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INTRODUCTION 3

A 4.1-mile reach of the stream channel, beginning at a point about
10 miles upstream from the Big Sandy River, was chosen. For experi-
mental purposes, the reach was divided into two parts—an upper
2.6-mile reach and a lower 1.5-mile reach.

Stream-gaging stations were installed at each end of the entire
reach and at the dividing point between the upper and lower reaches-
to permit measurements of the changes in all downvalley flow through-
the two reaches. The three stations were located at points where the-
bedrock outerops (pl. 1) forced all flow to the surface.

Riparian vegetation was modified for this study by chemical de-
foliation and by eradication. Chemical defoliation of vegetation re-
moved the leaves for a very short time; transpiration reduction,
therefore, was effective for only as long as regrowth of the vegetation
was prohibited. Eradication of the vegetation is an extreme measure
because costs are necessarily high.

It is important that the Cottonwood Wash project be recognized -
only as & pilot study; it has furnished a quantitative answer only for
the reaches under study and indicates the possible results of riparian-
vegetation modification only in similar environments common to
parts of the Southwest.

PROJECT PLAN

The general project plan was to maintain the upper reach as a
control by leaving it unchanged throughout all phases of the study
(Hendricks and others, 1960, p. 3). The lower reach was to be used
as a test reach, where the effects of vegetation modifications would
be measured.

The project was set up in three phases. The first phase—from
January 1, 1959, to June 21, 1060—was used as a calibration period
to determine the natural hydrologie conditions in the area. The
second phase—from June 22, 1960, to July 17, 1960—involved the
chemioal defoliation of vegetation in the lower reach and the measure-
ment of the defoliation effect on streamflow and ground water. The
third phase—from February 1, 1961, to August 8, 1963—involved
the continuous eradication of riparian vegetation in the lower reach
and the measurement of the hydrologic effects. The methods used
for evaluating the effects of vegetation modification were the tran-
spiration-well method (for qualitative comparisons) and the water-
budget method.

Transpiration-well method.—The transpiration-well method involves
obtaining continuous records of the daily water-level flustuations and
determining the specific yield of the soil in which the daily water-
level fluctuations occur (White, 1932, p. 60-61).
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The quantity of ground water withdrawn by transpiration and
evaporation in a 24-hour period is determined by the formula ¢=
y(24r+s), in which ¢ is the water withdrawn, measured in inches of
depth, y is the specific yield of the soil in which the daily water-level
fluctuation takes place, r is the hourly rate of rise of the water level,
in inches, during a night period when evapotranspiration is negligible,
and s is the net fall or rise of the water level in the 24-hour period,
in inches. In field experiments, the quantities on the right-hand side
of the formula, except the specific yield, can be determined readily
from the automatic records of water-level fluctuation.

The transpiration-well method was included in the study only for
use in making qualitative comparisons. A much broader sampling
by wells would be necessary to use this method for an independent
quantitative analysis.

Water-budget method.—The water-budget method for determining
water gains or losses is based upon periodic inventories of the water
resources of an area. All the water that enters and leaves an area and
the increase or decrease in storage are measured for a given period.
The general equation for this relation is:

Inflow-outflow +change in storage=0

The project area is well suited for an inventory of this type because
nearly all the principal components can be measured with reasonable

accuracy.
ACKNOWLEDGMENTS AND PERSONNEL
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GEOHYDROLOGIC SETTING

The geologic environment is a major factor to be considered in the
study of the surface-water and ground-water relations. The circulation
of water as liquid or vapor within the area is, in effect, only a minia-
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The oldest unconsolidated sediments consist of alluvium, which
underlies the terraces, and, in places, forms the streambed in the
Cottonwood Wash drainage basin. Thin beds of younger alluvium
are distributed as stream wash along the present streambed as a
result of scour-and-fill processes.

The boundary of the older alluvium upstream from gage 1 is at
the contact with the volcanic-rock sequence and the crystalline rocks.
Here, the stream channel has been incised to the base of the older
alluvium, and a maximum thickness of 45 feet is exposed. Down-
stream from gage 1 the older alluvium either is stripped from the
area or the stream channel is cut below its base on the crystalline
rocks, and thus terrace remnants are left hanging on the canyon
walls. The older alluvium is below the level of the stream channel
only in a few places (pl. 1).

The older alluvium stores very little water because the base of the
unit generally is exposed and, therefore, drained. Where the base of
the older alluvium has not been breached and is in contact with the
stream wash, its lowest part is saturated, and the stored water has
hydraulic connection with the stream. This older alluvium supplies
part of the perennial flow to the stream upstream from gage 1. The
greater thicknesses of the older alluvium along the project reach are
above the water table and are drained.

