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Water Resources During Drought Conditions and Postfire
Water Quality in the Upper Rio Hondo Basin, Lincoln
County, New Mexico, 2010-13

By Lauren R. Sherson and Steven E. Rice

Abstract

Stakeholders and water-resource managers in Lincoln
County, New Mexico, have had long-standing concerns
over the impact of population growth and groundwater
withdrawals. These concerns have been exacerbated in recent
years by extreme drought conditions and two major wildfires
in the upper Rio Hondo Basin, located in south-central New
Mexico. The U.S. Geological Survey (USGS), in cooperation
with Lincoln County, initiated a study in 2006 to assess and
characterize water resources in the upper Rio Hondo Basin.
Data collected during water years 2010—13 are presented and
interpreted in this report. All data presented in this report are
described in water years unless stated otherwise.

Annual mean streamflow at the Rio Ruidoso at
Hollywood, N. Mex., streamflow-gaging station was less
than 50 percent of the average streamflow during 201113
and was of similar magnitude to annual mean streamflow

occurring at the lower elevations in the upper Rio Hondo
Basin because these areas receive a smaller amount of
total precipitation, receive a smaller proportion of the
annual total falling as winter precipitation, and have higher
average temperatures that result in more evaporative losses.
Groundwater in the upper Rio Hondo Basin is a mix of
younger and older water, and recharge likely is occurring
primarily at higher elevations but there may be some areas
where localized recharge is occurring at lower elevations.
Surface-water- and groundwater-quality results from
samples collected in 2012—13 were examined to characterize
overall chemistry and were compared to historical water-
quality data from streams in the upper Rio Hondo Basin
collected during 1926—57. In general, specific conductance
showed an increasing trend moving eastward (downstream)
through the upper Rio Hondo Basin in surface-water and
groundwater samples. Surface-water and groundwater
samples appear to have similar overall major-ion chemical

values measured during the drought of the 1950s. The first
zero-streamflow values for the period of record (1954-2013)
were recorded at the Rio Ruidoso at Hollywood, N. Mex.,

characteristics when compared to historical water-quality data.
Geology was found to influence the chemical characteristics of
surface-water and groundwater samples, with relatively higher

streamflow-gaging station on June 27-29, 2013. The lowest
annual mean streamflow on record (1969-80; 1988-2013)
occurred in 2011 at the Eagle Creek below South Fork near
Alto, N. Mex., streamflow-gaging station, with the station
recording zero streamflow for approximately 50 percent of the
year.

Discrete and continuous groundwater-level measurements

indicated basinwide water-level declines during drought

conditions in 2011-13. The average water-level change among

37 wells in which discrete groundwater-level measurements
were collected was -7.6 ft from 2010 to 2013. The largest
water-level declines were observed in the upper reaches of the
Rio Bonito and Rio Ruidoso watersheds, and smaller declines
were observed in the lower reaches of the watersheds. In
general, water-level changes observed during 2010—13 were
on the order of decadal-scale changes that previously have
been observed in the upper Rio Hondo Basin.

Stable-isotope data indicate that high-elevation winter
precipitation generally contributes more to groundwater
recharge than summer rains, except when there are large
summer recharge events. This implies that little recharge is

concentrations of sulfate occurring in samples collected at
lower elevations in the Permian regional aquifer system.
Surface-water sample results also were analyzed to
determine differences in unfiltered and filtered water-quality
samples of streams in burned and unburned watersheds
after the occurrence of the Little Bear Fire in June 2012.
Samples were collected after postfire monsoon rain events
and during periods of stable hydrologic conditions. The
first postfire monsoon rain event in July 2012 generally
produced the highest measured concentrations of selected
fire-related constituents in unfiltered samples collected in
the burned watersheds relative to later samples collected in
burned watersheds and all samples collected in the unburned
watershed. Monsoon rain events have impacted water
quality by delivering larger sediment loads and fire-related
constituents into streams in the upper Rio Hondo Basin.
Changes in climate and increased groundwater and
surface-water use are likely to affect the availability of water
in the upper Rio Hondo Basin. Increased drought probably
will increase the potential for wildfires, which can affect
downstream water quality and increase flood potential.
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Climate-research predicted decreases in winter precipitation
may have an adverse effect on the amount of groundwater
recharge that occurs in the upper Rio Hondo Basin, given the
predominance of winter precipitation recharge as indicated by
the stable isotope results. Decreases in surface-water supplies
because of persistent drought conditions and reductions in the
quality of water because of the effects of wildfire may lead

to a larger reliance on groundwater reserves in the upper Rio
Hondo Basin. Decreasing water levels because of increasing
groundwater withdrawal could reduce base flows in the Rio
Bonito and Rio Ruidoso. Well organized and scientifically-
supported regional water-resources management will be
necessary for dealing with the likely scenario of increases in
demand coupled with decreases in supply in the upper Rio
Hondo Basin.

Introduction

The U.S. Geological Survey (USGS), in cooperation
with Lincoln County, initiated a study in 2006 to assess and
characterize water resources in the upper Rio Hondo Basin.
Stakeholders and water-resource managers have had long-
standing concerns over the impact of population growth
and groundwater withdrawals. These concerns have been
exacerbated by recent drought and wildfire conditions in the
upper Rio Hondo Basin.

The upper Rio Hondo Basin, located in south-central
New Mexico (fig. 1), experienced extreme drought conditions
(National Oceanic and Atmospheric Administration, National
Climatic Data Center, 2014b) and two major wildfires from
2011 to 2013. Total annual precipitation at the Ruidoso climate
station was measured at a record low of 12.0 inches in 2011
for the period of record 1942-2013. Annual Palmer Drought
Severity Index (PDSI) values indicate that the two most
extreme years of drought for New Mexico Climate Division
6, which contains the upper Rio Hondo Basin, occurred in
2011 (ranked 2nd) and 2012 (ranked 1st), with 2013 being
the 4th-worst drought based on the period of record (1895—
2013) (National Oceanic and Atmospheric Administration,
National Climatic Data Center, 2014b). The 2011 White Fire
and the 2012 Little Bear Fire may have occurred because
of or been intensified by drought conditions. In April 2011,
the White Fire burned approximately 16 square miles (mi?)
(10,300 acres) near the city of Ruidoso Downs, New Mexico
(Southwest Fire Science Consortium, 2013). Approximately
one year later, in June 2012, the Little Bear Fire burned
approximately 69 mi® (44,300 acres) in the high-elevation
forests of the upper Rio Bonito and Eagle Creek watersheds
(Snyder and others, 2012). The documentation and analysis
of streamflow, groundwater levels, and water quality during
and following drought and wildfire conditions are important
in future water-resource planning when investigating the
effects of climatic extremes on water resources. In addition,
investigations into the source and timing of recharge to

the upper Rio Hondo Basin may assist water planners

and managers in determining how the surface-water and
groundwater systems will react to future drought conditions
and increased municipal water demands.

Purpose and Scope

The purpose of this report is to present and interpret
water resources and water quality on the basis of streamflow,
groundwater-level, isotope, and water-quality data from
the upper Rio Hondo Basin in south-central New Mexico
collected during water years 201013 (a water year is
the 12-month period of October 1 through September 30
designated by the calendar year in which it ends). All data
presented in this report are described in water years unless
stated otherwise. This report documents the extent of the
2011-13 drought, characterizes streamflow conditions and
groundwater-level declines from 2010 to 2013, presents
interpretations of isotope results from samples collected in
2013 that inform recharge mechanisms, and presents water-
quality data collected following the 2012 Little Bear Fire.
Streamflow and groundwater-level data are presented from
2010 to 2013, beginning one year prior to the 201113
drought, in order to provide a year with more precipitation
than average (2010) as a comparison period and create a
continuous period of investigation with the previous report
associated with this study (Darr and others, 2014), which
ended in 2010.

Hydrologic data collected from streamflow-gaging
stations and groundwater-monitoring wells are described
and compared with historical data in the upper Rio Hondo
Basin to assess the effect of drought conditions from 2011
to 2013 on groundwater levels and streamflow. Isotope data
were used to interpret regional recharge characteristics and
the implications of climate variability on water resources of
the upper Rio Hondo Basin. In addition, water-quality results
are presented from surface-water samples and groundwater
samples collected in calendar years 2012 and 2013. Surface-
water samples were collected at sites located downstream from
burned and unburned watersheds.

Description of Study Area

A detailed description of the upper Rio Hondo Basin
(study area) is available in Darr and others (2014) and is
summarized here. The upper Rio Hondo Basin is located in
south-central New Mexico within Lincoln and Otero Counties
(fig. 1). The basin encompasses 585 mi? (374,400 acres)
and consists of two primary watersheds of approximately
equal area: the Rio Bonito watershed (296 mi?) and the Rio
Ruidoso watershed (289 mi?) (fig. 1). The upper Rio Hondo
Basin contains three major reservoirs (fig. 1): Bonito Lake;
Alto Reservoir; and Grindstone Reservoir, which provides
drinking water to residents of the upper Rio Hondo Basin and
an adjoining basin.
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Figure 1. Upper Rio Hondo Basin study area, Lincoln County, New Mexico.
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The elevation change in the upper Rio Hondo Basin
is considerable, with the highest point being Sierra Blanca
on the western edge of the study area (elevation 12,003 feet
[ft]) and the lowest point being at the confluence of the Rio
Bonito and Rio Ruidoso near the town of Hondo (elevation
5,185 ft). Most of the land cover in the study area is pifion-
juniper, ponderosa, and mixed conifer forests interspersed
with grasslands. Desert grasses, cacti, and shrubs dominate the
lower-elevation eastern part of the study area (Larry Cordova,
U.S. Forest Service, written commun., 2014).

Hydrogeologic Setting

The upper Rio Hondo Basin is bounded on the north
by the Capitan Mountains and the west and south by the
Sacramento Mountains. The study area extends eastward to
the confluence of the Rio Bonito and the Rio Ruidoso, which
form the Rio Hondo at the eastern boundary of the study
area (fig. 1). The Rio Bonito is mostly perennial in its upper
reaches and becomes intermittent downstream in the lower-
elevation eastern part of the study area. The Rio Ruidoso
is perennial for most of its length. Eagle Creek is a major
tributary to the Rio Ruidoso and is also largely perennial in
its upper reaches but becomes intermittent a short distance
downstream (fig. 1).

There are multiple water-bearing geologic units
(hydrostratigraphic units) in the upper Rio Hondo Basin, with

Table 1.
County, New Mexico.

as many as 12 hydrostratigraphic units serving as productive
aquifers (Darr and others, 2014). In general, the primary
water-bearing units in the basin are the San Andres Formation
and Yeso Formation of Permian age and alluvium of
Quaternary age (Mourant, 1963; Thompson, 1964; Newcomer
and Shomaker, 1991; Rawling, 2011). Locally, Tertiary-

age volcaniclastic rocks can provide substantial quantities

of potable water (Matherne and others, 2010). The primary
source of recharge to streams and aquifers in the study area is
precipitation originating at high elevations in the Sacramento
and Capitan Mountains (Darr and others, 2014). Surface water
and groundwater generally flow eastward, from high to low
elevation, through the upper Rio Hondo Basin.

Precipitation

Precipitation data were collected from the Ruidoso
climate station (CL1) by the National Climatic Data
Center (NCDC) of the National Oceanic and Atmospheric
Administration (NOAA), and snowpack data were collected
from the Sierra Blanca SNOwpack TELemetry (SNOTEL)
climate station (CL2) by the National Resources Conservation
Service (NRCS) (table 1). The CL1 is located near the city of
Ruidoso at an elevation of 6,930 ft, and CL2 is located near
the western border of the study area in the high-elevation
Sacramento Mountains at 10,280 ft (fig. 1).

Climate station and streamflow-gaging station information for stations used in analysis, upper Rio Hondo Basin, Lincoln

[USGS, U.S. Geological Survey; CL, climate; NA, not applicable; SNOTEL, SNOwpack TELemetry; SW, surface water]

Land-surface

elevation Average
Site  USGS site _ Ma_p Latlt_ude Longl_tude above !\Iorth Period of mea|_1 a_nnual
tyoe  identifier Site name location (decimal (decimal American record statistic for
vp identifier degrees) degrees) Vertical period of
Datum of 1988 record'
(feet)
CL NA Ruidoso Climate Station? CLI1 33.3677 -105.6611 6,930 1942-2013 21.1
CL NA Sierra Blanca SNOTEL Climate CL2 33.4000 -105.7830 10,280 2002-13 3353
Station*
SW 08387000 Rio Ruidoso at Hollywood, New S6 33.3267 -105.6253 6,422 1954-2013 518.3
Mexico
SW 08387600 Eagle Creek below South Fork near S9 33.3929 -105.7233 7,603 1969-80; 2.1
Alto, New Mexico 1988-2013
SW 08390020 Rio Hondo above Chavez Canyon S10 333713 -105.2574 5,162 2008-2013 °19.0

near Hondo, New Mexico

'Based on water year (October 1 to September 30).

2Operated by the National Climatic Data Center of the National Oceanic and Atmospheric Administration; used Ruidoso2 station from August 1988 to April
1993; years missing more than 2 months of data were excluded from average calculation.

3Precipitation, in inches.
*Operated by the National Resources Conservation Service.

Streamflow, in cubic feet per second.



Total annual precipitation varies spatially throughout the
study area depending on elevation, ranging from 15 inches
per year (in/yr) in the eastern lowland areas and valleys
to 40 in/yr at high elevations (Matherne and others, 2010;
Darr and others, 2014). At the CL1 station, average total
annual precipitation for the period of record (1942-2013) is
21.1 inches with a range from 12.0 inches in 2011 to 30.4
inches in 1965 (fig. 24) (National Oceanic and Atmospheric

35A
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Administration, National Climatic Data Center, 2014a).
Mean-monthly precipitation data indicate that a majority

of the precipitation falls during the summer months
(June-September) as monsoon storms (fig. 34). Summer
precipitation accounts for an average of 59 percent of the total
annual precipitation for the period of record (1942-2013)

(fig. 34). Data from the CL1 station indicate that greater-than-
average total annual precipitation occurred in 2010, whereas

20 Climate station CL1 (table 1)

20— ‘

Total annual precipitation, in inches

[ [ [
1942-2013 average 21.1 inches

8 [ [ [

New Mexico Climate Division 6

Palmer Drought Severity Index

1895-2010 normal _|

60

50 |—
a0

30 |— 1954-2013 average 18.3 ft¥/s

oLl

Annual mean streamflow,
in cubic feet per second (ft¥/s)

Streamflow-gaging station 08387000; site S6 (table 1)

1940 1950 1960 1970

1980 1990 2000 2010 2020

Water year

Figure 2. A, Ruidoso, New Mexico, climate station total annual precipitation, 1942-2013; B, Palmer Drought Severity Index, New
Mexico Climate Division 6, 1940-2013; and C, Rio Ruidoso at Hollywood, N. Mex., annual mean streamflow, 1954-2013.
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Figure 3. A, Ruidoso, New Mexico, climate station average monthly precipitation, 1942-2013; B, Sierra Blanca, New Mexico, SNOpack
TELemetry (SNOTEL) climate station average median monthly snow-water equivalent, 2002-10; and C, Rio Ruidoso at Hollywood, N.

