proposed conditions as a result of the proposed Aztec Pedestrian
Bridge. Figure 5 is a comparison of the existing vs. proposed water surface profiles.
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Table 3 - Aztec Pedestrian Bridge 1% Chance Flood Event Water Surface Elevation Comparison

HEC-RAS River Station | Existing Conditions’ Proposed Conditions' | AH' Description
2738.528 5617.03 5617.04 0.01 | 1447.98-ft US of bridge
2507.386 5616.86 5616.87 0.01 | 1216.86-ft US of bridge
2321.451 5616.34 5616.35 0.01 | 1030.96-ft US of bridge
2133.271 5615.53 5615.55 0.02 | 842.76-ft US of bridge
2034.263 5615.58 5615.60 0.02 | 743.76-ft US of bridge
1686.017 5614.94 5614.97 0.03 | 577.53-ft US of bridge
1729.251 5613.67 5613.90 0.23 | 438.79-ft US of bridge
1498.380 5612.73 5613.20 57 | smen s e s
1168.340 5612.67 5612.57 010 | 30.96-t DS of bridge

! All water surface elevations in feet and utilize NAVD 88.
2Us= Upstream, DS = Downstream

Existing floodplains are prevalent along the eastern edge of the river. The eastern river bank is overtopped
throughout the study area except from river station 2034.263 through river station 1729.251. Discharges
along the western bank of the river are primarily contained within the cross sections. As a result of the
proposed Aztec Pedestrian Bridge the floodplain width will be increased by a maximum 27.52-ft
(horizontally) occurring approximately 138-ft upstream from the bridge. As a result of this increase no
existing habitable structures or features will be impacted. Table 4 reflects a comparison of existing vs.
proposed floodplain widths as a result of the proposed Aztec Pedestrian Bridge.

Table 4 - Aztec Pedestrian Bridge 1% Chance Flood Event Floodplain Width Comparison

HEC-RAS River Station | Existing Conditions' | Proposed Conditions' | AW Description’
2738.528 1358.37 1358.61 0.24 1447.98-ft US of bridge
2507.386 1533.56 1533.61 0.05 1216.86-ft US of bridge
2321.451 1397.07 1397.13 0.06 1030.96-ft US of bridge
2133.271 1075.25 1075.41 0.16 842.76-ft US of bridge
2034.263 871.07 8771.20 0.13 743.76-ft US of bridge
1686.017 757.62 758.27 0.65 577.53-ft US of bridge
1729.251 652.18 657.63 5.45 438.79-ft US of bridge
1498.380 873.64 901.16 27.52 207.91-ft US of bridge
1168.340 734.39 731.45 2.94 30.96-ft DS of bridge

! All floodplain widths in feet and utilized NAVD 88.
2Us = Upstream, DS = Downstream
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A copy of the HEC-RAS modeling results for floodplain widths are located in Appendix E. Refer to Appendix
F for a map of comparison of the non-regulatory floodplain mapping which reflects the existing and
proposed conditions of the Animas River as a result of the proposed Aztec Pedestrian Bridge, along with the
extents of the FEMA effective Zone A mapping.

3.2.4  Scour Analysis

The Aztec Pedestrian Bridge was analyzed for total scour potential. Total scour at a bridge is comprised of
three major components:

e Longterm scour —aggradation and degradation of a river bed
e General scour —including cross section contraction scour

e Local scour — developed at piers and abutments

Additional scour components at the abutments and embankment toe of slope include bendway and
longitudinal. The addition of all these three scour components reflects the total anticipated scour at a pier
or abutment.

In addition, the potential for lateral migration of the stream was reviewed as a separate component of the
total scour depth.

General and local scour analysis was conducted utilizing Federal Highway Administration (FHWA) HEC-18 -
Evaluating Scour at Bridges, 5" Edition, and methodology and compared with results from HEC-RAS ver4.0
bridge scour analysis tools. The HEC-RAS results were similar in nature, although slightly lower, and do not
take into account some of the site specific items such as bend way, long term, and longitudinal scour.

Long Term Scour Potential

Long term scour calculations are more complex and depend on many factors. There are currently no
detailed sediment transport studies for this region of the Animas River. There is one existing bridge located
approximately 0.87 miles south the proposed pedestrian crossing. At this time inspection records have not
been located to determine any long term trends within the river system or if there are any grade control
structures within the existing bridge. As an estimate for long term scour equation (TS14B-23) for general
scour (regime scour) from NRCS Stream Restoration Design Handbook has been utilized due to the lack of
any additional historical data.

Equation TS14B-23 is based on regime relationships between the discharge within a river, its flood width at
that discharge level, natural channel geometry, and soil characteristics. The relationship between these
parameters was developed into two separate equations utilized as an estimate in potential scour
conditions. As per the NRCS guidelines contained with the handbook, there are two alternative equations
can be averaged or taken as the largest value calculated.
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The results from the scour estimation indicated
there is a potential for scour in the range of 3-ft. As

seen in Figure 5, at river station 1168.34, there is
Localized

approximately 2-ft of localized depression in the Depression

thalweg. The exact mechanism of the drop in
elevation is not known. However, at this time
general scour as calculated in TS14B-23 is assumed
to be the component that could potentially cause
migration of the depression toward the proposed
Aztec Pedestrian Bridge. Therefore the results from

the TS14B-23 have been utilized as the long term scour Figure 6 - Localized Drop in Animas Riverbed
characteristics for the Animas River within the project limits
since there is no evidence of local longterm profile adjustments.

General and Local Scour Potential

Contraction scour potential at the site location is minimal within the channel geometrics. However,
abutment scour is complex due to the configuration of the bridge. During flooding events, discharges will
overtop the main channel and be conveyed along the eastern bank upstream of and through the project
site, resulting in an island effect for the proposed bridge fill of the Aztec Pedestrian Bridge. The overtopping
is a pre-existing condition which is minimally impacted by the introduced bridge fill slopes. Waters in the
eastern floodplain are diverted west around the fill slopes and back into the main body of the Animas River
or southeast along the fill slope toe and will reunite with the main body of the Animas River. Due to the
complexity of this two dimensional scenario several methods for calculating abutment scour, as detailed in
Federal Highway Administration (FHWA) HEC-18 - Evaluating Scour at Bridges,5™ Edition, were reviewed to
validate the overall trend in scour depth potential.

Additional local scour components within the project area include bend way, longitudinal, and pier.
Scour Calculation Summary — Animas River

As a result of this effort, scour calculations have been developed for the 50-, 100-, and 500-year events
using the most recent topographical information along with the proposed bridge geometry. Additional
methodologies for estimated scour depths were calculated using the FHWA's HEC-23 -Bridge Scour and
Stream Instability Countermeasures: Experience, Selection, and Design Guidance-3" Edition, Volume I-Il.
Appendix G contains copies of the resulting products from all scour calculations.
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Table 5 provides a summary of the computed scour depths for the 50-, 100-, and 500-year storm events.

Table 5 - Scour Depth Results at Aztec Pedestrian Bridge

Scour Type | Scour Depth (50-yr)' | Scour Depth (100-yr)* | Scour Depth (500-yr)*
d pier 13.0 13.3 14.4

d (eft Abutment 14.6 15.2 14.4

d Right Abutment - - -

d gendway 7.9 8.7 10.0

d contraction 0.2 0.3 0.8

d Long Term 2.9 3.2 3.7

! All scour depths in feet

Total scour for each structural component of the bridge is based on a summation of all scour potential
including long term, general, and local. As per the New Mexico Department of Transportations guidelines
the design storm for the bridge foundation is the 500-year storm event. Therefore abutment foundations
and piers will need to be designed to withstand the 500-year event without potential failure. Design scour
depths for a 500-Year structure are contained in Table 6.

Table 6 - Design Scour Depths

Scour Type | 50-Year Design Scour’

d pier 14.4+0.8 +3.7 =18.9
d et abutment | 14.4+ 0.8+ 3.7 + 10.0= 29.0

d Right Abutment 0.8+3.7=4.5
! All scour depths in feet

The boring logs indicates that the top of competent rock is at 20-ft below the existing thalweg elevation.
Therefore maximum depths will be limited to 20-ft for the bridge abutments. It was determined that rock
sockets could be utilized for the foundation design.

3.2.5 Scour Countermeasures

During storm events less frequent than the 1% Chance of Flood Event design storm the eastern overbank
can be expected to flood immediately upstream of the proposed bridge (reference Section 3.2.2). Asa
result of this analysis and the minor changes to flow patterns in the eastern overbank, it is recommended
that revetment material be placed along the eastern abutment fill slopes facing up and downstream of the
river to prevent loss of approach fill during the overtopping. Revetment, as depicted in Figure 6, should be
placed a minimum of one foot above the height of impoundment for the 100-Yr event, 5613.19-ft (NAVD
88). See Appendix E for hydraulic analysis results.

Similarly, the overland flow along the eastern floodplain will be directed southward and flow parallel to the
proposed pedestrian pathway as a result of this project. During design storms greater than the 10-year
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event the downstream path alignment will be overtopped. Therefore it is also recommended that stone be
placed along the path embankment as well to protect against longitudinal scour along the toe of the
pathway and reduce potential for the path to be wash away. All revetment configurations will require
flanking and toe down details to stabilize the material during overtopping. Figure 6 is a conceptual
rendering of the proposed extents of revetment protection for both the abutment and pathway fill slopes.
Actual limits and placement of the material will be detailed in the final set of construction documents
developed for construction.

Preliminary sizing and placement of scour countermeasures were developed using guidelines
recommended in USCAE Hydraulic Design of Flood Control Channels (EM 1110-2-1601) and state standard
guidelines. While several alternatives were reviewed rock rip rap was identified as the preferred method
with respect to the site location, ease of installation, and the efforts for both short term and long term
maintenance. As a result of utilizing rip rap, field engineers will be able to monitor the developing scour
through the conditions embankment protection material. Sizing of the rip rap is based upon the increased
velocities experienced at the toe of embankment and the associated depths at those locations. Calculations
for determining stone size and gradation located in Appendix G.