The younger alluvium, mapped as stream wash, is distributed in
discontinuous lenses along the floors of the main canyon and tributary
drainages. The stream wash consists of a heterogeneous mixture of
silt, sand, gravel, and boulders. In most of the area, the boundary of
this unit is the contact with the crystalline rocks; for short lengths
of the channel the stream wash is in contact with the older alluvium.
The unit ranges from 0 to about 10 feet in thickness. The stream
wash is the principal ground-water reservoir in the canyon and is
highly permeable. ‘

VEGETATION
By F. A. BransoN and R. 8. Aro

H

Sampling of vegetation was done between June 12 and June 18,
1960, prior to any treatments. Along the 4.1 miles of channel under
investigation, 40 sample plots were located systematically at intervals
of a tenth of a mile. Each rectangular plot had an area of at least
0.04 acre and extended the full width of the flood plain. The stream-
axis length of each plot differed from plot to plot where the flood
plain was less than 100 feet wide, but where the flood plain was more
than 100 feet wide, the axial plot dimension was held at 17.4 feet,
and the plot size was increased accordingly. Fourteen plots were
located in the lower reach, and 26, in the upper reach.
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Tree and shrub canopies were measured along one side of each plot
the full width of the flood plain to estimate the areal cover of woody
species. Plant species, foliage volume, and tree information—such as
heights, stem diameters, and ages—were determined for entire plots.

Foliage volume was considered to be the most important vegetation
quantity from a hydrologic standpoint in this study and was estimated
from the height and width of tree and shrub crowns. To facilitate com-
putation, each crown was considered to be cylindrical in shape; exam-
inatirn of the main species indicated that this assumption would
give less error than alternative geometric shapes. The acre-foot was
selected as the unit to best express the large volume of foliage measured
for the easiest comprehension by hydrologists. In this study an acre-
foot of foliage was defined as a space 1 foot deep and 1 acre in area
that was actually occupied by live foliage. The volume so measured
did not include the space devoid of Live foliage, which in many places
occurred below the canopy.

The use of full-channel-section sampling plots also gave an estimate
of the area and the variations in width of the flood plain for the two
reaches. The estimated flood-plain areas of the upper, lower, and
combined reaches were 29, 22, and 51 acres, respectively. The bar
diagram (fig. 3) shows the width of the flood plain in feet and the
areal cover of red willow and Fremont cottonwood in percent at each
of the 40 sampling plots. The width of the flood plain averaged
about 130 feet for the lower reach, 90 feet for the upper reach, and
110 feet for the entire 4.1 miles of the channel.

Water losses by evapotranspiration should be related closely to
foliage volume and canopy cover at any given time or for any physical
environment. In Cottonwood Wash the plant species that used the
greatest quantities of water were Fremont cottonwood, red willow, and
seep willow. These three species accounted for 95 percent of the foliage
volume sample and were distributed along the entire length of the
channel under investigation. Table 1 lists the plant species sampled
and estimates the acre-feet of foliage per species and total species per
reach, per mile of reach, and per acre of flood plain. Foliage volumes
can also be computed from the values presented in table 2, but
different values are obtained. The correlation coefficient of 0.704 for
foliage volumes and areal-cover values is highly significant or is
significant beyond the one percent level. Considerably less time is
required to make line interception measurements than is needed to
measure all woody species within %s-acre plots. Although the correla-
tion coefficient obtained in this study is not as high as one might wish,
conversions of areal-cover measurements to foliage volumes can be
computed from the regression equation Y=.261+.1056X, where X
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1960.
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is equal to the total intercept of woody species per plot. For streams
having vegetation similar to that of Cottonwood Wash the equation
should be useful.

Although the removal of foliage cut transpiration losses, it also
reduced shading, probably allowed an increase of wind velocities at
the ground level, and thus caused greater evaporation from the flood-
plain surface. Table 2 gives data on the vegetation shading character-
istics that were considered to be related to evaporation from the flood-
plain surface. The depth of a tree or shrub crown was defined as the
height of actual foliage for each plant sampled and did not include the
distance between the ground and the bottom of the canopy.

The trees ranged in age from 10 to 19 years and had a mean age of
15 and a median of 14 years. From available hydrologic records (U.S.
Geological Survey, 1954) a major flood in streams of the area occurred

TABLE 1.—Foliage volume of riparian vegetation computed for units of stream
%eégnce and flood-plain area for the reaches of Cottonwood Wash, June 18-18,

[U, upper reach; L, lower reach; C, combtned reaches. Tr (trace), indicates values less than 0.1 acre-foot]

Acre-feet per Acre-feet per  Acre-feet per acre
reach mile of reach of flood plain

v L ¢ U L € U L ¢C

Plant species

Fremont cottonwood (Populus fremontii). .. .. 25.5 43.6 60.1 9.8 20.1 168 0.9 20 1.4
Red willow (Salir laevigata)_ . ... 56.5 16.1 72.6 21.7 10.7 17.7 L9 .7 1.4
Velvet ash (Frazinus veluting). .. __ 1.0 48 58 .4 32 14 Tr .2 .1
Seep willow (Baccharts glutniosa)... 1.8 43 61 .7 29 1.5 .1 .2 .1
Otherspecles 1. ..o o aaicaaaas .2 10 L2 .1 .7 .8 Tr Tr Tr

Total, all woody spectes........coeeeocenaae.. 85.0 60.8 154.8 32.7 46.6 87.7 29 3.1 3.0

! Includes netleaf hackberry (Celtis reticulata), Utah juniper (Juniperus osteosperma), saltcedar (Tamariz
pentandra), alderleaf mountain-mahogany (Cercocarpus montenus), desert-willow (Chilopsis linearis),
skunkbush (Rhus trilobata), willow (Saliz sp.), cliffrose (Cowania mezicana), and sunflower (Compositae).

