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TO: Nate Reisner, PE
Coconino CountyPublic Works
5600 E Commerce Ave
Flagstaff, Arizona 86004

FROM: Michael Kearly PE CFM
Natural Channel Desigiinc

RE: Mount Elden Lookout RoadSchultz Creek Crossing
Flagstaff, Arizona

Project Description

The Schultz Creek Crossing project of Mount Elden Lookout Road is an infrastructure upgrade that
was triggered in response to increased flow from the Schultz Creek watershed as a result of the
2022 Pipeline FireThis projecwill be part of a broader respse to the podire increase in runoff

from the watershed that includes the construction of large stormwater detention basins by the City
of Flagstaff and watershed restoration by the Coconino County Flood Control District and US
Forest ServiceThis progct will includeupgrading an existing 24 inch cmp culvert crossing with

by installation of ahreebarrelconcrete box culvermodification of the road profiland channel
grading upstream and downstream of the road to transition the flow into andthatnefv box

culvert.

Project Location & Access

The project is located withi€@oconino Countyn areaof northwest Flagstaff, approximately 3
miles north of downtown and just east of the intersection of Mount Elden Lookout Road and Shultz
Pass RoadSeeFigurel.

Access to the project site will be via Mount Elden Lookout Road, north from US Highway 180.
Traffic control during construction and a temporaryrafid diversion of traffic will be necessary
to facilitate construction of the box culvertsieath the road.

The existing roadwagt the drainage crossirglocatedwithin a Coconino County easement that
crosses U%orestServiceland. Construction willnclude disturbance within the actual roadway
and within areas adjacent to the road bmihUSFS land to the north of the road and an adjacent
parcel to the south side of the road. The adjacent partieé southis owned by the Museum of
Northern Arizonaand includes aB0 foot wide easemetielonging to Kinder Morgan for high
pressure, natural gas transmission mains.
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Figure 1 - Project Site Overview

Concrete BoxCulvert Design

LiDAR datadating from 2019 andbtained from Coconino Countsupplementegith aground
based topographigurveyperformed by the Coconino County Surveyor in January 2@28 used
to createanexistingDigital Terrain Model (DTM)as a bas map for design.

Sizing of the box culvert was determined by Coconino County Public WGRBW)to ensure

passage of what has become the default design storm fefirpolibod mitigation within the
Pipeline Fire burn scar inthéelirhneedid@edpodium cohditioninas nut e st ¢
been used for much of the mitigation wankplementedby the City of Flagstaff and Coconino

County Flood Control District and will be used for this projetb. pass the design storm without

any overtopping the road,triple barre[2 - 4x8 +1 - 5x8) concrete box culveis required. Other

design stormsra also evaluated with this design to check for function and flooding extents during

higher flows.

Theinvert of thecenter barrel of the box culvert crossing will be depressedbonlower than the
outside two barrels tprovide formore shear duringpw flows toreduce sedimentatiamithin the
box culvertsandthereby reducenaintenancaeeds.

On the north upstreanside of the road, a concrete headwall with tapered wing walls will be
constructed. Grading will be conducted to intercept the nédwepath as well as to intercept pipe

and spillway discharge from the recently completed City of Flagstaff detention basins. This grading
will include transitioning tha@ative channallown to the new box culvert invert as well as roadside
ditch modifications to intercept the outflow from the detention badWatural rock and rock riprap

will be used for grade control on the north side of the road.

On the south side of the rodate box culvert will terminate with a straigtype headwall to avoid
encoachment into the Kinder Morgan easememniadihg will includeroad shoulder reconstruction
andchannel widening to accommodate the width ofttiveebarrelbox culvert and transitioning
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of that width back to the downstream natural geomorphic charifrelsioncontrol for the new
downstreanchannel will be provided by an articulated concrete (A&M) as required by the
Kinder Morgan Gas Company.

RoadReconstruction

The horizontal alignment of Mt Elden Lookout Road weiinain unchangeddowever, hevertical
alignment will require adjustment in order to accommodate the new 4 foot high box culvert
openings. The finished grade of the road at the box culverts will be approximately 8 inches higher
in elevation that the existing road. The road profild e adjusted by reconstruction of
approximately250feet of the pavement anidstallation of vertical curves transitions in and out of

the new road elevation.

To avoid significant changes to the road profile at the location where flood flows frorizSchu
Creek currerly overtops the pavement, vertical curves shorter BaSHTO standard will be

used. Pavement will be replaced to match the existing pavement section or as otherwise
recommended by geotechnical testing and design by Speedie and Ass@diateshat report
becomes available

Guardrail

Guardrailwill be included across the extent of the concrete headwalls and extend beyond the
crossing untilembankmenside slopes reduce to 3:1 or lesSuardrail is specified per ADOT
standard drawings and projesfiecific details as needed.

