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ABSTRACT

The Piedras'M‘_a'rcadas Watershed covers approximately 6 square miles west of
the Rio Grande in Albuquerque, New Mexico. This watershed is semi-arid and has

arroyos; ephemeral streams that empty into a retaining dam. During the fall of 1998, .

, eleven,erdsion pins and bridges were placed to record the sediment eroded or

_aggraded. The erosion pins recorded erosion in a range of 0.05 to 4 mm erosion and

aggradation of 2 to 10 mm. The erosion bridges recofded erosionin a rénge of3 to 9

‘mm and 1.5 to 10.7 mm ranges of aggradation. Two modified universal soil loss

‘.equations were applied and contrasted to predict sedime(\t' loss for this watershed. The

first equation values ranged from 0.5to 17.5_ and the second equation values rangéd
from 0.01 to 1.35 tons pér acre per year. '.Sédime'ntation is a watérshed management
concern. Water and wind processes acting qun thié area exhibit accelerated erosion.

- The study éite has a bas_alt escarbment rising 70 to 90 in as rﬁény feet. Four
associated arroyos drain the watershed. Additionally, this area has 46 invéstigated
gullies, four arroyb profiles, and one measured stratigraphic column. o

The suggested erosion management plan is to monitor sediment loss in the main

-arroyo branch, eradicate non-native species, and plant black willows.
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introduction

Why this project was éhosen

- I chose the Piedras Marcadas Watershed’s southwésfern eseérpmént as the
study area becéuse it combined issues | consider impértar_lt |n southwestern wafershed ”
managerﬁen_t, namely arroyo erosion in culturally sénsitive areas. The proposed Paseo
del Norte transporta_tion corridor, a:four lane bomrﬁuter highway that runs easf—yvest ih
AIbuquefque, Newv Me;(ico, is now allowed tcs e_xfend throu‘gh‘ an area that previously

was the'National-Park._Seryice, Petrogylph National Monument's (Monument).. This

" proposed tfansp’ortation corridor Would disturb a prehistoric to currently-used Native

American sacred site. This proposed transportation corridor is also the northerh
bouhdary of the Atrisco Lan‘d Grant, marking the first Europeah"s, _the Spanish colonists
\;vho settled in this area. This proposed trénsportafion corridor also generaily sep'arétes
the cities of Paradis_e'Hills and the West Side of Albuquerque, New Mexico. VThis road is
a nexus. of cultures, ‘Ia’ndvuse, and desires. Many people have strong feelings on the
best use of this parcel of Iénd. ‘

The Piedrés Marcadas is a small watershed located west of the Rio Grande (Map

. 1). in Bernalillo County, New Mexico’that: reflects this multiple ownership and authority

dilemma. A federal authority is' the Petroglyph National Monument. AThe Monument

~ currently has authority over a'lafge area of land that encompasses the basalt
. escarpment on the western edge of the City of Albuqu_er,que. The Monument runs in a
. northeast to southwest direction and was a barrier to all roads that would run west of the

'4natural ,Iahdforms defining the City of Albuquerque. The Monumerjt exists in the north



from the city political bourfdary apprOXimater five and a half miles south to just north of

" Interstate 40. A September 1998 U. S. Congressional vote [Pubjib_ Law 105-174 (9-30-

1998)] re'moved the federal portion of this proposed transpor‘tation corridor, allowing for

the extension of the road past the Monument boundary and into undeveloped land.

Paseo del Norte would run to the west and connect with the p_roposed Middle Unser

Boulevard. These transportation corridors would allow the regional connection of the

cities of Rio Rancho, Sandoval County, Paradise Hills, an un’incorpérated city in -
Bernalillo County, and AIbuqqerque, New Mexico.

The New Mexicov_State‘ Highway and Transportation Dep.a'rtment’s Research |
Bureau (NMSHTD/RB) funded this research. The Alliance for Tranéportatioﬁ Research '
(ATR) Institute, University of New Mexico, US Geological Survey, Aleque}quev Office,

and the Petroglyph National Monument supported this research in kind.

Watershed Perspective: Deﬂned‘

All the high points that allow water to flow downhill to a river, lake, or ocean
define a watershed boundary. Dunne and Leopold (1_978) defined a drainage basin or

watershed as the area of land that drains water, sediment, and dissolved materials to a |

- common outlet at some point along a stream channel. When a watershed i_néludes an
~urban area, gullies, streams, groundwater bodies, urban storm dra}ins, industrial-cooling
- systems, and irrigated fields are linked as components of the drainage basin.  Many

- authors have described a‘watershed boundary (Potter, 1990; Tolisano, 1990; Fleming,

1983; Sheng, 1986). A watershed is not just a surface water system, but rather the ‘



complex web of life, landscape, and commingled groundwater. This life :includes the
human populations Ii\)ing within its boundaries as well.

The geoiogy_ and geomorphology of an area such as a watershed can define 'and
shape a culture.l Human populations evolved and flourished on the banks of alluvi.al'
rivers such as the Nile and Euphra'tes. Our own Rio Grande is an alluvial stream, a
stream that transports'the‘ sediment in which its channeis lie. | suggest tnat water is
more than a commaodity; it has many signiﬁ‘cant‘ cultural, religious, and Iegal aspects

interwoven with its own riparian and groundwater complexity. My definition of a

~ watershed includes these human aspects or values along with the scientific

observations and methods used in the engineering, geological, and biological

disciplines. The science and engineering aspects are required components in

understanding the watershed.: It is also important to understand and collect information

on the land use patterns, cultural needs, and commUnity assessments within the

‘watershed. This information is now also required. Understanding the human

component, that which has been more the domain of public policy rather than science,

is important for present and future discussions with the community on the condition or

ohanging conditions of their watershed. This research will address a small portion of a
watershed‘ assessment of the Piedras Marcadas Watershed, tnat of the erosion

potential of the arroyos below the escarpment in southern portion of Unit.23 in the

Petrogylph National Monument.

In summary, each generation of man leaves their mark on the hill. We now have

bulldozers that within a day can destroy what geologic time has created. Luna Leopold

(1962) suggested that a'watershed network based on simple observations begin. This



network, which he called the Vigil Network, would-be a baseline of studies within a
watershed to describe its soil, geology, topography, and vegetation. This is what | have
investigatedvv at this study site. | have compiled this information and used simple, but

accurate, techniques to describe the érroyo and slope erosion potential..

Report Content

This report will discuss the Piedra-s Marcadas watershed with respect to the
arroyo and slope erosion }observed in the‘ fall 1998 and the Ivand use change threugh
time as observed (frolm _aerial photogrephy spanniné from 1935 to 1996. The main body
of investigatioh is the scientific and physical obsewafions of the watershed with respect

to erosion. This will include the disciplines of geology, soils, and hydrology. The

. second portion is the historical observations aerial photography affords.

Description of the Piedras Marcadas watershed

4

Geographic Setting |

The Piedras Mereadas watershed ie located west of the Rio Grande in
Albuquerque, Ner Mexico. The wat/ershed boundary is outlined on Map 1. This
watershed covers approximately 6 square miles or 1320 hectares. The Arroyo de las
Calabacillas 50unds this sme_ll watershed to the north and the Boca Negra bounds it to
the south. The headwaters are a high point t_o the west. The drainage is dendritic wivth

some sense of a palmate pattern.



Previous authors (Simons, Li & Assoc., 1985; Molzen-Corbin & Assoc. et al,,

1993) have described this watershed as approximately 5.6 square miles and as having

a further western boundary (Map 2). The-topography at the Albugquerque Corporate

Boundary denotes the mesa as increasing in topography until it reaches a dip at the

5500-foot contour interval. | have placed the weetern edge of the watershed at the first
5500-foot contour line after ﬁeid checking this location. Acreége west of this boundary
drains to the Boca Negre Arroyo. The contractors have used. a different shaped
watershed to calculate the erosion and .ﬂood potential. | believe that these numbers are

incorrect due to the boundary supplied or delineated.” A comparison of these different

shapes is provided as two boundary lines oh Map 1.

The study area can be divided into three sect‘iOns.- ‘The first section is the
upper. watershed thet is currently undeveloped rangeland, bt_.:t could be developed in the
future. fhe second section is. the ‘es'carpme_nt area that is included within the
Petroglyph National Monument. This section is‘currently ina cohservetion state, except

for the narrow transportation corridor that is now legally allowed to traverse the:

‘Monument. The third section is the lower portion of the watershed and is the urban

* section that is predominantly zoned with residential single dwelling homes and light

commercial establ'ishmen_ts. |

There are four main ephemerel strearos within the Piedras Marcadas watershed.
The north branch runs predominantly dde north end is directly east of the current G.olf
Course Road. The middle branchld'rains the mein Piedras Marcada_s CanYon within the

Petroglyph National Monument and drains from the west to a southeast direction. The

" “main stem of the Piedras Marcadas is the area of study for this report. This arroyo



~ drains from the northwest to the southeast and runoff W||| flow into the AMAFCA Piedras

Marcadas Dam built in the Spring of 1984 The south branch flowed from the south to
the north and iSsnow a developed drain within the Taylor Ranch subd|V|S|on of
Albuguerque’s West Side. |
The branches of the l’iedraS‘ Marcadas did at one time flow unhindered into the
- Rio Grande. The construction of the AMAFCAV COrraIVes Main Canal in 1933 provided a
new diverS|on path to the Rio Grande The drainage, prior to the City of Albuquerque
rood intervention, is proiected to have flowed into the Rio Grande near the current
Petroglyph National Monument lands east of Coors‘Boulevard (Map 1). This federal
site is oonServing an estimated 1000 room prehistoric Indian oommunity. The
cottonwood trees mark the last flood cycle of the Rio Grande, outlining an ancient
| oxbow. l‘T.he prehistoric Indian community resided on the banks of the ancient oxbow
‘ and along side the Piedras Marcadas Arroyo. ‘The Monument was cr‘eatedv in,1990 to
| protect and conserve this cultural "heritage'site. In 1984 AMAFCA built the Piedras’
Marcadas Dam and the dam has become an artiﬂcial barrier to the Rio Grande. My

outline of the watershed now has a second eastern limit of the dam as its boundary.

Boundaﬂ changes, 1954 to 1990

‘C'omparison of the Los GriegOs, New Mexico, 1954 United States Geological
Suwey (USGS) tOpographic map (Map 3) as compared to the updated 1990 Los
- Griegos (Map 4) topographic map shows changesto the watershed boundary,
branches, and Culture. The east boundary where the arroyo entered the Rio Grande has
signitioantly.changed with the installation of Corrales Main Canal in 1‘933 and with the

‘installation of the.Piedras Marcadas Dam in 1984. The ephemeral arroyo waters no



. by

" longer naturally enter the Rio Grande, but are instead detained by the flood control dam.

This in effect deereases the watershed to approximately 6 square miles.

A comparison of these two maps shows that the Main branch of the Piedras

Marcadas is left off the 1990 map. The dashed blue line symbol does not exist in the

1990-updated version;

Thé cultural chang'es to the watershed are significant from the 1954 to the 1990

USGS maps. There were only two windmill syrhbols on the 1954 map signifying little to .

no cultural land use. The middle and soufh branch are not distinguishable within the

development of West Side in the 1990 map. The 1990 map shows 40 percent (1,377
acres) of the wafershed,developed. The mein residential development is single family
homes and light commercial devel'opment. There are 396 acres protected by the
Petroglyph National Mooument within this watershed. This leaves 2,463 acres
undeveloped.in 1990. | |

In Sepiember 1998, rhe United States Congress removed a small width of the
federal layer from the Petroglyph National Monument in order to allow for the proposed -
construction of the extension of Paseo del Norte, a four lane comrnut_er highway,
through the Monurnen't). The proposed transportation corridor (City of Albuquerque,
1 993) is in the south part of this study} area (Map 5). The construction of a road would

create additional sedimentation and drainage requirements. This one season collection

~ of slope and arroyo sedimentation is offered as data to consider prior to deésigning any

road through this Monument.
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Geologic settLq

Th|s study area lies within the Middle Rio Grande Rift system The rift basin is
about 102 (164-km)- mlles long in the north south direction and 25 to 40 m|Ies wide in
the east west direction (Kelly, 1977). The basin is filled, at maximum depth, with 12,000

feet of sandstone, mudstone, and gravel of the Santa Fe Qroup of Miocene-Pliocene

~ age (Map‘ 6). The Allbuquerque Basin is developed from the Rio Grande Rift. A series

of two parallel down dropped faults deﬂne the rift, which the present Rio Grande foIIows

| The separation of the two sections of the North Amerlcan Contlnental Plate caused a

large segment of the Earth'’s crust to sink, creating the rift depressron. The volcanism
on the West Si‘de is a response to‘the thinning of the crust atl_the. rift system axis.r _
The modern topography of the Rio Grande Valley is"largely a product of block
faulting |n late Tertiary time ('King', 1977). Theriveris struoturally controlled within the
rift and has fouhd and followed this pre-established rift trough/ (Chronic; 1987). |

‘The study area also has a geologic feature cabll_'ed reverse topography. The

fissure erup_tions extruded lava that flowed into the lowest reaches of the tooography, or

',the then current arroyos. Through geologic time, the resistant basalt flows are now on

top, or reversed, as the -cap rock to the Santa Fe group. .The current flows outline the
previous gullies. Thisis probably'most clearly seen in the crescent shape of the

eastern-most mesas in this study area. The eroding sediments under the basaltic cap

are the prior arroyo’s sediments. This explains the fine to medium-grained nature of the
- sand and the associated silts below the basalt cap. There is little to no clay associated

with the current arroyo debris.



Stratigraphic section

The stratigraphic section was measure to define the study area’s stratigraphy.

The stratigraphic section (Figure 1) shows two stratigraphic units in this field area. The

youngest unit is the Basalt mesa cap rock, extruded 110,000 years before present. This
basalt flowed from a long crack in the earth that the five West Side volcanoes now
mark. The multiple flows filled the low-lying drainage areas such as valleys and

arroyos. ‘This has produced a rev'ersevtopography, which allows geologists an insight

into the prewous dralnage system

The older unit is the Tertlary Santa Fe group (Chronnc 1987) and consnsts of
arkosic and quartz -rich, unconsolidated snlty sand. This sand is light’ tan in color ThIS
||thology is fnab|e or easny eroded to the touch. There are Iarge amounts of blow sand “

in the area.

w

There are ten exploratory soil borings in the Piedras Marcadas Watershed

cenducted by Geo-Test (1993). Of these ten borings, one is in the field study area and

' five_are proximate to the field study arroyos. These borings found that a thin layer of

topsoil covering the volcanic material characterizes the mesa top above the

‘escarpment. Secondly, th.e soil structure below the escarpment shows typical soil

layering with no volcanic materi'al Within the borings. Third, the 'sampled arrcfyos

- showed typical silty sand materlal for the entire depth of the bore with no change in

I|thotogy_ encountered at depth (Molzen-Corbin & Associates et al. 1993) My field

- observations of these arro'yos '_conﬁrm the borings.
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| Lithology ‘Descfiption

A, B- Alameda sandy loam

Section B Q8 Basalt

Massive, dark grey basalt
with little vesicularity to
‘heavy vescularity.

Unit2 Flow
- Olivine-rich basalt with high
vesicle density (nine/2.5
mm). ' ~
- Oval-shaped vugs ranging
- in size from .5 to 5 cm.

Unit 1. Flow
- fine-grained, massive basalt
with little to no vesicles.
- Vug size ranging from .3 to
6 mm.
- Abrupt lower contact.

Section A©  Santa Fe Group

Arkosic, quartz-rich loamy
sand.
- Well sorted.

o = Unconsolidated.

- Light tan in color.

- Fine-grained sand with 15%
medium-sized sand
component.

Stratigraphic Column
[]]7 ..Basalt ,

‘ Loamy sand

k.a. = thousand years before
present : :

~ Figure 1. Strétigraphic Sectioh
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The soil types within the field area are: AmB (Alemeda sandy loam) [Note:

Alameda is the correct Spanish spelling for a nearby town and for a cottonwood tree,

however the Soil Conservation supplies a different spelhng]_on topv of the West Mesa,

KR (Kokan-Rock outcrop association) which is a thin line of top of the basaltic

.escarpment, BCC(Bluepoint loamy fine sand) in the arroyos to the west and the floor of

this area, and BKD (Bluepoint-Kokan association) in the south within arroyo 1 (Map 7) |

(USDA Soil Conéervation Service, 1977). The soil properties ére displayed in

Conservation-Service, 1977).

" Table 1. The sail types within the stu‘dy area and their associated water runoff soil
blowing capacity, soil permeability, and propensity for water erosion (USDA Soul

Soil Type AmB KR BCC BKD
o Alemeda sandy Kokan-Rock Bluepoint loamy | - Bluepoint-
loam outcrop fine sand Kokan
association association
Runoff Medium Slow/rapid on Slow Slow
' basalt outcrop
Soil blowing - | Moderate or Severe
severe
Permeability | Moderate_ Rapid Rapid _
Water | Slight Moderéte/slight Moderate to
‘| erosion ' on basalt | severe
' outcrop

The USDA Soil Conservation Service, 1977 describes these soil types as the following: -

e AmBor Alemeda sand loam is found on O to 5 percent slopes. From 10 to 30 |

percent of this mapping unit is a basalt rock outcrop and Akela soils. The soil is

used for range, wildlife habitat, watershed, and community development.

11




"« BCC or Bluepoint Ioemy fine sand is found on 1 to 9 percent slopes. This soil series

consists of deep, somewhat excessively drained sonls that formed in sandy aIIuvnaI
and eollan sediments on alluvial fans and terraces. The slopes are 1to 15 percent
The soil is sllghtly calcareous and mlldly or moderately alkaline.

. BKD or Bluepomt Kokan association is approxmately 50 percent a Ioamy fine sand
on 5 to 15 percent slopes and approxmately 40 percent a gravelly sand on steep
slopes of 1 5 to 4O percent., In Bernalilio County it has been a méjor SOuree for sand

~ and gravel pl.'oduc'ts‘..

e KRor Kokan-'Rockbou'tcr'op aseociation IS appfoximately 75 percent a gravelly sand
on 25 to_45 percent slopes and 10 vpercent nearly venicel basalt rock'outdrop'. This

unit is at the edge of the basalt mesa breaks on the West Mesa.'

‘Erosion Potential

Types of Erosion

Tn'e four types of rainfall erosion are: raindrop splash,’ sheet erosion, ~rilling, and
gulling (Roberts, 1995). Rain splash erosion is an important overall element to semi-
arid climates. A raindrop posses conéiderable kinetic energy, and fal'lsv at terminal

velocity. In high-intensity rains, drops usually reach a maximum size of approximately

6mm and a terminal velocity of about 9m/sec (Ritter, 1978). This impact can directly

displace a soil particle 10 mm.in diameter-downslepe. The amount of soil moved by a

splesh is dependent on the kinetic energy of the raindrops, the type of soil, and the

‘steepness of the slope. Free (1960) found that the kinetic energy (E) is E'*° for sand

12



and discovered that over a five-year period the total splash loss from a sandy surface is
calculated at 1600 tons/acre. | suggest that rain splash erosion is a priMary method of

soil erosion on slopes and in arroyos in this field area in non-monsoon-seasons. The

" data collected from the erosion bridges and pins demonstrate the high movement of soil

' de'spite_ little sustained precipitation.

Sheet erosion is the removal of soil from sloping land in thin sheets or layers -

(Roberts, 1995). Sheet erosion is the tra'nsport' mechanism for soil dislodged by the

‘raindrop splash. Sheet erosion is suggested as a one of the main mechanisms for

transporting soil downslope. |

Rill erosion occurs when rainfall and flow become intense, and small shallow
chandels may form. Rills form in ﬂne-grainedt soils and display a set of well-de_ﬂned |
subfparallel chennels' (Ritter, 1987). Rills are commonly seen in construction zones
where the land has been bullddzed and is exposed to runoff without vegetative cover, or
natural topegraphy or channels. Surprisingly, rills are not seen in this study area.
There are rills immediately outside the study at the current construction Ioeatidns and.
near the storm drain that conveys the Middle Branch arroyo. |

: Gully erosion is fhe resuft of a concentrat‘e"d flow much greater than inrills

(Roberts, 1995). In the southwest large gulliee are termed arroyos and eomerise the
ephemeral drainage. There are four major arroyos in this study area.

Overgrezing of land has been shown to increase erosidn, sedimehtation, and
encourage the development of arroyosl(Thornthwai'te et-al., 1942; Ant'evs; 1952: Cooke
and Reeves, 1976). War | and Il intensified the need for wool and beef and New

Mexican ranchers were offered incentives to overgraze their lands for the war effort

/!
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(Pena, 1997). This study area includes the historic grazing property of the Atrisco Land

'Grant.‘ This study site may havé been overgrazed in the past. -

Geomorphology of Arroyos

Arfoyos are ephemeral ﬂow}stre'am chahnels characterized by steeply sloping or

vertical banks of fine sedimentary material and fiat, genera_lly sandy beds (F'airbridge,

1968). "Gary et al. (1972) define an arroyo as “a term,applied in the arid a‘nd semiarid
regions of the southwestern U.S. to the deep, flat-floored channel or gully of an
ephemeral stream or of an intermittent strearh usuaIvawith vertical or steeply cut banks

M of unconsolidated material at least 60 centimeters high, that is usually dry, but may be

transformed into a temporary water course or short lived torrent aftef heavy rains.”

| Invthe 'Albuquerque area, arroyos are thé m_ain conduit"for,t'he occasio‘_nél |
thunderstorm ’induced runoff and the associated sediment derivedv from thefr
watersheds. The Piedras Marcadas waters‘hed is composed of }highly erodible soils and

flooding is normally caused by high-intensity thunderstdrm events. This combination of

~soil and storms carries a high potential for significant erosion and or deposition of largé

quantities of sediment (Simons, Li & Assoc, Inc., 1985). This arroyo system discharges

water only when the monsoon season produces heavy rains, a typically late summer -

“event. ‘The fall (August 26 through Ndvember 17, 1998) rains that this study sampled

are of too low of an intensity to prbvide runoff. These rains Ialso do not cover a basin
wide area and therefore did not have enough input over the basin area to provide for

runoff.
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Cooke and Reeves (1976) reviewed arroyo development and concluded that the

initial cause of erosion for many arroyos is the development of roads and trails. or other

activities that confine the flow and permit incision to occur. The other primary theories

for historical arroyo incision and backfilling are due to climate change (Love, 1979), the
_ exceedence of geomorphic thresholds (Schumm and Hadley, 1957 Schumm 1973

- 1977), ‘and intrinsic arroyo geomorphic variables (Elliot et al., 1999 Patton and

Schumm, 1975). Ironically, the link between roads and arroyos goes back to the 1600s.

