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FINAL DRAFT
Rio Quemado Watershed Project
Assessment Report

Introduction
On April 29, 2013, an agreement became effective between Santa Fe County (Owner)

and William J. Miller Engineers, Inc. (Engineer). As part of this agreement, the Engineer is to
conduct an assessment of the Rio Quemado, from the point where the Martinez Arriba
Acequia/District Ditch crosses under the stream to the confluence with the Santa Cruz River, and
the assessment of the Santa Cruz River from the Santa Cruz Dam to the confluence with the Rio
Quemado. The purpose of this Report is to summarize the results of our assessment and to
provide schematic layouts and conceptual design criteria that would address problems identified

in the assessment.

The Rio Quemado flows into the Santa Cruz River immediately upstream of where the
Santa Cruz River flows beneath Juan Medina Road (County Road 98) in Chimayo, New Mexico.
Approximately 6,000 linear feet upstream of Juan Medina Road, the Santa Cruz River is
controlled by Santa Cruz Dam, built by the Santa Cruz Irrigation District in 1929. A Project
Location Map is provided in Exhibit 1.

On May 17, 2013, the Santa Fe County GIS Department provided the Engineer with a
compact disk containing digital data of the Project area. These digital data, including aerial
images, parcel boundaries, and 2 ft. contour interval topography, were used to prepare this
report.

Stream Geometry
The existing and historical stream geometry of the Rio Quemado and Santa Cruz River,

within the Project area, was studied from aerial imagery from the year 2009. Existing stream
geometry parameters, including: belt width, meander length, radius of curvature, and sinuosity
were measured for the existing channels of the Rio Quemado and the Santa Cruz River. Table 1

provides a summary of these existing stream geometry parameters.
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Table 1 - Summary of Existing Stream Geometry

Rio Quemado Santa Cruz River
Min  Max Avg Min Max Avg
Beltwidth (Wyy) 45 222 134 277 284 281
Meander Length (L) 261 689 475 1,172 1,281 1,226
Radius of Curvature (R,) 55 338 197 58 234 146
Sinuosity (SL/VL) N/A  NA 11 N/A N/A 11

SL = Stream Length
VL= Valley Length

In order to study historical geometry of the Rio Quemado and Santa Cruz River,
additional aerial images from the years 1935, 1952, and 1975 were obtained from the Earth Data
Analysis Center (EDAC) at the University of New Mexico. Historical imagery of the Project
area indicates that the river channel alignments have not changed significantly since 1935. It is
unlikely that the channels could have been mechanically straightened prior to the 1950s, when
heavy earth moving equipment may have first been available to farmers in the Chimayo area.
The most significant changes visible in the historical aerial images are the growth of riparian
vegetation and changes in the channel of the Santa Cruz River upstream of where the Santa Cruz
Dam Road begins to parallel the stream channel. The aerial photo dated 1935 shows that at least
the upper half of the Santa Cruz River in the Project area was a braided/multi-thread channel,
and by 1975 the channel immediately adjacent to the road appeared to be a single-thread channel.
Based on field observations and the lack of sinuosity for this reach of river, it is possible that
mechanical straightening could have been used to create a single-thread channel along the Santa
Cruz Dam Road. Historical aerial images are provided in Exhibit 2.

Soils
A review of the United States Department of Agriculture (USDA) Soils data for the Project area

was reviewed. There are four soils types found in the Project area. These are the Pits unit, found
on both sides of the Santa Cruz River immediately below Santa Cruz Dam, the Cuyamungue-
Riverwash complex, which comprises the channels of the Rio Quemado and Santa Cruz River in
the Project area, the Miranda-Bosquecito complex, which is the soil type comprising the lands
irrigated by the Manuel Vigil and Las Cuevas Acequias, and the Jaralosa very fine sandy loam
that comprises the remaining soil type on the southwest side of the Santa Cruz River in the
Project area.
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The Pits unit is found on eroded fan remnants and is an alluvial soil derived from granite,
gneiss and schist. This soil texture is a very gravelly coarse sandy loam soil to very gravelly
sandy clay loam.

The Cuyamungue-Riverwash forms the flood plain on valley flows and is an alluvial
material derived from granite, gneiss, schist and granitic sandstone. This soil texture is a very
gravelly coarse sand with a high to very high saturated hydraulic conductivity.

