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PROJECT BACKGROUND
The recent 2019 Museum Fire has burned significant portions of the Spruce Avenue Wash watershed,
increasing the potential for higher peak runoff and extended water yields than has previously been
experienced.
The Kroneberger residence at 1355 Cliffrose Drive has been identified as imperiled by potential flooding
from the burned watershed due to its location with what has been identified as a tributary channel to the
Spruce Avenue Wash. The existing residence straddles a small valley that had been an inactive channel of
the watershed prior to the fire and is situated at the downstream end of a relatively deep local depression area.
In the event that stormwater runoff begins to flow through the valley, the house will become flooded as the
depression fills with water. The volume of potential stormwater runoff from the upstream watershed is far
greater than could be retained within the existing depression area and once filled, will continue around or
through the house and continue downstream through the Mount Elden Estates neighborhood.
The property owners intend to construct an earthen berm to help block stormwater runoff from flooding their
home. The construction of the berm is based upon a concept-level drawing developed by Natural Channel
Design, Inc. during the process of exploring various mitigation alternatives for the Mount Elden Estates
neighborhood as part of an ongoing contract with Coconino County Flood Control District (CCFCD). It is
understood that the property owners have retained a knowledgeable contractor and intend to construct the
berm without further formal design or the development of fully engineered plans and specifications.
It is understood that Coconino County requires an analysis of the effects of the berm to demonstrate no
adverse impact to downstream properties in order to issue a grading permit for the berm. This report provides
the results of limited hydraulic modelling of several potential storm events that CCFCD is using to evaluate
overall flood risks top the neighborhood following the Museum Fire. Those storms being monsoon-type
events that result in 1 inches, 2 inches and 3 inches of rainfall across the entire watershed in a one hour period
of time.

PROJECT OBJECTIVES
The proposed berm is intended to provide a level of protection against the flooding that may occur as a result
of the Museum Fire. The berm will not be fully engineered, however, a well compacted berm of screened
material (3 inch minus) may hold back floodwaters from immediately reaching the residence, provided that it
is constructed high enough to not be overtopped by those flood flows. Further, the nature of the underlying
native soils is not known and the ability or speed for impounded water to seep through the subgrade or
through the berm itself cannot be known without formal geotechnical testing and analysis. However, as an
emergency measure, the berm may allow time for the homeowner to pump any impounded water that
accumulates behind it before it is compromised by seepage.
This hydraulic analysis is intended to quantify changes to downstream flooding that may occur due to the
placement of the berm within the existing depression area. That depression, within which the residence is
partially located, acts as a stormwater retention basin and may provide a small amount of attenuative effects
to flood flow for properties downstream of the site. The construction of the berm will reduce the volume of
water that can be retained and therefore may reduce those attenuative effects. The analysis will also provide
information relative to the height of berm necessary to protect the Kroneberger residence against the three
different storm events evaluated.
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PROJECT LOCATION
The project area is located approximately three miles north of downtown Flagstaff, and within the Mt. Elden
Estates subdivision in Coconino County, Arizona (Figure 1). The project is located on APN 300-48-016S at
1355 Cliffrose Lane on a tributary channel of the Spruce Avenue Wash. Parcels within the Mount Elden
Estates neighborhood are approximately 2.5 acres in size of rectangular shapes in various width/length
dimensions.

Figure 1. Location Map

Museum Fire boundary shown in green. Main stem of Spruce Avenue Wash headwaters
shown in red. Mount Elden Estates neighborhood shown in lower left with the subject
property located in the northeastern portions of the neighborhood.
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ANALYSIS
EXISTING AND PROPOSED TOPOGRAPHY
Topographic information for the area of concern was extracted from a DEM model as available from the City
of Flagstaff, based upon recent (within past 10 years) LiDAR data. This data was supplemented with limited
field survey data as provided by the Coconino County Public Works. Additional data included the finished
floor elevations of the structures on the subject property as well as those of the residence on downstream APN
110-01-010 (Nicoletti Residence - 4725 N Morning Glory).
The subject property (APN 300-48-016S) is located within and upland tributary valley of the Spruce Avenue
Wash. This small valley is the westerly of two main tributary arms that form the headwaters of the wash.
The two tributaries converge at a location approximately 400 feet downstream of the residence on the
property. The valley upstream of the residence is characterized by an undulating surface with no specifically
defined, continuous channel. Various depressional areas that extend across upstream properties exist that, in a
stormwater runoff event, will each fill prior to the flow then continuing down valley.

