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San Juan County (Unincorporated Areas): Flood problems in San Juan County are
limited to occasional overflow of the San Juan and Animas Rivers. The
magnitude of the estimated 1-percent annual chance flood discharges for tributary
inflows was considered negligible to the main stream magnitudes.

Local residents were asked to provide any information pertaining to historical
flood elevations to the local newspaper. Information of any extreme high-water
elevations was not recovered from any local residents.

Flood Protection Measures

City of Aztec: The Animas River and Hampton Arroyo have no flood protection
measures.

City of Farmington: As noted, Navajo Reservoir is a multiple purpose project on
the San Juan River about 40 miles upstream from the City of Farmington. This
project was built by the Bureau of Reclamation and has been operational since
1963. Although constructed primarily for water conservation, it is operated for
flood control in accordance with rules and regulations prescribed by the Secretary
of the Army and provides a high degree of flood protection to areas downstream.
There are no other flood control projects that afford protection to Farmington. A
reservoir site on the Animas River at Howardsville, Colorado, has been
investigated by the Bureau of Reclamation as a feature of the Animas-La Plata
Project. The USACE investigated a retention dam project on Farmington Glade
and channel improvement work on the lower reaches of several Farmington area
arroyos; however, studies showed that these projects were not economically
feasible at the time. Various Federal agencies studied the water resources
development aspects of the upper Colorado River Basin for many years. A report
published in 1971 (Reference 5) contains a reconnaissance type plan that
identifies three areas in the Farmington region where future channel improvement
and levee construction would be beneficial.

San Juan County (Unincorporated Areas): The San Juan River is regulated by
Navajo Reservoir, approximately 35 miles upstream from the City of Bloomfield's
western corporate limits, and approximately 49 miles upstream from the City of
Farmington's western corporate limits, which provides some flood protection. The
Animas River has no flood protection measures.

ENGINEERING METHODS

For the flooding sources studied in detail in the community, standard hydrologic and
hydraulic study methods were used to determine the flood hazard data required for this
FIS. Flood events of a magnitude, which are expected to be equaled or exceeded once on
the average during any 10-, 50-, 100-, or 500-year period (recurrence interval) have been
selected as having special significance for floodplain management and for flood
insurance rates. These events, commonly termed the 10-, 50-, 100-, and 500-year floods,
have a 10-, 2-, 1-, and 0.2-percent chance, respectively, of being equaled or exceeded
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during any year. Although the recurrence interval represents the long term average period
between floods of a specific magnitude, rare floods could occur at short intervals or even
within the same year. The risk of experiencing a rare flood increases when periods
greater than 1 year are considered. For example, the risk of having a flood, which equals
or exceeds the 1-percent annual chance flood in any 50-year period is approximately 40
percent (4 in 10), and, for any 90-year period, the risk increases to approximately 60
percent (6 in 10). The analyses reported herein reflect flooding potentials based on
conditions existing in the community at the time of completion of this FIS. Maps and
flood elevations will be amended periodically to reflect future changes.

3.1

Hydrologic Analyses

Hydrologic analyses were carried out to establish the peak discharge frequency
relationships for floods of the selected recurrence intervals for each flooding
source studied in detail affecting the county.

For each community within San Juan County that had a previously printed FIS
report, the hydrologic analyses described in those reports have been compiled and
are summarized below.

Peak discharge-drainage area relationships for streams studied in detail for all
communities within San Juan County are shown in Table 5, “Summary of
Discharges.”

City of Aztec: The peak 1-percent annual chance discharge for the Animas River
was obtained from the flood-frequency curve using the period of record starting at
the corporate limits of Farmington approximately 5 miles upstream from the
Animas River at Farmington streamflow gaging station No. 09364500 (Reference

6).

Regional equations developed for estimating peak flows for the 1-percent annual
chance flood on unregulated streams was used for Hampton Arroyo (Reference

6).

City of Farmington: For the original study, peak flows for floods on the San Juan,
Animas, and La Plata Rivers were determined from annual peak flow frequency
analyses of records from the USGS stream gages listed in Table 6, "Stream
Gaging Stations" (Reference 7). The log-Pearson Type III distribution was used
to develop the discharge-frequency relationships.

For the original study, frequency analysis for the San Juan River above the mouth
of the Animas River was based principally on annual streamflow data for the
period subsequent to construction of the Navajo Dam in 1962. Estimated peak
flows were used for the period prior to construction of the dam. Because of the
large volume of storage provided by the dam (1,708,600 acre-feet at gross pool),
it was determined from the analysis that rainfall runoff from the local area below
the dam would produce the highest flows for flood events more frequent than
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once in 50 years, and that snowmelt releases from the dam would produce the
highest flows for events less frequent than once in 50 years.