The Miranda-Bosquecito complex is found on valley floors and is an alluvial soils
derived from micaceous sandstone and siltstone and granite, gneiss or schist. This soil is a silty
loam with a high saturated hydraulic conductivity. This soils is partially hydric, which means
that at least one component of this soil is rated as hydric. Hydric soils are formed under
conditions of saturation, flooding, or ponding long enough during the growing season to develop
anaerobic conditions in the upper part. Under natural conditions, these soils are either saturated
or inundated long enough during the growing season to support the growth and reproduction of
hydrophytic vegetation.

The Jaralosa very fine sandy loam is a very fine sandy loam that is found on flood plain
terraces on valley floors. It is an alluvial soil derived from micaceous sandstone and siltstone
over alluvium derived from granite, gneiss, or schist with a high saturated conductivity. This soil

has a high saturated hydraulic conductivity and is highly susceptible to sheet and rill erosion by

water.
The physical properties of these soils are summarized in Table 2.
Table 2 — Summary of USDA Soils Data for the Project area
Hydrologic Saturated hydraulic
Soil Group* conductivity (in/hr) % Sand % Silt % Clay
Pits B 7.4 65.9 20.1 14
Cuyamungue- 53.3 91.6 6.4 2
Riverwash
Miranda- D/C 29.7 32.9/635  59.1/26.5 8/10
Bosquecito
Jaralosa B 37.7 65.1 26.9 8

*Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly wet.
Group B. Soils having a moderate infiltration rate when thoroughly wet.
Group C. Soils having a slow infiltration rate when thoroughly wet.
Group D. Soils having a very slow infiltration rate (high runoff potential) when thoroughly wet.
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Geomorphic Conditions
The Rio Quemado and the Santa Cruz River are both located in watersheds with

significant human modifications, primarily for irrigation purposes. These human influences
include the Santa Cruz Dam and numerous acequias/ditches that divert irrigation water from both
rivers. A brief review of the New Mexico Office of State Engineer’s Hydrographic Survey dated
1963 indicates that 14 ditches/acequias exist that divert water from the Rio Quemado and 20
ditches/acequias exist that divert water from the Santa Cruz River, upstream of the Project area.
Upstream water users divert water during the irrigation season, effectively reducing the potential
channel forming flowrates that could otherwise occur in the Rio Quemado and Santa Cruz River.
In addition, the Santa Cruz Dam and Martinez Arriba Acequia/District Ditch may significantly
reduce the potential channel-forming flows in the Santa Cruz River.

Reliable bankfull indicators were not observed in the channels of the Rio Quemado and
Santa Cruz River during field inspections conducted in June and July, 2013. Bankfull indicators
such as sediment deposition bars or bankfull benches are not consistently present. Depositional
and vegetative indicators that were observed were at dimensions significantly lower/smaller than
those predicted by the Eastern Arizona/New Mexico Regional Curves (Moody, et.al., 2003).
Human modifications to the watershed hydrology may influence the presence of geomorphic
channel features that can be visible to the field observer.

In order to assess the geomorphic conditions of the Rio Quemado and Santa Cruz River

within the Project area, it was necessary to
identify a representative reach for each river.
Field measurements of each representative
reach were obtained, including a riffle cross
section, longitudinal profile, and channel
materials particle size data.

Rio Quemado Assessment

On June 18-19, 2013, the Engineer

. Figure 1-Viewd t t Ri d
walked the Rio Quemado from the confluence g ownstream at Rio Quemado

riffle cross section
with the Santa Cruz River to the point where
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the Martinez Arriba Acequia/District Ditch crosses under the river. Within the Project area, the
Rio Quemado is generally characterized by an “incised” channel, meaning the existing river
channel has downcut below the historic floodplain elevation, and may no longer access a
floodplain during channel forming flows. After walking the entire reach within the Project area,
our staff identified a representative reach for the Rio Quemado, located approximately 650 linear
feet upstream of the diversion for the Sra. Epitacio Deaguero Acequia. A typical riffle cross
section was selected and surveyed using a level, rod and surveyors tape from the top of the right
bank to the top of the left bank. In addition, a longitudinal profile was surveyed using a total
station instrument. The dimension, pattern, profile and particle size data for the Rio Quemado
representative reach best fit the criteria for a Rosgen Stream Channel Classification of “F4b.”
An explanation of the F4 stream type is provided below. The “b” simply means that the stream
channel is slightly steeper than the F4 stream type. A plot of riffle cross section, longitudinal
profile, and particle size data for the channel materials collected for the representative reach are
provided in Exhibit 3.

