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EXECUTIVE SUMMARY

The Dennehotso community on the Navajo Nation in Apache County, Arizona, is served by a network
of unpaved roads that become difficult to pass after storm events. The Navajo Division of
Transportation (NDOT) has contracted Dibble to provide analysis and design for improvements to the
roadway network, also known as Dennehotso Loop Road. Improvements include roadway paving, a
bridge crossing of Laguna Creek and drainage structures under the proposed roadway. Laguna Creek
runs through the middle of Dennehotso Loop Road and currently has a bridge crossing on the east side
of the loop road and a low flow crossing at the west end of the loop road.

Existing analysis shows that, although the terrain surrounding Dennehotso Loop Road drains towards
Laguna Creek, there are no direct washes or swales that convey runoff from the drainage area directly
to Laguna Creek. There are a series of ponding areas which fill and overtop, eventually draining toward
the creek. The largest existing ponding area is Dennehotso Loop Road itself. The runoff that
accumulates in the existing road eventually overtops and drains towards Laguna Creek by ponding into
existing turnouts and adjacent farm fields. There are also two irrigation ditches parallel to Laguna Creek
that restrict runoff flowing directly to Laguna Creek. It is recommended that the existing drainage
pattern be maintained allowing runoff to pond in roadside ditches and pipes which eventually drain to
existing low areas, moving runoff towards Laguna Creek. Where possible, the turnouts that are affected
by existing runoff will be moved to reduce the impact that the storm events have on the turnouts.

There are existing levees on the west and north side of Dennehotso Loop Road that were installed to
divert and contain the runoff in retention areas. There is a breech in the levee which allows the runoff
to cross Dennehotso Loop Road and drain toward Laguna Creek. The wash created by the breech
crosses a culturally sensitive area near Dennehotso Loop Road. The double barrel 6-foot by 3-foot box
culvert proposed at that crossing is sized based on the existing wash dimensions instead of
hydrologic/hydraulic analysis to limit the disturbance to the culturally sensitive area. Armoring will be
added to the wash near culturally sensitive areas to limit further degradation of the site.

A new, single span, concrete bridge crossing of Laguna Creek is proposed. As part of the new bridge
construction, an existing 6-inch waterline will be relocated to a location just downstream of the new
bridge abutments and encased. Revetment mattresses (wire-tied riprap) will provide stabilization of
the wash banks at the new crossing, protecting the bridge from wash scour and bed degradation.
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1. INTRODUCTION

1.1 Project Description

NDOT has identified the need to improve the Dennehotso community road network. This project was
included in the engineering On-Call project list. Dennehotso is a farming community, with an approximate
population of 800, located in Apache County, Arizona in the Navajo Nation, approximately 26 miles
northeast of Kayenta, Arizona. The community is comprised of private residences, the Assembly of God
Church, the Dennehotso Chapter House, and the Dennehotso Boarding School. Dennehotso is located on
the north side of US 160 and is serviced by a paved and unpaved loop road network comprised of Navajo
Roads N6460 and N6461, also known as Dennehotso Loop Road. The unpaved roads become difficult to
pass during storm events causing inconvenience to travelers, dangerous conditions, and they require
continuous maintenance. Dibble has analyzed the existing drainage patterns of the project area, including
the roadways and the surrounding terrain, to help design the roadway improvements. It is recommended
that the existing drainage patterns should be maintained, and the roadway improvements will be designed
to be protected during storm events.

This drainage report for the Dennehotso Loop Road was prepared to document data collection efforts,
methodologies and calculations, alternatives analyses, and recommendations for the roadway drainage
system and the Dennehotso Loop crossings of Laguna Creek and the levee breech wash.

1.2 Study Area

The project site is located in Sections 21, 22, 23, 26, 27, 28, 33 and 34 of Township 40 North, Range 23 East,
Apache County, Arizona. The existing drainage areas impacting the project site consists of a mixture of
hillside areas, desert rangeland and mountain terrain with rock outcrop areas. The project location and
primary elements can be seen as Figure 1.

There are three access roads between US 160 and Dennehotso Loop Road:

e The West Connector Road, which comprises the west segment of Dennehotso Loop Road, is
unpaved outside of the US160 right-of-way.

e The Central Connector Road is paved from US160 to a subdivision within Dennehotso.

e The East Connector Road is the main access for the Dennehotso Boarding School and is chip sealed
from the US160 right-of-way to Dennehotso Loop Road.