TABLE 2.—Areal cover of riparian vegetation on the flood plain and the average
%7%; of tree and shrub crowns for the reaches of Cottonwood Wash, June 12-18,

Upper reach Lower reach Combined reaches
20 acres) (22 acres) (51 acres)
Plant specles Aver- Aver- Aver-
Per- Acres age Per- Acres age Per- Acres age
cent depth cent depth cent depth
(feet) (feet) (feet)
Fremont cottonwood (Populus 4.8 1.4 17 ,13.9 3.1 17 8.6 4.4 17
fremontil).
Red willow (Saliz laevigata)........ 13.8 4.0 12 10.2 2,2 13 122 6.2 13
Velvet ash (Frazinus veluting). . .. .3 1 [ 2.2 N 8 1.1 N ] 7
Seep willow (Baccharis glutinosa). 1.8 .4 3 2.4 .8 3 1.8 .9 3
(Grross canopy cover !, all 20.2 5.9 oo 28.7 6.8 cecann- 23.7 121 ...
four species.
Net canopy cover 3, all four 19,5 8.7 e 26.8 5.9 caeeea-n 22.7 1L oeonn.o.
specles.

! Includes all crown width measurements for each plant sampled, whether or not crowns overlapped.
in; %gt!;ilm},‘elnt to that part of the flood plain actually covered by vegetation and serves as an index of shad-
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each of the transpiration wells was computed, and poor or incomplete
records were not used.

The daily withdrawal of ground water—derived from the tran-
spiration-well data—was applied only in the area sampled by each well.
These data provided a means by which comparisons between pre-
treatment, defoliation, and eradication periods could be made.

OBSERVATION WELLS

Information was needed about the changes in ground-water storage
beneath the flood plain and adjoining terraces in order to use the
inflow-outflow method of evaluating the water losses. Because the
early reconnaissance indicated that the changes in storage would be
small, the observation-well network was limited to three wells drilled
in the older alluvium beneath the terrace at the McKinney Ranch
headquarters and three transpiration wells in the stream wash beneath
the flood plain (pl. 1). Tke terraced older alluvium, where the observation
wells were drilled, represents the largest single volume of older allu-
vium in the project area; thus, any significant changes in ground-
water storage elsewhere in these deposits might be evaluated by
extrapolation from water-level changes in these wells.

METEOROLOGICAL DATA

Precipitation, radiation, relative humidity, air temperature, wind
velocity, and evaporation are factors that affect the transpiration
rate of vegetation. Records of all these factors were obtained at
different times during the investigation.

A partial weather station was operated at the McKinney Ranch.
The group of measuring and recording instruments operated at this
site included a recording gage for precipitation, a pyrheliograph for
radiation, a hygrothermograph for relative humidity and air tem-
perature, and a recording anemometer for wind speed. Two other
recording rain gages were operated in the study area (pl. 1). The
rain gages were used primarily to indicate the periods when local
recharge to the older alluvium may have occurred and to indicate
the origin of storm runoff in the study area.

Water temperature was recorded at stream-gaging stations 1
and 3 (pl. 1). The recorder at gaging station 1 was operated only
until July 28, 1961, when it was washed away by a flood. The water
temperature was recorded at transpiration well 1 only from April 11
to August 8, 1963. Two evaporation pans, U.S. Weather Bureau
class A type, were operated in the lower reach from May to July
1963 (pl. 1).

Precipitation.—Precipitation in the Cottonwoed Wash area occurs
in two distinct seasons, as shown in the precipitation graphs (fig. 5).
The summer thunderstorms in July, August, and September account

276-611 0—68——3
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for slightly less than 50 percent of the annual precipitation; the
more gentle winter storms in December through March account for

most of the remainder. Snow falls occasionally in the winter but
rarely stays on the ground for more than a day or two.
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Ficure 5.—Daily precipitation measured at three rain gages, 1959-63.
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precipitation records were used to (1) indicate any periods

when precipitation caused direct runoff and (2) show where changes
in ground-water storage occurred as a direct result of precipitation.

Solar radiation.—Solar radiation is the source of daylight energy
from the sun impinging upon vegetation and the land surface. The
use of water by vegetation responds rapidly to changes in the amount
of radiant energy from the sun. The amount of mean daily radiation
and the flow at gaging station 3 (table 4 and fig. 6) show the rapid
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Ficure 5.—Continued.
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TaBLE 4.—Daily hydrologic and meteorologic data from May 15 to June 15, 1963

Maximum Minimum Mean Depth to Mean air Mean water Mean Radiation
flow water (feet) tempera- tempera- relative (g-cal

ow ow
Date (acre-feet) (acre-feet) (acre- — ture °F) ture (°F) humidity cm-?