Mex., average monthly streamflow, 1954-2013.

lower-than-average total annual precipitation occurred in
2011, 2012, and 2013 (fig. 4). Total annual precipitation was
23.7 inches in 2010, 2.6 inches above the average over the
period of record. Total annual precipitation was 12.0 inches
in 2011 and 13.7 inches in 2013, representing the 1st and 4th,
respectively, lowest totals on record at this climate station.
Total summer precipitation was below average (12.3 inches) in
2011 (8.9 inches) and 2012 (8.1 inches) (fig. 4).

Despite 2013 receiving 7.4 inches less than the average
total annual precipitation at the CL1 station (13.7 inches
as opposed to the 21.1-in/yr average) (fig. 4), the area

experienced above-average summer precipitation (13.1 inches)
as a result of extreme rainfall in August and September

2013. The CL1 station received 5.3 inches of precipitation in
August 2013 and an additional 4.1 inches from September 10
to September 17, 2013 (National Oceanic and Atmospheric
Administration, National Climatic Data Center, 2014a). The
CL2 station also recorded an extreme amount of precipitation
during this 8-day period in September (8.4 inches). From 2002
to 2010, the CL2 station averaged 4.0 inches of precipitation
for the entire month of September (Natural Resources
Conservation Service, 2014).
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Figure 4. Average total annual and average total summer (June—September) precipitation at the Ruidoso, New Mexico, precipitation
station (CL1) and maximum snow-water equivalent at the Sierra Blanca SNOpack TELemetry (SNOTEL) station (CL2), Sierra Blanca, N.

Mex., 2010-13.

Median monthly snow-water equivalent for the CL2
station shows that for the period 2002—10, snowpack in
the study area typically reaches the maximum snow-water
equivalent in February and March, followed by a rapid melt
period in April and May (fig. 3B). Maximum snow-water
equivalent was greater than the median of 11.2 inches in 2010
(29.4 inches) and 2012 (12.9 inches) but lower-than-average in
2011 (6.7 inches) and 2013 (9.2 inches) (fig. 4).

Drought Conditions

The extent of the 2011-13 drought is documented
regionally by the Palmer Drought Severity Index (PDSI)
and statewide by data from the U.S. Drought Monitor
(University of Nebraska-Lincoln, 2014) (table 2). The PDSI

is a quantitative estimate of drought severity based on the
metrics of soil moisture, precipitation, and temperature
(Palmer, 1965). Negative PDSI values represent below-normal
precipitation, or drought conditions, with values less than
-3.99 representing extreme drought (Palmer, 1965) (table 2).
New Mexico has eight climatic divisions and the upper Rio
Hondo Basin is located in New Mexico Climate Division 6
(Central Highlands) (fig. 5). According to the PDSI, New
Mexico Climate Division 6 was classified as undergoing
extreme drought from April 2011 to August 2013 (fig. 54).
Annual PDSI rankings for 2011, 2012, and 2013 were 2nd,
1st, and 4th lowest, respectively, for New Mexico Climate
Division 6, based on the period of record 1895-2013. The
PDSI for New Mexico Climate Division 6 from 1940 through
2013 is shown in figure 2B. During this period (1940-2013),
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Table 2. Categories and descriptions of drought severity for the
Palmer Drought Severity Index and the U.S. Drought Monitor per
http://droughtmonitor.unl.eduy/.

[Palmer Drought Severity Index from Palmer, 1965; Drought Monitor from
University of Nebraska-Lincoln, 2014]

Palmer Drought Severity Index Drought Monitor
Category Description Category Description
-0.50t0 -0.99  Incipient drought DO  Abnormally dry
-1.00to -1.99  Mild drought D1 Moderate drought
-2.00t0 -2.99  Moderate drought D2  Severe drought
-3.00t0 -3.99  Severe drought D3  Extreme drought
Less than -3.99 Extreme drought D4  Exceptional drought

the only years in which annual PDSI values dropped below
-3.99 (extreme drought conditions) were 2011, 2012, and 2013
(National Oceanic and Atmospheric Administration, National
Climatic Data Center, 2014b).

Drought conditions during the study period were not
localized to the study area but extended regionally across
New Mexico and the entire Southwest. Figure 5B shows the
extent of the 2011-13 drought across New Mexico according
to data from the U.S. Drought Monitor (University of
Nebraska-Lincoln, 2014). Drought monitor categories and the
equivalent PDSI categories are shown in table 2. On January
1, 2011, about 90 percent of New Mexico was classified as
being abnormally dry or in a moderate drought, but none
of the State was considered to be in severe to exceptional
drought (fig. 5B). By July 1, 2011, over 90 percent of New
Mexico was in a severe to exceptional drought. Although
2012 exhibited lower drought severity, according to the U.S.
Drought Monitor, nearly all of the State exhibited drought
conditions. The summer of 2013 exhibited a similar pattern
of drought severity to the summer of 2011, with over 90
percent of New Mexico in severe to exceptional drought. The
U.S. Drought Monitor data and PDSI values indicate that in
September 2013 drought conditions improved slightly, likely
because of extreme rainfall events in the region. According
to the PDSI, drought conditions for New Mexico Climate
Division 6 transitioned from extreme to moderate or mild
for the remainder of the calendar year (National Oceanic and
Atmospheric Administration, National Climatic Data Center,
2014b) (fig. 54; table 2).

Wildfire

Three consecutive years of extreme drought in the
upper Rio Hondo Basin likely contributed to the occurrence
or intensity of two wildfires during the study period. In
April 2011, the White Fire burned approximately 16 mi?
(10,300 acres) near the city of Ruidoso Downs, N. Mex., in
the lower reaches of the Rio Ruidoso watershed (fig. 6). Burn
severity was high or moderate on 71 percent of the burn area

and low or unburned on 29 percent of the burn area (Southwest
Fire Science Consortium, 2013). Although the White Fire
occurred during the study period, the focus of this report is

on the effects of the Little Bear Fire because of its larger size
and the timing of water-quality sampling. In June 2012, the
Little Bear Fire burned approximately 69 mi* (44,300 acres) in
the high-elevation forests of the Rio Bonito and Rio Ruidoso
watersheds (fig. 6) (Snyder and others, 2012). The Little Bear
Fire originated on the northeastern flank of Sierra Blanca and
spread rapidly to the north and east, destroying 254 structures.
Burn severity was high or moderate on 53 percent of the burn
area and low or unburned to very low on 47 percent of the burn
area (Snyder and others, 2012). The Little Bear Fire burned

19 percent of the Rio Bonito watershed (55 mi?®) and 5 percent
of the Rio Ruidoso watershed (14 mi?). In the Rio Ruidoso
watershed, most of the burned area was located within the
Eagle Creek watershed, with a small part (less than 3 mi? or
less than 1 percent) located outside the Eagle Creek watershed.
Overall, approximately 12 percent of the upper Rio Hondo
Basin was burned during the Little Bear Fire (fig. 6), but the
burned area is located in the region of the watershed that
receives the most rainfall (Darr and others, 2014).

Methods

Streamflow Measurements

Streamflow data were collected from two USGS
streamflow-gaging stations in the upper Rio Hondo Basin,
Rio Ruidoso at Hollywood (08387000; site S6) and Eagle
Creek below South Fork near Alto (08387600; site S9) (fig. 1;
table 1). Stream stages are recorded at 15-minute intervals and
transmitted to the USGS National Water Information System
(NWIS) database and reported as streamflow. The streamflow-
gaging station at Rio Ruidoso at Hollywood (site S6), located
between Ruidoso and Ruidoso Downs (fig. 1), has been
operated by the USGS continuously from 1954 through present
(2013) and has the longest record of any site in the study area
(fig. 2C). The drainage area upstream from the streamflow-
gaging station is approximately 120 mi%. The streamflow-gaging
station at Eagle Creek below South Fork near Alto (site S9) has
been operated by the USGS during two periods—1969—-80 and
1988— present (2013). It is located 2.6 miles west of Alto, N.
Mex. (fig. 1). The drainage area upstream from the streamflow-
gaging station is approximately 8.1 mi. Several other
streamflow-gaging stations have been operated in the past in the
upper Rio Hondo Basin (Darr and others, 2014), but a long-
term record of streamflow on the Rio Bonito does not exist for
the study period described in this report (2010—13). Streamflow
leaving the study area has been measured from 2008 to present
(2013) by the streamflow-gaging station at Rio Hondo above
Chavez Canyon near Hondo, N. Mex. (08390020; site S10)
(fig. 1; table 1). Streamflow data for USGS streamflow-gaging
stations are available in the NWIS database (U.S. Geological
Survey, 2014).
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Figure 5. A, Palmer Drought Severity Index, New Mexico Climate Division 6, 2010-13; and B, Extent of drought across New Mexico
from the U.S. Drought Monitor (University of Nebraska-Lincoln, 2014), 2010-13.
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Figure 6. Little Bear Fire burn area and A, 37 groundwater wells in which groundwater-level measurements were made approximately
bimonthly between 2010 and 2013; and B, water-quality sampling locations in the upper Rio Hondo Basin, Lincoln County, New Mexico.
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Figure 6. Little Bear Fire burn area and A, 37 groundwater wells in which groundwater-level measurements were made approximately
bimonthly between 2010 and 2013; and B, water-quality sampling locations in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued
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Groundwater-Level Measurements

Groundwater-level measurements, reported as depth to
water (ft) below the land surface, were made approximately
bimonthly (once every 2 months) in 37 wells between 2010
and 2013 (fig. 64; table 3). Groundwater levels were measured
using a steel tape graduated in hundredths of a foot; multiple
measurements were made to confirm readings to within 0.02
ft (Cunningham and Schalk, 2011a). Data were reviewed
and entered into the USGS NWIS database (U.S. Geological
Survey, 2014). If a well was being pumped at the time of a site
visit, the groundwater-level measurement was disregarded for
analysis in this report. Groundwater levels were normalized
to a common scale (the mean) for the study period (2010—

13) to allow comparison of datasets with a wide range of
groundwater-level values on the same plot using the equation:

d=y-y ()

where
d is the sample deviation of I,
, is the sample, and
y is the mean of the number of samples.

Increases or decreases in groundwater levels collected
during 2010—13 were determined by calculating the difference
in water levels from September 2009 to September 2013.

The water levels collected nearest to September 2009 and
last measured before September 2013 were selected for this
calculation. Water levels in September and November 2013
may have been influenced by extreme rainfall events and thus
were excluded from this calculation.

Of the 37 wells measured on a bimonthly basis, 3 were
also equipped with continuous water-level recorders (wells
W11, W25, and W26) (fig. 64; table 3). The continuous
water-level recorders were pressure transducers with
internal dataloggers recording at 1-hour intervals that were
downloaded and checked every 2—4 months, and data were
transferred to the USGS NWIS database (U.S. Geological
Survey, 2014). The continuous water-level data were verified
and corrected when necessary to steel and electric tape
measurements (Cunningham and Schalk, 2011b).

Determination of Recharge Mechanisms Using
Isotopes

Stable Isotopes

The stable isotopes of hydrogen (deuterium [P]) and
oxygen (oxygen-18 ['80]) are ubiquitous in the oceans,
atmosphere, precipitation, and surface and groundwater. The
isotopes behave conservatively and predictably, making them
useful in hydrologic investigations (Kendall and McDonnell,
1998). The predictable signatures and behaviors of these
isotopes make them particularly valuable in areas with distinct
seasonal precipitation patterns and large variations in annual
temperature, such as those of the upper Rio Hondo Basin.

Stable isotope compositions of waters are expressed as
a deviation (delta [8]) in parts per thousand (per mil) from a
known baseline standard, the Vienna Standard Mean Ocean
Water (VSMOW) of Craig (1961), and are presented as 6D
and §'80, for deuterium and oxygen-18, respectively. To better
understand how &P and 'O relate to one another and patterns
of precipitation, values are plotted against known linear
relations of stable isotope composition including the Global
Meteoric Water Line (GMWL; Craig, 1961) as well as local
meteoric water lines (LMWL) created from local and regional
datasets (Newton and others, 2012).

In general, more positive values (enriched/heavier
water) are indicative of precipitation in warmer regions,
during summer, or at lower elevations. More negative
values (depleted/lighter water) are indicative of precipitation
in colder regions, during winter, or at higher elevations.
Evaporation is an important factor in stable isotope
composition, especially in arid and semiarid environments.

In areas with lower humidities, the remaining water after
evaporation of precipitation will be more enriched, resulting
in a deviation from the meteoric water line along a trend with
a lower slope (Clark and Fritz, 1997). Other factors affecting
stable isotope composition of precipitation include storm track
and precipitation amount (rainout). These factors can help
constrain the source and behavior of the water that recharges
the aquifers in the study area.

Stable-isotope samples were collected from 7 surface-
water sites, 9 groundwater wells, and 4 springs (table 4).
Samples for stable isotopes of hydrogen and oxygen were
collected without filtering or preservation and were sent to the
USGS Reston Stable Isotope Laboratory in Reston, Virginia,
for mass spectrometric analysis (Révész and Coplen 2008a, b).