For the original study, frequency analysis for the Animas River was based on
combining rainflood and snowmelt flood frequency curves. The USGS
streamflow gage No. 09364500, Animas River in Farmington, has been in
operation since September 1912 and served as the basis for the Animas River
frequency analysis for the restudy. In addition to the 84 years in the systematic
record, two historical storms were identified. A flood that occurred as a result of a
severe rainstorm in October 1911 is generally considered the largest known flood
in the Farmington area. The USGS recorded a stage of approximately 16.5 feet,
and a peak of 30,000 cfs has been estimated.

During a 1909 storm, the USGS recorded a stage of 11.1 feet and estimated a
discharge of 19,000 cfs. As a result the 1909 and 1911 storms were incorporated
in the frequency analysis as historic events.

Due to the short period of streamflow record for the La Plata River, the peak flow
frequency curve was compared to a frequency curve developed for the stream
gage upstream at Stateline (56 years of record). Similarly standard deviation
substantiated the peak flow frequency curve for the river at Farmington. Peak
flow frequency curves for the floodplain along the San Juan River downstream
from the mouths of the Animas and La Plata Rivers were established by
statistically combining frequency curves for the San Juan River above the Animas
River, the Animas River at Farmington and the La Plata River near Farmington.
Peak frequency discharges for the San Juan River from the original study were
used for the restudy.

Historical data are not available for the smaller tributary drainage areas at
Farmington. Therefore, development of peak flow frequency curves for
Farmington Glade was based on the standard deviation of the frequency curve for
the Puerco River tributary near Fort Wingate, New Mexico (Reference 8), as this
tributary has characteristics similar to those of the arroyos in the Farmington area.
The 2- and 1-percent annual chance peak flow envelope curves developed from
flow records of similar basins in the Four Corners region were also used. Peak
flows for the washes studied by approximate methods were determined from 1-
percent annual chance peak flow-drainage area ratios derived from data on the
arroyos.

Discharge-frequency peaks for the six tributary arroyos were computed from
regional regression analyses presented in the USGS Water Resources
Investigation Report 96-4112 (Reference 9). Peak frequency discharges were
computed for the tributary arroyos based on the equations that represent statewide
small basins with areas of 10 square miles or less and mean basin elevations of
7,500 feet or less.
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Table 5 — Summary of Discharges

PEAK DISCHARGES (cfs)
FLOODING SOURCE AND ~ DRAINAGE . .
AREA 10% 2% 1% 0.2%
LOCATION ——
(sq. miles) Annual Annual  Annual Annual
Chance Chance Chance Chance
ANIMAS RIVER
At SH-516 1,360.00 12,000 18,000 21,500 30,000
At Gaging Station No. 09364500 1,090.00 ! ! 18,700 !
BLOOMFIELD CANYON CREEK
At Confluence with San Juan River 11.46 2 z 2,560 2
BLOOMFIELD CANYON CREEK
TRIBUTARY
At Confluence with Bloomfield Canyon 2.91 2 2 1,380 2
Creek
BUTLER ARROYO 0.32 230 480 610 1,010
CARL ARROYO 1.62 460 990 1,290 2,170
DUSTIN ARROYO 0.60 310 640 820 1,370
FARMINGTON GLADE?
At confluence with San Juan River 35.00 400 1,800 1,800 3,600
At Mile 2.1 . 33.00 ’ 550 2,200 3,500 8,600 ’
HAMPTON ARROYO 4.09 ' ' 1,840 :
HOOD ARROYO 2.07 ! ! 1,440 !
LA PLATA RIVER
AtU.S. 64 583.00 4,800 10,000 13,500 24,000
PORTER ARROYO 1.65 470 1,000 1,300 2,190

! Data not available

2 Data not calculated

? Decrease in discharge in downstream direction due to channel routing losses.
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Table 5 — Summary of Discharges (continued)

PEAK DISCHARGES (cf:
FLOODING SOURCE AND ~ DRAINAGE 50/ 2% o o
LOCATION AREA ~ onual  Annual  Annual
(sq. miles) nnua nnua nnua Annual
Chance Chance Chance Chance
SAN JUAN RIVER
gggrélslgggback to Gaging Station No. 7.240.00 1 ] 19,500 1
At River Mile 255.2 7,832.00 15,000 27,000 34,500 55,000
At SH-371 at Farmington 7,240.00 14,500 26,000 33,500 53,000
At River Mile 264.2 5,880.00 8,900 16,000 20,000 34,000
Between Farmington and Bloomfield 5,880.00 ! ! 17,600 !
WYPER ARROYO 1.44 440 940 1,220 2,060

! Data not available

Table 6 — Stream Gaging Stations

Station Name Years of Record
San Juan River at Farmington 1930 - 2008
San Juan River at Archuleta' 1954 - 2008
Animas River at Farmington 1913 - 2008
Animas River near Cedar Hill 1933 -2008
La Plata River near Farmington 1938 - 2007

! Previously San Juan River at Blanco

A new analysis to determine the effective base flood discharges for the Animas
River at the City of Farmington and near the City of Cedar Hill was conducted by
Michael Baker, Jr. Inc. in 2005. The Michael Baker, Jr. Inc. analysis concluded,
“For reaches of the Animas River between the Cities of Farmington and Cedar
Hill, the base flood discharge should be interpolated based on the drainage area
and the published values at the Cities of Farmington and Cedar Hill. In other
words, the published base flood discharges in the FIS reports for the City of
Farmington and San Juan County are reasonable and should be used.”