Westerly
Tributary

Easterly
Tributary
Subject Parcel
300-48-016S

Figure 2 - Tributary Valleys of Spruce
Avenue Wash
The subject property is situated in the west
(left) valley above the confluence with the
east (right) valley.

Adjacent &
Downstream Parcel
110-01-010

N

The subject residence is located at the downstream end of one of the larger depressional areas, with the lower
floor situated below the elevation at which flows would begin to overtop the depression and continue
downstream. As such, any flow event that reaches the depression will flood the lower level of the residence.
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Figure 3 below shows the existing depression on the upstream side of the residence.

Residence
Upper Floor
and Deck
Fence
Approximates
Property Line

Existing Depressional Area
Lower Floor at
Bottom of Depression
(Out of View, Behind Trees)

Spill Point of
Depression

Figure 3 - Topography at Upstream Side of Residence at APN 300-48-016S

Two versions of the site topography were used as the underlying terrain for the hydraulic analysis. The first
version being that of the unmodified, existing surface and the second version being modified to include an
approximation of the proposed berm, situated on the upstream side of the residence. The two versions of the
topography are illustrated in the topographic relief maps of Figure 4 below.

Figure 4 - Proposed Condition (left) vs. Existing Topography (right)
The proposed condition on the left shows the proposed berm rising from the bottom of the depression area just upstream of the house.
Additionally, it is assumed that some grading will occur on the north and west side of the berm to provide conveyance of flows from
the ponded area, around the berm and to the downstream side of the residence.
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HYDROLOGY
NCD did not perform any hydrologic analysis for this project. Rather, hydrologic data was provided to NCD
by the Coconino County Flood Control District, as available from previous studies performed by JE Fuller
Hydrology and Geomorphology. Those studies are relative to an ongoing Museum Fire Flood Mitigation
effort for the broader Mount Elden Estates neighborhood. In August, 2019 during the emergency response to
the fire and in preparation of post-fire flooding, a FLO-2D® model for the burn area was prepared by JE
Fuller Hydrology and Geomorphology for the Coconino County Flood Control District. Estimated post-burn
flows coming into and through the project area were developed based upon rainfall scenarios that would
produce one, two and three-inches of rain in a one-hour duration storm event on the entire watershed.
While monsoon storms in the southwestern US typically produce intense rainfall cells of limited area and may
or may not cover the entire seven square mile watershed of the Museum Fire at any one time, the hydrologic
models provide a range of possible peak flows that for hydraulic analysis and comparison. Hydrographs for
those three storm events were provided to NCD for use in the limited hydraulic model specific to this project.
For a means of comparison, the peak flows from those three hydrographs are summarized in Table 1 below.
Two hydrographs for two separate tributary channels were input into the hydraulic model due to the two legs
of the wash combining just downstream of the subject parcel. To fully capture the hydraulic impacts of the
berm to downstream areas, both hydrographs have to be considered. Hydrograph 1 references the flow
arriving at the upstream side of the Kroneberger parcel. Hydrograph 2 references the flow arriving at the
upstream side of the Fallen Pine/Morning Glory intersection. Both hydrographs combine within the parcel
(APN 110-01-010) located adjacent to and downstream of the subject parcel. The arrival time is the time as
measured from the beginning of the storm event.
Table 1 - Hydrologic Summary
(Total Rainfall Depth)

Hydrograph 1
(cfs)

Arrival Time
(hr:min)

Hydrograph 2
(cfs)

Arrival Time
(hr:min)

1 inch
2 inch
3 inch

116.4
597.6
1632.4

1:16
0:44
0:48

147.9
745.7
1611.3

1:40
1:02
0:48

Storm Event

HYDRAULICS
Hydraulic Model
HEC-RAS v5.0.7 as available from the Army Corps of Engineers (USACE) was used to model the three flood
event scenarios through the subject area, including the subject parcel and the two downstream parcels. This
software was chosen for its speed of processing large and complex floodplain systems and relative simplicity
of modeling compared to other 2D modeling software.
The existing and with-berm models are similar to and built from another HEC-RAS 2D model that is part of
an ongoing analysis for the larger Mount Elden Estates Flood Mitigation project being conducted by CCFCD
and JE Fuller. The models incorporate the LiDAR topography and ground-based survey data that was
provided to NCD as well as the hydrographs as described above.
The HEC-RAS model was configured using 5 foot grid cells as a default size with smaller grid cells created
where additional detail was needed to define the berm, channels or other miscellaneous features. Land cover
roughness or “Manning’s n” were set at 0.08 for overland/forested areas and 0.04 for roads and driveways.
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Model Results
The results of the hydraulic modelling indicate only minor differences in downstream flooding between the
existing condition and the proposed condition with the berm. The areas of downstream inundation are nearly
indistinguishable between the existing and proposed condition models. Maps of the modelled flood
inundations area are included within Appendix A of this report. Calculated water surface elevations were
extracted from the model within the user interface of the software and are summarized in Table 2 below for
key locations of interest.
Table 2 - Flood Elevation Summary; Existing Condition vs. Proposed Condition w/Berm