Abutment
Revetment

Pathway
Revetment

Figure 7 - Rendering of Eastern Abutment and Pathway Protection
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Four archeological sites have been reviewed with respect to the proposed project. Evaluations consist of
pre- and post-design conditions in order to assess increase in erosion potential due to the proposed bridge
placement. Table 7 is a review of each site and the existing hydraulic conditions (subscript E) and the
proposed hydraulic conditions (subscript P).

Table 7 - Review of Existing Archeological Sites

Site Name | Vuee | Vaver | Davee | Daver
LA 1674 2.77 2.77 3.83 3.84
LA 65325 2.03 2.03 2.35 2.70
LA 69331 2.73 2.73 1.83 1.83
New Site 1.76 1.80 2.48 2.52

V represents velocity while D represents depth

Based on a review of the proposed conditions hydraulic model results and the cross sections relative the
archeological sites, it has been determined there is minimal impact to the existing hydraulics at each
location. Two of the identified sites will experience minor relative change in scour conditions, these sites
are New Site and LA 65325. Both sites are in the immediate vicinity of the proposed Aztec Pedestrian
Bridge.

Upstream of the bridge, site LA 65325 is a location in which overbank discharge will be directed southward
by the proposed bridge embankment slopes. Modeling velocities and headwaters indicate there will not be
an increase in erosion due to the proposed bridge layout. However, care must be taken to not disturb the
area while revetment is placed along the fill slopes.

Downstream of the bridge, the New Site is along the outer perimeter of the bend way of the river. Since
there is relatively no constriction of the discharge through the structure there is only a minor increase in
relative velocities along the outer perimeter. With the abrupt change in channel alignment it is probable
that the right bank consists of rock outcropping and as such further erosion in this location is believed to be
negligible.

As a result of this effort, the project has identified the potential for minimal to no impacts to the existing
archeological sites as identified by Aztec Ruins National Monument and the National Park Service.
Mitigation measures to ensure no disturbance to the sites will include placement of an appropriate size
revetment to stabilize the surrounding soils.

3.3 Conclusions and Recommendations

The proposed pedestrian bridge crossing for the Animas River will provide connectivity to additional
parking for the monument and expand visitor opportunities, as identified in the Aztec Ruins National
Monument General Management Plan. As a result of the proposed bridge, visitors would be able to park
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on the south side of the Animas River and walk to events and facilities on the north side of the river at the
monument.

In order to develop a safe and economical structure the local regulatory hydrology, or effective FIS, was
used as the basis of design. An internal review of the hydrology has confirmed the regulatory discharge
values are a conservative estimate of peak flow rates when compared to historical stream gage data from
locations up- and down-stream from the project site. However, updating of the base flood events and their
order of magnitude for the Animas River could provide an opportunity for future projects to be further
optimized and ultimately reduce construction costs. It is advisable to examine opportunities for a thorough
review of the contributing watersheds and the hydrologic assumptions contained within.

This study has been conducted to ascertain the affects to the existing FEMA flood zone designated as Zone
A and the water surface impacts associated with the project. The trail corridor and its 3990 cubic yards of
borrow material are reflected within the proposed modeling cross sections and bridge abutments. Modified
cross sections reflect the extraction of elevation data from terrain surfaces with the bridge and fill slopes in
place. As a result of these efforts, it has concluded that floodplain impacts immediately upstream of the
bridge are significant for a short distance upstream of the bridge and diminishes further upstream. The
maximum rise in water surface elevation of 0.47-ft, for the 100-yr event, will be incurred upstream of the
proposed project.

The alternatives evaluated result in water surface elevation changes in the vicinity of the bridge and for a
distance upstream and downstream. 44 CFR 60.3 requires that it be demonstrated that the flood carrying
capacity has been maintained. The standard for maintenance of flood carrying capacity is described in 44
CFR 60.3 (c) (10) “....it is demonstrated that the cumulative effect of the proposed development, when
combined with all other existing and anticipated development, will not increase the water surface elevation
of the base flood more than one foot at any point within the community.” This analysis described the
impacts of this project alone, but cannot consider future undefined encroachments in the floodplain
without a regulatory floodway. Assuming that there have not been any encroachments within this reach of
the Animas River floodplain since 1988 and there not be any future encroachments in this reach of the
Animas River, this project will be compliant with 44 CFR 60.3 with respect to water surface impacts. In the
absence of a regulatory floodway, the City must manage future encroachments such that any additional
encroachments consider cumulative impacts of this project in conjunction with those future floodplain
encroachments such that the maximum cumulative rise does not exceed 1.0 feet. The City of Aztec will be
required to permit the proposed bridge and verify that it is compliant with 44 CFR 60.3 and 44 CFR 65.12 as
well as their local floodplain ordinance. San Juan County may also be required to permit the project if any
of the impacts extend into that jurisdiction. This analysis provides support for that determination.

The potential for future development is typically the challenge when evaluating potential cumulative
impacts of the proposed project in conjunction with future encroachments. Considering land ownership
(federal lands), suitability for development (slope, soils, floodplain constraints, etc.), and some assessment
may be needed when considering the potential for cumulative effects. The impact of the construction of
the connecting trail system has not been considered in this analysis since it has not yet been defined. If the
pathway can be constructed at existing grade, additional impacts associated with the trail construction may
be minimized.
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At the discretion of the City of Aztec, if it is deemed that cumulative impacts will not exceed the allowable
rise, a CLOMR submittal to FEMA could be avoided and the encroachment could be permitted locally. It is
advised that if a CLOMR is the desired option, FEMA will require (in accordance with Procedural
Memorandum 64) verification of USFWS concurrence of no impacts to endangered species or that
appropriate clearances have been obtained for any impacts to endangered or listed species.

River mechanics indicate there are active scour conditions in both the existing and proposed conditions.
The existing shelf, just downstream of the project, in the vertical river alignment coupled with the
pronounced radial bend in the river alignment in the immediate vicinity of the project site are both
contributing potential increases in the scour depths associated with the placement of a structure within the
floodplain. Mitigation against abutment and pier scour will be necessary.

These conditions along with localized scour holes due to the structure will be addressed with rip rap and
filter fabric materials that can be monitored regularly by both maintenance crews and field engineers. The
revetment will provide additional support for stable slope conditions and mitigate changes in bed form near
the toe of the embankments. Abutments foundations depths are within the range of bedrock and will be
socketed into the material which has been classified as stable and non-erosive.
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Appendix A

Location and Vicinity Maps
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Appendix B

FEMA FIRM Panel
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Appendix C

Stream Gage Analysis
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--- Input Data ---

Analysis Name: USGS 09364500 ANIMAS RIVER
Description: USGS 09364500 ANIMAS RIVER AT FARMINGTON, NM

Data Set Name: ANIMAS RIVER-FARMINGTON, NM-FLOW-ANNUAL PEAK
DSS File Name: C:\Documents and Settings\mforest\My
Documents\HEC\Animas_at_Farmington\Animas_at_Farmington.dss
DSS Pathname: /ANIMAS RIVER/FARMINGTON, NM/FLOW-ANNUAL
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RIVER\USGS_09364500_ANIMAS_RIVER.xml
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Use Low Outlier Threshold
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Display ordinate values using 1 digits in fraction part of value

--- End of Input Data ---

--- Preliminary Results ---

<< Plotting Positions >>
ANIMAS RIVER-FARMINGTON, NM-FLOW-ANNUAL PEAK

Events Analyzed Oordered Events

FLOW water FLOW Weibull

Day Mon Year CFS Rank Year CFS Plot Pos
06 oct 1911 -—- 1 1927 25,000.0 1.03
27 May 1913 4,400.0 2 1941 12,800.0 2.06
02 Jun 1914 9,500.0 3 1920 11,300.0 3.09
20 Jun 1915 6,500.0 4 1949 11,200.0 4.12
11 Jun 1916 6,600.0 5 1947 11,200.0 5.15
11 oct 1916 10,000.0 6 1921 11,000.0 6.19
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17 Aug 1977 2,360.0
16 Jun 1978 5,300.0
28 May 1979 8,390.0
12 Jun 1980 8,460.0
08 Jun 1981 4,050.0
03 Jun 1982 3,840.0
31 May 1983 6,320.0
25 May 1984 7,560.0
10 Jun 1985 9,120.0
19 Jul 1986 8,130.0
10 Jun 1987 6,060.0
11 Jun 1988 6,350.0
29 May 1989 2,420.0
11 sep 1991 4,750.0
28 May 1992 4,170.0
28 May 1993 7,790.0
04 Jun 1994 5,440.0
16 Jun 1995 8,270.0
17 May 1996 3,920.0
02 Jun 1997 8,420.0
03 Jun 1998 4,260.0
09 Jul 1999 7,730.0
24 May 2000 4,130.0
17 May 2001 5,050.0
11 sep 2002 1,920.0
09 Sep 2003 4,690.0
21 Sep 2004 4,050.0
25 May 2005 8,940.0
25 May 2006 3,640.0
04 oct 2006 8,890.0
21 May 2008 6,890.0
12 May 2009 5,740.0

65 1913 4,400.0 67.01
66 1961 4,280.0 68.04
67 1943 4,280.0 69.07
68 1956 4,270.0 70.10
69 1998 4,260.0 71.13
70 1976 4,260.0 72.16
71 1962 4,250.0 73.20
72 1946 4,250.0 74.23
73 1964 4,230.0 75.26
74 1992 4,170.0 76.29
75 1969 4,150.0 77.32
76 2000 4,130.0 78.35
77 2004 4,050.0 79.38
78 1981 4,050.0 80.41
79 1967 4,030.0 81.44
80 1996 3,920.0 82.47
81 1982 3,840.0 83.51
82 1966 3,760.0 84.54
83 1940 3,740.0 85.57
84 2006 3,640.0 86.60
85 1963 3,520.0 87.63
86 1971 3,360.0 88.66
87 1950 3,030.0 89.69
88 1972 3,000.0 90.72
89 1939 2,930.0 91.75
90 1959 2,560.0 92.78
91 1931 2,500.0 93.81
92 1989 2,420.0 94 .85
93 1977 2,360.0 95.88
94 2002 1,920.0* 96.91
95 1934 1,830.0* 97.94
96 1912 -—- 98.97
outlier

Note: Adopted skew equals station skew and preliminary
frequency statistics are for the conditional frequency curve
because of zero or missing events.