FEMA issued a letter that supported Michael Baker, Jr. Inc.’s recommendation
that the effective FIS base flood discharges are used in future analyses. The letter
from FEMA states, “The recommendation remained the same to use the effective
discharges for the Animas River at the Cities of Farmington and Cedar Hill.”
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San Juan County (Unincorporated Areas): For the original study the only suitable
information available for the San Juan River (above the confluence of the Animas
River) was data from stream-flow gaging station No. 09365000 on the San Juan
River at Farmington. The drainage area at the gaging station is 7,240 square miles
and the peak 1-percent annual chance discharge from the station flood-frequency
curve is 19,500 cfs. The drainage area of the San Juan River is 5,880 square miles
of which 3,230 square miles is regulated by the Navajo Reservoir. San Juan River
discharge was computed by a drainage area ratio and a square root function of the
drainage area, which corresponds to the regional equation drainage area
relationship. The period of record used for the computation was after the
regulation of the Navajo Reservoir. The regional equations available for New
Mexico are for unregulated streams and not applicable to the San Juan River.
Therefore, the 7,250 cfs estimate from the gaging station upstream was
transferred to the study reach by the drainage area ratio.

The peak l-percent annual chance discharge for the San Juan River, starting
approximately 2 miles below the San Juan River at the Farmington stream-flow
gaging station No. 09365000, was obtained from the station flood-frequency
curve using the period 1963 to 1984 after regulation by the Navajo Reservoir.

The peak 1-percent annual chance discharge for the Animas River, starting at the
corporate limits of Farmington to approximately 5 miles upstream from the
Animas River at Farmington stream-flow gaging station No. 09364500, was
obtained from the flood-frequency curve using the period of record (Reference 6).

For the first revision dated May 15, 2002 hydrological data for the Animas was
updated from the USGS Stream Flow Gage “Animas River at Farmington” which
has been in operation since September 1912. The hydrological data for this study
on the San Juan River was taken from the City of Farmington FIS dated 1978
(Reference 10).

Discharge-frequency peaks for the six tributary arroyos were computed from
regional regression analyses presented in the USGS Water Resources
Investigation Report 96-4112 (Reference 9). Peak frequency discharges were
computed for the tributary arroyos based on the equations that represent statewide
small basins with areas of 10 square miles or less and mean basin elevations of

7,500 feet or less.

Countywide Revision: For this countywide revision, hydrologic analyses were
conducted for Bloomfield Canyon Creek and Bloomfield Canyon Creek Tributary
in and around the City of Bloomfield. The New Mexico Northwest Plateau
regional regression equations were applied for these analyses (References 9, 11,

12).
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3.2

For the new limited detailed studies, conducted along the San Juan and Animas
Rivers near Farmington, hydrological data was taken from the City of Farmington
FIS dated May 15, 2002 (Reference 13). The same data was used in the new
approximate analyses conducted on these rivers upstream of Bloomfield and
Aztec.

Hydraulic Analyses

Analyses of the hydraulic characteristics of flooding from the sources studied
were carried out to provide estimates of the elevations of floods of the selected
recurrence intervals. Users should be aware that flood elevations shown on the
FIRM represent rounded whole-foot elevations and may not exactly reflect the
elevations shown on the Flood Profiles or in the Floodway Data tables in the FIS
report. For construction and/or floodplain management purposes, users are
encouraged to use the flood elevation data presented in this FIS in conjunction
with the data shown on the FIRM.

Flood profiles were drawn showing computed water-surface elevations to an
accuracy of 0.5 foot for floods of the selected recurrence intervals (Exhibit 1).
Locations of selected cross sections used in the hydraulic analyses are shown on

~ the Flood Profiles (Exhibit 1). For stream segments for which a floodway is

computed, selected cross sections locations are also shown on the Flood Insurance
Rate Maps (Published Separately).

The hydraulic analyses for this study were based on unobstructed flow. The flood
elevations shown on the Flood Profiles area thus considered valid only if
hydraulic structures remain unobstructed, operate properly and do not fail.

For each community within San Juan County that had a previously printed FIS
report, the hydraulic analyses described in those reports have been compiled and
are summarized below.

City of Aztec: Analyses of the hydraulic characteristics of flooding from the
sources studied were carried out to provide estimates of the elevations of floods of

the selected recurrence intervals.