Radioisotopes

The radioisotopes of hydrogen (tritium [*H]) and
carbon-14 ("C) are used to determine approximate
groundwater age, groundwater flow paths, and aquifer mixing.
Tritium is a short-lived isotope of hydrogen that has a half-
life of 12.33 years (Unterweger and Lucas, 2000), making it
useful for the dating of young water (recharged since about
1950). Tritium is produced naturally from the bombardment
of nitrogen by cosmic radiation in the upper atmosphere
(Clark and Fritz, 1997), where it becomes incorporated into
water molecules that fall to the land surface as precipitation.
Because aboveground testing of nuclear weapons introduced
large quantities of *H into the atmosphere in the 1950s and
1960s, *H is a particularly useful environmental tracer of
groundwater recharge occurring during this time period.
Carbon, on the other hand, has a half-life of 5,730 years,
making it useful for the dating of older water. Like *H, '“C
is formed naturally in the upper atmosphere and is quickly
oxidized into carbon dioxide, which mixes into the lower
atmosphere and becomes incorporated into the biologic and
hydrologic cycles. Concentrations of '“C for age dating are
measured for dissolved inorganic carbon in the water and are
referenced against a known international standard (Clark and
Fritz, 1997).



Table 3. Groundwater wells and water-level changes from 2010 to 2013, upper Rio Hondo Basin, Lincoln County, New Mexico.

[USGS, U.S. Geological Survey; mm, month; dd, day; yyyy, year]
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Land-surface Water year 2010 Water year 2013
elevation water level water level
. Map Latitude Longitude  above North  Depth to Depth to Water-
l_JSGS_s_lte 'Iocat.u.)n (decimal (decimal American water water level
identifier |d¢_ant|f|er degrees) degrees) Vertical Datum from land Date from land Date changle
(fig. 6A) of 1938 surface  Mm/ddfyyyy) T o (mm/dd/yyyy) (feet)
(feet) (feet) (feet)
333040105411901 Wi 33.5110  -105.6903 7,132.65 54.18 08/13/2009 61.67 07/31/2013 -7.5
333058105373101 W2 33.5161  -105.6259 6,685.00 16.06 08/04/2009 23.1 05/29/2013 -7.0
333009105373301 W3 33.5026  -105.6282 6,702.54 26.93 08/13/2009 33.58 07/31/2013 -6.7
333229105361401 w4 33.5434  -105.6054 6,532.89 15.02 11/18/2009 20.56  07/31/2013 -5.5
333154105341001 W5 33.5332  -105.5712 6,412.45 33.82 09/09/2009 35.08 08/01/2013 -1.3
333107105341901 Wo6 33.5201  -105.5738 6,452.46 14.67 09/09/2009 20.33  08/01/2013 -5.7
333156105315001 w7 33.5339  -105.5320 6,271.40 103.63 09/10/2009 112.22  08/01/2013 -8.6
333340105310901 W8 33.5601 -105.5212 6,274.62 86.65 11/16/2009 95.19  08/01/2013 -8.5
333149105302601 W9 33.5303  -105.5072 6,181.00 152.52 01/25/2010 156.51  08/01/2013 -4.0
332538105402301 W10 33.4272 -105.6761 7,412.71 62.17 09/11/2009 69.15 07/31/2013 -7.0
332641105394501 Wil 33.4455 -105.6699 6,932.67 41.41 08/03/2009 45.12  07/31/2013 -3.7
332638105382901 W12 33.4439  -105.6413 6,789.00 35.48 09/10/2009 322 08/02/2013 33
332710105372301 W13 33.4529  -105.6231 6,754.00 83.52 09/10/2009 82.77  08/02/2013 0.8
332644105365501 w14 33.4454  -105.6153 6,822.00 41.93 09/10/2009 47.53  08/02/2013 -5.6
332723105363401 W15 33.4564  -105.6095 6,875.00 303.45 09/10/2009 306.54  05/31/2013 -3.1
332655105361501 W16 33.4487  -105.6042 6,896.00 107.96 09/10/2009 112.09  05/31/2013 -4.1
332643105362301 W17 33.4453  -105.6065 7,054.00 343.13 09/10/2009 375.58  08/02/2013 -32.5
332552105373401 W18 33.4311 -105.6261 7,203.00 202.02 09/11/2009 215.96  08/02/2013 -13.9
332937105314501 W19 33.4946  -105.5307 6,210.19 18.68 09/10/2009 18.64  08/02/2013 0.0
332953105313401 W20 33.4986  -105.5286 6,233.49 207.74 09/10/2009 219.53  08/02/2013 -11.8
333030105294801 W21 33.5091  -105.5005 6,107.35 81.75 09/09/2009 90.1 08/01/2013 -8.4
332343105362701 W22 33.3934  -105.6175 7,022.00 216.67 09/11/2009 219.11  08/02/2013 -2.4
332347105355401 w23 33.3964  -105.5989 7,070.00 386.13 09/11/2009 39452 08/02/2013 -8.4
332527105345101 W24 33.4241  -105.5808 6,706.00 536.88 11/18/2009 570.1 11/28/2012 -33.2
332144105411901 W25 33.3626  -105.6910 7,066.95 24.79 08/03/2009 26.32  07/31/2013 -1.5
332247105383401 W26 33.3797  -105.6428 7,142.62 124.23 08/03/2009 142.52  07/31/2013 -18.3
332228105383801 W27 33.3741  -105.6453 7,072.01 85.71 08/13/2009 96.77  08/01/2013 -11.1
332051105383801 W28 33.3475  -105.6439 6,712.00 47.99 08/14/2009 54.56  03/28/2013 -6.6
321959105360201 W29 33.3336  -105.6052 6,362.00 55.28 11/19/2009 88.47 07/31/2013 -33.2
331948105350101 W30 33.3303  -105.5860 6,460.39 193.78 09/09/2009 199.86  07/31/2013 -6.1
332230105310601 W31 33.3750  -105.5183 6,022.00 5.13 08/12/2009 14.73  05/30/2013 -9.6
332402105282201 W32 33.3970  -105.4749 5,901.41 78.67 09/09/2009 83.5 07/31/2013 -4.8
332355105270701 W33 33.3989  -105.4525 5,912.00 148.22 09/09/2009 148.23  07/31/2013 0.0
332932105225901 W34 33.4922  -105.3831 5,695.00 16.67 09/09/2009 16.98  08/01/2013 -0.3
332437105170301 W35 33.4103  -105.2842 5,372.00 88.94 08/12/2009 92.26  07/31/2013 -3.3
332329105164301 W36 33.3893  -105.2836 5,248.11 27.48 08/12/2009 28.89  07/31/2013 -1.4
332234105152301 W37 33.3761  -105.2564 5,182.00 33.8 09/09/2009 3476  07/31/2013 -1.0

"Negative value signifies a decline.

2Equipped with continuous water-level recorder.



Table 4. Water-quality and isotope sampling sites, upper Rio Hondo Basin, Lincoln County, New Mexico.

[USGS, U.S. Geological Survey; mm, month; dd, day; yyyy, year; SW, surface water; Y, yes; NA, not applicable; N, no; SP, spring; GW, groundwater]

Land-surface

Map elevation Sam-
. . location Burned or above North Sample pled Sam- Major
Site USGS site S Watershed unburned . . . pled .
type identifier |dt.ent|- name water- Latitude Longitude Amer_lcan dates for for geols:glc
fier shed Vertical (mm/dd/yyyy) water . es units
(fig. 6) Datum of 1988 quality P
(feet)
Surface water
SW  332720105450410 S1 Rio Bonito  Burned  33.4556 -105.7511 7,540 07/11/2012, 04/04/2013, Y Y NA
07/22/2013, 11/04/2013
SW 08388500 S2 Rio Bonito  Burned  33.4472 -105.6611 6,582 07/11/2012, 04/04/2013, Y Y NA
07/22/2013, 11/05/2013
SW 08389055 S3 Rio Bonito  Burned  33.5236 -105.4644 5,954 07/12/2012 Y N NA
SW 08389500 S4 Rio Bonito  Burned  33.3889 -105.2756 5,207 07/11/2012, 04/03/2013, Y Y NA
07/23/2013, 11/06/2013
SW 08386505 S5 Rio Ruidoso Unburned 33.3365 -105.7263 7,163 07/12/2012, 04/02/2013, Y Y NA
11/05/2013
SW 08387000 S6 Rio Ruidoso Unburned 33.3267 -105.6253 6,422 07/11/2012, 04/02/2013, Y Y NA
11/05/2013
SW  332206105320510 S7 Rio Ruidoso Unburned 33.3684 -105.5348 6,080 07/11/2012, 04/02/2013, Y Y NA
11/05/2013
SW 08388000 S8 Rio Ruidoso Partially  33.3833 -105.2756 5,184 07/11/2012, 04/03/2013, Y Y NA
burned 11/06/2013
SW 08387600 S9 Rio Ruidoso Burned  33.3929 -105.7233 7,603 07/11/2012, 07/22/2013 Y N NA
SW 08390020 S10 Rio Hondo  Partially 33.3713 -105.2574 5,162 04/03/2013, 07/23/2013, Y N NA
burned 11/06/2013
Springs
SP  332905105473101 SP1 Rio Bonito  NA 33.4848 -105.7918 8,120 11/08/2013 N Y NA
SP  332455105445701 SP2 Rio Ruidoso NA 33.4154 -105.7492 8,072 11/07/2013 N Y NA
SP  331937105350701 SP3 Rio Ruidoso NA 33.3269 -105.5858 6,598 11/07/2013 N Y NA
SP  332438105171201 SP4 Rio Bonito NA 33.4106 -105.2867 5,337 11/07/2013 N Y NA
Groundwater
GW 333149105302601 W9 Rio Bonito  NA 33.5303 -105.5072 6,181 05/08/2013 Y Y Permian regional aquifer system
GW  332247105383401 W26 Rio Ruidoso NA 33.3797 -105.6428 7,143 06/26/2013 Y Y Permian regional aquifer system
GW 332355105270701 W33 Rio Ruidoso NA 33.3989 -105.4525 5,912 11/07/2013 N Y! Permian regional aquifer system
GW 332437105170301 W35 Rio Bonito  NA 33.4103 -105.2842 5,372 05/09/2013 Y Y Permian regional aquifer system
GW 332355105472301 W38 Rio Ruidoso NA 33.3986 -105.7897 9,816 06/25/2013 Y Y Tertiary volcanics
GW 332123105405201 W39 Rio Ruidoso NA 33.3564 -105.6810 6,945 06/24/2013 Y Y Cretaceous shales and sandstones
GW  332635105401001 W40 Rio Bonito  NA 33.4430 -105.6693 7,017 05/07/2013 Y Y Tertiary volcanics
GW  332437105265601 W41 Rio Ruidoso NA 33.4102 -105.4489 5,857 06/25/2013 Y Y Permian regional aquifer system
GW 332929105232501 W42 Rio Bonito  NA 33.4915 -105.3901 5,784 05/09/2013 Y Y Permian regional aquifer system

ISite 332355105270701 was sampled for stable isotopes only.
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Tritium values are reported in tritium units (TU), where
1 TU is defined as one *H atom in 10" atoms of hydrogen.
Tritium values indicate whether or not a groundwater
sample contains a fraction of young (post-1950s) recharge,
with values less than 0.2 TU representing groundwater
that recharged prior to nuclear weapons testing, based on
maximum prebomb initial activities of 7 TU (Solomon and
Cook, 2001) and a decay time of 61 years (1952-2013) using
the equation:
A=A4,-(0.6934T,,) 2)
where
A is the final activity in 2013 (the year samples
were collected);
A, is the initial activity (the prebomb maximum
in 1952);
t s the decay time, in years; and
T is the half-life of tritium, 12.26 years.

12

Groundwater samples with *H values of 0.2 TU or greater
are likely to include some component of young (post-1950s)
water but could also include a fraction of much older water as
indicated by the concentrations of "“C.

All "*C measurements are reported by the laboratory
as absolute percent Modern (pM), which means that the
laboratory results have been normalized for supposed
carbon-13 (**C) isotopic fractionation from an assumed initial
value of -25 per mil to the measured '°C of the sample.
For groundwater age-dating analysis, normalized values
do not accurately reflect most of the geochemical reactions
that cause isotopic variation in §"*C of dissolved inorganic
carbon (Plummer and others, 2012); therefore, for this study,
C results were converted to percent modern carbon (pmC)
(nonnormalized) using the equations outlined in Plummer and
others (2012). Nonnormalized “C values in pmC were used
to calculate an unadjusted radiocarbon age in years before
present relative to 1950 (t, dj_) using the equation:

Lag, = (5568/In 2) *In(4,/"C )-((»-1950)/1.029)  (3)
where
A,  isthe initial *C activity in pmC at the time of
recharge;
(O is the measured concentration of *C, in pmC;
and

y is the year of sample collection.

It was assumed that the initial 4,is 100 pmC because not
enough data are available to determine the actual 4, in

the study area, which may be influenced by geochemical
processes occurring during recharge. In addition, modeling
of geochemical reactions in the aquifer and resulting mass
transfers were not feasible because the sampled wells are
not located along clearly defined flow paths as a result of
variations in well depths, in local geology, and in proximity
of the wells to potential recharge sources. Because most

Introduction 15

geochemical reactions that affect dissolved inorganic carbon
lower the concentration of '“C that would be measured in
groundwater samples, not accounting for these reactions
generally results in calculated ages being too old. Therefore,
the assumption that 4,is 100 pmC along with the lack of
correction for geochemical mass transfers means that the
calculated unadjusted radiocarbon ages reported in this
study should be interpreted as maximum values. Without
geochemical modeling, the extent to which the unadjusted
radiocarbon ages might overestimate actual groundwater ages
cannot be accurately quantified.

Radioisotope samples were collected from seven
groundwater wells in the upper Rio Hondo Basin between
May and June 2013. Samples for *H were collected without
filtering or preservation and were sent to the USGS Menlo
Park Tritium Laboratory in Menlo, California, for analysis
(Thatcher and others, 1977). Samples for '“C were collected
through a 0.45-micrometer (um) filter and shipped to the
Woods Hole Oceanographic Institution in Woods Hole,
Massachusetts, for analysis (National Ocean Sciences
Accelerator Mass Spectrometry Facility, 2010).