Santa Cruz River Assessment
On June 26, 2013, staff walked the

Santa Cruz River from the Martinez Arriba
Acequia/District Diversion to the confluence
with the Rio Quemado. After walking the
entire reach within the Project area, our staff
identified a representative reach for the Santa
Cruz River, starting just upstream of the Las

Cuevas Diversion and extending downstream

Figure 2 — View Upstream at Santa Cruz River

to where the large arroyo enters the river. A riffle cross section

typical riffle cross section was identified and the location of the representative reach and riffle
cross section is provided in Exhibit 1. A plot of cross sections, longitudinal profiles, and channel
materials particle size data for the representative reach is provided in Exhibit 3.

The Santa Cruz River is generally incised and has more evidence of erosion and channel
instability than the Rio Quemado.
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The dimension, pattern, profile and particle size data for the Santa Cruz River
representative reach best fit the criteria for a Rosgen Stream Channel Classification of “F4.” An
explanation of the F4 stream type is provided below.

The F4 stream type is a gravel dominated, entrenched, meandering channel, deeply incised in
gentle terrain. The *““top of banks™ elevation for this stream type is much greater than the
bankfull stage, which is indicative of the deep entrenchment. The F4 stream type can be incised
in alluvial valleys, resulting in the abandonment of former floodplains. The F4 channels have
slopes that are generally less than 2%, exhibit riffle/pool bed features, and have width/depth
ratios that are high to very high. The dominant channel materials are gravel, with lesser
accumulations of cobble and sands. Often the sand will be imbedded with the cobble and gravel.
Sediment supply in the F4 stream types is moderate to high, depending on stream bank
erodibility conditions. Depositional features are common in this stream type, and over time,
tend to promote development of a flood plain inside of the bankfull channel. Central and
transverse bars are common, and related to the high sediment supply from streambanks and the
high width/depth ratios. Stream bank erosion rates are very high due to side slope rejuvenation

and mass-wasting processes which enhance the fluvial entrainment.

Source: Rosgen and Silvey, Field Guide for Stream Classification, p. 158.

There is little sediment supply on the Santa Cruz River due to the Santa Cruz Dam
located immediately upstream of the Project area. Also, the Martinez Arriba Acequia/District
Ditch diversion structure greatly increases the width/depth ratio of the channel by widening the
channel and decreasing depth. An increased width/depth ratio decreases entrainment of sediment
and may be the reason that the Santa Cruz River becomes a braided/multi-thread channel for

approximately 600 linear feet downstream of the diversion.

Ecological Conditions
The age of vegetation in the riparian corridors in the Project area is estimated to be under

50 years. Several large cottonwoods have died and fallen across the Rio Quemado, creating log
jams which collect debris and fine sediment. Willow shrubs and trees are common along the
banks and within the riparian corridor along the Rio Quemado. A wetland system probably fed
by leakage from the Martinez Arriba Acequia/District Ditch is located in the middle pasture
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beside the Rio Quemado. Groundwater seeps
are present on both banks of the Rio Quemado in
locations down slope of the wetland system.
Some nonnative vegetation was observed in the
areas of the Sra. Epitacio Deaguero Acequia
diversion and along the Santa Cruz Dam Road
(County Road 92). Nonnative vegetation will be

identified and a plan for removal will be

provided as part of the proposed improvements . .
Figure 3 — Dead cottonwood across Rio Quemado

in these areas.