feet) Well Well (percent) day-!)
T™-1 T-2

May 15._._ 1,73 0.73 133 293 4.78 65 64 21 578
1 1.61 .76 125 293 4.78 68 64 18 650
1.63 .61 1.23 293 478 72 65 18 622
1.63 .58 117 293 4.79 72 65 15 636
1.59 .54 115 293 479 74 66 17 600
1.55 .75 1,23 293 479 73 65 20 416
1,55 .40 111 293 479 73 67 21 603
1.53 .61 111 293 4.79 70 66 23 520
1,49 .62 107 293 4.78 68 65 23 622
1.51 .54 113 293 479 65 64 21 652
1.51 .66 111 293 4.79 64 64 19 622
1.49 .61 111 293 479 66 64 20 622
1.47 .69 113 292 479 66 63 19 568
1.49 .52 107 292 479 67 64 2 603
1.47 .54 1,07 292 479 66 65 25 643
1.45 .63 109 292 479 66 66 30 603
1.47 .61 109 291 478 70 67 32 557
June 1.45 L76 113 291 4.78 68 66 37 456
1.49 .63 111 290 4.77 69 68 44 520
1.39 .32 .89 291 4.78 73 66 34 632
1.29 .44 89 292 479 68 64 31 632
1.43 .44 .97 292 4.78 62 62 28 623
1.31 .46 93 292 479 62 61.5 30 652
1.37 63 101 292 479 59 62 30 661
1.41 67 107 292 4.78 63 65 28 536
1.41 54 103 290 4.77 66 65 31 590
1.35 69 1056 290 4.78 69 60 35 362
1.39 .58 103 290 478 66 60 28 416
1.37 .42 .93 2,90 4.78 64 62 28 557
1.35 .40 .93 291 478 67 66 31 622
1.31 .44 91 291 4.78 68 66 33 622
127 .36 83 291 4.78 71 69 30 611

response in reduction of water use, which is reflected by increased
streamflow, as radiation decreases. Radiation was measured at the
McKinney ranchhouse, and the record of average weekly radiation
is shown in table 8.

Temperature.—Air temperature is one of the principal factors
affecting the discharge of water by evapotranspiration. However,
the data collected in this study show a closer relation between radia-
tion and evapotranspiration, at least for short periods. As shown
on figure 6, evapotranspiration generally was decreased by a lowering
of the temperature; nevertheless, on May 19 and 31, 1963, when
radiation was reduced by cloud cover but the temperature change
was small, a larger reduction in evapotranspiration occurred.

Relative humidity.—The data on relative humidity (table 8) were
recorded at the McKinney ranchhouse, and, as would be expected in
an arid climate, the relative humidity usually was low. A period of
high relative humidity would result in a decrease in the use of water
by the riparian vegetation; however, in the study area the only time
the relative humidity was high enough to measurably decrease tran-
spiration rates was during rainstorms when the humidity effects could
not be separated from other factors that influenced the reduction in
evapotranspiration (fig. 6).
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the changes in flow at gage 3 (fig. 8). There seems to be no correlation
between the two graphs.

On July 7 a change in the weather conditions was indicated by a
sharp drop in radiation. This reduction, the result of cloud cover,
probably was responsible for the increase in flow measured at gages
2 and 3 that probably was the result of less evapotranspiration above
gages 2 and 3.

Rain on July 17 ended the defoliation test; nevertheless, some
decrease in evapotranspiration as a result of chenical defoliation of the
vegetation was established, even though weather changes obscured
the magnitude of this decrease in the last days of the test.

ERADICATION

Eradication of vegetation, the third phase of the experiinent, was
started on February 1 and completed on February 15, 1961. Each
tree in the reach between gages 2 and 3 was either cut down or girdled
and poisoned. The stumnps of cut trees were poisoned with Aminate
X in crystal form to kill the root systewn. The sinall brush and weeds
were cut and poisoned with Ammate X in solution—3 pounds to 5
gallons of water and half a pint of a wetting agent, X77, to 5 gallons
of water. All cut trees and brush were removed from the stream
channel and burned. The effectiveness of the eradication is shown in
figure 9. The trees and large bushes were eradicated, and the weeds
and grass were controlled with spray from April 1961 to July 1963.
The period of most complete control during each year was from late
May until the rains in July.

The reduction in ground-water withdrawal is graphically illustrated
by the comnparison of water-level fluctuations before and after the
major nodification (fig. 10). The amplitude of the diurnal fluctuations
in ground-water levels in well T-3 increased in June 1961 (fig. 11),
probably as a result of the temporary regrowth of seep willow that
occurred when the regrowth control was stopped. That the mnagnitude
of diurnal fluctuations caused by evapotranspiration was about the
saine during the last four days of June 1959 and 1961 suggests that
the amount of water used by the seep willow regrowth may have
been as large as the amount used by the trees that were eradicated.

