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DISCLATMER

The purpose of Water Resources Research Institute technical reports is
to provide a timely outlet for research results obtained on projects
supported in whole or in part by the institute. Through these reports, we
are promoting the free exchange of information and ideas and hope to
stimulate thoughtful discussion and action that may lead to resolution of
water problems. The WRRI, through peer review of draft reports, attempts to
substantiate the accuracy of information contained in its reports, but the
views expressed are those of the author(s) or its reviewers.

Contents of this publication do not necessarily reflect the views and
policies of the'United States Department of the Interior, nor does mention
of trade names or commercial products constitute their endorsement by the
United States Govermment.
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ABSTRACT

Two ephemeral streams north of Socorro, NM, near Interstate-25, the Rio
Puerco and Rio Salado, have been instrumented for the purpose of analyzing
ground-water recharge due to channel seepage. Monitor wells and neutron
logging wells provided information necessary to characterize the nature of
stream aquifer interaction. Ground-water recharge was computed using
convolution and other techniques.

The Rio Puerco has a relatively well-defined, straight channel with a
small width-depth ratio. The Rio Puerco flows in response to both summer
and winter precipitation, as well as spring runoff. The stream carries a
large suspended sedimént load which results in fine-textured sediments on
the channel bottom. Although the water table is only about 1lm below the
channel, the stream and aquifer are not fully hydraulically connected at all
times, owing to the development of a low-permeable clogging layer on the
channel bottom.

The Rio Salado is an ephemeral stream which has a very large width-
depth ratio and a braided channel filled mostly with permeable sand and
gravel. The Rio Salado flows mostly in the summer in response to
thunderstorms. Two sites were instrumented on the Rio Salado located
approximately 5 km apart. Prior to runoff the depth to ground water below
the channel is about lm at the upper site and 9m at the lower site.
Monitoring the water table elevations and moisture content indicates that
during runoff the stream and aquifer are fully hydraulically connected at
the upper site but not at the lower site.

The Rio Salado flows much less frequently than the Rio Puerco at the
instrumented sites, and the mean annual flow is 0.4 and 1.28 m3/s,
respectively. However, the annual recharge on the Rio Salado is much
greater than on the Rio Puerco, 1x10%m3®/km-yr compared to 7x10*m3/km-yr.
This significant difference is attributed mostly to the greater permeability
of channel bottom sediments and the greater channel width of the Rio Salado.

Key words: Groundwater recharge, stream-aquifer interaction.
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INTRCDUCTION

Ground-water recharge is the rate at which water stored in an aquifer
is replenished. Recharge may occur over large areas by direct infiltration
of precipitation or irrigation, and it may occur in channels. Along
mountain fronts, infiltration from perennial streams is a significant source
of recharge. During periods of heavy precipitation or snowmelt, runoff is
sufficient to cause flow in ephemeral streams. The occurrence of recharge
beneath ephemer§1 streams is transient in nature; nevertheless, this type of
recharge undoubtedly occurs in many parts of New Mexico and elsewhere. In
fact, stream channel infiltration. is the dominant source of recharge in most
areas of limited rainfall.

Relevance of Research

Runoff in ephemeral channels may be viewed as a potential geologic
hazard when flooding occurs. The late summer floods of 1929 which caused
extensive damage to communities along the Rio Grande are attributed to
runoff from major tributaries, including the Rio Salado and Rio Puerco.
Infiltration of runoff through ephemeral stream channels may have a dominant
control on flood wave attenuation, depending upon channel bottom
characteristics. Recharge is a critical input to decision-making processes
for ground-water basin management. The occurrence of recharge may also
influence the chemical quality of ground water. For example, hazardous
wastgs that mix with runoff in an arroyo may infiltrate into the aquifer and
cause contamination under certain hydrogeologic conditiouns.

Ephemeral stream infiltration and ground-water recharge are one of the
most difficult parameters to quantify, especially over large areas in a
semi-arid climate where the meteorological, hydrologic, and geological

conditions are highly variable. The hydrodynamic processes that lead to
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recharge from ephemeral streams have not been studied in detail, and they
are not well understood. Many factors which affect recharge from ephemeral
streams are stream-bed permeability, channel geometry, streamflow duration,
discharge rate, suspended sediment load, stratification of underlying
sediments, and depth to the water table.

In many instances infiltration beneath the channel may occur under
unsaturated flow conditions, rather than saturated conditions a§ is commonly
assumed. When the pores beneath the channel are only partially filled with
water, the hydraulic Eonductivity of the sediments beneath the channel is
substantially diminished, and less water moves to the aquifer. Infiltration
from the ephemeral channel may spread laterally to a great extent at
relatively shallow depths under unsaturated conditions, and recharge may be
reduced as a result of evapotranspiration. The degree of saturation beneath
the channel also influences the exchange of pore gases which affect chemical
reactions with the infiltrating water. Some contaminants in the ephemeral
streams that infiltrate through a well aerated unsaturated zone may be
transformed into relatively innocuous species. On the other hand, nitrogen
in organic matter, for example, can become oxidized in the unsaturated zone
to nitrate, a potential contaminant. An understanding of the extent to
which saturated and unsaturated flow occur Eeneath ephemeral streams is also
relevant to the problem of stream-aquifer interaction.

When there is an unsaturated zone between the water-filled channel and
aquifer, ;e say that the stream and aquifer are partially hydraulically
connected; the degree of connection may depend upon the extent of
development of a clogging layer on the channel bottom. Otherwise, the
stream and aquifer are fully hydraulically conmnected (Figure 1 condition Ia,
1Ia). Wells pumping near ephemeral streams will induce additional

infiltration of runoff with increased pumping rate only if there is complete
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Figure 1. Conceptual models of stream-aquifer interaction.



saturation between the channel bottom and the aquifer, that is, when there
is a full hydraulic commection. This fundamental process determines the
type of boundary condition which is used in computational models to predict
water level declines in wells near streams.

Related Research

A relationship between discharge in ephemeral streams and water-level
fluctuations in wells is clearly established in studies such as Duffy et al,
(1979). According to Renard (1970), mechanisms which control channel losses
include flow duration, channel length and width, antecedent moisture
content, peak discharge, flow sequences, character of alluvium, and
suspended clay. Most field investigations to study recharge have focused on
either infiltration characteristics of the channel and channel discharge or
the response of the aquifer to recharge by way of the water level
fluectuations in wells. One exception is the study near Tucson on the Santa
Cruz River by Wilson and DeCook (1968), where lateral flow in a perched zone
and subsequent drainage was detected by logging boreholes with a neutron
moisture probe. Seepage from irrigation canals under saturated and
unsaturated conditions was studied by Brockway and Worstell (1967) using
tensiometers.

In Tucson, Arizona, where there are several large ephemeral drainages,
it has been found that there is a significant seasonal effect on seepage
(Smith 1910; Schwalen and Shaw 1956; Matlock 1966a). For example, during
winter when the rainfall intensity is low and the storm duration is long,
'the sediment load in runoff is much less than that in runoff generated by
intense summer thunderstorms. Winter runoff is more effective in producing
recharge due to the reduced amount of sediment available to clog the channel
bottom. Evapotranspiration demand is also a seasonal factor. Matlock

(1966a) found from field observations that infiltration rate through the



channel bottom increased with flow velocity and decreased with increased
suspended sediment index, owing to permeability changes in the bed surface.
Burkham (1970) also noted that channel infiltration is dependent upon
discharge, and an empirical relationship was developed to quantify
infiltration. Schwalen and Shaw (1957) indicated that in the Tucson Basin
most recharge occurs in broad sandy reaches of the ephemeral streams.

Wilson et al. (1980) conducted a thorough review of ground-water recharge in
Southwestern Alluvial Basins with emphasis on Arizona, as summarized in part
above.

There are two general approaches which have been developed to quantify
recharge from ephemeral streams. The first approach utilizes ground-water
data and the second is based on channel morphology and discharge
characteristics. This was the conclusion reached after an extensive review
of previous recharge investigations by Wilson et al. (1980). Moreover, none
of the methods explicitly and rigorously account for unsaturated flow.

In the first approach, water level fluctuationms in wells are correlated
with channel flow. Moeench and Kisiel (1970) used a convolution method to
estimate recharge from an ephemeral stream in the Tucson Basin. With the
convolution method, aquifer coefficients must be known in order to evaluate
the unit impulse response function to recharge of the aquifer using an
analytical solution. Besbes et al. (1978) followed a similar approach but
used a numerical model to evaluate the unit impulse response function of the
aquifer to a recharge event. Stochastic analysis of ground-water level and
stream flow time series have been used by Gelhar et al. (1979) in the Hondo
Valley of New Mexico and Gutjahr and Naff (1983) in Minnesota. In the
former application the stream is ephemeral whereas in the latter it is

perennial. The stochastic analysis utilized spectral methods which require



a lengthy time-series data base, whereas the convolution approach can be
applied to discrete intervals of time.

The second general approach to quantify ephemeral stream recharge
utilizes precipitation, stream discharge, and/or channel characteristics to
estimate recharge. Bouwer (1969) developed solutions for seepage from open
channels derived from Darcy’s equation and electric analog models. His
solutions require knowledge of stream stage, hydraulic conductivity of the
chammel bottom sediments, depth to static groundwater, and channel geometry,
for example. As pointed out by Wilson (1980), methods by Burkham (1970) and
Lane et al. (1980) require measurements of inflow and outflow in a reach of
the stream during runoff. Burkham (1970) developed an empirical
relationship between channel infiltration in a reach and surface discharge
at the upstream end of the reach for the Santa Cruz River near Tucson.
Wilson et al. (1980) found rather good agreement in recharge along Rillito
Creek calculated by the methods of Burkham (1970) and Moench and Kiesel
(1970): 1.99x10%m3/km compared with 1.36x10®m3/km to 2.18x10m3/km,
respectively. Of this amount of recharge Sorey and Matlock (1969) showed
that less than 2 percent of the stream bed infiltration was evaporated in
the Tucson Basin. This suggests that most of the infiltration eventually
becomes ground-water recharge.

Recharge from ephemeral streamflow can also be analyzed with the
isotopic composition of groundwater. For example, tritium has been found
useful in’the Rio Hondo drainage in New Mexico to identify a relatively
'rapid recharge component from streambed infiltration (Gross et al. 1976).
Gallaher (1979) used stable isotopes of oxygen and deuterium in wells along
the Santa Cruz River in Tucson, Arizona, to show seasonal differences in the

sources of recharge.



Studies using instrumentation in the zone between the channel bottom
and water table have not been widely published. Neutron moisture probes are
currently being used to study infiltration and recharge in several parts of
the Albuquerque basin (Carol Goetz, U.S. Geological Survey, personal
communication). Wilson and DeCook (1980) installed neutron probe access
wells for logging the decay of a perched water table adjacent to an
ephemeral stream in Tucson, AZ. Vauclin et al. (1979) used a laboratory
sand tank to study recharge and simulated the process with a saturated-
unsaturated flow numerical model. Ephemeral stream recharge processes which
include unsaturated flow have been studied in the past using sand tank
models and analytical solutions to boundary value problems of simplified
solutions. For example, Freyberg (1983) used the Green-Ampt model to show
the importance of the variability in the wetted perimeter of the ephemeral
channel on infiltration rate. He also indicated that the influence of
changes in channel geometry on infiltration may be more important than depth
of water in the channel. Abdulrazzak and Morel-Seytoux (1983) developed an
approximate analytical solution to predict the time dependence of recharge
rate for wide streams and shallow water table conditions; this solution
compared favorably with laboratory experiments.

Objectives

To date there has been very littlé field work to document the
occurrence of unsaturated flow beneath ephemeral streams and to assess its
significance.

The objectives of this research project are:

L. to place instrumentation near ephemeral streams to study the role

of unsaturated flow on seepage and recharge;



2. to compare the seepage characteristics of ephemeral streams having
different channel geometries, sediment loads, channel bottom
permeabilities, and geologic settings;

3. to quantify recharge from ephemeral streams using field
measurements of the hydraulic respounses in the unsaturated and
saturated zones beneath the channel; and,

4. to determine whether chemical changes occur in water which seeps
from the channel toward the water table.

In the investigaéion reported herein, we studied the nature of surface-
water and ground-water interaction on the Rio Puerco near Bernardo, New
Mexico and on the Rio Salado near San Acacia, New Mexico. Both streams are
ephemeral tributaries of the Rio Grande. Descriptions and analyses for each
site will be presented separately in this report. Then, the results from

both will be compared and discussed.



RIO PUERCO SITE

Description

The Rio Puerco drainage basin includes several subbasins as shown in
figure 2. The basin drains portions of the Colorado Plateau, Southern Rocky
Mountains and Basin and Range physiographic provinces.

The main channel of the Rio Puerco drains the west flank of the San
Pedro and Nacimiento Mountains, in the vicinity of Cuba, New Mexico. The
headwaters of the Rio Puerco also include mountainous terrain on forested
slopes on the nogth side of Mt. Taylor, northeast of Grants, New Mexico
which are drained by the east-flowing Arroyo Chico. The Rio San Jose is a
major ephemeral tributary which drains the area west of Laguna including the
northern flank of the Zuni Mountains west of the Continental Divide and the
southern flank of Mount Taylor. The mainstream of the Rio Puerco flows
southward along most of its reach and merges with the Rio Grande near
Bernardo, New Mexico (figure 2).

The specific site under investigation is located a few hundred meters
west of I-25, near the U.S. Geological Survey (USGS) suspension cable used
for discharge measurements, approximately &4 km upstream of the confluence of
the Rio Puerco with the Rio Grande near Bernardo.

The climate in most of the basin is semi-arid. Mean annual
precipitation measured at Bernardo is about 19 cm, and lake evaporation is
about 178 cm. In the mountainous areas, where elevations exceed 3000 m

above sea level, mean annual precipitation is as much as is about 76 cm.

Stream Characteristics. The Rio Puerco drains an area of approximately

18,816 km? (figure 2). The grade on the Rio Puerco is about 1 m/km near the
confluence with the Rio Grande. The channel pattern is typically

meandering, and it is incised along most of the reach on the west side of
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the Albuquerque Basin. In the vicinity of the site of our investigation,
the channel is rather straight and about 10 m wide.

The Rio Puerco near our site has a well developed inner flood plain
adjacent to its channel. The inner floodplain is about 100 meters wide and
lies a few meters below the valley floor, a much broader and older surface
which was cut into the valley fill in the Albuquerque Basin. The inner
floodplain is well vegetated with salt cedar, four-wing salt bush and
grasses. In contrast, the valley floor is sparsely vegetated with creosote
and mesquite, for example.

The USGS beéan to gage the Rio Puerco in about 1939 at the bridge on
the now abandoned highway US 85, a few hundred meters upstream and west of
our site (figure 3). The gage measures water stage in a stilling well using
a continuous strip chart recorder. The record is relatively poor at this
gage, because the stilling well is often silted-in owing to minor channel
meandering. During our period of research, the most active part of the
channel usually was several meters south of the stilling well. Available
records indicate the mean annual discharge on the Rio Puerco for the 45-year
period 1939 to 1984 was about 1.28 m®/s (45.2 £3/s). The peak flow during
"this time was 532.88 m3/s (18,800 £3/s) on September 23, 1941. According to
the USGS records during 1941-1959 the Rio Puerco is dry approximately 264
days per year. Runoff may occur at anf time of the year, but usually it
occurs Iin response to summer thunderstorms and snowmelt. November and
December are most likely to be periods of little or no flow. Table 1 shows
the wide variation in frequency and volume of runoff during the period 1941-
1959.

To obtain an improved record of periods of flow, we constructed a stage
gaging station at the site (figure 4). Our station was not calibrated to

obtain stream discharge. The gage contains a stilling well located adjacent
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Figure 3. Site of field investigation on the Rio Puerco.
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to the south bank which is connected to the stream channel by a 10 cm
diameter horizontal plastic pipe fitted with a 20-slot well screen anchored
in the thalweg. The stilling well and horizontal pipe were emplaced in a
trench which was subsequently backfilled. The water level in the stilling
well was recorded by a Stevens Type F40 strip chart recorder with an 8 day
clock.

Geology and Soils. The main channel of the Rio Puerco and its
tributaries cut through Mesozoic sandstone, siltstones and shales, including
the Mancos and Chinle shales. Numerous other rock types are found in the
basin as indicatéd in figure 5. According to Love (1986) basalts in the
Mount Taylor - Mesa Chivato and North Plains area contribute little surface
runoff. Along its course which parallels the west side of the Albuquerque
basin and Rio Grande Valley, the Rio Puerco is incised into unconsolidated
to weakly indurated basin-fill sediments of the Santa Fe Group. The upper
Santa Fe Group includes the Sierra Ladrones formation, principally a sand
and gravel deposit. The lower Santa Fe Group consists of less permeable
fanglomerate and playa facies of the Popatosa Formation. Pleistocene and
Holocene valley £ill alluvial deposits occur along the course of the Rio
Puerco. Love (1986) indicates that the Rio Puerco and its tributaries were
aggrading until about 1 million years ago. The Llano de Albuquerque is a
remanent of this period of maximum aggrgdation. Subsequently, there have
been periods of erosion as well as aggradation. The present erosional
episode began about 200 years ago. Refer to Love (1986) for additional
details on the Quaternary geology and geomorphology of the Rio Puerco.

At the specific site of our investigation on the Rio Puerco, channel
bottom sediments observed during periods of no flow are comprised of silt
and clay. These sediments usually desiccate into polygonal plates

approximately 10 to 20 cm wide. Sediments beneath and adjacent to the
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Figure 5. Generalized geologic map of Rio Puerco Drainage Basin
(after Love, 1983). Symbols for rocks from oldest to
youngest: Pe (gray stipple) = Precambrian metamorphic
and igneous rocks; MPz = Paleozoic and lower Mesozoic
sediments (mostly redbeds and limestone); K = Cretaceous
sandstones and shales; Tp = Tertiary Paleogene sandstones
and shales; Thf = Tertiary (Miocene) basin.
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channel consist mostly of medium sand with layers of silty clay. A geologic
cross-section suggests that some of the clay layers in the valley fill are
not laterally continuous (figure 6) over extensive areas. Our deepest
boring at the site, located about 30 m northwest of well P-4 and about 120 m
south of the chamnel, apparently encountered valley fill alluvium throughout
its total depth of about 30 m (table 2). Heath (1983) indicated that the
Rio Puerco alluvium may be at least 40 m thick. Refer to Appendix 1 for
additional details of subsurface geology from samples obtained during
construction of monitor wells, neutron probe access tubes and excavations.
The saturated hydraulic conductivity of valley fill sediments at the
research site was determined from thin-walled samples (61 e¢m x 7.3 cm I.D.).
At two locations (figure 3) samplers were pushed vertically to depths of
nearly two meters into the stream bottom during a no-flow period using a
hollow stem flight auger and Mobile B-30 drill rig. The results shown in
table 3 indicate that the hydraulic conductivity of sediments within 41 cm

: to 4.8 x ].0-5 cm/s. In

of the channel bottom ranges from about 6.8 x 10
contrast, the underlying sediments are much more permeable, having hydraulic
conductivities ranging from about 2.1 x 10—5 to 1.2 x 10_2 cm/s. Similar
results were obtained for samples from thin-walled samplers driven
horizontally into the bank of the stream bed (table 4). From this sampling
and testing it appears that channel boétom sediments are significantly lower
in permeability than sediments sampled further from the chanmel. This
contrast in permeability may be attributed to suspended material which is
filtered by the sand and accumulated during infiltration of runoff.
Ground-Water Conditions. In a regional sense, groundwater generally
occurs under water table conditions in the Santa Fe Group and alluvium along

the Rio Puerco. This may not be entirely the case on a local scale where

the sands such as those shown in figure 6, may be locally confined by clay

17



ELEVATION (METERS ABOVE MSL)

|
1445 D
b PNZ  PT PN3 P2 PN4 P3
L E T b L e e gt 'Z.? ey e e A Y /
| 2 T riNe SAND WITH CLAYSRINGERE = .

10 B 20 25

1. L 1 F]

Q 5

HORIZONTAL DISTANCE ALONG CROSS-SECTION (METERS) FROM THALWEG

¥ WATER LEVEL
N NEUTRON ACCESS TUBE
W WELL

Cross-section of unconsolidated alluvial sediments
at the Rio Puerco site.

Figure 6.

18




TABRLE 2

GEQLOGIC LOG OF BORING NEAR THE RIO PUERCO CHANNEL

Location: 20 meters northwest of well P4

Depth (m)
From To Sediment
0.0 1.52 fine sand - tan
1.52 3.05 fine sand - tan
3.05 4.27 fine sand - tan
4.27 4.57 alternating brown clay and fine sand in 1.75 cm to
5 cm distinct layers
4.57 5.03 alternating brown clay and fine sand but with fine
sand predominating
5.03 5.33 tan sandy clay - perched water at approximately
5 meters depth
5.33 6.10 fine to medium tan sand - dry
6.10 6.7L fine to medium tan sand
6.71 7.32 fine to medium tan sand - water at 6.71 meters
7.32 7.47 grey clay
7.47 7.62 coarse to very coarse sand
7.62 7.92 fine to medium tan sand
7.92 §.23 grey clay
8.23 9.14 fine to medium tan sand
9.14 9.75 grey sandy clay
9.75 10.36 medium angular sand
10.36 10.67 grey sandy clay
10.67 11.28 medium to coarse angular sand
11.28 11.89 grey silty sand with organic debris
11.89 12.19 brown clay
12.19 12.34 silty sand with clay
12.34 12.50 sticky grey clay
12.50 12.80 brown clay
12.80 12.95 silty sandy clay with organic matter
12.95 13.72 medium sand
13.72 14.94 sandy clay
14.94 15.24 sand and gravel
15.24 16.76 medium grey sand
16.76 18.29 medium grey sand - coarse with pebbles near 18
meters
18.29 19.81 medium to coarse sand, poorly sorted with a few
pebbles
19.81 30.48 medium to coarse sand, poorly sorted
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TABLE 3

HYDRAULIC CONDUCTIVITY OF SEDIMENTS
BENEATH THE RIO PUERCO CHANNEL

Saturated Hydraulic Conductivity (cm/sec)

Depth Below Channel Arithmetic Mean
{cm) Site #1 Site #2 (cm/sec)
14 3.97E-05 4.75E-05 4.36E-05
27 3.81E-05 2.42E-05 3.12E-05
41 6.79E-07 1.35E-05 7.09E-06
75 9.55E-04 4 .96E-04 7.26E-04
88 . 6.06E-03 1.17E-02 8.88E-03
102 8.82E-03 3.40E-03 6.11E-03
123 .- 9.33E.04 9.33E-04
134 --- 1.15E-03 1.15E-03
153 --- 2.79E-03 2.79E-03
163 - water table .-
177 --- 2.08E-05 2.08E-05
182 water table .-- ---
190 --- 2.81E-03 2.81E-03
204 .- 4 ,03E-03 4 .03E-03
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TABLE 4

HYDRAULIC CONDUCTIVITY OF SEDIMENTS
ALONG THE BANK OF THE RIO PUERCO

Horizontal Distance Vertical Distance Saturated Hydraulic
into Bank (cm) above Thalweg (cm) Conductivity (cm/sec)
14 20 6.12E-04
14 30 2.03E-04
14 35 1.69E-03
27 20 7.14E-03
27 30 1.88E-04
27 35 1.52E-03
41 20 5.46E-03
41 30 2.38E-03
41 35 9.82E-03
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layers. Because the clay layers may not be continuous over extensive areas,
there probably is a reasonably good hydraulic connection between the sandy
water-bearing horizons at a large scale.

During our investigation, three monitor wells were constructed in the
inner flood plain within 20 m of the active channel (figure 3). Each
monitor well was screened and sealed at a different depth (table 5).
Measurements in these monitor wells indicate that the depth to groundwater
at the site is only about 1 meter below the channel bottom. This is in
contrast to an upstrea? location on the Rio Puerco west of Belen studied by
Heath (1983), where the depth to groundwater is about 6 m. At our site
there is a vertical hydraulic head difference of about 1 m over an 8 m depth
interval between the shallow monitor and deep monitor wells (P2 and PS5,
respectively). This information suggests that there is a vertically
downward flow component that is probably driven by recharge from the stream
chanmel. It is difficult to quantify the horizontal component of the head
gradient, inasmuch as the monitor wells are completed at different depths
and exhibit vertical flow components. However, it is likely that the
regional direction of ground-water flow is to the southeast.

An aquifer pumping test was conducted by pumping monitor well Pl
(figure 3, 6 and table 5). This well was screened in a sand which is
separated by clay layers from the zones perforated in monitor wells P2 and

“ m3/s (1.65 gal/min) for

P3. Well Pl was pumped at a constant rate of 10~
6.2 hours, yhile water levels were measured in all monitor wells using a
éteel tape. The data from the pumped well were analyzed by the Hantush and
Jacob (1955) method for leaky aquifers. The results indicate that the
hydraulic conductivity of the sand adjacent to the screened interval in

monitor well Pl is approximately about 10'3 cm/s. The drawdown in Pl was

about 430 cm. In comparison, 3.6 cm of drawdown was measured in mounitor
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TABLE 5

SUMMARY OF MONITOR WELL CONSTRUCTION DETAILS
RIO PUERCO SITE

Total
Meas Pt. Depth Average
Elev(TOC) UT™M Below Top Height of Case. Screen
(M above Coord. of Casing Water in Diam. Length Date
Well S.L.) (m) (m) Well (m) (m) (m) Installed
Pl 1444 .048 E 330000.0 8.32 5.3 0.05 1.37 8/15/87
N 3808723.0
P2 1443.951 E 329994.0 4.15 l.4 0.05 1.37 8/27/85
N 3808714.0
P3 1444 265 E 329992.0 11.40 8.2 0.05 1.37 8/15/85
N 3808712.0
P4 1446 .048 E 329943.0 12.89 7.6 0.05 1.37 8/23/85
N 3808700.0
P5 1447.084 E 329863.0 15.09 8.8 0.05 1.37 8/30/85
N 3808700.0
Comments:
Pl - Formation caved in around casing when installed.
P2 - Gravel packed around screen; backfilled with native material.
P3 - Gravel packed screen interval; sealed with bentonite 0.6 meters above screen at
confining layer.
P4 - Gravel packed screen interval; backfilled with native material.
P> - Gravel packed screen interval; backfilled with native material.
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well P3, and virtually none was measured in well P2. We infer then that the
shallow water-bearing sand represented by well P2 is separated from the
deeper sand by a low-permeable clay layer.

Methods of Analvsis

There are two general aspects to our investigation of stream
infiltration and recharge on the Rio Puerco. The first is to use stream
stage, soil moisture content, and water levels in wells to determine to what
degree there is hydraulic connection between the stream and aquifer. We
believe that if the sediments beneath the channel are unsaturated, then the
stream and aquifer are only partially hydraulically connected. On the other
hand, if saturated conditions exist beneath the channel during runoff, then
we would conclude that there is full hydraulic comnection. To study the
hydraulic comnnection between the stream and aquifer, instrumentation and
monitoring in the vadose zone are necessary.

The second aspect of our analysis is to quantify recharge from the
stream by analytical methods. Recharge will be calculated in three ways
using: 1) channel hydraulic characteristics, 2) channel losses from
discharge data, and 3) the convolution method applied to water level
fluctuations in monitor wells.