The American Geological lnstitute found a definition for a guIIy that described it as that

: feature which could not be crossed with the wheel of a wagon.

It is important for professionals in all aspects of development to understand how

arroyos form and evolve within the Albuquerque basin. This knowledge will aid those

professionals in better plannin.g how to development of our community. Best practices
in land and water use management requires planners and others to understand the |
basic science and engineering principles for competent infrastructure development
Geomorphologists suggest identifying which stage of evolution the arroyo in question
has achieved prior to placing infrastructure or erosion control. The stages_ of arroyo
development as defined by Gellis (1998) are incision, widening, and development of an
incipient flood plain, complete ﬂIIing or alternately're-incisio’n of fine load to a vl/ider
channel The study area’ S mlddle section arroyos are |nClsed and without terraces or
flood plains. ‘There is I|ttle to no incision. in the upper section of the watershed ‘that area
on top of the mesa. The AMAFCA channels i in the lower ,section are concrete }I|ned and

do not qualify as arroyos.
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Study Area Arroyos

 The -Piedfas Marcadas Baéin-morphelogy is' a dendritic pattern that has two

| orders of streams using Horton S (1945) drainage composition method The slope of

this watershed demonstrates a typlcal and slope profile in havmg a cliff W|th an abrupt

vertical angle, a debris slope, and a desert plain (Ritter, 1}978). The arroyos have a

continuous gully system in the study area. The study area is below the escarpment and
within the Petroglyph National Monument. The area is the southern portion of Unit 23 of -

the Monument. Arroyo 1 (Map 8) has aV shape or a broad inverted triangular ehape,

| as Arroyos 2 and 3. Arroyo 4 has a very broad, flat-bottomed U shape.

- Accelerated erosion in the West is a problem of greaf social and economic

wmportance (Leopold and Mlller 1956). Arroyo deve|opment and incision can cause

fallure of bridge crossmgs and damage to ut:hty crossings (Shen etal., 1981) Channel

erosion can cause mcreased sediment delivery downstream that can lead to either

_increased flooding or a decrease in the reservoir capacity (Mussetter et al., 1994). -

'Arroyo incision can also lead to a lowering of the water table and thi4S in turn threatens

the survival of floodplain vegetation. This vegetation usually increases the resistance of

" the channel to lateral erosion (Gellis et al., 1991). A watershed approach to maintaining

the watershed is a proactive method to maintain both cultural developments and the

integfity of the natural watershed environment.
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Hydrology |
Temgeratu-re

| ‘The study area has a semi-arid climate. The fall temperatures ranged from an

average low of 25° F to an average high of 94° F (U.S. NOAA, 1998): The wind velocity

~is not available for this area.

Table 2. Petroglyph Nétionél Monument, New Mexico (statibn 6754) lbw and high -
average temperatures for the fall of 1998 (Appendix A). )

1998 Month ] Average Low (°F) Average High (°F)

August B 63° 94°
September i 59° ' ' 91°
October 44° : 74
November 32° ' 62°
_December 25 o6°

Precig itation

The average annual pr:acipitation on thlis watershed is 7 to 10 in‘ches.(Simons, Li
& Assoc. Inc., 1985). The yeaf | have sampled is classified as an EI Nifio year that is
also demdnstraﬁng the associated change intd ala kNiﬁa weather year. The Lé Nifa
weather properties in New Mexico are traditionally years of Iéss preéipitation to extreme
drought (Clifford bDahm‘, UNM, pers. comm., 1998). The Petrog_lyph‘ National Monument
rain ‘g’age, located approximatély three miles south of the study érea, provided the
précipitation data used in this study’are_a (AppendixAA)'. For the study' period of August
26 through.'Noyember '17, 1998, 2.27 inches or appro.xima‘tely 60 mm of precipitation

was recorded at the Monument Visitor's Center. This rain occurred in eighteen events. |
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~ Runoff

There was no runoff recorded during this investigation. No gage exists on this

" watershed. The developed portions of the watershed require drainage control. The

drainage control in the Main branch has been developed into a concrete-lined |

trapezoidal channel that runs without meanders to the Piedras Marcadas Dém; The

" channel was walked on 2-14-99 and there was no sediment within the channel, except

- where a large concrete pylon was discarded, trapping sediment behind it. The area

above the channel is concrete-lined and borders to mason walls of private houses.

Piedras Marcadas Dam

~The Piédras _Marcadas Dam is approximately one-half »mﬁe south and west of the
Coors Boulevard and Paseo del Norte intersection. “The Dam is approximately 1200 '
feet by 900 feet (Map 4) and was completed in June, 1984. The Piedras Marcadas
Dam is an earthen structure 28 feet in height above tﬁe ground at the centerline. The
,bottonﬂ of the dam is also dirt. | |

- AMAFCA cohtrols the flow from the southéasf portion of»thé darh fo the Cdrrales
Main CAana'I. Once in the Corrales Main Canal it flows south and ihté_rs'eé:té thé Rio

Grande just north of the burrent La Orilla Road. Floodwaters can be released from the

- dam when the floodwaters recede in the Corrales Main Canal.

The north branch emptiés into the main branch concrete-lined channél. The

~middle branch empties into the main branch just above the point where_ the concrete

main channel begins. The south branch turns north and is channeled into the dam.
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This facility has the following c_lésign paranﬁeteré (Molzen-Corbin & Associates et

al., 1993):

. o adesign storage éapaci_ty of 249 acre-feet (AF) at elevation 5032.0 feet:

« dam crest elevation of 5043.5 feet
e a principal spillway capacity at elevation 5032.0 feet of 90 cubic feet per second (cfs)

o The 24-hour storm runoff volume table has the volume of sediment as: 40 AF of

sediment with the existing condition with a 20% sediment load.

Thé ‘dam is not desighed for long-term acéumulation, but rather to be cleaned when
required. The mai_nténance records show the énnual sediment accumul.ation to be 0.02
'acre—ft/mizlyear (Heggen, 1992).

This dam has adéquate containment capacity for the‘ iOO—year, 6-hour storm
event (Molzen;Corbin & Associates et al., 1993). ‘Molzen"—Corbin & Associateé et al
(1993) strohgly sdggest that with increased development within the water‘shed, the

increased runoff will exceed the capacity of the Piedras Marcadas Dam. The 1993 peak

-discharge reaching the dam is approximately double _thé level from the historic condition

(Ibid.).
Water quality

" There are no water quality data for interpretations in this watershed.

Vegefation
The undeveloped portion of the watershed contains a diverse native and non- .

native flora. Common trees, shrubs and grasses of Petrogylph National Monument are:
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Cupressaceae (Juniperus monosperma), One-seed Juniper, "berries" are cones and

are a food source

- Anacardiaceae (Rhus kt‘ri/obata),' Lemonade Bush, food source

Asteraceae ( Gutierrizia Spp.), Snakeweed, indicator of overgrazing, medicinal herb

Agavaceae (Yucca glauca), Soapweed yucca fruit bearing '

- Asteraceae (Artem:s:a filifolia), Sand Sage, lndlcator of deep sandy sons

Cactaceae (Opuntia lmbrlcata) Cane Cholla frwt beanng

Cactaceae (Opuntia polyacantha),Plains Priqkly Péar, frt_jit bearing
Chenopodiaceae (Kras'cheninnikovia lanata), Winterfat, high nutritional value
F'abacéae.(Psorothamnus scoparius), Broom Dalea, very .aromati.c

Chenopodiaceae (Atriplex canescens), Four-Wing Saltbush, nutritionally important to

~ browsers

Globemallow (Sphe‘ralcéa angustifolio)
Jimsom Weed (Daturo inoxia) . - . o .

Threeawn Grass (Aristida pansa) -

' Need:le Grama (Bouleloua aristoides)

Side-Oats Grama (Bouteloua 'curtipendula)
Black Grama (Bouteloua eriopoda)
Fluffgrass (Erloneuron putchellum)

False Buffalograss (Monroa squarrosa)

Indian Ricegrass (Oryzopsis hymenoides)

| Burrograss (Scleropogon brevifolius)
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‘e Spike Dropseed (Sporobolus contractus)
' Sand Dropseed (Sporebolus cryptandrus)

‘o »Mesa Dropseed (Spofobolus giganteus)

¢ Needle-and-Thread Grass (Stipa neomexicana)

‘e Porcupine Grass (Stipa spartea)

» Six Weeks Fescue (Vulpia octoflora)

o Ring Muhly (Muhlenbergla pungens)

| The common mammal ,Spe.cies _pre'seht in the ‘Mbnumeht ére listed below.
_Coy'otes andvhawkvs are preséht in the upper énd middle watershed and aﬂs predators
are indicators of an adéquate ecosystem wéb. Itis assume‘d that these mammals may
be present in thé undeveloped uppery and middle portion of the Piedras Marcadas

watershed.

« Coyote (Canis latrans), common |

"« Whitetail Antelope Squirrel (Ammospermophi/ué leucurus), common

e Rock Sqt.;irrel (Citellus variegatus), near roads .

. 'S‘pptted Ground Squiri’él (Citellus spilosoma)

. Prong{hom Antelopé (Antilocapra americana), rarely seen
e Kangaroo Rat (Dlpodomys spp.), common |

¢ Deer Mouse (Peromyscus maniculatus), Hanta virus carrier

_» White-throated Wood Rat (Neotoma albigula), packrat -

e Black-tailed Jackrabbit (Lepus californicué), common
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e Desert Cottontail (SyIVilagus auduboni), common

Study Site Erosion Values

Universal Soil Loss Equation

~ | will be using two Universal Soil Loss Equatibns (USLE) for this study. The first

will be a modified USLE equation used in watershed management, which gives the

. computed soil loss in tons per acre per year. The second equation is a USLE equation

used in hydrologic engineering and calculates soil loss in tons per acre per storm event.

* Both will be presented and compared for this study.

The Universal Soil Loss Equation (USLE) was‘develop'ed by the United States

Department of Agriculture (USDA) Agricuitural Research 'Service in 1965 in order to

- have a more widely applicable erosion prediction technique for agricultural plots under
| natural rainfall (Brooks et al, 1997). The basic USLE equation (Wischmeier and Smith,

- 1965; 1978) is:

A = RK(LS)CP ) (Equation 1)

where A is a computed soil loss in tons per acre; R is a rainfall erosivity factor for a .

-specific area; K is a soil erodibility factor for a specific soil horizon; LS is a topdgraphi'c

factor; C is a dimensionless cropping management factor; and P is an erosion control
pracitice factor. This field site is'not under agriculture, but is a rangeland. The USLE is

modified to be applicable in rangelands and forests. The cropping nﬁanagement (C)
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factor and the erosion control practice (P) factor are replaced with a vegetation

management (VM) factdr to form the Modified. Soil Loss Equation (MSLE): - "‘
A = RK(LS)(VM) C (Equation 2)

where VM is'the vegetatioh management factor, the ratio of soil loss from land managed
under speciﬁc conditions. 6f vegetative cover. V\ﬁfh’in the VM factor, three effects aré
noted: the: canbpy cover, iowégrowing vegetative cover, mulch, and litter; and bare |
ground with fine roots. V'T}hle'se three factors multiplied together create the VM factor. A
visual inspection of ‘the vegetation using a four feét_square areain this field area

provided the VM information.

AMAF CA Preference

The Modified Universal Soil Loss Equation (MUSLE) preferred by AMAFCA

'(Mussetter et al., 1994) and described by Williams and Berndt (1972) is

Ys = a(Vqp)® KLSCP |  (Equation 3)

where the Y is the sediment yield for the storm in tons; V is the runoff volume for the
storm in acre-feet; qp is the peak discharge of the storm in cfs; Kis the soil erodibility
factor; LS is the topographic factor representing the combination of slope length and

slope gradient; Cis the Co\ver and management factor, and P is the erosion control

practice factor. The values for o and B are dimensionless numbers derived from

23



experimental watersheds in Texas and Nebraska (Mussetter et al., 1994). The o value

. is modified for the Albuquerque area to be 285 and the B value of 0.56 is taken from the

' out-of—state«experirnental watersheds.

- In both equations the topdgraphy coefficient, denoted by LS, is measured at the

" nail and bridge sites for the slope up to the top of the mesa. This measurement is not

¢

expanded to the entire watershed. The calculated number represents the study site in

the second section of the watershed

- Engineered flood control of our arroyos is the city’s public policy. The AMAFCA

-Board and staff are recently allowing aesthetics, joint use, and wetlands protecﬁon as

the evolving engineering of flood control (John Kelly, Chief Engineer, AMAFCA, pers.

comm., 1999).

Sediment Erosion - Field Collection Method

Eleven erosion pins and eleven erosion bridges were constructed in this field

site. The erosion pins were placed within the arroyos and the bridges were placed on

the slopes. Map 9 shows the location of the bridges and pins. At each station the

_vegetative_cover percentage is noted. The grain size of the sand or soil was determined
using a common field identification grain size folder (Gamma Zeta Chapter, 1968). A
comparison between the pins and bridges is then a comparison between arroyo erosion

and slope erosion in the study site.

-Erosion Pins

The erosion pins are of two types, the firstis a galvanized nail 6.8 mm in length:

| ‘with an associated washer, and the second is a steel nail 10.6' mm in length with an
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éssociatéd washer. The galvanized pins have a'higher variety of measurement as
corhpared to the steel bins pIa}ced 6 cm épart. | choose to Qs;e the steél data for this
i‘nve.stigation. The erosion pins were blaéed flush in the ground with the nail heads ,
exposed. They were bhecked periodically (field data are in Appendix B) and meésured.
and recorded fof_erosion or aggradation. Since thfs field site is in a Nétional Monurhent |
and has an Op‘é‘n Space }désignatioAn, the érosion pins were placed in the Ieasf visible
Ioc;ations. Hidihg these pins meant placing thefn'closer t6 grasses andA bushes than
was deéired for erosidn data collection. However, field visits to thesé pin sites that were
not hidden did have human disturbance. People would pull the er03|on pins completely
out the ground and Ieave them at the site. People pets or game stepped on the eroswn |
pins. These dlst_urbances resulted in a new placeme_nt. While some stations had data
loss, there is sfiil enough information to give a seasonal déscription of the erosion or
aggradation. o | | |

A few weeks after placement of the e_rosion' pins, it was discovered that several
sites were buried, rather than eroded away. This resu|ted‘in‘ a changé of placement
method. | decided to adjust several of the pins 2-cm;6ut of the ground. Thlis was only |
done with the steel pins becéuse they are longer. This adeétment aIioWed for the
collection of aggradation in a direct manner. | measured the galvanized nail by poking
t:he measurement tool to the top of the nail head and adding the width of the nail head to
provide‘the correct number. |

‘ fhe Ierosion for this site is high, in both thé arroyos and slopes. The cqllected
data highlight thét one season of erosion or éggradation is higher than the suggested

tolerance level (Rollins, 1981). Rollins (1981) suggested to the world community that 1

—
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ton of sail loss per acre per year is sustaiﬁébie-séil loss. Further, 1 mm of soil loss per
acre is equivalent to 1 ton per acre per year. | |

"~ The fquOWing.data has negative numbers fér erosion and positi\?e numbers for
aggradation. The ranges of values are 1.0 to 4.0 mm-eroded s_o.il loss and 2.0 to 10.0

mm for soil aggradation.

Table 3. Field data from the steel erosion pins, fall season 1998.

Erosion Pin Station - Steel (mm) -
: ~ Average erosion
‘ Fall 1999
EP-1 - 20
-EP-2 ' : -1.0
EP-3 | + 20
- EP4 . - 20
EP-5 ' -+ 20
EP-6 ' ' " +10.0
EP-7 . -10
EP-8 - 20
. EP-9 e _ -1.0
EP-10 - 0.05
EP-11 : - -40
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Table 4. Comparison of the field data for fall season 1998 with the calculated Modified =

' Unlversal Soil Loss Equat|ons 1and 2 applled

Eroeion Pin Station MSLE ' - MUSLE

.. Equation 1 " Equation 2
tons/acrelyear tons/acre/avg. event
EP-1 - 1.61 . .28
EP-2 . 0.38 .06
EP-3 - . 0.09 : - .02
EP-4 ' 3.20 , 57
EP-5 : 1.10 ' 19
EP-6 1.43 .25
EP-7 1.33 .23
EP-8 0:10 .02
EP-9 3 0.14 | .03
EP-10 0.38 - 07
EP-11 093 ' ‘ .16,

The equation 1 values range from 0.09 to 3.2 tons per acre per year of sediment
accumulation. 'Equation 2 calculations show no averaged storms ‘producing the
sediment that exceeds the recommended soil loss. Using Rollins’s (19_815 suggestions

of tolerating only one ton per acre per year of rangeland soil loss, this study site has five

sités that exceed Rollins’s recommendation for a he‘althy rangeland. 1 mm of soil loss

‘over an acre of rangeland is equivalent to one ton per acre of erosion (W. Fleming,

UNM, pers. comrh., 1998). Thev MSLE equations are calculated using observations
from the field sites (Appendix B). The second USLE folloWs"usihg field observations

and using the recommended values for K for use in the Albuquerque area (Appendix B).

Erosi‘on Bridges-

Eroeion bridges were constructed from two four-foot rebar pieces. A

measurement tool was constructed from a 1"x48" aluminum hollow §quare tube, 1/16”

o

27



thiqk purchased ‘from a hardware store. This}'tube had a set of holés, one -meter’ apart,
drilled into the tube. These holes wer;a_ drilled on one side only to accommodgte the
width of the rebar. This tool then had 'every five centimeters marked off in pen and cut
in with a pocketknife. | |

To construct the bridge,' the first rebar was pounded into the ground with a
élledge-. The measurement tool would theﬁ be placed on the initial réba’r to find the
second rebar placement. The rebar was then pounded into tr;e ground until
approximately 6'inches of rebar was left éXposed. With rebar piecels in place parallel to
the.slobe, the tool was pla‘bed on the rebar and a level was placed o‘n.the tool. Once
the pridge was leveled, the tool was used to mark off evéry five centimeters of bridge
and‘ I'would measure down to the slope in millimeters. | averaged the 20 numbers

across the plane of the bridge to provide one number that defines the slope soil erosion.

" This information was recorded and statistical analysis was performed on the data

(Appendix C). Erosion bridges are a simple, low cost and accurate method to
determine the erosion potential of a watershed basin.

“The field data for the erosion bridges show that from 1.5 to 10.7 mm of soil were .

~ lost from the statidné on these slopes. Also, that 3 to 9.6 mm of additional soil was

added at stations 2 and 3: It is not known if the soil aggraded at the site washed ,

e

- downhill or was wind blown to the site.
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Table 5. The averaged erosion across the 1-meter bi'idge,.measured in the fall of 1998.

‘ _Erdsion Bridgej

Average Erosion in mm

Station
T

Fall Season, 1998
- +1.5

-9.6

-3.0

+10.7 -

+2.2

+1.6

+6.2

- +14

+6.3

+6.5

S L RNIHSGIER RS

+7.0

The field data indicate that the measured slopes have a range of soil loss from 3 -

to 9.6 mm. The field data indicate that 1.4 to 10.7 mm of soil was added to the

measurement site.

Table 6. Comparison of the field data for fall season 1998 with the calc;uléted Modified

“Universal Soil Loss Equations 1 and 2 applied.

Erosion Bridge Station MSLE Equation 1 MUSLE Equation 2
- tons/acre/year/study site | ton/acre/avg. event/study site

EB-1: 4.08 ' 49

EB-2: 5.10 .93

EB-3: 2.77 .18

EB-4, 0.54 .07

EB-5: 13.77 .92

EB-6: 2.01 20

EB-7: ~0.21 .01

EB-8: 8.16 .81

EB-9: '3.83 .64

EB-10: _17.55 -1.35

EB-11: 4.00 .44
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The erosion bridge data echo the erosion pin data. The d_iffetences in the final
sediment loss within‘t"he study site, based on the main branch of the watershed, are
higner than considered tolerable by most sustainable rangeland standards. These
equations apply to the middle section of the study area, which is the escarc.ment and
associated arroyos‘ t)elow. Rcllins (1981) suggests one ton per acre per year is the
tolerance Ievel for rangeland erosion. Based on field observations and equation 1, this
tolerance level has been surcassed inall but‘_one site. |

Equation 2 does not surpass the suggested soil loss tolerance. This equation IS
an'a'véraged storm event equatio.n using the 100, 50, 25, 10, 5, 2 year storm events

(Appendix C). -

Sediment Yield

- Heggen (1 992) recomrnends'for planning and reservoir maintenance, a sediment
volume of 0.3 acre-ft/mlzlyr is recommended for the hlstoncal basin and 0.2 acre-
ft/m|2/yr for the eX|st|ng basin. This study demonstrates the smaller two and ten year
storms have only a minor effect to transport sediment to the dam. Additional

conclusions are that the basalt layer contributes to the-general stability that is observed

in this watershed along with the presence'of ‘playas. However, Gellis, (1996) has found

that a two-year storm can instigate and create new gullies within the Petrogyiph

‘National Monument.