HYDROLOGY
SURFACE-WATER AND GROUND-WATER RELATIONS

The water-bearing units function as reservoirs for the streamflow
by being recharged during periods of precipitation and storm runoff
and discharging a part of this water into the streams during periods
of less streainflow. As pointed out in a preceding section on ‘‘Distri-
bution and water-bearing properties of the rocks,” the water stored
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in the volcanic rocks and older alluvium upstream from the upper
gaging station is the main source of the sustained low streamflow in
the study area. This sustained flow is referred to as base runoff and
is not a constant quantity because it fluctuates in response to wet and
dry periods. The stream wash offers mainly temporary storage—it
accepts recharge rapidly during periods of storm runoff, but it releases
most of this water rather quickly after the storm runoff has passed—
and contributes only a small amount of water to the stream in the
winter when there is little precipitation.

The base runoff of Cottonwood Wash at gaging station 1 passes
over relatively impermeable granitic and gneissic rocks (pl. 1). Then,
the passage of the runoff is alternately over permeable stream wash,
where part of the flow remains in temporary storage as ground water,
and impermeable crystalline rocks, where the flow is unimpeded in
its passage out of the area at gaging station 3.

Small tributary washes enter the stream channel from both sides.
These tributary channels generally have steep gradients and are cut
into granite and gneiss. Locally, along the channels and near their
mouths, the tributaries contain thin deposits of stream wash. Where
a tributary intersects remnants of older alluvium at the main channel,
it has incised through or nearly through the alluvium. Thus, almost
no ground-water storage is available to feed these tributary washes
during dry periods.

GROUND-WATER STORAGE

The principal ground-water reservoir in the Cottonwood Wash
area is the stream wash, which, in places, underlies the channel and
flood plain; there is less storage in the older alluvium. The measured
areal extent and estimated wetted thickness, by reaches, of the

stream wash and older alluvium are given below.
Estimated average

Lower reach Upper reach wetted thickness
(acres (acres) (feet)
Stream wash____________________.__ 22 29 5
Older alluvium__ - __________________ 10 8 1

The estimated saturated volume of each ground-water reservoir in
the lower reach is about 110 acre-feet for the stream wash and 10
acre-feet for the older alluvium. Therefore, the effective storage of
these reservoirs, based on a specific yield of 35 percent for the stream
wash and 10 percent for the older alluvium, is 38 acre-feet and 1
acre-foot, respectively.

QUALITY OF WATER

The possibility that the chemical quality of the water might be
altered measurably as a result of evapotranspiration was investi-
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gated. Inasmuch as water that is transpired and evaporated is rela-
tively pure, it is possible that during periods of high evapotranspiration
the chemical quality of the water may deteriorate progressively
downstream. Therefore, it was assumed that if the transpiration was
reduced significantly by modification of the vegetation in the lower
reach, the chemical quality of the water would improve between gaging
stations 2 and 3, as compared to the chemical quality before vegetation
eradication.

Water samples were collected at each of the gaging stations prior
to vegetation modification to determine the normal chemical quality
changes between the upstream and downstream points. Subsequently,
samples were taken more frequently during and after vegetation
modification. Because little or no precipitation occurred during the
period of sampling, runoff did not affect the results.

Comprehensive chemical analyses of the samples were not made,
but the analytical work done on the individual daily samples was
sufficient to provide the needed information (table 6). The analyses
showed that there was a small but definite increase in mineral content
downstream within each reach that may have been the result of the
solution of mineral matter in the unconsolidated and crystalline rocks,
the concentration of dissolved solids by evapotranspiration, or both.
To evaluate the effect of evapotranspiration only on the chemical
quality, samples were taken during high flows in the early morning
and low flows in the late afternoon. There was no significant change
in the chemical quality of the samples taken during high flows, when
little or no evapotranspiration occurred, or during low flows, when a
great deal of evapotranspiration occurred.

The data show no significant decrease in dissolved-solids content
of the water in the lower reach as a result of the chemical defoliation
of the vegetation.

On June 8, 1961, water samples were collected at the three gaging
stations following the complete eradication of the vegetation in the
lower reach (table 6). The analyses of the sample show no significant
decrease in the dissolved-solids content that could be attributed to
the eradication.

ANALYSIS OF WATER RECORDS
STREAMFLOW AND FLUCTUATIONS OF GROUND-WATER LEVELS
Fluctuations in streamflow and ground-water levels show a general
seasonal pattern (tables 9 and 10; fig. 12). In the spring and early
summer there is only a small amount of streamflow and a correspond-

ing decline in the ground-water levels. The summer precipitation,
generally beginning in late July and continuing to early September,

276-611 O - 68 - 5
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Ficure 12.—Mean daily flow at gage 3 and mean daily water levels in well T-3,
1959.

causes an increase in streamflow from surface runoff and a rise in
ground-water levels by recharge from the stream to the ground-water
reservoir. The winter precipitation also causes an increase in stream-
flow and a corresponding rise in ground-water levels.

TRANSPIRATION-WELL METHOD

The relative changes in the amount of water used by riparian vege-
tation under normal and modified conditions were determined by the
transpiration-well method (White, 1932). The water use for standard
7-day periods was computed for three transpiration wells. The mean
sum for each of the standard periods for wells T-1 and T-2 was
plotted on graphs for each of the 5 years of the study (fig. 13).