Vadose Zone Instrumentation and Monitoring. Moisture content was

determined in situ using a neutron probe (Model 503 DR, Campbell Pacific
Nuclear, Pacheco, CA). Six neutron access tubes were installed at the Rio
Puerco site (figure 3). These tubes consisted of thin-wall aluminum, 5 cm
‘in diameter. The bottoms of the tubes were plugged with rubber stoppers.
All tubes were emplaced by hand augering a 5 cm diameter hole to the water
table. After the tube was emplaced, cuttings taken from the augered hole

were packed tightly in the annular space in a sequence that was in the

reverse order of that in which they were removed. Neutron tube PN2 was
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installed on the bank of the active channel at an angle of about 45 degrees
(figure 7). The base of this tube lies 90 cm below the lowest point in the
channel. However, due to the configuration of the neutron probe and the
position of the rubber stopper sealing the end of the tube, the lowest point
of measurement is approximately 30 cm below the channel and 60 cm south of
the base of the channel.

Additional information on the moisture status was obtained using two
nests of tensiometers for measuring in situ pressure head (figures 3 and 7).
Each nest consisted of two tensiometers at depths of 0.9 and 1.8 meters
below the level of the inmer flood plain. The tensiometers were emplaced
into a 1.27 cm diameter hole containing a slurry of locally derived clays.
Native material taken from the hole was then used to complete the backfill
above the porous cup. Pressure in the tensiometer was determined using a
pressure transducer (Tensimeter, Soil Measurements Systems, Las Cruces, NM)
connected to a hypodermic needle which was inserted into the tensiometer
through a septum stopper.

Pressure-vacuum porous cup samplers (Model 1920, Soil Moisture
Equipment Corp., Santa Barbara, CA) were emplaced to collect representative
water quality samples in the vadose zone near the channel and at 16 meters
away from the channel (figure 7). The samplers were emplaced in 5 cm
diameter boreholes augered vertically.to just above the water table and
backfilled. A vacuum of approximately 500 cm of water was then applied to
the sampler using a hand pump. The sampler was shut-in under a vacuum and
left for a period of approximately one week. During this time nearly one
liter of water was obtained under a falling vacuum condition. Chemical
analyses were performed on the samples for major cations and anions,
conductivity and pH. In addition to collecting water samples from the

vadose zone just above the water table, water samples were collected from
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wells PL, P2, P3 and the channel flow. These data were plotted on Stiff
plots to evaluate differences in water chemistry and mixing.

Monitoring frequency of most of the instrumentation was weekly during
the first year of the project. Subsequently, the frequency was bi-weekly
when there was no flow in the channels.

Recharge. At the Rio Puerco site recharge from stream infiltration was
calculated by two methods: channel seepage rate determined from hydraulice
data, and the convolution integral applied to a ground-water level time
series,

For simplif;ed channel geometries, Bouwer (1969) developed a solution
for the steady state channel seepage rate, Is' which is analogous to Darcy’s

equation. For a trapezoidal channel with a clogging layer and a deep water

table, Bouwer indicates that:

K H
a W
Ig = WL [(Hw TR W My - ) g 1
where K~ = saturated hydraulic conductivity of clogging layer (LT‘I)

W = water surface width (L)

L_ = thickness of clogging layer (L)

H = depth of water in channel (L)

Wb = width of bottom of channel (L)

a = stream bank angle from horizontal (degrees)

- h_ _ = pressure head of soil beneath clogging layer (L)
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For the related case when the clogging layer is absent and the water
table is shallow, the stream and aquifer are likely to be hydraulically
connected. That is, the water table intersects the stream channel. Bouwer
(1969) developed a graphical method to compute steady state channel seepage
rates based on electric analog models for a Dupuit-Forchheimer flow system.
Required parameters include depth to ground water (DW), distance from the
channel bottom to the base of the aquifer (Di), as well as Wb and Hw‘
Bouwer (1969) refers to these two analytical approaches as relevant to
conditions C and B, regpectively, as shown in figure 8.

In a second approach, recharge is calculated using the convolution
integral, following the procedure of Moench and Kiesel (1970). In the
convolution method an observed time series of water levels, G(x,t), in a
well located a distance from the channel is used to predict the input
(recharge) to the aquifer per unit channel length, F(t), due to stream

infiltration:
G(x,t) = [T F(r)h(x,t-r)dr (2)

where h(x,t) is the unit impulse response or kernel function and t is time.
The function h(x,t) may be thought of as a dimensionless height of a ground
water mound developed on a static water table due to an instantaneous slug
of recharge. 1In our investigation we obtain h(x,t) through a simple
conceptual model of the flow system. For this conceptualization the aquifer
is assumed to be constant in thickness, homogeneous, isctropic, and semi-
infinite in areal extent. Only one-dimensional horizontal flow is allowed

orthogonal to the straight stream channel. The Dupuit assumptions are
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invoked to account for water table conditions. It is also assumed that
there is zero time lag between infiltration from the channel and ground-

water recharge. Glover (1960) obtained a solution for this problem:

Ug v2
h(x,t) "./% ful (e )y (3)
where
w. = (x - w/2)
Y (ar)t?
w, = X EW/2)
: * (hat) 172

and w is the channel width (L), a (L2/T) is the ratio of aquifer
transmissivity and specific yield, Sy. The average recharge volume per unit

length of channel, R (L2) over a time period, T.
T
R = } [F(t) - sy . w] (4)
[¢]

Average infiltration rate, I (L/T), over the wetted perimeter, P (L), is

R_
I=7p - )
Refer to Appendix 2 for the computer program used in the calculations

for the convolution method. Water levels were measured weekly in

observation wells during the first year of the project. During the second
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year when there was no runoff, monitoring was about every two weeks.

Results and Discussion

We will first present an analysis of the seepage process and the nature
of hydraulic connection between the stream and aquifer. Following this,
computations of stream chamnel infiltration and recharge will be presented.

Stream-Aquifer TInterconnection. To determine whether the stream and
aquifer are in hydraulic interconnection, we begin by examining the stream
stage record and the response of water levels in the monitor wells near the
channel. Monitoring the degree of saturation in the vadose zone near the
channel also affords a means to determine whether an interconnection exists.

The measured stage in the Rio Puerco is shown in figure 9a. From the
beginning of our period of record, February 1986, the channel was virtually
dry until about March 1986. This was followed by a sequence of runoff
events which lasted from about 2 to 4 weeks each. A period of continuous
flow began in about August 1986 and extended until we discontinued field
operations in May 1987. Within this period of sustained flow, the stage
fluctuated by more than 2 m; in fact, over bank-flow occurred within the
inner floodplain in October and November 1986.

Water level elevations in the monitor wells respond rather quickly to
stream stage fluctuations as indicated in figure 9a and 9b. There appears
to be excellent hydraulic communicatioﬁ between the stream and the sandy
aquifer screened in monitor well P2. The amplitude of the response in
monitor well P2, located 16 m from the thalweg and screened to about 3 m
below”the channel (figures 3, 6), was greater than in monitor well Pl
located only 6 m from the thalweg. The smaller water level amplitude in
monitor well Pl is attributed to the presence of relatively low-permeable
clay layers within the 7m depth interval between the screen of monitor well

Pl and the channel bottom. The water level response in monitor well P3 is
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in-phase with responses in the stream. However, the amplitude is dampened
relative to the response in monitor wells Pl and P2, owing to its greater
distance from the stream and greater depth (figure 6). Monitor wells P4 and
P5 located nearly 100 m south of the channel, show only minor responses to
runoff.

During our period of measurement, water level elevations in the monitor
wells were lower than the stream stage elevation (figure 9a, b), with one
brief exception which will be described subsequently. This observation
suggests that, in general, the Rio Puerco is a losing or influent stream at
our site, and that there is potential for unsaturated flow phenomena to be
significant. The exception mentioned above occurs approximately between
days 750 and 760, when the water level in monitor well P2 exceeded the
elevation of the stream free surface. We infer that during this time
groundwater, or bank storage, flowed into the stream during a recession
period. Because ground-water levels have generally risen due to continuous
runoff since about day 600, there is potential for bank storage
contributions to the stream discharge to occur when the stage decreases
rapidly and ground-water levels exceed the stage elevation. Surprisingly,
there did not appear to be contributions from bank storage following the
short periods of overbank flow on about days 655 and 680. It is possible
that the duration of overbank flow was too brief to allow significant
infiltration or bank storage to occur. However, the interpretations from
water level data are weakened because the frequency of monitoring was only
about weekly.

Stream stage and water level elevation measurements, along with water
content measurements beneath the channel, also reveal evidence for

variability in the degree of hydraulic communication between the stream and

aquifer. Note, for example, the stream stage and aquifer responses between
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days 460 and 530 (figures 9a, 9b). During this time there were three runoff
events (labeled 1, 2, 3 on figure 9a); the latter was separated from the
first two by about a 10«da§ period of no flow. In general terms, the three
flow events appear to be quite similar. However, the magnitude of the
aquifer response in monitor wells Pl, P2 and P3 to the first two runoff
events is much greater than the response to the third event. In fact, there
is a general recession in ground-water levels during the third period of
increasing stream stage. The water content beneath the channel averaged
approximately 37 percent and tended to increase during the period 460-500
days. However, during the third event the water content decreased to about
34 percent (figure 10). For all three events, soil water content beneath
the channel was less than saturation. We infer that the stream and aquifer
were not fully conmnected during this discharge sequence,

There is no conclusive evidence for the development of a clogging layer
during the first two flow events in this flow sequence (days 460 to 530),
even though the sediments are not fully saturated. It is possible that a
local zone of saturation developed beneath the channel (similar to the
example by Reisenaur, 1963) even in the absence of a clogging layer, owing
strictly to capillary effects and the two-dimensional geometry of the
source. (figure 1; condition IB). The zone of saturation would tend to be
more limited in vertical extent in fine than in coarse textured sediments,
owing to capillary effects (Stephens and Neuman 1982), and its size would
vary proportionally to the stream stage. The zone between the water-table
‘aquifer and the saturated trough beneath the channel would be expected to be
just below saturation, such as that observed during the final two flow
events described above. If the stream stage remained unchanged, the degree

of saturation in this interval would be expected to increase from below as
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the ground water table mound rises. Additional data would be needed to
determine whether these processes occurred at the Rio Puerco Site.

There is more convincing evidence for the existence of a clogging layer
during the third flow event. During the third event (days 515-530) water
level elevations decreased in the monitor wells (figure 9), and water
content decreased beneath the channel (figure 10). This information
suggests that the rate of infiltration through the channel bottom decreased
in comparison to the rate during the previous flow events. Inasmuch as the
peak stream stage for the third event was slightly greater than that in the
previous two events, we believe that the hydraulic conductivity of the
channel bottom sediments decreased by comparison to previous conditions,
most probably due to the development of the clogging layer.

Soil moisture evidence for a clogging layer also is indicated during
other periods, such as for days 615-650. During this time, there is runoff
in the channel (figure 9), yet the soil beneath the channel is at a water
content which is less than saturation (figure 10). Prior and subsequent to
this period, the stream stage was considerably greater; however, at these
times the sediments beneath the channel were saturated. These changes in
stream stage and soil moisture response suggest there may be a relatively
low permeable clogging layer present during the entire period (days 615-650)
which allows infiltration at a rate sufficient to saturate underlying
sediments only when the fluid head above the clogging layer (stream stage)
is relatively large (figure 1; Condition IIA). The conceptual model of
Etream-aquifer interaction presented by Spiegel (1955), showing a ground-
water mound intercepting the stream, most probably would be applicable only
after sustained flow.

Recharge. Ground-water recharge on the Rio Puerco was determined first

from hydraulic characteristics of the channel and formation, according to
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equation 1. In this approach, a clogging layer is presumed to exist with
unsaturated soil beneath it. We selected the period of record from day 543
to 570 (July 1986) when the stage of the stream, Hw’ was rather constant at
about 1.09 m. The width of the water surface of the stream, W, was about
8 m; the width of the base of the channel, W, was about 6.4 m; the slope of
the channel side, «, was about 33°; and the pressure head beneath the
channel was estimated to be -0.2 m. The moisture content beneath the
channel increased from about 30 to 37 percent during this period and
continued to increase to as much as 41 percent following the period; we
infer therefore that the sediments beneath the channel in fact were
unsaturated during the time period. Hydraulic conductivity and clogging
layer thickness are critical parameters in the analysis. The harmonic mean
hydraulic conductivity of sediments sampled within 41 cm of the channel
bottom and sides is about 4.6 x 10'6 cm/s (table 3). If we assume the
clogging layer is 41 cm thick, then the steady infiltration rate from the
trapezoidal channel, IS, is calculated to be 1.58 x 10‘5 cm/s. By this
approach total recharge for the period averaged 2,949 m3/km. This analysis
assumes that the water table is sufficiently deep that gravity flow occurs
in unsaturated sediments below the clogging layer (figure 1; Condition IIb).
The uncertainty in hydraulic conductivity and thickness of the clogging
layer are principal sources of error. |

An alternative approach, also based on channel hydraulic properties, is
to assume that the clogging layer is absent, so that the stream and aquifer
are actually interconnected, as in condition Ia in figure 1. For the same
flow period as before, we determined the depth to static ground water below
the channel surface, Dw’ to be about 2.3 m; the depth to an impermeable
layer, Di’ was assumed to correspond to the clay layer at about the 5.0 m

depth (figure 6); saturated hydraulic conductivity was estimated to be
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10-3 cm/s; and the width of the channel base was about 6.4 m. We compute
the steady infiltration rate from Bouwer's (1969; pg 125) graphical

5-cm/s. The total recharge from this event would

procedure to be 6.4 x 10~
be 11,944 m3/km. In this second analysis, the increased infiltration rate,
compared to the previous case, is due to the absence of the clogging layer.
The presence of the assumed lower impermeable boundary 5 m below the channel
tends to limit the infiltration rate. Inasmuch as deep monitor wells below
the 5 m depth actually did respond slightly to runoff and infiltration, the
assumed lower boundary either is moderately permeable or is laterally
discontinuocus. Thus, kf the stream and aquifer were interconnected and a
clogging layer was absent, then the actual infiltration rate may exceed the
value calculated above.

For further comparisons, recharge rate was also computed by the
convolution method. This method presumes that as infiltration occurs, a
ground-water mound grows beneath the chamnel. In response to this, water
levels increase in wells adjacent to the channel. We assume that the
specific yield of the aquifer is 20 percent, and the width of the recharge
source 1s 4 m. Based on the water level hydrograph in monitor well P2 for
the same 4 week period as before, the convolution method indicates that the
infiltration rate is about 5.75 x 10“5 cm/s, and the total recharge is about
10,730 m3/km. By all these methods therefore, we estimate that the total
recharge for the period (day 543-570) ranges from about 2,949 to 11,944
m3 /km.

Over ;he entire 82 week period of monitoring water levels (Sept. 27,
1985 to April 29, 1987), average weekly infiltration was also calculated
using the convolution approach. The cumulative input function F(T) is shown

in figure 11, based on water level data in P2. If we assume that the

specific yield is 20 percent, then the total recharge would be about 103,772
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m3/km. If the wetted perimeter averages 1000 cm, then the infiltration rate
averaged over the 82 week period would be 2.09 x 10'S cm/s. However, this
average includes periods of no flow. During the 82 week period, flow in the
channel occurred approximately 60 percent of the time. Therefore, the
average weekly infiltration rate during the periods of runoff would be about
3.35 % 10'5 cm/s. On an annual basis the total recharge rate would be
approximately 69,800 m3/km - yr.

The transmission loss from the Rio Puerco between the gaging station on
US Highway 6 and the one just west of our site was previously computed to be
about 30,000 m3/km-yr by Heath (1983). The length of this segment of the
channel is about 78 km. This channel loss would comprise about 32 percent
of the mean annual runoff at the U.S. Highway 6 gaging station. 1If we
assume that the average length of the wetted perimeter is 1000 cm and flow
occurs 40 percent of the time in this reach (Heath 1983), then the average
infiltration rate would be 1.52 x 10'S cm/s. This estimate includes errors
associated with the stream gaging data base; it also does not account for
transmission losses due to direct evaporation from the water surface,
although these losses are probably less than a few percent of the
infiltrated volume. Not all transmission losses occur in the inner channel;
some of the losses occur when overbank flow infiltrates the flood plain
sediments.

A comparison of the infiltration rates computed by the various methods
and for different time periods is shown in table 6. The wvalues agree to the
same order of magnitude, ranging from about 1.5 x 107> to 6.4 x 107° cm/s.
This agreement is surprisingly good considering the numerous sources of
uncertainty regarding conceptual models, numerical techniques, and hydraulic

characteristics. Some variability in infiltration rates is to be expected.

For example, based on our field observations, it is likely that the
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TABLE 6

COMPARISON OF INFILTRATION RATE ESTIMATES ON THE RIO PUERCO
USING HYDRAULIC CHARACTERISTICS, CONVOLUTION, AND STREAM FLOW GAGING

Infiltration Rate (xlO-S cm/s)

Hydraulic Characteristics Convolution Stream Gaging
Period of Record (Clogging Laver) (No Clogging)

June 27, 1986 1.6 6.4 5.7 n/a
to July 25, 1986

82 week period n/a n/a 3.6 n/a
(9/26/85 - 4/15/87)

long term ’
(water years 1940
through 1976)
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development of a clogging layer is a dynamic process that may be influenced
by variability in sediment load characteristics, stream velocity, and
periods of drying between runoff events. In addition, there is uncertainty
in the hydraulic properties, which are utilized in some of the analytical
models, for example, due to temporal changes In permeability and thickness
of the clogging layer. The presence or absence of a clogging layer
determines, in part, the particular analytical model used for developing the

recharge prediction.

Water Chemistry

Water samples of surface runoff and ground water in the saturated and
unsaturated zonme were collected at the Rio Puerco site. The samples were
analyzed for major cations and anions as well as pH. The results of the
chemical analyses are shown in table 7. 1In general, the water would be
classed as a sodium-sulfate type.

Surface water samples collected from winter runoff showed lower total
concentrations of all species compared te spring runoff (figure 12). 1In
November and December the equivalent weight of bicarbonate slightly exceeded
chloride, whereas the opposite was true in March and April. Winter runoff
is largely derived from precipitation of low intensity that may be generated
to a significant extent in the lower portion of the basin. On the other
hand, spring runoff which is derived from snowmelt in the higher elevations
of the basin headwaters, may flow over a much greater distance to reach our
site; in Ehe process, the runoff contacts soluble salts in the geologic

‘materials.

The general chemical characteristics of the groundwater near the Rio
Puerco are quite similar to those in the stream (figures 12 and 13). In
light of our previous work, we can infer therefore that the groundwater is,

in fact, derived from the stream infiltration. From Figures 12 and 13, it
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Table 7. Summary of water chemistry data for the Rio Puerco

Saturated and Vadose Zone

Chemical Constituants in ppm

Sample

Source CA Mg Na K HCO3 Cc03

Well pl 78.00 17.80 155.00 4.20 111.00 0.00

Well p2 220.00 61.30 313.00 5.80 230.00 0.00

Well p3 367.00 126.80 600.00 7.20 321.00 0.00

Vadose Zone

Near Channel . 154.00 52.00 230.00 6.20 92.00 0.00

Vadose Zone Away

From Channel 181.00 38.00 320.00 8.00 360.00 0.00
Chemical Constituents in ppm

Sample

Source S04 Cl NO3 P04 Si Fe

pl 438.00 39.00 5.80 0.00 0.00 0.00

p2 1092.00 102.00 1.90 0.00 0.00 0.00

p3 1722.00 483.00 1.00 0.00 0.00 0.00

Vadose Zone

Near Channel 875.00 62.00 1.40 0.00 0.00 0.00

Vadose Zomne Away

From Channel 864,00 87.060 0.01 0.00 0.00 0.00
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Table 7 Continued:

Percent Reacting Values

Sample $Ca Mg % (Nat+K) %Cl $504  3HCO3 TDS, meq/l $error
Well pl 31.89 12.00 56.12 9.84 75.16 15.00 24.34 0.30
Well p2 36.86 16.93 46.21 9.89 77.30 12.82 59.20 0.63
Well p3 33.28 18.96 47.76 24.91 65.48 9.61 109.78 0.25
Vadose Zone
Near Channel 34.73 19.33 45.94 8.24 84,74 7.01 43.62 1.44
Vadose Zone
Away
From Channel 34.36 11.89 53.74 9.32 68.28 22.40 52.63 0.12
Surface Water '
Chemical Constituents in ppm
Sample Date
Source Collected Ca Mg Na K HCO3 co3
Surface 1 11/06/86 85.00 19.50 165.00 5.40 151.00 0.00
Surface 2 12/20/85 80.00 19.00 162,00 8.10 164.00 0.00
Surface 3 4/18/86 162.00 68.00 500.00 16.00 298.00 0.00
Surface 4 3/11/86 162.00 49.00 302.00 29.50 173.00 0.00
Chemical Constituents in ppm
Sample Date S04 Cl NG3 PO4 Si Fe
Collected
Surface 1 11/06/86 453.00 39.00 11.00 0.00 0.00 0.00
Surface 2 12/20/85 344,00 58.00 0.00 0.00 0.00 0.00
Surface 3 4/18/86 1141.00 223.00 3.54 0.00 0.00 0.00
Surface 4 3/11/86 564.00 409.00 0.00 0.00 0.00 0.00
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can be seen that groundwater from monitor well Pl is nearly identical in
chemical composition to winter runoff. Groundwater in monitor well P2,
located at a shallow depth, contains more soluble salts than at Pl. Monitor
well P3 has a chemical character similar to the spring runoff, but it is
greater in total dissolved solid concentration. Inasmuch as no chemical
analyses are available from summer when thunderstorm runoff may transport
evaporite deposits to the main channel, we cannot assume that the range in
variability of water chemistry has been completely defined. It is therefore
pessible that the composition of ground water at P3 reflects infiltration
from another timé than the periods represented by existing samples, rather
than composition being attributed to an evolution of chemical character
along the path of ground-water flow. It appears entirely likely that the
variability in ground-water quality is due mostly to variability in the
chemistry of the infiltrating surface runoff.

The chemical nature of samples withdrawn from the vadose zone and from
shallow monitor well P2 are all quite similar (figure 13). This similarity
suggests that water in the vadose zone may be derived from the fluctuating
shallow ground-water table. There is insufficient information at this time

to study the evolution of water chemistry in the vadose zone.
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RIO SALADO SITE

Descxription

The Rio Salado originates in pinon and juniper forests on the
Continental Divide at an elevation of about 2500 m above sea level near
Datil in Catron County, New Mexico approximately 130 km west of Socorro.
Alamocito Creek is a major tributary which drains the north side of the
Datil Mountains. La Jencia Creek is a major tributary which drains the area
in the vicinity of Magdalena, New Mexico. The Rio Salado cuts through the
Lemitar and Ladron Mantains where it enters the Rio Grande Valley. From
this point eastward, the Rio Salado lies within the Sevilleta National
Wildlife Refuge. The confluence of the Rio Salado and Rio Grande is located
just north of San Acacia, NM, at an elevation of approximately 1433 m above
mean sea level (figure 14).

There are two hydrologic research sites on the Rioc Salado which are
described in this investigation. The lower site is located at the U.S.
Geological Survey gaging station approximately 0.5 km west of the
Interstate-25 bridge and 5 km upstream of the confluence of the Rioc Salado
with the Rio Grande. The upper site is about 4.8 km upstream from the lower
site, at the location of sewveral previous hydrologic field studies funded
through the New Mexico Water Resources Research Institute, U.S. Geological
Survey, and U.S. Bureau of Reclamation. Meteorological records for this
research area have been maintained by New Mexico Tech researchers since
“about 1982i

Stream Characteristics. The Rio Salado drainage basin includes an area
of approximately 3533 km?. The main channel in the vicinity of the site is

distinctly braided. The main channel is relatively straight and maintains a

rather uniform geometry. The width of the main channel is about 220 m at
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the upper site and 200 m at the lower site. The channel depth varies from
about 1 to 1.5 m. During many low-flow events, discharge only occurs in a
few localized channels which meander through the sandy stream-bottom
sediments in the main channel. The gradient on the Rio Salado near the
site, approximately 6 m/km (31 ft/mi), is much greater than on the Rio
Puerco.

At the lower Rio Salado site, discharge measurements at the gaging
station near I1-25 were recorded from about October 1947 to September 1984 by
the US Geological Survey. The station consists of three separate stilling
wells and stage recorders to measure flow in the major localized channels
(figure 15). The gages have not been operated since 1984. Owing to the
anastomizing nature of the Ric Salado during low-flow periods, the stream
flow records are rated as poor. Available data indicate the mean annual
discharge is about 0.4 m3/s (14.3 £3/s). Peak discharge was 1026 m3/s on
July 31, 1965. Most of the runoff occurs in summer as a result of intense
thunderstorms concentrated in the upland areas west of the site. The Rio
Salado is dry on the average of 320 days per year. The variability in
runoff on the Rio Salado for the period 1948 through 1959 is illustrated in
table 8.

The U.S. Geological Survey discontinued measurement on the Rio Salado
at I-25 in 1984. We therefore constructed a water level stage recording
gage in a well developed local channel on the south bank of stream at the
upper site (figure 16). The design of the stilling well was nearly
‘identical to the one described previously for the Rio Puerco. A Stevens
type A model 71 recorder was installed in the stilling well. The station
began operation on May, 30, 1986. However, a large runoff event in October

1986 eroded the stream bank and washed away the gage station.
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Geology and Soils. The Rio Salado in its headwaters is underlain
mostly by andesitic volcano-clastic rocks and rhyolitic tuffs of the Datil
volcanic field and by Mesdzoic shale and sandstone. To the east the Rio
Salado drainage basin is underlain by Tertiary basin fill alluvial deposits
of the Santa Fe Group. Where it cuts through the Ladron Mountains roughly
15 km west of our upper research site, the Rio Salado is underlain by well
indurated rocks which include Precambrian granite and Paleozoic limestone
and shale, To the east of this mountain area, the Rio Salado flows across
the well indurated conglomerates and mudstones of the Popotosa formation of
the Santa Fe Group and then Quaternary alluvium.

Channel deposits in the site vicinity consist mostly of sand, gravel,
and cobbles, with some silt and clay. The wide channel exposes an abundant
source of sand for extensive dunes which occur on the north side of the Rio
Salado near our site. In places in the channel, gravel and cobble layers
are so dense that they could not be penetrated by mechanical drilling
equipment. Fine sediments, such as those which develop mud cracks following
a runoff event, are uncommon, except in some of the deeper localized
channels and in areas of overbank flow.

At the lower site three monitor wells were drilled at locations shown
in figure 15. Construction details are summarized in table 9. Sediments in
monitor well L1, drilled to a depth of 12.3 meters near the center of the
main channel, consisted mostly of medium to coarse sand with thin interbeds
of fine s%pd. A dense cobble layer is present between 2.3 and 3.0 meters
'depth. Except for the cobbles, similar sediments were found 120 m to the
south at monitor well L3 to depths of about 14.6 m. A sandy clay layer
about 1.0 m thick occurred at this depth. It is our opinion at this time

that sediments to depths of at least about 20 m at the lower site represent
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TABLE 9

SUMMARY OF MONITOR WELL CONSTRUCTION DETAILS
LOWER RIO SALADO SITE

Total
Meas Pt. Depth Average
Elev(TOC) U™ Below Top Height of Case. Screen
(M above Coord. of Casing Water in Diam. Length Date
Well S.L.) (m) (m) Well (m) (m) (m) Installed
L1l 1453.934 E 325186.6 12.28 2.41 0.05 1.37 9/3/85
N 3796537.5
L2 1454.027 'E 325092.6 10.67 0.80 0.05 1.37 9/5/85
N 3796448 .4
L3 1455.895 E 325003.8 19.81 8.10 0.05 1.37 9/7/85
N 3796364.3
L4 1455.767 E 324917.5 16.76 6.78 0.05 1.37 9/10/85
N 3796452.9

Comments:

S1 - Backfilled with native material, coarse sand. Cemented at base,
chained to old gaging stationm.

S2 - Backfilled with native material, coarse sand.

S3 - Screened interval packed with gravel, backfilled with native
material.