The study conducted by Heggen (1992) has a best practices estimate for this
watershed as 1.0 acre-feet/mlzlyear Usmg thls estimate, the total basnn sediment yield

would be 6.0 acre-ft/year for the watershed boundary. My calculated y|eld for this
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watershed is averaged from the pin and bridge field collection sites as 4.9 tons per acre

per year.

Arroyo Direction - ‘ .

The major Cardihal direction the arroyo or slope faces Has some significance for
the level of erosion seen. The' north fécihg SIopes have the highest amount of erdsion,
closély followed by thosé facihg soch. The east facing arroyos have the highest
ambUnt of aggradation. There is only one west facing slopé and six associated gullies
in the field area. It was unknown at the time of this study that dirécﬁon would be an
imponaht aspect of erosion. or aggradation and hence no slope §ol|ecti0n device _Was
placed on the west facing arroybs. -

The higher aggradation in the east facin‘g arroyos may be due to the prevailing
east to West winds. It is recommended that fufufe studies include wind velocity as an-
aspect of investi‘gation. The- precipitation alone may not be the cause of this
aggfadation. |

Table 7. Major cardinal direction of the erosion bridges and pins comparing high and
low erosion values.

Arroyo North South East West
direction '
# of Bridges " 1,4,5,7 11,2,6,8 9 10
# of Pins 1,7 2,3,4,9,10,11 56,8
High value | B: +10.7 B: +9.6 B: +6.3 B: +6.5
(mm) P: -2 P.-4 P: +10 P: no value
Low value B: +1.5 B:+1.4 B: +6.3 B: +6.5
(mm) P:.-1.0 P: -0.05 P:-/+2.0 .P: no value
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‘Wind velocity can be an important aspect of road design and development. A

vegetative screening and enhanced construction design will be heeded in mitigation of

high velocity winds and the debris and snow that is carried _with"the wind.

Arroyo Profiles

 Four baseiine a'r_royo profiles were drawn (Map 8). Arroyo 1 had‘rthree profiles
drawn (Figures 2,V 3,4) along thevarroyo and Arreyo 3 had oneproﬂle (Figure 5). In
order to measure the width of the arroyovtwo rebar stakes were pounded into the soil at
the edges of the main portioh of the arroyo. A foot tape was stretched between the
rebar and at'every foot a measurement to thevbottdm of the arroyo, in centimeters was

taken a'nd recorded. This information is a baseline survey. | suggest that personnel at

- the Petroglyph National Monument perform this measurement every year to five years

to gain in'sight into the morphoiogi/ of this arroyo. -

Arroyo 1 A is 58’ 5" from the top of the mesa and profiles a main channel, the
current pedestrian path, and a few hign spots vwhere four-wing salt bushes and sand
sage bushes have stabilized the blow sand.

l. 4Ar.royo 1, Bis 115’ 10" from the top of the mesa and profiles a main channel, the |
current pedestrian trail, and an additi.onal arroyo ehannel that joins this ‘main channel at
a position 32 feet from the vnorth side. This order 1 e_hannei is from the sodtnwest.

Arroyo 1, C is.230’ 4’ from the top of the mesa and proﬂies the arroyo as the

morphology changes from an arrdyo with a deﬁnite channel to an arroyo.that is almost

without a water pathway. This prefile is across the current pedestrian trail.
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_ Figure 2.
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Figure 3. |
Arroyo 1: Profile B
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_ Figure 4. ‘
Arroyo 1: Profile C

20
40 4
60 -
80 |
100 -

120 -

Ge
~ Distance in centimeters

140 -

160 -

1

180 T T T T T T T T T T T T T T T T T T T T T T T T T T L T T T T T T T H H T T T T T

12345678 91011121314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
‘ Distance in feet

43



Figure 5.
Arroyo 3: Profile 1
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“The Arroyo 3 profile is observed at a nick point within this arroyo. The channel and
'slope narrows at this position. This arroyo is steep and has a main channel. The

' vegetation is bushes and grasées on this slope and within the channel.

Gully Inventory

' There are four main 'arroyos and (Map 8) 46 mapped gullies in this field area.

These gullies are mapped and their width et the mesa top is taped. The following table

includes the coIIected’ data on these gullies. The distance from‘the gully to a dirt road,
pedestrien path or game path 'was measured.

Adirt road, p_edesttian, or game trail Will become a preferred_ pathway for water
runoff. This runoff may initiate gully development in this field site. Gellis (1996) notes

guily development in the Monument with 30 of the 50 gullies (60%) connected by

~ surface drainege to the mesa dirt roads. This suggested that the dirt roads were

channeling surface runoff (Ibid.). The erosion in this field site may?‘involve a relationship
between gullying,. dirt roads, low vegetation coVer,, an_d wind erosion. Vegetation was
sempled ina four—foot,redius with the erosion bridge or erosion Apjn as the center. -

Dirt roads can chann_el surface flow from the roadbed and then increase the
runoff over the basalt escarpment. Gellis (1996) compared aerial photographs from
1987 te 1981 and found that ten gullies may have formed in this time period. Stx of |
these gullies were on roads or traile, indicating human activity (Ibid). The runoff from
rainstorm in these tett years initiated gullies with recurrencetintervals of not more than

two years and the runoff events a recurrence interval of any more than five years.

[

37



| G'ellié (1996) concluded that gullying in the Petrog'ylbh National Monument might not be
the result of unUsuaII‘.y high intensity rainfall or high runoff events.
| Human activity may accelerate thé natural gullying process. ‘This recreation area
is uSed extensively by the local community and city communities. ‘Thi.s is a highly used
dog exercise and'runr_\ing area. Pebple still recreationally usé_ the dirt roads on the top

of the mesa. Native Améri.can and Hispénic Penatente religious activities still continue.

Table 8. List of described arroyos or gullies in this field location.

Arroyo Location Width Tape Strike Dip Distance to dirt

Number - Measurements road, pedestrian
- ' ' o or game trail
-1 NO9E 8-25° 9'6”
2 14 ~ SOE 25° No
3 ' N345E 17-21° ~ No
4 32'9" : N147E ' , No
5* . 24’1
6* -64'8" N85E o No
-7 49'10" N45E - 16° No
8 195" ~ N76E - 16° 137" to ped path
9 - - 210" ‘ N74E | 14° Below basalt
10 . : 12'9” N54E 12° Ped path
11 40'5" N358E 2°" No
12 - 12'8” NO5SE 10° . | 62 ped path
13 44" , NO4E - 12° 8’ ped path
14 59" ' N358E 20° No
15 0 . N45E 10° No
16 32'1” : N48E - 10° No
17 34'9" . N72E 2° Game/ped
18 , : 30" N75E -10° No
19 ' 10'10” _ N163E 16° No.
20 ' 97" N6OE 16° Game trail
21 . 10'10” N163E . 16° Game/ped trail
22 , 30'2” : N143E . 10° Pedestrian trail
23 535" N81E 10° Pedestrian trail
24 , 214" N340E |  14° ‘Game trail
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Arroyo Location ~ Width Tape Strike - Dip Distance to dirt
Number Measurements ' road, pedestrian
- - or game trail
25 - ' 352" ‘ N51E 20° | 9'8" from trails
26 : 19'1” - N92E 7 See map
27 21'6" N123E 13° 5'11"ped trail, se
28 , 316" N150E 14° | Pedestrian trail
29 43'6" N170E . ‘Pedestrian trail
- 30 - 142 N137E Pedestrian trail
31 : - 174" N207E 27° Pedestrian trail
32 25'5" N173E 7° Pedestrian trail
33 | 201" : N212E Pedestrian trail
34 ' 24'1” N206E Pedestrian trail
- 35 915 ‘ N134E 12° Pedestrian trail

36 ' 26'0" N134E 12° Pedestrian trail
37 ‘ 311" |  "N147E Pedestrian trail
38 R Lo N175E 14° - Pedestrian trail
39 2210 N166E 13° Pedestrian trail
40 \ - 316" . N207E 11° ' | Pedestrian trail
41 90" - N260E 15° Pedestrian trail
42 . - 140" : N235E - 13° Pedestrian trail
43 42’9 N237E 13° No
44 47’7 - N215E |, 9° ~ No
45 520" N238E 6° No

46 120 B N173E 9° _No

- Physical Improvements

The physical improvements to this wateréhed_ are divided into the three sections.

‘The upper section is currentlby undeveloped. This section has a high variety of grasses,

brushes and juniper trees. T'here‘ are also many species that indicate over grazing and
high erosion such as locoweed and snakeweed. The only improvément for a watershed -
recommendation would be to eradicate the non-native species and seed with native

varieties. It will be important for the Petrogyiph National Monument to monitor its
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western 'neighbors to ensure that development, with associated bulldozing of native

.-vergetation, does not cause flooding within Unit 23 and endanger the cultural properties.

' The middle section or escarpment section has the same indicator species of

‘overgrazing or erosion. This is combined with many slope areas in a mono-culture

status. A mono-culture status indicates the area is out of balance from its previous high

Adiver'sity condition.. This is particularly seen in entire, usually north-facing slopes

covered in sand sage, devoid of grasses and other shrubs. A recommehdation is to
;eed this a_reé with native speciés to increase the grasses. Grasses have 'a}hig'h root to
éanopy ratio and will hdld the',soil:in place when wind or runoff occurs. Grasses can
stabilize the soil ervosion‘for this reason. Addition,ally“, the pedestrian paths and dirt
roads 6n top of the escarpment are creating preferred pathways for water and hence
erosion. Recléiming these roads and paths will require construction practices such as
discing and/or tilli'ng and then seeding. Planting Black or Coyote willows in the channel
will aid in stabilizing the channel. |

In the lower section, the developed section, the arroyo chénnels are gone and

replaced with concrete-lined straightened channels. The concrete continues to the

adjacent home’s mason walls. No dirt is exposed. The flood control measures are in

place for protection of the hurhan population. Since the arroyo is now not in its natural

state, | would recommend keeping the Piedras Marcadas Dam a dirt detention basin. A

~ stand of cottanoqu, native and non-native vegetation has begun to flourish and

receives water from the proximate neighborhood's street runoff.
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Socioeconomic Realities‘

: The _économic realities of applying improverﬁents make them unlikély to be
embraced. Eradicating small plants over several miles of the Monument or
undeveloped land will be time consuming and cbstly from a persc;nnel standpoint.
Seeding will also‘.cost mohey and pe_rso‘nnel timé. The Mondment is established for
visitors to explore and learn of our southwéstern cultural herita‘ge;._ The pedestrian trails
allow visitors to view the petroglyphs and explore this federal and city land. Reclaiming
these trails would disallow visitors to fully view this site. As it oftén happens, this area is

on its way to being loved fo death. .

Historical Human use

Recent Past Land Use: _Air Photo Comparison
As of 1990 the watérshed is 44 percentage undeveloped land, in éections two
and three of the watershed (Map 10). The Petrogylph National Monument is 396 acres

within the wa‘ter.shed and remains undeveloped by federal mandate. 44 percent Qf the

3 watershed is low to high density suburban Iahd use as seen in the.north \_Nith the

community of Paradise Hills and the Double Eagle Golf course and in the 'southeast with
the Subdivisions of Taylor Ranch, Volcano Cliffs, and Alban Hills. There is still
undeveloped land in the southeast and infill development is antiéipated in the future.

The 1999 figures are approximately 39 percent undeveloped land and 49 percent

. developed, with the Monument making up the remaining land percentage.

The following air photographs are used for a land use comparison and the

development of dirt roads within the study area. The following flight years are used for
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colnparison: l935, 1951, 195'9,'1967, 1973, 1991, and -1,996 (Appendix D). Tom R.
Mann & Associates adjusted the scales to be 1‘ inch equals 2000 feet, the scale of a |
USGS 7.5 rninute 'tdpographlc map. The historical progression of the photos
demonstrate an approximate 45 percent increase in development of the watershed,

from dirt roads to suburban and light commercial development.

o35 ‘.
The 1935 air photograph indicates few cultural developments Awithin the
watershed. A notable development is a barbed wire fence running east' to west through
the present day transportatlon COITIdOI" This barbed wire fence is the northern Atrisco
Land Grant boundary, a boundary that is still indicated on the 1990 USGS map. The

second notable cultural feature in the then Lower Corrales Drain constructed in 1933

- (Annabel Gallegos MRGCD pers. comm., 1999) and now called the Corrales Maln

Canal. The construction of this canal follows the pre—1 8003} acequias, or lrrlgatlon
ditche.s.l The north, middle, main, and-south branches are visible in the air-photo. A dirt
road that runs from the agrleultutal land and to the northwest will in time hecome
Paradise Boulevard. The arroyo drainage patterns are visible and show the natural
Piedras Marcadas dralnage to the cultivated Iands proximate to the Rio Grande There
isa large braided fan delta type drainage. The stands of cottonwoods indicate the
hlstonc flood plaln The ancient oxbow is the snte of the Open Space Division Piedras

Marcadas ruin. A prehistoric to historic Pueblo people lived at this location, until contact

~ with the Spaniards (Dr. M. Schmader, Open Space Division, pers. comm., and M.

Medrano, National Park Service, 1999). This settlement is hydrologically well located,
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with the Rio Grahde and additional runoff from the arroyos to supply required water for

domestic use. -

1951

The 1951 air photograp-h more clearly shbws the north, mid.dle‘, main and
southern branches of the Piedfas Marcadas -watershed. The north branch appears to-

have headcut 500 feet and is in contact with the dirt road that will become Paradise

Boulevard.

This photo shows more clearly the main stem in the proposed transportation

corridor. The incision is apparent. A south branch portion appears to be more incised

“with the advént of a dirt road that runs east to the wesf, and in places the arroyo may

become the road.

The obsérvable,cultural features afe the dirt roads and the Corrales Main Canal.

1959

The 1959 air'phoiograph again shows little urban devélopment of the watershed.
A ranch.appears in the southeastefn and north central portion of the photo. The north
and Middle Branches héve vegetation on the arroyo botfom. There are now section line
dirt roads in the southernéec_tion of the air photo.v‘

The Atriscb ‘Land Grant fence line still appears on this air photo. T_he're. areno

dirt roads in the study area.
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1967

The '1'967;air.photograph shows a marked increase in the Urbanization of this
watershed. Tne unincorporated town of Paradise Hills is present in the northern portion |
of the watershed, Paradise H}iIIs was constructed in 1"960 (Ed Boles, Albuguerque

©

Historical Preservation, pers. comm., 1999). The developrnent of the West Side of

Albuquerque, starting with the Taylor Ranch subdivision began in 1967. Development

in these two cities has been low to high-density housing, light commercial, parks, and a

- golf course.

A golf course, wastewater facility, and suborban houses are pre‘sent. The north
branch has headward gullying to the now paved Paradise Hills Boulevard and appears
to drain the golf course. The water treatment facility appears to release water as

evidenced by the new arroyo channel that leads from this facility to the north branch.

- There is also a new arroyo, or at least incised enough to show up on this photo, to the

southeast of the water treatment facility. There are new dirt roads from Paradise
Boulevard to the treatm_ent facility. In tnis ph‘otographAthe main stem and north branch
appear to be more incised. | |

| | A dirt road Ioop is now present in‘the upper reaches of the middle branch of the

arroyo. It also captures the increased road development to the southeast on the

~ escarpment and within the southern portion of the Watershed. There are more roads in

the northwesf. sector, which corresponds to the middle branch of tne watershed.
The ‘rnain branch of the arroyo in the study area appears less incised. The
appearance of the barbed wire fence marking the boundary of the Atrisco Land Grant is

still present |n this photograph.
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A South Branch arro)}o has increased by 400 feet due to a sand and gravel

extraction operation south of the field site. This operation has increased the dirt roads

in this area. There are more dirt roads in general in this southern area for four new

h'ousing or ranching complexes. Coors Boulevard is paved in this photo. There are

approximately six residences present in this southern area of the photo.'

1973

In general this phofo shows again, increased urbanization to the north in

Paradise Hills. The beginnings of the roads in the Taylor Ranch subdivision of the

'Albuquerque.’s’West Side are preseht. The north branch appears to be stable, except

for a new order gully. A northwestern trending arroyo in the north branchis - .

approaching the curve in the middle branch, looking intent on stream capture. This may
bé due to the new dirt road in the Piedras Marcadas Canyoh that is in alignment with |
this arroyo and may be the catalyst for its development. This arroyo is approximately
2000 feet in length. The dirt road is a catalyst for arroyo development.

| The middle branch appears aggraded. There is less definition for the upper

portion of this arroyo. The dirt road appears to become the arroyo by destroying the

- arroyo banks.

The main branch of the arroyo also appears aggraded. There is little definition of
the arroyo. The Atrisco Land Grant Boundary fence line is still present. The fence line |

on top of the m’esa- is now a bulldozed dirt road, anticipating suburban development of

‘top of the mesa. This is the Volcano Cliffs subdivision, which to this day (1999) has not -
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been built. The individual plots within the present Monument are being acquired from
the private landowners.

The southern branch has natural arroyo disruption from the sand and-gravel

“extraction operation. A small branch of the main stem appears enhanced in this photo,

another example of dirt roads being a catalyst for arroyo development. There now

appear to be eight residences in the southern portion of the photo.

1991 -

In general thére is overwhelming development of this watershed. The north

‘branch is dislocated from the main stem dueto bulldozing. The area north and south of

Paseo del Norte is bulldozed for residential and light commercial development. There is
a dfrt road transportation corridor established to the weét .of the Paseo del Norte and
Golf course road intersectidn. ‘This area is withi‘n the proposed Paseo del Norte '
extension into the Monument. | - “

‘The middle branch still is in conﬂgencﬁe with the main branch. The middie branch
headland is now shifted fo the east, directly below a mesa top dirt road. There are now
numerous pedéstrian trails ‘withih"the rhiddle branch of the CanYon[ |

The rﬁain brahch of the arfoyo has one clear arroyo channel, but the preyious
arroyo channél is not blearly seen in this photd. The previous co‘nfluence' with the north‘ ;
branch is bulldozed. There are now more dirt roads on top of the mesa, and the first
trails in the arroyo bottom are present. The mesa‘top roads now connect north to the

Péradise Hills community. The Volcano Cliffs subdiVision dirt roads are less ,distinct

now and probably have not recently been bladed.
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The south branch is not visihle from this photograph. The development of Taylor
Ranch Subdivision has p’lacedfthis arroyo in a defined channel Vamid'the residential
de‘velo‘pment. T‘his«photo shows the first presence of Taylor Ranch subdiQision;

| The »Piedra‘s Marvceda.s Da}m hae appeared, but the associated drainege channels
are not yet in place. The establishment of the dam changes the boundary of the

watershed. The runoff will progress no farther than the dam unless it is deemed

necessary to allow flow into the Corrales Main Channel.

-1996

In general this photograph has infill development in those areas previously
bulldozed. . The residential and light cemmercial development has been rapid from the
previous 1991 photo. The dirt‘roads within the etudy area have increased en top of the
mesa but not in the bottom of the arroyo. These dirt roads will become preferred
pathways for Wafer and will begin to change the drainage pattern of the watershed.

The North Branch appears slightly east of the now completed Golf Course Road
between Paradise Boulevard and Golf Course Road. Development has occurred on
each side of this read. West of G_olf Course, north of Paseo del Norte, the suburbah
development engulfs the lower reaeh of the middle branch. .Thjs branch has‘bee'n
regulated to a storm drain. The upper reach of this branch appears agg'r.aded ahd with
less definition in this photo.v | |

The main branch has lost its conﬂuenee with the middie and north Branches.
The main branch now has runoff flows into the AMFCA concrete—line_ci ditches. These

ditches have straightened the arroyo path en route to the Piedras Marcadas Dam. The
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previous dirt trail east from the intersection of Golf Course and Paseo del Norte is now

widened and joins the construction of the Shenandoah Estates subdivision. The

bulldozed land northwest of the same intersection is now a light comrh_ercial

dévelopmeht of a fast food restaurant and video store. Most of the bulldozed areas

~ have developments at present (1999).

' Thé south branch of the arroyo is not visible in this photo. Development has

replaced this arroyo with storm drains.

| In summary,. the air photog’rap_hs, dated 1935 to the 1993, show the d_evé|opment
of this watershed from two windmills to two well-established urban comeniﬁes.- This
dramatic shift of land use has affected the arroyos by creating concrete-lined I
trapezoidal canals in pbrtions of the. south, midd'le, and north branﬁ:_hes. The.Piédras
Marcadas dam site is "1 30 feet-topographibally highelj than the Rio Grande. This
topographic distance has taken the arroyo out of its previbus bala_nce toa hew balance.
The concrete-lined chanhels now barry runoff to the Piedras Marcadas Dam. The

ephemeral runoff no longer reaches the Rio Grandé except after a flood stage.
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- Recommendations

For Future Researchers

Whén comparing afroyo and sldpe erosion use both erosion'pih and b'ridges at
the same _sité. Place wind and rain géges at the sties in order to defin.e whicr; erosion
brocess, wind or rain,‘ is most prominent. Each cardinal direction should have a site to
determiné .if direction' plays a role in erosion or aggradation.

Additionally, the construction of straw bale dams may be a more exadting
sediment loss tool. A straw bale dam is constructed by using multiple‘bales; usually vtwo-
bales High across the entire stretd;i of a gully. The bales are secured with rebar,

making sure that the bales dam the entire length of the gully. The location upsiope of

the bale is then surveyed and the topographic height is taken. This site is then re-

: sufveyed to defermine if additional sediment has collected at the straw bale site. Straw

bales were not constructed at this site due to distance required to carry the bales (there
is no motorized travel in this Monument area) and due to the cessation of the monsoon

rainstorms.

For the Petrogylph National Monument

This study is the ﬁrst within the Petrogylph National Monument to ddllect soil loss
and erdsion potential data. This data becomes more useful with a long-term collection.
Itis recommehded that a monthly collection of this data be continued in the study area.
This information is important due to the City Council’s énd féderal_governmént’s ,

allowance of a road lthrough'the south'ern portion of this site. It is suggested that the
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" new erosion bridges or pins be equipped with rain and wind gages. The sntes for the

continued study should be placed on slopes near the proposed transportation corndor :
and display all cardinal directions in all soil types.