<< Frequency curve >>
ANIMAS RIVER-FARMINGTON, NM-

Computed Expected
Curve Probability
FLOW, CFS
21,005.2 21,798.2
18,479.6 19,012.7
16,609.8 16,988.7
14,767.5 15,023.3
12,355.6 12,492.2
10,524.2 10,598.1
8,644.0 8,676.1
5,885.9 5,885.9
3,966.9 3,951.2

FLOW-ANNUAL PEAK

Percent Confidence Limits

Chance 0.05 0.95
Exceedance FLOW, CFS
0.2 25,481.0 17,974.8
0.5 22,069.5 16,002.7
1.0 19,585.4 14,522.7
2.0 17,176.5 13,044.9
5.0 14,089.9 11,074.4
10.0 11,806.7 9,543.6
20.0 9,531.3 7,929.5
50.0 6,368.5 5,441.1
80.0 4,323.5 3,598.8
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| 3,214.2 3,189.6 | 90.0 | 3,546.7 2,862.5 |
| 2,695.7 2,662.9 | 95.0 | 3,013.4 2,357.6 |
I 1,927.8 1,877.7 I 99.0 I 2,217.6 1,622.5 i
<< Conditional Statistics >>
ANIMAS RIVER-FARMINGTON, NM-FLOW-ANNUAL PEAK
Log Transform:
FLOW, CFS Number of Events

Mean 3.767 Historic Events 0

Standard Dev 0.201 High outliers 0

Station Skew -0.094 Low Outliers 0

Regional Skew 0.070 Zero Events 0

weighted Skew -—- Missing Events 1

Adopted Skew -0.094 Systematic Events 96

<< Conditional Probability Adjusted Ordinates >>

<< Frequency curve >>
ANIMAS RIVER-FARMINGTON, NM-FLOW-ANNUAL PEAK

Computed Expected Percent Confidence Limits

Curve Probability Chance 0.05 0.95

FLOW, CFS Exceedance FLOW, CFS
20,975.8 -—- 0.2 --- -—-
18,451.0 -—- 0.5 --- -—-
16,581.7 -—- 1.0 --- -—-
14,739.8 -—- 2.0 --- -—-
12,327.9 -—- 5.0 --- -—-
10,496.1 -—- 10.0 --- -—-
8,614.7 -—- 20.0 --- -—-
5,850.0 -—- 50.0 --- -—-
3,909.5 -—- 80.0 --- -—-
3,128.3 -—- 90.0 --- -—-
2,560.1 -—- 95.0 --- -—-
--- -—- 99.0 --- -—-

Based on 95 events, 10 percent outlier test deviate K(N) = 3
Computed low outlier test value = 1,457.24

2 Tow outlier(s) identified below input threshold of 2,000

Based on statistics after 0 zero events and 1 missing events were deleted.
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Statistics and frequency curve adjusted for 2 low outlier(s)

Based on 95 events, 10 percent outlier test deviate K(N) = 3
Computed high outlier test value = 23,431.1

1 high outlier(s) identified above test value of 23,431.1
* Note - Collection of historical information and #
* comparison with similar data should be explored, *
if not incorporated in this analysis. *

Statistics and frequency curve adjusted for 1 high outlier(s)

<< Cconditional Statistics >>
ANIMAS RIVER-FARMINGTON, NM-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 3.777 Historic Events 0
Standard Dev 0.189 High outliers 1
Station Skew 0.107 Low Outliers 2
Regional Skew 0.070 Zero Events 0
weighted Skew -—- Missing Events 1
Adopted Skew -0.094 Systematic Events 96

Note: Statistics and frequency curve were modified
using conditional probablity adjustment.

--- Final Results ---

<< Plotting Positions >>
ANIMAS RIVER-FARMINGTON, NM-FLOW-ANNUAL PEAK

Events Analyzed Oordered Events

FLOW water FLOW Weibull

Day Mon Year CFS Rank Year CFS Plot Pos
06 oct 1911 -—- 1 1927 25,000.0 1.01
27 May 1913 4,400.0 2 1941 12,800.0 2.03
02 Jun 1914 9,500.0 3 1920 11,300.0 3.06
20 Jun 1915 6,500.0 4 1949 11,200.0 4.09
11 Jun 1916 6,600.0 5 1947 11,200.0 5.12
11 oct 1916 10,000.0 6 1921 11,000.0 6.16
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17 Aug 1977 2,360.0 65 1913 4,400.0 67.01
16 Jun 1978 5,300.0 66 1961 4,280.0 68.04
28 May 1979 8,390.0 67 1943 4,280.0 69.07
12 Jun 1980 8,460.0 68 1956 4,270.0 70.10
08 Jun 1981 4,050.0 69 1998 4,260.0 71.13
03 Jun 1982 3,840.0 70 1976 4,260.0 72.16
31 mMay 1983 6,320.0 71 1962 4,250.0 73.20
25 May 1984 7,560.0 72 1946 4,250.0 74.23
10 Jun 1985 9,120.0 73 1964 4,230.0 75.26
19 Jul 1986 8,130.0 74 1992 4,170.0 76.29
10 Jun 1987 6,060.0 75 1969 4,150.0 77 .32
11 Jun 1988 6,350.0 76 2000 4,130.0 78.35
29 May 1989 2,420.0 77 2004 4,050.0 79.38
11 Sep 1991 4,750.0 78 1981 4,050.0 80.41
28 May 1992 4,170.0 79 1967 4,030.0 81.45
28 May 1993 7,790.0 80 1996 3,920.0 82.48
04 Jun 1994 5,440.0 81 1982 3,840.0 83.51
16 Jun 1995 8,270.0 82 1966 3,760.0 84.54
17 May 1996 3,920.0 83 1940 3,740.0 85.57
02 Jun 1997 8,420.0 84 2006 3,640.0 86.60
03 Jun 1998 4,260.0 85 1963 3,520.0 87.63
09 Jul 1999 7,730.0 86 1971 3,360.0 88.67
24 May 2000 4,130.0 87 1950 3,030.0 89.70
17 may 2001 5,050.0 88 1972 3,000.0 90.73
11 Sep 2002 1,920.0 89 1939 2,930.0 91.76
09 Sep 2003 4,690.0 90 1959 2,560.0 92.79
21 Sep 2004 4,050.0 91 1931 2,500.0 93.82
25 May 2005 8,940.0 92 1989 2,420.0 94.85
25 May 2006 3,640.0 93 1977 2,360.0 95.89
04 oct 2006 8,890.0 94 2002 1,920.0* 96.92
21 May 2008 6,890.0 95 1934 1,830.0* 97.95
12 mMay 2009 5,740.0 96 1912 -—- 98.98

Note: Plotting positions based on historic period (H) = 98

Number of historic events plus high outliers (z2) =1

weighting factor for systematic events (W) = 1.0211

Ooutlier
<< Skew weighting >>
Based on 96 events, mean-square error of station skew = 0.061
Mean-square error of regional skew = 0.303
<< Frequency curve >>
ANIMAS RIVER-FARMINGTON, NM-FLOW-ANNUAL PEAK
Computed Expected Percent Confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
22,112.4 23,075.1 0.2 26,890.3 18,891.9
19,102.1 19,726.1 0.5 22,814.9 16,546.6
16,949.1 17,378.4 1.0 19,953.6 14,843.3
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<< Synthetic Statistics
ANIMAS RIVER-FARMINGTON,

Log Transform:
FLOW, CFS

Mean

Standard Dev

Station Skew

Regional Skew
weighted Skew
Adopted Skew

14,890.7 15,172.
12,291.0 12,434.
10,388.8 10,464.
8,499.9 8,531.
5,841.9 5,841.
4,061.5 4,047.
3,373.9 3,352.
2,901.6 2,872.
2,199.0 2,153.

0 2.0 17,266.0 13,191.0
2 5.0 13,949.3 11,062.5
4 10.0 11,589.1 9,466.7
7 20.0 9,317.1 7,837.0
9 50.0 6,291.3 5,423.3
5 80.0 4,406.0 3,703.9
1 90.0 3,700.0 3,027.5
1 95.0 3,216.9 2,564.2
6 99.0 2,494.8 1,883.8
>>
NM-FLOW-ANNUAL PEAK
Number of Events

3.770 Historic Events 0
0.191 High outliers 1
0.120 Low Outliers 2
0.070 Zero Events 0
0.111 Missing Events 1
0.111 Systematic Events 96

Historic Period 98

--- End of Analytical Frequency Curve ---
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Bulletin 17B Frequency Analysis
10 mMar 2011 11:26 AM

---— Input Data ---

Analysis Name: Animas River
Description: USGS 09363500 ANIMAS RIVER NEAR CEDAR HILL, NM

Data Set Name: Animas River at Colorado Border-CEDAR HILL, NM-FLOW-ANNUAL
PEAK

DSS File Name: C:\Documents and Settings\mforest\My
Documents\HEC\Animas_River\Animas_River.dss

DSS Pathname: /ANIMAS RIVER/CEDAR HILL, NM/FLOW-ANNUAL
PEAK/Oljanl900/IR—CENTURY/USGS/

Report File Name: C:\Documents and Settings\mforest\My
Documents\HEC\Animas_River\Bulletinl7bResults\Animas_River\Animas_River.rpt
XML File Name: C:\Documents and Settings\mforest\My
Documents\HEC\Animas_River\Bulletinl7bResults\Animas_River\Animas_River.xml

Start Date:
End Date:

Skew Option: Use Weighted Skew
Regional Skew: 0.07
Regional Skew MSE: 0.303

Plotting Position Type: Weibull

Upper Confidence Level: 0.05
Lower Confidence Level: 0.95

Display ordinate values using 1 digits in fraction part of value

--- End of Input Data ---
--- Preliminary Results ---

<< Skew weighting >>

Based on 75 events, mean-square error of station skew = 0.081
Mean-square error of regional skew = 0.303