The curve for 1959 is the result of water use during the period in
which there was no modification of vegetation. In late June and early
July 1960 the lower reach was chemically defoliated. The response
to the treatment was indicated clearly by well T-1 (fig. 13) and
showed that transpiration decreased from the beginning of the test
until July 17 when rain obscured the effects of the modification. After
July 17 the transpiration, as shown by well T-1, increased until it
returned to a normal pretreatment level in early August. In February
1961 the riparian vegetation in the lower reach was eradicated almost
completely by cutting or poisoning. The curves for 1961-63 show the
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significant decrease in water use that resulted from this eradication.
Figure 10 shows the same effect on the daily fluctuations for a selected
week in each of 5 years, 1959-63.

A comparison of the curves for wells T-1 and T-2 (fig. 13) shows a
general similarity in shape and also a marked response to the eradi-
cation of vegetation. The difference in the rate of water use between
wells T-1 and T-2, as illustrated in the curves, is chiefly related to the
difference in the specific yield of the material at each of the well sites.

The curves for well T-1 indicate that eradication reduced the rate
of use of ground water during May, June, and part of July 1961 to
about one-fourth of that used in the same months of 1959. For the
same period in 1962 and 1963, the response was similar. The maximum
reduction in water use near well T-1 was about 90 percent in July;
the curves for well T-2 indicate similar but smaller water savings.

WATER-BUDGET METHOD

The water-budget method was used to determine the riparian
water losses in the upper and lower reaches. By this method the out-
flow from the reach was subtracted from the inflow into the reach and
the difference was adjusted for changes in storage in the soil-moisture
reservoir, the stream channel, and the ground-water reservoir.

The principal part of the inflow was surface flow over the impervious
barrier at gage 1. Similarly, outflow from the upper reach and inflow to
the lower reach were over the impermeable barrier at gage 2, and the
outflow from the lower reach crossed an impermeable barrier at gage 3.
Any other inflow to the area was ground water moving through rem-
nants of the older alluvium and was considered negligible. (See section
“Surface-water and ground-water relations.””) Direct precipitation
was eliminated as an inflow factor by selecting periods when rainfall
and subsequent runoff did not affect the system.

The evaluation of changes in storage in the soil-moisture reservoir
was not attempted. In Cottonwood Wash the main areas of evapo-
transpiration are the channel and flood-plain deposits. The depth to
the ground water is generally less than 2 feet below the land surface,
and it is less than 5 feet, at & maximum, near the banks. The channel
and flood-plain deposits are mainly sand, which has a capillary-rise
potential of 1 to 2 feet. Near the banks of the channel the material
is less sandy and has a capillary-rise potential of more than 4 feet.
Therefore, generally all the unsaturated materials adjacent to the
stream are in the capillary fringe. Because ground water is a constant
source of replacement for capillary water that is removed by evapo-
transpiration and because streamflow is a constant source of ground
water, any depletion from the capillary fringe is replaced by ground
water which is replaced by streamflow; thus, there is basically no net
change in soil-moisture storage in the study area.
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Theoretically, changes in storage in the stream channel should
have been considered in the water-budget method of measuring
the evapotranspiration in the test reach. In this area, however,
the amount of water involved in these changes was inconsequential.

Adjustments for changes in ground-water storage were not made
because the periods in which precipitation or significant changes
in ground-water levels occurred were eliminated from the analysis.
Periods during which there were only minor water-level declines
(table 3) were included in the analysis but were not corrected for
the change in storage.

The water-budget period used in this analysis is a week. Standard
weeks or 7-day periods used as basic observation time units were
started on January 1, 1959, and were continued throughout the
study. The water gain or loss for each of these standard weeks has
been computed for the upper and lower reaches by subtracting the
outflow from the inflow.

The losses for each standard week for the growing season in 1959—
63 were plotted for the upper and lower reaches. The growing season
was considered to be 35 weeks long, from March through October.
Smoothed curves were drawn to represent the changes in loss rate
in these periods. For the unmodified upper reach the close grouping
of the five loss curves (fig. 14) indicated relatively little difference
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Freure 14.—Computed weekly water loss due to riparian vegetation between
stream gages 1 and 2.
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in the natural factors affecting evapotranspiration during the 5-year
study period; on this basis, a single average curve was drawn for
the 5-year period (fig. 15). A comparison of the smoothed curves
that represent the evapotranspiration in the lower reach for each of
the 5 years (fig. 16) indicates a significant change in water-loss rate
after eradication of the vegetation.

Therefore, two summary curves were drawn to represent the
average-loss rates, one before and one after the eradication of riparian
vegetation (fig. 17). The difference between the two curves is the
approximate water savings due to vegetation eradication. The evap-
otranspiration, as computed from the average-loss curves, is tabulated
by months for the growing season for each year (table 7). By using
the water-use figures for the test reach between gages 2 and 3, the
average seasonal total water loss before eradication was computed
as 80 acre-feet (rounded); the average seasonal water loss for this
reach after eradication was 42 acre-feet (rounded). The difference,
38 acre-feet, is the computed water savings that resulted from the
eradication of the vegetation in the lower reach. The 80-acre-foot
water loss before eradication is about 18 percent of the inflow for
the period, and the 42-acre-foot water loss after eradication is about
12 percent of the inflow for the period.
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TaBLE 7.—Evapotranspiration, in acre-feet, computed from average-loss curves