Arroyo prdﬁles were drawn for four spots in the study area. | suggest additional

profiles be preformed every one to five years to evaluate the development of the

arroyos.
I suggest that the vegetation type and density continue to be monitored. My

suggestion to the Monument is to choose a four-foot square site around all soils type

- plots and on each cardinal slope direction to conduct a yea',rly‘menitoring program. The. |

sites need to be away from highly used pedestrian and game trails. | recommend

having a control plot outside of the study site area and one in a denuded area that may

be used for comparison.

i suggest that additioda| signs be placed in this area that suggesting visitors
remain on the establlshed trail. These signs will be educatlon if the high erosion
component of thls area is dlscussed | suggest that Native Amerlcan and tradmonal
Spanlsh religious praetltloners be excluded from this suggestion. Local community use
of Arreyo 1and 2 has Creeted denuded areas thet hasten erosion ’downhili. Eroding the

escarpment will hasten the headward cutting of the arroyo. 'The‘ basalt cap will be

undercut and eventually tumble, taking petroglyphs with the fall.

/\\ stream gage in arroyo 3 is recommended along with one atthe dam.. This
gage will record runoff data and will be informative to the Monument staff in ‘monitOring
the runoff for this watershed. This gage may prove valuable if development of

headwaters begins. -
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~ For the Opén Space Division:

- Establish signs educating the visiting public on the fragile nature of this area.
Suggest keébing to the established trails and keeping dogs on a lease. Dogs ‘chase
rabbits and Kangaroo rats, making these animals use their energy in flight instead of
food gathering. These animals may die as a result of a dog’s action. This also

increases the erosion as the dogs traverse the slopes.
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EVAPORATION AND WIND

Evaporation: Is measured in hundreths of inches

Wind: Is measured in miles

Max and Min: The maximum and minimum temperatures (Fahrenheit) of the water in the evaporation pan

30

EW MEXICO
SPTEMBER 1998
. DAY OF MONTH
STATION : : . ,
1 2 3 4 516 7 8 9 {10 |11 (12 (13 |14 |15
IW MEXICO .
JORTHWESTERN
PLATEAU 01
ARMINGTON AG SCIENCE WIND 125 74} . 63 61 73 47 47 47 70 64 €3 39 44 50 53
. EVAP 28 23 30 35 26 32 37 26 43 39 . 29 35 11 38 29
MAX 80 75 83 85 73 82 82 82 80 80 79, 80 78 76 71
. MIN - 54 54 55 55 55 52 55 55 53 53 54 54 53 52 51
AVAJO DAM WIND 74 47 28 36 * * * 123 35 43 43 * * 80 31
EVAP 13 8 20 33 * * * 102 24 29 3 * * 73 36
MAX 102 85 | 100 | 100 - - - 99 97 | 89 - - - 115 98
; MIN 40 54 41 53 - - - 54 53 51 - - - 47 45
NORTHERN MOUNTAINS 02
BIQUIU DAM WIND - - 20 44 49 [ 68 39 87 21 42 55 L R 153 48
EVAP 35 13 20 28 33 34 32 20 46 20 22 25 8 24 42
MAX 90 75 83 82 82 82 84 85 83 81 82 84 83 82 83
. MIN 56 57 55 55 €5 55 55 S3 56 57 60 55 56 L 56
OCHITI DAM WIND 97 94 55 59 74 65 | 40 53 60 65 55 61 69 72 55
EVAP 25 40 33 40 43 39 88 30 47 37 26 51 38 41 36
MAX 87 81 90 91 87 - 84 91 86 87 86 90 88 89 91
MIN 60 60 58 57 55 - 52 1 56 62 59 56 53 54 57
AGLE NEST WIND 20 9 6 17 12 10 10 9 10 12 10 15 17 26 20
EVAP 15 21 17 24 21 22 23 24 17 14 15 17 24 28 19
MAX 74 64 n 76 79 81 76 79 74 67 72 75 77 73 73
MIN 40 44 45 41 41 43 45 45 41 40 41 43 46 38 38
L VADO DAM WIND 18 8 9 18 * 44 * 30 20 27 10 * * 63 12
EVAP 15 7 20 24 25 25 26 26 21 19 16 21 21 21 16
MAX ~ - - - - - - - - - - - - - -
MIN - - - - - - - - - - - - - - -
NORTHEASTERN i
PLAINS 03 ]
LOVIS 13 N WIND 41 51 50 35 * * 268 27 28 58 97 * * 25 *
EVAP 32 73 20 20 - - - 16 23 11 8 * * 101 *
MAX 88 92 92 92 - - 92 92 92 91 88 - - 90 -
MIN 62 61 61 62 - - 61 59 591 60 57 - - 56 -
ONCHAS DAM WIND 37 40 25 17 28 37 40 21 37 52 32 33 26 38 50
EVAP 37 26 28 30 37 52 17 26 33 35 19 - 22 26 31
MAX 92 88 94 95 97 95 93 96 91 90 91 92 94 94 91
MIN 61| 66| 61 60 | 62 61 59 52 | 58 58 61 58 61 60 59
UCUMCARI 4 NE WIND 40 39 33 32 28 44 54 | 24 39 58 44| 30 32 28 64
: EVAP 43 34 28 38 36 34 38 36 40 30 40 28 30 23 43
MAX 88 88 87 89 90 87 87 90 86 85 87 86 89 90 86
. : MIN 57 56 59 59 59 60 58 59 60 56 54 54 56 56 57
CENTRAL VALLEY 05
0S LUNAS 3 SSW WIND 16 6 3 5 3 8 7 4 4 5 9 6 3 9 8
: EVAP 30 26 24 29 21 31 29 30 25 27 27 27 26 29 28
MAX = - - - - - - - - - - - - - -
MIN - - - - - - - - - - - - - - -
OCORRO WIND 18 12 5 12 13 6 7 12 11 11 9 15 11 15 27
EVAP 45 18 23 23 52 16 31 30 43 31 27 22 - 14 | 44
MAX 92 90 91 90 90 90 92 93 91 92 93 93 90 94 89
MIN 60 59 57 65 64 61 57 56 59 62 57 56 57 59 | 64
CENTRAL HIGHLANDS 06 ’ )
'STANCIA 7 NE WIND 73 22 43 61 54 39 35 39 59 28 40 12 47 74 59
EVAP 35 28 36 39 37 40 37 35 40 28 28 28 38 12 11
MAX 75 73 80 80 71 68 76 79 78 67 70 64 76 69 73
- MIN 50 50 47 45 45 46 46 46 46 48 44 45 46 45 48
SOUTHEASTERN
PLAINS - 07
.AITTER LAKES WL REFUGE WIND 38 | -34 40 46 46 59 37 31 38 49 28 38 30 25 80
EVAP 39 32 36 39 38 37 23| 37 41 30 30 27 kY| 26 39
MAX - - - - - - - - - - - - - - -
MIN - - - - - - - - -~ - - - - - -
JRANTLEY DAM WIND - - - - - - - - - - - - - - -
> EVAP 41 35 39 34 46 45 44 33 41 35 34 45 28 36 36
MAX - - - - - - - - - - - - - - -
MIN - - - - - - - - - - - - - - -
JUMNER LAKE WIND 42 78 30 31 35 44 49 35 53 71 46 43 30 37 83
EVAP 32 41 35 34 36 [ 30 37 37 43 36 30 22| a1 33 28
MAX 83 85 84 86 85 81 83 83 81 83 83 82 84 81 87
MIN 53 56 57 55 55 58 56 54 55 52 55 54 53 54 54




EVAPORATION AND WIND

¥ MEXICO
"TEMBER 1998
_ DAY OF MONTH TOTAL
STATION OR
, 16 |17 {1819 (20 21(22| 23|24 |25|26|27|28|29|30]| 31 AVERAGE
1 MEXICO i
JRTHWESTERN
ATEAU 01
MINGTON AG SCIENCE 85| 68| S0} 50; S5| 45| 69| 49| so{ 54| 64| 62| 64| 47| 127 1859
344 31} 29% 35{ 36| 32| 43| 18| 16| 43| 37| 28| 46| 21| 25 9.35
79 80| B80{ 80 801 80| 72{ 72§ 71| 77| 76| 75| 74| 75| 75 77.9
50| S0| S0} 50| 49| 48| 45| 45| 45] 46| 46 47| 46| 45| 45 50.4
/AJO DRAM 43| 40{ 29 * (112 40( 29[ 39{ 39| = « 1125 35| 62 1133
19| 24| .28 = d 96| 20! 29| 13| 25| = * s3| 23| 25 6.96
96| 95| 95{ - - 94| 88 85} 98| 92| - - 91| 84| 80 M
: 46| 48| 47| - - 45| 42§ 41| 46| 45| - - 39 39| 47 M
JRTHERN MOUNTAINS 02 r ‘
IQUIU DAM 60} .33) 30 32) 59) 64| 65{ 43] 73{ 's6] 97| s2} 34] 36| 115 15808
24 24| 33| 26 34 32| 21| 28| 24| 34| 38| 35| 27| 23| 15 . 8.20
N "824 82) 83| 82| 81| 80| 83| 82 72| 77| 76| 75} 17| 79| 70 80.7
.54 53| S52 s1| SO| 52 48| 45| SO| 49 46| 45| 45] 45| S2 52,8
SHITI DAM S8} 59| 48| 50| S8 46) 52| 67| 47| 57| 77| 65| S9| 51| 86 1854
"30| 31 30| 30) 30) 30) 35| 41) 30| 33| 44| 40| 46| 21| 39 11.24
88| 86| 86| 86| 84! 86| 83| 83f 82| 85| 85] 82| 82| 83| 85 86.0
S7| s6} 55} 53} 51| S1]-s1| 54| 55| 55| 52| s1| 45{ 49| 59 54.8
SLE NEST 7 7 5 S{ 28 28| 27 12| 23| 22} 37{ 22{ 10} 11| 22 469
13| 124 10] 20 20 4| 27] 10 31} 11| 20| 34| 24| 10 - 5.66B
66| 67| 67| 71| 73| 70| 70| 68| 72| 72| 72| 72| 72| 73| 62 72.1
38| 38| 39| 39| 35| 35| 36| 35| 41] 40| 38| 35| 35| 34| 40 39.6
VADO DAM : * 33| 15| » * 76| 38| 19| 25| 21| * * 69 15| 10 580
19% 20| 13| 25| 24| 25| 30| 12| 21| 25| 23| 22| 23| 16| 29 6.30
- - - - - - - - - - - - - - - M
) - - - - - - - - - - - - - - - M
JRTHEASTERN . : :
LAINS 03 :
WIS 13 N 83 ] 204 104 | = * * 89} 49| 174 149 =+ « | 198| 59| 176 1971
40| 33 19| - - - 12| 15| - 21 * * 27| 22 48 7.06B
90 93| 91} - - 93] 91| 87| 82 92| - - 93| 91 88 91.0
s7| 60| 60| - - 62| 60| S1) 64| 61) - - 60 60| 59 59.6
ICEAS DAM 26 26, 17| 46| 28| 29 44| 42| 71] 89 143| 31| 25| 27| 32 1189
. i 24 25| 23| 42| 344 32| 31| 23| 23] 35| 40| 35| 24| 23| 20 8.82B
921 92| 88| 91| 91| 90| 91| 84| 84| 90| 87| 89| 92| 91| 89 91.1
60 60| 60| 60 57| 58| ss8| ss| s6| 60| 63{ ss| s5| 60| 62 59.2
JUMCARI 4 NE 40| 24 28) 68) sS4 43| 97| s50) 141) 152 153 61| 49| 36| 64 1649
. 23y 22| 38| 30| 43| 40| 34 .20 39| so| 49| 39| 36| 23] 23 10.30
84| 86| B88) 86| 86( 86| 83| 77| 81| 85| 85| 84| 85| 88| 86 86.2
55| 55| 57 57| 54| sS4 51| 49| s1] 59| 59| 55| 56| S9| 59 56.3
INTRAL VALLEY 05 )
5 LUNAS 3 SSW 13 6 3 4| 14| 14] 15 6| 26 12] 40| 10 3 4 7 273
25 21| 22| 25| 22| 26| 30 25| 28| 27{ 39| 27| 21| 22| 13 7.82
- - - - - - - - - - - - - - - M
- - - - - - - - - - - - - - - M
JORRO 11 8| 10 5| 14| 14| 22 36| 26{ 28| = 33| 13 9! 16 429
N 20} 17 20| 27| 35| 14| 31| 30| 38] 21| =+ 40| 36| 18| - 8.21B
90| 90 91 91| 87| 87| 86| 88| 88| 88| - 90| .91{ 89 89 90.2
61| 61| Ss9| 63] 60| 57| 55| sg| s7] 59 49| 52| 56| 56 58.5
EINTRAL HIGHLANDS 06 :
I'ANCIA 7 NE 49 33 35| s9| 93| s5| 78| 91| e8] 112 s51| 30| 46| 55| 102 1662
36 28| 28| 35} 38| 38| 28| 37} 38| 40| 40} 29| 28 0] 39 9.54
781 73| 67 63 64| 76| 68| 75| €3] 74! 63| 61| 59| 69| 65 70.6
46 | 46| 46} 44 45| 43| 44)] 48| 48| 42| 38| 38| 40| 48| s0 45.4
OJUTHEASTERN
LAINS : 07 :
TTER LAKES WL REFUGE 591 18| 22| + | 147| 22| 40| 53| 78| 95| 120| 78| ~ * 92 1443
. 33} 23| 28| - - 25) 34) 27) 24| 37] 27{ 69)] « * 50 9.53B
- - - - - - - - - - - - - - - M
- - - - - - - - - - - - - - - M
ANTLEY DAM - - - - - - - - - - - - - - - M
37| 16 36| 36} 41| 44| 69 37| 41] s3{ 47| 30| 43| 33| a0 11.75
- - - - - - - - - - - - - - - M
- - - - - - - - - - - - - - - M
MNER LAKE A5) 38} 41| 72) 49| 89| 86| 63| 99 103| 116} 53| 34| 46| 67 1708
317 35| 30| 39| 35| 42| so| 28| 32| 42| 34i 38] 29| 25| 45 10.50
87 81| 82| 82| 80| 88| 79| 78| 88| 82| 80| 81| 82| 84| 79 82.8
54| S5| 55| 53| 524 53| 53| 49 s1{ s6{ S?7| 53| 53| s56| S6 54.2

Evaporation: Is measured in hundreths of inches

Wind: Is measured in miles

Max and Min: The maximum and minimum temperature:

s (Fahrenheit) of the waler in-the evaporation pan
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NEW MEXICO 71
SEPTEMBER 1998 STATION INDEX
OBSERVATION
. TIME AND
) w r4
g % E a 5 E TABLES
% | & E E LOCAL STD TIME
STATION g || COUNTY G <E A OBSERVER
. = Z nz o | = g ‘é
£ |8 3 ¢ |8=|5|8|2130
“ o
. vl
FARMINGTON AG SCIENCE 3142|011 SAN JUAN 36 42| 108 15W | 5625| 07| 07| 07| CGE | FARMINGTON AG SCI CENTER
FAYWOOD 3157 (08| GRANT 32 38 107 52W [ 5191 18/ 18 H | REGIS MCSHERRY
' FENCE LAKE 3180 | 01| VALENCIA 34 39| 108 40w | 7055| 17} 17 H | ELOISE MC DORMAN
, FORT BAYARD 3265 04| GRANT 32 48| 108 9w | 6142 18| 18 C H | FORT BAYARD HOSPITAL
: FORT SUMNER 32941 07| DEBACA 34 28( 104 15w | 4025| o8| o8 GH BETTY DUNLAP
. FORT SUMNER S § 3296 | 07| DEBACA 34 22) 104 15W | 4050 18 H | C NEAL VAUGHN
, FRUITLAND 3 E 3340 | 01/ SAN JUAN 36 44) 108 2aW | 5220} 17) 17 H | JOE DIDDE .
 GAGE 4 ESE 336808 LUNA 32 13| 108 1w (.- 4410| 17| 17 B | SHELBY C PHILLIPS III
! GALLUP FAA AP 3422| 01| MCKINLEY 35 31| 108 47W | 6466 | MID| MID H [ MET TECE INCORPORATED
GASCON 3488{02{ MORA 35 54 105 27W | 8250 17{ 17 H. | EDITHA BARTLEY
GHOST RANCH 3511 02| RIO ARRIBA 36 20| 106 28W | 6460 18 H | PRESBYTERIAN CEURCH
GILA HOT SPRINGS 3530 04| GRANT 33 12| 108 13W | 5600| 18| 18 H | DAWSON A CAMPBELL
GLENWOOD 3577108| CATRON 33 19{ 108 53w | 47s2| 17| 17 B | BOBBIE D JOHNSTON
GLORIETA 3586 | 02! SANTA FE 35 35| 105 46W | 7518 16 B | ALICE LoBaTO
GOLDEN 3592 06 SANTA FE 35 16| 106 13W | 6700 18 HE | VERA HENDERSON
GRAN QUIVIRA NATL MON 3649 06 SOCORRO 34 16| 106 6W | 6600| 17| 17 HE | NATIONAL PARK SERVICE
GRANTS AIRPORT 3682 | 04| CIBOLA 35 10] 107 S4Ww | 6520] 18] 18 H | GRANTS MILAN AIRPORT
GRENVILLE 3706 [ 03 uNION 36 36| 103 37W | 6002{ 17| 17 B | KATHEREN SINK
HACHITA 3775/ 08| GRANT 31 56| 108 19w | 4507 | 18| 18 B |. VIRGINIA BEEN
HATCH 5 NW 385508/ DONA ANA 32 43} 107 13w | 4040 09] 09 B | ‘INACTIVE 07/29/97
| HILLSBORO 4009 [ 08| SIERRA 32 56| 107 34w | 5270 19| 19 ¢ H | ROY F SCHOENRADT
HOBBS 4026 { 07| LEA 32 42| 103 8w | 3615 17| 17 H | HOBBS GAS COMPANY
HOBBS 13 W 4030 {07/ LEA 32°43§ 103 21w | 3805 19{ 19 CE SOUTHWESTERN PUB SVC PL
. HOUSE 4175{ 03} QUAY 34 38| 103 54w | 4850 07 B | LLOYD MORROW
JAL 4346 | 07| LEA | 32 7] 103 11w | 3060 18| 06] H | JAL POLICE DEPARTMENT
JEMEZ SPRINGS 4369 | 02 SANDOVAL 35 46| 106 41W | 6263 | 17| 17 H | JEMEZ STATE MONUMENT
JOHNSON ‘RANCH 4398 | 02} SANDOVAL 35 57{ 107 SW | 7203 08 H | CLARA A JOHNSON .
JORNADA EXP RANGE : 4426 | 08/ DONA ANA 32 37) 106 44w | 4266 08] 08 C H | AGRICULTURAL RESRCH SRVC
KELLY RANCH 4461 | 04| SOCORRO 34 2] 107 8W | 6699 18 H | TOM E KELLY
LAGUNA - 4719} 05| CIBOLA 35 2} 107 22w | s8ig| o8| o8 |c B | BIA LAGUNA FORESTRY DIV
LAKE MALOYA 4742 (02| COLFRX 36 59| 104 22W | 7400( 07| 07 H | NEW MEXICO STATE PARKS
LAS VEGAS FAR AIRPORT 4856 | 02| SAN MIGUEL 35 39| 105 9w | 6866 11| 11 H | MET TECH INCORPORATED
LAS VEGAS SEWAGE PLANT 4862 | 02| SAN MIGUEL 35 32f 105 12w | 6349| 08| 08 C HE | CITY OF LAS VEGAS
LINDRITH 1 WSW 4960 | 02| RIO ARRIBA 36 18| 107 3w [ 7220} 07| 07 H BETTY POST
LORDSBURG 4 SE 5079 [ 08| HIDALGO 32 18| 108 39w | 4250 17| 17 H | ROBERT LOWERY
LOS ALAMOS 5084 {02/ LOS ALAMOS 35 52{ 106 19W | 7424 | MID| MID H | UNIVERSITY OF CALIFORNIA
LOS LUNAS 3 SSW 5150 | 05} VALENCIA 34 46| 106 45w | 4840 07| 07| 07 GH | NEW MEXICO ST UNIVERSITY
LUNA R § 5273 04| CATRON 33 49| 108 57w | 7050 17| 17 H | U S FOREST SERVICE
LYBROOK 5290 | 01| RIO ARRIBA 36 14| 107 34w | 7150 [ MID| MID H | SUNTERRA GAS PRC COMPANY
MALJAMAR 4 SE 537007} LEA 32 49| 103 42w | 4000} 18| 18 C H | LEO R SUTTON
MAXWELL 3 NW 5490 | 03] COLFAX 36 34) 104 34w | 6019 08| o8 H | MAXWELL NATL WLDLF REF
MC CARTY RANCH 5516 | 03| QuUAY 35 36| 103 22w | 4411 o8| os JH | JACK MCCARTY
MCGAFFEY 5 SE 5560 { 01; MCKINLEY 35 20| 108 27w | 8000| o8] 08 H JOEN F JEKIELEK
MELROSE : 5617 | 03| CURRY 34 26 103 37W | 4598 17| 17 B | GRADY A BRIGHT
MIMBRES RANGER STN ' 5754 | 04| GRANT 32 56| 108 1w | 6238 17| 17 C H | US FOREST SERVICE
MORIARTY 1 NE 5908 ) 06| TORRANCE 35 1) 106 3W | 6220 07| 07 H | GLENN G OVERLANDER
MOSQUERC 1 NE 5937 | 03| HARDING 35 48| 103 s6w | sS46s5| 17| 17 E | RICHARD D HAMMER
MOUNTAIN PARK 5960 | 06| OTERO 32 57| 105 49w | 6780 17| 17 , B | JAMES K CADWALLADER
MOUNTAINAIR 5965 { 06/ TORRANCE 34 31| 106 15W | 6520} 16{ 16 H | US FOREST SERVICE
NAVAJO DAM 606101} SAN JUAN 36 49| 107 37W |. 5770 07| 07| 07| H | US BUREAU OF RECLAMATION
NEWKIRK 6115 | 03| GUADALUPE 35 4| 104 15W | 4563 17| 17 H DWAYNE WILKERSON
OCATE 2 NW 6275{ 02 MORA 36 12| 105 4w | 7655 17{ 17 C H | LOUIS MARES
OCHOA : 6281107, LEA 32 11} 103 26w | 3460 07| 07 H DEBBIE CERVANTES
OROGRANDE 6435 08| OTERO 32 23] 106 6w | 4182| 18| 18 CH PATSY JOHNSON
OTIS 6465 | 01| SAN JUAN 36 19| 107 s2w | 68so| 17! 17 H BRETHERN IN CHRIST MISSI
PASAMONTE 66191 03| UNION 36 18} 103 44w | 5650 07| 07 H SAM BRITT .
PECOS NATIONAL MONUMEN 6676 [ 02 SAN MIGUEL 35 33 105 41W | 6878 16/ 16 H | US NATIONAL PARK SERVICE
PECOS 11 SE 6678 | 02| SAN MIGUEL 35 26| 105 34W | 6800 07 H | ART MONTANA
PEDERNAL 4 E 6687 | 06) TORRANCE 34 38| 105 34w | e6200| o8| 08 B | LAHEETA HARVEY
PETROGLYPH' NATL MON 6754 | 05! BERNALILLO 35 8] 106 43w | 5121( 17 17 E | NATIONAL PARK SERVICE
PICACHO 2 WSW 6804 | 07| LINCOLN 33 20| 105 10W | 5042 17} 17 B | LOIS CLEMENTS
PIETOWN 19 NE 6812} 04] CATRON 34 30} 107 54w | 7961 18| 18 C H | NaNCY COON
PLACITAS 4 W €911 | 05| SANDOVAL 35 18| 106 30W | S515 18| H | MARLEN EASLEY
PORTALES 7008 [ 03| ROOSEVELT 34 10| 103 21w | 4010 17| 17 H | TELEVISION STATION KENW
PROGRESSO 7094 { 06/ TORRANCE 34 25( 105 53W | 6297 18 C H | ALLEN BROWN
QUEMADO 7180 | 04| CATRON 34 20| 108 31w | 6860 17| 17 H | JACQUE MCGUIRE
QUEMADO LAKE ESTATES 7195| 04| CATRON 34 9] 108 31w | 7790 16| i6 ‘CH INACTIVE 04/30/96
RAGLAND 3 SSW 7226 | 03 Quay 34 47| 103 45w | soeo0| 18| 18 B | DIANA RUSH
RAMON 8 SW 7254 { 07| LINCOLN 34 91105 ow | S327( 22| 17 C H | RONALD L MERRITT
RATON FILTER PLANT 7279 [ 02| COLFAX 36 55| 104 26w 6932 07} 07 CH LONNIE BACON
RATON KRTN RADIO 7280 | 02| COLFAX 36 53| 104 27w | 6640 16] 16 B | RADIO STATION KRTN
RED HILL 12 NW 7297 04| CATRON 34 19| 109 2w | 6840 18| 18 B INACTIVE 01/01/96
35