Location
NW Corner Kroneberger Garage
(Garage FF=7182.1)

NE Corner Kroneberger Barn
(FF=7174.9)

NW Corner of Nicoletti Residence
(FF=7161.0)

SW Corner of Nicoletti Residence
(FF=7161.0)

1” Storm
Existing
Proposed

Water Surface Elevation (feet)
2” Storm
3” Storm
Existing
Proposed
Existing
Proposed

7182.62

-

7183.83

7181.92

7184.00

7184.00

7175.32

7175.33

7176.31

7176.25

7177.49

7177.49

7159.58

7159.65

7160.57

7160.61

7162.11

7162.11

7158.65

7158.73

7159.33

7159.40

7160.34

7160.34

It should be noted that statistically, the 1, 2 and 3 inches/hour storm events have recurrence intervals that fall
between the 2 to 5, 25 to 50 and 200 to 500 year storm events, respectively (per data that can be found on the
NOAA Atlas 14 website https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html).
As can be seen by the summary table above and the maps provided within Appendix A, there is no difference
in the flow paths on downstream properties resulting from the berm construction. Additionally, there is no
significant change in the inundation areas where flooding already occurs and no significant changes in flood
elevations between the existing condition and that with a berm. With or without the berm, flood flows pass
on both sides of the existing horse barn, just downstream of the residence on the subject parcel and pass on
both sides of the residence on the Nicoletti parcel, downstream of the project.
Analysis of peak water surface elevations at specific points of interest shows minor increases, generally less
than 0.1 feet, downstream and of the subject property. However, those increases do not result in a change of
condition that creates new flooding of the finished floor of the structures during the 1 inch and 2 inch storms.
During the 3 inch storm event (~200 year storm) as modelled, the Nicoletti parcel is shown to be have
flooding depths greater than the finished floor of that residence. However, the model shows that the berm
makes no difference in that flooding extent or depth during that storm event. It should also be noted that the
2D models of the existing and proposed conditions do not account for the concrete barriers and sandbags that
have been placed along the north side of the Nicoletti residence. As such, it is likely that some the flooding
shown to be passing behind the residence will be deflected toward the street side (Fallen Pine and Morning
Glory) of the house.
Though not directly applicable to the Museum Fire flood mitigation, the Coconino County Flood Control
District adopted a “No Adverse Impact Criteria” for flood mitigation measures related to the 2010 Shultz
Fire/Flood north of Flagstaff. Relative to flooding depths, that criterion defined acceptable increases in flood
depths as less than 0.1 foot for the 5 year storm event, 0.5 foot for the 10 year event and 1 foot for the 100
year event. The increases in calculated flood depths, as modelled, essentially match that criteria for no
adverse impact to downstream properties.
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Relative to the beneficial impact of the berm on the Kroneberger parcel, the model does show that the lower
level of the residence can realize flood protection for up to the 2 inch rainfall event (see Flood Map
Appendices), if constructed with a top elevation of 7186.4 (vs upper floor FF=7185.83). For protection only
up to the 1 inch event, the berm would need to be constructed with a top elevation of no less than 7184.0.
Additionally, any east-west oriented berm that is constructed should also have an extension southward from
its west end that connects to the garage (See Figure 5) so as to prevent the flows from passing around the end
of the berm and then back into the depression between the berm and the house. Additionally, to increase the
conveyance of flows around the berm, the model assumes that a 24 ft wide swale can be constructed to
provide positive fall from the spill point of the depressional area to the downstream/downslope areas south of
the residence.

Top of Berm=7186.4

Wrap Around Berm

Residence
Upper Floor FF=7185.83

Garage

Figure 5 – Model Terrain Detail of Berm Configuration
APN 300-48-016S

Some of the berm and swale construction as depicted in Figure 5 assumes grading on parcels and/or within
access easements adjacent to the Kronebergers. It is understood that the necessary clearances and permissions
have been or will be garnered by the Kronebergers to accomplish any off-lot grading as necessary.