S4 - Backfilled with native material. .
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recent alluvial deposits of the Rio Salado. However, more detailed geologic
analysis of the drill cuttings is necessary to corroborate this opinion.

At the upper site a borehole was drilled in October 1984 to a depth of
21 m for characterizing hydrogeologic conditions on the flood plain on the
south side of the Rio Salado (Figure 16). A second deep borehole (just west
of monitor well U20) was drilled in the channel to a depth of 23 m. The
geologic logs of these two borings indicate that the sediments consist
mostly of medium to coarse sand with some gravel; however, the sediments are
somewhat coarser in the center of the channel. Both borings could not be
advanced beyond the total depth drilled, owing to the dense material
encountered. This geologic data is supported by an electrical resistivity
survey using a Wenner array run along a transect shown in figure 16. In the
geophysical survey, saturated unconsolidated sediments were found from about
3.6 to 18.5 m depths and shale and clay layers were interpreted to occur
from about 18.5 to about 196 m depths (W. Olson, unpublished class report,
New Mexico Tech 1985). At the upper site, it is possible that the contact
between the Rio Salado alluvium and Santa Fe Group (possibly the Popatosa
formation) is located at about 18.5 m below land surface.

A morth-northeast trending normal fault, the Loma Blanca, has been
mapped (Machette 1978) in outcrops located between the upper and lower site
and projects across the Rio Salado. Hydrogeologic data to be presented
later will suggest that the fault displacement may cause the Santa Fe Group
to be at a greater depth on the east side of the fault. That is, the
‘unconsolidated, permeable alluvium which overlies the Santa Fe may be

thicker at the lower site than at the upper site.
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Ground-Water Conditions. The principal shallow aquifer is the Rio

Salado alluvium. This water table aquifer is perhaps 0.5 kn wide and at
least 15 m thick. The depth to ground water is quite variable between the
upper and lower site. At the upper site, the water table lies about 1 m
below the channel whereas along the flood plain south of the channel the
water table is about 3 to 6 meters below land surface. 1In contrast, at the
lower site the water table is about 9 meters below the channel, and depths
to water in wells on the flood plain at the lower site are about 10 to 12
meters. There are no wells located between these two sites or geophysical
studies to help explain the substantial increase in the depth to water to
the east. One explanation may be that the thickness of permeable alluvium
is much greater on the east side of the Loma Blanca fault.

The direction of ground-water flow is eastward, nearly parallel to the
Rio Salado. The average hydraulic gradient between the upper and lower site
is about 8m/km.

An aquifer pumping test was conducted at the upper research site on the

Rio Salado. Well U20 was pumped at a rate of 1.14 x 10"3

m3/s (18 gal/min)
for about 1240 minutes, and drawdown was measured in observation well U21
located about 2 meters away. Details of monitor wells construction are
given in Table 10. The quality of the test data was determined to be too
poor to attempt to compute the hydraulic conductivity. However, several
previous investigations of sediments on the south bank of the upper site
indicate that the the saturated hydraulic conductivity of alluvium is on the

order of 10-2 cm/s. (Stephens et al. 1983; Byers and Stephens 1983;

Stephens and Knowlton 1984).
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TABLE 10

SUMMARY OF MONITOR WELL CONSTRUCTION DETAILS
UPPER RIO SALADO SITE

Total
Meas Pt. Depth Average
Elev(TOC) UM Below Top Height of Case. Screen
(M above Coord. of Casing Water in Diam. Length Date
Well S.L.) (m) (m) Well (m) (m) (m) Installed
Ul  1480.078 E 321075.25 @ ----- ---- 0.10 ---- 9/28/83
N 3797954.28
U2 1497.408 E 321220.96  ----- - 0.05 ---- 9/30/83
N 3798232.53
U3 1497.042 E 321175.38  ----- R 0.10 ---- 9/28/83
N 3798088.37
U4 1480.566 E 320948.67  ----- -.-- 0.10 -~ww- 10/4/83
N 3797876.46
U5  1482.181 E 321191.67  ~---- ---- 0.044 ---- 1/13/84
N 3797859.04
U6  1480.200 E 320941.29  ----- ---- 0.044 ---- 1/12/84
N 3798051.13
U7  1480.139 E 321076.57  ~=-=-- ---- 0.044 ~--- 3/2/84
N 3797956.24
U8  1480.590 E 320939.57 5.85 3.72 0.05 1.37 10/85
N 3798221.55
U9  1481.365 E 320956.57 7.88 5.29 0.05 1.37 10/85
N 3798387.90
Ul0  1482.825 E 320789.06 7.55 4.65 0.05 1.37 10/85
N 3798423.26
Ull  1481.526 E 320766.60 7.51 5.22 0.05 1.37 10/85
. N 3798225.65
Ul2 1481.526 E 320760.50 8.74 6.51 0.05 1.37 10/85
N 3798051.18
Ul3 1482.934 E 320607.49 7.47 4,27 0.05 1.37 10/85
N 3798060.54
Ulsa 1482.462 E 320609.12 7.05 4.67 0.05 1.37 10/85
N 3798225.94
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TABLE 10 (con't)

SUMMARY OF MONITOR WELL CONSTRUGCTION DETAILS

UPPER RIO SALADO SITE

Total
Meas Pt. Depth Average
Elev(TOC) UTM Below Top Height of Case. Screen
(M above Coord. of Casing Water in Diam. Length Date
Well S.L.) (m) (m) Well (m) (m) (m) Installed
U1s5 1482.895 E 320607.62 7.62 5.36 0.05 1.37 10/85
N 3798384.16
Ule 1484.324 'E 320449.20 7.92 5.02 0.05 1.37 10/85
N 3798408.80
Ul7 1485.946 E 320439.60 10.61 5.64 0.05 1.37 10/85
N 3798223.90
Uls 1489.265 E 320443.21 10.67 2.01 0.05 1.37 10/85
N 3798064.56
Ule 1484.781 E 320340.84 5.49 -- - 0.05 1.37 2/7/86
N 3798552.45
U20 1483.600 E 320345.04 10.67 .- 0.05 1.37 4/86
N 3798558.05
U2l 1483.600 5.18 .- 0.05 1.37 4/86
U22 1483.500 3.05 .- 0.05 0.91 4/86
Comments :

U8 through Ul9 - Backfilled with native materials.
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Methods of Analysis

The general approach to study stream-aquifer interaction and recharge
on the Rio Salado is the same as that previously described for the Rio
Puerco. We used vadose zone monitoring in the stream chamnels to ascertain
the degree of saturation between the stream bed and the water table.
Recharge was calculated from transient water level data using the
convolution approach. For comparison, groundwater monitor wells were used
to compute the volume of groundwater in storage due to stream infiltration.
Difference in disharge between gaging stations could not be used as a method
to compute recharge since the USGS gages were mno longer in operation.

Recharge was only calculated for the upper Rio Salado site. However,
the nature of stream-aquifer interaction was studied at both the upper and
lower sites,

Vadose Zone Instrumentation and Monitoring. At the lower Rio Salado

site four neutrom probe access tubes were installed at locations shown in
Figure 15. The boreholes were constructed with a 20 cm diameter hollowstem
flight auger and a Mobile B-30 drill rig. Five centimeter diameter aluminum
access tubing was placed to a depth of about 9.9 meters below land surface
and backfilled with cuttings. The cuttings were packed into the annulus in
the reverse order in which they were produced during drilling. The access
tube was vibrated and the cuttings were carefully tamped to minimize the
potential for channeling in the annular space.

At the upper Rio Salado site two neutron probe access tubes, UNL and
‘UNZ, were placed along a line orthogonal to the channel (figure 16). These
moisture monitor points were constructed in the same manner as described for

the lower site. The frequency of monitoring ranged from weekly to bi-

weekly.
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Soil water samplers were not installed at either of the Rio Salado
sites. The principal reasons for not sampling the soil-water were that: 1)
the stream discharge was very brief and the seepage rates were likely to be
high, and 2) the chemistry of the surface water was quite variable. As a
consequence, no analysis was done to determine whether chemical changes
occur in water that seeps from the Rio Salado chamnel toward the water
table.

Recharge. Recharge was calculated for the upper Rio Salado site based
on the volume of groundwater in storage and by the convolution method.
Details of the convolution method were described in the previous section on
the Rio Puerco. The increase in the volume of water stored in the aquifer
per unit length of channel was determined by computing the volume of pore
space beneath the water table at two different times, prior to and during a
stream flow event. The water level data were contoured using a Laplacian
and Spline interpolation scheme (Plot 88, Plotworks, Inc., La Jolla, CA).
Differences in the water level measurements were used in conjunction with
Simpson’s rule for integration to compute the increase in the volume of
ground-water storage due to infiltration along a 520 m reach of the channel.
This method neglects evapotranspiration from the water table and ground-
water outflow from the mound area. We implicitly assume that the inflow, or
recharge from stream infiltration, eqﬁals the increase in storage of water
in the mound. Therefore, this method only provides a check on the
reasonableness of the convolution results.

*
Results and Discussion

For the two sites on the Rio Salado the interconnection between the
surface and ground water is established on the basis of neutron logging and

water level elevations in monitor wells. At the upper site recharge is
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calculated using the convolution integral, and it is also determined from
the volume of ground water stored in the mound beneath the channel.

Stream-Aquifer Intercomnmnection. At the upper Salado site, two neutron

probe access tubes were monitored adjacent to the stage gaging station
(figure 16, 17). The resulting water content is shown in figure 18, prior
to the time when the tubes were damaged by flooding. The water content
increased sharply after runoff began on about day 540. The maximum water
content, about 30 percent, indicates the pore space was not completely
saturated.

Water level elevations in monitor wells at the upper Rio Salado site
are shown in figure 19. The hydrographs show a rapid response to the two
recorded runoff events in July and October 1986 (approximately days 540 and
645, respectively). Subsequent to the destruction of the gaging station,
the hydrographs indicate that runoff also occurred during February 1987.
Throughout the period there is no evidence of bank storage contributions to
runoff recession; this may be explained by the very shallow channel depth
and shallow depth to ground water.

For the runoff event in July 1986, water level elevations in monitor
wells Ul9, U20 and U2l near the gaging station were only slightly lower than
the elevation of the base of the stream chamnel. The initial depth to the
water table was shallow, and during this event water level elevations
increased by only about 1 meter (figure 19). Water levels in and adjacent
to the channel are just below the streambed during runoff. At well UL9 the
‘water level at day 540 is nearly equal to the elevation of the base of the
streambed (figure 19a, d). This suggests that the stream and aquifer are
interconnected, in spite of the fact that the water content in the access
tubes UNL and UN2 adjacent to the channel and well UL9 was less than

saturation (figure 18). The apparent incomplete saturation may be
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Figure 17, Cross-section of channel morphology and selected
monitoring instrumentation at the Upper Rio Salado Site.

(Note: Horizontal to vertical scale is 38:1)
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attributed to air entrapped during a rapidly rising water table. The
available hydrogeologic data indicate that the intercommection between
stream and aquifer are to be expected here, because of the shallow depth to
ground water and because the coarse bedload of the stream is not likely to
contribute sufficient fines to form a clogging layer. Also, owing to the
very wide channel geometry, capillary effects are not likely to induce
unsaturated flow conditions when there is bank-full discharge. The nature
of stream-aquifer interaction at the upper Salado site apparently follows
the conceptual model identified as Condition Ia in figure 1.

The lower Rio Salado site is shown in plan view in figure 15. The
morphology of the channel at this location is illustrated in figure 20. At
the lower Salado site neutron logging indicates that the maximum water
content beneath the center of the channel was only about 17 percent during
the runoff of July 1986 (figure 21). At this time, roughly 30 percent of
the channel was conveying water in several localized rivulets. During
runoff the sediments beneath the channel at this location appear to be
unsaturated to a depth of about 8.5 m, even though the neutron probe access
tube was located on a sand bar in the center of the main channel within
about 2 m of the edge of a water-filled, local channel. Following runoff,
thére was only a slight increase in water content in neutron probe access
tube LN2 located at the edge of the main channel, and virtually no
significant change was detected in access tubes LN3 and IN4 on the
floodplaiqn(figure 21). Ground-water elevations in monitor wells Ll and L2
‘reflect the development of a small ground-water mound (figure 22). However,
the mound is about 8.5 meters below the base of the chamnel (figure 22).
The water table does not intersect the stream, and there is unsaturated flow
beneath the chamnel during runoff. There was no geological evidence for a

low-permeable clogging layer, in the small channels during the late stages
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of recession. During the period of record water levels increased only by
about 3.5 m (figure 23). Because of the significant depth to ground water,
there is an opportunity for capillary effects to induce unsaturated flow
conditions beneath the channel, especially when discharge occurs in
localized rivulets. We conclude that the stream and aquifer were
disconnected at the lower Rio Salado site during our period of record, as
illustrated by condition Ib in figure 1.

In comparing the relationships between surface and ground water at the
two locations on the Rio Salado, it is apparent that the initial depth to
ground water bel;w the channel is a major factor in predicting whether a
stream will be connected or disconnected. Local geology may have a
significant influence on controlling depth to ground water. For example, we
previously speculated that the alluvium at the lower site east of the Loma
Blanca fault may be thicker than at the upper site on the west side of the
fault. Additional site characterization work is necessary to verify the
importance of the geologic controls on stream-aquifer interaction on the Rio
Salado.

Recharge. Ground-water recharge on the upper Rio Salado research site
was determined by the convolution method. Before applying the convolution
procedure however, we first determined the hydraulic diffusivity of the
alluvial aquifer in a trial and error approach. To do this, equation 3 was
used to predict the observed water level response to a brief period of
runoff. For this analysis water level data were chosen from monitor wells
Ulo, bll, and Ul2 on Julian day 286 of 1986, after about three days of
discharge. Based on a reasonably good fit of observed and predicted water
levels, the diffusivity was estimated to be 823 cm?/s. If we assume the
specific yield is 20 percent and the aquifer thickness is about 18.3m, then

the hydraulic conductivity would have to be 9x10-zcm/s in order to justify
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the estimated diffusivity. Such a value of conductivity is larger than
expected, but it is not unusual for coarse sand and gravel. A lower value
of conductivity which is in closer agreement with previous work, would be
obtained if the aquifer were thicker and/or had a greater specific yield
than that which was assumed in our analysis. Although our value of
diffusivity may be approximate, Moench and Kisiel (1970) note that recharge
is not highly sensitive to uncertainty in diffusivity.

In the second step of the recharge analysis, the water level response
in monitor well Ul4 was used as input to the convolution procedure. The
period of record for the analysis began with the stream flow that commenced
on about day 543 (about June 27, 1986). The recharge analysis was carried
out on the next 40 weeks of water level data (Appendix &). Figure 24 shows
the stream stage, the well hydrograph for Ul4 and the cumulative input
(recharge) function F(T). Recall that channel recharge is calculated from
the input function using equation 4. Over the 40 week period recharge from
the channel totaled 1.04x10%m3/km. This amount would equal the annual
recharge, if we assume that no other flow and recharge occurred during the
year. The recharge flux would be approximately 3-2x10-3cm/s, based upon a
channel width of 50m and flow in the channel occurring 14 percent of the
year. The total amount of recharge for the 40 week period cited above is
more than would be expected in an average year; normally flow occurs in the
channel only 5 percent of the time.

The r?charge calculated by the convolution approach is compared to the
results obtained by computing the volume of water stored in the ground-water
mound beneath and adjacent to the channel. For the comparison, water level
data during only the first three weeks after the flow began are used,
because thereafter, the mound propogated beyond our most distant monitor

wells. We assume that the ground-water mound propogates equally on both
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Table 11. Ground Water Recharge at the Upper Rio Salado Site, June 27 to
July 18, 1986 using the Convolution and Ground Water Mound
Storage Methods.

Week Recharge (m?)
Qonvolution Mound Storage Percent Difference
1 14,791 23,996 61.5
2 63,121 69,264 9.7
3 129,879 137,288 5.4
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sides of the channel, although data are only available for the south-side of
the Rio Salado. Table 1l illustrates that there is excellent agreement
between both methods -after the first week. To obtain the results shown in
Table 11, the stream reach length was set equal to the length of our monitor
well network, 519m.

It should be noted that recharge on the lower Rio Salado site was not
calculated in this study. However, we may infer that the recharge may be
even greater there than at the upper site. This is because the initial
depth to ground water and the hydraulic gradient beneath the channel are

much greater at the lower site.
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COMPARISON OF THE RIO PUERCO AND RIO SALADO

The physical parametérs of each stream are quite different even though
both are ephemeral (table 12). The Rio Puerco is a meandering stream
flowing in an incised chamnel of low width to depth ratio and low gradient,
whereas the Rio Salado is a braided system with high width to depth ratio
and a steeper channel gradient. The Ric Puerco Basin drains an area
approximately five times larger than that drained by the Rio Salado. In
addition, the Rio Pucho drains areas of higher elevation than the Rio
Salado.

Sediments carried by the Rio Puerco are primarily silt and clay,
whereas sediments carried by the Rio Salado include large fractions of sand
and gravel. Not surprisingly, the hydraulic conductivity of the Rio Puerco
channel bottom is about three orders of magnitude less than that of the Rio
Salado in the vicinity of our sites. A consequence of the differences in
drainage basin and chammel characteristics is that the Rio Puerco flows more
than twice as often as the Rio Salado; i.e. channel losses for the Rio
Puerco are much less than for the Rio Salado. Mean annual discharge is
greater for the Rio Puerco, yet for any single event, the Rio Salado
discharge rate often exceeds that of the Rio Puerco.

Although the Rioc Puerco flows more than twice as often as the Rio
Salado (table 12), recharge from the Rio Puerco on an annual basis is only
about 5 percent of that for the Rio Salado as indicated by the analyses in
.this study. This 1is due to the area over which infiltration can occur in
the channel and the permeability of the channel bottom sediments. For any
prescribed discharge in the Rio Puerco and Rio Salado, the wetted perimeter
of the Rio Salado is much greater as a consequence of the differences in

width to depth ratios. During the 40 week period Jume 27, 1986 to April 2,
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Table 12. Physical Parameters of the Rio Puerco and Rio Salado

Physical Parameter

Rio Puerco
(near Bernardo, NM)

Rio Salado
(near San Acacia, NM)

Channel Morphology

Width to Depth Ratio

Drainage Area (kmz)

Discharge (ft3/sec)
period of record
Mean

Extreme

Days of Flow (days/yr)

period of record

Mean
Gradient (m/km)

Suspended Sediment
Discharge

period of record
(water years)

total load (tons)
T.D.S. (mg/1.)
daily mean

load (tons/day)

Depth to Ground
Water (m)

Meandering

20:1

18,816  Km®

1939-1985 1984 1985

45.2 28.3 48.3

18,800 1,690 14,000

1941-1959 1984 1985

Braided

200:1

3,533 sz

1947-1984 1984

100 174 227
1
1984 1885
2,678,574 3,398,587
1,800 N.A.
7,339 9,311
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14.3 10.6

36,200 14,000

1948-1959 1984

43 18

1984

N.A.
480
N.A.
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1987, the total recharge on the Rio Salado was about 1.0x10%m®/km and about

5.5x10%m3 /km on the Rio Puerco.
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CONCLUSIONS

Ground-water recharge from ephemeral streams is a complex, dynamic
process. Instrumentation installed on the Rio Puerco and Rio Salado and
monitored from about September 1985 through April 1987 indicates that
recharge occurs through both saturated and unsaturated media beneath these
streams.

On the Rio Puerxco unsaturated flow is caused apparently by a clogging
layer on the channel bottom and sides; however, the clogging layer may be
scoured and remoVed periodically. Another favorable condition for
unsaturated flow is relatively low stream stage; when stage increases there
may be a transition from unsaturated to saturated flow beneath the channel,
even in the presence of a clogging layer. For most of the period of record
however, when there was a period of sustained flow, the Rio Puerco and the
alluvial aquifer were hydraulically connected at the research site.

On the Rio Salado we instrumented two sites. At the upper site where
the depth to water beneath the channel is about 1 m prior to runoff, the
stream and aquifer appear to be hydraulically connected. The channel
sediments are very sandy at both sites. There was no evidence of a fine-
textured clogging layer. However, at the lower site where the depth to the
water table prior to runoff was about ém, unsaturated flow occurred beneath
the channel during runoff. The unsaturated flow was probably a result of
the combined influence of the significant depth to the water table,
capillary forces, and the braided nature of the stream. At the lower site
the stream and aquifer were hydraulically disconnected.

Both the Rio Salado and Rio Puerco are influent streams. Results of
analyses for recharge indicate that the recharge rate on the Rio Salado is

about 3.2x10'3cm/s and about 3.76x10'scm/s on the Rio Puerco. Much more
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recharge occurs per kilometer along the Rio Salado in spite of the much less
frequent runoff periods compared with the Rio Puerco. On an annual basis
recharge on the Rio Salado. is about 10%m3/km-yr, whereas recharge on the Rio
Puerco is only about 7x10%m3/km-yr. The Rio Salado is considerably more
effective in inducing ground-water recharge, owing primarily to its wide,

permeable channel.
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APPENDIX 1

GEOLOGIGC LOG OF BORING NEAR P4 AT THE RIO PUERCO SITE

Depth (m)
From

.0

.52
.05
.27

SO

~

.37

o ON 0
H
[w]

-
QWO W00~~~
N
W

10.67
11.28
11.89
12.19
12.34
12.50
12.80
12.95
13.72
14.94
15.24
16.76

18.29

18.81

To

.52
.05
.27
.57

.03

Sediment

fine sand - tan

fine sand - tan

fine sand - tan

alternating brown clay and fine sand in
1.75 cm to 5 cm distinct layers
Alternating brown clay and fine sand but
with fine sand predominating

tan sandy clay - perched water at
approximately 5 meters depth

fine to medium tan sand - dry

fine to medium tan sand

fine to medium tan sand - water at 6.71
meters

grey clay

coarse to very coarse sand

fine to medium tan sand

grey clay

fine to medium tan sand

grey sandy clay

medium angular sand

grey sandy clay

medium to coarse angular sand

grey silty sand with organic debris
brown clay

silty sand with clay

sticky grey clay

brown clay

silty sandy clay with organic matter
medium sand

sandy clay

sand and gravel < 2cm

medium grey sand

medium grey sand - coarse with pebbles
near 18 meters

medium to coarse sand, poorly sorted
with a few pebbles

medium to coarse sand, poorly sorted
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GEOLOGIC LOG OF TRENCH INTO STREAM BANK AT THE RIO PUERCO SITE

Depth

From

60

90

144,
146.
149.
151.
152.

162.

.0

.62
.25
.78
.42
.40
.67
.48
.34

.96
86.

36

.17
124,
132.
134,
139.

08
62
70

78
05
86
13
40

56

(cm)

To

17

25
26

53

86.
90.

124,
132.
134,
139.
144,

146.
149,
151.
152.
162,

198,

.62
.25
.78
18.
.40
.67
.48
.34
60.

42

05
86
13
40
56

12

Sediment

fine sand - yellow

dark grey clay layer

fine tan sand

dark grey clay layer; minor fine roots

fine tan sand

red sandy clay

root horizon - live

fine tan sand

clay, grading from sandy red clay near the top
into massive grey clay at 58 cm. Some organic
matter at 58 em. Thickness highly variable.
Sloping of layer toward channel. Roots common in
the red clay. Lower contact gradational into
sandy clay.

fine tan sand

grey clay. Variable thickness. Some live roots
on top of clay. Slopes towards channel

fine tan sand

fine tan sand interbedded with dark silt

grey to red sandy clay

fine tan sand

2 clay layers with interbedded sand. Top clay is
grey, bottom clay is red. Lower clay contains some
organic material. Minor root horizoms on surfaces
of the clays

sandy red clay

fine tan sand

solid grey clay with minor roots

fine tan sand

interbedded sand and silt. Major live root horizon
at 162 cm.

medium tan sand - clean
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GEQLOGIC LOG OF SHELBY TUBE SAMPLES TAKEN NEAR
THE STREAM CHANNEL AT THE RIO PUERCO SITE

Depth
From

0.0
45.72
48.26
53.34

101.60
106.68
111.76
114.30

116.84
144.78

162.56
187.96
193.04

To

45.72
48.26
53.34
101.60
106.68
111.76
114.30
116.84

144.78
162.56

187.96
193.04

203.20

Description

fine sand - yellow with silty stringers

red silty sand

dark brown silty sand

fine to medium tan sand fine silt stringers
fine interbeds of sandy silt and silty sand
clean yellow - tan sand

clean yellow sand, but with interbedded grey clay
fine to medium yellow sand interbedded with red
silty sand

fine sand with stringers of brown silty sand
fine sand with stringers of brown silty sand
and very finely layered silt

fine sand with stringers of brown silty sand
but with carbonized wood debris

fine to medium coarse tan sand. Upward fining,
with brown clay lenses

massive brown clay with occasional pockets of
clean coarse to very coarse quartz sand
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GEOLOGICAL LOG OF NEUTRON ACCESSS TUBE PN3 AT THE RIO PUERCO SITE

Depth
From

0.0
30.48
60.96

121.80
152.40
213.36
243 .84

To

30.

60.
121.
.40
.36
.84
304,

152
213
243

48
96
80

80

Sediment

fine yellow sand

fine yellow sand, with interbedded clays

fine tan sand

fine tan sand with interbedded clays and roots
medium to coarse sand

sticky, dirty coarse sand

poorly sorted fine to coarse sand
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GEOLOGIC LOG OF WELL P1 AT THE RIO PUERCO SITE

Depth (m) Sediment
From To
0.0 1.22 fine silty sand - yellow-green
1.22 1.83 fine silty sand, but with namy thin sandy clay layers
1.83 2.13 fine silty sand - yellow-green
2.13 2.74 fine to medium tan sand with some sandy
clay stringers
2.74 3.66 fine to medium tan sand
3.66 4.27 medium to very coarse sub angular to subrounded sand
4.27 4.,57 medium to coarse sand with sandy clay stringers
4.57 5.18 tan to grey massive clay
5.18 5.79 fine tan sand with silty clay stringers
5.79 6.10 fine to medium tan sand
6.10 6.71 red and tan massive clay
6.71 7.32 red-tan fine to medium, clean sand
7.32 7.62 fine to medium tan sand with minor fines
7.62 8.84 fine to medium tan sand with minor fines but clay
content increasing downwards
8.84 9.14 fine grey sand with clay stringers
9.14 9.75 massive grey clay
9.75 10.36 fine tan to grey sand
10.36 10.67 fine red-tan sand, dirty
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GEOLOGIC LOG OF BOREHOLE NEAR Ul AT THE RIO SALADO SITE

DEPTH (m)

FROM

0.0
0.79
1.77
3.05
3.96
4.57

TO

0.79
1.77
3.05
3.96
4.57
21.03

medium to fine

DESCRIPTION OF SEDIMENT

sand

well sorted medium to fine sand

fine to medium
siltly fine to
medium to fine
medium to fine

30

sand, some silt
medium sand, 5% gravel
sand, some gravel
sand, 5-10% gravel



GEOLOGIC 1LOG OF BOREHOLE NEAR WELL U20 AT THE RIO SALADO SITE

DEPTH (m)
FROM

0.0
.52
.35
.57

W

.79
.32
.14
.25

N0~ Wn

1.52
3.35
4.57
5.79

7.32

9.14
22:25

unknown

DESCRIPTION OF SEDIMENT

medium to coarse sand, cobbles near 1.5 m.
poorly sorted sand to pea gravel

gravely sand

medium to coarse sand, coarsening downwards to
very coarse pebbly sand.

medium to very coarse sand

medium to coarse sand, poorly sorted with gravel
coarse to very coarse sand. Some fines near 17m
impermeable. Fragments from split spoon after
drop hammer was used indicate a shale.
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APPENDIX 2
CONVOLUTION PROGRAM

THIS PROGRAM PERFORMS THE CONVCLUTION OF THE INVERSE
PROBLEM OF DETERMINING THE RECHARGE RATE FROM OBSERVATIONS
ON A SINGLE WELL. THE VALUES OF THE WATER LEVEL DATA ARE
INPUT INTO THE PROGRAM WHEN IT ASKS. THESE VALUES ARE
COMPUTED A-PRIORI. 1IN ADDITION THE VALUES OF THE RESPONSE
FUNCTION, h(i) ARE ALSO COMPUTED A-PRIORI AND INPUT WHEN
THE PROGRAM REQUESTS THEM. THE OUTPUT IS DIRECTED TO THE
FILE F(i).DAT, AND CONSIST OF THE F(i) VALUES AND THE
TOTAL RECHARGE OVER THE CUMULATIVE TIME PERIOD, GIVEN IN
CENTIMETERS OF WATER.