Stream Bank Stability /Erosion
The Rio Quemado and Santa Cruz River are both incised and confined channels;

however, due to the vigorous growth of vegetation including willows and grasses, both river

channels are somewhat stable in a degraded
condition. The Rio Quemado channel
downcut into a gully at some point in the
past and the erosional scars from this
condition are mostly healed over with young
trees and riparian vegetation. The Rio
Quemado is somewhat stable in a degraded

condition, because of the well-vegetated

banks and inner berms. Indicators of the

Figure 4 — Gabion baskets along Santa Cruz River incised state include large boulders present
in the stream channel and banks that clearly could not have been mobilized by the stream, and
have been exposed by downcutting of the stream channel. While there are frequent erosional
scars along the Rio Quemado, they have largely healed themselves with riparian vegetation and
through the creation of inner berms that reduce bank shear stress and increase channel sinuosity.
The level of active erosion on the Rio Quemado is generally mild as the river shows very few
signs of active erosion or raw banks. The majority of the river within the study area has banks

covered in vegetation.
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Figure 5 — Mass wasting of bank material, Santa Cruz River

The Santa Cruz River has some
relatively confined areas of moderate erosion
in the area immediately downstream of the
Martinez Arriba/District Diversion and
further downstream where the large arroyo
enters the channel from the west. The banks
of the Santa Cruz River have been armored

with gabion baskets in several areas to

provide spot treatments for stream bank
stability issues. The Santa Cruz River

exhibits some signs of channel instability, including bank undercutting, transverse bar features,

and some mass wasting of bank material. These signs of channel instability further support the

hypothesis that the Santa Cruz River is an F4 channel, as these are typical indicators for the

stream type. Nonetheless, the vigorous growth of vegetation on the banks is providing

significant stability and resistance to erosion from high shear stress. Furthermore, the decreased

potential flow resulting from upstream irrigation diversions may be resulting in a longer

recurrence interval for channel forming flows.

Off-site Land Use Impacts
Off-site land use impacts to the rivers in

the study area include parking lots, unpaved
roadway maintenance/grading, cattle grazing,
and the existing Santa Cruz Dam. A large
parking lot serving the Sanctuario is located on
the southern bank of the Santa Cruz River.
Because the parking lot is directly connected to
the river without a buffer strip or riparian area

between the channel and parking lot, runoff

Figure 6 — Parking adjacent to Santa Cruz River
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carrying pollutants from automobiles may flow into the river without having an opportunity to be
filtered.

Cattle grazing activity on lands within the watershed and immediately adjacent to the

channel results in a thin riparian corridor (or absence of it altogether in some areas). A riparian

buffer improves water quality by stabilizing
banks and providing a filter for pollutants.
Both rivers in the Project area have
opportunities to increase riparian buffer width
on County property. The existing riparian
buffer width could be increased in width by
relocating the existing County-owned fences
along the banks of the Santa Cruz River and

Rio Quemado in the vicinity of the Potreros.

Figure 7 — Direct cattle watering access on Santa Cruz River Riparian buffers could be enhanced by plantmg

native riparian vegetation.

County Road 92 parallels the Santa Cruz River for approximately 1,250 linear feet along
the southwestern bank, starting where the

large arroyo enters the river from the
southwest. A spoil pile of road surface
material left over from County roadway
maintenance and grading activities
comprises the top of the southern bank for
this reach of the Santa Cruz River.
County Road 92 is an unpaved road and
when it becomes necessary, the County

shaves down the washboard surface, Figure 8 — Spoil pile along southern bank of Santa Cruz River
resulting in a spoil pile along the top of

bank on the Santa Cruz River. As a result, the upper two-thirds of the river bank along the road
is loose, unconsolidated roadway material. The toe of the southern bank is vegetated and

indicates signs of bank erosion under normal dam releases. Higher flows and/or flash flooding
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could result in significant bank erosion along the road, given the area of unstable material present
along the southwestern bank of the Santa Cruz River.

Little riparian buffer is present on the Santa Cruz River along the southwestern bank
through the Sanctuario area. The southwestern bank of the Santa Cruz River in the vicinity of

the Sanctuario is armored by a retaining wall and evidence of undercutting is present at the

upstream/start of the retaining wall (Figure 9).

Gabion baskets have been installed on
both banks of the Santa Cruz River in several
locations, including upstream of the Sanctuario
parking lot. Gabion baskets are a form of hard
stabilization that can be used to armor vertical,
eroding banks along a channel. Gabion baskets
tend to confine the flow to the channel, which

prevents overbank flooding from occurring in

Figure 9 — Minor erosion/undercutting of Sanctuario wall an incised channel such as the Santa Cruz
River. Gabion baskets are essentially a “spot”
treatment for reducing bank erosion and loss of land adjacent to a river. While the treatment may

be effective at solving localized erosion problems, it may not protect downstream river banks

from experiencing high sheer stress and
erosion. The river channel needs to access a
floodplain to dissipate energy. In the case of
the Santa Cruz River, the Sanctuario parking
lot may become flooded during extreme
events due to its low elevation and relative
proximity to the upstream channel areas that
are confined by gabion baskets.