<< Frequency Curve >>
Animas River at Colorado Border-CEDAR HILL, NM-FLOW-ANNUAL PEAK

| Computed Expected | Percent | Confidence Limits |
| curve Probability | Chance | 0.05 0.95 |
| FLOW, CFS I Exceedance I FLOW, CFS

| 16,818.4 -—= 0.2 | 20,383.5 14,461.7 |
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15,089.8 --- 0.5 18,013.4 13,120.5
13,781.3 --- 1.0 16,248.3 12,091.6
12,465.0 --- 2.0 14,500.9 11,042.8
10,695.8 --- 5.0 12,202.7 9,606.9
9,312.0 --- 10.0 10,452.6 8,457.3
7,848.4 --- 20.0 8,658.2 7,206.8
5,602.6 --- 50.0 6,060.3 5,181.2
3,946.9 --- 80.0 4,297.0 3,579.5
3,268.9 --- 90.0 3,602.5 2,908.3
2,790.0 --- 95.0 3,114.8 2,435.8
2,058.5 --- 99.0 2,365.5 1,726.3

<< Systematic Statistics >>
Animas River at Colorado Border-CEDAR HILL, NM-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 3.744 Historic Events 0
Standard Dev 0.178 High outliers 0
Station Skew -0.193 Low Outliers 0
Regional Skew 0.070 Zero Events 0
weighted Skew -0.137 Missing Events 0
Adopted Skew -0.137 Systematic Events 75

--- End of Preliminary Results ---

Based on 75 events, 10 percent outlier test deviate K(N) = 2.917
Computed low outlier test value = 1,684.66

1 Tow outlier(s) identified below test value of 1,684.66

Statistics and frequency curve adjusted for 1 Tow outlier(s)

Based on 75 events, 10 percent outlier test deviate K(N) = 2.917
Computed high outlier test value = 18,287.59

0 high outlier(s) identified above test value of 18,287.59

<< Systematic Statistics >>
Animas River at Colorado Border-CEDAR HILL, NM-FLOW-ANNUAL PEAK

| Log Transform: | |
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FLOW, CFS Number of Events
Mean 3.752 Historic Events 0
Standard Dev 0.165 High outliers 0
Station Skew 0.240 Low Outliers 1
Regional Skew 0.070 Zero Events 0
weighted Skew -0.137 Missing Events 0
Adopted Skew -0.137 Systematic Events 75

Note: Statistics and frequency curve were modified
using conditional probablity adjustment.

--- Final Results ---

<< Plotting Positions >>
Animas River at Colorado Border-CEDAR HILL, NM-FLOW-ANNUAL PEAK

Events Analyzed Oordered Events

FLOW water FLOW Weibull

Day Mon Year CFS Rank Year CFS Plot Pos
16 Jun 1935 9,540.0 1 1949 13,100.0 1.32
30 Aug 1936 6,650.0 2 1970 12,140.0 2.63
18 may 1937 6,410.0 3 1941 11,900.0 3.95
30 Jun 1938 8,700.0 4 1957 10,800.0 5.26
22 May 1939 3,210.0 5 1973 10,600.0 6.58
15 mMay 1940 4,020.0 6 1952 9,740.0 7.89
14 mMay 1941 11,900.0 7 1935 9,540.0 9.21
25 oct 1941 6,650.0 8 1958 9,400.0 10.53
01 mMay 1943 4,460.0 9 2005 9,350.0 11.84
16 mMay 1944 7,780.0 10 1948 9,100.0 13.16
15 Jun 1945 4,760.0 11 1979 8,710.0 14.47
08 Jun 1946 4,660.0 12 1938 8,700.0 15.79
22 Aug 1947 7,340.0 13 1993 8,600.0 17.11
20 May 1948 9,100.0 14 1985 8,450.0 18.42
19 Jun 1949 13,100.0 15 1997 8,420.0 19.74
01 Jun 1950 3,570.0 16 1995 8,380.0 21.05
28 May 1951 4,690.0 17 1980 8,200.0 22.37
11 Jun 1952 9,740.0 18 1975 8,020.0 23.68
13 Jun 1953 5,610.0 19 1984 8,010.0 25.00
11 may 1954 5,050.0 20 1944 7,780.0 26.32
09 Jun 1955 5,090.0 21 1947 7,340.0 27.63
01 Jun 1956 4,560.0 22 1968 6,960.0 28.95
06 Jun 1957 10,800.0 23 2008 6,770.0 30.26
28 May 1958 9,400.0 24 1965 6,740.0 31.58
07 Jun 1959 3,360.0 25 1942 6,650.0 32.89
04 Jun 1960 5,610.0 26 1936 6,650.0 34.21
28 May 1961 4,950.0 27 1983 6,530.0 35.53
12 May 1962 4,690.0 28 1937 6,410.0 36.84
09 mMay 1963 4,140.0 29 2007 6,300.0 38.16
24 May 1964 4,500.0 30 1986 5,760.0  39.47
21 Jun 1965 6,740.0 31 2001 5,750.0 40.79
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08 May 1966 4,140.0 32 2009 5,700.0 42.11
13 Aug 1967 5,260.0 33 1960 5,610.0 43.42
06 Jun 1968 6,960.0 34 1953 5,610.0 44.74
23 May 1969 4,750.0 35 1987 5,580.0 46.05
06 Sep 1970 12,140.0 36 1999 5,430.0 47.37
22 Jun 1971 3,300.0 37 2003 5,370.0 48.68
02 Jun 1972 3,020.0 38 1967 5,260.0 50.00
20 oct 1972 10,600.0 39 1992 5,220.0 51.32
27 May 1974 2,880.0 40 1978 5,160.0 52.63
16 Jun 1975 8,020.0 41 1955 5,090.0 53.95
05 Jun 1976 3,970.0 42 1954 5,050.0 55.26
16 Aug 1977 3,340.0 43 1961 4,950.0 56.58
16 Jun 1978 5,160.0 44 1998 4,820.0 57.89
28 May 1979 8,710.0 45 1990 4,800.0 59.21
12 Jun 1980 8,200.0 46 1994 4,790.0 60.53
08 Jun 1981 4,060.0 47 1945 4,760.0 61.84
03 Jun 1982 4,180.0 48 1969 4,750.0 63.16
31 may 1983 6,530.0 49 1962 4,690.0 64.47
24 May 1984 8,010.0 50 1951 4,690.0 65.79
09 Jun 1985 8,450.0 51 1946 4,660.0 67.11
07 Jun 1986 5,760.0 52 1956 4,560.0 68.42
15 Jun 1987 5,580.0 53 2000 4,540.0 69.74
08 Jun 1988 3,390.0 54 1964 4,500.0 71.05
24 May 1989 2,750.0 55 1943 4,460.0 72.37
06 Jun 1990 4,800.0 56 1991 4,250.0 73.68
11 Sep 1991 4,250.0 57 1982 4,180.0 75.00
27 May 1992 5,220.0 58 1966 4,140.0 76.32
28 May 1993 8,600.0 59 1963 4,140.0 77.63
01 Jun 1994 4,790.0 60 1981 4,060.0 78.95
16 Jun 1995 8,380.0 61 2004 4,050.0 80.26
17 May 1996 4,020.0 62 1996 4,020.0 81.58
02 Jun 1997 8,420.0 63 1940 4,020.0 82.89
03 Jun 1998 4,820.0 64 1976 3,970.0 84.21
18 Jun 1999 5,430.0 65 1950 3,570.0 85.53
21 May 2000 4,540.0 66 1988 3,390.0 86.84
16 May 2001 5,750.0 67 1959 3,360.0 88.16
13 Sep 2002 1,440.0 68 1977 3,340.0 89.47
09 Sep 2003 5,370.0 69 1971 3,300.0 90.79
08 Jun 2004 4,050.0 70 2006 3,240.0 92.11
24 May 2005 9,350.0 71 1939 3,210.0 93.42
25 May 2006 3,240.0 72 1972 3,020.0 94.74
07 oct 2006 6,300.0 73 1974 2,880.0 96.05
23 May 2008 6,770.0 74 1989 2,750.0 97.37
15 mMay 2009 5,700.0 75 2002 1,440.0* 98.68
outlier
<< Skew weighting >>
Based on 75 events, mean-square error of station skew = 0.085
Mean-square error of regional skew = 0.303

<< Frequency Curve >>
Animas River at Colorado Border-CEDAR HILL, NM-FLOW-ANNUAL PEAK
Page 4
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Computed Expected Percent Confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
18,492.8 -—- 0.2 22,617.8 15,805.3
16,109.9 -—- 0.5 19,317.8 13,971.6
14,406.4 -—- 1.0 17,006.1 12,639.0
12,777.3 -—- 2.0 14,837.4 11,344.5
10,716.5 -—- 5.0 12,162.4 9,671.9
9,203.9 -—- 10.0 10,257.6 8,411.3
7,694.5 -—- 20.0 8,420.3 7,113.8
5,547.2 -—- 50.0 5,962.5 5,158.1
4,079.2 -—- 80.0 4,414.1 3,724.9
3,500.7 -—- 90.0 3,825.5 3,147.5
3,097.6 -—- 95.0 3,418.0 2,745.5
2,485.7 -—- 99.0 2,798.7 2,141.6

<< Synthetic Statistics >>
Animas River at Colorado Border-CEDAR HILL, NM-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 3.750 Historic Events 0
Standard Dev 0.164 High outliers 0
Station Skew 0.266 Low Outliers 1
Regional Skew 0.070 Zero Events 0
weighted Skew 0.223 Missing Events 0
Adopted Skew 0.223 Systematic Events 75

--- End of Analytical Frequency Curve ---

Page 5



Bullfin 178 Plotfor Animas River

Retum Period
10 i1 2 b0 5 100 200 50 1000 10000
100000'0 | | | | | | | | |
0
¢
3 1000007
9
L
0
10000 I I I I I I I I I I I
09999 0999 099 03 05 01210 0020010005 0002 00001
Probailty
— Gomputed Curve === 5 Percen Confidence Limt === 95 Petcent Cofidgnce Lini O Observed Events (Weul lting pstions

0 Low Oufler



Appendix D

Proposed Bridge Plans

Animas River Pedestrian Bridge, Final Bridge Hydraulics Report
Project No. PN/CNF 100120 |
March 2013
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Appendix E

HEC-RAS Results

Animas River Pedestrian Bridge, Final Bridge Hydraulics Report
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HEC-RAS Plan: Exst Condt River: Animas Reach: PedBridge