PROGRAM CONVOLUTE

DIMENSION F(100),G(100),H(100),FT(100)
INTEGER COUNT, FLAG

OPEN(1,FILE='F(i).DAT’,STATUS='NEW’)
OPEN(2,FILE="H(I)F(I).DAT’, STATUS='NEW')

WRITE(%,5)

FORMAT(’ ENTER THE TOTAL NUMBER OF OBSERVATIONS > ',\)
READ (*, %) COUNT

FLAG=COUNT

DO 20 I=1,GOUNT
WRITE(*,10)
FORMAT(' ENTER THE VALUE FOR h(i) > *,\)
WRITE(*,15)1
FORMAT (10X, 12, 5X,\)
READ(*,16)h(1i)
FORMAT (F10.6)
F(1i)=0
G(i)=0
FT(i)=0

CONTINUE

DO 40 i=1,COUNT
WRITE(*,25)
FORMAT(’ ENTER VALUE FOR G( ) > ',\)
WRITE(*,30)1
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61

60

64
65

70

90

FORMAT(10X,I3,5%,\)
READ(*,16)g(i)
CONTINUE

COUNT=2
L-1
F(1)=G(1)/h(1)
WRITE(L,65)L,F(1),F(1)
WRITE(2,61)L,G(L),H(1)
FORMAT(I3,2X,F10.3,2X,F10.6)
DO 70 i=2,FLAG
DO 60 j=2,1i
F(1)=F(1)-h(j)*F(i-j+1)
CONTINUE
F(L)=(G(1)+F(i))/n(1)

IF(F(i).LT.0)THEN
IF(COUNT.LE.2)FT (COUNT)=FT (COUNT-1)
IF(COUNT.GT.3)FT (COUNT)=FT ( COUNT-1)
IF(COUNT.EQ.3)FT(COUNT)=FT(COUNT-1)+F (1)
GO TO 64

END IF

IF(COUNT.LE.2)FT(COUNT)=FT (COUNT-1)+F(i)

IF(COUNT.GT. 3) FT(COUNT)~FT (COUNT-1)+F(i)

IF(COUNT.EQ.3)FT(COUNT)=FT (COUNT-1)+F(i)+F(1)

WRITE(1,65)1,F(i),FT(COUNT)
FORMAT(I3,3X,F9.3,3%,F10.3)
write(2,61)1,g(i),h(i)

IF(COUNT.EQ.FLAG)GO TO 90
COUNT=CQUNT+1

CONTINUE

STOP
END
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APPENDIX 3

STREAM STAGE DATA
RIO PUERCO

Julian Day Since

January 1, 1985

416,
416.
416.
416.
416.
416.
416.
416,
.028
.189
417.
417 .
417.
417.
417.
417,
417.
418.
.171
.266
418.
.484
418,
418.
418.
418.
.078
419.
.194

417
417

418
418

418

419

419

419,
.342

419

419,
.536
.627
.668
.718
.730
.813
.916

419
419
419
. 419
419
419
419

496
525
533
566
611
669
818
976

300
379
498
606
758
820
931
039

373
604
748
888
987
16l
243

433

94

Stream

Stage

1442
463
464
468
1442
1442
1442,
1642
1642,
1442,
1442,
14432
1442.
641
1442,
1442,
.439
1442 .
1442,
1442
443
.438
434
437
.439
443

1442
1442
1442

1442

1442

1442
1442
1442
1442
1442
1442

1442,
1442,
1442,
14472,
1442,
1442,
1442,
1442,
1442.
1442,
1442 .
1442,
1442,

(m)
008

473
474
470
464
458
452
447
443
440

436
435

442
443
444

448
453
460
470
473
471
463
461
463
463
460
455
449



419,
420.
.225
420.
420.
420.
420,
420.
420,
420.
420.
420.
.980
421.
421,
421,
421,
.425
421.
421.
421.
421.
421,
421.
422.
422,
422.
422.
422,
422.
422,
422,
422,
422.
422,
422.
422.
422.
422,
014

420

420

421

423

423.
423.
.335

423

423.
459
.599

423
423

423.
.987

423

990
056

320
411
534
629
691
761
819
889
939

108
244
310
376

570
673
751
830
912
958
011
052
131
217
300
345
403
473
519
601
655
729
849
923
968

117
203

509

632

95

1442
1442

1442
1442

1442

1442

1442

1442
1442
1442

442
.438
1442,
1442,
1442 .
1442,
1442,

424
417
411
403
393

.384
377
1442,
1442,
1442,
1442.
1442,
1442,

369
361
363
367
369
368

.370
1442
1442 .

372
372

.367
1442,
1442.
14472 .
14472,
1442,
1442,
1442.
1442.

356
346
342
336
332
326
321
316

L3111
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,

304
299
291
286
283
280
278
275
270
266
263

.261
.260
.258
1442 .
1442.
1442,
1442,
1442,
1442,

257
247
252
269
267
256



424,
424
424
424,
424,

425
425
425
425

426
426
426

426.
426.
426.
427.
427.
427.
446
428,
429,
429.
429.
430,
431.
431.
431.
461,
461,
461,
461.
461,
461.
461,
462,
.058
.120
.166
211
.228
.248
.285

428

462
462
462
462
462
462
462

544
697
808
870
936

.150
.291
.501
.555
425,
425.
425,
425.
425,
426.
.260
.409 .
.483

654
777
856
909
971
103

603
730
879
102
415
704

880
441
680
936
439
045
532
503
605
683
741
803
807
869
926
009

96

1442
1442

1442

1442

1442
1442
1442
1442

1442

1442

1442
1442

.253
.254
1442,

258

.251
1442,
1442,

246
236

.227
1442,
1442,
1442,
1442
1442,
1442
1442,
1442
1442,
1442,

216
216
209
196
186
181
179
172
162
150

146
.142
.139
.136
1442 .
1442.
1442.
1442,
1442,
1442,
1442,
1442.
1442,
1442.
1442,
1442.
1442,
1442,
1442,
1442,
1442.
1442,
.602
1442,
1442.
.600
1442.
1442,

134
133
130
131
129
128
125
124
123
125
121
009
009
194
268
366
444
591

605
604

595
586

.581
.582
1442

580



462,
.351
L4011
413
434
L4432
462.
462.
.599
.673
462,
.727
LT72
462.
462.
462.
.958
.020
.065
463 .
463.

462
462
462
462
462

462
462

462
462

462
463
463

463

463

463

463

465
465

310

487
549

690

822
859
912

131
201

.238
.337
463,
463.
463.
463,
.630
463,
463,

395
486
531
568

704
791

.865
463,
463.
464,
464,
464,
464,
464,
4é64 .
464,
4bh .
464 .
46l .
Léd.
464,
464,

915
997
039
117
171
237
282
319
377
435
529
641
7717
868
921

.020
.082

97

1442,
1442,
1442,

1442
1442
1442
1442

1442
1442
1442

1442

1442

1442

1442

581
592
622

.638
.644
.652
.642
1442,
1442.
1442

636
628
613

.397
.581
.367
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442
1442,
1442,

554
544
539
537
538
550
550
547
547
551

.543
1442,
1442.
14472,

520
521
524

.524
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442
1442,
1442,
1442,
1442.
472
1442,
1442,
1442,
1442.
449

518
508
494
483
481
477
484
494
495
487
482
479
477
475

467
461
458
457



465,
465,

465
465
465
465
465
465
465
465
465
465
465

466
466
466
466
466
466

468
468

468
468
468
468

136
181

.214
.276
.338
.350
.367
.379
499
.693
.759
.788
.928
466.
466.
.229
.299.
.365
L4311
.435
v
466.
466.
466.
466.
467.
467.
467.
467 .
467.
467 .
467.
467,
467.
467.
467.
468,
468.
468.
468,

146
225

538
580
716
922
091
248
434
405
475
594
693
776
809
891
990
028
098
114
151

176
.308
468,
468 .
.506
.622
.770
.943

345
399

98

1442.
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
.295
1442.
1442,
1442,
1442,
1442.
1442,
1442,
1442,
.268
1442,
1442,
1442,
1442,
1442,
1442.
1442
1442,
1442,
1442.

1442

1442

1442
1442
1442

441
432
424
417
421
432
453
465
432
401
386
379
364
355
349
349

281
271
224
248
265
264
263
273

266
263
265
303
311
320
342
352
343
389

.392
475
.482
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442

479
471
415
411
402
425
397
376
337



469
469
469

470

470,
471.
471.
471,
471.
471.
471.
471.
471.
471.
471.
472,
472.
472.
472.
472.
472.
472.
472.
.056
473,
432
.407
.603

473

473
473
473

473.
474 .
474,
474,
475.
475.
475.
475,
.843
.983
.280
.330

475
475
476
476

476.

112
.335
.480
469.
470.
470,
470,
470,
470.
470.
.787

641
024
247
437
461
486
540

907
006
076
225
390
550
621
682
781
930
996
025
078
190
342
611
710
788
825

328

933
259
527
750
014
237
431
728

458

99

1442,

1442
1442
1442

1442
1442

1442
1442

307

.267
.248
.240
1442,
1442,
1442,
1442
1442,
1442,
.286
.262
1442,
1442.
1442,
1442.
1442 .
1442,
1442.
14472 .
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
.118
111
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442.

213
202
315
325
329
325

238
224
204
183
166
162
181
180
257
281
285
281
267
242
212
205
196
196
177
152
la4
130
142
136
126
119

104
099
104
103
099
075
073
079



476.
476,
476.
477.
.291

477

477.
.592
741
.889

477
477
477

478,
478.
478.
478.
.685
478.
478.
478.
479.
479.
479.
479.
479.
480.
480.
481,
487.
487,
487.
487 .
487,
487.
487 .
487.
.054
.153
.268
437
488.
488.
488,
488 .
489,
.126
.221
.365
489,
489.
489,

478

488
488
488
488

489
489
489

569
714
829
122

481

260
351
516
586

929
970
970
098
279
481
729
906
080
220
004
699
612
666
682
905
942
975
996

536
693
829
932
031

555
605
741

100

1442

1442
1442

1442
1442

1442,
1442,

.113
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442.
1442
1442,
1442,
1442,
1442,
1442,
1442.
1442
1442,
1442.
1442,
1442,
1442,
1442,
1442.
1442.
1442.
1442,
1442,
1442,
1442
1442,
1442,
.206
.192
1442,
1442 .
1442,
1442.
1442,
1442,
1442 .
1442,
.094
.075

139
142
138
141
161
167
164
153
133
140
152
155
151
123
117
104
103
087
075
064
054
046
040
024
210
215
206
207
191
193
221
251
233

180
165
144
135
123
112
104
097

066
068



489

490

490

490
490

491
491
491
491

491

492
492

493
493
493
493

. 844
490,
.096
490,
490,
490.
490,

009

199
199
261
285

.331
490.

504

.516
.595
490.
490.
490.
490.
490.
490.
491.
491.
491.
.176
.209
.213
.234
491.
491.
424
491.
491,
491.
491.
491,
491,
491.
491.

661
710
764
784
867
958
024
065
119

255
308

531
609
663
696
729
799
865
997

.084
.191
492.
492.
492.
492,
492.
.061
.161
.243
.284
493,
493.

344
550
682
810
925

375
441

101

1442

1442

1442

1442
1442
1442
1442
1442
1442

1442

1442

1442

1442
1442

.065
1442
1442,
1442,
1442,
.306
1442,

066
071
071
086

309

.307
1442,
1442.
1442,
1442.
1442,
1442,
.397
.395
.373
.357
.345
.333
1442.
1442,
1442.
1442.
473
l442.
1442.
1442,
1442,
1442,
. 704
1442,
1442 .
1442,
1442,
1442,
1442.
448
1442,
1442.
1442,
1442,
1442.
1442.
1442,
1442,
.396
.468

323
393
396
386
375
385

352
388
414
436

501
492
475
681
703

702
678
651
589
545
504

403
376
353
336
320
315
314
328



493.
493,
493.
493.
647
493,
494,
494,
494,
494,
494,

493

495
495
495

495,
. 704
496.

496

496
496
497
497
497
497
497
497
497
497

498

458
466
507
577

870
192
369
485
567
559

.054
.306
487

603

770°

.861
.980
.071
.203
.315
.405
.480
.603
.723
.958
498,
.362
498.
498,
501.
508.
S511.
511.
511.
512,
512.
512.
512.
512.
513.
513.
513.
513.
513.
513.
513.

090

556
783
658
147
790
835
996
223
347
499
685
957
308
572
712
795
865
914
968

102

1442
1442,
1442,
1442,
1442,
1442.
.408
1442,
1442,
1442,
1442,
1442,
14472,
1442.
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442.
1442.
1442 .
1442
1442,
1442,
1442,
1442,
1442,
.022
1442.
.009
1442,
1442,
.068
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442.
1442.
1442,
1442 .
1442,

1442

1442

1442

1442

468
470
490
492
489
448

385
369
354
345
279
257
244
233
253
349
396
399
376
319
269
238
210
169
146
113
092
057
037

009

009
062

071
073
075
076
078
080
081
082
083
116
158
245



513.
514,
514,
514,
514,
514,
514.
514.
514,
514,
314,
514,
514,
514,
514.
514,
51l4.
514.
514,
514,
314,
514.
514,
515.
515.
.222

515

515.
.416
.436

515
515

515.
515.
516.
516.
517.
517.
517.
.755

517

517.
517.
517.
518.
518.
518.
.225

518

518.
518.
518.
518.

997
050
092
137
145
199
228
310
405
459
512
611
640
648
694
735
772
785
809
818
834
867
983
044
123

333

515
536
175
769
524
697
697

800
904
936
027
184
217

291
394
663
922

103

1442,
1442,
1442,
1442,
.230
1442.
1442 .
1442,
1442.
1442,
1442,

1442

1442
1442

1442

1442

1442
1442
1442

1442
1442

255
252
248
243

217
208
203
199
201
203

.196
.274
1442,
1442.
1442,
1442,
1442,
1442,

286
284
265
266
296
337

.361
1442,
1442,
1442,
1442,
1442,

371
363
265
239
220

212
1442,
1442.
1442.
1442,
1442,

207
204
216
206
207

177
.143
.110
1442.
1442.
1442,
1442,
1442,
1442,
.513
481
1442,
1442.
1442,
1442,
1442 .
1442,

697
764
674
593
517
504

508
520
514
488
463
439



518.
518.
518.
519.
519.
519,
519.
519.
.409

519

519,
519.
459
.521
.595
.768
.073
520.
520,
520.
520.
520.
520.
521.
521.
521.
521.
521.
521.
521.
522.
522.
522.
522,
522.
522.
522.
522.
.953
.957
. 949

519
519
519
519
520

522
»522
522

522.
523.
523.
.052
.105
523.
217
.225

523
523

523
523

955
960
984
125
178
257
343
376

413
422

214"
259
329
457
779
952
315
435
472
546
715
785
855
053
119
330
524
680
685
709
713

990
019
048

155

104

1442,
1442,
1442,
1442,

1442
1442
1442
1442
1442
1442
1442

1442

1442

1442

1442

441
504
332
517

.505
492
.482
.480
L4985
.541
.660
1442,
1442,
1442,
1442,
1442
1442,
1442.
.460
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442.
.681
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442.
.724
1442,
776
1442.
1442,
1442,
1442
1442,

675
660
601
517
480
459
455

458
445
439
400
802
925
898
796

651
584
604
577
572
578
570
732
810
784
767
747

692

799
796
788
742
700



523.
523.
523.
523.
523.
523.
523.
523.
523.
.563
523.
523.
523.
5323.
524.
524,
524.
524,
.065
.296
.564
.807
.985
526.
526.
526.
527.
527.
527.
.936
528.
541.
541,
541.
541.
541.
541,
541,
541.
541.
541,
541.
541.
541,
542.
542.
542,
542.

523

525
525
525
525
525

527

250
250
254
274
291
390
423
435
472

613
666
786
893
120
335
586
809

306
513
777
028
020
523

522
206
305
359
400
429
446
462
532
557
664
751
912
994
250
382
498
584

105

1442
1442 .
1442,
.553
.542
.542
1442 .
1442,
1442.
1442,
541
1442,
1442
1442 .
1442,

1442
1442
1442

1442

1442
1442
1442
1442
1442

1442

1442

679
648
609

547
555
555
544

538
518
497
465

.429
.386
.353
.319
.289
1442 .
.223
1442,
1442
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442
1442,
1442,
1442 .
1442,
1442,
1442,
1442,
1442,
1442,

253

203
170
149
120
095
096
054
021
009
009
123
150
182
226
266
297
329
359
391
403

.406
1442.
1442,
1442 .
1442,
1442,

406
380
350
321
274



542,
542,
542.
542.
542,
.005
.088
.149
.40%8
459
543,

543
543
543
543
543

543
543
543

543

545
545
545
545
546
546
546
546
546
547

548

642
704
791
861
923

587

492
.611
. 640
543.
543.
.772
543.
544,
544,
544,
545,
545,
545.
545,
.889
.897
.913
.930
074
.136
.400
.664
.982
.233
547.
347 .
547.
548.
.591
548.
549,
549,
549,
550.
550.
550,
550.

657
702

966
168
379
734
125
501
744
868

551
889
976
112

999
383
787
985
274
439
348
463

106

1442,
1442,
1442,
1442,
1442,
1442,
1442,
.018
.567
1442.
1442,
.161
1443 .
1443.
1443,
1443,
1443,

1442
1442

1443

1443

1443

1443
1443
1443
1443
1443
1443
1443
1443
1443

233
191
155
120
090
062
037

768
983

160
158
109
095
081

.059
1443,
1443.
.020
1443,
1442
1442,
1442.
1442,
.017
.036
.039
.041
041
.036
.028
.022
.018
1443,
1443,
1443.
1443.
1443,
1443,
1442,
1442,
1442,
1442,
1442,
1442,
1442,

046
034

007
997
990
988
996

011
005
013
014
007
002
997
993
991
989
998
985
982



551.
551.
551.
.002

552

552.
552.
552.
.182
458
.730
.891
553.
554,
554.
554,
5354.
.737
.154
.339
555.
.521
555.
.541
555.
555.
555.
556.
556.
556.
557.
557.
.529

553
553
553
553

554
555
555
355

555

557

557.
.684
.682
560.
561.
.186
.892

558
559

562
562

563.
564.
564.
564,
564,
.173
.643

565
565

566.
566.

012
297
697

316
563
889

924
032
143
164
374

517
541

690
715
818
012
300
647
039
237

846

495
497

630
315
319
645
995

130
435

107

1442

1442

1442
1442

1442

1442
1442

1443

1443
1443
1443
1443

1443

1443
1443
1443
1443
1443
1443
1443
1443

.877
1442.

872

.967
1442 .
1442,
1442,
1442,
1442,
1442.
1442,
1442,
.988
.990
1442,

963
959
958
957
956
954
952
950

988

.994
1442.
1442.

990
987

.983
.981
1442,
1442,

979
999

.031
1443,
1443,
1443 .
1443,
1443,
1443.
1443,
1443.
1443,
1443,

067
067
079
130
129
126
122
116
115
136

.139
.140
L1461
.143
1443,
.143
1443,
1443,
.148
.152
.157
.160
.159
157
.140
.128

142

143
144



566.
571.
571.
571.
571.
571.
572.
572.
572.
.631
572.
572.
373.
573.
573.
573.

572

573
573

575

585
585
585
585

585.
585.
586.
586.
586.

586

646
200
331
534
748
983
161
284
499

759
862
015
126
196
378

.452
.716
574.
374.
574.
.011
585.
585.
585.
585.
585.
585.
.922
.440
452
.493

025
392
722

229
530
613
683
811
947

666
860
054
100
116

458
586.
586.
586.
586.
586.
586.
586.
587.
587.
587.

520
566
376
430
496
500
817
015
292
337

108

1443
1443
1442

1442
1442
1442
1442

1442
1442

1442.
1442,
1442,
1442,
1442,
1442 .
1442.
1442 .
1442,
1442
1442
.009

1442

1442,
.026
1442
.055
1442,
1442,
1442,
.140
1442,
1442 .
1442,
1442,

1442
1442

1442

1442

1442
1442

1442
1442

1442,
1442,
.062
.052
.034
.034

1442
1442
1442
1442

.115
.100
462
1442,
.378
.337
311
.287
1442,
.218
.196

428

245

180
154
136
125
089
078
071
055
039
021
005

018
035

093
127
145

125
094
063
033

.025
1442,
.022
.020
1442.
.061
.065

025

044

068
065



587.
.139

587

587.
600.
.093

602

602.
603.
604.
604.
604,
604 .
604,
605.
605.
.290

605

605.
426

605

605.
605.
.831
605.
.099
.206
.227
.231
606.
574

605

606
606
606
606

606

606.
.706

606

606.
606.
606,
606.
606,
606 .
607.
607.
607.
607.
607.
607.
607.
607.
607.
607.
607.
607.
607.

081

646
583

914
842
358
500
700
300
923
010
129

385

476
707

959

392
615

730
776
862
920
966
999
011
077
118
168
180
263
378
456
510
555
667
811
902

109

1442

1442

1442

1442

1442
1442

.039
1442,
1442,
.005
1442
1442,
1442,
.004
1442,
1442,
1442,
1442.
1442 .
1442.
1442.
1442,
1442,
1442.
1442
1442,
.522
1442,
1442.
1442,
1442,
1442,
1442.
1442,
1442,
1442 .
1442,
1442,
1442,
1442,
1442,
1442.
1442
1442,
1442,
1442,
1442.
1442,

030
009

004
004
003

300
600
800
700
600
500
400
300
200
128
591
550

507
510
534
543
510
492
483
487
506
521
515
487
460
427
405
378
344
341
342
335
317

.283
.265
1442 .
1442,
1442,
1442

254
245
239
228



608.
.079
608.
608.
608.
608.
.677
.814
.958
.090
.218
609.
461
494
.568
.676
.816
610.
610.
610.
610.
610.
610.
610.
610.
611.
611.
611.
611.
611.
611.
611.
611.
611.
611,
611.
611.
612.
614.
6l4.
.063
.546
.000
.379
453
.478
616.
616.

608

608
608
608
609
609

609
609
609
609
609

615
615
616
616
616
616

001

187
310
405
488

342

043
245
410
513
666
765
835
979
082
202
252
260
334
359
437
516
594
705
775
920
068
044
614

536
705

110

1442

1442
1442

1442
1442
1442

1442
1442

1442

1442

1442

.213
1442,
1442,
1442,
1442,
1442,
1442,
1442,
.119
.103
1442,
.078
.068
.098
1442,

194
180
165
151
145
142
135

088

152

.195
.209
1442.
.173
1442,
1442,
1442.
14472,

192

159
153
155
154

.148
1442,

131

.116
1442,
1442
1442,
1442
1442,
1442,
1442,
1442.
1442,
1442,
1442.
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,

100
096
177
225
231
211
167
134
094
080
046
020
021
024
028
023
025
028
135
160
lé4
160



616.
.891
.986

616
616

617.
.188

617

617.
617.
410
617.
617.
.674
.683
.699
617.
617.
617.
.769
.769
.806
617.
.815
617.
618.
.190
.268
618.
618.
462
618,
618.
618.
618.
618.
618.
618.
.007
619.
619.
619.
.329
.436
.568
.659
619,
619.
619.
620.
620.

617

617
617
617

617
617
617

617

618
618

618

619

619
619
619
619

812

134

225
299

505
629

699
712
761

778

918
116

339
367

590
598
615
681
768
829
933

073
168
242

774
836
280
121
228

111

1442.
1442,
1442,
.112
1442,
.133
1442,
1442,
1442.

1442

1442

1442

1442

1442
1442
1442

1442,
1442,
1442,
1442,
1442,
.578
1442,

1442
1442

1442
1442

1442
1442
1642

148
130
117

126
135

139
138

.137
1442,
1442,
l442.
1442,
1442.
1442,
.409
1442,
1442,
1442.
1442 .
14472
1442,
1442 .
.593
.626
.651

137
138
224
262
301
380

411
461
507
547
549
549
563

683
679
659
637
608

552

.517
1442,
RS
.422
1442,
1442 .
1442.
1442,
1442,
1442,
1442 .
.378
.407
.409

475

403
386
374
362
358
350
346



620.
620.
620.

620
621

622

622
622
622

622
623
623
623

624

625
626
626
626
626
626

327
306
327

.706
.152
621.
621.
621.
621.
622.

354
519
581
940
117

.257
622,
.534
.591
.695
622,
622,

381

666
773

.901
.012
.033
.173
623.

482

.369
625.

198

.784
.069
.197
.246
341
436
626.
627.
627,
627.
627.
628.
628.
628.
628.
628.
629.
629.
629.
630.
630.
630.
631.
631.

568
195
385
665
884
024
160
441
453
891
183
567
951
256
442
524
102
902

112

1442

1442

1442

1442

1442,
1442,
1442,

1442

1442

.403
1442,
1442,
1442,
.347
1442,
1442.
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442
1442.
1442,
1442
.657
1442,
1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,

403
397
403

331
334
337
296
282
275
283
278
276
356
495
559
563

777
885
863
575
334
250
221
328
370
412
426
402
259

.252

224
249
252

.237
1442,
1442,
1442,
1442,
.161
1442,
1442,
1442,
1442,
1442,
1442,

219
218
178
169

138
150
150
158
129
100



632,
632.
632.
.201
.412
633.
633.
633.
633.
634.
634.
634,
634,
634
634,
.194
.280
.429
635.
635,
636.
636.
636.
637.
637.
.114
415
.675
638.
639.
639.
639.
639.
640.
640.
640,
640.
640.
641,
641.
642,
642.
.586
.619
642.
642 .

633
633

635
635
635

638
638
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642
642
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170
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772
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750
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344
497
538
596
893
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742
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617
807
417
677

%960
340
616
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995
235
474
490
614
952
472
745
285
557
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1442.

1442
1442
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108
123
114
100
103
104
118
116
107
121
186
233
211
182

339
329
244
229
223
187
189
165

169
158
167
173
148
126
113
114
121
106
081
082
074
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184
190
165
159
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643

643

644

644

645
645
645
645
645
645
645
646

648

649
649
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L432
.720
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811

.869
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644,
644,
191
644,
.512
644,
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.201
.276
.317
.408
.540
.701
.799
.002
646,
646.
647.
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647.
647.
647 .
648,
648 .
648,
648,

894
947
026
096

253

677
871

224
917
272
280
425
615
751
006
097
398
572

.732
648,
648,
649,
649.
.533
.636
.640
649,
649,
649,
649,
650.
650.
650.
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831
881
034
256

764
838
912
966
044
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123
634

114

1442
1442
1442,
1442,
1442,
1442,
1442,
1442.
.222
1442.
.215
1442,
1442
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1442
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1442

1442

1442

1442

1442
1442
1442
1442
1442
1442

1442
1442

1442
1442
1442
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236
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205
216
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239
238
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313
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638
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479
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.466
A
468
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1442,
.654
.703
1442,
1442,
1442.
1442.
1442 .
1442,
1442,
1442,
1442,
1442,
1442,
1442,
.499
.558
.578
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680
693
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670
609
538
516
556
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509
495
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651.
652.
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652
653
653

653
653
653
653

655
655

656
656

656

656
656
657

657

657
657
658
658
658
658
658

661
338

429
652.
652.
652.
.738
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437
441
486

767

.808
.023
.151
653.
431
.745
.749
.835
654 .
654,
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237

240
355
537

.007
432
655.
656.
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187

.207
656.