Area flooding is typically caused by heavy rains, monsoons, or tropical storms. The period of extreme
flooding starts in mid-July and can extend into the late fall months. The monsoons typically occur mid-July
through mid-September. Flooding in the fall months generally occurs from tropical storms.

There are no clear natural washes or swales crossing Dennehotso Loop Road conveying runoff to Laguna
Creek. The drainage characteristics have been modified over the years due to farming and grazing. Drainage
is conveyed towards Laguna Creek by a series of ponding areas which eventually overtop the roadway and
flow towards the creek. The largest ponding area is Dennehotso Loop Road itself. Off-site runoff draining
toward Laguna Creek is captured by Dennehotso Loop Road. There are two irrigation ditches parallel to
Laguna Creek, one to the north and one to the south, which further restrict runoff flowing directly to Laguna
Creek.

The runoff that ponds in Dennehotso Loop Road from the West Connector Road intersection to the existing
Laguna Creek Bridge has six outlet locations where the runoff drains north or west towards Laguna Creek.
The runoff that ponds in Dennehotso Loop Road from the existing Laguna Creek Bridge to the West
Connector Road intersection has ten outlet locations where the runoff drains south or east towards Laguna
Creek. Most of the ponding outlets are located on existing driveway turnouts, which have also been graded
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lower than the surrounding areas. There are some sporadic locations where the road is higher than the
surrounding terrain and the runoff from the road sheet flows into the surrounding areas. These areas are
mostly on the west and east portions of the loop road near the retention basin and bridge.

The East and Central Connector Roads are higher than surrounding terrain and therefore runoff from these
roads sheet flows to the surrounding areas where it ponds. There are no locations where off-site runoff
crosses the East and Central Connector Roads. The West Connector Road is below the surrounding terrain
and the off-site runoff drains into and is conveyed in the roadway to the north, similar to Dennehotso Loop
Road.
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Figure 1 - Project Location Map

Laguna Creek flows from southwest to northeast through the community, crossing the Dennehotso Loop
Road at two locations. A small concrete dam on the west side of Dennehotso was constructed in the 1920’s
to control Laguna Creek peak flows and to store and divert water for irrigation. This dam is located
immediately upstream of the west section of the Dennehotso Loop Road crossing of Laguna Creek. A six-
inch PVC waterline crosses the creek at the existing dip crossing location. A photo of the dam and low flow
crossing is provided as Figure 2. The downstream crossing of Laguna Creek, on the east section of
Dennehotso Loop Road, was improved with a mechanically stabilized earth bridge, which was constructed
by the Federal Lands Highway in 2015.
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Figure 2 - Existing Dam and Low Flow Crossing at Laguna Creek (October 16, 2014)

There are two existing levees within the project area: one between two rock outcroppings west of
Dennehotso Loop road and one at the base of a rock outcropping north Dennehotso Loop Road. The levees
were installed to protect residential structures and farm fields from flooding by diverting existing washes
to either a retention basin to the south or a natural ponding area to the north. A breech in the levee has
allowed the flows from the existing wash to cross Dennehotso Loop Road and outlet into farm fields to the
southeast. The area around the wash crossing of Dennehotso Loop Road has been designated as a culturally
sensitive site on both sides of the road. Figure 3 shows the crossing of the wash created by the levee breech
at Dennehotso Loop Road.

The off-site flows from the terrain surrounding Dennehotso Loop Road is limited by US 160 to the south
and levees and retention basins on the west and north. There is only one culvert crossing US 160 and though
the culvert may convey some runoff, its main purpose is for stock and pedestrian crossing of US 160. Any
runoff conveyed by the culvert is limited from draining towards Dennehotso Loop Road by a rock
outcropping located approximately 400 feet north of the culvert outlet.
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Figure 3 - Levee Breech Crossing of Dennehotso Loop Road (October 16, 2014)

1.3 FEMA Floodplain

There is no flood map created for this location of the Navajo Nation. Laguna Creek is not listed in the Navajo
County Flood Insurance Study (FIS). The project is located on the unprinted FIRM Panel 04001C0650E.