Water Quality

Water-quality samples were collected from 10 surface-
water sites and 8 groundwater wells (table 4). Unfiltered and
filtered surface-water samples were collected in July 2012
and July 2013 after postfire monsoon rain events. Samples
were collected during July 11-12, 2012, after 3.6 inches of
precipitation were recorded on July 611, 2012, and during
July 22-23, 2013, after 1.5 inches of precipitation were
recorded on July 18-22, 2013, at the Sierra Blanca SNOTEL
climate station (CL2) (Natural Resources Conservation
Service, 2014). Unfiltered and filtered surface-water samples
were also collected during periods of relatively stable
hydrologic conditions (small change in streamflow prior
to sampling and outside of monsoon season) in April and
November 2013 (fig. 7; table 4). Samples were collected
at sites located downstream from burned and unburned
watersheds (fig. 6B8). For the purposes of comparison, all
sites located in the Rio Bonito watershed (S1, S2, S3, and
S4) and on Eagle Creek (S9) were considered to be within
burned watersheds. Three sites located on the Rio Ruidoso
(S5, S6, and S7) were considered to be within an unburned
watershed despite potentially receiving a small contribution of
streamflow from the burned area. The remaining sites on the
Rio Ruidoso (S8) and the Rio Hondo (S10) were considered
partially burned and were not used for comparison (fig. 6B8).

Standard USGS protocols were used to collect and
process surface-water and groundwater samples (U.S.
Geological Survey, 2006). Surface-water samples were
collected using grab or equal-width increment methods,
depending on streamflow conditions. Filtered groundwater
samples were collected after purging at least three casing
volumes (calculated from the height of water column and the
well casing diameter) of water, or, if purging was not possible,
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Figure 7. Daily mean streamflow for Rio Ruidoso at Hollywood, New Mexico (08387000; S6), January 1, 2012-December 31, 2013, and

water-quality sampling dates, upper Rio Hondo Basin, Lincoln County, N. Mex.

it was ensured that the pressure tank had been completely
emptied and that field measurements (water temperature,
pH, specific conductance, and dissolved oxygen [DO]) had
stabilized prior to sampling (U.S. Geological Survey, 2006).
Groundwater samples were collected before any pressure
tanks and water-treatment systems for wells with installed
pumps (wells W9, W35, W38, W39, W40, W41, and W42).
Well W26 did not have an installed pump and was sampled
using a submersible piston pump equipped with Teflon-lined
tubing (U.S. Geological Survey, 2006).

Field measurements (temperature, pH, specific
conductance, and DO) were made onsite (or in the field),
and major ions, trace elements, nutrients, alkalinity, and
turbidity were analyzed in each water sample at the laboratory.
Field measurements were made prior to sample collection
and alkalinity values were measured in the field and in the
laboratory by digital titration methods (Rounds, 2006).

Samples analyzed for dissolved major-ion, trace-element,
and nutrient analyses were filtered through a 0.45-pm filter
that was preconditioned in the field with 2 liters (L) of
deionized water and acidified to pH less than 2 (if necessary).
Filtered and unfiltered samples were shipped to the USGS
National Water Quality Laboratory (NWQL) in Lakewood,
Colorado, for analysis (Fishman and Friedman, 1989;
Fishman, 1993; Gabarino, 2006). The USGS NWQL reports
concentrations as quantitative, estimated (semiquantitative),
or censored (nonquantitative) (Childress and others, 1999).
Quantitative results are reported with no accompanying
remark and are equal to or greater than the laboratory

reporting level (LRL). The LRL is defined as two times the
long-term method detection level (LT-MDL). In general, when
an analyte is not detected or is detected at a concentration less
than the LT-MDL, the laboratory reports the analyte as less
than (remark code of ““<”) the LRL, which limits the chance
of a false negative result to no greater than 1 percent. Results
for analytes that are detected at concentrations between the
LT-MDL and the LRL are reported as estimated (remark code
of “E”).

Quality-Control Samples

In addition to environmental samples, quality-control
samples (two field blanks and a replicate sample) were
collected in the field during sampling to evaluate potential
contamination and variability of results. A surface-water
field blank was collected on April 4, 2013 (site S2), and a
groundwater field blank was collected using the portable
submersible sample pump on June 26, 2013 (well W26)

(fig. 6B). Field blanks were prepared using NWQL certified
inorganic blank water that was passed through the sampling
equipment and filter, then processed and analyzed as a regular
environmental sample. Constituents in the surface-water field
blank did not exceed LRLs, except for unfiltered calcium and
filtered fluoride, manganese, and dissolved organic carbon
(DOC), which were measured at 0.022 milligrams per liter
(mg/L), 0.08 mg/L (estimated), 0.894 micrograms per liter
(ng/L), and 79.5 mg/L, respectively (table 5). Dissolved
organic carbon was collected by a separate filtration method
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Table 5. Results from field blanks and replicate water-quality samples collected in the upper Rio Hondo Basin, Lincoln County, New
Mexico.

[E, estimated; --, not available; uS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; <, less than; mg/L, milligrams per liter; CaCO,, calcium
carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Field blanks Replicate
Constituent Surface- Ground- Environmental Replicate Relative
water water s percent
blank’ blank? result result’ difference

pH, unfiltered, lab (standard units) E6.6 -- 7.8 7.8 0.0
Specific conductance, unfiltered, lab (uS/cm at 25 °C) <5 <5 1,680 1,680 0.0
Dissolved solids dried at 180 degrees Celsius, filtered (mg/L) <20 <20 1,240 1,300 4.7
Calcium, filtered (mg/L) <0.022 0.518 285 277 2.8
Calcium, unfiltered (mg/L) 0.022 -- 262 270 3.0
Magnesium, filtered (mg/L) <0.011 0.035 62.1 61.4 1.1
Magnesium, unfiltered (mg/L) <0.007 -- 65.6 63.4 34
Potassium, filtered (mg/L) <0.004 <0.004 1.49 1.44 34
Potassium, unfiltered (mg/L) <0.015 -- 1.94 1.87 3.7
Sodium, filtered (mg/L) <0.06 <0.06 39.8 39.6 0.5
Sodium, unfiltered, (mg/L) <0.06 -- 44.6 42.6 4.6
Alkalinity, lab (mg/L as CaCO,) <4.6 <4.6 216 216 0.0
Alkalinity, field (mg/L as CaCO,) -- -- 211 212 0.5
Chloride, filtered (mg/L) <0.06 <0.06 56.9 57.8 1.6
Fluoride, filtered (mg/L) E0.08 <0.01 0.52 0.48 8.0
Silica, filtered (mg/L as SiO,) <0.060 0.139 16.9 16.9 0.0
Silica, unfiltered (mg/L as SiO,) <0.018 -- 222 222 0.0
Sulfate, filtered (mg/L) <0.090 0.124 702 716 2.0
Ammonia + organic nitrogen, filtered (mg/L as N) <0.07 <0.07 0.10 0.08 222
Ammonia + organic nitrogen, unfiltered (mg/L as N) <0.07 -- 0.34 0.30 12.5
Ammonia, filtered (mg/L as N) <0.010 <0.010 0.032 0.032 0.0
Nitrate + nitrite, filtered (mg/L as N) <0.01 <0.01 0.51 0.51 0.0
Nitrite, filtered (mg/L as N) <0.0010 <0.0010 0.003 0.003 0.0
Orthophosphate, filtered (mg/L as P) <0.004 <0.004 0.015 <0.004 -

Phosphorus, filtered (mg/L as P) <0.003 <0.003 0.011 0.012 8.7
Phosphorus, unfiltered (mg/L as P) <0.004 -- 0.088 0.085 3.5
Aluminum, filtered (png/L) <2.2 <22 2.2 <22 -

Aluminum, unfiltered (pg/L) <3.80 -- 1,800 1,160 43.2
Cadmium, filtered (ng/L) <0.016 <0.016 <0.016 <0.016 --

Cadmium, unfiltered (png/L) <0.016 -- <0.048 0.057 -

Copper, filtered (ng/L) <0.80 <0.80 <0.80 <0.80 --

Copper, unfiltered, (ng/L) <0.70 -- 1.2 1.7 345
Iron, filtered (ng/L) <4.0 <4.0 <4.0 <4.0 -

Iron, unfiltered, (ng/L) <4.6 -- 1,360 1,270 6.8
Lead, filtered (ng/L) <0.025 <0.025 <0.025 <0.025 -

Lead, unfiltered, (ug/L) <0.040 -- 1.38 1.26 9.1
Manganese, filtered (ug/L) 0.894 0.311 85.8 84.9 1.1
Manganese, unfiltered, recoverable (ng/L) <0.400 -- 123 99.6 21.0
Zinc, filtered (ng/L) <1.4 <1.4 <1.4 <l.4 --

Zinc, unfiltered, (ug/L) <3.0 -- 43 4.46 3.7
Arsenic, filtered (ug/L) <0.04 <0.04 0.55 0.53 3.7
Arsenic, unfiltered (ng/L) <0.28 -- 1.9 2.3 19.0
Organic carbon, filtered (mg/L) 79.5 <0.23 0.78 0.87 10.9
Organic carbon, unfiltered (mg/L) <0.050 -- 34 3.6 5.7
Uranium (natural), filtered (ug/L) <0.004 <0.004 1.45 1.43 1.4
Uranium (natural), unfiltered (png/L) <0.014 -- 1.76 1.68 4.7

!Surface-water blank taken from site S2 (table 4) on April 4, 2013.
*Groundwater blank taken from well W26 (table 4) on June 26, 2013.
3Replicate taken from site S10 (table 4) on July 23, 2013.
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than the other dissolved constituents. It was determined

that rinsing procedures for this filtration method were
inadequate for DOC filtration, and contamination likely
affected all environmental samples from April 2013, resulting
in the rejection of these DOC results. Constituents in the
groundwater field blank did not exceed LRLs, except for
trace amounts (< 1.0 mg/L) of filtered calcium, magnesium,
silica, sulfate, and manganese (table 5). The concentrations
of filtered calcium, magnesium, sulfate, and manganese in

the field blank were less than the concentrations measured

in the environmental sample collected at the same well,
indicating that possible contamination likely did not

affect the concentrations in the environmental sample. For
example, although filtered calcium was measured in the
groundwater field blank at 0.518 mg/L, it was measured in the
environmental sample to be 508 mg/L (table 6). Detections

in the groundwater field blank could have resulted from the
additional equipment used at W26 (submersible piston pump
equipped with Teflon-lined tubing), which had been stored for
a long period of time prior to sampling. The other groundwater
wells did not require a pump for sampling, making it unlikely
that any introduced contamination was present in other
groundwater samples.

A sequential surface-water replicate sample was collected
on July 23,2013, at site S10 to evaluate variability in the
stream, processing procedures, and analytical precision. A
sequential surface-water replicate is a type of sample that is
collected immediately after the environmental sample such
that the samples are thought to be of the same composition.
The relative percent difference (RPD) was used to determine
differences in detected constituent concentrations for the
replicate samples. The RPD was calculated as {(a—b) / [(a+D)
/2]}% 100, where a and b are concentrations in each replicate

pair. Generally, the absolute value of the RPD between
replicate samples was less than 10 percent, with a mean RPD
of 7 percent. The calculated RPDs for some trace elements
and nutrients ranged as much as 43.2 percent, with RPDs for
selected trace elements exceeding 20 percent. The RPDs for
trace elements that exceeded 20 percent were observed for
unfiltered manganese (21.0 percent), copper (34.5 percent),
and aluminum (43.2 percent) and filtered ammonia + organic
nitrogen (22.2 percent). The RPDs for constituents that
exceeded 10 percent, but were less than 20 percent, were
observed for unfiltered ammonia + organic nitrogen (12.5
percent) and arsenic (19.0 percent) and filtered organic
carbon (10.9 percent) (table 5). These larger RPDs may have
been due to variability in stream concentrations over time,
sample processing, analytical precision, or low constituent
concentrations (near the reporting level). Instantaneous
streamflow-gage height data at the sampling site (S10) show
that stage was stable between the time of collection of the
environmental and replicate samples. General agreement
(mostly less than 10 percent RPD) between these samples
indicates that the environmental sample was representative of
the river under stable conditions.

Water-quality results also revealed some uncertainty
with laboratory reporting for selected parameters. For most
groundwater samples, orthophosphate concentrations were
greater than phosphorus concentrations. This may be due to
the methods or reporting levels used by the laboratory for
these constituents. In addition, results for some constituents
showed greater concentrations in filtered samples when
compared to unfiltered samples. These differences were
generally small and within allowable laboratory error
(10 percent) (table 6).
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New

Mexico.