A standard WBeamguard rail with box culvert guardrail post per ADOT Detaill@07 is
specified across the top of the box culvdBeyond the ends of tHmox culvertheadwall, standard
w-beam guard railC-10.08) andTest Level 2 MSKTterminal end sections will be placeulthe

limits required per theoad embankmergiopes. Per current MASH guidelines, the low speed of
Mt Elden Lookout Road (25 MPH speed limit) allows for the reduced length of a terminal end
section as the ™2 MSKT provides. This shorter length is mesary due to an otherwise
conflicting driveway, west of the crossing.

Armoring/Erosion Control

Slope and channel armoring to prevent erosion will be included as part of this pDujettie
upstream, inlet side of the box culvert crossing, multiplecasuof flow from different direction
creates a complicated design scenario. Natural rock and rock riprap will be uses to stabilize slopes
and channel bottomsRock and riprap have been sized with various calculation tools which are
explained in a sea of the attached appendices to this memo report.

On the downstream side of the box culverts, flow discharges immediately onto the gas line
easement. Kinder Morgan only allows articulated concrete mats to be placed for erosion control

across their easgentsto allow for future removal and replacement if maintenance of the gas line

is required. ASubmar o is the product required
easements. The Submar manufacturer considers the design specifications of thetr govdd

placement to be proprietary. Other than the approximate extent of their product being shown within
the90%plans, all aspects of that design and installation will be per the manufacturer.

Immediately downstream of the Kinder Morgan easemerdravtne modified, ACMined channel
transitions back into a natural geomorphic channel. A rock cross vane weir will be constructed at
this location to stabilize the channel bottom at that location and aid in returning theideeed
channel flow to thenore narrow, native bankfull channel.
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FEMA Floodplain Mapping

The project will be constructed partly within an existing FEMA Zone AE regulatory floodgtain
floodwayincluded within FIRM panel 040666806G, effective 9/3/2010r'he FEMA flood zone
begins at theouth/downstream edge of the road at the City of Flagstaff corporate limits and extends
downstreanintothecityd s f | o o d p | aThechgnnelrthiroggdgproximiatelyn120 feet of

the regulatory floodplain will benodified. The channshape will be modifiedignificantly from

its existing condition and include both excavatida new thalwegnd filling in some portions of

the old channgo achievehe final shape.

Permitting of this work within the FEMA floodplain will be through City of Flagstaff Floodplain
Management. A separate fAFloodplain Modification Repol
provides documentation of no rise in the-geepostproject maximum water surface elevations at

any of the FEMA regulatory channel cross sections. That report has been submitted separately to

CCPW and the City of Flagstaff.

Jurisdictional Waters of the U$ 404 Permitting

A Nationwide 14(Linear Transportation) 404 permit will be required for this project through the
US Army Corps of Engineers (USACE).AD has already prepared and submitted a Preliminary
Jurisdictional Delineation of jurisdictional waters to the USACE for their revieve next step in

the 404 process will be to submit a Preliminary Construction Notification (PCN). NCD has also
prepared the biological evaluation of the affected awtathis writing, we are waiting for the
archeological survey of the groutmlbecompktedbefore submitting the PCN to the USACE.

Utilities Impacted

APS electricand CenturyLinkOptimumtelephone have undergroufatilities present in the work

area, runninggast ad wet along the north shoulder of the rodthis project willrequire verttal
relocation of those utilities to below the new box culvert and associated roadside channel grading.

High pressure natural gas transmission pipelines are located within an 80 foot wide Kinder Morgan
easement on the south side of the roadading acres the top of the gas lines will be requited
transition the flow fromfull width box culvert outlets tahe more narrowdownstream natural
geomorphic channel.

Anticipated Excavation Conditions

Native soils through the exteaf the project excavation area are anticipated to be alluvium soils
and bedrock is not expected. CCPW has engaged with Speedie and Associates to conduct a
geotechnical investigation in support of this desid\t the time of this writing, theaptechnical

design reporhas not been completed. When available, the geotechnical report will be reviewed
with respect to the plarie be sure both are in agreemant a copyf the reporincluded within

the project special provisions.

Hydrologic/Hydraulic Andysis

Hydrologic modeling of the upstream watershed has been provided by JEHydletogy and
Geomorphology{JEF)as part of their analysid the Pipeline Fire for the Coconino County Flood
Control District and the City of Flagstaff.