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)
PedBridge 2738.528 FIS 50-Yr 18000.00 5604.95 5616.36 5614.81 5617.16 0.002709 7.79 3490.45 1275.67 0.52
PedBridge 2738.528 FIS 100-Yr 21500.00 5604.95 5617.03 5615.90 5617.81 0.002459 7.90 4375.75 1358.37 0.51
PedBridge 2738.528 FIS 500-Yr 30000.00 5604.95 5618.49 5616.85 5619.19 0.001982 7.98 6359.17 1405.18 0.47
PedBridge 2507.386 FIS 50-Yr 18000.00 5604.16 5616.19 5613.65 5616.61 0.001375 5.83 4657.09 1529.28 0.38
PedBridge 2507.386 FIS 100-Yr 21500.00 5604.16 5616.86 5614.34 5617.29 0.001313 6.05 5444.74 1533.56 0.38
PedBridge 2507.386 FIS 500-Yr 30000.00 5604.16 5618.29 5615.51 5618.76 0.001223 6.52 7137.40 1545.15 0.37
PedBridge 2321.451 FIS 50-Yr 18000.00 5603.53 5615.64 5613.61 5616.27 0.002014 717 3916.62 1392.77 0.46
PedBridge 2321.451 FIS 100-Yr 21500.00 5603.53 5616.34 5613.87 5616.97 0.001874 7.35 4653.91 1397.07 0.45
PedBridge 2321.451 FIS 500-Yr 30000.00 5603.53 5617.80 5615.61 5618.46 0.001697 7.80 6200.40 1408.40 0.44
PedBridge 2133.271 FIS 50-Yr 18000.00 5602.26 5614.85 5613.09 5615.81 0.002730 8.84 3503.54 1069.17 0.55
PedBridge 2133.271 FIS 100-Yr 21500.00 5602.26 5615.53 5614.29 5616.53 0.002659 9.21 4118.82 1075.25 0.55
PedBridge 2133.271 FIS 500-Yr 30000.00 5602.26 5616.93 5615.30 5618.04 0.002620 10.10 5382.15 1087.29 0.56
PedBridge 2034.263 FIS 50-Yr 18000.00 5602.92 5614.88 5612.80 5615.50 0.002061 7.78 4153.48 865.44 0.47
PedBridge 2034.263 FIS 100-Yr 21500.00 5602.92 5615.58 5613.33 5616.23 0.002035 8.08 4761.57 871.07 0.48
PedBridge 2034.263 FIS 500-Yr 30000.00 5602.92 5617.00 5614.62 5617.74 0.002031 8.89 6030.73 913.69 0.49
PedBridge 1868.017 FIS 50-Yr 18000.00 5602.35 5614.27 5615.13 0.002514 8.62 3489.55 746.61 0.52
PedBridge 1868.017 FIS 100-Yr 21500.00 5602.35 5614.94 5615.85 0.002533 9.07 3991.01 757.62 0.53
PedBridge 1868.017 FIS 500-Yr 30000.00 5602.35 5616.31 5617.36 0.002608 10.02 5071.11 822.36 0.55
PedBridge 1729.251 FIS 50-Yr 18000.00 5601.05 5612.89 5612.29 5614.60 0.004671 11.60 2493.99 640.67 0.72
PedBridge 1729.251 FIS 100-Yr 21500.00 5601.05 5613.67 5613.26 5615.35 0.004381 11.82 2998.47 652.18 0.70
PedBridge 1729.251 FIS 500-Yr 30000.00 5601.05 5614.94 5614.38 5616.84 0.004592 13.05 3876.73 752.33 0.73
PedBridge 1498.38 FIS 50-Yr 18000.00 5600.88 5611.87 5611.09 5613.58 0.004459 11.23 2384.09 800.41 0.70
PedBridge 1498.38 FIS 100-Yr 21500.00 5600.88 5612.73 5612.05 5614.42 0.004042 11.44 2944.88 873.64 0.68
PedBridge 1498.38 FIS 500-Yr 30000.00 5600.88 5614.74 5613.35 5615.89 0.002520 10.36 5114.16 965.64 0.55
PedBridge 1436.607 FIS 50-Yr 18000.00 5600.67 5612.31 5610.80 5613.12 0.002376 8.44 3264.89 913.48 0.52
PedBridge 1436.607 FIS 100-Yr 21500.00 5600.67 5613.21 5611.48 5613.97 0.002051 8.40 3935.08 979.47 0.49
PedBridge 1436.607 FIS 500-Yr 30000.00 5600.67 5615.02 5612.49 5615.61 0.001440 7.93 6160.81 1023.40 0.42
PedBridge 1349.852 FIS 50-Yr 18000.00 5601.27 5612.19 5610.05 5612.91 0.001760 7.81 3443.32 816.70 0.45
PedBridge 1349.852 FIS 100-Yr 21500.00 5601.27 5613.08 5610.73 5613.79 0.001611 7.94 4057.31 874.23 0.44
PedBridge 1349.852 FIS 500-Yr 30000.00 5601.27 5614.65 5611.98 5615.46 0.001592 8.69 5156.30 965.23 0.45
PedBridge 1272.965 FIS 50-Yr 18000.00 5601.01 5612.11 5609.83 5612.75 0.001570 7.49 3471.52 730.39 0.43
PedBridge 1272.965 FIS 100-Yr 21500.00 5601.01 5613.00 5610.36 5613.65 0.001463 7.67 4027.64 790.57 0.42
PedBridge 1272.965 FIS 500-Yr 30000.00 5601.01 5614.54 5611.61 5615.31 0.001500 8.52 4994.07 863.16 0.43
PedBridge 1168.34 FIS 50-Yr 18000.00 5598.69 5611.73 5609.97 5612.58 0.002115 8.73 3080.63 674.96 0.50
PedBridge 1168.34 FIS 100-Yr 21500.00 5598.69 5612.67 5610.67 5613.49 0.001893 8.80 3629.56 734.39 0.48
PedBridge 1168.34 FIS 500-Yr 30000.00 5598.69 5614.30 5611.78 5615.18 0.001813 9.48 5044.57 815.09 0.48
PedBridge 986.5015 FIS 50-Yr 18000.00 5599.31 5610.73 5612.10 0.003121 10.30 2346.09 493.75 0.60
PedBridge 986.5015 FIS 100-Yr 21500.00 5599.31 5611.63 5613.05 0.002960 10.69 2832.49 599.58 0.59
PedBridge 986.5015 FIS 500-Yr 30000.00 5599.31 5613.36 5614.78 0.002622 11.18 3937.13 682.12 0.57
PedBridge 837.0912 FIS 50-Yr 18000.00 5599.10 5610.57 5611.63 0.002051 8.64 2520.12 495.44 0.49
PedBridge 837.0912 FIS 100-Yr 21500.00 5599.10 5611.50 5612.60 0.001970 9.00 2998.08 543.39 0.49
PedBridge 837.0912 FIS 500-Yr 30000.00 5599.10 5613.14 5614.39 0.001972 9.90 3963.92 656.82 0.50
PedBridge 725.7859 FIS 50-Yr 18000.00 5599.24 5609.06 5607.91 5611.18 0.005126 11.83 1670.13 393.17 0.75
PedBridge 725.7859 FIS 100-Yr 21500.00 5599.24 5609.42 5609.28 5612.08 0.006154 13.35 1815.88 429.58 0.82
PedBridge 725.7859 FIS 500-Yr 30000.00 5599.24 5611.10 5610.98 5613.93 0.005447 14.23 2615.99 518.67 0.80
PedBridge 554.5787 FIS 50-Yr 18000.00 5597.16 5608.75 5610.29 0.003507 10.39 2120.96 389.38 0.63
PedBridge 554.5787 FIS 100-Yr 21500.00 5597.16 5608.91 5607.83 5611.00 0.004657 12.13 2184.36 394.86 0.72
PedBridge 554.5787 FIS 500-Yr 30000.00 5597.16 5609.68 5609.60 5612.87 0.006493 15.15 2502.78 439.88 0.87
PedBridge 404.7002 FIS 50-Yr 18000.00 5596.65 5607.16 5607.16 5609.56 0.005678 13.04 1773.56 582.03 0.79
PedBridge 404.7002 FIS 100-Yr 21500.00 5596.65 5608.24 5608.24 5610.31 0.004604 12.60 2402.94 799.47 0.73
PedBridge 404.7002 FIS 500-Yr 30000.00 5596.65 5609.38 5609.38 5611.78 0.005062 14.14 3093.39 913.65 0.78
PedBridge 195.249 FIS 50-Yr 18000.00 5595.94 5606.96 5606.62 5608.26 0.003244 10.52 2661.87 929.85 0.61
PedBridge 195.249 FIS 100-Yr 21500.00 5595.94 5607.56 5607.10 5608.89 0.003226 10.93 3087.38 1017.89 0.61
PedBridge 195.249 FIS 500-Yr 30000.00 5595.94 5608.42 5608.05 5610.11 0.003889 12.69 3708.97 1197.44 0.68
PedBridge 58.64934 FIS 50-Yr 18000.00 5595.47 5606.69 5606.02 5607.77 0.003000 9.59 2785.63 1042.19 0.58
PedBridge 58.64934 FIS 100-Yr 21500.00 5595.47 5607.27 5606.51 5608.40 0.003005 10.02 3191.48 1103.10 0.59
PedBridge 58.64934 FIS 500-Yr 30000.00 5595.47 5607.44 5607.44 5609.46 0.005302 13.48 3310.74 1114.00 0.78
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HEC-RAS Plan: Proposed River: Animas Reach: PedBridg

e

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)