228

.315
656.

327

.409
656.
656.
656.
.727
.900
.074
657.
657.
.350
657.
657.
657.
657.

438
496
661

164
218

441
486
527
577

.791
.880
.035
.249
.344
344
406
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1443,
1443,
1443,
1444,
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1443,
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.064
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1442,
1442,
1442,
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1442,
1442,
1442.
1442.
1442.
1442,
1442,
1442,
1442,
1442,
1442.
1442.
1442.
1442,
1442,
1442,
1442,
1442,

1443

1443
1443

1443
1443

1442
1442

186
325
321
340
001
084
965
576

241
073

064
064

071
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956
877
808
728

582
611
563
530
578
573
555
537
490
505
494
443
417
449
500
506
455
431
431
388
380
380
404
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658.
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429
474
.507
.524
.660
660.
660.
660,
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660.
661.
661,
661.
661,
661.
661.
661.
661.
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663.
.480
664,
664,
664,
665.
666.
667.
668,
668.
668.
668.
668.
668,
668.
668.
669.
669.
670.
670.
670.
670.

659
659
659
659
659
659

663

447
534
670
905
041

085
485
588
782
823
877
001
075
170
261
343
442
500
549
664
046

020
602
981
282
619
106
269
356
376
475
492
599
611
962
242
799
397
525
645
785

116

1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
.797
1442,
1442,
1442,
1442,
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1442,
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.827
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1442,
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1442,
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1442,
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1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,

1442

1442

1442

1442
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469
442
367
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371
347
540
724
785
826
835
817
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808
750
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760
749
716
693
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833
860
864
874
883
890
897
900
891
876
875
875
875
875
876

.880
1442,
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.945
1442,
1442.
1442.
1442,
1442,

938
952
980
987
972
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67L.
671.
671.
672.
672.
672.
.736

672

672.
675.
682.
682.

689
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738

746

746
747
747
747
748

748

748

749.
749.
421
749.
749.
749.

749

284
553
583
755
122
019
100

900
670
550
711

.600
704,
.212
720.
720.
720.
721.
721.
721.
722.
475
745.
745,
745,
745,
745.
745,

530

233
427
811
046
557
912
589

254
386
510
679
848
997

.240
746.
746.
.937
432
.671
.795
014
748.
.381
748.
748.
.884

430
673

208

596
732

103
235

557
668
808

117

1442

1444
1444

1443
1442

1442

1442
1442
1442
1442
1442

1442

.918
1442,
1443,
1443,
1443,

907
168
509
775

.150
.376
1444
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200

.600
.200
1442,
1442.
1442,
1442,
1442.
1442,
1442,
1442 .
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150
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050
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100

.120
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.168
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.165
1442.
1442,
1442,
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1442,
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1442,
1442,
1442,
1442,
1442,
1442.
1442,
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1442,
1442,
1442,
1442,
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1442,
1442,
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140
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145
139
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118
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109
105
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750.
750,
750.
750,
750.
750,
750,
750.
751.
751.
751.
751.
.512
751.
752,
752.
752.
752.
752,
752.
.014
.088
760.
760,
760.
761.
762,
764,
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733
753

763
763
763
763
763
763
763

932
068
196
287
415
518
670
765
889
988
075
174
252
343

780
069
345
461
618
890
923

340
352
806
511
167
024

.046
.178
.339
.533
.611
.755
.768
763.
763.
763.
764,
764,
764,
764,
764
764,
764,
764,

793
834
945
061
180
213
250
358
411
597
721
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1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442,
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1442

1442

1442
1442
1442
1442
1442
1442

1442

050
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024
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.011
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1442,
1442,
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1442
1442,
1442,
1442,

014
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011
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007
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.029
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1442.
1442,
1442,
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1442,
1442,
1442,
1442,
1442,
1442,
1442,
.558
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113
147
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185
236
267
298
331
368
413
453
491
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.179
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765.
.173
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766.
766.
766.
766.
766.
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441
462
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.688
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767.
767.
767.
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.509
767.
767.
767.
767.
.819
767.
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768.
.268
768.
.400
.405
466
.520
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768.
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.809
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.879
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769.
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766
766
766
766

767

767

768
768
768

768
768

768
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783
906

703

231
259
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334
375
396

940
113
237
315
448
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683
765

877
959
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190
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574
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726

850

924
110
300
436

119

1442,
1442,
1442,
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.000
1442,
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1442,
.859
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.811
.783
.750
1442,
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1442

1442
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1442
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1442,
1442,
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1442,
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1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
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1442,
1442,
1442.
1442,

1442

617
893
952
998

953
926
902

836

712

531
.531
.525

523
524
524
525
519
515
512
512
516
522
530
536
541
539
538
537
532
523
512
503
497
495
503
517
531
541

553
554
552
547



769.
769.
769.
.626
.683
.729
.778
.811

769
769
769
769
769
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769.
769.
770.
.071
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770.
770.
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770.
770.
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771.
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771.
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772.
772.
772.
772.
772.
772.

461
518
572

898
939
980
034

112
178
244
306
343
393
442
512
558
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644
686
743
805
855
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946
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078
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395
482
560
614
668
746
853
944
068
171
224
315
460
583
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1442,
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1442
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538
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522
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565
588
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578
573
563
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.552
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539
530
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1442,
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1442,
1442,
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1442,
1442,
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489
469
458
432
409
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443
468
494
513
522
522
520
517
527
525
519
514
526
534
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550
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543
539
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.529
541
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772.
772.
.045
773.
773.
773.
773.
773.
773.
.924
774,
774.
774.
774,
774,
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775.
.248
775.
775.
775.
776.
424
776.

773
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775

776

776

777

777

778

778

780

678
785
934

128
198
264
396
565
742

081
209
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279
485
774
104

520
764
335
263

585

.725
776.
.010
777.
.377
777.
777.
777.
.148
778.
778.

865
142
628
793
921

255
387

474
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779.
779.
779.
779.
779.
780.
780.
780.
780.
.970

767
027
435
547
769
963
157
161
603
842
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1442

1442

1442

1442

.550
1442,
1442,
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1442,
1442,
.542
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.536
1442,
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1442,
1442,
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1442,
1442,
1442,
1442.
1442,
1442,
1442,
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1442,
1442,
1442,
1442.
1442,
1442.
1442,
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559
554
550
349
542
540
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540
534

539
536
537
542
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546
546
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564
576
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594
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565
553
552
551
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1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442
1442.
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558
563
569
569
584
589
577
564
553
548
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568
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781.
781,
781.
781.
781,
782.
782.
782,
782.
.061
783.
.280
783.
783.
783.
783.
.985
113
784,
784,
784,
784.
784,
.004
.230
785.
.546
.644
771
786.
786.
786.
786,
787.
787.
787.
787.
787.
787.
787.
787.
787.
787.
787.
787.
787.
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.818
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783

783
784

785
785

785

785
785
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168
374
572
725
914
067
174
579
785

131

507
610
746
845

187
274
315
409
680

386

062
337
427
883
108
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379
395
453
506
559
572
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633
682
699
715
773

-

122
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1442,
1442,
1442.
1442.
1442,
1442.
1442,
1442.
1442,
1442,
1442,
1442,

1442
1442

1442

1442
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624
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765
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769
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.780
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1442,
1442,
1442,
1442,
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1442,
1442,
1442,
1442,
1442,
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791
789
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768
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754
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771
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775
784
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791
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851
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175
232
285
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458
524
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.689
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781
785

.781
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793.
793.
793.
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.974
794,
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103
120
185
251
292
316
341
374
456
526
579
608
641
723
837
989
108
129
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215
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362
412
469
510
625
703
756
830
924
982
072
113
129
162
166
228
343
412
490
556
630
691
782
859
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1442
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779
758
734
712
.695
688
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642
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537
526
535
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553
569
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.565
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550
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794,
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.016
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795.
.176
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.336
.459
.512
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.709
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796.
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.456
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796.
796.
796.
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795
795
795
795

795

796

796
796

797
797
797
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142
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204
249
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360
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561
581
663
791
893
037
131
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229
700
704
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729
791
848
893

069
106

562
640

849

329
427

542
591
706
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.251
465
.625
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632
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701
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894
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949
966
969
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797
798
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798
798
798
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798
798
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800
800

800
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.928
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.560
.744
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.200
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.745
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615

.709
800.
800.
801L.
801.
800.
800.
800.

787
885
000
111
258
270
389

.430
800.
800.
800.
800.
800.
801.
801.
801.
801.
801.
801.
801.
801.
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.893
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571
558



801.
801.
801.
801.
.026
802.
.067
802.
802.
802.
802.
802.
802.
.043

802

802

803

803.
.203
.248
.367
.506
.634
.814
803.
804,
804 .
804,
804,
804.
804.
.073

803
803
803
803
803
803

805

805.
805.
805.
805.
805.
805.
805.
.799
.889
806.
.168
806.
806.
435
.583
806.
.960
.091
.181

805
805

806
806
806
806

807
807

558
652
866
940

050

182
350
522
633
826
990

121

966
077
212
364
458
626
839

213
340
479
512
615
693
771

029
193

263

845

127

1442,
1442,
14432,
1442,
1442,
1442 .
1442,
1442 .
1442,
1442,
1442,
1442,
1442.
1442.
1442.
1442,
1442,
1442,
1442,
.566
.570
.568
.561
.567
1442.
1442.
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442
1442,
1442,
1442.
1442,
1442.
1442,
1442.
1442.
1442,
1442,
.975
1442,
1442.
1442,

1442
1442
1442
1442
1442

1442

554
555
557
552
541
522
508
512
523
S44
559
560
550
545
540
530
525
530
550

588
622
654
676
690
712
742
767
787
816
844
870
887
907
916
935
951
971
977
978

968
952
934



807.
807.
807.
807.
807.
807.
807.
807.
807.
807.
808.
808.
808.
808.
808.
808.
.527
808.
.826
809.
.089
.203
809.
809.
809.
809.
809.
809.
809.
809.
.651
809.
.802
.888
.950
810.
810.
810.
810.
810.
810.
810.
810.
810.
810.
810.
810.
810,

808
808

809
809

809

809
809
809

305
399
510
608
706
780
801
862
928
989
080
170
268
309
408
469

609

015

261
318
376
409
441
495
556
564

692

089
241
319
352
409
418
504
569
590
627
688
737
783

128

1442,
1442,
1442,
1442
1442,
1442,
1442,
1442.
777
1442,
1442,
1442,
1442
1442,
1442,
.656
1442,
1442,
1442,
1442.
1442,
1442,

1442

1442

1442

1442

1442

1442
1442
1442
1442
1442

905
889
868
852
831
814
805
791

758
739
716
688
673
659

637
615
589
561
544
507

494
1442,
1442.
1442,
1442,
431
1442.
401
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442.
1442,
.409
415
.407
.413
.408

475
461
447
432

403

399
392
391
389
384
383
384
382
380
374
366
381
395



810.
810.
810.
810.
811.
81ll.
811.

811
811

81l

811

811
811
812
812

812
812

799
840
885
926
000
086
197

.238
.250
811.
.332
811.
.418
811.
811.
811.
8L1.
.800
.931
.046
.112
812.
812.
812.
812.
812.
448
.513
812.
812,
812.
812.
812.
812.
812.
812.
813.
813.
813.
813.
813.
813.
813.
813.
813.
813.
813.
813.

287
365

484
546
595
701

198
255
300
325
386

555
600
665
727
772
854
911
969
010
051
100
133
244
297
330
395
424
465
518
588

129

1442.
1442,
1442,
1442,
1442,
1442.
l442.
1442,
.387
1442,
la42.
1442.
1442,
1442.
.400
.407
1442,
1442.
1442.
1442,
1442 .
1442,
1442,
1442.
1442,
1442,
1442.
1442,
1442,
1442.
1442,
1442,
1442,
1442.
1442,
1442
347
.348
.340
.335
.340
.351
.352
.362
1442,
1442,
.335
1442 .

1442

1442
1442

1442
1442
1442
1442
1442
1442
1442
1442

1442

404
404
395
390
385
383
378
377

389
380
373
378
391

400
401
395
388
381
385
378
366
360
362
361
353
345
344
343
336
328
327
339
343

363
351

315



813.
813.
813.
.797
.826
.916
.978
814.
814,
814.
81l4.
814,
814,
.372
417
814,
814,
814.
814,
814,
814,

813
813
813
813

814
814

814

814

815
816
816
816
816
8le
816
816

646
691
740

093
121
117
199
228
310

458
515
614
679
708
757

.798
814,
814,
.921
815.
815.
815.
815.
815.
815.
815.
815.
815.
815.
815.
815.
815.
815.
815.
.910
.016
.143
.254
.353
422
492
.558

839
884

003
036
044
126
155
200
504
524
434
499
594
622
705
766
852

-

130

1442,
1442,
1442 .

1442

1442
1442
1442
1442

1442

317
316
312

.317
1442,
1442,
1442,
1442 .
1442,
1442,
1442.

322
321
317
316
304
293
274

271
.269
.261
.262
1442,
1442
1442 .
1442.
1442
1442 .
1442,
1442
1442,
1442,
1442,
1442.

267
271
301
301
298
299
299
306
308
303
288
276

.269
1442,
1442,
1442,
1442,
1442
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,

279
284
281
343
352
362
360
360
361
353
344
341
340
332
319
304
293
296
313
319



816.
.693
.828
.910
.972
817.
817.
.271
817.

816
816
816
816

817

817

817
817

818
818
818

818
819
819

819
819

819
819
819

820

820
821
821
821

821

822

822

623

029
148

333

L427
817.

530

.649
.796
817.
818.
818.
818.

924
260
346
391

469
.526
.629
818.
.998
.195
.302
819.
.363
.449
819.
.728
.810
.880
820,
.216
820.
820.
820.

T4k

347

560

060

245
446
598

.893
.045
.197
242
821.
.500
821.
821.
821.
.054
822.
.284

365
668
836
964

230

131

1442,
1442.

1442

1442

1442

1442

1442

1442

1442

1442

1442

1442

1442

315
298

.275
1442,
1442
.237
1442,
1442,
. 240
1442.
.254
1442,
1442,

259
246

239
240

240

256
255

.250
1442.
1442,
1442 .
1442,
1442,
1442,
.187
1442 .
1442,
.185
1442,
1442.
1442.
.183
1442,
174
1442,
1442,
1442.
1442,
1442 .
1442,
1442,
1442,
1442,
.14l
1442,
1442,
1442,
1442,
1442,
1442,
1442,
141

224
211
201
193
183
182

186
187

180
178
184

176

176
176
177
169
160
156
151
153
150

136
138
142
139
143
149
147



822.
822,
822.
822.
822,
822.
823.
823.
823.
823.
823.
823.
823.
823.
823.
.628
823.
823.
823.
.904
.983
824,
824,
.131
824,
824.
.375
824,
824,
824,
824,
824,
824,
.055
.125
.249
.348
439
.509
.579
711
.789
.831
825.
826.
826.
826.
826.

823

823
823

824

824

825
825
825
825
825
825
825
825
825
825

366
497
571
669
739
878
116
190
268
346
465
500
512
562
595

653"
686
814

003
020

181
284

412
453
482
659
758
865

917
0le
119
190
272

132

1442.
1442 .
1442,
1442,
1442,
1442,
.177
1442,
1442,
1442,
1442.
161
.182
1442,

1442

1442
1442

1442

1442

1442
1442

136
143
148
160
171
179

167
153
146
156

207

.222
1442,
1442,

240
257

.275
1442,
1442,
1442,
1442.
1442,
1442.
la42.
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
.320
314
1442,
1442,
1442,
1442,
1442,

302
319
331
335
339
341
346
351
355
366
385
392
392
387
384
379
375
366
358
350
341
336
331

306
301
296
288
278



826
826
826
826
826

826
826
826
827

827
827
827
827
828
828
828
828
828
828
828

829

829.
829.
829.
829.
829,
.906
.968
830.
830.
830.
830.
830.
830.
830.
830.
830.
830.
830.
830.
830,
831.
831.
831.
831.

829
829

.379
.429
.458
.524
.619
826.
747
.817
.973
.122
827.
.407
473
.617
.844
.042
.149
.314
413
.574
.710
.929
829.
.267

668

275

114

399
547
704
750
836

014
121
232
298
397
480
562
612
698
793
855
905
971
049
169
268
342

133

1442,
1442,
1442,
1442,
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
.308
l442.
.318
.315
1442.
1442,
1442,
1442
1442.
1442.
1442,
1442.
1442,
1442.
1442.
1442.
1442,
1442.
1442,
1442.
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442,
1442
1442,
1442,
1442,
1442,
.200

1442

1442
1442

1442

276
283
293
298
294
290
284
285
287
293
292
300
303

320

312
317
328
336
335
332
327
331
333
335
329
335
324
322
314
310
301
295
285
284
293
290
275
249
233
220
209
201
200
199



831.
831.
831.
831.
831.
831.
832.
832,
.237
832.
.315
456
832.
832.
832.
832.
832.
833.
833.
833.
833.

832

832
832

833

835
835

437
495
556
598
812
948
105
175

249

538
633
732
852
975
062
206
240
322

.392
833.
833.
833.
833.
833.
833.
833.
833.
833.
834.
834.
834.
834,
834.
834,
834.
834,
834,
834.
834,
834.
834.
834,
.083
.224
835.

454
557
607
664
689
747
817
912
957
040
093
143
209
287
395
535
638
667
700
741
766
848
935

343

134

1442

1442

1442

1442
1442
1442
1442

1442
1442

1442
1442

1442
1443
1443
1443

1443
1443

.227
1442.
1442
1442,
1442,
1442,
1442,
.638
1442.
1442,
1442,
1442,
1442,
1442
1442 .
1442,
.756
1442,
1442 .
1442,
.900
.929
.937
.930
1442,
.879
.866
1442,
.838
.849
1442,
1442,
1442,

250
255
271
491
539
598

670
679
719
743
757
754
746
741

787

835
866

909

846

872
906
942

.974
.008
.037
.063
1443
1443,
1443,
1443,
1443,
1442,
1442,
1442,
1443,
.026
.034

067
059
043
028
019
997
986
986
005



835
835
835
835
835

835
835

438
479
.541
.616
.677
835.
835.

739
789

.838
.929

135

1443
1443
1442

1442

1442

.030
.017
.982
1442
.913
1442,
1442,
.847
1442,

946

881
859

836



APPENDIX 4

RIO PUERCO WELL P]

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
228 1440.915 305 1440.973
235 1440.909 312 1440.985
236 1440.893 318 1440.991
256 1440.832 326 1441.000
270 1440.838 333 1441.003
274 1440.857 340 1441.006
283 1440.881 347 1441.003
290 1440.912 354 1441.003
297 1440.942 361 1440.994
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
3 1440.991 164 1440.927
9 1440.982 171 1440.854
17 1440.982 178 1440.860
23 1440.973 185 1441.049
31 1440.966 192 1441.274
38 1440.960 193 1441.283
45 1440.957 199 1441.338
52 1440.945 206 1441.408
55 1440.951 213 1441.277
59 1440.954 220 1441.134
65 1440.963 227 1441.073
73 1440.973 . 234 1440.973
80 1440.921 240 1440.957
87 1440.985 249 1440.957
94 1440.969 255 1441.122
101 1441.082 269 1441.094
108 1441.143 275 1441.091
115 1441.137 282 1441.186
122 1441.113 " 289 1441.381
129 1441.137 304 1441.384
136 1441.091 310 1441.628
143 1441.040 317 1441.552
150 1440.976 324 1441.506
153 1440.950 338 1441.479
157 1440.985 352 1441.579
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1441.536 71 1441.771
22 1441.439 85 1441.783
36 1441.567 99 1441.786
57 1441.701 105 1441.890
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RIO PUERCO WELL P2

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
256 1440.787 312 1441.250
270 1441.656 313 1441.183
274 1441.293 328 1441.120
283 1441.132 333 1441.089
290 1441.427 340 1441.058
297 1441.433 347 1441.043
305 1441.330 354 1441.007
312 1441.250 361 1440.988
. 1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
3 1440.973 157 1441.092
9 1440.943 171 1440.918
15 1440.940 178 1440.900
23 1440.933 185 1441.171
31 1440.921 192 1441.549
38 1440.912 193 1441.607
45 1440.908 199 1441.638
52 1441.141 206 1441.726
55 1441.211 213 1441.516
59 1441.238 220 1441.287
66 1441.147 227 1441.208
73 1441.089 234 1441.123
80 1441.049 240 1441.022
87 1441.025 249 1441.055
94 1441.001 255 1441.196
101 1441.193 269 1441.247
108 1441.287 275 1441.223
115 1441.263 282 1441.348
122 1441.208 289 1441.766
129 1441.284 304 1441.577
133 1441.302 - 310 1441.988
116 1441.232 317 1441.784
143 1441.150 324 1441.696
150 1441.068 338 1441.641
153 1441.037 352 1441.561
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1441.750 71 1442.052
36 1442.122 8s 1442.010
57 1441.967 99 1442.031
71 1442.052 105 1442.202
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RIO PUERCO WELL P3

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELSVATION (M) DATE ELEVATION (M)
228 1440.912 305 1441.040
235 1440.809 312 1440.982
236 1440.827 318 1440.961
258 1440.720 326 1440.934
270 1440.897 333 1440.931
274 1440.903 340 1440.903
283 1440.888 347 1440.894
290 1440.998 354 1440.870
297 1441.019 361 1440.876
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
3 1440.873 164 1440.860
9 1440.857 171 1440.809
17 1440.857 178 1440.818
23 1440.857 185 1440.924
31 1440.870 192 1441.085
38 1440.854 193 1441.058
45 1440.851 199 1441.086
52 1440.915 206 1441.123
55 1440.949 213 1441.043
59 1440.964 : 220 1440.964
66 1441.019 227 1440.934
73 1440.946 234 1440.866
80 1440.918 240 1440.863
87 1440.924 249 1440.912
94 1440.918 - 255 1440.915
101 1440.982 269 1440.955
108 1441.013 275 1440.949
115 1441.013 . 282 1440.995
122 1440.995 289 1441.138
129 1441.016 304 1441.144
136 1440.985 310 1441.278
143 1440.949 317 1441.21%
150 1440.909 324 1441.193
153 1440.900 338 1441.183
157 1440.909 352 1441.180
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1441.229 71 1441.302
22 1441.159 85 1441.315
36 1441.220 99 1441.360
57 1441.287 105 1441.421
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JULIAN
DATE

256
270
274
283
290
297
308
312

JULIAN
DATE

157

JULIAN

DATE

22

57

RIO BUERCO WELL P4

WATER TABLE
ELEVATION (M)

1440.623
1440.683
1440.699
1440.714
1440.775
1440.778
1440.812
1440.796

WATER TABLE
ELEVATION (M)

1440.760
1440.760
1440.769
1440.769
1440.781
1440.790
1440.790
1440.796
1440.808
1440.830
1440.839
1440.818
1440.830
1440.839
1440.845
1440.836
1440.851
1440.848
1440.854
1440.839
1440.821
1440.802
1440.808
1440.802

WATER TABLE
ELEVATION (M)

1440.900
1440.891
1440.897
1440.952

1885

1986

1987

139

JULIAN
DATE

312
318
326
333
340
347
354
38l

JULIAN
DATE

157
164
171
178
185
192

206
213
220
227
234
23

249
255
269
275
282
289
304
310
317
338
352

JULIAN
DATE

WATER TABLE
ELEVATION (M)

1440.79¢
1440.790
1440.781
1440.769
1440.757
1440.760
1440.741
1440.760

WATER TABLE
ELEVATION (M)

1440.802
1440.775
1440.745
1440.768
1440.781
1440.796
1440.793
1440.793
1440.766
1440.751
1440.738
1440.717
1440.729
1440.726
1440.735
1440.763
1440.763
1440.781
1440.812
1440.857
1440.891
1440.863
1440.882
1440.882

WATER TABLE
ELEVATION (M)

1440.955
1440.988
1441.007
1441.016



RIO PUERCO WELL P5

1985
JULIAN WATER TABLE JULTIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
256 1440.110 312 1440.251
270 1440.162 318 1440.245
274 1440.171 328 1440.229
283 1440.193 333 1440.226
290 1440.241 340 1440.211
297 1440.254 347 1440.199
305 1440.275 354 1440.345
312 1440.251 381 1440.308
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
3 1440.205 164 1440.245
9 1440.202 171 1440.220
17 1440.211 178 1440.272
23 1440.217 185 1440.260
31 1440.229 192 1440.269
38 1440.232 199 1430.260
45 1440.232 206 1440.254
52 1440.238 213 1440.223
59 1440.251 220 1440.366
66 1440.272 227 1440.211
73 1440.284 234 1440.187
80 1440.266 240 1440.208
87 1440.275 249 1440.220
94 1440.287 255 1440.214
101 1440.293 269 1440.223
108 1440.284 275 1440.229
115 1440.293 282 1446.238
122 1440.296 289 1440.269
123 1440.312 . 304 1430.308
136 1440.293 310 1440.336
143 1440.284 317 1440.351
150 1440.269 324 1440.321
157 1440.272 338 1440.312
1987
JULIAN WATER TABLE JULTIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1440.305 71 1440.278
22 1440.275 8s 1440.305
36 1440.281 99 1440.318
57 1440.299 105 1440.333
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SEVILLETA WELL Y8

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
282 1478.732 311 1478.907
286 1479.145 316 1478.862
288 1479.054 319 1478.840
293 1479.221 323 1478.807
295 1479.145 327 1478.779
297 1479.090 330 1478.761
301 1479.023 337 1478.719
304 1478.996 344 1478.676
305 . 1478.978 348 1478.645
309 1478.935 358 1478.594
1986
JULIAN WATER TABLE JULTIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
0 1478.563 157 1478.008
7 1478.523 164 1477.969
17 1478.490 171 1477.935
23 1478.456 178 1478.249
31 1478.432 185 1478.569
38 1478.414 192 1479.237
45 1478.398 199 1479.316
52 1478.359 206 1479.313
59 1478.341 213 1479.109
66 1478.310 220 1479.008
73 1478.292 227 1479.060
80 1478.267 234 1478.947
87 1478.249 240 1479.106
94 1478.219 249 1479.039
101 1478.228 255 1479.072
108 1478.191 269 1478.956
115 1478.152 275 1478.886
122 1478.133 ' 282 1479.496
129 1478.097 289 1479.682
136 1478.072 304 1479.307
143 1478.039 324 1479.438
150 1478.005 338 1479.255
157 1478.008 352 1479.328
. 1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1479.176 57 1479.590
22 1479.081 71 1479.276
30 1479.511 8s 1479.148
57 1479.590 99 1479.069
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JULIAN
DATE

282
286
288
293
295
297
301
104
305
309

JULIAN
DATE

JULIAN
DATE

8
22
36
57

WATER TABLE
ELEVATION (M)

1479.064
1479.573
1479.451
1479.625
1479.533
1479.466
1479.378
1479.341
1479.311
1479.262

WATER TABLE
ELEVATION (M)

1478.856
1478.817
1478.7830
1478.747
1478.725
1478.698
1478.671
1478.649
1478.622
1478.600
1478.576
1478.555
1478.533
1478.509
1478.494
1478.472
1478.445
1478.411
1478.384
1478.363
1478.332
1478.302
1478.314

WATER TABLE
ELEVATION (M)