Backwater analysis for the Animas River, from Aztec to Farmington, utilized 20
cross sections, approach and contracted sections for 3 bridges, and 18 synthesized
cross sections. Backwater analysis for Hampton Arroyo through Aztec, utilized 4
cross sections, approach and control sections for 3 bridges, and 3 synthesized
cross sections. Bridge geometry and elevations were obtained from field survey.
Synthesized cross sections were estimated from adjacent surveyed cross sections
and topographic maps (Reference 14). The approach cross section was used for
the exit section of each bridge and was assumed to be representative.

Water-surface elevations of floods of the selected recurrence intervals were
computed using the USGS WSPRO step-backwater computer program (Reference
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15). Flood profiles were drawn showing computed water-surface elevations for
floods of the selected recurrence intervals. The starting water-surface elevations
for the streams studied by detailed methods were determined by synthesizing
cross sections downstream from section 1 and the valley slope. Four to 5 profiles
with varied approximate starting elevations were used to determine convergence
of M1 and M2 curve types. Normal depth was found or critical depth was found
on steep slopes with section 1 contracted.

Channel roughness factors (Manning's "n") used in the hydraulic computations
were chosen from field observations of the cross sections, with reference to
guidelines for roughness coefficients (Reference 16). These values are
summarized in Table 7.

City of Farmington: For flooding sources covered by the original study and not
revised during the first revision, cross sections for the backwater analyses were
located at representative locations throughout the study area. Additional cross
sections were developed at close intervals upstream and downstream of bridges,
culverts, flumes, and diversion dams to determine significant backwater effects of
these structures. Cross sections were developed from topographic data at a scale
of 1:2,400 and a contour interval of 5 feet (Reference 17). Supplementary data
were obtained from field observations and from USGS 7.5-minute quadrangle
maps (Reference 18).

For the original study for Farmington Glade and La Plata River, water-surface
elevations of floods of the selected recurrence intervals were developed using the
USACE's HEC-2 computer step-backwater model (Reference 19). Starting
elevations for the La Plata River and Farmington Glade were determined from the
elevations of concurrent flows in the San Juan River.

For the first revision, the hydraulic characteristics of the flooding sources were
analyzed to provide estimates of the floodplains and water-surface elevations for
the flow paths studied in detail. Water-surface elevations were computed using
the USACE's computer program HEC-RAS River Analysis System (Reference
20), and cross section data generated from the digital terrain models developed
from the 1996 topographic mapping provided by the City of Farmington. Studies
that affect the hydraulic computations were field checked to obtain pertinent
dimensions.

USGS quadrangle maps at a scale of 1:24,000 (Reference 21) served as the basis
for drainage area delineation and measurement of basin parameters in the first
revision. For more detailed analysis, mapping developed in 1996 by Pacific
Western Technologies, Ltd. (formerly Koogle and Pouls Engineering, Inc.)
(Reference 22) was used. Pacific Western Technologies mapped the restudy area
using aerial photography to produce topographic mapping at a scale of 1" =200’
with contour intervals of 2 feet. The photographic maps show planimetric features
such as streets, major structures, identifiable manholes, and power poles.

21



Detailed hydraulic methodology for the flooding sources affected by the revision
is presented below.

San Juan River — The San Juan River was restudied from approximately 2,400
feet upstream of the Navajo Reservation boundary to the confluence of the
Animas River. The cross section information was taken from a terrain model
supplied by Pacific Western Technologies, Inc. Flood frequency peak discharges
were obtained from a USACE report (Reference 23). The starting water-surface
elevations for the 1- and 0.2-percent annual chance floods along the San Juan
River were based on the slope-area method. Except for Farmers Mutual Ditch
described below, flood events equivalent to the 1- and 0.2-percent annual chance
floods will be contained within the maximum conveyance limits of the San Juan
River.

Farmers Mutual Ditch and Westland Park Drive — Farmers Mutual Ditch is
located along the north bank of the San Juan River. Excavation of the ditch
through high ground on the north bank of the river has created a gap that leaves a
residential area, located downstream, susceptible to flooding from the San Juan
River. Both the 1- and 0.2-percent annual chance flood events have computed
water-surface elevations higher than the left ditch bank that separates the ditch
and the river. The absence of a sufficiently high left ditch bank will allow flood
flows to discharge directly into the portion of the ditch where containment of the
flow occurs due to the increased height of the left ditch bank.

For Farmers Mutual Ditch, ground line information was obtained from the model
used in the San Juan River analysis. Approximately 2,000 linear feet of Farmers
Mutual Ditch was analyzed including a single road crossing at Westland Park
Drive. The City of Farmington provided information pertinent to the pipe beneath
the road crossing, elevations for the upstream and downstream pipe invert, and the
top-of-roadway elevation.