PedBridge 2738.528 FIS 50-Yr 18000.00 5604.95 5616.36 5614.81 5617.16 0.002709 7.79 3490.45 1275.67 0.52
PedBridge 2738.528 FIS 100-Yr 21500.00 5604.95 5617.04 5615.90 5617.81 0.002451 7.89 4383.00 1358.61 0.50
PedBridge 2738.528 FIS 500-Yr 30000.00 5604.95 5618.51 5616.85 5619.21 0.001957 7.94 6391.30 1405.70 0.46
PedBridge 2507.386 FIS 50-Yr 18000.00 5604.16 5616.19 5613.65 5616.61 0.001375 5.83 4657.09 1529.28 0.38
PedBridge 2507.386 FIS 100-Yr 21500.00 5604.16 5616.87 5614.34 5617.30 0.001309 6.04 5452.22 1533.61 0.38
PedBridge 2507.386 FIS 500-Yr 30000.00 5604.16 5618.32 5615.51 5618.78 0.001209 6.49 7167.55 1545.35 0.37
PedBridge 2321.451 FIS 50-Yr 18000.00 5603.53 5615.64 5613.61 5616.27 0.002013 717 3917.13 1392.77 0.46
PedBridge 2321.451 FIS 100-Yr 21500.00 5603.53 5616.35 5613.87 5616.98 0.001864 7.33 4664.20 1397.13 0.45
PedBridge 2321.451 FIS 500-Yr 30000.00 5603.53 5617.84 5615.61 5618.49 0.001670 7.76 6235.59 1408.72 0.44
PedBridge 2133.271 FIS 50-Yr 18000.00 5602.26 5614.85 5613.09 5615.81 0.002728 8.84 3504.42 1069.17 0.55
PedBridge 2133.271 FIS 100-Yr 21500.00 5602.26 5615.55 5614.29 5616.54 0.002633 9.18 4135.52 1075.41 0.55
PedBridge 2133.271 FIS 500-Yr 30000.00 5602.26 5616.99 5615.30 5618.07 0.002554 10.01 5433.94 1087.77 0.55
PedBridge 2034.263 FIS 50-Yr 18000.00 5602.92 5614.88 5612.80 5615.50 0.002061 7.78 4153.90 865.45 0.47
PedBridge 2034.263 FIS 100-Yr 21500.00 5602.92 5615.60 5613.33 5616.24 0.002017 8.05 4777.30 871.20 0.47
PedBridge 2034.263 FIS 500-Yr 30000.00 5602.92 5617.06 5614.62 5617.78 0.001983 8.81 6081.18 915.05 0.48
PedBridge 1868.017 FIS 50-Yr 18000.00 5602.35 5614.27 5615.13 0.002512 8.61 3490.65 746.63 0.52
PedBridge 1868.017 FIS 100-Yr 21500.00 5602.35 5614.97 5615.87 0.002498 9.02 4012.11 758.27 0.53
PedBridge 1868.017 FIS 500-Yr 30000.00 5602.35 5616.40 5617.41 0.002513 9.89 5141.92 825.79 0.54
PedBridge 1729.251 FIS 50-Yr 18000.00 5601.05 5613.11 5612.29 5614.65 0.004155 11.09 2631.96 643.80 0.68
PedBridge 1729.251 FIS 100-Yr 21500.00 5601.05 5613.90 5613.25 5615.41 0.003937 11.29 3148.79 657.63 0.67
PedBridge 1729.251 FIS 500-Yr 30000.00 5601.05 5615.32 5614.39 5616.96 0.003854 12.26 4163.70 785.53 0.68
PedBridge 1498.38 FIS 50-Yr 18000.00 5600.88 5612.41 5611.09 5613.77 0.003331 10.14 2738.14 846.46 0.61
PedBridge 1498.38 FIS 100-Yr 21500.00 5600.88 5613.20 5612.05 5614.60 0.003196 10.53 3260.01 901.16 0.61
PedBridge 1498.38 FIS 500-Yr 30000.00 5600.88 5615.22 5613.35 5616.16 0.002009 9.52 5573.56 970.12 0.50
PedBridge 1404.46 FIS 50-Yr 18000.00 5600.67 5612.54 5610.78 5613.35 0.002147 8.27 3162.70 946.45 0.49
PedBridge 1404.46 FIS 100-Yr 21500.00 5600.67 5613.36 5611.39 5614.19 0.002020 8.51 3693.99 1011.24 0.48
PedBridge 1404.46 FIS 500-Yr 30000.00 5600.67 5615.18 5612.50 5615.93 0.001645 8.63 5666.20 1086.39 0.45
PedBridge 1371.123 Bridge

PedBridge 1320.443 FIS 50-Yr 18000.00 5601.17 5612.15 5609.98 5612.99 0.001910 8.23 3103.79 874.51 0.47
PedBridge 1320.443 FIS 100-Yr 21500.00 5601.17 5613.04 5610.50 5613.89 0.001783 8.44 3637.48 935.93 0.46
PedBridge 1320.443 FIS 500-Yr 30000.00 5601.17 5614.71 5612.09 5615.46 0.001482 8.50 5605.81 1016.86 0.43
PedBridge 1247.511 FIS 50-Yr 18000.00 5600.45 5612.21 5612.72 0.001187 6.64 3905.82 783.64 0.37
PedBridge 1247.511 FIS 100-Yr 21500.00 5600.45 5613.12 5613.62 0.001095 6.77 4638.02 835.90 0.36
PedBridge 1247.511 FIS 500-Yr 30000.00 5600.45 5614.73 5615.28 0.001061 7.32 6038.17 908.27 0.37
PedBridge 1168.34 FIS 50-Yr 18000.00 5598.69 5611.61 5609.97 5612.57 0.002399 9.22 2918.45 671.36 0.53
PedBridge 1168.34 FIS 100-Yr 21500.00 5598.69 5612.57 5610.85 5613.49 0.002099 9.21 3482.08 731.45 0.50
PedBridge 1168.34 FIS 500-Yr 30000.00 5598.69 5614.22 5611.96 5615.16 0.001955 9.80 4886.71 811.27 0.50
PedBridge 986.5015 FIS 50-Yr 18000.00 5599.31 5610.71 5612.09 0.003145 10.33 2338.38 492.78 0.60
PedBridge 986.5015 FIS 100-Yr 21500.00 5599.31 5611.63 5613.05 0.002960 10.69 2832.49 599.58 0.59
PedBridge 986.5015 FIS 500-Yr 30000.00 5599.31 5613.36 5614.78 0.002623 11.18 3936.80 682.10 0.57
PedBridge 837.0912 FIS 50-Yr 18000.00 5599.10 5610.56 5611.62 0.002066 8.66 2511.66 494.19 0.49
PedBridge 837.0912 FIS 100-Yr 21500.00 5599.10 5611.50 5612.60 0.001970 9.00 2998.08 543.39 0.49
PedBridge 837.0912 FIS 500-Yr 30000.00 5599.10 5613.14 5614.39 0.001973 9.91 3963.60 656.78 0.50
PedBridge 725.7859 FIS 50-Yr 18000.00 5599.24 5609.01 5607.91 5611.16 0.005245 11.91 1650.34 373.47 0.75
PedBridge 725.7859 FIS 100-Yr 21500.00 5599.24 5609.42 5609.28 5612.08 0.006154 13.35 1815.88 429.58 0.82
PedBridge 725.7859 FIS 500-Yr 30000.00 5599.24 5611.10 5610.98 5613.93 0.005446 14.23 2616.24 518.71 0.80
PedBridge 554.5787 FIS 50-Yr 18000.00 5597.16 5608.67 5610.25 0.003631 10.51 2091.20 387.04 0.64
PedBridge 554.5787 FIS 100-Yr 21500.00 5597.16 5608.91 5607.83 5611.00 0.004657 12.13 2184.36 394.86 0.72
PedBridge 554.5787 FIS 500-Yr 30000.00 5597.16 5609.68 5609.60 5612.87 0.006497 15.16 2502.13 439.83 0.87
PedBridge 404.7002 FIS 50-Yr 18000.00 5596.65 5607.37 5607.37 5609.56 0.005115 12.56 1886.96 700.95 0.76
PedBridge 404.7002 FIS 100-Yr 21500.00 5596.65 5608.24 5608.24 5610.31 0.004610 12.61 2401.48 799.21 0.73
PedBridge 404.7002 FIS 500-Yr 30000.00 5596.65 5609.38 5609.38 5611.78 0.005067 14.14 3092.17 913.30 0.78
PedBridge 195.249 FIS 50-Yr 18000.00 5595.94 5606.96 5606.62 5608.26 0.003244 10.52 2661.87 929.85 0.61
PedBridge 195.249 FIS 100-Yr 21500.00 5595.94 5607.56 5607.10 5608.89 0.003226 10.93 3087.38 1017.89 0.61
PedBridge 195.249 FIS 500-Yr 30000.00 5595.94 5608.81 5608.05 5610.23 0.003181 11.76 3991.51 1223.08 0.62
PedBridge 58.64934 FIS 50-Yr 18000.00 5595.47 5606.69 5606.02 5607.77 0.003000 9.59 2785.63 1042.19 0.58
PedBridge 58.64934 FIS 100-Yr 21500.00 5595.47 5607.27 5606.51 5608.40 0.003005 10.02 3191.48 1103.10 0.59
PedBridge 58.64934 FIS 500-Yr 30000.00 5595.47 5608.50 5607.44 5609.76 0.003005 10.91 4062.73 1198.73 0.60
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HEC-RAS River: Animas Reach: PedBridge