For the desigiof the box culvert crossing, NCD was provided with hydrographs of various design
storms by JEFHydrographs provided by JEF are of the gmgh watershed conditiaand include

the effects of the recently completed stormwater detention basins just upstream of the road crossing.
For reference, the FEMA regulatory event was also modslédCD. Peak flow from the storm

events evaluated for this project include:
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Table 1 - Hydr ologic Design Summary

Storm Event Peak Flow (cfs)
2 in/45 minute storm (primary design storm) 295
25-year Type 11/6 hr stornfpostburn condition) 496
50-year Type Il/6hr stornfpostburn condition) 762
100year Type Il/6hr storm(postburn condition) 1086
FEMA 100 yr regulatory flood evefpre-burn) | 440

Peak flows and hydrographs supplied by JE Fuller Hydrology and Geomorphology
FEMA 100 yeaflow per the current Flood Insurance Stug4005CV001B, 7/19/2022

NCD hashydraulicallymodelled the culvert crossinging the twedimensional capabilitiesithin
HEC-RAS. The results show that with theb&rrel box culvert, the 2in/45min storm will =&
completely beneath the road and not inundate the traffic lanes. The 25, 50 and 1iiy&am
the postburn watersheccondition will continue toovertop the roadio varying degreesbut to a
lesser extent than the pgroject condition

A summay of the existing condition and performance of the proposed box culvert crossing is
included inTable2 below:

Table 2 - Comparison Existing and Proposed Flow Conditions

Existing Condition PostProject Condition
&Culvert | Road Overtog  Culvert Road
Storm Event Peak Flow| Peak Flow | Peak Flow | Overtop Peal
(cfs) (cfs) (cfs) Flow (cfs)
2 in/45 minute 0 293 293 0
25-year Type Il/6 hr 0 495 493 2
50-year Type ll/6hr storm 0 761 642 119
100-year Type Il/6hr storm 0 1084 714 370
[ [
FEMA 100 yrregulatory flood | 0 | 440 | 440 | 0

a8 Assumes that the existing 24 inch culvert is clogged with sediment/debriiseffectiveluring theevent.
Note: Total peak flows may not add up to the peak incoming flow per Tahle to a minor amount of attenuation
realized in the ponded volume held on the upstream side of the road.

Relative to the effective FEMA floodplafloodway that beginatthe imnediate downstream edge

of the road, there should be no difference in thepos project flow condition in the downstream
main stem of the channel as the box culverts will pass the 440 cfs. At the outlet of the box culverts,
there will be minor differenes in the water surface elevation due to the grading required to open
the existing channel thalweg to match the wider box culvert otitietgrading will result in a net
removal 0f39 cyof material from the channel/banks withthe floodplain limitsandpre- to post

project water surface elevations should result in reduced depths accordingty strictly
comparing the regulatory flow within the channel

The 2D model results do not directly correlate to the effective FEMA model due to differences
between the effective moddabpography andhe current terrain. Of note, the effective ene
dimensional modg2004)does not account fahe upstreanovertopping of the roaduring a 440

cfs flood eventthat is otherwisedemonstrated by th@D model This owertopping diverts
approximately 73 cfto a swaldocated approximatel250 feet to the west of the culvert crossing.
That diversion ofloodplainflow reduces thén-channel flow(compared to the effective FEMA
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model)until it rejoins the mainstem at edation approximately 800 fedbwnstream of the culvert
crossing.

With respect to the current conditions and topography, the increased capacity below the road that
the box culverts provide will result in an increased amount of flain the main stenof the
channefor approximately 800 feet immediately downstream of the doaithglargestorm evers

With the increased capacity of the box culvertseduced amount of overtopping flowill be
diverted250 feetto the westandto the naturd, broadswale at that locationDownstream of the
confluence of the main stem channel and swiaeactsfrom the projectwill be negligible.
Compared to the immediate pdsirn conditionandprior to the combined mitigatiothat efforts

by the City of Flagstaff, Coconino County and the US Forest Service, themgstt condition

will be a significant reduction in flood risk to this reach of Schultz Creek.

Moving forward, Coconino County and the City of Flagstaff will need to determirze will be

requiredto permit the project through floodplain management. With the desired project schedule,

it would preferable if floodplain permittingan be conducted on the local level. A FEMA
CLORM/LOMR process would inevitably delay the construcdf this projecbeyond the coming

monsoon seasorRotentially, a limited 1D model comparisonpoé- to postprojectwater surface

elevations fromthe egul at ory fl ood flow (440 cfs) that i s
channel at the outlet #ie box culvertsvill suffice for local permitting

Additionally, further refinements of NCDO6s 2D me
noted at this writing that there as some minor issues with the DEM surface and false flattening of

the surface near contour lines that will need to be refinied to the next submittal. However, the

changes to the final model result are anticipated to be minor.

Conclusion

The concrete box culvert wilprovide for passage of the 2in/45min storm event beneath the road
without overtopping or interruptiomitraffic. Peak flows from storms larger than the design storm
will continue to overtop the road as before the project, but sihificantly reduced impacto
access anttaffic.