1479.481
1479.390
1479.753
1479.868

SEVILLETA WELL |9

1985

1986

1987

142

JULIAN
DATE

311
316
319
323
327
330
337
344
348
358

JULIAN
DATE

157
164
171
178
185
192
199
206
213
220
227
234
240
249
255
269
275
282
289
304
324
338
352

WATER TABLE
ELEVATION (M)

1479.234
1479.189
1479.155
1479.113
1479.088
1479.067
1479.015
1478.972
1478.942
1478.896

WATER TABLE
ELEVATION (M)

1478.314
1478.288
1478.235
1478.625
1479.076
1479.945
1479.844
1479.740
1479.478
1479.365
1479.448
1479.292
1479.561
1479.390
1479.427
1479.283
1479.289
1479.984
1480.094
1479.722
1479.759
1479.570
1479.585

WATER TABLE
ELEVATION (M)

14795.868
1479.57¢
1479.448
1479.375



SEVILLETA WELL U10

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) . DATE ELEVATION (M)
286 1480.673 311 1480.283
288 1480.521 316 1480.240
293 1480.685 319 1480.201
295 1480.585 323 1480.161
297 1480.518 327 1480.130
301 1480.429 330 1480.106
304 1480.393 337 1480.057
305 1480.362 344 1480.012
309 1480.313 348 1479.981
311 1480.283 358 1479.929
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
0 1479.893 157 1479.329
7 1479.850 164 1479.289
17 1479.807 171 1479.250
23 1479.795 178 1479.692
31 1479.753 185 1480.158
g 1479.725 192 1480.950
45 1479.679 199 1480.877
52 1479.676 206 1480.755
59 1479.628 213 1480.505
66 1479.618 220 1480.405
73 1479.588 227 1480.530
80 1479.576 234 1480.350
87 1479.548 240 1480.615
94 1479.527 249 1480.448
101 1479.509 255 1480.487
108 1479.484 269 1480.335
115 1479.439 275 1480.255
122 1479.429 282 1481.002
129 1479.411 289 1481.203
136 1479.378 ' 304 1480.676
143 1479.344 324 1480.813
150 1479.317 338 1480.630
153 1479.302 352 1480.691
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1480.573 57 1480.990
22 1480.478 71 1480.652
36 1480.893 85 1480.542
57 1480.990 99 1480.493
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SEVILLETA werr ULL

1985
JULLIAM WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (i)
286 1479.5659 311 1479.789
288 1479.907 316 1479.749
293 1480.060 319 1479.712
295 1480.020 323 1479.685
297 1479.956 327 1479.661
301 1479.898 330 1479.642
304 1479.874 337 1479.591
305 1479.853 344 1479.551
109 1479.810 348 : 1479.526
311 1479.789 358 1479.472
1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATI. .. (M)
0 1479.438 157 1473.874
7 1479.398 164 1478.838
17 1479.359 171 1478.801
23 1479.334 178 1479.051
31 1479.298 185 1479.380
38 1479.277 192 1479.932
45 1479.237 199 1480.078
52 1479.225 206 1480.118
59 1479.197 . 213 1479.950
66 1479.194 220 1479.871
73 1479.182 227 1479.926
80 1479.130 234 1479.825
87 1479.255 240 1479.956
94 1479.088 249 1479.904
101 1479.063 255 1479.944
108 1479.036 . 269 1479.837
115 1479.017 275 1479.786
122 1478.987 282 1480.228
129 1478.966 289 1480.459
136 1478.932 304 1480.167
143 1478.902 324 1480.319
150 1478.874 338 1480.148
157 1478.874 352 1480.209
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1480.093 57 1480.490
22 1479.990 71 1480.185
36 1480.420 8s 1480.066
57 1480.490 99 1479.99%
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SEVILLETA WELL Ul2

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION ()
285 1479.390 311 1479.448
288 1479.420 316 1479.429
293 1479.539 319 1479.402
295 1479.542 323 1479.375
297 1479.530 327 1479.356
301 1479.515 330 1479.344
304 1479.509 337 1479.302
105 1479.506 344 1479.237
309 . 1479.472 348 1479.271
311 1479.448 358 1479.201
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
0 1479.167 157 1478.610
7 1479.113 164 1478.585%
17 1479.097 171 1478.552
23 1479.070 178 1478.607
31 1479.048 185 1478.814
38 1479.021 192 1479.115
43 1478.994 199 1479.359
52 1478.972 206 1479.542
59 1478.945 213 1479.515
66 1478.927 220 1479.478
73 1478.914 A 227 1479.503
80 1478.878 234 1479.457
87 1478.850 240 1479.494
94 1478.826 249 1479.521
101 1478.808 255 1479.551
108 1478.792 269 1479.487
115 1478.765 275 1479.448
122 1478.738 ' 282 1479.646
129 1478.716 289 1479.881
136 1478.689 304 1479.807
143 1478.658 324 1479.951
150 1478.625 338 1479.829
157 1478.610 352 1479.804
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1479.783 57 1480.045
22 1479.716 71 1479.899
36 1479.963 85 1479.771
57 1480.045 99 1479.698
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JULIAN
DATE

282
286
288
293
295
297
301
304
305
309

JULIAN
DATE

JULIAN
DATE

8
22
36
57

WATER TABLE

SEVILLETA wenn U13

1985

ELEVATION (M)

1479.
1480,
1480.
1480.
1480.
1480.
1480.
1480.
1480.
1480.

WATER TABLE

959
014
051
142
157
163
169
172
163
154

1986

ELEVATION (M)

1479.
1479.
1479.
1479.
1479.
1479.
1479.
1479.
1479,
1479.
1479.
1479.
1479.
1479.
1479.
1479.
1479.
1479.
1479.
1479.
1479,
1479.
1479.

WATER TABLE

892
855
822
795
773
748
718
7086
673
657
639
606
572
Sé8
542
514
499
462
444
420
392
365
343

1987

ELEVATION (M)

1480.502
1480.422

1480

.639

1480.712
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JULIAN
DATE

311
31s
319
323
327
330
337
344
348
358

JULIAN
DATE

157
164
171
178
185
192
139
206
213
220
227
234
240
249
255
269
275
282
289
304
324
338
352

JULIAN
DATE

WATER TABLE
ELEVATION (M)

1480.139
1480.124
1480.099
1480.075
1480.063
1480.051
1480.011
1479.980
1479.959
1479.919

WATER TABLE
ELEVATION ()

1479.343
1479.322
1479.295
1479.307
1479.459
1479.694
1479.913
1480.087
1480.130
1480.127
1480.157
1480.133
1480.154
1480.197
1480.224
1480.203
1480.1860
1480.246
1480.441
1480.471
1480.611
1480.52¢6
1480.511

WATER TABLE
ELEVATION (M)

1480.712
1480.596
1480.511
1480.438



sEVILLETA weLr Y14

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
282 1480.414 311 1430.627
286 1480.645 318 1480.578
288 1480.667 319 1480.548
293 1480.783 323 1480.517
295 1480.773 327 1480.484
297 1480.758 330 1480.459
301 1480.713 337 1480.411
304 1480.688 344 1480.365
305 , 1480.697 348 1480.385
309 1480.642 358 1480.283
1986
JULTIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
0 1480.243 157 1479.658
7 1480.213 164 1479.643
17 1480.164 171 1479.612
23 1480.133 178 1479.725
31 1480.109 185 1480.078
38 1480.078 192 1$80.533
45 1480.057 199 1480.703
52 1480.027 206 1180.828
59 : 1479.996 213 1480.743
66 1479.978 220 1480.664
73 1479.950 227 1480.667
80 1479.929 234 1480.627
87 1479.905 240 1480.673
94 1479.877 249 1480.719
101 1479.844 255 1480.718
108 1479.829 269 1480.664
115 1479.804 275 1480.591
122 1479.786 . 282 1480.853
129 1479.755 289 1481.115
136 1479.731 304 1480.962
143 1479.710 324 1481.151
150 1479.682 338 1480.999
157 1479.658 352 1480.959
- 1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1480.959% 57 1431.224
22 1480.844 71 1481.048
36 1481.164 85 1480.929
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SEVILLETA WELL H15

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
282 1481.036 311 1481.197
286 1481.511 316 1481.149
288 1481.398 319 1481.112
293 1481.566 323 1481.072
295 1481.475 327 1481.045
297 1481.417 330 1481.024
301 1481.331 337 1480.968
304 1481.298 344 1480.920
305 1481.273 348 1480.892
309 1481.222 358 1480.838
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
0 1480.798 157 1480.219
7 1480.755 164 1480.176
17 1480.713 171 1480.143
23 1480.685 178 1480.585
31 1480.649 185 1480.975S
38 1480.624 192 1481.657
45 1480.597 193 1481.679
52 1480.572 206 1481.597
59 1480.551 213 1481.383
66 1480.521 220 1481.298
73 1480.493 227 1481.389
80 1480.469 234 1481.252
87 1480.457 240 1481.469
94 1480.420 249 1481.341
101 1480.390 255 1481.386
108 1480.377 . 269 1481.249
115 1480.353 275 1481.170
122 1480.313 282 1481.682
129 1480.292 289 1481.920
136 1480.265 304 1481.563
143 1480.237 324 1481.737
150 1480.204 338 1481.560
157 1480.219 352 1481.737
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
1481.523 57 1481.926
22 1481.417 71 1481.621
16 1481.911 85 1481.493
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SEVILLETA WELL Ul6

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
282 1482.254 311 1482.419
286 1482.687 316 1482.367
288 1482.614 319 1482.331
293 1482.766 323 1482.117
295 1482.699 327 1481.904
297 1482.635 330 1481.883
301 1482.556 337 1481.822
304 .1482.520 344 1481.773
305 1482.510 348 1481.745
309 1482.443 358 1481.681
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
0 1481.642 157 1481.041
7 1481.599 164 1480.999
17 1481.556 171 1480.965
23 1481.526 178 1481.361
31 1481.495 185 1481.788
38 1481.465 192 1482.389
45 1481.431 199 1482.446
52 1481.413 206 1482.446
59 1481.380 213 1482.245
65 1481.355 220 1482.163
73 1481.325 227 : 1482.254
80 1481.300 234 1482.111
87 1481.270 240 1482.306
94 1481.249 249 1482.209
101 1481.230 255 1482.297
108 1481.191 269 1482.257
115 1481.178 : 275 1432.029
122 1481.139 282 1482.456
129 1481.117 289 1482.727
1358 1481.090 299 1482.419
143 1481.060 324 1482.602
150 1481.029 338 1482.434
157 1381.041 352 1482.611
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1482.416 57 1482.745
22 1482.312 71 1482.510
36 1482.727 85 1482.328
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JULIAN
DATE

282
286
288
293
295
297
301
304
305
309

JULIAN
DATE

JULIAN
DATE

22
3é

SEVILLETA WELL [J17

1985

WATER TABLE
ELEVATION (M)

1481.231
1481.338
1481.380
1481.493
1481.505
1481.490
1481.472
1481.455
1481.458
1481.414

1986

WATER TABLE
ELEVATION (M)

1481.072
1481.017
1480.978
1480.950
1480.932
1480.905
1480.880
1480.859
1480.828
1480.807
1480.777
1480.755
1480.731
1480.710
1480.679
1480.633
1480.630
1480.612
1480.578
1480.554
1480.527
1480.518
1480.487

1987
WATER TABLE
ELEVATION (M)
1481.767

1481.870
1481.932

150

JULIAN
DATE

311
316
319
323
327
330
337
344
348
358

JULIAN
DATE

157
184
171

185
192
199
206
213
220
227
234
240
249
255
269
275
282
289
304
324
338
352

JULIAN
DATE

57
71
85

WATER TABLE
ELEVATION (M)

1481.383
1481.365
1481.338
1481.307
1481.286
1481.264
1481.222
l481.182
1481.155
1481.109

WATER TABLE
ELEVATION (M)

1480.487
1480.466
1480.438
1480.499
1480.740
1481.094
1481.301
1481.472
1481.475
1481.414
1481.459
1481.405
1481.450
1481.496
1481.542
1481.435
1481.395
1481.539
1481.770
1481.722
1481.883
1481.776
1481.7886

WATER TABLE
ELEVATION (M)

1481.987
1481.853
1481.719



SEVILLETA WELL {J18

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
282 1480.834 311 1480.990
286 1480.837 318 1480.990
288 1480.865 319 1480.968
293 1480.907 323 1480.950
295 1480.935 327 1480.950
297 1480.947 330 1480.944
301 1480.981 337 1480.904
104 .1480.996 344 1480.883
305 1481.011 348 1480.862
309 1480.999 358 1480.834
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
0 1480.807 157 1480.280
7 1480.770 164 1480.261
17 1480.743 171 1480.237
23 1480.731 178 1480.225
31 1480.700 185 1480.313
a8 1480.673 192 1480.447
45 1480.648 1399 1480.612
52 1480.627 206 1480,755
59 1480.603 213 1480.849
66 1480.584 220 1480.901
73 1480.548 227 1480.938
80 1480.536 234 . 1480.956
87 1480.514 240 1480.968
94 1480.481 249 1480.996
101 1480.475 255 1481.048
108 1480.420 269 1481.042
115 1480.407 . 275 1481.035
122 1480.398 282 1481.060
129 1480.380 289 1481.157
136 1480.359 304 1481.270
143 1480.334 324 1481.401
150 1480.304 338 1481.395
157 1180.280 352 1481.377
. 1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1481.401 57 1481.523
22 1431.343 71 1481.493
36 1481.438 85 1481.422
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SEVILLETA WELL Ul9

1988

JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)

38 1481.782 129 1481.410

45 1481.751 136 1481.380

52 l481.721 143 1481.349

59 1481.706 15¢ 1481.322

66 1481.669 153 1481.313

73 1481.633 157 1481.340

80 1481.605 164 1481.291

87 1481.581 171 1481.261

94 1481.544 178 1481.837
101l 1481.523 ’ 185 1482.282
108 1481.499 192 1482.937
115 1481.462 199 1482.934
122 1481.441% 2086 1482.904

SEVILLETA WELL & U20

1986
JULIAN WATER TABLE JULTAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
94 1482.032 143 1481.931
101 1482.090 150 1481.904
108 1482.071 153 1481.892
115 1482.041 157 1481.922
122 1482.013 164 1481.873
129 1481.989 171 1481.840
136 1481.962 178 1482.428
143 1481.931 185 1482.879
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SEVILLETA WELL U21

1986

JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
108 1482.061 150 1481.893

115 1482.033 153 1481.884

122 1482.009 157 1481.915

129 1481.985 164 1481.860

136 1481.951 171 1481.829

143 1481.921 178 1482.427

150 1481.893 185 1482.869

SEVILLETA WELL 22

1986

JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
108 1482.075 150 1481.9501

115 1482.038 153 1481.889

122 1482.017 157 1481.913

129 1481.983 184 1481.870

136 1481.959 171 1481.837

143 1481.925 178 1482.443

153



LOWER SALADO WELL [ ]

1985
JULIAN WATER TABLE JULIAN WATER TABLE

DATE ELEVATION (M) DATE ELEVATION (M)
256 1443.670 305 1444.280
262 1443.634 312 1444.173
265 1443.832 319 1444.097
270 1443.954 326 1444.061
277 1443.942 333 1443.972
284 1443.884 340 1443.914
291 1444268 347 1443.856
298 1444.402 354 1443.817
298 1444.402 361 1443.759

1986
JULTAN WATER TABLE JULIAN WATER TABLE

DATE ELEVATION (M) DATE ELEVATION (M)
3 1443.728 164 1443.030
10 1443.677 171 1443.021
17 1443.643 178 1443.024
23 1443.612 185 1443.228
31 1443.573 192 1444.585
as 1443.500 193 1444.841
45 1443.466 199 1444.661
59 1443.433 202 1445.011
66 1443.408 206 1445.328
80 1443,308 213 1444.948
101 1443.268 220 1444.740
122 1443.189 234 1444.621
132 1443.152 240 1444.627
143 1443.106 255 1444.658
150 1443.085 269 1444.597
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LOWER SALADO WELL L2

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
256 1443.649 305 1444.313
262 1443.685 312 1444.231
265 1443.746 319 1444.155
270 1443.950 326 1444.097
274 1443.984 333 1444.045
277 1443.966 340 1443.984
284 1443.926 347 1443.926
291 1444.161 354 1443.883
298 1'444.359 361 1443.834
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
3 1443.795 171 1443.109
10 1443.752 185 1443.182
17 1443.713 192 1443.676
23 1443.685 193 1443.935
31 1443.652 199 1444.356
38 1443.615 206 1444.977
45 1443.584 213 1444.947
55 1443.517 220 1444.807
66 1443.487 234 1444.670
80 1443.423 240 1444.612
101 1443.350 255 1444.670
122 1443.271 269 1444.578
132 1443,225 289 1446.514
143 1443.200 324 1446.212
150 1443.170 338 1445.870
164 1443.118 352 1445.599
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1445.304 57 1445.118
22 1445.057 71 1445.066
36 . 1445.096 85 1444.874
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LOWER SALADO WELL L3

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
256 1443.767 305 1444.374
262 1443.761 312 1444.300
265 1443.773 319 1444.240
270 1443.910 326 1444.182
277 1444.002 333 1444.130
284 1443.980 340 1444.020
291 1444.133 347 1444.020
298 144%,343 354 1443.977
305 1444.374 361 1443.938
1986 °
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
3 1443.892 171 1443.191
10 1443.849 185 1443.221
17 1443.813 192 1443.474
23 i 1443.782 193 1443.593
31 1443.752 199 1444.154
38 1443.712 206 1444.706
45 1443.685 213 1444.913
59 1443.618 220 1444.843
66 1443.587 234 1444.724
8Q 1443.523 240 l444.666
101 1443.444 255 1444.712
122 1443.359 269 1444.642
132 1443.328 289 1445.846
143 1443.282 324 1446.218
150 1443.261 338 1445.946
164 1443.209 352 1445.678
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1445.382 57 1445.139
22 . 1445.005 71 1445.111
36 1445.136 85 1444.953

156



LOWER SALADO WELL L4

1985
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
256 1445.459 305 1446.059
262 1445.440 312 1446.029
265 1445.468 ‘ 319 1445,971
270 1445.568 326 1445.916
277 1445.672 333 1445.864
284 1445.669 340 1445.727
291 1445.803 347 1445.754
298 . 1446.001 354 1445.712
105 1446.059 361 1445.666
1986
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
3 1445.620 171 1444.919
10 1445.574 185 1444.928
17 1445.541 192 1445.123
23 1445.510 193 1445.245
31 1445.465 199 1445.818
8 1445.425 206 1446.276
45 1445.392 213 1446.562
59 1445.337 220 1446.550
66 1445.321 234 1446.458
80 1445.245 240 1446.404
101 1445.160 255 1446.446
122 1445.084 269 1446.385
132 1445.047 289 1447.294
143 1445.005 324 1447.985
150 1444.983 338 1447.729
164 1444.943 3s2 1447.495
1987
JULIAN WATER TABLE JULIAN WATER TABLE
DATE ELEVATION (M) DATE ELEVATION (M)
8 1447.169 57 1446.928
22 1446.775 71 1446.986
3d 1446.912 85 1447.104
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APPENDIX 5

RIO PUERCO NEUTRON ACCESS TUBE PNl

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1985

JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 -9 1.2 1.5 l.8
274 9.1 13.5 10.3 7.9 15.9 27.4
290 15.6 17.9 12.9 7.8 7.7 32.0
297 14.6 18.9 14.4 8.3 16.7 32.2
305 13.5 18.1 14.6 8.4 13.9 25.7
311 12.7 17.6 14.5 7.9 12.9 20.6
318 12.4 17.7 14.0 8.1 12.3 18.1
328 12.3 16.9 13.9 8.1 1i.4 16.3
333 11.8 16.5 la.1 7.8 11.1 16.0
340 12.1 16.5 14.3 8.3 11.0 15.4
346 11.8 16.4 13.6 8.0 10.3 15.3
154 12.4 16.0 14.4 8.6 10.6 15.2
361 11.9 15. 14.0 8.3 10.3 14.3

1986

JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 .9 1.2 1.5 1.8
3 11.5 15.0 13.7 8.1 10.0 14.0
9 11.3 15.4 13.6 8.0 9.9 13.7
17 11.8 15.5 13.5 8.0 9.9 13.8
23 11.6 15.6 13.8 8.3 9.6 13.8
31 11.6 15.3 13.8 8.1 9.8 13.7
38 11.3 15.4 13.8 8.3 9.7 13.5
45 11.3 14.9 13.5 7.8 9.3 13.4
52 12.2 15.2 13.8 7.9 9.2 14.3
59 11.6 15.0 13.6 7.9 9.9 17.4
66 11.2 15.1 13.9 8.1 9.7 16.0
73 11.4 15.1 13.5 8.1 9.8 15.4
80 10.9 15.1 13.5 8.1 9.8 14.5
94 11.1 14.8 13.5 8.1 9.4 13.7
101 10.7 14.2 13.2 8.0 9.5 15.6
108 14.4 13.7 13.9 8.2 9.8 19.7
115 10.0 13.3 13.0 8.1 10.0 19.8
122 9.1 12.6 12.7 8.0 9.8 17.4
138 7.5 11.1 12.1 3.0 10.2 19.2
143 6.9 10.1 12.0 8.1 11.1 18.7
150 6.5 9.1 11.6 7.1 9.8 15.9
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RIO PUERCO NEUTRON ACCESS Tusg PN1

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1986
JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 .9 1.2 1.5 1.8 2.1
153 6.3 8.8 10.9 7.2 9.0 15.4 19.4
157 6.0 8.7 10.9 7.2 8.7 15.6 20.1
171 5.3 7.2 8.9 6.4 8.3 14.1 17.1
178 5.8 6.8 8.3 6.2 8.1 13.7 15.8
185 6.0 6.5 7.7 6.1 7.9 22.5 31.1
193 5.9 6.3 12.6 9.8 33.0 37.2 36.0
199 5.8 6.1 14.6 10.5 31.8 36.7 35.5
206 6.6 7.4 19.9 14.9 35.3 40.6 39.1
213 6.7 7.6 19.4 12.7 25.8 39.1  38.4
220 5.3 6.4 15.9 9.2 14.6 24.4  31.0
227 5.5 6.1 14.8 9.1 13.2  21.3 28.1
234 5.1 5.8 13.8 8.6 11.6 17.8 21.3
240 5.6 6.5 13.3 8.3 11.1 16.9 20.3
249 4.9 6.2 11.3 7.6 10.1 16.7 20.5
255 5.2 5.9  10.8 7.5 9.8 19.3  28.2
269 5.0 6.2 9.9 7.7  10.4 22.1 28.8
275 5.3 6.1 9.8 7.5 10.2 21.7 28.5
282 5.1 5.6 8.7 7.0 10.6 27.8 31.5
289 25.0 29.9 25.6 15.5 36.6 35.8 36.0
310 29.3  31.6 30.4 31.4 36.0 36.0 36.4
324 18.4 25.6 24.4 13.7 33.5 16.8  36.2

1987
JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 .9 1.2 1.5 1.8 2.1

8 15.9 22.3 22.9 | 12.7 32.5 36.86 35.9
22 15.3 21.8 21.4 11.5 24.5 36.1 37.2
38 15.3 22.9 24.4 15.8 36.1 38.4 38.6
57 16.7 25.0 27.1 19.4 36.7 38.5 38.6
71 12.6 16.6 25.9 17.9 34.6 36.9 36.7
85 18.
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RIO PUERCC NEUTRON ACCESS TUBE PN2

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1985
JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

290 16.4 18.6 16.6 30.0 28.0 19.0 23.5 37.3 38.0 37.7
297 14.7 18.3 16.1 28.5 26.8 17.8 20.9 36.5 38.1 38.0
306 13.3 17.1 15.6 28.5 24.8 15.6 14.7 28.7 36.7 38.4
311 12.7 16,7 15.1 27.2 23.6 15.0 13.4 22.6 34.5 37.6
318 12.8 16.3 14.5 27.5 23.8 14.4 12.1 17.9 30.0 38.3
425 11.7 15.6 14.6 26.3 22.4 14.1 11.3 14.6 25.6 36.6
332 11.4 15.6 l4.4 25.9 22.6 14.2 11.4 13.7 23.2 36.3
340 11.5 15.5 14.4 25.9 21.9 13.6 11.3 12.7 20.8 35.3
347 10.9 14.9 14.0 25.9 21.7 13.3 10.9 11.9 19.6 34.3
354 10.7 14.8 13.9 25.5 21.9 13.2 10.6 11.6 18.0 33.7
361 11.4 14.8 13.8 25.6 21.4 13.3 10.6 11.4 17.9 32.9

1986

JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .} .6 .9 1,2 1.5 1.8 2.1 2.4 2.7 3.0

3 10.9 14.8 13.3 25.6 21.4 13.2 10.6 10.7 16.5 32.3
9 10.3 14.9 13.6 25.6 21.2 12.6 10.4 11.0 15.4 30.7
15 10.8 14.8 13.6 26.0 21.1 12.9 10.4 10.8 15.6 30.4
23 10.6 14.8 13.3 25.8 20.5 12.8 10.2 10.5 14.6 30.2
31 10.8 14.3 13.5 25.3 20.6 12.7 10.4 10.1 14.6 29.4
318 10.5 14.3 13.5 25.2 20.6 12.8 10.3 10.1 14.1 28.4
45 10.5 13.9 13.0 25.3 20.2 12.7 9.7 9.8 13.3 28.0
52 10.5 14.2 13.0 25.1 20.8 12.7 11.7 22.5 33.9 34.7
S9 10.2 14.2 13.4 25.3 20.4 12.9 11.9 20.5 33.7 34.9
66 10.4 14.1 13.4 25.2 19.8 12.8 11.2 15.2 26.9 34.8

73 10.0 13.9% 13.1 25.0 20.3 13.1 10.5 13.4 22.6 33.3
80 10.1 14.1 12.9 24.8 19.6 12.3 10.6 12.1 19.5 32.7
a3 9.3 13.6 12.3 24.9 18.5 12.4 10.0 10.9 16.5 31l.1
101 9.1 13.4 12.3 24.5 19.9 12.2 11.4 19.6 32.9 35.3
108 9.1 12.8 11.8 23.7 19.4 12.5 12.2 23.5 34.7 35.5
113 8.5 12.0 11.4 23.0 18.2 12.4 11.6 20.0 33.6 36.0
122 8.1 11.7 10.9 22.0 17.% 12.2 11.6 18.3 32.0 356.6
136 7.2 10.7 9.1 21.8 18.0 12.4 13.0 24.7 34.3 37.0
143 6.9 9.2 8.0 18.0 14.2 10.9 10.8 18.5 30.8 36.0
150 6.5 8.5 7.2 15.4 12.9 10.4 9.7 13.5 23.4 35.8
’153 6.8 8.3 7.2 15.3 12.3 10.0 9.7 12.2 21.1 35.0
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RIO PUERCO NEUTRON ACCESS TUBE PN2

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

JULIAN
DATE .3
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1.2

14.2
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10.1

9.7
13.5
21.5
24.9
24.0
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2.1

2.4

14.7
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9.3
35.2
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36.3
38.6
37.4
23.1
19.9
13.5
11.6
13.5
35.5
23.6
23.0
34.0
39.4
37.6
38.9

2.7

26.3
14.6
14.0
35.7
36.6
36.2
37.4
37.8
34.1
32.2
22.6
20.3
24.8
36.86
34.3
J4.4
34.5
38.8
37.7
38.0

DEPTH BELOW LAND SURFACE (M)

1.2

28.2
27 .4
30.6°
32.3
28.%
33.3
32.8

1.5

25.6
23.5
31.3
33.3
28.1
34.0
33.5

1.8

23.6
17.1
33.8
35.1
31.2
34.6
34.6
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2.1

