Final Design Report

Turkey Creek Assessment and
Restoration

Natural Channel Design Natural Channel Design, Inc.
Engineering Inc. 2900 N. West St, STE #5

ncdengineeringinc.com

Flagstaff, AZ 86004

October 2025







Contents

(0 TT=To AU .4 = YRR 4
11 oo [T ({0 o F PP 5.
Background and MethOdOIOgY.............uuieiiiiiiii it rmmme e 6.
Design Analysis: Hydraulic Modeling and Structure SIZiNg.............cceeiiieiiaaceeeniniiiiiee e rmmee e 8
Restoration DeSigN COMPONEINLS..........oiiiiiii et eeeee e e e s s e e e s e e e e e e e e e e et e e e e e e eaaeesaaasesastrstnrnraaaeaaaeaeaaaaaens 11
74 81V =T 1 PP 12
L@ TN o Tox |G I - o o PR 12
[0 To3 1 W o [0 111 o PR PR PSP 13
Y [=To 1= B T ] o = PP PPPPRP PRSPPI 13
YT 7= LS @ o = T ] = PR 14
R EA =T 0 =] 7= 1o o PP PP PP 14
LAV o LS =T o =P PR PRPPP 15
(O (LTSI = T T I 15
[ o T | PP PO PO PR OPPPPPPPPPPPPP 15
0] 1TV I o R 16
(@] o 11 ][ o RO PPPRP 16
=] (=] = o S 17

Y o] o 1=1 T [P PPPPPPPPPPPP 18




This report summarizes the basis for design foiTimkey Creek watershed assessnpenject and includes a
description of the proposed structures referenced in the plan sheets.

Project Summary

Project Objective

The purpose of this project is to address the disturbances that wildfirewiloifis¢ flooding, and
excessive landise have had on theatershedsuch as high sediment loads, floodplain disconnection,
channelization, and loss of riparian vegetatiatural Channel Design Engineering (NCDE) has completed a
watershed assessment, as well as design plans aimesticgingthe hydrologic function of the project area.

Figure 1. Location map.

Findings and Recommendations

NCDE completed a site visit and survey in July 2025. The main issues were alepairehndstabilization,

and wet meadow restoratiofthe upstrearmost meadow arebow-tech procesbased restoration
techniques are proposed for this project, as well as moderate grading to restore the meadow area and
encourage greater infiltration. Details on specific techniques proposed, as well as the design process are
discussed below in tHgackground and MethodologndDescription ofStabilization Structuresections.




Introduction

Current Site Conditions

East of Winston New Mexico, Turkey Creek is located on Sevientydraw road within the Gila National
Forest(Figure 1) Turkey Creek is an ephemeral stream which has been negatively impacted by the 2022
Black Fire in conjunction with subsequent monsoon rains and flooding. This area has also been impacted by
high-volume OHV use andctivegrazing, which has led tignificant erosion and watershed degradation.

Scope and Limitations

This project is in proximity to a Mexican Spotted Owl (M3@dtected Activity Center (PACyvhichlimits

locations in which we can harvest materials, #edtime and manner in which construction can occur.
Furthermore, the remote location of this project site will limit acteksavy equipment, which will in turn

limit which practices can be adequately constructed. The remote location also prompts the necessity to harvest
materials onsite, details on which are provided below.

Proposed Material Source Locations

Materials for this project are to be harvested on site, in locations shown bdfguia2. Images of the
proposed harvest | ocations taken duri nAgpeldiCODEOGS s
Material Quantitiep

Flgure 2 Proposed Material Source Locatns




Background and Methodology

Watershed & Hydrology
The watershed for the project ared.i57 square milesRigure3) with a mean basin elevation 54feet.

Estimated discharge for a range of return intervals was determined from the National Streamflow Statistics
program utilizing regression equations for the New Mexico Peak 200834/1Mountain Flood RegioB.

The return interval is the frequency in years, on average, at which a peak flow occurs and is based on the
probability of occurrence in any given year. Discharge estimates f@rtth@00-year return interval flows

were calculated and are shown in Tahledr example, the Q5 fdrurkey Creelequals34.9cubic feet per

second (cfs) which means, that according to historical data, the probability of having a flow of this magnitude
is once in 5 years or a 20% chance of occurring in any given year. These estimates werdaisedine
placement of restoratigoractices, and to size rock structures.
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Figure 3. Site Watershed Map (USGS)




Table 1. Stream discharges for various return intervals.