IWMEXICO -
WMEXICO - DAILY PRECIPITATION ( INCHES )
DAY OF MONTH
STATION TOTAL :

’ : 1 2 3 4 5 7 8 9 {10 |11 {12 |13 {14 |15
'WKIRK .88
SAMONTE 1.56 .25
JRTALES .92 .78 .12
GLAND 3 SSW .70 ’
w .70 . .10] .10
N JON .67
'RINGER M 2.19 .47 T - .07
ICUMCARI 4 NE .61
JOUTHWESTERN
{OUNTAINS 04 .
JGUSTINE 2 E 1.53 .30 .20 .23
SAVERHEAD R § M - - - - - - - - - - - - - -
JBERO .35 .
JRT BAYARD M - - - - - - - - - - - - - -
LA HOT SPRINGS M - - - - - - - - - - - - - -
WNTS AIRPORT M .40
SLLY RARCH .82 .17
NA R S .65 .03 .04| .36| .03 .02 .13
IMBRES RANGER STN M - - - - - - - - - - - - - -
(ETOWN 19 NE ,.48 .01 .15 T T .15
JEMADO . .58 T .09 T T .11
ISERVE RANGER STN .45 .09 . .07 .03]° .07l .03/ .03
IOREAU 12 SE 1.45 .46] .03 ’ .02] .18 .14
INSTON M .36 T .12 .04 - -
CENTRAL VALLEY ~ 05 )
SBUQUERQUE FOOTHILLS .45 .07 .05
JBUQUERQUE VALLEY .24 T T
BUQUERQUE WSFO AIRPO//R .15 T T
“EMAN RANCH M - - - - - - - - - - - - - -
IRNARDO .16
‘NGRAM 2 NE .45
)SQUE DEL APACEE .31
\RRIZ0Z20 1 SW M .21 -
JRRALES .36
EPBANT BUTTE DAM M - - - - - - - - - - - - - -
\GUNA M .10 )
)S LUNAS 3 SSW .28 .05
ITROGLYPH NATL MON M--.03 -
ACITAS 4 W .34 .07
"ENHARDT RANCE .44 .24
YCORRO M .26
CENTRAL HIGELANDS . 06
\PITAN M - - - - - - .16
JINES CORNERS 7 SE M - - - - o.02f -
“OUDCROFT M - - - - - - - - - - - - - -
JRONA 10 SW 1.86
YGEWOOD CEDAR GROVE M - - - - - - - - - - - - - -
STANCIA 7 NE 1.16 .10} .03
JLDEN .96 TL22 .10
N QUIVIRA NATL MON 2.19 .08
JRIARTY 1 NE .79 .29
JUNTAIN PARK M - - - - - - - - - - - - - -
JUNTAINAIR. 1.32 .60 .01 T
IDERNAL 4 E 1.99 .41
ROGRESSO s 1.98 .17
JIDOSO 1.00 .09l .01 .45
ANDIA PARK M .94 - - : .06
TANLEY 1 NNE 1.36 .54 T
SOUTEEASTERN
SLAINS - 07
ITESIA 6 S .44 .02 .42 T
[TTER LAKES WL REFUGE .52 .21 .04 .27
RNTLEY DAM .31 .31
ANTOR 1.27 T .44
ARLSBAD "1.00 .07 231
ARLSBAD FAA AIRPORT .14 .05 .03l .06
ARLSBAD CAVERNS T .00 T
ROSSROADS 2 M - - - - - - - - - - - - - -
ILIA 1.97
LK 2 E M - - - - - - - - - - - - - -
JRT SUMNER -1.47 .15
JRT SUMNER 5 § 1.00 .35 ,
JBBS .98 .30 S22
OBBS 13 W 1.39 T .65
AL M - - - - - - - - - - - - - -
ALJAMAR 4 SE 1.36 .10 .38 .80
ZHOA .79 .50
ICACHO 2 WSW .90 T .04) .17
AMON 8 SW 1.16 .05| .64
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" NEW MEXICO
NEWMEXICO DAILY PRECIPITATION ( INCHES )
DAY OF MONTH
STATION
16 (17 {18 |19 |20 |21 |22 |23 |24 |25 |26 |27 | 28
NEWKIRK .15 .73
PASAMONTE .50 .77 .04
PORTALES - J02
RAGLAND 3 SSW T .70
ROY .50
SAN JON .38 .29
SPRINGER T 1.65
TUCUMCARI 4 NE .02 .59
SOUTHWESTERN
MOUNTAINS 04 .
AUGUSTINE 2 E .20 .14 .16( .30
BEAVEREEAD R S - - - - - - - - - - - - - - -
CUBERO .10{ .05 .20
FORT BAYARD - - - - - - - - - - - - - - -
GILA HOT SPRINGS - - - - - - - - - - - - - - _
GRANTS AIRPORT : - .40
KELLY RANCH .07 .58
LUNA R S .03 .01
" MIMBRES RANGER STN - - - - - - - - - - - - - - -
PIETOWN 19 NE T .10] .07
QUEMADO .38
RESERVE RANGER STN .09 .04
THOREAU 12 SE .24 14 .24 T
WINSTON T .20
CENTRAL VALLEY 05 )
ALBUQUERQUE FOOTHILLS .12 .21
ALBUQUERQUE VALLEY T T T .20 .04
ALBUQUERQUE WSFO AIRPO//R T .12| .03
' ALEMAN RANCH - - - - - - - - - - - - - - -
BERNARDO .05 .11
BINGHAM 2 NE .09 .11 . .23| .02
BOSQUE DEL APACHE .01 Tl .03 .16
CARRIZOZO 1 SW .21
CORRALES .36
ELEPHANT BUTTE DAM - - - - - - - - - - - - - - -
LAGUNA . .10 - -
LOS LUNAS 3 SSW .09 .14
PETROGLYPH NATL MON .03
PLACITAS 4 W T .27
RIENEARDT RANCH .20
SOCORRO . .03 - .18/ .05
CENTRAL BIGHLANDS 06 ,
CAPITAN .54] .11 - - - .69 .57
CLINES CORNERS 7 SE - 1.03 - - - - - - - - - - - -
CLOUDCROFT - - - - - - - - - - - - - - -
CORONA 10 SW 1.25 .61
EDGEWOOD CEDAR GROVE - - - - - - - - - - - - - - -
ESTANCIA 7 NE .15 .09 .14] .65
GOLDEN C.15] .49
GRAN QUIVIRA NATL MON .05( .28/ .02 .03 .13] 1.60
MORIARTY 1 NE .03 .02 ] .45
MOUNTAIN PARK - - - - - - - - - - - - - - -
MOUNTAINAIR .34 .03 ) .34
PEDERNAL 4 E .01 .26 1.31
PROGRESSO 1.00 .73 .o8
RUIDOSO L1200 .21 Le1] .01 .01 .01 W01 .07
SANDIA PARK .48 - - - .40
STANLEY 1 NNE .40 T .42
SOUTHEASTERN
PLAINS 07
ARTESIA 6 S T
BITTER LAKES WL REFUGE 5
BRANTLEY DAM
CANTON T .83
CARLSBAD .60 .10
CARLSBAD FAR AIRPORT T T T
CARLSBAD CAVERNS .
CROSSROADS 2 - - - - - - - - - - - - - - -
DILIA .T T T T T 1.97
ELK 2 E - - - - - - - - - - - - - - -
FORT SUMNER .20{ 1.12
FORT SUMNER 5 S .08 .57
HOBBS .46
HOBBS 13 W .72 .02
JAL - - - - - - - - - - - - - - -
MALJAMAR 4 SE .08
OCHOA .29
PICACHO 2 WSW .08 . .16 .02 .16| .27
RAMON 8 SW .09 .38
1




L - MONTHLY STATION AND DIVISION SUMMARY

PRECIPITATION (IN)
. - SLEET, SNOW NO. OF DAYS
g2 a
. | [<3] <31 23]
STATION 3 EZS E’ x| B .4 E% EIE
6 | <EE| &6 | S| § |88l E|Z|Z|2
[} © X < | ¢ |
(=} § P elgls
=0 12
MOSQUERO 1 NE ] .09 -1.99 .07 30 .0 0 0 0 0
NEWKIRK ' .88 =.71 .73 30 .0 0 2 1 0
PASAMONTE 1.56 -.32 .77 26 .0 0 3 2 0
PORTALES .92 -1.22 .78 9 .0 0 2 1 0
RAGLAND 3 SSW .70 -1.66 .70 30 .0 ] 1 1 0
ROY " .70 -1.20 .50 | 23 .0 0 3l 1] o
SAN JON .67 -1.40 .38 29 .0 0 2 0 0
SPRINGER M 2.19 1.65 30 .0 0 2 1 1
TUCUMCARI 4 NE .61 -1.14 .59 30 .0 0 1 1(.0
~-DIVISIONAL DATAw=wwww-! > <715 -1.24 .0
SOUTHWESTERN
MOUNTAINS 04
AUGUSTINE 2 E 1.53 -.21 .30 ] 30+ .0 - 0 7 0 0
BEAVEREEAD R § M M .
CUBERO .35 -1.19 : .20 29 .0 o : 2 0 0
FORT BAYARD . M M
GILA HOT SPRINGS . : ) M M
GRANTS AIRPORT - ) M .40 ) .40 29 .0 0 1 .0
LUNA R § .65 -1.52 .36 4 .0 0 2 0 0 .
MIMBRES RANGER STN N M M
PIETOWN 19 NE .48 .15 15¢+{ - .0 0 3 0 0
QUEMADO .58 -.85 .38 16 .0 0 2 0 0
RESERVE RANGER STN . T .45 -1.76 .09 16+ .0 0 0 0 0
TEOREAU 12 SE 1.45 .46 1 .0 0 6 0 0
WINSTON . M .36 .20 29 .0 0 2 0 0
--DIVISIONAL DATA~m—ewim=> .78 -1.19 ) .0
CENTRAL VALLEY 05 ‘
ALBUQUERQUE FOOTHILLS .45 R -3 30- .0 0 2 0 0
ALBUQUERQUE VALLEY ‘ .24 .20 29 .0 0 1 0 0
ALBUQUERQUE WSFO AIRPO//R . .15 -.85 .12 29 0 0 1 0 0
ALEMAN RANCH . M M
BERNARDO .16 -1.11 .11 30 .0 0 1 0 0
BINGHAM 2 NE i .45 -1.19 .23 29 .0 0 2 0 0
BOSQUE DEL APACHE .31 -1.20 S .16 30 .0 0 2 0 0
CARRIZOZ0 1 SW M .21 .21 30 .0 0 1 0 0
CORRALES .36 ’ .36 29 .0 0 1 0 0
ELEPEANT BUTTE DAM - M M
LAGUNA ' M .10 .10 16 .0 0 1 0 0
LOS LUNAS 3 SSW .28 -1.02 .14 30 .0 ] 1 [\ 0
PETROGLYPE NATL MON M .03 .03 30 .0 0 0 0 0
SOCORRO M .26 .18 29 .0 0 1 0 (]
~-DIVISIONAL DATA--————- > .30 -1.15 : .0
CENTRAL HIGHLANDS 06 )
CAPITAN .69 29 M 0 5 3 o
CLINES CORNERS 7 SE S 1.03 17 .0 0 1 1 1
CLOUDCROFT M M
CORONA 10 SW . 1.86 1.25 16 .0 0 2 2 1
EDGEWOOD CEDAR GROVE ‘M M ]
ESTANCIA 7 NE 1.16 -.50 .65 30 .0 0 4 1 0
GRAN QUIVIRA NATL MON 2.19 .24 1.60 30 © .0 0 3 1 1
MORIARTY 1 NE .79 : .45 30 .0 ] 2 0 0
MOUNTAIN PARK . . M M -
MOUNTAINAIR 1.32 -.68 .60 9 .0 0 3 1 0
| PEDERNAL 4 E 1.99 .74 1.31 30 .0 (] 3 1 1
RUIDOSO : 1.00 .45 15 .0 0 3 0 o
SANDIA PARK M .94 .48 16 - .0 0 2 0 0
STANLEY 1 NNE 1.36 -.23 .54 1} .0 0 3 1 e
--DIVISIONAL DATA---—=—- > 1:46 -.74 .0 '
SOUTHEASTERN :
PLAINS : 07
ARTESIA 6 S .44 -1.95 .42 10 .0 0 1 0 0
BITTER LAKES WL REFUGE . .52 -1.44 L .27 15 .0 0 2 0 0
BRANTLEY DAM . .31 .3 2 .0 0 1 of -0
CARLSBAD 1.00 -1.67 .60 20 .0 0 3 1 0
CARLSBAD FAA AIRPORT .14 -2.61 .06 15 .0 0 0 0 (]
CARLSBAD CAVERNS T -3.65 .00 30+ .0 0 0 0 0
CROSSROADS 2 : M M
DILIA 1.97 .07 1.97. | 30 ) 0 11 1
ELK 2 E ) ) . M M
FORT SUMNER 1.47 -.48 1.12 30 .0 0 3 1 1




l
l X0 o8 MONTHLY STATION AND DIVISION SUMMARY
TEMPERATURE (°F)
' NO. OF DAYS
w| %
w
STATION SE 232 2 EBSlg e|E|elESZalElzlzls
g % & Z @ SEZ|18| 8 9|8 iaa= S & 2131818
zZ 3 < = = g8 Z| = Tol|lYRBI<|B|8|8
. o 0Olele |al|lx
) CRICRECRES
l . SEIEIE
JERO 1 KE _ 86.2 54.4 ~ 70.3 6.6 92 | 19 46 | 23 2 169 ] 3] of o ©
IRK ~ 90.5 56.3 73.4 4.3 95 | 27 48 § 23 0 260 (19| o] o] o
AMONTE 84.3 51.3 67.8 5.3 89 5 44 | 27+ 10 102§ 0f{ 0| 0| ©
CALES 89.4 59.2 74.3 4.9 93 | 26+ | 51 23+ 0 286 {171 o} o] o
LAND 3 SSW ) 87.4 55.6 71.5 5.3 93 | s 48 | 22 0 201 {124 0) 0| ©
. 80.5 52.9 66.7 3.7 88 | 27 46 | 23 € 60.[ 0| 0f Of 0
JON . 90.4 .60.3 75.4 5.0 96 | 27 50 | 22 0 320 {291 of of o
INGER 85.0 48.3 66.7 4.4 92°1 24 39 | 27 7 621 3; 0! of o
. UMCARI & NE 91.3 57.7 74.5 5.4 97 | 25+ | 47} 23 4 296 |22 o] o] o
IVISIONAL DATA-cemm—- > 72.3 5.7
UTHWESTERN
UNTAINS 04
USTINE 2 E 80.9 47.1 64.0 6.0 85 | 28+ | 36| 27 39 19§ 0f 0} of o
VERHEAD R S M M M. .
ERO 84.7 50.4 67.6 4.8 89 | 24 35 | 26 11 95| 0} 0} 0} o©
T BAYARD M M M
A HOT SPRINGS M. M M
NTS AIRPORT . 86.2 46.6 66.4 4.8 90 | 27+ | 341 26 - 11 59 | 2] o] o
"ARS 79.7 39.9 59.8 3.0 84 | 28+ | 30 | 27+ 150 ol o) of 4l o
BRES RANGER STN - M M M .
TOWN 19 NE 77.0 48.4 62.7 84 | 23 35 | 26 70 9] 0] o] o] o
MADO 79.2 . 39.0 59.1 -.8 81 | 22+ | 30 | 27+ 168 o| o}l of 4| o
‘ ERVE RANGER STN 87.4 45.8 66.6 4.5 92 | 29+ | 34 | 28+ .24 791 6] o] o] o
REAU 12 SE ©77.9 44.5 61.2 82 | 28+ | 32| 26 110 310l of 1].0
‘STON ) 83.3 48.8 66.1 4.0 | 89| 13 42 | 26+ 20 s9 1 0| 0f 0of ©
. IVISIONAL DATA--r—-=- > . 63.7 2.7 :
NTRAL VALLEY .05 i
~ ‘UQUERQUE FOOTHILLS ] 83.8 58.1 71.0 88 3 52 | 27+ 0 186 | o}l o] o] o
{UQUERQUE VALLEY 88.2 56.5 72.4 93 3 47 | 27+ 0 224 {11} o} of o
\UQUERQUE WSFO, AIRPO//R 86.8 61.9 74.4 5.8 90 ) 25+ | 52| 26 0 288 ) 3] o) of o
'MAN RANCH M M M .
‘NARDO . 95.9 55.3 75.6 8.8 | 101 3 42 | 27 0 326 |30 o of o
IGHAM 2 NE . 87.8 53.5 70.7 T ¢ 91 | 17 48 | 26 0 177y 31 o} ol o
\QUE DEL APACHE . 96.4 53.2 74.8 6.1 | 100 | 14 43 | 28+ 0 301 30| o of o
'‘RIZOZO 1 SW 89.9 56.6 73.3 6.1 94 | 28+ [ 46 | 27 0 254 {18] 0 o ©
(RALES : 87.3 52.4 €9.9 91 | 28+ | 41 | 27+ 0 154 [ 5] 0| ol o
:PHANT BUTTE DAM M M M :
JUNA 86.0 50.6 68.3 2.9 |- 91| 25 42 | 28 3 18| 4| of o o
5 LUNAS 3 SSW . 91.4 53.0 72.2 5.5 97 1 44 | 27 0 224 J23) ol o) o
"ROGLYPE NATL MON 91.1 58.6 - 74.9 94 3 s1 | 27+ 0 304 24 0| o} o
JORRO 92.2 53.5 72.9 5.1 95 | 28+ | 43 | 27 0 242 (28] of of o
l JIVISIONAL DATA--—-—mx > 72.5 4.6
INTRAL EIGELANDS 06
3ITAN M M M 86 | 24+ | 43 | 12 of oy of o
INES CORNERS 7 SE M M. M 84 | 13 |- 46 | 21+ 0l of of 0
JUDCROFT ) M M M ) :
0NA 10 SW 78.6 52.4 65.5 85 | 28 46 | 12 14 3171 0| 0f of o
I SEWOOD CEDAR GROVE ' M ¥ M
TANCIA 7 NE 84.6 44.2 64.4 2.2 88 | 28+ | 33| 26 32 21 0
AN QUIVIRA NATL MON 85.1 51.2 - 68.2 4.2 89 | 28 46 | 24+ 0 103 [ of 0| 0} o
RIARTY 1 NE 84.4 46.3 65.4 88 | 29 37 | 27 15 33(0{ 0] 0] 0
UNTAIN PARK M M M
UNTAINAIR 86.8 48.8 67.8 5.7 89 | 28+ | 40 { 21 3 93 [ of of{ o] o
DERNAL 4 E o 84.1 49.8 67.0 - 4.9 89 | 26+ | 42 | 12 7 721 0y o] ol o
IDOSO 78.9 45.5 62.2 88 | 24 40 | 27+ 82 6] olo! o] o :
NDIA PARK i 80.1 47.0 63.6 3.0 84 | 28+ | 40 | 27 47 127 o of ol o
ANLEY 1 NNE ) 83.3 47.2 65.3 4.4 88 | 29 37 | 27 .25 37] 0y of of o
' DIVISIONAL DATA~————mn > 65.5 5.2
:OUTHEASTERN .
‘LAINS 07 : i
TESIA 6 S 91.6 - 59.3 75.5 5.2 96 | 28+ 56 | 114 0 323120 0] ol o
TTER LAKES WL REFUGE’ 94.6 58.5 76.6 6.7 99 | 28+ | 54 7 0 354 {27 0{ o0f 0
‘ANTLEY DAM 93.7 63.1 78.4 99 | 14 59 | 11 0 407 126 o ol o
‘RLSBAD 94.0 63.7 78.9 6.3 | 101 | 14 60 | 11+ (i ‘423 26| o} o) o
{RLSBAD FAA AIRPORT 94.9 65.1 80.0 6.4 {101 | 20+ | 59| 11 0 459 | 28| 0| 0} ©
\RLSBAD CAVERNS 89.9 63.2 76.6 6.2 96 | 22 56 | 23 0 353 |15| o) of o
J0SSROADS 2 M M M : :
l ‘LIA . 86.8 51.3 69.1 2.9 92 | 25 45 | 26 1 131 | 6| of of o i
. K 2 E M M M
)RT SUMNER 88.6 57.3 73.0 5.0 93 | 27 52 | 26 0 244 |13] o} o] o©
l 4 |




s 2}%?3}3’;% N NVRTIONWAL. (Rl%l;g?jiw;;}jrvr‘ kﬁ:}?}-uﬁ?’ I w0 § {_ gg_g:gnM 8-91 ’ NATIONAL OCEANIC Agbs A?SSQSLEE?:TAODZ.?«?SWEES&
sae_  / COUNTY RIVER NATIONAL WEATHER SERVICE
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TYPE OF RIVER GAGE ELEVATION OF RIVER . FLOOD STAGE NORMAL POOL STAGE ’
GAGE ZERO - | L -
TEMPERATURE F. - PRECIPITATION WEATHER (Calendar Day) RIVER STAGE
24-HR AMOUNTS AT Ob. | Draw & straight line (=) (ivough hours pracipllation was Mark ‘X" for all ypes occurring Te
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b U.S. DEPARTMENT OF COMMERCE
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TYPE OF RIVER GAGE ELEVATION OF RIVER FLOOD STAGE NORMAL POOL STAGE '
GAGE ZERO Fr. | Fi. . 1.
TEMPERATURE F. - PRECIPITATION o WEATHER (Calendar Day) RIVER STAGE
24-HA AMOUNTS ALOb. | Draw a siraight line {—— ) through hours precipitation was Mark °X’ for all types occurring ‘;‘ °
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zmns:Nume §§§ .§§ E.:E — pr— vy ) N E 5 z REAATNG %
- OBSERVATION Egg § E ‘ggt % % E,. ;E g 5,
w o | ex2 ] g% |glE Slglg)s|fses| 2 S REMARKS _
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Appendix B