CONCLUSION
Based upon our analysis and modelling of the hydraulics in the areas immediately upstream and downstream
of the proposed project, we believe that the construction of the berm with have no adverse flooding impact to
adjacent properties. Generally, this analysis shows that increases in flooding depth downstream of the
project are less than 0.1 feet. Additionally, the model shows that scale of impacts to downstream flooding
decreases with increasing storm magnitude to the extent that during the 3 inch storm event, there is no
quantifiable difference between the existing and proposed conditions.
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This analysis should help the property owners and their contractor to further refine the actual construction of
the berm and provide some guidance for field modifications to the concept drawing that triggered its
construction.
We realize that the technical information presented herein is complex in nature and further questions may
arise during the initial review of this report, the permitting effort through Coconino County and during the
construction of the berm, when that occurs. NCD will be happy to answer questions relative to the hydraulic
modelling performed for this report and the conclusions drawn from it.
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APPENDICIES
Flood Maps for existing and proposed (with berm) conditions for the 1, 2 and 3 inch in one hour storm events
on the Museum Fire Watershed.
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Figure A1 - Existing Condition / 1 Inch Storm Event
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream of the southerly adjacent parcel (APN 110-01-010).
It should be noted that the flooding within the easterly tributary is not modelled herein. A hydrograph from the ongoing flood modelling for the Coconino County,
Mount Elden Estates Flood Mitigation Project has been inserted into the model immediately upstream of the Fallen Pine Trail/Morning Glory intersection.
North is up in this and all of the following figures within this Appendix. Legend on right indicates flood water depth relative to the underlying ground.
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Figure A2 – Proposed Condition / 1 Inch Storm Event
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream of the southerly adjacent parcel (APN 110-01-010)
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Figure A3 – Existing Condition / 2 Inch Storm Event
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream of the southerly adjacent parcel (APN 110-01-010)
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Figure A4 – Proposed Condition / 2 Inch Storm Event
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream of the southerly adjacent parcel (APN 110-01-010)
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Figure A5 – Existing Condition / 3 Inch Storm Event
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream of the southerly adjacent parcel (APN 110-01-010)
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Figure A6 – Proposed Condition / 3 Inch Storm Event
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream of the southerly adjacent parcel (APN 110-01-010)
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Figure A7 – Proposed Condition / 1 Inch Storm Event / APN 300-48-016S Detail
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream edge of the same parcel
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Figure A8 – Proposed Condition / 1 Inch Storm Event / APN 300-48-016S Detail
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream edge of the same parcel
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Figure A9 – Existing Condition / 2 Inch Storm Event / APN 300-48-016S Detail
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream edge of the same parcel
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Figure A10 – Proposed Condition / 2 Inch Storm Event / APN 300-48-016S Detail
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream edge of the same parcel
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Figure A11 – Existing Condition / 3 Inch Storm Event / APN 300-48-016S Detail
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream edge of the same parcel
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Figure A12 – Proposed Condition / 3 Inch Storm Event / APN 300-48-016S Detail
View Extends from upstream of the subject parcel (APN 300-48-016S) to downstream edge of the same parcel
Note that at the height modelled, the 3 inch storm event overwhelms the berm
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Figure A13 – Existing Condition / 1 Inch Storm Event / APN 110-01-010 Detail
View Extends from upstream of the subject parcel (APN 110-01-010) to below downstream edge of the same parcel
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Figure A14 – Proposed Condition / 1 Inch Storm Event / APN 110-01-010 Detail
View Extends from upstream of the subject parcel (APN 110-01-010) to below downstream edge of the same parcel
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Figure A15 – Existing Condition / 2 Inch Storm Event / APN 110-01-010 Detail
View Extends from upstream of the subject parcel (APN 110-01-010) to below downstream edge of the same parcel
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Figure A16 – Proposed Condition / 2 Inch Storm Event / APN 110-01-010 Detail
View Extends from upstream of the subject parcel (APN 110-01-010) to below downstream edge of the same parcel
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Figure A17 – Existing Condition / 3 Inch Storm Event / APN 110-01-010 Detail
View Extends from upstream of the subject parcel (APN 110-01-010) to below downstream edge of the same parcel
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Figure A18 – Proposed Condition / 3 Inch Storm Event / APN 110-01-010 Detail
View Extends from upstream of the subject parcel (APN 110-01-010) to below downstream edge of the same parcel
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