WS
AREA | Q2 Q5 Q10 | Q25 | Q50 | Q100
(mi?) | (cfs) | (cfs) | (cfs) | (cfs) | (cfs) | (cfs)

157 | 129 | 349 | 58.9 | 102 147 202

Turkey Creek at
Project Area

Geomorphology
A stream creates a set of physical features (central or bankfull channel, geomorphic floodplain, low & high

terraces) to accomplish the transport of water and sediinght southwest, as in other regions, the channel

and geomorphic floodplain are created and maintained by moderate, frequent flood events with return
intervals in the range of one to two years (Moody et al. 2@R)h feature provides an essential purpdke.

main features guiding design at this site were the size of the creek and the wet meadow area on the upstream
end. The banks of the creek were to be restored and protected from future erosiorrim&dfgeents, and

the wet meadow area was to be restored by spreading flow and increasing infiltration.

&
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Figure 4. Overview of features in the project reach

A longitudinal profile, bank profiles, and points of degradation within and near the channel were surveyed in
July 2025. This data was integrated i8@18LiDAR data to provide the base of our structural and hydraulic
design.




Design Analysis: Hydraulic Modeling and Structure Sizing

Hydraulic Modeling 1 In order to size and place structures, peak flow events were run irRASCand

points of high stress and flow concentration were calculated. or der t o run an accur a
values were calculated using land cover data from NLCD; n values ranged from 0.035 Re@kiffow data

was run orthe base surfad&igure5), then again on our design surfaggdgure6), to illustratethe effect of

our proposed grading on surface flow and shear stress. The main focus of our design was both pinpointing
locations of high shear stress to be stabilized with rock structures or revegetation practieesyanghat

the flow through the wet meadow is spread enough without inducing additional points of high shear stress.

Figure 5. Shear Stress HEC-RAS Results-- Existing Surface at 25-yr flow (102 cfs)

In existing conditions, high shear stresses are concentrated in the channel adjacent to the wetoretdow.
purposes of this discussion, the models run usinge2b flow values (102cfs) will be usells shown in

Figure6 below,with the addition of the swale channel and spoil berm alone (not including stabilizing rock
structures within the channethere is greater cover in the wetadew area, as well as slightly reduced shear
stress in the adjacent chanrell(psf vs.5.5 psf).
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Figure 6. Shear Stress HEC-RAS Results-- Graded Design Surface at 25-yr flow (102 cfs)

To efficiently compare depths between the existing and design surfaces, a calculated layer was created in
HECRASO6s RAS Cal cul at o r FigurétbelowrTkisptoves that umddiee canditions n i n
of theproposediesign the 25year flow is effectively slowed by the spoil beramd more water is held in the

wet meadow area.




Figure 7. Water Surface Elevation Difference Between EG and Design Terrains (lighter is deeper, darker is
shallower)

Structure/Feature Rock Sizing 1 Once we confirmed the efficacy of our meadow design, and located
points of high shear stress throughout the reach, we could use the shear stress values calculateéd s HEC

to size rock structures appropriateBtructures were sized using both thermand 25yr flow eventson the
existingterraim dependi ng on t he st Maximinudrea étress yalwespddas e and
design were 3.5psf and 7.5psf, ferdhd 25year flow events, respectiveltructures directly in the flow

path which are designed to hold grade, such as-gesssweirs and graemuilding one rock dams, were

designed using the 2F flow event, to ensure they do not fail in larger events. Smaller structures (such as
Zuni bowls, smaller one rock dams, and rock rundowns) that are either not in the direct flowhsdghnor

to hold grade in the chann&lere designed using theygar flow event

Rock structures were sized using the Colorado C{lResgen)which correlates critical shear stress with the
initiation of movement of the maximum particle siEéglre8). The corresponding rock size fyr

maximum shear stress382mm, orl5inches in diameter; the corresponding rock siz&%eyr maximum
shear stress B69mm, or B inches in diametgiseeTable2 below)

Table 2. Maximum Shear Stress and Corresponding Rock Size

Maximum Shear Stress| Corresponding Rock
(psf) Size
S5yr
(34.9 3.5 382mm=15in
cfs)
25yr
(102 cfs) 7.5 669Mmm=26in
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Figure 3-11. Critical shear stress required to initiate movement of bed-material grains
following the Shields relation (Leopold et al.,, 1964), as modified by field data from
Colorado (Rosgen, 2006b; Rosgen and Silvey, 2007).