Erosion Pin Data
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Ch’épter 7 Surface Erosion and Control of Erosion on Upland Watersheds 161 °

- —

TAaBLe 7.5. Cor YM factors for permanent pasture, rangeland,
' idle land, and grazed woodland

Cover that contacts the surface
- (% ground cover) -

Type and height Canopy ' o .
of raised canopy® cover®(%) Typec 0 20 40 60 80 95-100

045 020 0.10 0042 0013 0003

No appreciable canopy G

: ) W 045 024 0.5 0090 0043 o001
" Canopy of tall weeds 25 G 036 0.17 0.09 0.038 0012 0.003
or short brush (0.5 m W 036 020 0.3 0082 0041 00il
- fall height) | 50 G 026 0.13 0.7 0035 0012 0.003
' W 026 0.6 0.1 0075 0039 0.0I[I
75 G 0.17 0.0 006 0031 0011 0003
) ' w 0l7 0.2 009 0067 0038 o001l

Appreciable brush or .
bushes (2 m fall height) 25 G 040 0.8 009 0040 0013 0.003
- ' W 040 022 0.4 0085 0042 00l
SO G 034 0.6 0085 0038 0012 0003
: W 034 019 0.3 0081 0041 001}
75 G 028 0.14 0.08 0036 0012 0.003
: W 028 0.7 0.2 0077 0040 001!
Trees but no appreciable ‘ o '
low brush (4 m fall height) 25 - G 042 0.9 0.0 0041 0013 0.003
: ‘ W 042 023 0.4 0087 0042 0011
50 G 039 0.18 009 0.040 0013 0.003
‘ W 039 021 0.4 008 0042 0011
75 - G ~ 036 0.7 009 0039 00i2 0003

w

036 020 0.13 0083 0041 0011

Source: USDA Soil Conservation Service |977
Note:All values assume (1) random distribution of mulch or vegetation and (2) mulch of apprectable depth where it

_ exists. |dle land refers to land with undisturbed profiles for at least a period of 3 consecutive years.Also to be used for
burned forest land and forest fand that has been harvested less than 3 yr ago.. -

*Average fall height of water drops from canopy to.soil surface.
bPortion of total area surface that would be hidden from view by canopy in a vertical projection (a bird's-eye view).

G = cover at surface is grass, grasslike plants, decaying compacted duff, or litter at least 2 in. deep;W = cover at
surface is mostly broadleaf herbaceous plants (as weeds wnth fittle fateral-root network near the surface) and/or
undecayed residue.

effective root zone significantly, diminishing the potential of the soil to produce bio-
‘mass over an extended period of time. The following criteria are used to assign T, val-
ues to a soil series: ‘ '

l. An adequate rootmg depth must be maintained-in the soil for plant growth For
shallow soils overlying rock or other restrictive layers, it is important to retain the
) remaining soil; little soil loss is tolerated. The T, should be less on shallow soils -
or those with impervious layers than for soils with good soil depth or for soils -
with underlying soil materials that ¢an be 1mproved by managcment practices.
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Procedure: With appropriate date, enter scale at left and proceed to points “’,/ ,"
representing the soll's % sand (0.10 - 2.0mm), % organic matter, structure, 10 /A
and permeability, in that sequence. Interpolate between plotted curves. N //’
The dotted iine illustrates procedure tor a soil having: Si + vfs 35%, 4
sand 40%, OM 1.0%, structure 4, permeability 5. Solution: K = 0.30. )

Ficure 7.4. Nomograph for determining the soil erodibility factor (K) in English units (from US.

Forest Service 1980, adapted from Wischmeier et al. 1971). -




EP-1 Station

Date Gaivanized Steel - Steel, Adjusted |
9121998 “placed —placed | " No
10-06-1998 | -1 mm erosion | -imm erosion'

10-08-1998 » ,-2‘mm A c=:5mm
10-13-1998 -imm T Amm
10-22-1998 -imm ~5mm
11031998 | A6mm ~{mm
11101988 | -1.6mm ~5mm
11-17-1998 .'-1.'5m__m T 2mm

This station has a strike of NS5E and 14° dip. This locationis 51 cmtoa
pedestrian and game trail. ‘It is 270cm to the center of a small natural arroyo that
connects from the south into Arroyo 1. A large mature juniper tree is located
upstream of this location, which is often the case. Junipers are placed at the
headwaters of the arroyos and show a propensity for this location. Junipers have
become indicator species for erosion processes in this field area. The vegetation
ground cover is 15% and there is 0% rock cover*. ,The vegetation is black
gamma grass, four-wing saltbush, snakeweed,/s’and sage, locoweed, and side
oats grass. In general the area has a good grass cover and medium sized
boulders within the arroyo. The nails are placed directly downslope and
sheltered by a clump of grass. Nails are Iocated 6 4 cm apart. :

_/

‘ *The rock and vegetation cover is assumed for a four-foot square area that -
: contalns the nails in the center : :



Erosion Pin # 1
- Sediment yield calculations ]
MUSLE equation 1 is A is equal to the values R*K*LS* VM ~

R K. LS WM. A
25 023 14 02 16

' MUSLE equation 2 is Ys=alpha(Vap)raised to Beta multiplied by K*LS*C*P

Storm Alpha V ac-ft qincfs K Ls Cc P Ys Acreage“tons/ac':re- c:storm

. 100 285 1135 256 023 1.4 02 1 579548 3840 1.509 0.015

50 285 80 224 . 0.23 1.4 0.2 1 442181 3840 0.851 0.015

- 25 285 60 179.2 023 1.4 0.2 1 3321.73 3840 0.865 0.04

10 ~285 26 480 023 1.4 0.2 1 3610.86 3840 - 0.940 0.08

5 285 12 220 023 14 02 1 151297 3840 0.394 0.2

2 285- 324 125 023 14 0.2 1 52955 3840  0.138 0.4
Calculations for the annual storm event load: o 0.27919

Piedras Marcadas Watershed



CEP-2 Station. |
Date_ Galvanized Steel " Steel, Adjusted
9-12-1 9.98 . Placed Placed ANo .
9-29-1998 ; DiSfurbed & Disturbed & _Yes, placed & adjustéd
replaced Not replaced ‘ +2cm
10-06-1998 | -1mm erosion : -2mm erosion
10-08-1998 -5mm -2mm |
10-13-1998 |  Omm 1.9cm
10-22-1998 ~-imm 1.65cm
11031998 | -5mm 1.8cm
T1-10-1988 Omm 1.750m*
111 7;1 998 Omm 1 .90rh
~ (-1mm)

Description: Strike N75°E, dip 5° degree. The arroyo width is 14'0” feet. Site
has low basalt cap rock exposed, with tumbled boulders to the slope base. The
vegetation is rabbitbush, spectacie plant, black grama grass, mesquite, 8and -~
sage, and four-wing Paltbush. The nails are placed in an area where they are
hidden; due to the close proximity to the main pedestrian trail. Downslope to the
pin site is é/gand sage, threeawn grass, and a snakeweed plant. The nails are
8.3cm apart. Vegetation cover is 45% and rock cover is 30%.

Note: these readings record the erosion at each pin at the point in time. This
information is not additive or to be summed. The final number is the amount of
erosion for that nail for this site. Showing the data through time is presented to
show the reader the progress of the erosion or aggradation. ’

*washer is covered with sand/soil




Erosion Pin # 2
Sediment yield calculations
*MUSLE equat|on 1is A is equal to the values R*K* LS* VM

R K -1ls VWM. A
25 03 42 ° 0012 0378

MUSLE equation is Ys=alpha(qu)raiSed to Beta multiplied by K*LS*C*P -

Ys Acreage tons/acre c:storm

Storm  Alpha Vac-ft qincfs 'K s € P
100 285 113.475 256 03 42 0012 1.1360.68 3840 0.354 0.015
50 285 - 80 224 03 42 0012 1 1038.16 3840 .0.270 0.015
. 25 285 60  179.2 03 42 0012 1 779.89 3840 0203 - 0.04
10 285 26 480 .03 42 0.012 1 84777 3840  0.221 0.08
5 285 - 12 220 - 03 42 0012 1 35522 3840  0.093 0.2
2 285° 3.24 125 ‘03 42 0012 1 12433 3840 0032 0.4
Calculations for the annual storm event load: : 0.06129

Piedras Marcadas Watershed



EP-3 Station |
Date Galvanized — Steel Steel, Adjusted
9-12-1998 Placed - Placed No
9-17-1998 -1.15cm -1.15cm
- 9-29-1998 -5mm . -6mm
10-08-1998 -Imm erosion -Bmm |
» . Head exposed, Washer not
' no washer exposed
10-13-1998 | Flush with head -1.5mm
- +1mm ' |
10-22-1998 | Surface flushw/ | Surface flush w/ -
. Bottom of head Bottomof head -
11-03-1998 - -2.0mm* -imm*
~11-10-1998 Zmm ~25mm
11-17-1998 - +imm* - +2mm*

Description: Strike N345°E, dip 19°, length 68’ . The vegetation at this site is
Side-oats grama, Indian ricegrass, white puffy grass, snakeweed, and four wing
saltbush. The overall vegetative cover is 50%. The rock cover is 15% and is
basalt. The nails are 6.6cm apart. |

*washer is buried



Erosion Pin# 3
Sediment yield calculations
MUSLE equation 1is A |s equal to the values R*K*LS*WM

R K_'LS VM A
25 0.23 0.4 0.038  0.0874

MUSLE equation 2is Ys=alpha(Vgp)raised to Beta multiplied by K*LS*C*P

Ys  Acreage tons/acre c:storm

Storm  Alpha Vacft gqincfs . K LS c P
100 . 285 113.475 . 256 - 0.23 04  0.038 1. 31461 . 3840 0.082 0.015
50 285 80 - 224 0.23 0.4 - 0.038 1 240.04 3840 0.063 0.015
25 285 60 179.2 - 0.23 04 . 0.038 1. . 180.32 3840 0.047 - 0.04
10 285 26 480 0238 04 0.038 1 196.02 3840 0.051 . 0.08
5 285 12 220 0.23 0.4 0.038 1 82.13 3840 0.021 02
2 285 - 324 125 023 04 0.038 1 2875 3840 0.007 04
Calculations for the annual storm event load: ‘ ' . o 0.015401

" Piedras Marcadas Watershed



o EP-4 Station .

Date' Galvanized : | ‘ Steel Steel, Adquted
5-12-1998 Placed | Placed | No
9-29-1998 “Zmm — A
10-08-1998 -.3mmverosion - -ifmm erosion
10-13-1998 “Smm 2mm

10221998 | Amm Amm
11031998 | . <4mm 2mm
11101998, Bmm | A 5mm
“iA71988 | 4mm | -2mm

DéScription: Strike N147°E 'with a 9° dip. The vegetation cover is good with 20%

- coverage. The following vegetafion is found jn this location: mesquite,

snakeweed, Four-wing saltbush, /S’and sage. pgide-oats grama. In general this
area is located in a broad arroyo with a juniper at the base. There are basalt
boulders on each side of the arroyo, anchoring this position. There are also
small to medium boulders strewn down the slope; the basalt rocks make up 15%

. of the ground coverage. No dirt roads, pedestrian trails or strong game trails are

associated with this location on the mesa top. However, from the bottom of the

. escarpment, there is a pgdestrian trail that comes within 21'4” feet of this nail
site. The nails are plac‘& cm apart. ‘ ' ’




Erosion Pin # 4
Sediment yield calculations -
MUSLE equation 1 is A is equal to the values R*K*LS*VM

R K LS VM A
. 25 0.34 4.2 0.09 3.213

MUSLE equation 2 is Ys=a|pha(Vdp)raiséd to Beta multiplied by K*LS*C*P '

Ys  Acreage tons/acre c:storm

Storm Alpha  Vacft qincfs K . LS c P
100 285 113.475 256 0.3 42 0.09 1 11565.76 3840 3.012 0.015
50 285 80 224 0.34 4.2 0.09 1 882439 3840 2.298 0.015,
25 285 60 179.2 T 034 42 0.09 1 6629.02 3840 -1.726 0.04
10 285 26 480 g 034 4.2 0.09 1 7206.02 3840 - 1.877 0.08.
5 285 12 220 034 4.2 0.09 1 3019.35 3840 0.786 0.2
2 - 285 324 125 0.34 4.2 0.09 1 1056.79 3840 0.275 - 04

Calculations for the annual storm event load: - ' | 0.566168

Piedras Marcadas Watérshed_



* Denotes washer buried

EP-5 Station
Date . Galvanized Steel Steel, Adjusted
’ I Raised 2 cm up
9-12-1998 Placed Placed - Yes
9-29-1998 | +5mm buried -4mm (1.6cm)
- 10-08-1998 -3.5mm -4.5mm
' Head only '
exposed
-10-13-1998 | +2mm above -4mm
: head -
10-22-1998. | +5mm buried -3mm
e head '
11-03-1998 +2.5mm -3mm*
. Buried head :
11-10-1898 - | +4mm head +6mm head buried
‘buried .
11-17-1998 +4mm buried Head exposed only. 3mm
~ 2 head .to buried washer

Description: Strike N111°E, dip 20°, Iehgth 6_4"8”. The unconsolidated sand is
well-sorted and light tan in color. This site is located proximate to large boulders,

Ricegrass directly upsiope of the nails. Vegetative tover downslope is

with a steep sand slope vegetated with snakeweecf/ and sage, and In;gi%'
nd

sage. The dirt road at the toe of the slope is 442 feet away. A game trail exists
downslope of the nail site at 90cm to the east. Vegetative cover is 20% and rock

The nails are 5cm apart,

- cover is 30%. There appear$ to be creatures that live within the boulder areas.




Erosion Pin # 5
Sediment yield calculations .
MUSLE equation 1 is A is equal to-the valuesR *K* LS*VM A

"R . K LS VM A
25 035 . 1.4 009  1.1025

'MUSLE equation 2 is Ys=alpha(Vgp)raised to Beta multiplied by K*LS*C*P

Storm “Alpha Vacft qincfs K LS Cc P Ys Acreage tons/acre c:storm
100 285 113.475 256 . - 0.35 1.4 0.09. 1 3968.64 3840 1.034 0.015
50 285 80 = 224 0.35 1.4 009 .1 3027.98 3840 10.789 0.015
25 285 60 . 179.2 0.35 1.4 0.09 1 2274.66 3840 0.592 0.04

10 - 285 26 - 480 0.35 14 . 0.09 1 . 2472.66 3840 0644 . 0.08

5 285 12 220 : 0.35 1.4 0.09 1 1036.05 3840 '0.270 0.2

2 285 3.24 125 0.35° 1.4 0.09 1 362.63 3840 0.094 0.4

0.194273

Calculations for the annual storm event load:

Piedras Mayrcadas Watershed



. 3 .

" EP-6 Station

Date - Galvanized Steel ‘ Steel;’ Adjusted
9121998 | Placed Placed “Yes (2.0cm)
"9-29-1998 ~5mm . +5mm (2.5cm)
10-08-1998 +Amm +2.55cm

’ Head buried
10-13-1998 | +1mm above 2.55cm
. head o
10-22-1998 “mm 2.90cm
11-03-1998 - -1mm 2.90cm
11-10-1998 “imm* 2.90cm
11-17-1998 - +1mm 3.0cm

Description: Strike N140°‘E, dip 8°, length 49'10"". This site is within a broad, |
very sandy, arroyo with a U shape. The unconsolidated sand is well-sorted and

“light tan in color. There is a lack of a basalt cap in this area. There is less ,
-vegetative coxer than the surrounding area, with 20%. The vegetation consists

of. locoweed, Band Sage?’Bfoom dalea, mustard green, and snakeweed. The
vegetation provides a stronig anchor in this arroyo. Most bushes are tall (3.5'to
4.5') and are of similar height, hence also a probably the same age. There are
no dirt roads at the mesa top, but game trails do exist. There is however, a
pedestrian path at the slope terminus. This site is at a break in the slope, at a
level spot, and downslope within a natural arroyo.

*indicates that washer is buried




Erosion Pin #6 ‘ . . -
Sediment yield calculations - _
MUSLE equation 1 is A is equal to the values R * K * LS* VM

R K LS VM A
25 0.49 0.9 0.13 1.43
. \ ' ,
MUSLE equation 2 is Ys=alpha(Vqp)raised to Beta multiplied by K*LS*C*P

Ys. Acreage tons/acre c:storm

Storm Alpha Vac-ft qincfs K LS c P

100 285  113.475 - 256 ' 0.49 0.9 0.13 1 5159.23 3840 . 1.344 0.015
50 285 80 - 224 . 0.49 0.9 0.13 1 3936.37 3840 1.025 0.015
25 285 60 179.2 0.49 09 0.13 1 2957.06 3840 0.770  0.04
10 285 26 480 @ - 0.49 0.9 0.13 1 321445 3840 0.837 0.08

5 285 12 . 220 049 0.9 0.13 1 1346.87 -3840 0.351. 0.2

2 285 324 125 049 0.9 0.13 1 47141 3840 0.123 0.4

Calculations for the annual storm event load: ' . 0.252555

Piedras Marcadas Watershed



EP-7 Station -

Date Galvanized Steel ‘ ‘Steel, Adjﬁsted
“9-.29-1v998' | Placed Placed :Yes, ¥2om
10-081998 | Omm ' +2.20m
10-13-1998 Zmm 1.950m

102298 |  -5mm "1.80cm
11031998 e 190cm
1104588 | Amm 1.80cm

T117-1998 | -imm 1.90cm*

Description: Strike N350°E, 15°, 12'8” length. This arroyo is v-shaped with
ledges below the nail location that contain concentrations of petroglyphs. The
nail site is 6'2" to a game/pedestrian trail. The rock cover is 0%. The vegetation
is 30%. The vegetation is snakeweed and rice grass. In general this areais
rocky with basalt cap rock in ledges. The nails are 6.4cm apart.

" *implies washer is buried




Erosion Pin # 7
- Sediment yield calculations _
MUSLE equation 1 is A is equal to the values R * K* LS* VM

R K LS VM. A
25 0.38 1.4 04 13

MUSLE equation 2 is Ys=alpha(Vgp)raised to Beta multiplied by K*LS*C*P

Ys Acreage tons/acre c:storm .