Period March Aprii May June July Aug. Sept. Oct. Total

Average water 10ss in upper reach from figure 14

12,22 4.01 8.8 1418 2212 18.77 16.72  9.45 91,86
.75 7.23 10.32 17.56 18.89 24.35 13.04 871 10L.75
9.00 529 11.51 16.57 23.26 223.81 217.92 27.42 114.78
121,50 4.85 12,20 16.96 20.66 22.37 17.92  6.08  99.54
12500 2.08 12,27 18.47 21.55 21837 21587 24.67 83.28

Average water loss in lower reach from figure 16

2.50 6,60 868 1206 1525 15.20 10.93 10.10 7L21
575 11.53 12.63 12.72 13.09 12.34 12.57 9.29  89.92
1.80 !'2.07 1.55 536 6.57 210.0 3 .
+2,20 10.50 11.06 6.97 8.54 25.33 28,02 26.36 56.58
2,10 9.8 6.51 4.83 534 24,89 2501 2275 39.31

Average water loss in lower reach from figure 17

Before eradication.___._____ 412 911 10.66 12.39 14.17 13.77 11.75 4,60  80.57
After eradication_..._._.__. .50 6.10 6.37 572 6.82 6.76 6.01 3.95 42.23
! Net gain.
2 Estimated.

SUMMARY AND CONCLUSIONS

The eradication of riparian vegetation along the lower reach of
the project area reduced water losses that resulted from evapo-
transpiration. The water-budget analysis, an observational method,
was used to evaluate evapotranspiration for the growing season,
and the transpiration-well method was used to indicate the effects
of vegetation modification on water use. The average evapotran-
spiration computed by the water-budget method in the lower reach
before vegetation eradication was 80 acre-feet for the growing season—
March through October—or 18 percent of the inflow; after eradica-
tion it was 42 acre-feet, or 12 percent of the inflow. The average
amount of water saved per growing season was computed to be
38 acre-feet.

The evaluation of transpiration-well data indicated that vegeta-
tion eradication may reduce the calculated water use near the tran-
spiration well by as much as 90 percent. The eradication of the
vegetation reduced shading of the soil and water surfaces and prob-
ably allowed an increase in wind speed at ground level along with
greater evaporation. Therefore, the decrease in water use as computed
is not a measure of transpiration alone but also includes a probable
increase in evaporation.

Regrowth of shrub-type vegetation, such as seep willow, reduced
the water savings effected by the eradication of tree-type vegetation.
The regrowth may have been due to the decrease of shade and the
resulting increase in area available for shrub-type regrowth.
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The chemical quality of the water did not change significantly
as a result of the eradication of riparian vegetation.

Magnesium chlorate was an effective defoliant on all types of
vegetation in the project area. The eradication of the vegetation
required cutting and poisoning of the trees. An effective method
for killing the root systems of shrubs was not found.
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TaBLE 8.—Water and meteorological

Standard week Total streamflow Changes in water level (feet)
(acre-feet)
Period
Transpiration wells Observation wells
Start End Gage Gage Gage
1 2 3 1 2 3 1 2 3
1959
Jan. 1 - +0.04 +0.10
8 14 -12 =22
15 21, . —. 04
22 28 -.07
29 Feb. 4. —.05
Feb. & 11.
12 18.
19 25.
26 Mar. 4.
Mar. § 11
12 18.
19 25. 3
26 Apr. 1. 13 20. 35
Apr. 2 8 14 20.07
9 15 15 18.12
16 22. 16.74
23 20,
30 May 6.
May 7 13-
14 20_
21 27.
28 June 3.
June ¢ 10_ —. 06
11 17 —.04 .00 —.03
18 24_ —01 -0 -.02
25 July 1. +.02 +.04 +.07
July 2 8. —-.07 =02 -.09
9 15 —-.01 -0 +4.03
16 22 +.03 +.03 .08
23 29_ —-.02 .00 —.02
30 Aug. 5. +.26 +.28 +.53
Aug. 6 12. +.35 +.18 4.05
13 19, —.08 -—.02 -—.01
20 26. —-.30 —.24 -—.16
27 Sept. 2. -.17 =07 -.03
Sept. 3 9. —03 —.01 —.01 ... . e
10 16. +.30 +.14 -3 . . ...
17 23. - 18 ... =0l ah e aloan
24 30. —.02 4.0l ol en o
Oct. 1 7. +.01 404 i cmie eean
8 14 —05 —.02 .00 -ooii il aean-
15 21 42 18,45 15.39 13.07 o i e mmmmmn mmmeme eme—am
22 28. 43 21.80 16.01 13.65 _.__._
29 Nov. 4_ +.15
Nov. 5 11. —.13
12 18. +.03
19 25. +.01
26 Dec. 2. .00
Dec. 3 9. +.06
10 16. B0 17.99 _____. . . ...
17 23. B8l 1732 ____ el -
24 30. —. 04
31 Jan. 6. B3 .. i e e
1960
Jan. 7 13 B4 o et i -
14 20.
21 270 B8 il il e e
28 Feb. 3. —. 04
Feb. 4 10. -00
11 17. —.04 ______ -
18 24 00 . o
25 Mar. 2. +.39 +.30 __._..
Mar. 3 9. -.37 -3 -3
10 16. -.02 -.01 .00
17 23_ +.03 +.06 —.02
24 30- —.06 —.06 —.07
31 Apr. 6. -.06 —.06 .._.__
Apr. 7 13_ -.03 -—-.01 ______
14 R —.06 —.03 —.02
21 2. 69 .. .. ... +.08 02