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; pS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Ma
It_Jcatip(_m Watershed Burned or Hydrologic Sample Streamflow Dissolved  pH, field pH, lab
|dt_znl|- name unburned condition date Time (f/s) oxygen (stan_dard (stan_dard
fier watershed (mm/dd/yyyy) (mg/L) units) units)
(table 4)
S1 Rio Bonito ~ Burned after rain event  07/11/2012  12:20 p.m. -- 6.5 8.2 7.7
S1 Rio Bonito  Burned stable 04/04/2013  11:30 a.m. 5.0 13.8 7.8 8.2
S1 Rio Bonito ~ Burned after rain event  07/22/2013  11:00 a.m. 1.4 7.1 7.9 8.3
S1 Rio Bonito ~ Burned stable 11/04/2013  2:00 p.m. 0.9 8.8 7.9 8.2
S2 Rio Bonito  Burned afterrainevent  07/11/2012  1:45 p.m. -- 4.4 8.1 7.6
S2 Rio Bonito  Burned stable 04/04/2013  10:15 a.m. -- 10.5 7.7 8.2
S2 Rio Bonito  Burned after rain event  07/22/2013  2:00 p.m. -- 5.9 8.4 8.5
S2 Rio Bonito ~ Burned stable 11/05/2013  8:00 a.m. 0.8 8.1 8.0 8.1
S3 Rio Bonito  Burned after rain event  07/12/2012  10:15 am. -- 5.9 8.0 7.6
S4 Rio Bonito  Burned after rain event  07/11/2012  6:30 p.m -- 6.5 8.1 7.8
S4 Rio Bonito  Burned stable 04/03/2013  11:20 a.m. 1.3 10.4 8.4 8.1
S4 Rio Bonito ~ Burned after rain event  07/23/2013  11:45 a.m. 1.7 7.6 7.5 7.9
S4 Rio Bonito  Burned stable 11/06/2013  8:15 am. 4.2 10.0 8.5 8.2
S5 Rio Ruidoso Unburned after rain event  07/12/2012  8:15 am. 1.1 8.6 7.2 8.0
S5 Rio Ruidoso Unburned stable 04/02/2013  10:15 a.m. 1.2 9.8 7.8 8.1
S5 Rio Ruidoso  Unburned stable 11/05/2013  11:15 am. 1.1 8.2 7.5 8.5
S6 Rio Ruidoso Unburned after rain event  07/11/2012  8:30 a.m. 11.0 7.6 7.7 8.1
S6 Rio Ruidoso  Unburned stable 04/02/2013  12:30 p.m. 6.6 10.3 8.4 8.2
S6 Rio Ruidoso Unburned stable 11/05/2013  12:45 p.m. 9.5 7.7 7.9 8.2
S7 Rio Ruidoso Unburned afterrainevent  07/11/2012  3:30 p.m. -- 6.7 8.1 8.2
S7 Rio Ruidoso  Unburned stable 04/02/2013  3:10 p.m. 4.1 14.9 8.9 8.3
S7 Rio Ruidoso Unburned stable 11/05/2013  2:30 p.m. 8.3 7.9 7.3 8.3
S8 Rio Ruidoso Partially burned  after rain event  07/11/2012  5:40 p.m. -- 6.1 7.7 7.8
S8 Rio Ruidoso Partially burned  stable 04/03/2013  2:15 p.m. 1.6 10.2 7.9 8.0
S8 Rio Ruidoso Partially burned  stable 11/06/2013  12:45 p.m. 5.9 9.3 8.1 7.8
S9 Rio Ruidoso Burned after rain event  07/11/2012  10:34 am. -- 6.9 8.2 8.1
S9 Rio Ruidoso Burned after rain event  07/22/2013  4:15 p.m. 0.6 6.7 8.0 8.3
S10  RioHondo  Partially burned  stable 04/03/2013  3:45 p.m. 9.6 7.8 7.8 7.9
S10  RioHondo  Partially burned  after rain event  07/23/2013  8:30 a.m. 33 7.8 7.7 7.8
S10  RioHondo  Partially burned  stable 11/06/2013  11:00 a.m. 25.0 9.6 7.8 7.9
W9  RioBonito NA NA 05/08/2013  10:10 a.m. -- 0.5 6.4 -
W26 Rio Ruidoso NA NA 06/26/2013  5:00 p.m. -- 1.1 6.4 --
W35 RioBonito NA NA 05/09/2013  12:20 p.m. - 1.0 6.6 -
W38 Rio Ruidoso NA NA 06/25/2013  10:45 a.m. -- 1.3 6.8 --
W39 Rio Ruidoso NA NA 06/24/2013  2:45 p.m. -- 9.8 6.4 --
W40 Rio Bonito  NA NA 05/07/2013  11:20 a.m. - 0.8 6.6 -
W41  Rio Ruidoso NA NA 06/25/2013  4:30 p.m. -- 5.4 7.6 --
W42  Rio Bonito NA NA 05/09/2013  9:50 a.m. - 4.2 7.0 -
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; puS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Specific  Specific
Map Burned or _ Sample conduc- conduc-  Water N
location Watershed Hydrologic . tance, tance, tempera- Turbidity
identifier  name unburned condition date Time field lab tre  (NTRU)
(table 4) watershed (mmy/dd/yyyy) (pS/cmat  (pS/cm at (°C)
25 °C) 25°C)
S1 Rio Bonito Burned after rain event 07/11/2012  12:20 p.m. 464 543 23.9 410
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 525 472 9.5 <2.0
S1 Rio Bonito Burned after rain event 07/22/2013  11:00 a.m. 406 411 19.4 56
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. 627 620 11.4 --
S2 Rio Bonito Burned after rain event 07/11/2012  1:45 p.m. 805 834 23.2 950
S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. 854 868 10.4 <2.0
S2 Rio Bonito Burned after rain event 07/22/2013  2:00 p.m. 918 928 33.6 400
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. 838 829 8.1 --
S3 Rio Bonito Burned after rain event 07/12/2012  10:15 a.m. 888 913 18.2 2,060
S4 Rio Bonito Burned after rain event 07/11/2012  6:30 p.m 1,120 1,120 243 4,090
S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. 1,350 1,350 11.1 E3.7
S4 Rio Bonito Burned after rain event 07/23/2013  11:45 a.m. 1,910 1,950 20.7 23
S4 Rio Bonito Burned stable 11/06/2013  8:15 a.m. 1,510 1,490 6.8 -
S5 Rio Ruidoso ~ Unburned after rain event 07/12/2012  8:15 a.m. 381 385 13.9 59
S5 Rio Ruidoso ~ Unburned stable 04/02/2013  10:15 a.m. 296 302 6.0 E9.5
S5 Rio Ruidoso ~ Unburned stable 11/05/2013  11:15 am. 325 322 8.8 --
S6 Rio Ruidoso ~ Unburned after rain event 07/11/2012  8:30 a.m. 1,120 1,140 16.0 150
S6 Rio Ruidoso ~ Unburned stable 04/02/2013  12:30 p.m. 1,050 1,060 11.0 E2.7
S6 Rio Ruidoso ~ Unburned stable 11/05/2013  12:45 p.m. 1,300 1,280 12.3 -
S7 Rio Ruidoso ~ Unburned after rain event 07/11/2012  3:30 p.m. 1,560 1,550 24.3 45
S7 Rio Ruidoso ~ Unburned stable 04/02/2013  3:10 p.m. 1,940 2,000 18.9 <2.0
S7 Rio Ruidoso ~ Unburned stable 11/05/2013  2:30 p.m. 1,640 1,610 14.7 -
S8 Rio Ruidoso  Partially burned  after rain event 07/11/2012  5:40 p.m. 1,350 1,340 21.1 2,270
S8 Rio Ruidoso  Partially burned  stable 04/03/2013  2:15 p.m. 1,870 1,920 16.6 <2.0
S8 Rio Ruidoso  Partially burned  stable 11/06/2013  12:45 p.m. 1,970 1,950 12.0 --
S9 Rio Ruidoso ~ Burned after rain event 07/11/2012  10:34 a.m. 612 629 20.2 E4.5
S9 Rio Ruidoso  Burned after rain event 07/22/2013  4:15 p.m. 369 376 21.6 89
S10 Rio Hondo Partially burned  stable 04/03/2013  3:45 p.m. 1,600 1,640 17.4 <2.0
S10 Rio Hondo Partially burned  after rain event 07/23/2013  8:30 a.m. 1,650 1,680 17.6 36
S10 Rio Hondo Partially burned  stable 11/06/2013  11:00 a.m. 1,720 1,680 134 -
W9 Rio Bonito NA NA 05/08/2013  10:10 a.m. 1,300 1,310 17.4 --
W26 Rio Ruidoso  NA NA 06/26/2013  5:00 p.m. 2,760 3,050 15.1 --
W35 Rio Bonito NA NA 05/09/2013  12:20 p.m. 1,830 1,830 18.4 -
W38 Rio Ruidoso  NA NA 06/25/2013  10:45 a.m. 771 797 8.8 --
W39 Rio Ruidoso  NA NA 06/24/2013  2:45 p.m. 1,460 1,560 11.5 --
W40 Rio Bonito NA NA 05/07/2013  11:20 a.m. 2,320 2,250 14.7 -
W41 Rio Ruidoso  NA NA 06/25/2013  4:30 p.m. 1,570 1,570 17.7 -
w42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 1,790 1,800 15.2 -
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; pS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Dissolved

Ioa’::ipon Watershed Burned or Hydrologic Sample _ solids d:ied HT\:::?S' C?Icium, Ca!cium,

identifier name unburned condition date Time at_180 C. (mg/L as filtered unfiltered
(table 4) watershed (mm/dd/yyyy) filtered CaC0.) (mg/L)  (mg/L)

(mg/L) :

S1 Rio Bonito Burned afterrainevent ~ 07/11/2012  12:20 p.m. 381 256 79.8 93.3
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 312 211 63.6 63.1
S1 Rio Bonito Burned after rain event  07/22/2013  11:00 a.m. 266 179 54.3 55.2
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. 424 284 85.8 87.9
S2 Rio Bonito Burned after rainevent  07/11/2012  1:45 p.m. 660 431 138 168
S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. 596 425 127 124
S2 Rio Bonito Burned after rainevent ~ 07/22/2013  2:00 p.m. 633 448 135 142
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. 502 397 118 117
S3 Rio Bonito Burned after rain event ~ 07/12/2012  10:15 am. 718 463 146 212
S4 Rio Bonito Burned after rainevent  07/11/2012  6:30 p.m 884 569 174 231
S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. 1,060 638 164 200
S4 Rio Bonito Burned after rain event 07/23/2013  11:45 am. 1,520 1,070 310 319
S4 Rio Bonito Burned stable 11/06/2013  8:15 a.m. 1,130 834 232 221
S5 Rio Ruidoso Unburned afterrainevent  07/12/2012  8:15 a.m. 260 155 49.8 51.1
S5 Rio Ruidoso Unburned stable 04/02/2013  10:15 a.m. 172 105 343 33.9
S5 Rio Ruidoso Unburned stable 11/05/2013  11:15 am. 197 119 383 38.9
S6 Rio Ruidoso Unburned afterrainevent  07/11/2012  8:30 a.m. 855 551 158 158
S6 Rio Ruidoso Unburned stable 04/02/2013  12:30 p.m. 746 524 149 142
S6 Rio Ruidoso Unburned stable 11/05/2013  12:45 p.m. 835 609 172 177
S7 Rio Ruidoso Unburned after rain event ~ 07/11/2012  3:30 p.m. 1,200 744 221 215
S7 Rio Ruidoso Unburned stable 04/02/2013  3:10 p.m. 1,470 713 194 225
S7 Rio Ruidoso Unburned stable 11/05/2013  2:30 p.m. 1,120 783 226 214
S8 Rio Ruidoso Partially burned  after rain event ~ 07/11/2012  5:40 p.m. 1,070 713 217 352
S8 Rio Ruidoso Partially burned  stable 04/03/2013  2:15 p.m. 1,620 1,070 303 298
S8 Rio Ruidoso Partially burned  stable 11/06/2013  12:45 p.m. 1,510 1,100 316 306
S9 Rio Ruidoso Burned afterrainevent ~ 07/11/2012  10:34 a.m. 458 320 101 94.6
S9 Rio Ruidoso Burned after rain event  07/22/2013  4:15 p.m. 233 152 48.0 49.3
S10 Rio Hondo Partially burned  stable 04/03/2013  3:45 p.m. 1,320 884 253 262
S10 Rio Hondo Partially burned  after rain event ~ 07/23/2013  8:30 a.m. 1,240 967 285 262
S10 Rio Hondo Partially burned  stable 11/06/2013  11:00 a.m. 1,290 961 276 265
w9 Rio Bonito NA NA 05/08/2013  10:10 a.m. 990 648 170 --
W26 Rio Ruidoso NA NA 06/26/2013  5:00 p.m. 2,490 1,610 508 -
W35 Rio Bonito NA NA 05/09/2013  12:20 p.m. 1,630 1,130 331 -
W38 Rio Ruidoso NA NA 06/25/2013  10:45 a.m. 497 305 78.0 -
W39 Rio Ruidoso NA NA 06/24/2013  2:45 p.m. 1,040 710 204 -
W40 Rio Bonito NA NA 05/07/2013  11:20 a.m. 1,510 659 186 -
W4l Rio Ruidoso NA NA 06/25/2013  4:30 p.m. 1,180 772 216 --
w42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 1,540 994 277 -
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; puS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Map

Mag- Mag- Potas-

location Watershed Burned or Hydrologic Sample . nesium,  nesium, sium, Pota,ssium,