Acequia Diversions Figure 10 - Las Cuevas Ditch diversion dam (looking
There are a total of seven acequia points upstream)

of diversion located within the Project area. These are the Acequia de Sr. Epitacio Deaguero, the

Martinez Arriba Acequia/District Ditch, the Acequia Jaramillo, the Acequia de los Ranchos, the Potrero

Rio Quemado Watershed Project 12 William J. Miller Engineers, Inc.
Santa Fe County September 9, 2013



Ditch, the Manuel Vigil Ditch and the Las Cuevas Ditch. Only the Acequia de Sr. Epitacio Deaguero, the

Manuel Vigil Ditch and the Las Cuevas Ditch are included in this Assessment (See Exhibit 1).

The salient features of each of the three Acequias as found in the NM State Engineer Office 1964

Santa Cruz River Section Hydrographic Survey Report are summarized in

Table 3.

Table 3 — Acequia characteristics

Water
Requirements

Acequia Length (mi.) (acre-feet/ac.) Acreage (ac.)
Manuel Vigil 0.16 2.8 0.09
Las Cuevas 0.60 2.8 20.35
Sra. Epitacio Deaguero 0.20 2.8 4.41

The Las Cuevas Ditch diversion from the
Santa Cruz River consists of a pile of rock and
rubble haphazardly placed in the river channel (See
Figure 10). The rocks are not anchored and are
susceptible to movement during high flows. The
structure requires regular maintenance in order to
provide a reliable supply of water to water users. A
simple heading structure comprising a concrete
headwall with a stop board is located approximately

50 feet downstream of the point of diversion.

Figure 12 - Acequia de Sr. Epitacio Deaguero heading

Figure 11 - Manuel Vigil Ditch heading location

There currently is no existing diversion
structure for the Manuel Vigil Ditch. (See Figure
11). Therefore, at this time, there appears to be no
way of reliably supplying water into the Manuel

Vigil Ditch, except perhaps during very high flows.

The Acequia de Sr. Epitacio Deaguero
diverts water from the Rio Quemado just upstream

of the mouth of the Rio Quemado. The diversion
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structure comprises a rock and brush dam spanning across the river channel and water is diverted into the
Acequia through a 12 in. diameter PVC pipe extending into the bed of the Rio Quemado (See Figure 12).
The channel of the Rio Quemado behind the diversions has been filled with sediment and the channel
drops several feet in elevation over the structure. This condition makes the diversion dam unstable and

susceptible to movement and failure during high flows.

Hydrologic/Hydraulic Data
The drainage area of the Rio Quemado watershed at the confluence point with the Santa

Cruz River is 42.1 square miles. The drainage area of the Santa Cruz River Watershed at the
USGS Gaging Station at Cundiyo is 91.5 square miles. The drainage area of the Santa Cruz
River to the mouth of the Rio Quemado is 98.8 square miles. A flood peak discharge rating curve
was constructed for both the Rio Quemado and Santa Cruz River, using a USGS Regression
equation for the North Mountains/Flood Region 5 (Waltemeyer, 2008).
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Figure 13 — Peak discharge curve for Rio Quemado and Santa Cruz River

In order to help demonstrate the incised condition of the Rio Quemado and Santa Cruz

River, the Manning equation was used to compute the flow necessary for the rivers to spill out

onto their historic floodplain. Using the riffle cross section dimensions, the slope measured from

the longitudinal profile, and a Manning’s “n” of 0.035, a flowrate of approximately 1,058 cfs

was computed for the Rio Quemado and a flowrate of approximately 1,532 cfs was computed for

the Santa Cruz River. This means that it would take almost a 100-year event to spill out onto the
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historic floodplain for the Rio Quemado and nearly a 50-year event to do the same for the Santa

Cruz River.
Table 4 — Summary of Bankfull Channel Parameters
Rio Quemado, Santa Cruz River,
Drainage Area = 42.1 mi*>  Drainage Area = 98.8 mi