The profile computed for Farmers Mutual Ditch upstream of the Westland Park
Drive culvert crossing was reasonable and applicable in delineating floodplains
for this portion of the ditch. The downstream portion of the computed Farmers
Mutual Ditch water-surface profile had questionable and problematic results due
to the orientation of the land features and the sloping of both the adjacent terrain
and the roadway in this area. Farmers Mutual Ditch runs east-west while
Westland Park Drive has a north-south orientation. Both Westland Park Drive and
the residential terrain adjacent to the Farmers Mutual Ditch drain toward the
south, away from the ditch.

Results from the Farmers Mutual Ditch model show a majority of flow in the left
overbank areas where the culvert is located; however, just downstream the entire
flow returns to the ditch. This excessive lateral displacement of flow from one
section to another over a short reach length is not possible. A more realistic
sequence of events would be that any flow over the roadway would gravitate to
the south rather than in the direction of Farmers Mutual Ditch due to the steeper
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gradient of the roadway than the ditch slope. Any flow spillage over the roadway
would follow Westland Park Drive to the south, then to the west, away from
Farmers Mutual Ditch. A model was created for Westland Park Drive in order to
develop floodplains downstream from the culvert crossing.

The computed overbank flow at the upstream culvert section in the "Farmers
Mutual Ditch to Culvert Section" file was used as the starting upstream discharge
for the Westland Park Drive model. Further adjustments (reductions) were made
to the overbank discharges to account for return flow into Farmers Mutual Ditch.
For this particular model, the Westland Park Drive roadway is defined as the
"channel"” within the cross-sectional data.

Animas River — The Animas River was restudied from its confluence with the
San Juan River, approximately 1,200 feet downstream of Murray Drive Bridge, to
its confluence with Porter Arroyo, approximately 4,300 feet upstream of
Browning Parkway Bridge. Cross section information was taken from a
MicroStation surface terrain model supplied by Pacific Western Technologies.
The starting water-surface elevations along the Animas River were based on the
slope-area method.

Levees were constructed on the Animas River in 1979 as emergency measures
against anticipated flooding from the significant snow pack accumulation during
that year. The levees are not considered to be "engineered" levees because they
were not designed to provide long-term protection from flooding on the Animas
River. In the hydraulic analysis of the Animas River, the existing levees were not
modeled as actual physical barriers to flood flows in any. of the Animas River
models.

The potential for debris accumulation on bridge piers along the Animas River is

significant based on both the photographs of dense vegetation on overbank areas .
along the Animas River and the yearly bridge-pier debris removal by the City of

Farmington. The term "debris" as used in this report is defined only as vegetative

in composition and is not meant to include human-generated garbage or

concentrated flows of mud and sediment. The amount of debris accumulation

modeled in the Animas River model was estimated by adding two feet to each

side of the bridge pier. It is important to note that the amount of debris

accumulation approximated in the model is for trees or bushes that range in size

from three to six inches in diameter.

Several areas were identified where significant stagnation of flow is expected to
occur due to rapid expansion or contraction within the conveyance area along the
Animas River. These stagnation areas occur upstream and downstream of both
Browning Parkway Bridge and Murray Drive Bridge. The areas of stagnation
were modeled as either ineffective flow or blocked areas in the models for the
Animas River. '
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The Animas River has both natural and man-made (i.e. roadway) terrain features
that cause divergences in the flood flows modeled within the study area. Three
areas were identified adjacent to the natural channel of the Animas River as points
along the river where conveyance within the natural channel is insufficient to
convey the entire peak discharge of the 1- and 0.2-percent annual chance floods,
resulting in a hydraulic condition known as split flow. In a split-flow condition,
an area along a stream or channel exists where a portion of the flow from the main
channel exits to a separate and hydraulically different flow path.

The first split-flow area along the Animas River is called the Murray Split. It
occurs from approximately 600 feet downstream of Murray Drive to immediately
upstream of Murray Drive. The second split is at Miller Avenue. The third and
final area, Bluff Split, occurs from approximately 850 feet upstream of Broadway
Street to approximately 3,085 feet upstream of Broadway Street.

At Murray Drive, the divergence of flow from the Animas River over Murray
Drive occurs for both the 1- and 0.2-percent annual chance floods. Spillage
related to these flows over Murray Drive is independent from the main channel
flows in the Animas River downstream of Murray Drive Bridge because the
roadway embankment is four feet higher than the adjoining terrain south of the
roadway.

Flow conditions at Miller Avenue can vary depending on the flood events being
routed through the Animas River. This variability is tied to the fact that a portion
of flood flow over Miller Avenue discharges immediately back towards the
Animas, River. Based on the positions of these features, it was surmised that the
existing opening in the levee allows any flow over Miller Avenue to discharge
directly into the Animas River. If the flood stage in the Animas River downstream
of Miller Avenue Bridge is greater than the Miller roadway low spot elevation,
the flow path over the roadway could no longer be considered an independent
flow path where actual separation in flow occurs.