2. DATA COLLECTION

2.1 Site Visits

As part of the data collection efforts for this project, Dibble met with NDOT representatives at the project
site on October 16, 2014 and took photographs to help support the hydraulic analysis assumptions. Field
photographs are included in Appendix A.

2.2 Survey

A site survey was performed by Cooper Aerial Surveys Company and provided to Dibble on December 8,
2014. The survey provided an aerial photo of the area around and within the Dennehotso Loop Road as well
topographic information for a 300-foot-wide corridor along the proposed loop road and connector road
improvements. Data was provided on Navajo Nation horizontal datum and NAVD88 vertical datum. The
water surface elevation data provided in this study is on NAVD88 vertical datum.

2.3 Existing Reports

In 2011, the Arizona Department of Transportation (ADOT) Bridge Group completed a bridge hydraulics
report on the US 160 crossing of Laguna Creek crossing, approximately 3.3 miles downstream of the
western Dennehotso Loop Road crossing proposed as part of the current project (Reference 1). That
report included HEC-HMS hydrology and HEC-RAS hydraulic analysis that provided results for reference
used in subsequent design of the now constructed eastern Dennehotso Loop Road crossing of Laguna Creek.

The Western Federal Lands Highway Division (WFLHD) of the U.S. Department of Transportation Federal
Highway Administration (FHWA) provided design of the eastern Dennehotso Loop Road crossing of
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Laguna Creek Bridge in 2014. As part of the design, two documents were produced, a geotechnical
memorandum (Reference 2) and the Dennehotso Bridge Replacement Final Hydraulics Report
(Reference 3). The geotechnical memorandum provides soil descriptions and recommendations on the
bridge foundation. The hydraulics report provides hydrology and hydraulic analysis in support of the
Laguna Creek Bridge design.

3. DESIGN CRITERIA

NDOT has requested that the standards and hydrology analysis completed by FHWA on the downstream,
eastern Dennehotso Loop Road Bridge crossing of Laguna Creek be applied to the current bridge crossing
of Laguna Creek. As such, the hydraulic design flood frequency established for this project is the 50-year
storm, for which 2 feet of freeboard shall be provided beneath the bridge low chord. Based on FHWA
guidance, the corresponding scour design flood frequency is the 100-year storm, and the scour design check
flood frequency is the 200-year storm. Further, Bureau of Indian Affairs (BIA) criteria specifies that each
crossing be designed as a “dry” crossing which would convey the 100-year flow under the roadway without
overtopping. This requirement is adopted for this project as well.

NDOT has provided the locations of several culturally sensitive sites within the project area and has
requested that any proposed design limit disturbance in these areas.

4.STUDY APPROACH AND METHODOLOGY

The design methodology followed guidance provided in the following publications:

e Highway Drainage Guidelines, AASHTO,2005.

e Nationwide Summary of U.S. Geological Survey Regional Regression Equations for Estimating
Magnitude and Frequency of Floods for Ungaged Sites, U.S. Geological Survey, 1993.

e Guidelines for Geometric Design of Very Low-Volume Local Roads, AASHTO, 2001.

e Low Volume Roads Best Management Practices Field Guide, USDA Forest Service, 2003.

e State Standard for Watercourse Bank Stabilization 7-98, ADWR, 1998.

e Standards Manual for Drainage Design and Floodplain Management in Tucson, Arizona, Simon,
Li & Associates, 1998.

e Computing Degradation and Local Scour, USBR, 1984.

4.1 Roadway Drainage

An initial analysis of the drainage patterns for off-site and on-site flows revealed that very little runoff from
the south side of US 160 crosses the highway into the project area. Dennehotso Loop Road has an untreated
surface and is between one and three feet below the surrounding terrain due to years of grading
maintenance. The terrain is generally flat sloping towards the loop road between US 160 and Dennehotso
Loop Road. There are no defined washes conveying runoff towards the loop road. It is assumed that rainfall
in this area is mostly retained in small ponding areas which can be seen as patches of vegetation in the aerial
photography.

The off-site runoff from the north of the project is limited by levees and retention areas. There is one area
where the levee is breached and runoff crosses Dennehotso Loop Road and flows toward Laguna Creek. The
wash created by the breech crosses a culturally sensitive area near Dennehotso Loop Road.