identifier name unburned condition date Time filtered unfiltered filtered unfiltered
(table 4) watershed (mm/dd/yyyy) (mg/L) (mg/L) (mg/L) (mg/L)
S1 Rio Bonito Burned after rain event 07/11/2012  12:20 p.m.  13.9 18.0 6.75 9.53
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 12.7 11.9 1.43 1.45
S1 Rio Bonito Burned after rain event  07/22/2013 11:00 a.m. 10.5 10.6 2.23 2.64
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. 17.0 17.0 1.62 1.70
S2 Rio Bonito Burned after rain event 07/11/2012  1:45 p.m. 20.8 34.1 18.0 24.5
S2 Rio Bonito Burned stable 04/04/2013 10:15a.m.  26.1 24.8 1.77 1.72
S2 Rio Bonito Burned after rain event 07/22/2013  2:00 p.m. 26.8 30.3 3.35 5.24
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. 24.5 239 2.04 2.07
S3 Rio Bonito Burned after rain event 07/12/2012  10:15a.m.  23.7 443 16.3 26.2
S4 Rio Bonito Burned after rain event 07/11/2012  6:30 p.m 32.6 49.6 13.3 21.7
S4 Rio Bonito Burned stable 04/03/2013  11:20am.  55.6 54.8 1.55 1.53
S4 Rio Bonito Burned after rain event 07/23/2013  11:45am. 722 73.5 1.84 2.12
S4 Rio Bonito Burned stable 11/06/2013  8:15 a.m. 61.9 58.7 1.95 1.90
S5 Rio Ruidoso Unburned after rain event 07/12/2012  8:15 am. 7.42 7.58 3.68 3.97
S5 Rio Ruidoso Unburned stable 04/02/2013  10:15 a.m. 4.76 5.32 1.17 1.21
S5 Rio Ruidoso Unburned stable 11/05/2013  11:15 am. 5.77 6.10 1.14 1.18
S6 Rio Ruidoso Unburned after rain event 07/11/2012  8:30 am. 37.8 39.0 3.14 3.89
S6 Rio Ruidoso Unburned stable 04/02/2013  12:30 p.m.  36.8 35.0 1.45 1.37
S6 Rio Ruidoso Unburned stable 11/05/2013  12:45p.m.  43.6 434 1.90 1.96
S7 Rio Ruidoso Unburned after rain event 07/11/2012  3:30 p.m. 46.7 50.7 6.23 6.67
S7 Rio Ruidoso Unburned stable 04/02/2013  3:10 p.m. 55.6 54.4 10.4 10.3
S7 Rio Ruidoso Unburned stable 11/05/2013  2:30 p.m. 52.8 51.8 5.02 4.93
S8 Rio Ruidoso Partially burned  after rain event 07/11/2012  5:40 p.m. 41.5 70.8 3.90 8.14
S8 Rio Ruidoso Partially burned  stable 04/03/2013  2:15 p.m. 76.1 70.7 1.62 1.49
S8 Rio Ruidoso Partially burned  stable 11/06/2013  12:45p.m.  75.7 74.1 1.97 1.93
S9 Rio Ruidoso Burned after rain event  07/11/2012 10:34 am. 16.4 16.0 11.2 10.8
S9 Rio Ruidoso Burned after rain event 07/22/2013  4:15 p.m. 7.76 8.56 3.55 4.08
S10 Rio Hondo Partially burned  stable 04/03/2013  3:45 p.m. 61.2 60.0 1.36 1.42
S10 Rio Hondo Partially burned  after rain event 07/23/2013  8:30 a.m. 62.1 65.6 1.49 1.94
S10 Rio Hondo Partially burned  stable 11/06/2013 11:00 am. 65.8 64.9 1.75 1.81
W9 Rio Bonito NA NA 05/08/2013  10:10am.  54.2 -- 1.59 --
W26 Rio Ruidoso NA NA 06/26/2013  5:00 p.m. 82.8 - 2.29 -
W35 Rio Bonito NA NA 05/09/2013  12:20p.m. 744 -- 1.23 --
W38 Rio Ruidoso NA NA 06/25/2013  10:45am.  26.7 -- 0.89 --
W39 Rio Ruidoso NA NA 06/24/2013  2:45 p.m. 48.6 - 1.08 -
W40 Rio Bonito NA NA 05/07/2013  11:20 am. 474 -- 2.08 --
W41 Rio Ruidoso NA NA 06/25/2013  4:30 p.m. 56.3 -- 1.45 --
w42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 73.5 - 1.42 -
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued
[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; pS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]
Ioa’:::ipon Watershed Burned or Hydrologic Sample . ads:odr:)utii]:m S_odium, So_dium,
identifier name unburned condition date Time ratio filtered unfiltered,
(table 4) watershed (mm/dd/yyyy) (number) (mg/L) (mg/L)
S1 Rio Bonito Burned after rainevent  07/11/2012  12:20 p.m. 0.36 13.3 13.5
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 0.37 12.4 12.4
S1 Rio Bonito Burned after rain event  07/22/2013  11:00 a.m. 0.38 11.6 11.1
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. 0.47 18.3 18.2
S2 Rio Bonito Burned after rain event  07/11/2012  1:45 p.m. 0.34 16.3 16.6
S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. 0.57 27.2 28.1
S2 Rio Bonito Burned after rain event  07/22/2013  2:00 p.m. 0.68 333 32.0
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. 0.64 29.3 28.4
S3 Rio Bonito Burned after rain event  07/12/2012  10:15 a.m. 0.45 22.4 223
S4 Rio Bonito Burned after rainevent  07/11/2012  6:30 p.m 0.61 333 32.8
S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. 0.65 37.9 38.9
S4 Rio Bonito Burned after rain event  07/23/2013  11:45 am. 0.73 55.0 57.5
S4 Rio Bonito Burned stable 11/06/2013  8:15 a.m. 0.72 479 454
S5 Rio Ruidoso Unburned after rain event  07/12/2012  8:15 am. 0.63 18.0 17.4
S5 Rio Ruidoso Unburned stable 04/02/2013  10:15 a.m. 0.65 15.2 15.6
S5 Rio Ruidoso Unburned stable 11/05/2013  11:15 a.m. 0.61 15.3 15.4
S6 Rio Ruidoso Unburned after rain event  07/11/2012  8:30 a.m. 0.82 44.1 44.0
S6 Rio Ruidoso Unburned stable 04/02/2013  12:30 p.m. 0.78 40.9 42.0
S6 Rio Ruidoso Unburned stable 11/05/2013  12:45 p.m. 0.96 54.4 54.8
S7 Rio Ruidoso Unburned after rain event  07/11/2012  3:30 p.m. 1.21 75.7 78.2
S7 Rio Ruidoso Unburned stable 04/02/2013  3:10 p.m. 2.12 130 137
S7 Rio Ruidoso Unburned stable 11/05/2013  2:30 p.m. 1.31 84.3 80.3
S8 Rio Ruidoso Partially burned after rain event  07/11/2012  5:40 p.m. 0.67 40.9 41.4
S8 Rio Ruidoso Partially burned stable 04/03/2013  2:15 p.m. 0.77 57.5 58.1
S8 Rio Ruidoso Partially burned stable 11/06/2013  12:45 p.m. 0.9 68.7 67.6
S9 Rio Ruidoso Burned after rain event  07/11/2012  10:34 a.m. 0.32 13.1 12.8
S9 Rio Ruidoso Burned after rain event  07/22/2013  4:15 p.m. 0.45 12.9 12.6
S10 Rio Hondo Partially burned stable 04/03/2013  3:45 p.m. 0.61 41.7 41.8
S10 Rio Hondo Partially burned after rain event  07/23/2013  8:30 a.m. 0.56 39.8 44.6
S10 Rio Hondo Partially burned stable 11/06/2013  11:00 a.m. 0.72 51.4 49.8
W9 Rio Bonito NA NA 05/08/2013  10:10 a.m. 0.84 48.9 --
W26 Rio Ruidoso NA NA 06/26/2013  5:00 p.m. 0.87 80.5 --
W35 Rio Bonito NA NA 05/09/2013  12:20 p.m. 0.38 29.5 --
W38 Rio Ruidoso NA NA 06/25/2013  10:45 a.m. 0.77 31.0 --
W39 Rio Ruidoso NA NA 06/24/2013  2:45 p.m. 1.07 65.5 -
W40 Rio Bonito NA NA 05/07/2013  11:20 a.m. 4.12 243 --
W4l Rio Ruidoso NA NA 06/25/2013  4:30 p.m. 0.9 57.6 --
w42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 0.76 54.9 --
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; puS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Map

Alkalin-

Alkalin-

location Watershed Burned or Hydrologic Sample . ity, lab ity, field Cl_lloride, FI_uoride,

identifier name unburned condition date Time (mg/Las (mg/Las filtered filtered

(table 4) watershed (mm/dd/yyyy) CaC0)  CaCO,) (mg/L) (mg/L)
S1 Rio Bonito Burned after rain event  07/11/2012  12:20 p.m. 142 -- 12.2 0.68
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 86.9 86.3 13.3 --
S1 Rio Bonito Burned after rain event  07/22/2013  11:00 a.m. 95.8 90 10.9 0.82
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. 128 122 20.4 0.41
S2 Rio Bonito Burned after rain event  07/11/2012  1:45 p.m. 243 -- 16.1 0.39
S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. 232 227 32.7 --
S2 Rio Bonito Burned after rain event  07/22/2013  2:00 p.m. 270 262 339 0.51
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. 193 185 40.6 0.38
S3 Rio Bonito Burned after rain event  07/12/2012  10:15 am. 238 -- 29.4 0.40
S4 Rio Bonito Burned after rain event  07/11/2012  6:30 p.m 214 -- 49.8 0.48
S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. 160 181 51.5 -
S4 Rio Bonito Burned after rain event  07/23/2013  11:45 a.m. 232 226 56.7 0.55
S4 Rio Bonito Burned stable 11/06/2013  8:15 a.m. 195 192 62.1 0.71
S5 Rio Ruidoso Unburned after rain event  07/12/2012  8:15 am. 109 -- 23.0 0.27
S5 Rio Ruidoso Unburned stable 04/02/2013  10:15 a.m. 59.7 57.2 29.4 0.26
S5 Rio Ruidoso Unburned stable 11/05/2013  11:15 a.m. 68.2 62 20.3 0.22
S6 Rio Ruidoso Unburned afterrainevent 07/11/2012  8:30 a.m. 188 -- 55.5 0.35
S6 Rio Ruidoso Unburned stable 04/02/2013  12:30 p.m. 149 153 57.1 0.28
S6 Rio Ruidoso Unburned stable 11/05/2013  12:45 p.m. 204 198 70.0 0.24
S7 Rio Ruidoso Unburned after rain event  07/11/2012  3:30 p.m. 185 -- 112 0.37
S7 Rio Ruidoso Unburned stable 04/02/2013  3:10 p.m. 114 116 217 0.39
S7 Rio Ruidoso Unburned stable 11/05/2013  2:30 p.m. 201 195 114 0.29
S8 Rio Ruidoso Partially burned afterrainevent 07/11/2012  5:40 p.m. 163 -- 58.1 0.44
S8 Rio Ruidoso Partially burned stable 04/03/2013  2:15 p.m. 195 210 92.4 --
S8 Rio Ruidoso Partially burned stable 11/06/2013  12:45 p.m. 248 243 100 0.51
S9 Rio Ruidoso Burned after rainevent  07/11/2012  10:34 a.m. 217 -- 12.6 0.49
S9 Rio Ruidoso Burned after rain event  07/22/2013  4:15 p.m. 93.8 92 21.7 0.68
S10 Rio Hondo Partially burned stable 04/03/2013  3:45 p.m. 206 203 59.8 --
S10 Rio Hondo Partially burned after rain event  07/23/2013  8:30 am. 216 211 56.9 0.52
S10 Rio Hondo Partially burned stable 11/06/2013  11:00 a.m. 222 216 69.0 0.55
W9 Rio Bonito NA NA 05/08/2013  10:10 a.m. 170 171 76.5 1.08
W26 Rio Ruidoso NA NA 06/26/2013  5:00 p.m. 206 202 428 0.15
W35 Rio Bonito NA NA 05/09/2013  12:20 p.m. 159 148 31.2 0.79
W38 Rio Ruidoso NA NA 06/25/2013  10:45 a.m. 81.9 77 133 1.75
W39 Rio Ruidoso NA NA 06/24/2013  2:45 p.m. 318 317 109 0.14
W40 Rio Bonito NA NA 05/07/2013  11:20 a.m. 186 179 334 0.5
W41 Rio Ruidoso NA NA 06/25/2013  4:30 p.m. 208 205 95.1 0.47
w42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 173 173 69.0 0.5
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; pS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Map Silica,  Silica, Ammonia
location = Watershed Burned or Hydrologic Sample . filtered unfiltered S'ulfate, + organic
identifier name unburned condition date Time (mg/Las (mg/L as filtered nl_trogen,
(table 4) watershed (mm/dd/yyyy) 5i0,) 5i0,) (mg/L) filtered

(mg/L as N)

S1 Rio Bonito Burned after rain event 07/11/2012  12:20 p.m. 13.4 52.0 120 1.8

S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 13.5 12.0 127 0.13
S1 Rio Bonito Burned after rain event 07/22/2013 11:00 a.m. 14.7 21.2 86.9 0.25
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. 18.4 16.8 165 0.21
S2 Rio Bonito Burned after rain event 07/11/2012  1:45 p.m. 9.91 83.9 182 4.5

S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. 14.4 12.6 206 0.15
S2 Rio Bonito Burned after rain event 07/22/2013  2:00 p.m. 19.0 51.0 207 0.47
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. 10.6 9.46 213 0.25
S3 Rio Bonito Burned after rain event 07/12/2012  10:15 a.m. 10.1 114 224 3.9

S4 Rio Bonito Burned after rain event 07/11/2012  6:30 p.m 12.9 111 329 33

S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. 12.2 10.9 545 0.19
S4 Rio Bonito Burned after rain event 07/23/2013 11:45 a.m. 17.5 21.8 701 0.13
S4 Rio Bonito Burned stable 11/06/2013  8:15 am. 15.3 13.9 588 0.1

S5 Rio Ruidoso ~ Unburned after rain event 07/12/2012  8:15 a.m. 11.2 17.1 49.1 0.82
S5 Rio Ruidoso ~ Unburned stable 04/02/2013  10:15 a.m. 8.86 9.18 38.0 0.11
S5 Rio Ruidoso ~ Unburned stable 11/05/2013  11:15 am. 9.56 8.78 56.3 0.12
S6 Rio Ruidoso ~ Unburned after rain event 07/11/2012  8:30 a.m. 12.7 23.6 350 0.48
S6 Rio Ruidoso ~ Unburned stable 04/02/2013  12:30 p.m. 8.46 7.61 347 0.14
S6 Rio Ruidoso ~ Unburned stable 11/05/2013 12:45 p.m. 12.4 11.0 429 0.14
S7 Rio Ruidoso ~ Unburned after rain event 07/11/2012  3:30 p.m. 14.1 18.6 534 0.34
S7 Rio Ruidoso  Unburned stable 04/02/2013  3:10 p.m. 9.77 8.56 721 0.4

S7 Rio Ruidoso ~ Unburned stable 11/05/2013  2:30 p.m. 13.3 13.1 561 0.22
S8 Rio Ruidoso  Partially burned  after rain event 07/11/2012  5:40 p.m. 13.0 103 513 0.57
S8 Rio Ruidoso  Partially burned  stable 04/03/2013  2:15 p.m. 16.2 13.9 903 0.09
S8 Rio Ruidoso  Partially burned  stable 11/06/2013  12:45 p.m. 154 14.0 805 0.10
S9 Rio Ruidoso ~ Burned after rain event 07/11/2012  10:34 a.m. 12.1 11.6 105 3.1

S9 Rio Ruidoso ~ Burned after rain event 07/22/2013  4:15 p.m. 13.7 24.1 53.7 0.33
S10 Rio Hondo Partially burned  stable 04/03/2013  3:45 p.m. 16.0 13.8 719 0.09
S10 Rio Hondo Partially burned  after rain event 07/23/2013  8:30 a.m. 16.9 222 702 0.1

S10 Rio Hondo Partially burned  stable 11/06/2013 11:00 a.m. 16.1 14.7 702 0.1

w9 Rio Bonito NA NA 05/08/2013  10:10 a.m. 19.3 -- 475 <0.07
W26 Rio Ruidoso  NA NA 06/26/2013  5:00 p.m. 21.5 - 1,000 <0.07
W35 Rio Bonito NA NA 05/09/2013  12:20 p.m. 18.8 - 973 <0.07
W38 Rio Ruidoso  NA NA 06/25/2013  10:45 a.m. 16.4 - 114 <0.07
W39 Rio Ruidoso  NA NA 06/24/2013  2:45 p.m. 18.6 - 424 <0.07
W40 Rio Bonito NA NA 05/07/2013  11:20 a.m. 159 - 534 0.12
W41 Rio Ruidoso  NA NA 06/25/2013  4:30 p.m. 15.8 -- 564 <0.07
w42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 18.2 - 821 <0.07
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; puS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Ammonia

Map . . Nitrate .
location Watershed Burned or Hydrologic Sample . + organic A|!1mon|a, + nitrite, N't"te’
identifier name unburned condition date Time nltfogen, filtered filtered filtered
(table 4) watershed (mm/dd/yyyy) unfiltered (mg/L as N) (mg/L as N) (mg/L as N)