Figure 8 Colorado Rock Sizing Curve Developed by Dave Rosgen, Wildland Hydrology

Restoration Design Components
The restoration design includes several components that will help imgmdvgrotecthannel dimensions
andrestore the upstream wet meadow area

1 Low-tech, procesbased restoration (LTPBR) practices such as Zuni bowls, one rock dams, rock
rundowns, media lunaspttonwoodpole planting, and log sillill be installed along approximately
2,949feet of Turkey Creeko helprestorethe channefjeometry and protect from future head cutting
and bank erosion




1 A swale channel will be excavated to encourage the spread of flow at the upstream meadow area, to
improve wet meadow coverage

Description of Stabilization Structures

Due to the variable nature of natural river systems, the structure locations and elevations are approximate and
will be determined by site conditions at the time of construction. Structure elevation is based on the thalweg
(lowest point in stream) elevation at the time of construction.

Zuni Bowl

Zuni bowls are installed to arrest the upstream migration of a headcut. The structure effectively lines the
vertical edges of the headcut with rock and creates a pool. This allows the energy to dissipate as it drops into
therock-lined pool. These structures can be easily scaled to allow construction using hand crews or using
mechanical assistance.

Figure 9. Zuni bowl in headcut

One Rock Dam

The purpose of a one rock dam is to hold the existing grade and to encourage deposition to gradually raise the
channel bed. One rock dams can prevent or halt minor incisions in areas with overland flow and prevent
6short circuitingé around other grade control me a
protrudes slightly above grade. The structure runs perpendicular to the direction df flleis project, there

are two varieties of one rock dams: basic, and gbalding.

Gradebuilding one rock damgtilize larger rocks, and include both a feature and a footer rock. This structure
is intended to have the same effect as a basic one rock dam, with the adchipacitly to hold grade in

larger flow events. This is useful in areas thete a high degree of channelization or down cutting, as the
gradebuilding one rock dams help to rebuild bed elevation and discourage headcutting, both of which help to
reconnect the channel to the floodplain




Figure 10. One rock dam

Rock Rundown
Rock rundowns help to stabilitarger headcuts hey act similarly to Zuni bowls in that they protect the flow
path and dissipate energy, which helps prevent upstream migration of headcuts; they are used in larger

headcuts or areas that have been more deeply incised.

Figure 11. Rock Rundown in Practice

Media Luna
The Media Luna in this application is used to spread concentrated flows. The structure is made up of rocks

keyed into the channel and shaped to promote the dispersal of flow across a valley bottom or meadow in the
form of sheet flow.




UPSTREAM CHANNEL

DOWNSTREAM SPREAD FLOW

Swale Channel

Swale channels are wide, shallow channels constructed to reroute flow away from channelized or down cut
areas, and encourage spread flo@sr intention ighatit will raise the water table at the meadow and restore
its hydrologic functiorby increasing infiltration and reconnecting groundwater to surface.water

Revegetation

Cottonwoodpole plantingsandseedingwill be the primarymethod of revegetation. Streambank stability is

heavily influenced by streamside vegetation. The dense roots and stems of wetland plant species slows flows
and holds soil in place. The most critical areas for vegetation establishment are on the bankfull buildout and
side channel featureBigurel12).

Figure 12. Sloped bank with willow pole plantings, 5 years apart (Little Colorado River, Apache County).




Wildlife Fence

Wildlife fences will be used to help protect the newly planted Cottonwood poles from grazing of elk and other
animals. This will ensure the pole plantings mature as necessary to effectively hold grade with their root
systems.

Cross Vane Weir

Cross vane weirs help restore the stream channel to a more stable geomorphic configuration. Cross vane weirs
are installed to concentrate and center flows in overwide channels. They can also be installed at a steep grade
break or headcut to drop flows in a stable manner. Weirs induce pool features and provide valuable pool
habitat. Cross vane weirs consist of large rock locked together in an inverted horseshoe shape with arms
extending from the channel bottom up to bankfull height. An excavator will be needed to constogst a

vaneweir.

Figure 13. Cross vane weir, arms extending from bed elevation to bankfull height.

Log Sill

Log sills will be usedo hold grade in the restored wet meadow area and newly constructed swale channel.
They achieve this by acting as a small step, which helps to dissipate energy and prevent headcutting or
headcut migration. This will help stabilize the swale channel, which is cut down into the existing grade and
without stabilization will be more vulnerable to headcutting.