The runoff that drains into the existing roadway is usually limited to a corridor on either side of the road.
There are no defined washes or drainage corridors, and the existing drainage patterns adjacent to the
existing roadway will be maintained while protecting the proposed roadway. Exhibits showing the existing
drainage patterns and proposed drainage patterns are located in Appendix B.

The culturally sensitive sites near the levee breech wash will limit the drainage structure dimensions that
can be installed at the Dennehotso Loop Road crossing. NDOT has requested that the drainage structure at
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this location not be sized based on hydrology and hydraulics, but rather in matching the existing wash
dimensions in order to protect the culturally sensitive sites as much as possible.

4.2 Laguna Creek Crossing

4.2.1 Hydrology Methodology

For design of a new bridge crossing of Laguna Creek at the west end of the Dennehotso Loop Road, NDOT
directed Dibble to make use of the hydrologic analysis that was done for the downstream, eastern
Dennehotso Loop Road bridge crossing of Laguna Creek, constructed in 2015. There are no major inflows
between the two projects, so it is reasonable to conclude that the creek discharges are applicable to the
proposed bridge location, approximately 1.5 miles upstream. The Dennehotso Bridge Replacement Final
Hydraulics Report (final hydraulics report) was produced by FHWA (specifically, WFLHD) for the
downstream bridge. It included discussion of the previous hydrology done by ADOT as part of the Initial
Bridge Hydraulics Report for Laguna Creek Bridge (US 160 hydraulics report), 2011. The relevant data
from that FHWA final hydraulics report is presented in this section, and the entire report is included in
Appendix C.

Laguna Creek originates from Tsegi Canyon and flows northeast. The wash flows just north of the Town of
Kayenta, and crosses US 160 around MP 420.1. The annual precipitation is approximately 9 inches based
on StreamStats (Reference 4). The entire watershed is within the Navajo Nation and development is
sparse consisting of rural residences and ranching. There are irrigation ditches that divert flow in the area.

The total drainage area to the Laguna Creek US 160 bridge is 484 square miles. As part of the US 160
hydraulics report, a HEC-HMS hydrologic model was created to estimate flows at the bridge. The Green
and Ampt methodology and the Clark unit hydrograph was used to estimate rainfall losses with NOAA 14
Atlas rainfall data. The contributing area was delineated into ten drainage basins. As part of the final
hydraulics report, peak flows were calculated using the USGS Regression calculation (Reference 5), and
peak flows were compared.

The project is in Flood Region 8. USGS StreamStats was used for computing the drainage area (454 square
miles), average basin slope (16.8 percent), and average basin elevation (6,050 feet). The regression
equations significantly overpredicted the station values used in the regression analysis, suggesting the
regression equations may be overly conservative in some areas.

The 2, 10, 50, and 100-year flood discharges predicted by the USGS regression equations. The 50-year
design discharge predicted by the USGS regression equation overestimated flows compared to the 50-year
calculated by the HEC-HMS model. The 100-year flows from the regression equation were similar to the
100-year flow from the HEC-HMS hydrologic model. A comparison of the peak discharges calculated by
ADOT using HEC-HMS and by FHWA using regression equations is provided in Table 1. Also shown in
Table 1 are the discharge values selected for the current design of the western Dennehotso Loop Road
crossing of Laguan Creek.

Table 1 - Peak Discharges (cfs)

. Recurrence Interval
Drainage

Estimate Method Area (mi?) BN 5- i 50- 100- 200-
Year Year Year Year Year Year

FHWA USGS Regression 1288 . 8 10241 1
Equation 454 3 4,05 7,95 »24 5,949
ADOT US 160 HEC-HMS 484 6,805 10,826 23,370
Current Design 454 1,388 4.052 7,058 10,241 15,949 12,000
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The 200-year discharge is required to perform scour check analyses. USGS does not publish an equation
with which to estimate the 200-year discharge; therefore a 200-year storm discharge was estimated by
plotting peak discharges against return period for the 2-year through 500-year storm events and fitting a
curve. The resulting peak discharge for the 200-year event was 12,000 cfs.