(mg/L as N)
S1 Rio Bonito Burned after rain event  07/11/2012  12:20 p.m. 6.4 0.289 0.76 0.033
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 0.15 <0.010 2.53 0.003
S1 Rio Bonito Burned after rain event  07/22/2013  11:00 a.m. 0.81 0.023 2.28 0.009
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. 0.15 <0.010 3.41 0.004
S2 Rio Bonito Burned after rain event  07/11/2012  1:45 p.m. 18 0.034 <0.01 <0.001
S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. 0.16 <0.010 <0.01 <0.001
S2 Rio Bonito Burned after rain event  07/22/2013  2:00 p.m. 24 0.067 0.06 0.013
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. 0.30 <0.010 0.27 0.005
S3 Rio Bonito Burned after rain event  07/12/2012  10:15 a.m. 27 0.032 <0.01 <0.001
S4 Rio Bonito Burned after rain event 07/11/2012  6:30 p.m 20 0.583 0.08 0.010
S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. 0.19 <0.010 0.03 0.002
S4 Rio Bonito Burned after rain event  07/23/2013  11:45 am. 0.26 0.030 0.25 0.005
S4 Rio Bonito Burned stable 11/06/2013  8:15 am. 0.14 <0.010 0.02 <0.001
S5 Rio Ruidoso  Unburned after rain event  07/12/2012  8:15 am. 1.7 0.068 0.33 0.013
S5 Rio Ruidoso  Unburned stable 04/02/2013  10:15 a.m. 0.29 <0.010 1.12 0.002
S5 Rio Ruidoso  Unburned stable 11/05/2013  11:15 am. 0.21 <0.010 1.93 0.003
S6 Rio Ruidoso  Unburned after rain event 07/11/2012  8:30 a.m. 1.9 0.075 0.22 0.009
S6 Rio Ruidoso  Unburned stable 04/02/2013  12:30 p.m. 0.16 <0.010 0.06 0.002
S6 Rio Ruidoso  Unburned stable 11/05/2013  12:45 p.m. 0.19 <0.010 0.29 0.003
S7 Rio Ruidoso  Unburned after rain event 07/11/2012  3:30 p.m. 0.8 0.054 0.74 0.008
S7 Rio Ruidoso  Unburned stable 04/02/2013  3:10 p.m. 0.43 <0.010 0.67 0.016
S7 Rio Ruidoso  Unburned stable 11/05/2013  2:30 p.m. 0.27 0.010 0.72 0.003
S8 Rio Ruidoso  Partially burned after rain event 07/11/2012  5:40 p.m. 6.5 0.119 0.64 0.035
S8 Rio Ruidoso  Partially burned stable 04/03/2013  2:15 p.m. <0.07 <0.010 0.13 <0.001
S8 Rio Ruidoso  Partially burned stable 11/06/2013  12:45 p.m. 0.16 <0.010 0.12 0.001
S9 Rio Ruidoso  Burned after rain event  07/11/2012  10:34 a.m. 3.6 0.225 0.02 0.003
S9 Rio Ruidoso  Burned after rain event  07/22/2013  4:15 p.m. 1.1 0.011 1.83 0.029
S10 Rio Hondo Partially burned stable 04/03/2013  3:45 p.m. 0.12 0.011 0.42 0.002
S10 Rio Hondo Partially burned after rain event 07/23/2013  8:30 a.m. 0.34 0.032 0.51 0.003
S10 Rio Hondo Partially burned stable 11/06/2013  11:00 a.m. 0.13 <0.010 0.27 <0.001
w9 Rio Bonito NA NA 05/08/2013  10:10 a.m. -- 0.014 <0.01 <0.001
W26  RioRuidoso NA NA 06/26/2013  5:00 p.m. -- 0.012 0.94 0.006
W35  Rio Bonito NA NA 05/09/2013  12:20 p.m. - <0.010 0.25 <0.001
W38  RioRuidoso NA NA 06/25/2013  10:45 a.m. -- 0.012 <0.01 <0.001
W39  RioRuidoso NA NA 06/24/2013  2:45 p.m. -- 0.011 0.14 <0.001
W40  Rio Bonito NA NA 05/07/2013  11:20 a.m. - 0.045 <0.01 <0.001
W41  Rio Ruidoso NA NA 06/25/2013  4:30 p.m. -- <0.010 1.06 <0.001
W42  RioBonito  NA NA 05/09/2013  9:50 a.m. - 0.013 0.66 <0.001
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; pS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Ioa’:::ipon Watershed Burned or Hydrologic Sample _ Ortho_phosphate, Phqsphorus, Phos'phorus,

identifier name unburned condition date Time filtered filtered unfiltered

(table 4) watershed (mm/dd/yyyy) (mg/L as P) (mg/L as P) (mg/L as P)
S1 Rio Bonito Burned after rain event 07/11/2012  12:20 p.m. 0.193 0.232 2.40
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 0.035 0.037 0.043
S1 Rio Bonito Burned after rain event  07/22/2013  11:00 a.m. 0.100 0.102 0.287
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. 0.032 0.033 0.039
S2 Rio Bonito Burned after rain event 07/11/2012  1:45 p.m. <0.004 0.190 4.36
S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. 0.038 0.041 0.049
S2 Rio Bonito Burned after rain event  07/22/2013  2:00 p.m. 0.181 0.186 1.04
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. <0.004 0.006 0.022
S3 Rio Bonito Burned after rain event 07/12/2012  10:15 a.m. 0.132 0.271 5.95
S4 Rio Bonito Burned after rain event 07/11/2012  6:30 p.m 0.453 0.613 4.94
S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. 0.005 0.008 0.026
S4 Rio Bonito Burned after rain event  07/23/2013  11:45 am. 0.016 0.013 0.063
S4 Rio Bonito Burned stable 11/06/2013  8:15 a.m. <0.004 <0.003 0.015
S5 Rio Ruidoso ~ Unburned after rain event 07/12/2012  8:15 a.m. 0.178 0.215 0.543
S5 Rio Ruidoso ~ Unburned stable 04/02/2013  10:15 a.m. 0.018 0.021 0.062
S5 Rio Ruidoso ~ Unburned stable 11/05/2013  11:15 am. 0.007 0.007 0.019
S6 Rio Ruidoso ~ Unburned after rain event 07/11/2012  8:30 a.m. 0.144 0.154 0.755
S6 Rio Ruidoso ~ Unburned stable 04/02/2013  12:30 p.m. <0.004 <0.003 0.013
S6 Rio Ruidoso ~ Unburned stable 11/05/2013  12:45 p.m. <0.004 0.003 0.012
S7 Rio Ruidoso ~ Unburned after rain event 07/11/2012  3:30 p.m. 0.059 0.069 0.226
S7 Rio Ruidoso  Unburned stable 04/02/2013  3:10 p.m. <0.004 0.007 0.013
S7 Rio Ruidoso ~ Unburned stable 11/05/2013  2:30 p.m. 0.010 0.011 0.036
S8 Rio Ruidoso  Partially burned  after rain event 07/11/2012  5:40 p.m. 0.044 0.054 1.14
S8 Rio Ruidoso  Partially burned  stable 04/03/2013  2:15 p.m. 0.006 0.003 0.007
S8 Rio Ruidoso  Partially burned  stable 11/06/2013  12:45 p.m. 0.007 0.006 0.162
S9 Rio Ruidoso  Burned after rain event 07/11/2012  10:34 a.m. 0.269 0.399 0.486
S9 Rio Ruidoso  Burned after rain event  07/22/2013  4:15 p.m. 0.154 0.154 0.426
S10 Rio Hondo Partially burned  stable 04/03/2013  3:45 p.m. 0.009 0.007 0.013
S10 Rio Hondo Partially burned  after rain event 07/23/2013  8:30 a.m. 0.015 0.011 0.088
S10 Rio Hondo Partially burned  stable 11/06/2013  11:00 a.m. 0.008 0.008 0.015
w9 Rio Bonito NA NA 05/08/2013  10:10 a.m. 0.008 0.005 -
W26  RioRuidoso NA NA 06/26/2013  5:00 p.m. 0.007 <0.003 --
W35  Rio Bonito NA NA 05/09/2013  12:20 p.m. 0.006 <0.003 --
W38  RioRuidoso NA NA 06/25/2013  10:45 a.m. 0.005 <0.003 --
W39  RioRuidoso NA NA 06/24/2013  2:45 p.m. 0.023 0.034 --
W40  Rio Bonito NA NA 05/07/2013  11:20 a.m. 0.005 <0.003 --
W41  RioRuidoso NA NA 06/25/2013  4:30 p.m. 0.006 <0.003 --
W42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 0.007 <0.003 --
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; puS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Ioa’:::ipon Watershed Burned or Hydrologic Sample _ All.lminum, AIur.ninum, Ca_dmium, Cad_mium,

identifier name unburned condition date Time filtered unfiltered filtered  unfiltered

(table 4) watershed (mm/dd/yyyy) (pg/L) (ng/L) (ng/L) (ng/L)
S1 Rio Bonito  Burned after rain event 07/11/2012  12:20 p.m. 25.1 15,300 <0.016 1.62
S1 Rio Bonito  Burned stable 04/04/2013  11:30 am. 8.0 51.0 0.026 0.020
S1 Rio Bonito  Burned after rain event  07/22/2013  11:00 a.m. 354 1,890 0.038 0.119
S1 Rio Bonito  Burned stable 11/04/2013  2:00 p.m. 3.1 11.2 <0.030 <0.030
S2 Rio Bonito ~ Burned after rain event 07/11/2012  1:45 p.m. <2.2 29,800 0.017 1.44
S2 Rio Bonito  Burned stable 04/04/2013  10:15 a.m. 3.7 36.6 0.033 0.020
S2 Rio Bonito  Burned after rain event  07/22/2013  2:00 p.m. 40.1 9,090 <0.080 0.254
S2 Rio Bonito ~ Burned stable 11/05/2013  8:00 a.m. <22 22.4 <0.030 <0.030
S3 Rio Bonito  Burned after rain event 07/12/2012  10:15 a.m. 2.5 44,600 <0.016 2.33
S4 Rio Bonito  Burned after rain event 07/11/2012  6:30 p.m 2,040 36,600 0.396 1.72
S4 Rio Bonito  Burned stable 04/03/2013  11:20 a.m. 4.9 133 <0.016 <0.016
S4 Rio Bonito  Burned after rain event  07/23/2013  11:45 am. <22 793 <0.016 <0.048
S4 Rio Bonito ~ Burned stable 11/06/2013  8:15 a.m. 3.5 149 <0.030 <0.030
S5 Rio Ruidoso  Unburned after rain event  07/12/2012  8:15 a.m. 12.4 2,170 0.037 0.207
S5 Rio Ruidoso  Unburned stable 04/02/2013  10:15 a.m. 18.5 442 <0.016 0.036
S5 Rio Ruidoso Unburned stable 11/05/2013  11:15 am. 2.7 10.7 <0.030 <0.030
S6 Rio Ruidoso Unburned after rain event 07/11/2012  8:30 a.m. 442 4,200 0.030 0.274
S6 Rio Ruidoso Unburned stable 04/02/2013  12:30 p.m. 4.2 94.4 <0.016 <0.016
S6 Rio Ruidoso  Unburned stable 11/05/2013  12:45 p.m. <2.2 359 <0.030 <0.030
S7 Rio Ruidoso Unburned after rain event 07/11/2012  3:30 p.m. 10.2 1,620 0.023 0.064
S7 Rio Ruidoso Unburned stable 04/02/2013  3:10 p.m. 27.2 59.9 0.028 0.025
S7 Rio Ruidoso Unburned stable 11/05/2013  2:30 p.m. 10.7 211 <0.030 <0.030
S8 Rio Ruidoso Partially burned  after rain event 07/11/2012  5:40 p.m. 6.8 27,300 0.059 0.705
S8 Rio Ruidoso Partially burned  stable 04/03/2013  2:15 p.m. <22 27.9 <0.016 <0.016
S8 Rio Ruidoso Partially burned  stable 11/06/2013  12:45 p.m. <22 88.0 <0.030 <0.030
S9 Rio Ruidoso Burned after rain event 07/11/2012  10:34 a.m. 33 193 <0.016 0.29
S9 Rio Ruidoso Burned after rain event  07/22/2013  4:15 p.m. 75.6 2,890 0.050 0.136
S10 Rio Hondo  Partially burned stable 04/03/2013  3:45 p.m. 24 79.4 <0.016 <0.016
S10 Rio Hondo  Partially burned  after rain event 07/23/2013  8:30 a.m. 2.2 1,800 <0.016 <0.048
S10 Rio Hondo  Partially burned  stable 11/06/2013  11:00 a.m. <22 82.4 <0.030 <0.150
W9 Rio Bonito  NA NA 05/08/2013  10:10 a.m. <22 -- <0.016 --
W26  Rio Ruidoso NA NA 06/26/2013  5:00 p.m. <154 -- <0.112 -
W35  RioBonito NA NA 05/09/2013  12:20 p.m. <22 -- <0.016 --
W38  Rio Ruidoso NA NA 06/25/2013  10:45 a.m. 72.1 -- 0.163 --
W39  RioRuidoso NA NA 06/24/2013  2:45 p.m. 21.9 - 0.020 --
W40  RioBonito NA NA 05/07/2013  11:20 a.m. <22 -- <0.016 --
W41  Rio Ruidoso NA NA 06/25/2013  4:30 p.m. <22 - <0.016 --
W42  RioBonito NA NA 05/09/2013  9:50 a.m. <22 - <0.016 -
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; pS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Map

: Burned or . Sample Copper, Copper, Iron, Iron,
ilt?:r:tilfti):r Wa::::ed unburned T:)d;::::g:lc dat[:a Time filtzfed unfiI'IZred, filtered  unfiltered
(table 4) watershed (mm/dd/yyyy) (pg/L) (ng/L) (ng/L) (pg/L)