Profile: FIS 100-Yr

Reach River Sta Profile Plan Q Total Min Ch EI 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)
PedBridge 2738.528 FIS 100-Yr Exst Condt 21500.00 5604.95 5617.03 5615.90 5617.81 0.002459 7.90 4375.75 1358.37 0.51
PedBridge 2738.528 FIS 100-Yr Proposed 21500.00 5604.95 5617.04 5615.90 5617.81 0.002451 7.89 4383.00 1358.61 0.50
PedBridge 2507.386 FIS 100-Yr Exst Condt 21500.00 5604.16 5616.86 5614.34 5617.29 0.001313 6.05 5444.74 1533.56 0.38
PedBridge 2507.386 FIS 100-Yr Proposed 21500.00 5604.16 5616.87 5614.34 5617.30 0.001309 6.04 5452.22 1533.61 0.38
PedBridge 2321.451 FIS 100-Yr Exst Condt 21500.00 5603.53 5616.34 5613.87 5616.97 0.001874 7.35 4653.91 1397.07 0.45
PedBridge 2321.451 FIS 100-Yr Proposed 21500.00 5603.53 5616.35 5613.87 5616.98 0.001864 7.33 4664.20 1397.13 0.45
PedBridge 2133.271 FIS 100-Yr Exst Condt 21500.00 5602.26 5615.53 5614.29 5616.53 0.002659 9.21 4118.82 1075.25 0.55
PedBridge 2133.271 FIS 100-Yr Proposed 21500.00 5602.26 5615.55 5614.29 5616.54 0.002633 9.18 4135.52 1075.41 0.55
PedBridge 2034.263 FIS 100-Yr Exst Condt 21500.00 5602.92 5615.58 5613.33 5616.23 0.002035 8.08 4761.57 871.07 0.48
PedBridge 2034.263 FIS 100-Yr Proposed 21500.00 5602.92 5615.60 5613.33 5616.24 0.002017 8.05 4777.30 871.20 0.47
PedBridge 1868.017 FIS 100-Yr Exst Condt 21500.00 5602.35 5614.94 5615.85 0.002533 9.07 3991.01 757.62 0.53
PedBridge 1868.017 FIS 100-Yr Proposed 21500.00 5602.35 5614.97 5615.87 0.002498 9.02 4012.11 758.27 0.53
PedBridge 1729.251 FIS 100-Yr Exst Condt 21500.00 5601.05 5613.67 5613.26 5615.35 0.004381 11.82 2998.47 652.18 0.70
PedBridge 1729.251 FIS 100-Yr Proposed 21500.00 5601.05 5613.90 5613.25 5615.41 0.003937 11.29 3148.79 657.63 0.67
PedBridge 1498.38 FIS 100-Yr Exst Condt 21500.00 5600.88 5612.73 5612.05 5614.42 0.004042 11.44 2944.88 873.64 0.68
PedBridge 1498.38 FIS 100-Yr Proposed 21500.00 5600.88 5613.20 5612.05 5614.60 0.003196 10.53 3260.01 901.16 0.61
PedBridge 1436.607 FIS 100-Yr Exst Condt 21500.00 5600.67 5613.21 5611.48 5613.97 0.002051 8.40 3935.08 979.47 0.49
PedBridge 1404.46 FIS 100-Yr Proposed 21500.00 5600.67 5613.36 5611.39 5614.19 0.002020 8.51 3693.99 1011.24 0.48
PedBridge 1349.852 FIS 100-Yr Exst Condt 21500.00 5601.27 5613.08 5610.73 5613.79 0.001611 7.94 4057.31 874.23 0.44
PedBridge 1320.443 FIS 100-Yr Proposed 21500.00 5601.17 5613.04 5610.50 5613.89 0.001783 8.44 3637.48 935.93 0.46
PedBridge 1272.965 FIS 100-Yr Exst Condt 21500.00 5601.01 5613.00 5610.36 5613.65 0.001463 7.67 4027.64 790.57 0.42
PedBridge 1247.511 FIS 100-Yr Proposed 21500.00 5600.45 5613.12 5613.62 0.001095 6.77 4638.02 835.90 0.36
PedBridge 1168.34 FIS 100-Yr Exst Condt 21500.00 5598.69 5612.67 5610.67 5613.49 0.001893 8.80 3629.56 734.39 0.48
PedBridge 1168.34 FIS 100-Yr Proposed 21500.00 5598.69 5612.57 5610.85 5613.49 0.002099 9.21 3482.08 731.45 0.50
PedBridge 986.5015 FIS 100-Yr Exst Condt 21500.00 5699.31 5611.63 5613.05 0.002960 10.69 2832.49 599.58 0.59
PedBridge 986.5015 FIS 100-Yr Proposed 21500.00 5699.31 5611.63 5613.05 0.002960 10.69 2832.49 599.58 0.59
PedBridge 837.0912 FIS 100-Yr Exst Condt 21500.00 5699.10 5611.50 5612.60 0.001970 9.00 2998.08 543.39 0.49
PedBridge 837.0912 FIS 100-Yr Proposed 21500.00 5699.10 5611.50 5612.60 0.001970 9.00 2998.08 543.39 0.49
PedBridge 725.7859 FIS 100-Yr Exst Condt 21500.00 5699.24 5609.42 5609.28 5612.08 0.006154 13.35 1815.88 429.58 0.82
PedBridge 725.7859 FIS 100-Yr Proposed 21500.00 5699.24 5609.42 5609.28 5612.08 0.006154 13.35 1815.88 429.58 0.82
PedBridge 554.5787 FIS 100-Yr Exst Condt 21500.00 5697.16 5608.91 5607.83 5611.00 0.004657 12.13 2184.36 394.86 0.72
PedBridge 554.5787 FIS 100-Yr Proposed 21500.00 5697.16 5608.91 5607.83 5611.00 0.004657 12.13 2184.36 394.86 0.72
PedBridge 404.7002 FIS 100-Yr Exst Condt 21500.00 5696.65 5608.24 5608.24 5610.31 0.004604 12.60 2402.94 799.47 0.73
PedBridge 404.7002 FIS 100-Yr Proposed 21500.00 5696.65 5608.24 5608.24 5610.31 0.004610 12.61 2401.48 799.21 0.73
PedBridge 195.249 FIS 100-Yr Exst Condt 21500.00 5695.94 5607.56 5607.10 5608.89 0.003226 10.93 3087.38 1017.89 0.61
PedBridge 195.249 FIS 100-Yr Proposed 21500.00 5695.94 5607.56 5607.10 5608.89 0.003226 10.93 3087.38 1017.89 0.61
PedBridge 58.64934 FIS 100-Yr Exst Condt 21500.00 5695.47 5607.27 5606.51 5608.40 0.003005 10.02 3191.48 1103.10 0.59
PedBridge 58.64934 FIS 100-Yr Proposed 21500.00 5695.47 5607.27 5606.51 5608.40 0.003005 10.02 3191.48 1103.10 0.59
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Exhibit 03 - Floodplain Comparison

I . et
150 300 600

0

14

Bridge Configuration

Anlmas RiVer

Legend
Bridge Configuration

FEMA Zone A 100-yr Floodplain
100Yr Existing Floodplain

100Yr Proposed Floodplain

LA 69331
LA 65325
LA 1674

New site

320

0 40 80 160 240
BN N Feet



dapfeife
Text Box
Exhibit 03 - Floodplain Comparison


Appendix G

Scour Calculations

Animas River Pedestrian Bridge, Final Bridge Hydraulics Report
Project No. PN/CNF 100120 |
March 2013



Job No. 27454
Computation R

|Projec( Aztec Pedestrian Bridge |Compu(ed DAP |Date 3/5/2013
|Subjec\ Pedestrian Bridge over the Animas River |Checked BS |Da\e 3/12/2013
|Task 50-year flow estimated scour computations |Shee\ |ov

Clear water or live bed scour

The following formula is an indicator for determining either clear water or live bed scour.

If the resulting Ve is less than the average velocity in the flood channel, then live bed scour

is indicated.

Ve = critical velocity above which bed material of size D50 and smaller will be transported, ft/s

Dso = 0.023 (median diameter of bed material, ft) (From: Gradation Chart from Sampling)

y= 9.354488 (depth of flow, ft) 50-year From: HEC-RAS model, 12/21/12

English units Equation 5.1

Ve = Ku(y(1/6))(D50(1/3))

Ve = 4.76 ft/s 50-year Vavg. = 6.71 ft/s

Ku (English units) = 1117

Live bed scour indicated
[50-year ](No channelization)
General Scour, long-term degradation = 2.90 ft 7, = KQg*W,"Ds,° TS14B (eq. TS14B-23)
Zi= 3.08 2.77
Average 2.90

TS14B Methods for estimating long term scour.

RAS thalweg indicates drop (2-3') in stream bed immediately downstream of the bridge.

Live-bed Contraction Scour Case 1 Equation 5.2
y1 = avg. depth in u.s. main channel, ft Q1 = flow in u.s. channel, cfs
yz = avg. depth in contracted chan., ft Q2 = flow in contracted channel, cfs
Wi = bottom width, u.s. main channel, ft
W2 = bottom width, main channel in contracted sect., ft
ys = avg. scour depth, yz-y1
yi = 9 We = 152.4 ki =
y2 = solve for Qi = 14881.31
Wi = 174.95 Q= 13816.6
yely1=((Qe/Q1)N6/7))(W1/Wa2) ki
y2/y1 = 1.02 y2 = 9.17 feet
ys = 0.2 feet (contraction scour) 0.07 meters
No Contraction within the bridge section.
[50-year [(No channelization)
Pier scour (Clear-water or Live-bed) Equation 6.1
ys = scour depth, ft
y1 = flow depth directly upstream of pier, ft 12.45
K1 = corr. factor for pier nose shape 1
K2 = corr. factor for angle of attack 1.1
K3 = corr. factor for bed condition 1.1
a = pier width, ft (+ 4' debris) 7 (3' cylindrical pier)
L = length of pier, ft 5 (assume 2' debris on upstream pier)
Fri = Froude number = Vi/(gy1)*.5 0.34
Vi = mean flow velocity directly upstream of pier, ft/s 6.71
ys/y; = 2.0 K, Ky Kg(aly)"® Fro#® = 1.04
ys = 13.0 feet (pier scour) 3.95 meters 26 feet (est. scour top width)
Check: ys< 2.4 times the pier width (a) for Fr < 0.8
Check: ys< 3.0 times the pier width (a) for Fr > 0.8

Check Fr= 0.34 3.507630522

Depth Max 16.8
Solution Valid YES

[Bendway Scour

Dy = Maximum water depth in bend

Dnne = Mean water depth of crossing upstream of bend
R; = Centline radius of the bend

W = Water surface width

Dy = solve for

D = 8.95 Check: Re/W =
Rc= 250.00 Check: W/Dmnc
W= 175.00

Dinis/Dpane = 1.8-0.051 (R/W)+0.0084(W/D )

Drne/Dinne = 1.89
Do 16.92 Yos 8.0

Toe-Scour Estimation in Stabilized Bendways

1.43 * Near the limit of the equation applicability
19.56 Note: For ratios less than 20 it is recommended to use 20
as the min value for W/D, ¢

Total Scour at Right Abutment

General and Conctraction Scour 3.12
Abutment Scour -
Bendway Scour -
Total Scour 3.12

Live Bed Condition

Total Scour at Left Abutment
General and Conctraction Scour
Abutment Scour

Bendway Scour

Total Scour

3.12

14.63 * See Abutment Calcs
7.98
25.7

3/18/2013



Job No. 156700 No.