31.86
20.53
36.4
37.1
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36.4

2.4

37.4
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40.4
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RIO PUERCO NEUTRON ACCESS TUBE pj 3
PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1985

JULIAN DEPTH BELOW LAND SURFACE (M)
DATE -3 .6 .8 1.2 1.5 1.8 2.1 2.4
290 19.8 8.2 9.9 10.0 10.0 23.3 20.2 36.5
297 17.5 8.2 9.8 9.9 10.7 25.8 21.2 36.8
305 1s8.0 8.5 9.8 9.8 10.7 24.3 17.9 36.5
311 14.9 8.1 9.8 9.7 10.6 23.6 16.6 36.2
318 1l4.1 8.4 8.6 9.9 10.0 23.2 15.6 32.4¢
325 13.3 8.1 $.5 10.0 10.1 22.6 14.9 25.2
332 13.6 8.2 9.5 9.7 9.9 22.5 14.3 19.9
340 12.8 8.6 2.8 9.9 8.5 22.4 14.3 17.8
346 12.3 8.3 9.9 9.7 9.6 22.2 1l4.4 15.4
354 12.1 8.6 9.6 9.7 9.4 21.4 13.3 13.3
Jg1 1i.8 8.6 9.6 2.9 9.6 21.7 13.5 12.6

1986

JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 .9 1.2 1.5 1.8 2.1 2.4
3 11.9 8.6 10.0 9.8 9.4 20.5 13.3 11.7
9 1l.6 8.5 9.8 9.9 9.1 21.2 13.2 10.9
17 14.3 S.1 9.8 9.9 9.2 20.9 13.5 10.5
23 11.4 8.9 8.8 9.8 .1 21.0 12.7 10.3
31 1l1.1 9.1 9.8 9.7 9.3 21.1 12.8 9.9
38 11.3 8.7 9.7 2.8 9.3 20.6 12.8 9.7
45 11.7 9.0 9.8 9.4 8.7 20.7 12.4 9.2
52 11.58 9.2 8.6 9.6 9.1 20.5 12.7 19.0
59 1l.4 9.2 9.6 9.7 9.1 21.2 13.2 29.9
66 1l.1 9.4 1l0.0 9.6 9.2 21.0 13.3 26.3
73 10.6 9.5 10.0 9.7 g.2 20.9 13.1 23.2
g0 10.3 8.9 10.0 9.4 8.8 20.9 12.8 16.7
24 9.5 8.5 9.6 9.6 8.9 20.7 12.7 1l2.9
101 9.1 9.0 8.9 1l0.0 8.8 20.1 12.8 25.0
108 8.5 9.3 10.0 9.2 9.1 21.0 1l4.0 33.4
115 8.1 8.9 10.5 9.9 9.3 21.9%9 15.8 33.2
i22 7.2 8.7 9.8 9.4 9.6 21.6 14.1 32.9
136 5.8 7.9 9.2 9.3 9.5 21.3 14.4 34.4
143 5.5 6.9 9.0 9.0 8.9 20.92 13.2 30.3
150 5.7 6.5 8.4 8.8 8.7 20.2 12.7 20.%
153 6.0 6.3 8.5 8.8 8.6 19.8 12.6 1l6.7
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RIO PUERCO NEUTRON ACCESS TUBE PN3

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

19386

JULIAN DEPTH BELOW LAND SURFACE (M)

DATE .3 .6 -9 1.2 1.5 l.8 2.1 2.4
157 5.9 6.3 8.1 8.3 8.6 19.7 12.8 18.7
171 *5.4 5.8 8.6 9.3 8.8 19.0 1..8 10.7
178 1l1l.6 5.7 6.8 7.8 8.2 17.7 1.0.6 8.6
185 1l0.8 5.8 6.6 7.6 8.1 16.7 11.0 26.8
193 9.8 5.5 6.5 7.3 7.7 22.9 31.8 36.0
199 9.6 5.3 6.3 7.2 10.4 29.0 32.8 37.0
206 8.6 5.9 7.1 7.7 17.1 35.1 36.0 36.7
213 6.0 5.9 6.4 9.0 16.3 34.4 29.8 36.2
220 5.3 7.0 6.9 10.3 15.9 32.2 19.1 37.0
227 7.9 8.6 9.5 12.2 16.3 32.9 19.1 35.7
234 4.1 5.2 5.8 8.3 11.3 24.9 14.8 21.3
240 4.2 5.4 5.5 8.2 10.8 23.3 12.9 14.2
249 4.4 5.8 5.9 8.6 10.6 22.8 12.6 18.0
255 4.1 5.7 5.9 8.1 9.9 21.6 13.0 27.9
269 4.4 5.4 5.7 7.6 9.9 21.2 1l4.9 33.3
275 6.1 6.8 6.5 9.1 10.4 24.1 15.8 36.3
282 5.3 5.3 5.6 7.2 9.4 20.5 15.4 34.7
310 29.4 16.9 7.4 17.34 30.9 36.0 34.6 38.1
324 22.8 17.6 12.7 19.5 26.1 36.3 35.5 38.3

1987
JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 .9 1.2 1.5 1.8 2.1 2.4

8 18.1 16.7 16.8 19.4 24.4 36.3 34.8 38.4
22 15.7 16.0 15.5 17.2 20.4 34.2 3.7 35.8
36 16.7 16.1 16.0 19.0.24.5 36.8 35.9 39.5
s7 16.7 16.3 18.2 24.1 32.1 37.4 35.3 38.6
71 13.6 15.5 16.6 22.6 28.7 33.6 33.5 38.4
85 17.9 16.3 2..8 30.4 32.8 36.4 34.3 37.8
99 19.8 117.1 21.6 29.7 33.2 36.1 34.3 38.2
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RIO PUERCO NEUTRON ACCESS TUBE PN4

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1985

JULIAN DEPTH BELOW LAND SURFACE (M)
DATE 3 -6 .9 1.2 1.5 1.8 2.1 2.4 2.7
290 7.7 4.7 8.0 5.8 4.8 7.0 31.0 38.2 35.4
297 15.9 4.9 7.9 5.7 5.0 7.7 31.4 38.7 35.3
305 14.9 5.3 7.9 5.7 4.9 7.4 30.7 37.5 35.5
311 15.5 5.7 8.0 5.9 5.0 7.3 29.5 37.2 35.9
318 14.8 &.0 8.2 5.7 5.0 7.2 28.1 36.4 35.6
325 14.0 6.1 7.8 5.7 4.8 6.8 26.5 36.0 34.7
332 14.3 6.2 7.9 5.5 5.2 6.8 24.8 36.1 35.2
340 14.1 6.5 8.2 5.6 5.0 6.5 24.1 35.7 35.0
336 13.8 6.6 8.1 5.5 5.1 6.7 23.8 34.7 35.2
354 13.8 6.6 8.1 5.8 5.3 6.7 23.1 34.1 34.8
361 13.2 6.8 8.2 5.6 5.1 6.8 23.0 33.6 35.4

1986

JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 .9 1.2 1.5 1.8 2.1 2.4 2.7
3 12.8 6.8 8.1 5.7 5.2 6.5 22.3 33.1 35.2
9 12.9 7.1 8.0 5.6 4.9 6.5 21.8 32.5 35.2
17 12.8 7.0 7.7 5.7 5.2 6.5 21.3 32.2 35.3
23 12.7 6.8 8.2 5.7 4.8 6.8 21.2 32.4 35.2
31 12.9 6.9 8.0 5.5 4.9 6.6 21.1 31.5 35.3
38 12.9 6.8 8.1 5.7 4.9 6.1 20.4 30.6 35.1
45 12.9 7.0 7.9 5.4 4.7 6.2 20.1 30.5 34.7
52 13.6 6.3 8.0 5.6 4.9 6.4 21.9 32.1 36.0
59 13.3 7.2 8.2 5.5 4.8 7.0 24.4 33.9 34.8
66 13.5 7.3 8.1L 5.6 5.0 6.6 23.3 34.5 35.8
73 13.2 7.4 8.3 5.7 4.7 6.5 22.0 33.7 36.2
g0 12.9 7.3 8.2 5.7 4.8 6.4 22.2 33.1 34.9
94 12.4 7.2 8.3 5.7 4.7 6.4 21.6 32.1 35.2
101 12.4 7.4 8.3 5.7 4.9 6.4 21.3 34.0 36.1
108 11.7 6.9 8.4 5.6 4.9 6.9 26.1 35.7 36.2
115 11.4 7.4 8.3 5.8 4.8 6.9 27.2 36.6 37.4
122 1i1.0 7.8 8.3 5.6 5.1 6.7 23.9 35.5 36.7
136 8.1 6.2 8.3 5.4 4.5 6.7 26.5 36.2 36.0
143 6.7 6.1 8.3 5.4 4.5 6.7 25.0 36.2 36.2
150 6.2 5.7 6.9 5.5 4.6 6.1 23.8 34.5 36.4
L153 5.9 5.6 8.1 5.1 4.4 5.9 23.2 33.9 36.2
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RIO PUERCO NEUTRON ACCESS Tusg PN4

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)
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DEPTH BELOW LAND SURFACE (M)
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MEUTRON ACCESS TUBE PN5
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DEPTH BELOW LAND SURFACE (M)
1.2 1.5
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JULIAN
DATE
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3
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2.1 2.4 2.7 3.0 3.7 4.3 4.9

1986
1.8

DEPTH BELOW LAND SURFACE (M)
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1987
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DEPTH BELOW LAND SURFACE (M)
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JULIAN
DATE



SEVILLETA NEUTRON ACCESS TUBE YNl

PERCENT VOLUME MOISTURE CCNTENT (CORRECTED)

1985
JULIAN DEPTH BELOW LAND SURFACE (M)
DATE .3 .6 .9 1.2 1.5 1.8
38 6.3 8.0 8.1 8.7 10.3 11.9
45 §.3 8.1 7.7 8.4 10.3 11.7
52 6.5 8.2 8.1 8.9 10.4 11.4
59 6.8 8.6 8.2 8.6 10.2 11.6
66 .+ 6.8 8.4 8.2 8.8 10.6 11.6
73 6.8 8.1 8.2 8.9 10.7 11.5
80 6.6 8.0 8.2 8.6 10.2 1L.3
94 6.7 3.4 8.2 8.6 10.5 11.4
101 6.3 8.3 8.2 8.9 10.4 11.1
108 6.3 8.4 8.5 8.7 10.6 11.0
115 5.8 8.1 8.1 8.7 10.1 11.6
122 5.6 7.7 8.1 8.6 10.6 1t.2
136 3.1 7.3 7.9 8.4 10.0 11.3
43 5.0 6.6 7.4 7.8 9.7 1L.0
150 4.7 6.3 7.3 7.2 8.9 10.4
153 4.8 6.3 7.4 6.7 8.9 10.4
157 4.9 6.4 7.1 6.8 8.6 10.1
171 4.7 5.6 6.4 5.8 7.3 °.1
178 7.1 6.3 6.3 5.7 7.2 10.6
185 7.2 6.4 6.2 7.6 13.9 26.8
193 6.4 7.6 15.4 29.7 29.9 27.9
199 7.4 8.2 17.3 28.4 29.8 27.3

169

2.1

18.4
17.8
17.1
15.8
15.5
15.0
l4.3
13.2
12.4
12.6
12.4
12.0
11.4
1L.2
11.2
10.9
i0.8
10.4
21.5
30.6
31.2
30.3



16.1

7.9 8.5
13.4 14.9 16.5

6.7 7.3

6.1

5.5

11,5 14.8 15.7
6.1 11.5 14.2 14.6 13.8 11.9 16.2

7.1 11.4 14.8 15.3°13.3 14.6

6.0 11.7 14.0 14.5 13.7 12.5 15.8
6.0 11.5 14.3 14.8 13.6 12.0 15.8
6.5 11.7 14.6 15.2 14.5 12.4 16.7
6.2 11.2 13.8 14.8 13,7 12.0 15.8
6.1 10.8 14.4 14.9 13.9 12.2 16.0
6.1 11.4 14.5 14.9 14.0 11.9 14.4

4.9
7.4

.3
.8
6.4
6.; 6.6 12.0 14.4 14.6 14.0 12.5 15.7
.3
6.3
6.4
6.4
7.6 6.7

4.3
5

3.7

7.4
7.4
7.4
7.8
7.4
7.5

3.0
4.8
5.1
4.4
4.9

2.7
5.6
5.7
5.8

2.4
6.1
5.9
5.9
4.5 6.2
4.9 6.6

2.1
5.2
4.5
4.6

198%
1.8
5.2
4.8
4.9
5,1
5.1

DEPTH BELOW LAND SURFACE (M)
4.7

1.5
4.6
4.7
4.5
4.7
4.8
4.8
4.8
4.7

4.4
4.6
4.6
4.7
4.8

LOWER SALADO WEUTRON ACCESS TUBE LN3
1.2

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

+
4.3
4.4
§.2
4.4
5.2
4.4

4.9
5.5

305 0.5 6.3
6.8

.3
10.5 6.3
9.9

8,7 6.9
9.6 6.8

14,0
10.8
10.1

JULIAR
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287
312
319
326
333
340

woo n oNOOM~
i . PRI
0 VYWV WNn
st R
o G MmOsAMAN
« 0 . PPN
~ NNNANN
Naon -
0 ® ovoow
1A . PR
~ Mmeaemn
A A -t et
~o O ~ MdnOno
P . [P A
v Vieeen
E::: o e
~ao o ANon®
Mt . ss e oo
0w wewwn
o= et
Qe o "] [Ta R - ARV R 4
1T @ . P
(1 et
e Aeanad
MM [ N~AOON
RS . « e e e s
WY e « WWVWWVWVWL
~ W M OmWVOWN
PR . [
-Rv-X v LVwwvow
[ RY) ~ oo
St B P
~ o~ m oo
-~
Ao EO «oo~
.« s = PR
- <n o e en
(5]
(&3
-« 0o ﬁ ~ e~
« e o« . ¢ o ° e
nvY go »wunnn
=2
L]
oNM s NOMO~O
L O+ e
[T ZN WWHNVLWYVY
~wv “ A~
PO X . ot
-~ << SN N e
0 3]
-oo -] ©n o NDOR
e . o . « v e
(R RD] - = B ew
I
Ga
@~ O W o~
* e [~ MU
@ ¢ - Tawe
@ v © N T
e . s 4 ov e
< Yoo
0w e~
PP N e e
-~ o - e
v o v v caowvwmMmKn
s . e e s
o~~~ O P
oMM~ G~ we
AR . P e e
o anman
z
<
-t [
™~ o~ Wk mocaoln
eno Sa "M
Mmoo mna

170

6.0 11.3 13.8 14.9 14.1 12.2 15.5
6.3 11.6 14.2 15.1 13.9 12.7 16.0
6.1 11.5 14.1 14.6 14.1 12.5 15.4
5.9 11.5 13,9 14.6 13.8 12.5 15.7
6.6 6.0 11.2 14.0 14.2 13.5 12.1 15.6
6.1 10.4 13.4 14.2 13.3 11.8 14.1
6.1 11.2 13.9 13.6 13.4 11.5 15.4
8.4 13.0 16.4 18.3 15.6 13.4 17.5
7.3 14.2 14.7 16.6 15.4 12.6 16.4
6.0 10.9 13.7 14.3 13.5 11.3 14.8

6,2 11.6 14.1 15.1 14.1 12.3 15.9
6.1 11.9 14.0 15.4 13.9 12.3 16.0

4
6
6.4
8

6.5
6
6.7
6.6
6.
6.4
8.5
6.1

8.1
B.2
8.0
8.2
8.2
8.1
8.1
8.0 7.1
9.4
7.9

5.0 7.9
5.0
4.9
5.2
5.2
5.1
5.4
6.5
5.9

5.7
5.7
5.7
5.9
5.9
5.8
6.0
6.0
6.0
6.3
6.4
6.4

1
4.6 6.2

6.2
6.2
6.4
6.2
6.3
6.4
6.4
6.7
7.8
7.1

6

4.5
4.7
4.7
4.7
4.7
4.7
4.7
6.2
5.4
4.5

4.9
5.0
4.9
4.7
4.9
5.1
5.0 5.0
5.0
6.5
5.1

4.6
4.9
4.9
5.1
5.1
4.5
4.6
5.5
5.1
5.3

4.5
4.5
4.6
4.6
4.6
4.6
4.5
4.5
5.8
4.9
4.7

4.7
4.7
4.7
4.9
4.8
4.9
4.9
4.2
4.4
5.0
4.6

7.5
7.7
7.5

8.0 7.5

8.9 5.0

9.5
9.4
8.9 7.0
6.5 6.2
7.5 5.2
7.0 6.4

59

66

80
101
132
143
150
171
185
193
199
212



LOWER SALADO HEUTRON ACCESS TUBE { N4

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1985

DEPTH BELOW LAND SURFACE (M) .
1.5 1.8 2.1 2.4 2.7 3.0 3.7 4.3 4.9 5.5 6.1 6.7 7.3 7.9 8.5

1.2

.3

JULIAN
DATE

5.5
5.7

5.2
5.5

4.7
4.8

4.0
4.2

4.4
4.5

4.5
4.4

4.3

5.0
4.9
4.3
4.5
4.4

5.4
5.3

4.5
4.6

4.8
5.1

5.0 5.6

5.0
5.7

5.5

4.7
5.4

4.6
5.0
4.4
4.6

4.2

265
270
217
284

4.5
5.6
5.4

4.9 5.6

5.5

4.1

3.9
4.0
4.0

4.9
4.8

4.8

4.6

4.3

3.9
4.1

4.1
4.0
4.1
3.9
4.0
4.1

3.9
3.9
4.0

4.6 5.2 4.6 4.2

4.4
4.6

4.5

5.3

4.6 5.0

5.0 .

4.8
4.9
5.0

5.4

4.1
4.1
4.2
4.2
4.4
4.6
4.2
4.1

4.7
4.9
4.7
4.6
4.7
5.1
4.6
‘4.5

5.1

5.3

5.0
5,3

13.8

291
298

4.0
4.1
3.8
4.2

5.5
5.5

4.6
4.3
4.3

4.7 4.8 5.1
4.7 4.9

7.0

11.4
10.7

5.1

5.0

105
312
319
326
333

Lo}
.
"2}

4.0

7.9 4.7

10,2

-
w

5.8
6.1

4.9
4.8

8,3
8.5

9.9

.7
.2
-1
.0
1
2

5.2 4.0 5.7 5.2 5.0

4.3
4.4

4.7 5.0 5.0

5.0

4.5 5.2
4.5 5.4
4.4 5.2

5.2

9.0
9.0

3.8
4.0
3.9

4.0
3.9

3.9

5.3

4.9

5.2
8.5 5.2
5.1

8.5
8.6

340

5
5.
5

S
5
5.3

4.0 . 7
3.9 3.7 .9
4.0 4.0 4.8

4.0
4,1

5.3
5
5.4

4.3
.3
4.5

0 . 4.6 4.0
9 . 4.5 4.5 4.1
4.9 5.3 4.4 4.6 4.1

4.8
4.8
4.9

5.2

9.3
g
9

347
354
361

171

1986

6.1 6.7 7.3 7.9 8.5

4.9 5.5

DEPTH BELOW LAND SURFACE (M)
1.2 1.5 1.8 2.1 2.4 2.7 3.0 1.7 4.3

JULIAN
DATE

4.9

4.9
4.8
4.9

3.8
3.7

3.8

4.0 3.9 3.8
3.9 4.0

3.9 4.0
3.8 3.9

5.4

4.1

4.1
4.1
4.0
3.8
3.9
3.9
4.1
4.1
4.1
3.9
4.5
3.9
4.4
4.0
4.6

4.5
4.6
4.7
4.2
4.4
5.2
4,6
4.5
4.5
4.5
4.6
4.8
4.7
4.8
5.1

5.1
5.2

4.6
4.5

‘4.5

5.3

4.8
4.9
4.9
4.8

4.9
4.9
4.9
4.9
4.8
4.7
4.9
4.8

5.3

B,6
8.5
8.6
8.8
B.?
8.7
8.8
8.3
8.2
6.1
5.9

8.8
8.8

4.7

5.6
5.5
5.5
5.3
5.4

4.3
4.4
4.2

5.6
5.3

5.1

10

4.9
4.7

4.7
4.5
4.6
4.6
4.8

3.7
3.9

3.6
3.8
3.8
3.8
3.8
3.8
3.9
5.2
4.3
3.9
4.2
3.8
4.7

5.2

5.6

31

5.3

4.4
4.4
5.4

5.0

8.9 5.5
5.6

38
45

4.7
4.8
4.8
4.7
4.6
5.4

3.9
3.7
3.9

4.0 3.9
4.0 3.9

4.1
4.1
4.2
4.4
4.4
4.2
4.8
4.3
4.0

5.1

4.5
4.3
4.6
4.4

5.0
5.4

5.2
5.2
4.9
5.2
5.3

4.8

4.9

5.8

8.3
8.2

59
86
80
101
132
143

3.9
3.9
3.9
4.4
3.7
3.9
3.8

4.0
3.7
4.1
4.2
3.8
4.3
4.5

4.5
4.4
4.6

6.1
5.8

4.7
4.7

3.9
3.8
4.9
3.8

5.2

5.5
5.2
5.4

5.1
5.1

5.4

4.8
5.1

4.8
4.9

5.4

5.8

6.3

5.0
4.4
5.4

6.1

5.5
5.4
5.7

4.4
4.8

5.6 5.1

5.9

5.7
5.8

4.6
5.8

4.4

5.6
5.3
5.9

5.1
5.4
6.1
5.6
5.1
5.9

4.9
5.4
5.9
7.2
5.5
5.7
5.8

5.1
4.7
5.3
4.8
4.3

3.8
4.4

150
171
i85
193
199
213

4.9
5.1

5.6
5.9

5.8

5.9
i1.0
10.7

4.6
4.0
3.8

3.4

3.8 4.2
5.7 5.6

3.7

5.7

5.1
5.6
5.7

6.6

6.0
6.5
7.4

6.4

4.3

5.5

4.4
4.4

5.8
6.4

7.0 6.2 5.6 5.7
5.8 4.8

5.2
4.9

5.5
7.3

9.5
4.2

4.2 1.4

3.7

5.6 5.3 4.1 4.2

5.7

6.7



LOWER SALADO NEUTRON ACCESS TUBE [N4

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1986

DEPTH BEILOW LAND SURFACE (M)
1. 1.8 2.1 2.4 2.7 3.0 3.7 4.3 4.9 5.5 6.1 6.7 7.3 7.9 8.5

1.2

.3

JULIAN
DATE

4.5

4.5
4.6 5.0

4.2

3.5
3.8

3.8
3.7

4.9
4.8
4.3
4.3
3.4

4.3 5.3

3.9
4.4

4.5 5.4 4.4
5.8 5.2
5.3

5.4

5.1
5.5
7.6

4.9 5.1 5.0 5.0
4.8 5.2 5.8

4.9

3.9
3.7

220

4.6

4.5 5.0 3.7
5.1 6.1 4.6

4.5
4.2

4.1 4.4

240

5.1 4.9

4.8
4.7

4.0
4.0
3.1

4.3
4.7
3.6
3.5

6.7
5.6 5.8

7.3

6.3

6.9

6.0 6.6
5.0 5.9
4.7
4.6

4.6 6.2
3.7
8.3

255
269

5.1 5.3

4.7

5.5
5.2
5.3

4.4

4.9
4.4

5.5

5.4

4.9
4.6

10.6 6.1

4.3 29.3
8.6 30.7

3.9
5.8

3.8
3.7

3.8

4.5
4.7

5.3

4.9 5.3
5.2

4.9
4.9

289
324

3.1

3.6

4.5 5.3

5.1

172

1587

3.0 3.7 4.3 4.9 5,5 6.1 6.7 7.3 7.9 8.5

2.7

DEPTH BELOW LAND SURFACE (M)
. .9 1.2 1.5 1.8 2.1 2.4

.3

JULIAN
DATE

8.2 29.3
7.9 28.9

5.6 8.1 28.5

5.8
5.7

3.2

5.3

4.8
5.1

4.2
1.4

4.7

5.0
4.6

5.1 5.2
5.5
4.6

5.5
5.8

4.7 5.1
5.4

4.5
4.5

7.2
4.4
4.7

10.2

5.9

3.6

5.6

5.4
4.9

4.9
4.8
4.8

8.0

9.8

11.0
9.0 9.2

71

3.8 3.1

3.8

4.0

5.0 5.1

5.0

10.9

85
113

8.1 27.5

3.8

4.8 5.2

5.1 3.9

5.4

4.9



LOWER SALADO MEUTRON ACCESS TUBE LN2

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1985

DEPTH BELOW LAMD SURFACE (M)

JULIAN
DATE

1.5 1.8 2.1t 2.4 2.7 3.0 3.7 4.3 4.9 5.5 6.} 6.7 7.3 7.9

1.2

5.7 6.2

5.7

6.6 4.9 4.9 5,1 5,4

5.0
4.9
5.0
4.7
4.8

4.6
4.6
5.4
4.3
4.4

5.0 5.1 4.9
5.5 5.6
6.3

4.8

4.4
4.5
5.1

3.9
4.1
4.5

3.9
3.9

4.0

4.4

4.5 5.8

274

5.7
6.2

5.3

5.0 5.0
5.3

6.2

6.6
6.3

6.3
5.8
5.9
6.0
6.0
5.9

6.1

5.3

5.2

6.1

6.1

5.5
4.6

4.8

4.1
1.9

11.3 6.5 4.5
9.0 4.7
3.8

10.6

284

6.0
6.2

5.1 5,1 4.9
5.3

6.2

5,3

5.0
4.9

4.4
4.1

291
298

v et

S.1 5.5

5.3

6.4

5.1

5.8

5.6
5.6
5.7

5.5
5.0
5.3

5.1 5,2

6.1

4.8
4.7

4.6

5.1
5.2

5.0
4.9
4.9
4.8
4.8
5.2

4.7
4.9
4.4

4.1

4.1
4.0

3.8

3.8
3.8
4.0

5.8
6.2
6.4
6.4

7.6 10.6
7.8 10.1
7.3 10.5

305
312
319

&.

5.8

5.1

4.8

4.2
4.3

6.3

6.1 5.3 5,2

4.5

5.1
5.7
5.3
5.1

3.9
3.8

5.7 6.1 5.9 6.3
6.0

5.8

5.0

4.7

1.8
4.0
3.9

3.9

8

7.0 10.2
6.8 10.0
6.7 10.0
6.6 10.0
6.6 10.1

9

6.9

326
il

6.1
6.3

5.1
5.8

5.0 5.2

6.0

4.7
4.6
4.5
4.6
4.7

4.3
4.1
4.1

4.6
4.5
4.5
4.4
4.7

3.7
3.7

3.6

6.8
7.0

6.2

6.4

5.6
5.4
5.7
5.4

5.0 5.2
5.1
5.1
6.1

6.2

4.0

340
347
354
36l

6.2
6.4
[

5.9 6.0

5.9
5.8

6.0

5.2

4.7

4.8
4.8

3.9
4.0
3.9

3.9
3.9

4.1

.