The increased capacity that the large box culvert crossing provides will reagitdateramount
of flow being directednto thechannethat isimmediately downstream of tmeadcrossing during
large runoff events During those larger eventiipws would otherwise overtop the roasith a
portion of that flowbeing diverted to the west and away from the main stem of the chartrisl.
result will impact the river reach for approximately 800 feet downstream obdgebutwill have
negligible impact beyond where the overflow returnghie main stem of the channélhe main
stem of the channel for that 800 feet will experience more fluam if the project were not
constructed, however, this flow will be less tlifsthe combined mitigation ohie City, County and
USFS had not been implemented.

Relative to the FEMA 100year flow, the increased capaxitie culvertdo pass waterdneath
the road willensure that the regulatory flood event will be delivetiedctly ino the mainstem of
the clannelas per the effective regulatory floodplain model.

The project will also includeninor reprofiling of the road centerline. To accommodate 4ft high
box culverts, the finished grade of the road centerline will be eleGa8efetfrom the existing
condition. The road will be transitioned into and out of the new grade through vertical curves,
requiringapproximately 250 feet of thead pavement to be reconstructed
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This submittal reflects th@0% progressdesigndeliveryfor this project We look forward to the
comments and input tihe project fromCoconino CountyPublic worksandotherinterested stake
holders.

Attachments
Included as attachments to this repame supporting dat@utputand screen shots of thanous
HEC-RAS 2D model runs for the box culverts, road overtopping and downstream channel.
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HEC-RAS 2D Geometryi Boundary Conditions

Figure 2: Hydraulic Model Boundary Lines Shown Against Existing Terrain
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The aggregate total peak flow from the all of the hydrographs to the the road crdssitige following
stormsis as follows

2 inch in 45 minutesEstimated Peak Flow 296 cfs

25-year 6hour Duration Typdl Storm- Estimated Peak Flow 497 cfs

50-year 6hour Duration Typdl Storm- Estimated Peak Flow 763 cfs

100-year 6hour Duration Typdl Storm- Estimdaed Peak Flow 1086 cfs

CtKS R2¢6yaiGNBlIY 02dzyRIF NBE O2yRAGAZ2Y A& Y2RStSR I a
approximate the existing valley slope. The downstream boundary condition is placed well away from the
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project area to minimize error nedine project area due to incongruencies between the model and the
actual conditions.
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Figure 3: Existing condition simulation area parameters
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HEC-RAS 2D Geometry- Culvert Modeling Data

Figure 4: RAS Mapper illustration of culvert configuration.
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Figure 5: Geometry SA/2D connection data editoillustrates culvert cross section.
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Culvert Data Editor
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Figure 6: Culvert Data Editor for Culvert #1 pertaining to the left and right barrel
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Figure 7: Culillert Data Editor for Culvert #2 pertainiﬁg 'to the center barrel
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DESIGN HYDROGRAPHS
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Figure 8: 2" in 45 Min. Hydrograph Chart
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25-year Type-Il 6-hr. Hydrograph
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Figure 9: 25-year Type-ll 6 -hr. Hydrograph Chart
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50-year Type-Il 6-hr. Hydrograph
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Figure 10: 50-year Type-ll 6-hr. Hydrograph Chart
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100-year Type-Il 6-hr. Hydrograph
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Figure 11: 100-year Type-ll 6-hr. Hydrograph Chart
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Estimated Combined Hydrograph
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HEC-RAS Resultsi Culvert Performance Hydrographs
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Figure 13: Culvert Stage/FlowHydrograph from 2 in. in 45-min. simulation (Peak ~293 CFS)
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Figure 14:Culvert Stage/Flow Hydrograph from 25-year storm simulation (Peak ~493 CFS)
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Figure 15:Culvert Stage/Flow Hydrograph from 50-year storm simulation (Peak ~642 CFS)
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Figure 16: Culvert Stage/Flow Hydrograph from 100-year storm simulation (Peak ~714 CFS)
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Figure 17: Culvert Flow Hydrograph for 2 in. in 45-min., 25-year, 50year, and 100year storms

Note: To modelthe FEMA regulatory flood eveliihydrograph not show abova)
simulated hydrograph was created that starts as 0 cfs and quickly ramps up to a steady

state 440 cfs flow
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HEC-RAS Resultsi Screen Captures of Existing Condition Model Results

Figure 18: Image Existing Terrain (No Flow)
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Figure 20: Image Existing Max Velocity Over Road at 2" in 45 Min.

Figure 21 Image Existing Max She;arStress at 2" in 45 Min.
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Figure 23 Image Existing Max Depth Over Road a5-year Type-ll
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Figure 26 Image Existing Max Shearwith VIués at 5year Type-ll
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Figure 28 Image Existing Max Velocity Over Road at ®-year Type-ll

Figure 29 Image Existing Max Shearat 50-year Type-l|
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