4.2.2 Hydraulics Methodology

A one-dimensional (1D), steady state HEC-RAS analysis was prepared to analyze the flow characteristics at
the Laguna Creek crossing location. The cross-section geometry, reach lengths, and Manning’s “n” values
were generated using the aerial and topographic mapping information. The results of the HEC-RAS
analyses were used to understand the existing hydraulic conditions, model the proposed condition, and
compute the estimated scour depths. Cross sections were created approximately every 100-feet using the
topographic mapping. Manning’s n-values were updated based on aerial imagery and field observations.
Design flow rates used in the HEC-RAS model were taken from the previous study done at the downstream

bridge location as discussed in the previous section and are shown in Table 1.

Results of the 1D HEC-RAS modeling supported that creek flow will break out from the creek, upstream of
the existing dam and new bridge location. The magnitudes of these breakouts were determined using lateral
weir structures within the HEC-RAS program. The analysis was done for both the existing and proposed
condition, the proposed condition resulting in less breakout of flows for each return period. The difference
in breakout flows between the two conditions was less than 7%. The proposed condition breakout peak
discharges are summarized in Table 2.

Table 2 - Laguna Creek Proposed Condition Breakout Discharges

North Lateral Wier South Lateral Wier
Storm
((G)) (cfs)

50-Year 1468 1101
100-Year 2256 1435
200-Year 2881 1687

The breakout of these flows reduces the design discharge at the new bridge location as compared locations
upstream; however, there was some concern that these break outs may rejoin the creek prior to the new
crossing. To assess this possibility a two-dimensional (2D) HEC-RAS analysis was performed. Figure 4
provides the analysis extents. This analysis concluded that the north break out will not rejoin the creek prior
to the bridge crossing. The south breakout may rejoin the creek by way of Dennehotso Loop Road; the
location is shown on Figure 4. The magnitude of flow returning to the creek varied by design storm
frequency as shown in Table 3. These flow rates were added to the design discharges within the 1D HEC-
RAS model at the cross section just upstream of the bridge as part of the hydraulic and scour analyses.

Table 3 - Rejoining Discharges at Dennehotso Road

50-Year 37
100-Year 63
200-Year 84
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4.2.3 Scour Analysis

A scour analysis was done using the information from the geotechnical report and the results from the 1D
HEC-RAS model. The analysis methodology and recommendations are presented in a memorandum that
is included in Appendix E. The analysis presented in the memorandum provided an analysis of the 100-
year storm event, the scour design flood frequency. A subsequent analysis was performed of the 200-year
storm event, the scour design check flood frequency. The 200-year scour design check resulted in the more
robust scour protection requirement. It should be noted that the original 100-year scour analysis did not
include the addition of the rejoining breakout discharge described in Section 4.2.2. Therefore, to confirm
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5.3 Bank Protection Design

The geotechnical report and proposed condition hydraulic model were used to calculate the expected scour
depth. The scour report and subsequent scour calculation for the 200-year scour check flood frequency has
been included in Appendix E. Bank stabilization was designed using guidance provided in the Arizona
State Standard for Watercourse Bank Stabilization (Reference 6). The geotechnical report indicated there
is sandstone located at the bridge location; however, the subsurface limits and integrity are not clearly
known. Therefore, revetment mattress (wire-tired riprap) was selected for bank/abutment protection. This
consists of revetment mattress armoring of the proposed bank and extension of the mattress onto the wash
bed. In the event that bed material is eroded, the revetment mattress will lower into the depression to
maintain protection of the bank toe. A 6-inch waterline will be located to just downstream of the new bridge
abutments. The majority of this relocated waterline will be protected by the revetment mattress, but there
is a portion of waterline that is not protected and will be provided concrete encasement.
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Appendix A Field Photographs

Dibble A Dennehotso Loop Road
December 22, 2023 Drainage Report



Laguna Creek Dam, looking east

0

Laguna Creek Dam, looking southeast Laguna Creek Dam outlet, looking southeast



Laguna Creek looking west, upstream

Dennehotso Loop Road, showing typical incised roadway Breakout wash, to be abandoned per NDOT



Levee breakout wash at Dennehotso Loop Road, downstream West levee/retention area on the right, Dennehotso Loop Road

Levee breakout wash at Dennehotso Loop Road, upstream New Laguna Creek Bridge, looking north




New Laguna Creek Bridge, looking north
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Appendix C Hydrologic Memorandum
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Appendix D Hydraulic Analysis
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Appendix E Scour Report
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