Computation R

Project City of Aztec Computed DAP Date 3/5/2013

Subject Aztec Ped Bridge Scour |Checked BS Date 3/5/2013

Task Abutment Scour |Sheet 1 |Ol 1

Note: Equations are according to USDOT Publication No. FHWA NHI 01-001 HEC-18 Evaluating Scour At Bridges

Fourth Edition dated May 2001

Abutment Scour

Froelich HIRE
Alternative # Storm Event Equation | Abutment| K, K, |[L'(ft) Ae(ﬁz) Q, (cfs) | Ve (ft/s)|  ya (ft) Fr L(ft) | ys(ft)

3-Span 50 Year | Design Storm - Right 0.55 1 - - - - - - - -
3-Span 50 Year | Design Storm HIRE Left 0.55 | 1.02 - - - - - 0.332 - 12.59
3-Span 50 Year | Design Storm Froelich Left 0.55] 1.02 | 29.4 148 623.9 4.2 5.02 0.332 29.449 | 12.00
3-Span 50 Year | Design Storm Froelich Left 0.55 | 1.02 | 60.9 306 1289.2 4.2 5.02 0.332 60.85 | 14.56
3-Span 100 Year | Design Storm - Right 0.55 1 - - - - - - - -
3-Span 100 Year | Design Storm HIRE Left 0.55 [ 1.02 - - - - - 0.246 - 15.94
3-Span 500 Year | Design Storm Froelich Left 0.55 ] 1.02 | 60.9 378 1314.0 35 6.20 0.246 60.853 | 15.18
3-Span 500 Year | Design Storm Right 0.55 1 - - - - - - - -
3-Span 500 Year | Design Storm HIRE Left 0.55 | 1.02 - - - - - 0.000 - 14.86
3-Span 500 Year | Design Storm Froelich Left 0.55 | 1.02 | 60.9 352 1184.8 3.4 5.78 0.247 60.853 | 14.41




Job No. 178276 |No.
Computation A
Project City of Aztec - Ruins Pedestrian Bridge Computed DAP Date 3/5/2013
Subject Ruins Pedestrian Bridge Checked BS Date 3/5/2013
Task 50-year flow estimated scour computations for longitudingSheet Of

Note: Equations are according to USDOT Publication No. FHWA NHI 01-001 HEC-23 Bridge Scour and Stream Instability
Countermeasures Third Edition dated Sept 2009

Logitudinal Scour at fill slope toe

Froelich
XSEC F, Y1 ys
1498.38 0.41| 0.74] 0.59
1404.46 0.70] 1.13] 1.07
1320.443 0.52] 1.28| 1.09
1247.511 0.37] 2.00| 1.58
1168.34 0.54| 1.75] 1.50

HIRE



Job No. 156700

Computation

bR

|Project Aztec Pedestrian Bridge |Computed DAP |Date 3/5/2013
|Subject Pedestrian Bridge over the Animas River |Checked BS |Date 3/14/2013
|Task Abutment rip rap calculations |Sheet 1 |Of 3

Note: Equations and calculations are per USACE - EM 1110 Hydraulic Deisgn of Flood Control Channels
Dated July 1991

Dag = S:CsCyCrdl(YW/Ys-Yw) 2" V/'K,gd]>* Eq. 3-3

D5, - riprap size of which 30 percent is finer by weight, length
S¢ - safety factor
Cs - stability coefficient for incipent failure, Dg/D;s = 1.7 to 5.2

0.30 for angular rock
0.0375 for rounded rock

Cy - vertical velocity distribution coefficient
1.0 for straight channels, inside of bends
1.283 - 0.2 log (R/W), outside of bends (1 for (R/W) > 26)
1.25, dowstream of concrete channels
1.25, ends of dikes
C; - thickness coefficient
1.0 for thickness = 1Dg0(max) or 1.5Ds4(max), whichever is greater
d - local depth of flow, lenth (same location as V)
Yw - unit weight of water, weight/volume
V - local dpeth-averaged velocity, Vss for side slope riprap, length/time
K; - side slope correction factor
g - gravitational constant

Step 1: Slope Correction

Plans indicate 2:1 side slopes, typical angle of repose of riprap material is 40 degrees.

© - angle of side slope with horizontal
@ - angle of repose of riprap

K, = V1-sin’0/sin’®



Step 2:

0.453786 RAD
0.733038 RAD

0.76

Factor of Safety

Step 3:

FS = 1.1

Stability Coefficient

Step 3:

Cs. 0.3 Angular Rock

Vertical Distribution

Step 3:

Cy= 1.0 Inside of Bend

Thickness Factor

Step 3:

CT = 1.0

Local Depth

Step 3:

Channel
9.6 See XSEC 1498

Vss Calculations

Step 3:

Channel
W= 175.0 See XSEC 1498
R = 250.0
R/W= 1.4 *Min=2
Vss/Va\,g = 1.583 *Adjusted to 20% increase in localized velocity
Vss = 14.9 ft/s

D5, Calculations

Dsg = S:CsCyCrd[(YW/Ys-Yw) ™2 " V/'K,gd]>*
Dsg = 1.60 ft
19 inch

With Bendway Scour
Dis 1.20

D3 1.60 Check Thickness



Dsg 1.87
Dgs 2.24
Dioo 2.40

Class 11 (USACE)
1/4 Ton (AASHTO)

2D50

3.74
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Flooding Source and Location

San Juan River
River Mile 255.2
State Highway 371 at Farmington
River Mile 264.2

La Plata River
At U.S. Highway 550

Animas River
At State Highway 17 at Farmington

Butler Arroyo
Carl Arroyo
Dustin Arroyo
Hood Arroyo
Porter Arroyo
Wyper Arroyo
Farmington Glade'

At confluence with San Juan River
River Mile 2.1

! Decrease in discharge in downstream direction due to channel routing losses.

Table 4. Summary of Discharges

Drainage Area

(Square Miles)

7,832
7,240
5,880

583

1,360
0.32
1.620
0.6
2.065
1.65

1.44

35

Peak Discharges (Cubic Feet per Second)

10-Year 50-Year 100-Year 500-Year
15,000 27,000 34,500 55,000
14,500 26,000 33,500 53,000
8,900 16,000 20,000 34,000
4,800 10,000 13,500 24,000
12,000 18,000 21,500 30,000
T e e T
230 480 610 1,010
460 990 1,290 2,170
310 640 820 1,370
520 1,100 1,440 2,440
470 1,000 1,300 2,190
440 940 1,220 2,060
400 1,800 1,800 3,600
550 2,200 3,500 8,600

33

FIS values are higher than gage
data analysis has indicated.
However, FIS is governing
discharge.
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The profile computed for Farmers Mutual Ditch upstream of the Westland Park Drive
culvert crossing was reasonable and applicable in delineating floodplains for this
portion of the ditch. The downstream portion of the computed Farmers Mutual Ditch
water-surface profile had questionable and problematic results due to the orientation of
the land features and the sloping of both the adjacent terrain and the roadway in this
area. Farmers Mutual Ditch runs east-west while Westland Park Drive has a north-
south orientation. Both Westland Park Drive and the residential terrain adjacent to the
Farmers Mutual Ditch drain toward the south, away from the ditch.

Results from the Farmers Mutual Ditch model show a majority of flow in the left
overbank areas where the culvert is located; however, just downstream the entire flow
returns to the ditch. This excessive lateral displacement of flow from one section to
another over a short reach length is not possible. A more realistic sequence of events
would be that any flow over the roadway would gravitate to the south rather than in the
direction of Farmers Mutual Ditch due to the steeper gradient of the roadway than the
ditch slope. Any flow spillage over the roadway would follow Westland Park Drive to
the south, then to the west, away from Farmers Mutual Ditch. A model was created
for Westland Park Drive in order to develop floodplains downstream from the culvert
crossing.

The computed overbank flow at the upstream culvert section in the “Farmers Mutual
Ditch to Culvert Section” file was used as the starting upstream discharge for the
Westland Park Drive model. Further adjustments (reductions) were made to the
overbank discharges to account for return flow into Farmers Mutual Ditch. For this
particular model, the Westland Park Drive roadway is defined as the “channel” within
the cross-sectional data.

Animas River

The Animas River was restudied from its confluence with the San Juan River,
approximately 1,200 feet downstream of Murray Drive bridge, to its confluence with
Porter Arroyo, approximately 4,300 feet upstream of Browning Parkway bridge. Cross
section information was taken from a MicroStation surface terrain model supplied by
Pacific Western Technologies. The starting water-surface elevations along the Animas
River were based on the slope-area method.

Levees were constructed on the Animas River in 1979 as emergency measures against
anticipated flooding from the significant snow pack accumulation during that year. The
levees are not considered to be “engineered” levees because they were not designed to
provide long-term protection from flooding on the Animas River. In the hydraulic
analysis of the Animas River, the existing levees were not modeled as actual physical
barriers to flood flows in any of the Animas River models.

The potential for debris accumulation on bridge piers along the Animas River is
significant based on both the photographs of dense vegetation on overbank areas along
the Animas River and the yearly bridge-pier debris removal by the City of Farmington.
The term “debris” as used in this report is defined only as vegetative in composition
and is not meant to include human-generated garbage or concentrated flows of mud and
sediment. The amount of debris accumulation modeled in the Animas River model was

22
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GRAIN SIZE, millimeters

0.1

0.01

0.001

GRAVEL

SAND

COBBLES
coarse

fine

coarse| medium

fine

SILT OR CLAY

Specimen Ildentification

Classification

MC%, LL

Cc Cu

Stream Bank, B-2

Poorly Graded Gravel with Sand and Cobbles

35| 171

+|O|»|m|0®

Specimen Ildentification| D100 | D85

D60 | D30 D15

D10

%Gravel

%Sand

%Silt

%Clay

Stream Bank, B-2 150 100

57.6 | 8.27 | 0.600

0.337

74

24

+|O|»|m|0®

GRAIN SIZE DISTRIBUTION

Tlerracon

Project Name:

Location: Aztec, New Mexico
Project No.: 69115019
Date: 8/28/2012

Aztec Pedestrian Bridge Phase Il
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