S1 Rio Bonito Burned after rain event 07/11/2012  12:20 p.m. 1.2 15.0 18.9 18,800
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. <0.80 <0.70 <4.0 57.0
S1 Rio Bonito Burned after rain event 07/22/2013  11:00 a.m. <0.80 2.2 8.4 1,650
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. <0.80 <0.80 <4.0 12.1
S2 Rio Bonito Burned after rain event 07/11/2012  1:45 p.m. <0.80 40.9 66.0 32,100
S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. <0.80 <0.70 12.4 90.7
S2 Rio Bonito Burned after rain event  07/22/2013  2:00 p.m. <4.0 12.6 4.6 10,500
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. <0.80 <0.80 13.5 63.5
S3 Rio Bonito Burned after rain event 07/12/2012  10:15 a.m. <0.80 64.4 51.6 49,400
S4 Rio Bonito Burned after rain event 07/11/2012  6:30 p.m 24.1 533 21.4 38,400
S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. <0.80 <0.70 6.3 126
S4 Rio Bonito Burned after rain event 07/23/2013  11:45 a.m. <0.80 0.77 <4.0 906
S4 Rio Bonito Burned stable 11/06/2013  8:15 am. <0.80 <0.80 6.3 122
S5 Rio Ruidoso ~ Unburned after rain event 07/12/2012  8:15 am. 1.6 4.2 17.8 1,870
S5 Rio Ruidoso ~ Unburned stable 04/02/2013  10:15 a.m. <0.80 0.91 5.6 381
S5 Rio Ruidoso ~ Unburned stable 11/05/2013  11:15 am. <0.80 <0.80 <4.0 10.1
S6 Rio Ruidoso ~ Unburned after rain event 07/11/2012  8:30 a.m. 1.0 7.9 9.6 3,660
S6 Rio Ruidoso ~ Unburned stable 04/02/2013  12:30 p.m. <0.80 <0.70 5.8 107
S6 Rio Ruidoso  Unburned stable 11/05/2013  12:45 p.m. <0.80 <0.80 14.2 61.3
S7 Rio Ruidoso ~ Unburned after rain event 07/11/2012  3:30 p.m. <0.80 2.7 5.7 1,500
S7 Rio Ruidoso ~ Unburned stable 04/02/2013  3:10 p.m. <0.80 0.8 9.1 35.7
S7 Rio Ruidoso ~ Unburned stable 11/05/2013  2:30 p.m. <0.80 <0.80 29.1 194
S8 Rio Ruidoso  Partially burned  after rain event 07/11/2012  5:40 p.m. 2.4 21.7 11.7 21,300
S8 Rio Ruidoso  Partially burned  stable 04/03/2013  2:15 p.m. <0.80 <0.70 14.2 67.1
S8 Rio Ruidoso  Partially burned  stable 11/06/2013  12:45 p.m. <0.80 <24 18.1 248
S9 Rio Ruidoso ~ Burned after rain event 07/11/2012  10:34 a.m. <0.80 1.8 16.4 293
S9 Rio Ruidoso ~ Burned after rain event 07/22/2013  4:15 p.m. <0.80 3.1 17.9 2,470
S10 Rio Hondo Partially burned  stable 04/03/2013  3:45 p.m. <0.80 <0.70 <4.0 953
S10 Rio Hondo Partially burned  after rain event 07/23/2013  8:30 a.m. <0.80 1.2 <4.0 1,360
S10 Rio Hondo Partially burned  stable 11/06/2013  11:00 a.m. <0.80 <4.0 10.7 126
W9 Rio Bonito NA NA 05/08/2013  10:10 a.m. <0.80 -- 125 --
W26  RioRuidoso NA NA 06/26/2013  5:00 p.m. <5.6 -- 165 --
W35  Rio Bonito NA NA 05/09/2013  12:20 p.m. <0.80 -- 7.8 --
W38  RioRuidoso NA NA 06/25/2013  10:45 a.m. <4.0 -- 321 --
W39  RioRuidoso NA NA 06/24/2013  2:45 p.m. <0.80 - 54.0 -
W40  Rio Bonito NA NA 05/07/2013  11:20 a.m. 1.1 - 42.1 --
W41  RioRuidoso NA NA 06/25/2013  4:30 p.m. <0.80 - 187 -
W42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 0.84 - 6.2 -



30 Water Resources During Drought Conditions and Postfire Water Quality in the Upper Rio Hondo Basin, Lincoln County

Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; puS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Map Man- Man-
location Watershed Burned or Hydrologic Sample . .Lead, L.e ad, ganese, ganese,
identifier name unburned condition date Time filtered  unfiltered filtered unfiltered,
(table 4) watershed (mm/dd/yyyy) (ng/L) (ng/L) (na/L) recoverable

(ng/L)

S1 Rio Bonito ~ Burned after rain event 07/11/2012  12:20 p.m. 0.213 57.7 0.15 3,820

S1 Rio Bonito  Burned stable 04/04/2013  11:30 a.m. 0.031 0.13 7.68 23.2

S1 Rio Bonito  Burned after rain event 07/22/2013  11:00 am.  <0.025 3.91 32.8 231

S1 Rio Bonito ~ Burned stable 11/04/2013  2:00 p.m. <0.040 <0.04 3.18 3.8

S2 Rio Bonito  Burned after rain event 07/11/2012  1:45 p.m. <0.025 78.5 121 4,060

S2 Rio Bonito  Burned stable 04/04/2013  10:15am.  <0.025 0.06 54.6 74.1

S2 Rio Bonito ~ Burned after rain event  07/22/2013  2:00 p.m. <0.125 13.8 185 798

S2 Rio Bonito  Burned stable 11/05/2013  8:00 a.m. 0.042 <0.04 96.0 94.0

S3 Rio Bonito  Burned after rain event 07/12/2012  10:15 a.m. 0.755 134 9.02 5,780

S4 Rio Bonito ~ Burned after rain event 07/11/2012  6:30 p.m 0.798 105 85.3 4,000

S4 Rio Bonito  Burned stable 04/03/2013  11:20 a.m. 0.050 0.19 24.7 29.4

S4 Rio Bonito ~ Burned after rain event 07/23/2013 11:45am.  <0.025 0.96 82.7 84.4

S4 Rio Bonito ~ Burned stable 11/06/2013  8:15 a.m. <0.040 0.15 13.8 18.2

S5 Rio Ruidoso Unburned after rain event  07/12/2012  8:15 a.m. 0.250 5.58 94.0 478

S5 Rio Ruidoso  Unburned stable 04/02/2013  10:15 am. 0.040 1.07 7.66 60.8

S5 Rio Ruidoso  Unburned stable 11/05/2013  11:15am. <0.040 <0.04 1.62 2.0

S6 Rio Ruidoso Unburned after rain event 07/11/2012  8:30 a.m. 0.036 10.1 64.5 610

S6 Rio Ruidoso  Unburned stable 04/02/2013  12:30 p.m. 0.036 0.26 6.93 11.0

S6 Rio Ruidoso Unburned stable 11/05/2013  12:45p.m.  <0.040 0.05 335 36.8

S7 Rio Ruidoso Unburned after rain event 07/11/2012  3:30 p.m. <0.025 2.63 31.0 225

S7 Rio Ruidoso  Unburned stable 04/02/2013  3:10 p.m. 0.213 0.22 16.9 16.3

S7 Rio Ruidoso Unburned stable 11/05/2013  2:30 p.m. <0.040 0.24 30.4 45.5

S8 Rio Ruidoso Partially burned  after rain event 07/11/2012  5:40 p.m. 0.210 32.7 1.45 1,250

S8 Rio Ruidoso Partially burned  stable 04/03/2013  2:15 p.m. 0.026 0.05 17.8 16.4

S8 Rio Ruidoso Partially burned  stable 11/06/2013  12:45p.m.  <0.040 0.08 62.6 66.2

S9 Rio Ruidoso Burned after rain event 07/11/2012  10:34am.  <0.025 0.29 472 1,460

S9 Rio Ruidoso Burned after rain event 07/22/2013  4:15 p.m. 0.038 4.34 349 381

S10 Rio Hondo  Partially burned  stable 04/03/2013  3:45 p.m. 0.034 0.11 18.4 21.4

S10 Rio Hondo  Partially burned  after rain event 07/23/2013  8:30 a.m. <0.025 1.38 85.8 123

S10 Rio Hondo  Partially burned  stable 11/06/2013  11:00 am.  <0.040 <0.20 39.5 41.5

w9 Rio Bonito  NA NA 05/08/2013  10:10 a.m. 0.176 - 3.13 --
W26  Rio Ruidoso NA NA 06/26/2013  5:00 p.m. <0.175 - 322 -
W35  RioBonito NA NA 05/09/2013  12:20 p.m. 0.035 - 0.21 -
W38  Rio Ruidoso NA NA 06/25/2013  10:45 a.m. 2.78 - 2,820 -
W39  Rio Ruidoso NA NA 06/24/2013  2:45 p.m. 0.225 - 2.41 -
W40  Rio Bonito NA NA 05/07/2013  11:20 a.m. 0.295 - 61.9 -
W41  Rio Ruidoso NA NA 06/25/2013  4:30 p.m. <0.025 - 33.1 --
W42  RioBonito NA NA 05/09/2013  9:50 a.m. 0.084 - 0.81 -
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; pS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Map

location  Watershed Burned or Hydrologic Sample _ _Zinc, Z.inc, A_rsenic, Ar§enic,

identifier name unburned condition date Time filtered unfiltered, filtered unfiltered

(table 4) watershed (mm/dd/yyyy) (ng/L) (ng/L) (ng/L) (pg/L)
S1 Rio Bonito Burned after rainevent 07/11/2012  12:220 p.m. <1.4 160 0.24 8.7
S1 Rio Bonito Burned stable 04/04/2013  11:30 a.m. 8.9 <3.0 0.25 <0.28
S1 Rio Bonito Burned after rain event  07/22/2013  11:00 a.m. <l.4 12.0 0.59 1.2
S1 Rio Bonito Burned stable 11/04/2013  2:00 p.m. <2.0 <2.0 0.22 <0.28
S2 Rio Bonito Burned after rain event 07/11/2012  1:45 p.m. <l.4 154 1.4 11.1
S2 Rio Bonito Burned stable 04/04/2013  10:15 a.m. 3.0 <3.0 0.37 0.37
S2 Rio Bonito Burned after rain event  07/22/2013  2:00 p.m. <7.0 35.8 0.99 3.1
S2 Rio Bonito Burned stable 11/05/2013  8:00 a.m. <2.0 <2.0 0.28 0.30
S3 Rio Bonito Burned after rain event 07/12/2012  10:15 a.m. <1.4 241 0.07 13.5
S4 Rio Bonito Burned after rain event 07/11/2012  6:30 p.m 79.7 216 1.2 12.3
S4 Rio Bonito Burned stable 04/03/2013  11:20 a.m. <l.4 3.8 0.61 0.74
S4 Rio Bonito Burned after rain event  07/23/2013  11:45 a.m. <14 <3.0 0.73 2.7
S4 Rio Bonito Burned stable 11/06/2013  8:15 a.m. <2.0 <2.0 0.53 0.86
S5 Rio Ruidoso Unburned after rain event 07/12/2012  8:15 a.m. <1.4 254 1.3 2.2
S5 Rio Ruidoso Unburned stable 04/02/2013  10:15 a.m. 1.8 53 0.23 0.29
S5 Rio Ruidoso Unburned stable 11/05/2013  11:15 am. <2.0 <2.0 0.11 <0.28
S6 Rio Ruidoso Unburned after rain event 07/11/2012  8:30 a.m. <1.4 53.2 1.2 3.5
S6 Rio Ruidoso Unburned stable 04/02/2013  12:30 p.m. 1.5 <3.0 0.24 0.30
S6 Rio Ruidoso Unburned stable 11/05/2013  12:45p.m. <2.0 <2.0 0.32 0.48
S7 Rio Ruidoso Unburned after rain event 07/11/2012  3:30 p.m. <1.4 20.7 1.5 1.6
S7 Rio Ruidoso Unburned stable 04/02/2013  3:10 p.m. 28.1 24.8 0.26 0.42
S7 Rio Ruidoso Unburned stable 11/05/2013  2:30 p.m. 6.3 6.8 0.44 0.70
S8 Rio Ruidoso Partially burned  after rain event 07/11/2012  5:40 p.m. <1.4 76.4 2.0 7.1
S8 Rio Ruidoso Partially burned  stable 04/03/2013  2:15 p.m. 1.7 <3.0 0.4 0.37
S8 Rio Ruidoso Partially burned  stable 11/06/2013  12:45p.m. <2.0 <6.0 0.51 <0.84
S9 Rio Ruidoso Burned after rain event 07/11/2012  10:34 a.m. <1.4 <3.0 1.5 4.8
S9 Rio Ruidoso Burned after rain event 07/22/2013  4:15 p.m. <l.4 15.7 1.2 2.3
S10 Rio Hondo Partially burned  stable 04/03/2013  3:45 p.m. 3.5 <3.0 0.41 0.50
S10 Rio Hondo Partially burned  after rain event 07/23/2013  8:30 a.m. <1.4 43 0.55 1.9
S10 Rio Hondo Partially burned  stable 11/06/2013  11:00 a.m. <2.0 <10.0 0.47 <14
W9 Rio Bonito NA NA 05/08/2013  10:10 a.m. 8.4 - 0.14 --
W26  Rio Ruidoso NA NA 06/26/2013  5:00 p.m. <9.8 -- 1.0 --
W35  Rio Bonito NA NA 05/09/2013  12:20 p.m. 2.4 - 0.41 --
W38  Rio Ruidoso NA NA 06/25/2013  10:45 a.m. 17.3 - 0.4 --
W39  Rio Ruidoso NA NA 06/24/2013  2:45 p.m. 21.5 - 0.23 -
W40  Rio Bonito NA NA 05/07/2013  11:20 a.m. 7.2 - 0.21 --
W41  Rio Ruidoso NA NA 06/25/2013  4:30 p.m. 10.2 -- 0.17 --
W42 Rio Bonito NA NA 05/09/2013  9:50 a.m. 3.8 - 0.52 -
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Table 6. Water-quality data for surface-water and groundwater sites sampled in the upper Rio Hondo Basin, Lincoln County, New
Mexico.—Continued

[mm, month; dd, day; yyyy, year; ft’/s, cubic feet per second; mg/L, milligrams per liter; --, no data; NA, not applicable; puS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; °C, degrees Celsius; NTRU, nephelometric turbidity ratio unit; <, less than; E, estimated; CaCO,, calcium carbonate; SiO,,
silicon dioxide; +, plus; N, nitrogen; P, phosphorus; pg/L, micrograms per liter]

Map Burned or _ Sample Organic Organic  