It was determined that actual separate-flow conditions exist at Miller Avenue for
floods smaller than the 1-percent annual chance flood; for the 1- and 0.2-percent
annual chance floods no split-flow conditions will occur. As a result of the
assumed absence of two distinct flow paths, no separate model for the west side
of Miller Avenue was created.

At the Bluff Split, the embankment between the natural river channel and the high
bluff area would not be overtopped by either the 1- and 0.2-percent annual chance
flood event. A breach failure resulting from erosion or piping would require
testing of the embankment soil properties to make an engineering assessment of
the erosion capacity of this embankment. The study contractor surmised that an
actual breach in the existing levee/high ground and resulting inundation of the
bluff area would occur where the embankment is narrowest.
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The Bluff Split split-flow area meets split-flow criteria in regard to flow
independence; flow entering the bluff area at the narrow point remains
independent from the flow in the Animas River as a result of the 10-foot
difference in overbank elevation and the increasing width of the embankment
downstream of this point. The likelihood of embankment failure diminishes in the
downstream direction because of the increasing width of the embankment in that
direction. A separate model was created for the bluff area to define floodplains
related to this independent flowpath.

The bluff area may be subject to possible flooding from an irrigation ditch (Willet
Ditch) that runs alongside the bluff area. No hydraulic assessment was made
regarding this ditch because the potential increase in flooding was not considered
significant enough to require an adjustment to the floodplain already identified.

Tributary Arroyos — The City of Farmington identified the flow paths that are
potential flood hazards during storms. Based on discussions with city
representatives, a hydraulic baseline was drawn for each. Cross sections for the
arroyos were obtained using the baseline and the three-dimensional digital terrain
model files. The widths of the cross sections vary based on the extent of the
floodplains.

Watershed boundaries were delineated for Butler, Carl, Dustin, Hood, Porter, and
Wyper Arroyos and the discharges were computed for the 10-, 2-, 1- and 0.2-year
flood events using the regression equations for small basins. The concentration
points used in the hydrologic analyses were located at the corporate limits, at the
confluences with other tributaries being studied, and at the lower limit of each
watershed.

The HEC-RAS program (Reference 20) was used to develop water-surface
elevations for the six arroyos. The subcritical flow regime used the downstream
cross section and the slope-area method for computing the water-surface
elevations for each frequency event. Although the arroyos and tributaries are
supercritical, the culvert crossings are subcritical and the backwater affects
several cross sections upstream of the structure. For the tributaries, the computed
water-surface elevations along the main flow path were used for the starting
condition for the subcritical flow regime.

Hydraulic characteristics of each of the arroyos and tributaries were analyzed to
provide estimates of the water-surface elevations. The cross section data were
amplified to include Manning's roughness coefficients, reach lengths, and culvert
crossings. The models extended to the corporate limits established at the start of
the study and represent the condition existing at the time the topographic mapping
was produced.

The 1-and 0.2-percent annual chance floodplain boundaries were delineated on
work maps for the six arroyos and their tributaries. Contour lines on the mapping
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and the water-surface profiles were used as a guide to interpolate the floodplain
boundaries between cross sections.

Hydraulic roughness coefficients (Manning's "n" values) were computed from
stream gage data or determined by field observation and professional engineering
judgment and are presented in Table 7, "Manning's "n" Values”.

San Juan County (Unincorporated Areas): In the original study the backwater
analyses for the San Juan River, between Bloomfield and Farmington, utilized 24
cross sections, approach and contracted cross sections for 2 bridges, and 23
synthesized cross sections. Backwater analyses for the San Juan River, from 2
miles below Farmington to 18 miles below Farmington, utilized 32 cross sections,
approach and contracted cross sections for 1 bridge, and 31 synthesized cross
sections. Backwater analysis for the Animas River from Aztec to Farmington,
utilized 20 cross sections, approach and contracted sections for 3 bridges, and 18
synthesized cross sections. Bridge geometry and elevations were obtained from
field survey. Synthesized cross sections were estimated from adjacent surveyed
cross sections and topographic maps (Reference 24). The approach cross section
was used for the exit section of each bridge and was assumed to be representative.

Water-surface elevations of floods of the selected recurrence intervals were
computed using the USGS WSPRO step-backwater computer program (Reference
15). Flood profiles were drawn showing computed water-surface elevations for
floods of the selected recurrence intervals. The starting water-surface elevations
for the streams studied by detailed methods were determined by synthesizing
cross sections downstream from cross section 1 and the valley slope. Four to 5
profiles with varied approximate starting elevations were used to determine
convergence of M1 and M2 curve types. Normal depth was found or critical depth
was found on steep slopes with cross section 1 contracted.

Channel roughness factors (Manning's "n") used in the hydraulic computations
were chosen from field observations of the cross sections, with reference to
guidelines for roughness coefficients (Reference 16). These values are presented
in Table 7.