Storm Alpha Vacft qincfs K LS C P
100 -285 113.475 256 _ 038 1.4 0.1 1 4787.57 3840 1.247 0.015 -
50 285 80 224 038 14 0.1 1 3652.80 3840 0.951 0.015 .
25 285 60 179.2 038 1.4 0.1 1 2744.04 3840 0.715 0.04
- 10 285 26. 480 038 14 . 0.1 1 2982.89 3840 0.777 - 0.08
5 285 12 220 038 14 0.1 1 1249.84 3840 - 0.325 0.2
2 285 3.24 125 038 14 0.1 1 437.45 ‘3840 0114 - 04
Calculations for the annual storm event load: _ ' 0.234361

Piedras Marcadas Watershed



EP-8 Station
Date éélvanized” - Steel . Steél, Adjluste.d

521698 | Placed “Placed No

5241998 |  -1.0mm T 45mm '
9291998 | -1.0mm ~ 0.5mm

10-08-1998 -1.5mm 4.0mm

~ 10-13-1998 -2.5mm . , '-4.0mm

10131998 | -2.5mm T 4.0mm

10-22-1998 A.5mm ~3.0mm

037998 | 1.0mm -2.0mm

11-10-1988 | = 2.5mm - -2.0mm -
11771598 2.0mm 2.0mm

Description: Strike N135°E, dip 3°, arroyo length across is 36'1". This site’is in a

‘protected area within a decided water pathway. This arroyo has V-shaped

morphology. The basaltic cap rock is at ground level, an%;he ground cover of
rock is 60%. The vegetation cover is 15% and consists (:{Sand sage,
snakeweed, and puffy grass. This site is 2'9” to a pedestfian trail. Itis also
100°22" feet to a fence with an associated pedestrian trail and one of the few dirt
roads of this area. The site in general is at the headwaters of the southern
arroyo joining arroyo 2. The nails are 11.4cm apart.




Erosion Pin #8
Sediment yield calculations )
MUSLE equation 1 is A'is equal to the values R * K * LS* VM

R K LS. WM A
25 046 07 0013 -0.105.

MUSLE equation 2 is Ys=a|pha(qu)rai§ed to Beta multiplied by K*LS*C*P"

Ys  Acreage tons/acre c:storm

Storm  Alpha Vac-ft qincfs ' K - LS Cc P

100 285 .113.475 256 _ 0.46 0.7 0.013. 1 376.71 3840 0.098 0.015
50 285 .80 224 - 0.46 0.7 - 0.013 1 287.42 3840 0.075 0.015
25 285 60 179.2 ' 1 0.46 0.7  0.013 1 21591 3840 0.056  0.04
10 285 26 480 0.46 07 0013 1 234.71 3840 0.061 0.08 -
5 285 12 220 0.46 0.7 0.013 1 98.34 3840 0.026 - 0.2
2 285 ©3.24 125 0.46 0.7 0.013 1 34.42 3840 0009 - 04

Calculations for the annual storm event load: ©0.018441

Piedras Ma'rcadas Watershed



EP-9 Station
Date - | Galvanized : Steel Steel, Adjusted
9-12-1998 |  Placed Placed ~ No
9-24-1998 Adjusted up -4.0mm
2cm |
9-29-1998 - 21cm- - -6.5mm
10-08-1998 ioom | -5.0mm
10-13-1998 1.95cm .0mm
10-22-1998 A.7cm T 6.3mm
11-03-1998 | Buried hoad 1.5mm
1imm | '
11-10-1998 | Head buried , Omm
. _ o 4mm .
11-17-1998 | Buried +56mm | ~__ -1.0mm

Description: Strike N137°E, dip 9.5°, length 14'2". This location is 50'10" to the
edge of the basalt cap rock; the nails are 12’ down from the measured length of
the arroyo. This nail site is within a game trail. There is the question that the
game trail could be effecting the erosion or aggradation at this site. The nails are
4.6cm apart. This site is on a flat spot in the arroyo and debris is probably
aggrading at this spot. This site is within the thalweg, somewhat v-shaped below

" and u-shaped above the nail site, which was chosen for its nickpoint |ocation.

snakeweed. This area is generally grassy with very small (1-11/2 foot /%@ .

The vegetation consists of Sand sage, mesquite, abundant Indian,Rlce/gérass, and
. )
sage. The vegetation cover is 40%. The basalt rock cover is also 40%.




Erosion Pin # 9
Sediment yield calculations
- MUSLE equation 1 is A is equal to the values R*K*LS* VM

R . K LS VM A
25 0.32 1.4 0.013 0.146

" MUSLE equation 2 is Ys—alpha(qu)ralsed to Beta multiplied by K*LS*C*P

Storm - - Alpha A Vac-ft' qin cfs K LS Cc P Ys Acreage tons/acre c:storm
100 285 113.475 256 © 032 1.4 .0.013 1 524.11 3840 0.136 0.015

50 285 - 80 224 0.32 1.4  0.013 1 399.89 . - 3840 0.104 0.015

25 285 60 179.2 .0.32 1.4  0.013 1~ 300.40 3840 0.078 0.04

10 - 285 26 480 . 032 14 0013 1 326.55 3840 0.085 0.08

5 28 . 12 220 0.32 1.4  0.013 1 136.82 3840 0.036 | 0.2

2 285 324 125 0.32 1.4  0.013 1 47.89 3840 0.012 04

Calculations for the annual storm event load: , 0.025656

Piedras Marcadas Watershed



EP-10 Station

Galvanized

Steel, Adjusted

~ Date Steel

9-12-1998 Plaéed ' Placed No
9291998 | Re-placed Placed
10-08-1998 -imm - 2.2cm 1‘
"10-13-1998 NIA NA_ B
10221996 | 2mm "2.2cm

11-03-1998 S 5mm 2.0cm
“11-10-1998 -2.5mm 2.0cm*

11-17-1998 Smm T.950m

This site has a strike of N189E and 3° dip. These nails are placed upslope from

a small four-wing saltbush, grasses, snakeweed, Side-oat grama. In general this
area is a broad U-shaped arroyo with vegetation cover of 30%. The basaltis
small cobble size to small boulders of basalt debris. This rock coverage is 15%.
This site is downslope from the basalt foundation. The nails are 7.2 cm apart.
This site is 97'5" from a pedestrlan trail and 59'6” to a paleo (?) or hlstorlc

‘constructed basalt wall.



. . s

Erosion Pin # 10 '
Sediment yield calculations
MUSLE equation 1 is A is equal to the values R * K* LS* VM

R K LS VM A
25 0.38 0.4 0.1 0.38

MUSLE equation 2 is Ys=alpha(Vqgp)raised to Beta multiplied by K*LS*C*P

Ys  Acreage tons/acre c:storm

Storm . Alpha Vacft qincfs K LS Cc P .

100 285 113.475 256 0.38 0.4 0.1 1 1367.88 3840 0.356 0.015
50 285 - 80 224 _ 0.38 0.4 0.1 1 1043.66 3840  0.272 0.015
25 285 60 172 =~ 038 04 0.1 1 784.01 3840  0.204 0.04
10 285 26 480 0.38 0.4 0.1 1 852.25 - 3840 0.222 0.08
5 285 12 220 0.38 04 01 1 357.10 - 3840 0.093 0.2
2 285 324 125 038 04 0.1 1 124.99 3840 0.033 04 -

Calculations for the annual storm event load: 0.06696

Piedras Marcadas Watershed



EP-11 Station' -

Date ~ Galvanized Steel ‘ - Steel, Adjusted
9-12-1998 Placed Placed No
920-1998 |  +3.5mm -2.5mm

- (+2.5 above
A _head) :

10-08-1998 +1.5mm Buried 3mm above

- e above head head
10-13-1998 |- N/A N/A
10221998 |  6.0mm 4.5mm
11-03-1998 -8.0mm -3.0mm -
11-10-1998 ~7.0mm “3.5mm

-4.0mm

- 11-17-1998

-6.0mm

This site has a strike of N191 E and a dip of 12 . This site is in general barren |
with 10% vegetation cover. The vegetation consists of spring mustard, Indian
rice grass, .locoweeoe/g(and sage; snakeweed, and Side-oats grama. This arroyo

" is has a broad shape with basalt ledges to the west and east. This site lies along

the ridge that separates this arroyo system with the Piedras Marcadas arroyo

system to the north. The nails are 9.5cm apart. |t is 26’
- popular pedestrian and game trail.

10" to the north for a
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~ Erosion Pin # 11
 Sediment yield calculations -
: MUSLE equation 1 is A is equal to the values R * K*LS* VM

R K LS VM A
25 0.38 0.3 0.325 0.926

MUSLE equation 2 is Ys=alpha(Vgp)raised to4Be'ta multiplied by K*LS*C*P

Ys Acreage tons/acre cstorm

Storm Alpha Vac-ft ~qincfs K LS cC P

100 285 113.475 256 . 0.38 0.3 0.325 1 333420 3840 0.868  0.015
50 285 80 224 0.38 0.3 0.325 1 254391 3840  0.662 0.015
25 285 60 179.2 : 0.38 03 0325 1 1911.03. 3840 0.498 0.04
10 285 26 - 480 0.38 0.3 0.325 1 2077.37 3840 - 0.541 0.08

5 285 12 220 0.38 0.3 0325 1 870.42 3840 0.227 0.2

2 285 3.24 125 0.38 0.3 0325 1 30465 3840 0.079 0.4

Calculations for the annual storm event load: : 10.16322

Piedras Marcadas Watershed
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Appendix C

Erosion Bridge Data, measured in millimeters
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Table B.1. Soil Erodibility Factor K Based on USDA Texture. l
Coarse Sand 0.10 0.05 002 | 002 .
Sand o 0.10 0.05 0.02 0.02 |
FineSand - | 047 0.10 | 0.05 0.02 I
Very Coarse Sand 0.10 0.05 0.02 0.02 ,
| Loamy Coarse Sand 015 | o010 | 005 0.02 1
Loamy Sand | 047 - .0.10 - 0.05 0.02 _
Loamy Fine Sand 020 | o010 | o005 | o002 1
Loamy Very FineSand | 049 | ~ 0.28 015 | 005 o
Coarse Sandy Loam 020. | 0.0 0.05 0,02
Sandy Loam 024 | o015 | o010 0.05
Fine Sandy Loam 028 | o015 | o010 0.05
Very Fine Sandy Loam | 0.55 ©0.28 0.17 ~ 0.10
Loam | 031 | o020 010 | 005
Sit Loam | o043 024 | o015 | o005
Sitt N | 0.64 . 037 { o020 | 0.0
Sandy Clay Loam 0.32 015 | 010 0.05
Clay Loam 032 0.15 010 | 005
Sitty Clay Loam 0.37 0.20 010 | 005
Sandy Clay 0.32 015 - | 0.10 0.05
Sity Clay ~ 024 | o015 | o010 | o005
Clay - 0.20 010 | 005 0.02

'Where a Sonls Survey Interpretatlon Sheet, SOILS-5, is available for a soil, the K Factor
listed will be more accurate than the factor provided by thls table. . '

2Total rock fragments are included in these figures, not just gravel Normal = 0-135

percent, gravelly = 15-35 percent, very gravelly 35-60 percent, and extremely gravelly
= over 60 percent

B.2



EROSION BRIDGE STATION No. 1+

N56°E, 13°

Date " 0-5cm 10cm 15cm 20cm 25cm 30cm 35cm 40cm 45cm 50cm 5S5cm 60cm 65cm 70cm 7Scm 80cm 85cm  90cm - 95cm 100cm SUM  AVG
10/6/98 11.50 11.10 10.60 10.70 10.50 11.20 11.30 11.00 10.80 10.50 10.40 10.50 10.20 10.70 10.90 10.20 9.80 10.60 10.60 11.60 21470 10.735 .
10/22/98 1210 1160 11.05 10.90 10.80 11.20 11.20 11.00 10.65 10.30 10.20 1050 10.20 10.50 10.95 10.35 10.00 10.60 10.80 11.00 21600 1038
11/3/98 1140 11.20 10.90 10.80 10.50 11.00 10.90 10.80 10.40 10.20 10.20 10.10 9.90 10.40 10.80 10.00 9.70 1040 1050 1090 211.00 10.55

11/10/98 11.10 11.00 10.60 10.50 10.30 10.70 10.80 10.50 10.20 10.00 9.80 990 9.80 1020 10.20 10.00 9.70 10.30 1040 11.00 207.00 -10.35
- 11/22/98 11.20 11.30 10.80 10.70 10.50 11.00 10.90 10.70 10.50 10.20 10.00 10.20 10.00 .10.40 10.80 10.50 9.90 1050 10.60 10.80 211.70 10.585
A 030 -020 -030 000 000 020 040 030 030 030 040 030 020 030 040 -030 -010 0.0 000 070 3.00 0.15
AVG 1146 1124 1081 10.72 10.52 11.02 11.02 10.80 10.51 10.24 -10.12 1024 10.02 10.44 10.73 10.21 9.82 1048 10.60 11.08 . '
AVG DEV 0.272 0.168 0.168 0.104 0.112 0.144 0184 0.16 0.172 0.128 0.176 0.208 0.144 0.128 0.212 0.172 0.104 -0.104 0.12 0.208

" Page 1



Erosion Bridge # 1
Sediment yield calculations . :
MUSLE equation 1 is A is equal to the values R * K * LS* VM'

R K LS VM A
25 024 4 017 41

MUSLE equatfon 2 is Ys=alpha(Vgp)raised to Beta multiplied by K*LS*C*P

Storm Alpha Vac-ft gincfs K LS c P. Ys Acreage tons/acre c:storm
100 285 1135 256 017 .4 017 1 10403.06 3840 2.709 0.015
50 285 80 - 224 017 4 017 1 793729 3840 0.851 0.015
25 285 60 179.2 017 4 017 "~ 1 596261 3840 1.553 0.04
10 285 26 . 480 - 017 4. 017 1 648161 3840 1.688 0.08

5 285 12 220 017 4 017 1 271582 3840 0.707 0.2
2 285 3.24 125 017 - 4 017 1 950.56 3840 0.248 0.4

Calculations for the annual storm event load: ' A 0.49101

Piedras Marcadas Watershed .



EROSION BRIDGE STATION No. 2
“N149°E, 17° :

Date 0-5cm 10cm 15cm 20cm 25cm  30cm 35cm 40cm 45cm 50cm 5Scm 60cm 65cm’ 70cm  75cm 80cm 85cm 90cm 95cm. 100cm SUM  AVG
10/6/98 32.00 31.30 30.90 30.90. 30.20 30.60 32.40 33.30 34.10 34.90 36.40 37.00 37.10 37.00 36.90 38.10 3870 38.80 3860 39.40 69860 34.93
10/22/98 32.00 31.80 31.70 31.60 31.10 32.00 33.00 33.70 34.30 35.70 36.30 37.10 36.80 37.20 37.50 38.50 38.70 38.30 38.60 3920 705.10 35.255
11/3/98 31.80 '31.80 31.1 31.20 32.30 33.10 33.70 34.10 35.70 36.80 37.50° 37.70 38.30 38.70 38.40 39.00 39.60 39.10 40.00 712.30 35.615
11/10/98  31.20 31.00 31.40 3090 32.40 33.10 33.80 34.30 3570 37.00 37.30 37.80 38.00 37.80 3830 38.80 39.10. 39.00 39.40 708.40 3542
11/17/98  31.60 31.90 317 3110 3270 33.50 38.80 34.60 3590 36.90 37.40 37.90 38.30 3850 38.40 39.10 39.30 39.20. 39.70 71860 3593
A 040 -060 -0.80 -120 -090 -2.10 -1.10 -550 -0.50 -1.00 -0.50 -0.40 -0.80 -1.30 -1.60 -030 -0.40 -050 -0.60 -0.30 . -20.00 -
- AVG 31,72 31,58 .31.36 31.80 30.90 32.00 33.02 3466 34.28 3558 3668 37.26 37.46 37.76 37.88 3834 38.86 39.02 38.90 3954 708.60
AVG DEV 0256 0344 0288 044 028 056 0256 1.656 0144 0272 0.264 0.168 0.408 0528 0576 0.112 0.152 0376 . 0.24 0248 - 7.57 -

‘Highlighted areas correspond to dog or coyote paw imprints

Page 1



Erosion Bridge # 2
Sediment yield calculations ‘
MUSLE equation 1is A is equal to the values R* K *LS* VM

R K. s VM - A .
25 015 68 02 . 51

MUSLE equation 2 is Ys=alpha(Vgp)raised to Beta multiplied byv KALS*C*P

Ys Acreage tons/acre c:storm

Storm - Alpha Vac-ft  qincfs K LS o] P
100 285 113475 256 0.17 6.8 0.2 1 20806.12 3840 5418 0.015
50 285 - 80 224 017 68 02 -1 1587457 3840 4134 0.015
25 285 60 . 179.2 . 017 6.8 - 0.2 1 1192523 3840  3.106 0.04
10 285 .26 480 : 0.17 6.8 0.2 1 12963.22 3840 3.376 0.08
5 285 12 - 220 017 6.8 0.2 1 543164 3840 1.414 0.2
1 190111 3840  0.495 0.4

- .2 285 3.24 125 017 6.8 0.2

Calcuiations for the annual storm event load: 0.93723

Piedras Marcadas Watershed



EROSION BRIDGE STATION No. 3
N109°E, 16° . - :

Date 0-5cm 10cm 15cm- 20cm 25cm 30cm 35cm 40cm  45¢m  50cm  SS5cm - 60cm 65cm 70cm 75cm 80cm 85cm 90cm 95cm  100cm SUM  AVG
10/6/98 2450 2340 2390 2400 2240 2260 2260 2160 2080 18.20 1830 1640 17.30 17.70 17.70 1700 1660 1640 16.00 1660 7.90 0.395
10/22/98 . 2410. 2420 2430 2340 2360 2340 2280 22.00 1880 1840 1750 1680 1650 1590 1610 1630 7.80 0.39
11/3/98  © 2410 2400 2430 2290 2270 2230 2190 21.60 1820 17.90 1740 1680 1640 1600 1600 1620 7.90 0395
11/10/98 2440 2450 2450 23.40 23.40 2280 2240 2220 1830 1830 1750 1690 1670 1590 1620 1630 8.10 0.405
11/17/98 2440 2420 2440 2350 2330 2270 2230 2230 1860 18.40 1750 1710 1670 1620 16.60 1640 800 04
A 010 -080 050 050 -090 -010. 030 -070 030 -1.00 070 -1.70 -130 -070 020 -040 -010 020 -060 020 -0.10 001 -
AVG 2430 2406 2428 2344 2308 2276 2240 21.94 2040 1872 17.80 17.84 1824 1814 17.52 1692 1658 1608 16.18 1636 7.94
AVG DEV 016 0288 0.152 0248 0424 0272 024 0272 052 0536 04 0592 0392 0272 0072 0.104 0104 0176 0176 0.112 0.05

highlighted areas indicates dead Indian Rice grass mound

¢
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Erosion Bridge # 3
Sediment yield calculations
MUSLE equation 1 is A is equal to the values R*K* LS* VM

R K LIS VM A
25 0.45 1.9 013 277875

MUSLE equation 2 is Ys=alpha(qu)raiséd to Beta multiplied by K*LS*C*P

Ys Acreage tons/acre c:storm

Storm Alpha Vacft qincfs K LS C P
© 100 285 113475 256 - 017 1.9 0.13. 1 3778.76 3840 0.984 0.015
50 285 80 224 . - . 047 1.9 0.13 1 2883.10 3840 0.751 0.015
- 25 285 60 179.2 0.17 1.9 013 1 2165.83 3840 0.564 = 0.04
-10 285 26 480 017 1.9 0.13 1 235435 3840 0.613 0.08
5 285 12 220 017 = 1.9 0.13 1 986.48 3840 0.257 0.2
2 285 3.24 125 . 017 1.9 013 . 1 345.28 3840 0.090 0.4
Calculations for the annual storm event load: y : 0.184978

Piedras Ma’rcada‘s Watershed



EROSION'BRIDGE STATION No. 4
‘N340°E, 14°

Date 0-5cm 10cm 15cm 20cm 25cm 30cm 35cm 40cm 45cm S50cm SS5cm 60cm 65cm 70cm 75cm 80cm -85¢m 90cm 95cm 100cm S:UM AVG
10/6/98 2620 25.60 23.90 2250 21.60 21.10 19.90 18.40 17.70 17.90 1820 18.00 17.50 17.20 1650 14.90 1370 1310 9.60 9.00 36250 0.45
~ 10/22/98 2580 2450 2355 2_2.00'21.40 2015 18.00 17.90 17.65 17.60 17.35 17.20 16.85 16.35 15.00 1420 1270 990 820 760 34390 0.38
- . . 11/3/98 2470 24:00 2270 2200 21.10 1950 18.10° 17.80 17.60 18.10 17.30 16.90 16.30 1620 15.10 1390 1240 9.80 810 7.70 33930 .0.385

"11/10/98  25.00 23.30 22.00 21.60 20.30 19.10 17.40 17.10 17.10 16.70 16.80 1640 1570 1530 14.60 1350 1220 970 880 7.60 33020 038
11/17/98 2550 23.60 22.40 22.00 21.10 20.30 1820 17.70 17.70 17.80 17.50 17.00 1650 1590 15.40 14.00. 1250 1000 820 7.80 34110  0.39
A - 070 200 150 050 050 080 1.70 070 000 040 070 100 100 130 110 080 120 310 140 120 2140 006

AVG - - 2544 2420 2291 2202 21.10 2003 18.32 17.78 17.55 17.62 17.43 17.10 1657 16.19 1532 14.10 1270 1050 858 7.4 343.40

AVG DEV 0472 068 0.652 0492 032 0584 0632 0.304 018 0376 0336 0.4 0484 0472 0504 036 04 1.04 0496 0424 931

Page 1



Erosion Pin # 4 |
Sediment yield calculations
MUSLE equation 1 is A is equal to the values R * K * LS* VM

R K LS VM A
25 . 012 0.9 01 027

MUSLE equation 2 is Ys=alpha(Vqp)raised to Beta multiplied by K*LS*C*P

Ys = Acreage tons/acre c:storm

Storm  Alpha ~ Vacft qincfs K LS C P

100 285 113.475 256 . 0.17 09 01 1 -1376.88 - 3840 0.359 0.015

- 50 285 . 80 224 0.17 09 0.1 1 1050.52 3840 0.274 0.015

25 285 60 179.2 017 09 01 1 789.17 3840 0.206 0.04
10 286 26 480 ] 0.17 0.9 - 0.1 1 857.86 3840 0.223 0.08 .
.5 285 12 . 220 017 0.9 0.1 1 359.45 3840 0.094 0.2 -