Rolling Dip

Rolling dips help to drain water off roads or pathways without causing erosion. S€eemtpraw Road

runs along, and at one point through, the area of interest of Turkey Creek. The rolling dip at this project site is
proposed slightly upstream of an area with a high degree of channelization, and is intended to control when
and where runoff will drain off the road, in order to protect the existing channelized area from future
degradation.

Figure 14. Rolling Dip

Conclusion

The proposed modifications to the stream as presented in the accompanying plans will inyghrologic
function, as well as the overall health of the watershéslalso intended that the restoration techniques will
not only restore the project reach, but also prevent any further degradation.

Construction access will come from Sevehtyur Draw Road. Access for larger vehicles and equipment is
relatively limited.

If in reviewing these materials, the reader has any questions regarding the proposed enhancements, they are
encouraged to contact us at their convenience
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Appendix

A. Materials and Quantities
A list of estimated materials is included belovable3) as well as in the plan set. Rocks and logs will be
harvested from approved sourcessite. Cottonwood polesvill be harvested osite, from SeventyFour

Draw Road and other areas deemed acceptable hyFBCdetails, see thdaterial Sourcing Locations
Memobelow.

Material Quantities

Table 3. Material Quantities

Material Unit Quantity
Hpeé w201 EA 103
Mpé w201 EA 991
MHE w2O] EA 525
MnQ [-RAEE 0MMl YSGSND |EA 11
Precast Concrete Spring Box EA 1
Cottonwood Pole EA 35
Coir Fabric SY 250
DoubleNet Erosion Control Blanket (ECH SY 262
Wildlife Fence LF 420




Material SourcingLocations- Memo

NCDEdentified multiple potential locationsfor harvestingrocks,logsand cottonwood

LI2fSa F2NJ 0KA&a LINRP2SO0® LG A& b/ 5904 dzy RSNA
that there is potentiallyadifferent rocksourceat a pit they are alreadyusingfor somelarger

material. Additionally, the lessee mentioned that he has a stockpile of rock at his property
(nearby) that were leftover from a past NRCS project and he would be open to discussing
usingthese rocks.

We haveincludeda photos folder related to the table below aswell asa .shpand .kml file
of the rocklocationsshownin mapbelow.

Rockd_ocationPhotoy Rock Size
PhotoNamé 6-12inee 12-20(ea 20-30(ea] 30+(ea
PXL_20250701_221142] 10 4 4 1
PXL_20250701_221147" duplicate
PXL_20250701_221200( 40-5C 12 2 1
IMG_275 180-20( 4 1
IMG_276 18 1
IMG_276 150-17¢ 2
IMG_276 14 3 1 1
IMG_276 70-8C 22 2 3
IMG_277 40 10
PXL_20250701_221201¢ 75 1
PXL_20250701_230627 35 7
PXL_20250701_230628 20-3C 6
PXL_20250701_230743¢ 30 2 1
PXL_20250701_231554/ 70-8C 36 19 2
PXL_20250701_232902¢ 35-4(C 2 5 3
PXL_20250701_232908" 60-7C 3 4 1
PXL_20250701_232920] 12513H 21 8 13
PXL_20250701_2332014 8 3 2 2
SUM 980-1084 136 51 28

Cottonwood poles for pole planting were identified along 74 DRoaddownstream of the
projectarea.BClindicatedthey havesomedifferent areasin mind with better harvesting
areas.




Wit 3 \ 1. !
Rock Locations

TR TG e QN .

Ranch Rock Locations

Figure 1 Potentialrockandcottonwoodoole harvestingocations

Thetree harvestlocationsare denotedon the plansandwill take placeentirely within the

project area. The trees needed at-iky Xy RA I YSUSNI I yR aK2dzZ R 02 Y
lengths or straight trees. We observed many trees meeting this qualification onsite and |
believethat we will be ableto harvestthem directlyadjacent towherethey will be used.




Figure 2 Pine trees adjacent to log sill locations
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Material Sourcing Locationg Photo References

Figure 16. PXL_20250701_221147506
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17. PXL_20250701_221200002

igure

F

18. IMG_2759

Figure

23



IMG_2760

Figure 19

IMG_2762

Figure 20.
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Figure 21. IMG_2764

Figure 22. IMG_2767
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