Information on the hydraulic analyses for the first revision dated May 15, 2002
match those already outlined for the first revision of data for the City of
Farmington.

Countywide Revision: For this countywide revision, hydraulic analyses were
conducted for Bloomfield Canyon Creek and Bloomfield Canyon Creek Tributary
in and around the City of Bloomfield and for areas of the San Juan and Animas
rivers near Farmington which had not been previously studied.
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Table 7 — Manning’s "n'" Values

Roughness Coefficients

Flooding Source Study Date Channel Overbank
Animas River
(At San Juan River) 2008 0.035 0.042
Animas River (At Farmington) 2002 0.032-0.035 0.030-0.040
Animas River
(between Porter and Carl Arroyos) 2008 0.035 0.04
Animas River
(between Farmington and Aztec) 1987 0.034-0.035 0.033-0.042
Bloomfield Canyon Creek 2008 0.040-0.050 0.080-0.100
Bloomfield Canyon Creek Tributary 2008 0.045 0.050-0.100
Farmington Glade 1978 0.035 0.060-0.080
Hampton Arroyo 1987 0.028-0.042 0.028-0.042
La Plata River 1978 0.035 0.060-0.080
San Juan River (between Shiprock and
Farmington) 1987 0.032-0.035 0.030-0.040
San Juan River
(near La Plata River) 2008 0.035 0.04
San Juan River (At Farmington) 2002 0.032-0.035 0.030-0.040
San Juan River
(at La Plata River) 2008 0.035 0.05
San Juan River
(between Farmington and Bloomfield) 1987 0.032-0.035 0.032-0.056
Tributary Arroyos
(Butler, Carl, Dustin, Hood, Porter and 2002 0.020-0.045 0.040-0.070
Wyper) ’

LiDAR data was obtained from San Juan County and used to create 2-foot
contours. 10-meter Digital Elevation Models (DEMs) received from the USGS
supplemented the LiDAR coverage where data was limited or unavailable. The
LiDAR data and DEMs were used to create a Triangular Irregular Network (TIN)
for the study. The TIN, in conjunction with field survey data, was used within the
Watershed Information System (WISE) software platform to obtain all cross-
section information (References 25).

Cross-sections were typically placed with the goal of approximate 500-foot
spacing and in accordance with the FEMA Gd&S and the HEC-RAS manual
(References 26 and 27). Cross-sections were also placed at all crossing structures,
including bridges and culverts.

Channel roughness factors (Manning's "n") used in the hydraulic computations
were chosen from field observations of the cross sections, engineering judgment,
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the HEC-RAS manual (Reference 27), or taken from the previous San Juan
County FIS (Reference 28). These values are presented in Table 7.

Detailed hydraulic methodology for the flooding sources affected by the restudy
is presented below.

Bloomfield Canyon Creek and Bloomfield Canyon Creek Tributary — The
Bloomfield Canyon Creek study reach flows through the City of Bloomfield and
appears to be confined by riprap lined arroyo walls. The channel consists of sand,
medium rocks, and varying amounts of vegetation, except at the concrete
structure. The overbank consists of grass, trees and some houses. The area is
topographically steep with a total elevation change of approximately 92 feet over
the 2.3 mile length of the reach. The starting water surface elevation was
computed using the normal depth method at the downstream limit.

Bloomfield Canyon Creek Tributary flows through several small developments.
Both the downstream portion and the upstream portion of the channel have been
artificially straightened. The channel consists of sand, silt, clay, some rocks and
small weeds, except at the concrete structures. The overbank consists of brush
and some houses. The area is topographically steep with a total elevation change
of approximately 190 feet over the 2.2 mile length of the reach.

There are numerous crossing structures, both bridges and culverts, along the study
reaches. Expansion and contraction loss coefficients were applied to all crossing
structures within the HEC-RAS model to account for the additional energy losses.
Expansion and contraction loss coefficients were applied between cross-sections
to account for losses due to the changing width of the channel. In order to more
accurately model water surface elevations, ineffective flow areas were used
upstream and downstream of structures to represent flow that is not actively
conveyed in accordance with the HEC-RAS manual (Reference 27).

Ineffective flow areas were used in the overbanks where stormwater is cut off
hydraulically from the main channel and flooding will not be conveyed
efficiently. These areas were not removed from the model due to the potential for

flooding.

Animas River (at San Juan River and between Porter and Carl Arroyos) -
The Animas River (at San Juan River) is a well-defined channel with
meandering/braided morphology which flows through the southern portion of the
City of Farmington and ends at the confluence with the San Juan River. The
channel consists of sand, some rocks, dense shrubs and trees on the banks. The
overbank consists of brush, shrubs, trees and some houses. The study reach is
topographically flat with a total elevation change of approximately 5 feet over one
mile length. The starting water surface elevation was computed using the normal
depth method at the downstream limit.
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The Animas River (between Porter and Carl Arroyos) is a well-defined channel
with meandering/braided morphology and flows along the northeast portion of the
City of Farmington. The channel consists of sand and some rocks. The overbank
consists of brush, shrubs, trees and some houses. The study reach is a
topographically steep area with a total elevation change of approximately 139 feet
over the 3 mile length. The starting water surface elevation was computed using
the stream profile from previous studies.