2 285 3.24 125 0.17 0.9 01 1 125.81 3840 0.033 04

Calculations for the annual storm event load: . 0.067401

» Piedras Marcadas Watershed



- REBAR BRIDGE STATION No. §
N14°E, 19° ' A

Date 0-5cm 10cm 15cm 20cm 25cm 30cm 35cm 40cm 45cm 50cm S5cm 60cm 65cm 70cm 75cm 80cm 85cm 90cm 95cm 100cm  SUM AVG
10/6/98 13.00 1310 12.90 1280 13.20 1260 1240 11.70 11.75 11.90 11.90 11.90 1220 1210 11.90 11.30 11.00 10.30 10.10 9.70 237.75 11.888
10/22/98 1260 13.00 13.00 13.00 1320 1260 11.90 11.80 11.90 11.90 11.86" 11.90 1220 1220 11,90 11.60 1090 1050 9.80 9.50 237.20 11.86
11/3/98 1310 13.60 13.20 13.50 13.40 1270 12.80 11.70 11.70 11.60 11.90 11.90 12.30 1210 11.80 11.40 11.80 1060 9.90 950 240.50 12.025
11/10/98 1280 1270 12.90 1290 13.10 1240 11.50 1150 11.60 11.20 11.60 11.70 12.10 12.10 11.80 11.30 10.60 990 940 940 23250 11.625
11/17/98 1290 1280 12.70 12.80 1300 1230 11.50° 11.60 11.70 11.40 11.70, 11.80 1210 11.90 11.80 11.20 10.70 10.20 9.80 9.40 23330 11.665

‘“A 010 030 020 000 020 030 090 010 005 050 020 010 0.0 020 0.10  010 030 0.40 030 030 . 445 02225

AVG 1288 13.04 12.94 1300 13.18 1252 12.02 11.66 11.73 11.60 11.78 11.84 1218 12.08 11.84 11.36 11.00 1030 9.80 950 236.25
AVG DEV 0.144 0248 0.128 0.2 0.104 0.136 0464 0.088 0076 0.24 0.104 0072 0.064 0072 0.048 0.112 032 02 0.46 008 306
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Erosion bridge # 5 .
Sediment yield calculations
MUSLE equation 1-is A is equal to the values R* K* LS* VM

R K LS VM A
25 0.45 7.2 0.17 13.77

MUSLE equation 2 is Ys=a_|pha(qu)réised to Beta multiplied by K*LS*C*P

Storm - Alpha Vacft qincfs K LS C - P Ys Acreage tons/acre cistorm
100 285 113.475 256 B 0.17 7.2 0.17 1 18725.51 3840 - 4.876 0.015
50 285 80 224 0.17 7.2 017 - - 1 14287.11 3840 3.721 0.015

25 285 60 .179.2 . 0417 7.2 0.17 1 10732.70 3840 - 2.795 0.04
10 285 26 480 0.17 7.2 0147 - 1 11666.90 3840 3.038 - 0.08
5 285 12 220 - 0.17 7.2 0.17 1 . 488847 3840 1.273 0.2
2 285 3.24 125 0.17 7.2 0.17 1 1711.00 3840 0.446 0.4

Calculations for the annual storm event load:

Piedras Marcadas Watershed -
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- REBAR BRIDGE STATION No. 6

N182°E, 8°

Date 0-5cm 10cm 15cm 20cm 25¢m 30cm -35cm 40cm 45cm S50cm -S5cm - 60cm 65cm .70cm 75cm 80cm 85cm 90cm 95cm 100cm SUM  AVG
10/6/98  11.60 12.70 1370 14.00 15.10 15.10 14.65 15. {1670 17.20 17.30 1820 19.80 21.00 2090 21.05 1955 2150 2290 3425 17.125
10/22/98 1150 12.80 14.00 1460 1520 1510 15.30 17.00 17.70 18.40 19.70 20.70 20.40 20.80 19.60 21.10i 17.205
11/3/98 1150 11.60 13.80 13.80 15.10 1510 14.80 16.80 17.70 18.40 20.70 20.80 2050 20.90 13401 17.005
11/10/98 11.80 11.90 1390 14.00 15.00 1520 1520 16.80 17.30 18.00 19.70 20.50 20.90 20.80 3395 16975
11/17/98 1150 12.40 13.80 14.10 1500 1500 14.60 16.90 17.30 17.80 19.60 20.80 20.80 20.80 3392 1696

A 010 030 -0.10 -010 010 0.0 005 020 -045 000 030 000 040 020 020 010 025. 005 070 090 33 0.65
AVG 11,58 12.28 13.84 14.12 1508 1510 1491 1534 1475 1678 1696 17.46 18.16 19.90 20.76 20.70 2087 19.51 21.08 21.90 341.1
AVG DEV 0.096 0.424 0.088 0.192 0.064 .'0.04 0.272 0.072 0.7 0.096 0.112 0.192 0208 0.32 0.128  '0.2 0.084 0.052 0.176 0.44 4.0

' Highlighted area denotes readings on boulder or rocks.
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Erosion Bridge # 6
Sediment yield calculations
MUSLE equation 1 is A is equal to the values R*K* LS* VM

R - K LS VM A
25 0.3 6.4 0.042 2,02
\ _
MUSLE equation 2 is Ys=alpha(Vqp)raised to Beta muitiplied by K*LS*C*P.

Storm  Alpha - Vacft qincfs K Ls C° P Ys Acreage tons/acre c:storm
100 285 - 113.475 256 017 64 0042 1 . 411227 3840 1.071 0.015
50 285 80 224 © 017 6.4 0.042 1 3137.56 3840 0.817 0.015
25 285 60 1792 017 64 0042 1 2356.99 3840 0.614 0.04
~10- 285 26 . 480 017 6.4 0.042 1 2562.14 3840 0.667 0.08

5 285 12 220 017 64 0042 1 1073.55 3840 0.280 0.2
2 285 3.24 125 017 6.4 0042 1 37575 3840 - 0.098 0.4

Calculations for the annual storm event load: 0.201304

Piedras Marcadas Watershed



REBAR BRIDGE STATION No. 7
N338°E, 15° L

Date O;Scm 10cm 19cm 20cm 25cm 30cm 35cm 40cm 45cm 50cm S55cm 60cm 65cm 70cm 75cm 80cm 85cm 90cm 95cm 100cm
10/6/98 22,90 2320 24.00 24.30 25.40“25.90 26.05 25.10 24.95 24.40 .23.60 22.80 2065 18.40 1570 10.60 10.40 10.60 11.55 12.00

10/22/98 24.40 2360 2550 2560 25.60 24.40 24.20 23.00 22.90 10.30 920 9.40 10.80 11.35
11/3/98 : 24.20 .23.80 2550 25.80 25.70 24.80 24.10. 23.30 23.10 : 11.00 930 950 10.80 11.60
11/10/98 - 2450 2490 25.00 2540 2550 24.30 24.00 2400 23.30 21.60 20.30 .16.90 1520 10.80 910 9.20 10.50 11.40
11/17/98 2450 2340 2540 2550 25.40 2470 24.00 23.40 2280 21.40 2000 17.40 1530 10.80 930 9.40 10.50 11.40

A -110 -050 090 000 040 065 040 095 100 080 140 065 100 040 -020 1.10 120 105 0.60

- AVG 2248 2376 2432 2400 2536 2564 2565 24.66 24.25 2362 2314 21.70 20.19 17.72 1538 1070 946 9.62 10.83 11.55
~ AVG DEV 1.216 0608 0.176 0.48 0144 0168 0.18 0248 028 0464 0248 0.44 0232 0456 0.176 02 0376 0.392 0288 0.2

Highlighted areas denote Indian Rice grass’roots
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SUM
402.50
392.85
383.00
391.60
390.20
12.30
394.03
6.97

AVG
20125
19.6425
19.65
19.58
19.51
0.615



Erosion Bridge # 7
Sediment yield calculations
MUSLE equation 1 is A is equal to the values R*K*LS*VM

R K LS VM A
25 044 . 64 0003 02

MUSLE equation 2 is Ys=alpha(Vgp)raised to Beta multiplied by K*LS*C*P

Storm  Alpha -~ Vac-ft qincfs K LS Cc P Ys Acreage tons/acre cstorm

100 285 113.475 256 017 6.4 0.003 1 29373 3840 0.076 0.015

50 285 80 224 017 -6.4 0.003 1 22411 . 3840 0.058 0.015

~ 25 285 60 179.2 0.17 _ 6.4  0.003 1 168.36 3840 0.044 0.04

10 285 26 - 480 017 6.4 0003 1 183.01 3840 0.048 - . 0.08

5 285 12 220 0.17 64 0.003 1 76.68 3840 0.020 0.2

2 285" 324 . 125 - 0.17. 6.4 0.003 1 26.84 = 3840 0.007 0.4
Calculations for the annual storm event load: ‘ - 0.014379

| Piedras Marcadas Watershed



REBAR BRIDGE STATION No.. 8

N190°, 10° :
Date 0-5cm 10cm 15cm 20cm 25cm 30cm 35cm 40cm 45cm S0cm 55cm 60cm 6Scm 70cm 7Scm 80cm 85cm 80cm 95cm 100cm SUM  AVG
10/6/98 21.30 20.80 20.70 20.80 21.10 21. 20.40 20.00 19.60 19.40 1950 1955 19.40 1920 18.90 18.90 19.50 19.70 1955 400.15 20.01

21.50 20.10 19,50 19.30 19.40 19.40 19.40 19,10 18.90 19.00 19.30 19.40 19.00 40415 2021
2020 19.80 19.40 19.10 19.10 19.00 19.10 19.00. 1890 19.00 19.20 19.40 18.80 395.40 19.77
11/10/88 . 21.40 20.80 20.70 20.80 21.00 20.40° 20.10° 19.40 19.30 19.10 19.10 19.20 19.00 19.00 19.10 19.30 19,30 1890 398.10 ~ 1991
11/17/98 = 21.40 2060 20.80 21.00 21.00 20.40 1960 19.40 19.10 19.00 19.10 19.20 19.10 18.90 19.10 19.30 19.30 18.90 397.00 19.85
' A . -010 020 -0.10 020 040 000 005 000 040 020 030 050 045 020 040 000 -020 020 040 065 315 0:16
AVG - 21.80 20.82 20.69 20.80 21.00 21.34 20.81 20.58 19.92 19.46 19.24 19.22 19.23 19.26 19,08 1892 19.02 19.32 19.42 19.03 398.96
AVGDEV 07 023 016 008 004 009 040 037 018 007 011 018 020 041 006 003 006 007 0411 021 352

10/22/98 23.70 21.40 20.95 20.80 21.00
"11/3/98 2120 2050 20.30 20.60 20.90

Highlighted areas denote rocks. .
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Erosion Bridge # 8
Sediment yield calculations ‘ :
MUSLE equation 1 is A is equal to the valuesR *K*LS* VM -

R K s WM A
25 03 - ‘64 017  8.16

MUSLE equation 2 is Ys=alpha(Vgp)raised to Beta multiplied by K*LS*C*P

'Ys  Acreage  tons/acre c:storm

Storm-  Alpha Vacft qincfs K LS c P

100 285 113.475 256 : 017 - 64 0.17 1 1664490 ' 3840 4.335 0.015
50 285 80 224 - 07 6.4 0.17 1 12699.66 3840 3.307 0.015
25 285 60 179.2 017 64 017 1 9540.18 3840 2.484 0.04
10 285 . 26 480 0.17 6.4. 0.17 . 1 10370.58 3840 2.701 0.08

5 285 12 220 : 0.17 6.4 017 1 4345.31 3840 1.132 0.2

2 285 3.24 125 0.17 6.4 017 1 1520.89 3840 . 0.396 0.4

Calculations for the annual storm event load: ' : 0.814802

Piedras Marcadas Watersh_ed ‘



REBAR BRIDGE STATION No. 9
N82°E, 12° _ -

Date 0-5cm 10cm 15cm 20em 25cm. 30cm 35em 40cm 45cm S0cm SScm 60cm 65cm 70cm: 75cm 80cm 85cm 90cm 95cm 100cm SUM  AVG
10/6/98 2095 .21.40. 21.60 2260 2280 2440 26.20 26.10 2560 2620 25.40 24.70 2470 2470 25.40 2530 2510 2450 2380 2440 485.85 24.2925

- 10/22/98 21.60 20.80 21.70 21.50 2280 2270 24.10 26.00 2570 25.10 2470 24.60 2450 24.60 2530 24.80 24.50 24.30 2360 2400 476.90 23845

‘ 11/3/98 2090 21.60 21.90 2300 2300 24.30 2600 2610 2550 2570 25.10 24.50 2450 2470 2560 25.00 24.50 24.40 23.60 2420 484.10  24.205
11/10/98 2070 21.10 21.40 2230 2270 2390 25.40 2590 25.50 2550 24.90 24.50 24.50 24.40 24.60 24.40 24.20 2440 2350 24.10 477.90° 23895
11/17/98 2060 21.10 21.30 21.80 21.70 2330 2550 25.50 25.50 25.70 24.80 24.40 24.30 24.20 24.10 24.30 23.90 2390 2340 2390 47320 2366

A . 035 030 030 080 110 110 070 060 010 050 060 030 040 050 1.30 1.00 120 060 040 050 1265 06325
AVG 2095 2120 21.58 2224 2260 23.72 2544 2592 2556 2564 24.98 2454 2450 2452 2500 2476 24.44 2430 2358 2412 47959 -

AVG DEV 026 024 018 047 036 058 055 048 007 027 022 009 008 018 052 033 031" 016 010 044 529 -
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~ Erosion bridge # 9
Sediment yield calculations o ‘ ‘
MUSLE equation 1 is A is equal to the values R * K* LS* VM
R K s VWM A
25 018 - 5 017 3.825

MUSLE_equatioh 2is Ys=a|pha(qu)faised to Beta multipliéd by K*LS*C*P

Storm  Alpha Vacft qincfs - K . LS - C P Ys Acreage tons/acre c:storm
100 285 113.475 256 ' 0.17 5 0.17- 1 13003.83 3840 3386 - 0.015

.50 285 ° - 80 224 017 5 0.17 B 9921.61 3840 .- 2.584 0.015

.25 - 285 60 179.2 - 047 5 017 1 7453.27 3840 1.941 . 0.04

10 - 285 26 480 - 0.17 5 0.17 1 8102.01 3840 2.110 0.08

5. 285 o120 220 017 . 5 017 . 1 339477 3840 - 0.884 0.2

2 285 3.24 125 0.17 5 0.17 1 1188.19 3840 0.309 0.4

Calculations for the annual storm event load: . 0.636564

Piedras Marcadas Watershed .



REBAR BRIDGE STATION No. 10
N248°E, 21° L. :

Date 0-5cm 10cm 15cm 20cm 25cm - 30cm 35cm 40cm 45cm SOcm S5cm 60cm 65cm 70cm 7Scm 80cm 8S5cm - 90cm 95cm 100cm” SUM AVG
10/6/98 3820 37.80 37.80 37.40 37.35 37.40 3650 36.80 36.20 36.10 3570 3550 3490 33.50 33.40 33.10 32.80 32.30-31.60 31.70 70605 1.585
10/22/98 37.50 37.30 37.10 36.40 3580 35.60 35.40 3590 35.80 3550 3530 34.30 3450 3330 33.30 3230 31.80 30.60 29.90. 2950 687.10 1.475
11/3/98 37.00 36.70 36.40 35.80 3590 35.80 35.80 35.80 36.00 3570 3470 34.00 3410 3320 3290 3220 31.80 31.10 30.40 30.80 686.10 1.54
11/10/98 37.00 36.60 36.80 3540 3570 3570 35.80 3570 3540 3510 3500 3460 3400 3330 33.00 3240 31.70 31.30 31.60 3050 68660 1525
11/17/98 3750 37.50 37.30 36.80 3620 35.60 35.90 36.00 36.00 3590 35.10 34.70 3510 34.00 3290 3250 31.70 31.20 30.40 30.80 693.10 1.54
' A 070 030 050 060 1.15 1.80. 060 080 020 020 060 080 -020 050 050 060 1.10 1.10 - 120 090 1295 0045
AVG  37.44 3718 37.08 3636 36.19 36.02 3588 36.04 3588 3566 3516 34.62 3452 33.46 3310 3250 31.96 31.30 30.78 30.66 691.79
AVGDEV 035 042 038 061 047 055 026 030 022 029 027 038 038 023 020" 024 034 040 0.66. 053 7.49
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Erosion Bridge # 10
Sediment yield calculations
MUSLE equation 1 is A is equal to the values R* K* LS* VM

R K LS M A
25 0.39 5 0.36 - 17.55

MUSLE equation 2 is Ys=alpha(Vagp)raised to Beta multiplied by K*LS*C*P

Storm Alpha Vacft gqincfs - K L1s ~C- P Ys Acreage tons/acre c:storm
100 285 = 113.475 256 017 5 0.36 1 2753752 3840 -7.171. 0.015

50 285 80 . 224 - . 047 5 036 1 21010.46 ~ 3840 5.471 0.015

25 285 60 - 179.2 - 017 5 0.36 - 1 15783.39 3840 4.110 0.04

10 - 285 26 480 - 0.17 5 0.36 1 .17157.20 " 3840 4.468 0.08.

5 285 12 220 o047 5 0.36 1 7188.93 3840 1.872 0.2

2 285 3.24 125 , 0.17 5 036 1 2516.18 3840 0.655 0.4

Calculations for the annual storm-event load: ‘ ‘ - 1.34802

Piedras Marcadas Watershed
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REBAR BRIDGE STATION No. 11 -
N173°E, 18° :

Date 0-5cm 10cm  1Sem 20cm 25cm 30cm 35cm 40cm 45cm S0cm 55cm 60cm 65cm 70cm 75cm 80cm 85cm 90cm 95cm 100cm SUM  AVG
10/6/98 26.60 2670 25.80 25.60 2540 25.50 25.50 25.40 24.80 24.80 2450 24.20 23.80 23.30 2360 22.40 22.10 23.00 2290 23.90 489.80 24.49
10/22/98 2560 2560 2520 24.80 24.30 24.70 24.65 24.65 23.90 23.60 23.60 2340 22.90 2270 2250 *21.7 *216 21.05 2280 2270 428.75 21.4375
11/3/98 25.80 2560 25.40 25.00 24.60 24.50 2490 24.60 2380 2360 23.80 2310 23.10 22.80 2240 21.70 2160 2220 2240 2300 47390 23695
11/10/98 2550 2540 25.10 24.80 24.10 2420 24.50 24.30 23.80 23.30 2320 23.00 22.90 2260 2220 21.60 21.50 21.50 2230 23.10 468.90 23.445
11/1 7/98 2570 2540 2520 2410 2450 2470 24.70 24.90 24.6_0 2430 2420 24.00 23.10 2270 2270 21.6°'21.8° 2220 2250 23.00 43250 21.625
A ‘090 130 060 150 090 080 080 050 020 050 030 020 070 060 090 080 030 080 040 0.0 13.90 0.695
- AVG 25.84 2574 2534 2486 2458 24.72 2485 2477 24.18 2392 2386 2354 2316 22.82 2268 21.90 21.73 2199 2260 23.14 476.22 '
AVG DEV 0304 0.384 0.208 0352 0336 0312 028 0.304 0.416 0.504 0.392 0.448 0.256 0.192 0.376 0.333 0244 0572 .0.24 0.304 676
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‘ Erosion Bridge # 11
Sediment yield calculations
MUSLE equatlon 1is A is equal to the values R*K*LS*VM

R K LS VM A . ’ ,
25 0.16 5 . 02 4 - - , _ - S 5

. MUSLE equation 2 is Ys#alpha'(qu)raised to Beta multiplied by K*LS’;C*P

Storm Alpha Vacft qincfs - K LS C P . Ys Acreage tons/acre cstorm'

. 100 285 113.475 256 01 - 5 0.2 1 8999.19 3840 2344 - 0.015 . }
50 285 80 T . 224 0.1 5 02 1 6866.16 3840 . 1.788 0.015 : : ‘ .
25 285 . 60 179.2 i 01 5 0.2 1 5157.97 3840 1.343 0.04 : ; .
10 285 . -~ 26 480 ' 0.1 5 0.2 1 5606.93 3840 1.460 - 0.08

5 285 - 12 220 - 0.1 5 0.2 1 2349.32 3840 0612 0.2
2 285 -+ 3.24 125 o 0.1 5 0.2 1 822.28 3840 0.214 . 04

Calculations for the annual storm event load: 0.44053

Piedras Marcadas Watershed
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Map 7. Piedras Marcadas Watershed Soifs map.

I
Legend

AmB: Alemeda sandy loam

MaB: Madurez loamy fine sand

MWA: Madurez-wink association sandy loam

BCC: Bluepoint loamy fine sand =~ .-~

~BKD: Bluepoint-Kokan association

"KR:  Kokan-Rock outcrop association
Br: Brazito fine sandy loam
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Map 6. Approximate location of Piedras
Marcadas Watershed on the New Mexico
Highway Geologic Map, 1:1,000,000
(New Mexico Geological Society, 1996).
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Appendix A
Climate Data






- 1996
Scale 1:24,000
. Piedras Marcadas Watershed






- 1935
Scale 1:24,000
Piedras Marcadas Watershed






1951
Scale 1:24,000
Piedras Marcadas Watershed






1959
Scale 1:24,000
Piedras Marcadas Watershed






1967
Scale 1:24,000
Piedras Marcadas Watershed






1973
Scale 1:24,000
Piedras Marcadas Watershed






1991
Scale 1:24,000
Piedras Marcadas Watershed
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Appendix D

Aerial Photographs, 1:24,000 scale from years:
’ 1935
1951
1959
1967
1973
1991
1996
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