5.9
6.0

5.4
5.2

5.2
5.0

5.9

4.7

4.3
4.2

5.0
5.2

3.6
3.5

6.8
7.3
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1986

DEPTH BELOW LAND SURFACE (M)

JULIAN
DATE

i.5 1.8 2.1 2.4 2.7 3.0 3.7 4.3 4.9 5.5 6.1 6.7 7.3 7.9 B.5

1.2

6.0
5.8

5.6 5.9
6.1

5.8

5.1

5.3

4.9 4.2 4.5 6.3
4.6

4.9

1.9 4.5 4.6
4.0 4.6 5.0

3.9

7.2
6.9

6.6 10.0

3

4.9 5.1 5.1

6.2

3.5

$.5

5.8 6.4

5.8
5.9
6.0

5.5
5.5
4.7

5.3

4.9
5.1

4.9
4.7

6.0
6.0
6.3

4.6
4.7
4.6

4.3
4.2
4.4
4.3
4.3
4.8

5.1

4.0

6.9
7.0
7.0

9.7
9.9
9.9

6.6
6.4
6.3

45
59
66
80
101
122

5.9

5.1

4.8
5.1
5.1

4.5
4.8
4.5
4.8
5.2
4.6

4.6
4.3

3.8
4.0
3.7
3.8
4.5

3.2
3.6

3.9
4.2
4.0

6.5

5.9

5.1

4.8
5.1
5.1

4.8

6.4

5.9
6.1
6.8

6.0
5.9
6.9

5.5

5.0

6.2

4.6

4.5
4.4
4.8

3.5

6.7

4.8 5.1 5.4
6.5

5.9
6.5

5.0
5.4
4.6
4.8

6.8
6.4

9.1

8.3

4.7

7.4
5.3

6.5
4.7
5.0

6.8

5.1
4.4
4.1
4.5
4.3

4.1
3.4

4.9

5.5 5.7
5.7

4.7
5.1
4.3

4.5
4.3

5.9
5.9
5.4

4.1
3.9

4.5
4.4

4.4
4.3

3.8
3.9

4.6 6.1 4.7
6.0 4.3

4.7

143

6.0

5.8
5.2
5

5.8

4.5

3.5

150

~n

5.1
5.0

4.9
5.1

4.5
4.4
5.1
5.6
4.3
4.1

4.4
6.4

5.5
6.1

4.0
6.6

7
4.8
6.9
5.5
4.3
4.1

4.6
4.5
5.5
5.1

171
185
193

5.7
5.8

5.8
5.9
5.0

4.9
6.3

5.3

6.3

6.6

5.3
3.9
5.3

3.3
3.8

3.4
3.4
3.5

6.7 4.5
4.7
3.1

5.9

7.0

6.2 6.9 5.3 5.1

4.1
3.9

4.9

1.8
3.7

5.0

6.0

199
21)

4.1 4.4 5.0
4.4

4.0

5.4

4.7
4.1

4.1

4.0

3.3
3.2

6.0 4.3
5.3 4.1

1.8
3.7

4.7

5.2

3.8

220



LOWER SALADO NEUTRON ACCESS “TUBE LNZ2

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1986

DEPTH BELOW LAND SURFACE (M)
1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.7 4.3 4.9 5.5 6.1 6.7 7.3 7.9 B.S

.

.3

JULIAN
DATE

1987

174

DEPTH BELOW LAND SURFACE

6.7 7.3 7.9 8.5

6.1

4.9 5.5

(1)
. .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.7 4.3

3

JULIAN
DATE



LOWER SALADO HEUTRON ACCESS TUBE LN3

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1985

2.1 2.4 2.7 3.0 3.7 4.3 4.9 5.5 6.1 6.7 7.3 7.9 B.5

DEPTH BELOW LAND SURFACE (M)
1.8

.3

JULIAN
DATE

.4 14.8 15.3 13.3 14,6 16.1

11.5 14.8 15.7 13.4 14.9 16.5

-0 11.4 14.0 14.5 13.7 12.1 16.2
+1 11,7 14.2 14.9 13.7 12.3 15.8
<7 14.0 14.5 13.7 12.5 15.8

20 14.4 14.6 14.0 12.5 15.7

5 14.3 14.8 13.6 12.0 15.8

.0 11

-1 11
6.6 12

17
8 7.4
3 6
1 6
4 &

6.1

10.8 5.5

298

6.2 6.0 11

4.8 5.2 5.6 5.1 7.4

4.5

4.2

.5 6.3

+514.2 14.6 13.8 11.9 16.2

11.7 14.6 15.2 14.%5 12.4 16.7

6.1 11

6.3

.5

4

4 24.5 14.9 14.0 11.9 14.4
-8 14,7 15.1 14.5 12.7 16.4

<2 11.2 13.8 14.8 13.7 12,0 15.8
«1 10.8 14.4 14.9 13.9 12.2 16.0

L1011,
-3 11

.5

Cwwuv

«1 11.4 13.9 14.9 14.1 12.1 15.8

6.4 6

.1
7.6

4.9 8
5.0

5.8

6.2
6.2

4.6
4.6

4.5 4.7 5.0
5.0 5.0

4.4

6.4 11.8 14.0 14.9 24.1 12.1 16.0

6.6

. 7.6

361
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1986

DEPTH BELOW LAND SURFACE (M)

1.5

JULIAN
DATE

2.1 2.4 2.7 3.0 3.7 4.3 4.s 5.5 6.1 6.7 7.3 7.9 8.5

1.2 1.8

.

.3

11.5 24.1 15.1 13.8 12.3 16.0

11.4 '14.2 14.5 13.6 12.0 16.2
6.6 11.6 14.0 14.9 14,0 12.1 16.0
6.0 12.6 14.3 14.9 13.8 12.3 16.0
5.9 11.4 13.8 15.0 13.4 12.2 15.7
6.2 11.6 14.1 15.1 14.1 12.3 15.9
6.1 11.9 14.0 15.4 13.9 12.3 16.0
6.0 11.3 13.8 14.9 14.1 12.2 15.5

6.3 11.6 14.2 15.1 13,9 12.7 16.0

6.2
6.1

‘4.6

6.6

7.9
8.1
7.8
5.0 7.9
4.9 7.9

4.8 4.8 6.0 5.7 4.8
6.1 5.1

4.5

kR Y
k¥:}

6.6
6.5
6.5

6.4
6.7

5.8
5.7

4.7
4.3

4.9

4.7
4.5
4.7
4.7
4.7
4.9
4.8
4.9

9.6 7.3
9.3

6.0
6.1

4.8
4.6
4.9
4.6
4.9
5.1

4.7

45
59

5.7
5.7

4.5
4.6
4.7

4.9
5.0
4.9

7.5

4.5

6.2

7.5

3.0 7.5

6.6
8.0 6.6

8.2

5.0
4.9

5.9
5.9

6.2

4.7
4.7
4.7
4.7
4.9

4.7

4.7
4.9
5.1

4.6

101

6.1 11.5 14,1 14.6 14.1 12.5 15.4

5.9 11.5 13.9 14.6 13.8 12.5 15.7

6.4

8.9 7.0

132

6.4

5.1

4.6
4.6

6.0 11.2 14.0 14.2 13.5 12.1 15.6

6.6
6.8
6.4
7.1
8.5
6.1

8.2
6.0 5.1 8.1

5.2

6.3
6.4

5.0
4.%

5.0

5.0

4.9

6.2
4.9

6.5
5.2
8.9 5.0

150
171

6.1 10.4 13.4 14.2 13.3 11.8 14.1

4.5
4.6
5.5
5.1
5.3

6.1 11.2 13.9 13.6 13.4 11.5 15.4
8.4 13.0 16.4 18.3 15.6 13.4 17.5
7.3 14.2 14.7 16.6 15.4 12.6 16.4

6.0 4.9 8.1

4.5
5.8

4.4

185
193

6.2

6.5
6.0 5.4

5.0

5.2
5.1

7.5
6.2
7.0 6.4

9.4
7.9

6.4 6.5
6.4 5.9

7.8
7.1

4.9
4.7

199
213

6.0 10.9 13.7 14.3 13.5 11.3 4.8

4.5

5.1

4.6
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DEPTH BELOW LAND SURFACE (M)
1.5

LOWER SALADO NEUTRON ACCESS TUBE LN4
1.2

PERCENT VOLUME MOISTURE CONTENT {CORRECTED}

*
.3

JULIAN
DATE
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4
8
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270
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284
291 1
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312
119
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3

n

"1}

4.1

5.5

4.4

5.0 5.2 4.8 4.9 5.8
4.7 4.8

5.9 8.3
9.3

6.9
5.3

4.9
5.1

3.9
3

4.4

6.1
5.2

4.5
4.4
4.5
4.4

5.3

5.0 5.0
5.0
5.0

4.8
4.9
4.8
4.8
4.9

5.2
8.5 5.2
8.5 5.1
8.6 5.2

B.6

9.0
9.3
9.0
9.0

33
340
347
354
361
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5.3 4.0 4.0 4.0
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8.5
4.5

4.4
4.6

7.3 7.9
4.8 5.1
4.9 4.7
4.7 .
4.7 4.6
4.8 4.6
4.8 4.8
4.7 4.7
.6 4.7
5.4 6.1
4.4

5.1

6.7
3.8
3.7
3.9
3.9
3.7
3.9
3.9
3.8
4.9
3.8
3.8
4.6 5.3

6.1
3.8
3.8
3.6
3.8
3.8
3.8
3.8
3.8
3.9
5,2
3.9
4.2
3.8

4.9 5.5
4,0
4.0 3.9
3.9 4.0
3.8 3.9
4.2 3.9
4.0 1.9
4.0 3.9
3.7 3.9
3.7
3.9
4.5 1.8
4.2

4,2
3.8
4.3
j.s8

4.3
5.4
5.4
5.6
5.5
5,5
5.4
5.2
5.4
5.5
4.5 4.8 5.4
5.9
5.6

3.7
4.3
4.1
4.4
4.1
4.2
4.4
4.4
4.3

4.0 4.9

3.0
4.1
4.1
4.0
3.9
3.9
4.1
4.1
4.4

2.7
4.5
4.7
4.3
4.4
5.2
4.6
4.6
4.7
4.8

7

2.4
5.1
5.2
5.3
5.1
5.0
5.4
5.2
5,3
5.9
5.

2.1
4.6
4.5
4.5
4.4
4.4
4.4
4.5
4.6
4.4
4.6
4.9
5.1

1.8
5.3
5.0
5.2
4.9 5.2
5.4
5.6

5.3
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DEPTH BELOW LAND SURFACE (M)
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4.9 5.6
4.9 5.3
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4.9
4.8
5.1
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7.2

1.2
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4.9
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4.9
4.8
4.7
4.9
4.8
4.8

5.3
5.1
8.6 5.6
5.6
5.8
6.1
5.8
5.8
5.6 5.1

8.6
8.5
8.7
B.7
8.8
8.3
8.2
6.1

.3
8.8
8.7
8.9
8.9
8.3
8.2
7.7
6.3
5.7
5.8

8.8
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LOWER SALADO NEUTRON ACCESS TUBE .N4

PERCENT VOLUME MOISTURE CONTENT {(CORRECTED)

1986

1.8 2.1 2.4 2.7 3.0 3.7 . . 5.5 6.1 6.7 7.3 7.9 8.5

DEPTH BELOW LAND SURFACE (M)

1.5

.3

JULIAN
DATE

3.8 3.5 4.2 4.5 4.5

5.4

4.5

5.1

.

4.9
4.9

3.9
3.7

220
240
255

5.0 .

-

6.9
5.4

5.2

.

6.3 7.3 6.7 5.3

7.6
5.5

5.9
4.9

5.0
4.7

6.2

4.6
3.7
8.3
10.6

5.1 5.
4.3 29.3
8.6 30.7

4.7

.

5.5 4.7 . 4.7
3.8 3.6 3.1

5.6 5.8 4.4 4.5
5.2

4.9
4.4

4.9
4.6

269
289
324

3.9

5.3

4.9
5.1

5.8

.

5.3

4.5

5.2

4.6

6.1

1987
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8.5

7.9

7.3

2,7 3.0 3.7 4.3 .

2.4

DEPTH BELOW LAND SURFACE (M)

1.5

1.2

JULIAN
DATE

8.2 29.3
7.9 28.9

5.8
5.9

3.2

10,2 7.2 4.5 4.7 5.1 5.5 5.1 5.2 .
4.5 4.9 5.4 5.0

8
71

3.1
3.1

5.6

5.1

5.6

5.5

5.8

8.0

il.0

8.1 28.5
B.1 27.5

5.6
5.7

4.7

9.8
9.2

10.9

85
113

5.0 5.1 4.6 .

5.4

4.9

9.0



LOWER SALADO NEUTROMN ACCESS TUBE |N]

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)
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1986

DEPTH BELOW LAND SURFACE {M)}
1.5 1.8 2.1 2.4 2.7 3.0 3.7 4.3 4.9 5.5 6.1 6.7 7.3 7.9 8.5

1.2

3

JULIAN
DATE

6.4 10.1
6.4 9.8

7.2
7.4

2.1

6.8 7.2 6.9 7.4 8.0
6.9 7.8

6.8

7.5
7.5
7.3

7.3 7.5 7.8 7.3 8.0
7.3

6.7

9.0
8.9
8.9
8,0 8.7

8.0 8.7
7.9
7.8

7.3

7.6

7.7

7.7

7.4

6.5

i0

6.2 9.4
6.5 9.2

7.4
7.3
7.3

8.4
8

6.7 7.2 6.9
7.3 6.7 7.2 .

7.4
7.8

7.4
7.3

7.9
7.6
7.8

7.7
7.4

7.2
7.2

7.3
6.8

6.7 7.1 7.7

7.5 7.2 6.% 7.2
6.8

7.5
7.3

7.4

7.2
7.1
7.3

7.5
7.3
7.4

7.1

6.5 7.3

45
59

6.4 9.3
6.6 9.1

6.3 8.8

7.0
7.3
7.1

7.0 6.9

7.1

7.1

8.8

7.6

6.9 7.2

6.7
6.8

6.8
6.7

7.4
7.0

7.0

6.4 6.9

66
80
101

6.7

7.1
7.3

7.2

6.9 7.3 7.0 7.6 7.% 7.0
6.4 7.0

6.1

7.0 6.4 8.0

7.7 8.8

6.8

6.5 6.5

6.6

6.6
5.3

5.6 6.3

5.8

5.6 5.8 6.2

4.8
4.8
4.8

4.8 5.0
4.3

4.3
4.4

4.6

4.4
4.2

4.4

4.7
4.3
4.2
4.3

4.0
3.¢
3.6
3.7

3.9

3.7
3.7

3.1 1.5

150
171

Lol
o @ Oy

5.8

4.1
4.6
4.6

4.1

3.0
3.5

3.2
7.9

4.9

5.8
6.4

5.2
5.4

5.5
7.4 11.9 14.8 15.1 13.8 16.6 14.7 12.4 10.9 10.2 11,3 11.9 13.0 13.4 14.2 12.9 3

5.7

4.3
4.6

4.0
4.1

178
185
193

ur

o~

7.3
6.9

7.3 11.9 15.4 16.6 15.4 17.3 16.6 14.0 13.6 13.3 14.8 14.2 13.5 15.3 15.6 13.6 20.5 30.9
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LOWER SALADO MEUTROM ACCESS TUBE LN2

PERCENT VOLUME MOISTURE CONTENT {CORRECTED)

1985

DEPTH BELOW LAHD SURFACE (M)

JULTAN
DATE

1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.7 4.3 4.% 5.5 6.1 6.7 7.3 7.9 8.5

-3

6.2
6.4

5.7
6.4
6.3
5.8

5.1 5.4 5.7
5.7 6.2

5.3

5.0 6.6 4.9 4.9
6.2 5.0 5.0

5.2

5.1

4.9

4.6
4.8

4.9
5.6

4.5 5.8 4.4 4.0 3.9 4.4 5.0 S.1
6.0 4.4 4.6

5.2

274

5.5

4.8

277
284

6.6
6.3

6.2 6.1

5.3
4.9

4.5

4.1
3.9
3.8
3.8
3.8

5.6

4.7 6.2 .
4.8 6.4 5.3

4.8
4.7

4.1

5.0 S.3

4.6
4.8
4.7
4.5
4.4

4.4

4.1

3.9
3.8
3.8
3.7

4.7

16.6 9.0

291
298

5.1

4.4
4.6
4.2

5.2 5.% 5.6 5.9 6.0 6.4
5.1 5.0 5.6 5.8

5.1

6.1

5.0 5.1

4.9

4.1

5.8

7-6 10.6
7.8 10.1
7.3 10.5

105
3

6.0
5.9

4.8
5.3

6.5
6.1

5.2

12

6.3

6.3

5.7

5.3

5.2

4.5
4.5

5.1

4.9
4.8
4.8

3.9
3.8
1.7
3.7

4.0
3.9

319 6.4

326
332

6,1 5.9 6.3
6.0

6.1

2.0 5.7
5.1

5.1 5,1

§.0

4.2

5.7

4.7
4.6
4.5
4.5
4.4
4.7

3.8
4.0

6.6

5.8

6.8

7.0 10.2

5.8

4.3 4.6 6.2 5.0 5.2

5.2

5.2

3.9

3.9
4.0

6.0 6.2

5.9
5.9
5.8

5.4
5.7
5.4

5.2
5.4

4.7
4.8
4.8

3.9

6.9
6.8
7.2

6.7 :10.0
6.6 10.0
6.6 10.1

347

4. 4.6 5.9 5.1 5.2
4.7 6.1

4.2

5.0
5.2

3.6
3.5

354
361

6.2

6.0

5.2

5.0

4.7

3.9

4.1
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1986

6.1 &.7 7.3 7.9

5.5

DEPTH BELOW LAND SURFACE (M)
1.8 2.1 2.4 2.7 3.0 3.7 4.3

1.5

1.2

JULIAR
DATE

6.0 -
5.8

5.9
6.1

5.6
5.8
5.5

5.1

5.3

5.0
4.9
4.8
4.9
4.9
4.7

6.3

4.5
4.6

4.2
4.2
4.2
4.2
4.3

4.9
4.9

5.1

4.6
5.0
4.8
4.9
4.8
4.5
4.8
4.5
4.8
5.2

3.9 4.5

4.0 4.6

3.9 4.5
4.8
4.4
4

3.5
3.5
3.6
3.4
3.4

7.2 3.9

6.6 10.0

3
10

5.5
6.3
6.1

5.1

5.1
5.0 5.1

6.2

6.0
6.1
5

6.1

6.2

4.6

7.0 3.9
7.1 1.8
4.0
3.9
4.2

.7 10.0

31

6.0
5.8

5.2 5.4
5.3

5.0
4.9

5.1

6.0

5.1

9.6

9.7
9.9

5.5
5.5

6,0
6.0
6.1
6.2
5.9

4.6

3.8
3.8

6.9
7.0

5.1

5.9

S.9
6.0
6.0
5.9

6.9

5.1

4.2
4.4

4.8
5.1
5.1

59

6.5
6.4

5.9
5.9

5.1

4.8
5.1

4.8
4.8
4.8

4.6
4.6

4.7

4.3
4.5

4.4
4.8

3.6
3.5
3.3

4.1

7.0
6.9
6.8

5.5
5.4

5.0
5.1

4.3
4.2

3.7
1.8
4.5

4.0
3.9
4.9
3.8

6.7
8.2

6.1
[

5.1
6.8

5.0
5.4

9.1

4.7
4.3

101
122

.8

7.4

6.5
4.7
5.0
4.5

4.4

6.5

6.5
5.9
5.9
5.4

5.1

4.8
4.1
3.9
4.1
4.0
6.6
4.9
3.8

5.7
5.8
5.2

5.5

5.3

4.7
5.1

4.4

4.6
4.8
4.7
4.8
6.9

4.6

1.5

4.4

4.7
4.1
4.1
4

6.1

4.6
4.7
4.1
8.2

1431

6.0
5.7

5.7
5.1

5.8
4.9

5.1

4.3
4.0

4.3
4.5

3.8
3.9

3.9 3.5

3.3
3.3

6.0

150
171

4.3
4.4
6.4

4.6
4.5
5.5

4.4
4.3

3.3

5.6

5.0 5.
5.7

5.8
4.9

4.9

5.0
5.9
5.9

5.5
6.1

4.3

3.9
5.3

3.2
3.3

6.1

185
192

4.9
6.3

5.1
5.6
4.3

5.3
5.3

6.3
6.2
4.1
3.9

6.6
5.0

3.4
3.4

4.5
4.7
4.3
4.1

6.7

5.9

7.0
6.0

5.1
1.4
4.4

6.9
5.4

5.5
4.3

5.1

3.8 3.9
5.3

3.3
3.2

199
21)]

5.0
4.9

5.0
4.7

4.7
4.1

6.0 3.5
3.1

3.8
3.7

5.7

4.1

4.0

5.2

3.7

4.1

4.0

3.8

220
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1986
1.8

DEPTH BELOW LAND SURFACE (M)
1.2 1.5
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LOWER SALADO NEUTRON ACCESS TUBE | N2
PERCENT VOLUME MOISTURE CONTENT (CORRECTED)
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LOWER SALADO NEUTROH ACCESS TUBE | N}

PERCENT VOLUME MOISTURE CONTENT (CORRECTED)

1985

DEPTH BELOW LAND SURFACE (M)
1.8 2,1 2.4 2.7 3.0 2.7 4.3 4.9 5.5 .6.1 6.7 7.3

1.5

1.2

|
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DATE

8.2 9.3 8,2 8.2
8

8.1

8.2
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7.1 6.7

7.5

.3

9.7 10.0

9.7

L -
TSN
N~ 4Own
MmN
w!n—tmrﬂw

w\omcdmf\m::v~ev-rm

INPAPAPN NG~

vvewcmr~mr~nwrumm
c\ma\cq\mu\ma\mdnmw

mléuﬁﬂr-nlrw vaau-4r
w:ﬂm:hm(nmcn@tnmtnm

@!ﬂle°‘3ﬂ14¢)Qﬂlvv
mhl~m<nm<nm;\r-hr~n
@U'#OUDOI*N(VOr*OC
m::ma\woom(nm:nm:nu

ARO AR OANS D
B A N NP A

VOV BONNND
P N A N A AP

ﬂAHnO~rvleN(VNtvv
N~ m A A A A

O\OQU\NVQOVOGQG\
[PV AP PP ARV

lﬂm‘ﬂNf‘F‘ﬂC’mr‘F‘OF
mw\om(nmcnmr-mhr~h

NC\QP‘QU\@!JF‘MG\OP
ﬂ!ﬂ@lﬁﬂ(ﬂﬂ(ﬂﬂf‘ﬁlﬂﬁ

vaﬂd\ﬁr“m\ﬂ&lﬁ@lﬂh
@U\w(nmlmr~hl\P1\F*P

m'thﬁrim-leﬁOIDG)m
orsmnhmtnm:nmxnmluh

Qr\hthm‘?m(nO\DU|?W
.
WO\M(DQtDﬁr\ml‘hf‘h

ctom;#mtv—lmuunot~m
f‘0<hm¢ﬂﬁlnhf*bvwf*h

TaTAn@cRaTOn e
.
~o o P T S L MNP

AU~ AnNT ROV
h,m c BRMNMG O ™G0

277
284
230
298
305
312
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N7
354
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1986

6.2 6.7 7.3 7.9 8.5

5.5

4.9

DEPTH BELOW LAND SURFACE (M)
1.8 2.1 2.4 2.7 3.0 3.7

1.5

1.2

JULIAN
DATE

6.4 10,1

9.1 7.2

7.9

B.0 7.3
7.8
7.7

7.9
?.7

7.4
7.6

7.4
7.4

7.8 8.0 7.5 6.8 7.2 6.9
:7.8 6.8

7.5 7.5
7.7
7.2

7.3

9.8

7.3

7.5

7.5
7.4

7.7
7.9

7.4

6.5
6.7
6.3

10
kDY
kY

TN

7.4

a.9
8.9
8,7

8.4

6,9
7.1

7.7
7.4

7.2

(3]

7.3
7.3

2.0
8.0
8.0

7.3 7.8 7.3 6.7 7.2
7.4

7.6
7.8
7.4

7.3

7.3

7.1

6.7
6.9

7.2
7.0
7.1
7.2

6.9
6.8

7.2
7.1
7.0

7.2
7.1

7.5
7.3

o

6.8
7.1

7.4

7.8
7.1

7.3
6.9

6.5

59
66

7.9 8.8 7.3
7.8 8.6

6.9 7.2 7.6

6.8
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7.5 7.4
7.0
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6.7
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6.7
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3.9
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3.4 4.2
4.4
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B.S

1985
1.8
8.9
8.2

DEPTH BELOW LAND SURFACE (M)
7.9

LOWER SALADO NEUTROH ACCESS fusg LKL
1.2 1.5
9.1
8.4 8.5
7.9 8.4

9
.1

PERCERT VOLUME MOISTURE CONTENT {CORRECTED)

8.2
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5.0 5.1 8.6

5.8
-4 14.2 12,9 32,1 29.7

«3 15.6 13.6 20.5 30.9

6.4

5.4

5.7

4.8 4.6 5.9
-6 14.7 12.4 10.9 10.2 11.3 11.9 13.0 13
-4 17.3 16,6 14.0 13.6 13.3 14.8 14.2 13.9 15

4.6

7.4 11.9 14.8 15,1 13.8 16

7.3 11.9 15.4 16.6 15

185
2.3
6.9
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APPENDIX 6
VADOSE ZONE TOTAL HEAD DATA
TENSIOMETER STATION PT1

LOCATION: 1.756 METERS FROM Pl AWAY FROM THE
CHANNEL ALONG THE LINE OF OBSERVATION

WELLS
JULIAN DATE SINCE
JANUARY 1, 1985 1.8m Depth 0.9 Meter Depth

305 406. 212,
312 227, 376.
318 240. 320.
326 228. 250.

) 333 -- --
340 -- --
347 - --
354 256, 106.
361 252. 82.
368 233. 111.
374 249. 144,
382 234, 177.
388 261. 221.
396 241, 169.
403 267. 224,
410 228. 134,
417 226. 94,
424 207. 35.
431 204, 30.
445 -- --
452 192, 59,
459 237. 86.
466 235. 111.
473 197. 142,
480 187. 131.
487 223, 262,
501 224, 289,
508 224. 303.
515 241, 324,
536 232. 316.
543 243, 252,
550 222. 304,
557 173. 376.
564 174. 393.
571 167. 408.

185



578
585
592
599
605
614
620
634
640
647
654
669
703
717
738
752
766
787
801
815

186

202.
213.
221.
218.
240,
249,
226.
220.
178.
170.

169.

217.
213.
193,
211,
220,
185.

360,
341,
309.
256.
289.
254,
268,
316.
295.
308.
340,
311.
172.
143,
123.
148,
148.
117.
165,
197.



APPENDIX 6
VADOSE ZONE TOTAL HEAD DATA
TENSIOMETER STATION PT2

LOCATION: 9.147 METERS FROM Pl AWAY FROM THE
CHANNEL ALONG THE LINE OF ORSERVATION

WELLS
JULIAN DATE SINCE

JANUARY 1., 1985 1.8 m Depth 0.9 Meter Depth
305 334. .-
312 256, 385.
318 .- 250.
326 249, 109.

) 333 -- 52.
340 100. 251.
347 80. 46,
354 264, 218.
361 260. 169.
368 268. 178.
374 194, 149,
382 181. 136.
388 . 218. 185.
396 227. 141.
403 258. 166.
410 221. 101.
417 158. 133.
424 211. 116.
431 207. 101.
445 86. 35,
452 204, 102.
459 226. 105.
466 238. 133,
473 235. 119.
480 240, 137.
487 252. 173.
501 266. 184,
508 253. 181,
515 222. 170.
536 220. 135.
543 223. 179.
550 224, 168.
557 240, 208.
564 198. 218.

187



VADOSE ZONE TOTAL HEAD DATA

TENSIOMETER STATION PT2

. CONTINUED

571 173. 218.
578 155. 189.
585 160. 219.
592 172. 261.
599 206. 300.
605 203. 338.
614 193. 293,
620 206. 337.
634 227. 407.
640 221. 383.
647 123. 407.
654 -- 450.
669 156. 385.
703 185. 103,
717 211. 113.
738 204, 120.
752 210. 73.

766 169. 81.

787 188. 109.
801 231. 180.
815 194, 218.

188