The LiDAR data used to create the TINSs in these areas did not capture the channel
in this reach; it was therefore necessary to use upstream and downstream channel
bed elevations to determine the depth of the channel. A trapezoidal channel was
created using the width from the plan view of the orthographic photos. The
channel and profile for the Animas River were revised to tie into previous studies.

San Juan River (upstream of Farmington Glade and near La Plata River) -
The San Juan River (at Animas River) flows along the southern end of the City of
Farmington. A wide floodplain extends to the north toward the City of
Farmington, while much of the southern side of the channel is bounded by the
Shannon Bluffs. The channel consists of sand and some rocks. The overbank
consists of shrubs and dense trees. The study reach flows through a
topographically flat area with a total elevation change of 24 feet over the 2.8 mile
length of the reach. The starting water surface elevation was computed using the
stream profile from previous studies.

A bridge located at Bisti Lake Road was included in the HEC-RAS model. To
more accurately model water surface elevations, ineffective flow areas were used
upstream and downstream of structures to represent flow that is not actively
conveyed.

The San Juan River (near the La Plata River) flows along the southwest end of the
City of Farmington. A wide floodplain extends to the south, while much of the
northern side of the channel is bounded by steep cliffs. The channel consists of
sand and some rocks. The overbank consists of shrubs and dense trees. The study
reach flows through a topographically flat area with a total elevation change of 35
feet over the 2.5-mile length of the reach. The starting water surface elevation
was computed using the stream profile from previous studies.

The LiDAR data used to create the TINs in these areas did not capture the channel
in this reach; it was therefore necessary to use upstream and downstream channel
bed elevations to determine the depth of the channel. A trapezoidal channel was
created using the width from the plan view of the orthographic photos. The
channel and profile were revised to tie into the effective NADV 88 elevations.

Ineffective flow areas were used in the overbanks where stormwater is cut off
hydraulically from the main channel and flooding will not be conveyed
efficiently. These areas were not removed from the model due to the potential for

flooding.
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Approximate Analyses — New approximate analyses were conducted on the San
Juan (above Bloomfield) and Animas (above Aztec) Rivers. These hydraulic
analyses were conducted using WISE and HEC-RAS software (References 25 and
27) and were done in accordance with the FEMA G&S (Reference 26).

Vertical Datum

All FIS reports and FIRMs are referenced to a specific vertical datum. The
vertical datum provides a starting point against which flood, ground, and structure
elevations can be referenced and compared. Until recently, the standard vertical
datum used for newly created or revised FIS reports and FIRMs was the National
Geodetic Vertical Datum of 1929 (NGVD29). With the completion of the North
American Vertical Datum of 1988 (NAVD88), many FIS reports and FIRMs are
now prepared using NAVD as the referenced vertical datum.

All flood elevations shown in this FIS report and on the FIRM are referenced to
NAVD 1988. Structure and ground elevations in the county must, therefore, be
referenced to NAVD 1988. It is important to note that adjacent counties may be
referenced to NGVD 1929. This may result in differences in base flood elevations
(BFEs) across the county boundaries between the counties.

For this countywide revision the flood profiles and BFEs were revised to reflect
the new datum values. Prior versions of the FIS report and FIRM for the Cities of
Aztec and Bloomfield as well as Unincorporated San Juan County were
referenced to NGVD29 while the FIS and FIRM for the City of Farmington were
referenced to NAVD88 (Reference 13).

Due to the statistically significant range in conversion factors, an average
conversion factor could not be established for the entire county. In addition
streams within the City of Farmington had already been referenced to the new
datum. The elevations shown in the FIS report and on the FIRM were, therefore,
converted to NAVD88 using a stream-by-stream approach for those streams
outside of the City of Farmington. In this method, an average conversion was
established for each flooding source and applied accordingly. The conversion
factor for each flooding source in the community may be found in Table 8,
“Vertical Datum Conversions,” as well as on the FIRM.

The BFEs shown on the FIRM represent whole-foot rounded values. For example,
a BFE of 102.4 will appear as 102 on the FIRM and 102.6 will appear as 103.
Therefore, users that wish to convert the elevations in this FIS to NGVD29 should
apply the stated conversion factor(s) to elevations shown on the Flood Profiles
and supporting data tables in the FIS report, which are shown at a minimum to the

nearest 0.1 foot.

Temporary vertical monuments are often established during the preparation of a
flood hazard analysis for establishing local vertical control. Although these
monuments are not shown on the FIRM, they may be found in the Technical
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