Regional Field Regional Field

Description Curve Data Curve Data

Cross Sectional Area, Aus (ftz) 32.4 25.3 50.2 18.3
Discharge, Qus (cfs) 151.0 190.0 254.4 72.0
Width, Wyt (ft) 28.3 20.6 36.0 23.3

Proposed Solutions

Diversion Rehabilitation
In general, a natural channel design approach is proposed to rehabilitate the Sra. Epitacio

Deaguero Diversion and Las Cuevas Diversion. The proposed cross vane diversion structure
would comprise an in-stream boulder structure designed to efficiently deliver irrigation water to
downstream users while maintaining a stable river bed and banks in the vicinity of the point of
diversion. A schematic layout of proposed improvements is provided with this Report as Exhibit
4. Individual cross vane diversion structure dimensions may vary between the two proposed
locations. A cross vane diversion structure at the Las Cuevas Diversion could utilize existing
rock found at that location. Because of the lack of reliable field indicators for existing bankfull
channel dimensions, and their inconsistency with the regional curve data, engineering judgment
will be used to select design dimensions for the proposed channel improvements.

In lieu of constructing a cross vane diversion structure for the Manuel Vigil Ditch, it is
recommended that a system of boulders be placed in the bed and banks of the Santa Cruz River at this

location. This system would enable water users to place a temporary stop log in the channel that would

divert water into the Manuel Vigil Ditch.

County Road Improvements
There is a great opportunity to increase the bank stability of the Santa Cruz River along

the existing County Road. Ideally the road could be relocated and a 30 ft. buffer installed in this
area; however this option may not be practicable. A more feasible and effective solution could
be to install a small 1-3* wide bench along the road, without disturbing the well-established
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vegetation along the toe of the slope. In addition, toe boulders can be installed along the bench
to tie the bank into the road grade and provide additional stability along edge of roadway. A
conceptual cross section for this proposed solution is provided in Exhibit 4.

Riparian Buffer Enhancement
There is potential for establishing additional riparian buffer along the Rio Quemado and

Santa Cruz River. Existing forested areas adjacent to the Rio Quemado and Santa Cruz River
were identified and a proposed 30 ft. riparian buffer was created along both rivers. The 30 ft.
buffer is measured outward from the edge of channel (traced from County aerial photo). The
total existing riparian buffer area is approximately 10.90 acres and in some locations the existing
forested area extends beyond the proposed 30 ft. riparian buffer. Approximately 5.68 acres was
identified as non-forested within the proposed 30 ft. riparian buffer. Maps of the riparian buffer
analysis are provided in Exhibit 5.

Construction Costs
Construction costs for the proposed diversion rehabilitations using natural channel design

techniques will be estimated and submitted during the Preliminary Design Phase. In general, the
cross vane diversion structures are less costly to construct than a traditional concrete diversion
structure, which would span the entire river. The Engineer has more experience with traditional
concrete diversion structures, and therefore has a more refined estimate of construction costs for
traditional structures. Because very few cross vane diversion structures have been constructed in
New Mexico (only one to the Engineer’s knowledge), there are few construction contractors with
experience installing these type of structures. A typical low-bid construction contract solicitation
may result in entering into a contract with a contractor who does not have experience building in-
stream structures with boulders. With an inexperienced contractor, additional oversight will
likely be required by the Engineer to ensure that the cross-vane diversion structures are installed
per the plans and specifications, resulting in increased engineering costs. The Engineer suggests
that the Owner consider a qualifications-based solicitation to evaluate contractors on their

experience installing cross-vane structures and boulders within tight tolerances.

Rio Quemado Watershed Project 16 William J. Miller Engineers, Inc.
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Exhibit 1 - Map of Project Area and Representative Reach Locations
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Exhibit 2 - Historical Aerial Images
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1952 AERIAL IMAGE
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1975 AERIAL IMAGE
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Exhibit 3 - Cross Sections, Profiles, and Particle Size Data
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Santa Cruz River — Representative Riffle Cross Section
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Santa Cruz River Particle Size Data
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Exhibit 4 - Typical Construction Plan, Profile & Section
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Exhibit 5 - Riparian Buffer Analysis
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