+. +.03
28 May 4. 70 ol el e -0 —-01 +.01
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data for standard-week periods

Precipitation (inches) Average weekly values of—
Rain gages Air Water temperature (° F) Relative Solar  Panevaporation
temperature humidity radiation (inches)
1 2 3 °F) Gagel Gaged Well (percent) (g-cal em-
T-1 day-!) Panl Pan2

L ST T T B B S B S

T R T R B S T B SR SR S
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TaBLE 8.—Water and meteorological data

Standard week Total streamflow Changes in water lovel (feet)
(acre-feet)
Period
Transpiration wells Observation wells
Start End Gage Gage Gage
1 2 3 1 2 3 1 2 3
1960—Con,
May & 11 —-0.09 ~0.02 -0.07
12 18. . —-02 —-.04
19 25_ ~.02 ~.04
26 June 1. —-02 -—.03
June 2 8 —02 -—-.04
9 15. —.03 -—.03
16 22. -.05 -—.03
23 - ~.03 —.03
30 July 6. 79 13.21 _____. 442 ... ... ... .00 .00 —0.06
July 7 13, 80 12,97 7.68 512 +.04 ___._. ____._ -0 -—-10 —.04
14 20. +.09 -0 .06 —.04
21 27. —-.04 —-.01 -—.06 —.06
28 Aug. 3. -12 —-.03 -.06 —.03
Aug. 4 10. +.10 —-.02 —-10 -—.03
11 17. -10 —-04¢ -.10 —-. 04
18 24 +.07 +.02 -12 -.01
25 31. +.03 -+4.03 —.08 .00
Sept. 1 7. +.09 +.07 +.05 4.01
8 14 —-07 +.02 +. +.02
15 21, 4.00 ~.04 +.03 +.02
22 28. +.056 —.04 ~—.02 4.01
29 Oct. 5. +.06 -—.01 -—.11 .00
Oct. 6 12_ +.06 +.05 —.10 ~.01
13 19 94 1371 12,83 o e eion aeeee +.04 —.05 -.02
20 26_ +.01 —.03 .00
27 Nov. 2. +.01 —.04 +.01
Nov. 3 9. +.02 —.04 .00
10 16_ +.01 —.04 +.02
17 23. +.00 —.04 .00
b 30. 00 +.02  4.04
Dec. 1 7. -0l +4.06 +.02
8 14 .00 .09 -~.03
15 21, 103 1916 .. . i e cmemen -0 +4+.11 —.01
22 28, 104 19.56 __._._ 1581 ___ .. _cieie cmemem -02 +.11 +.01
29 B L R S T T —-.03 +.10 ~.02
1961
Jan. 5 M. 106 . L il el e emmeen —.03 .04 -—.05
12 180 107 1876 . e i eern e -02 +.00 -.02
19 25, 108 18.68 . il cein e e +.02 -.03 -.02
26 Feb. L. 109 . o i it e meen 00 ~-.03 -.02
Feb. 2 8. +.01 —.02 —-.02
9 15. .00 +.03 —-.02 —.02
16 22_ +.02 +.02 —-.02 -.01
23 Mar. 1. ~.01 +.02 ~.01 -.01
Mar. 2 8. —.03 +.01 —.02 ~.01
9 15. +.06 +.03 -0 —.01
16 22. ~.02 .00 —.03 +.02
23 29. +.01 .00 —.06 .00
30 Apr. 5. —.01 +.01 —.06 +.01
Apr. 6 12. -0l . -.05 +.01
13 19 —-.07 —.06 +.02
20 26. +.07 —.06 +.01
27 May 3. +.00 —.06 .03
May 4 10. -0 -.12 4.02
1 17. —.05 —.09 +.02
18 24. ~.04 -, +.01
25 31 —-.03 -—. +.01
June 1 7- —.03 ~-. +.01
8 14 -0 - -.01
15 21. -.02 -.03
22 28. - —.05
29 July 5.
July 6 12,
13 19.
20 26.
27 Aug. 2. 185 L
Aug. 3 9. 186 ______ __ . LTI Tl
10 (S F 1 A
17 23, 188 o ol
24 3. 139 ______ 0ottt Tl

31 Sept. 6.
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for standard-week periods—Continued

Precipitation (inches) Average weekly values of—
Rain gages Air Water temperature (° F)  Relative Solar  Pan evaporation
temperature humidity radiation (inches)
1 2 3 (°F) Gagel (Gage3 Well (percent) (g-cal cm—2>——————
T-1 day-) Panl Pan2
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TaBLE 8.—Water and meieorological data

Standard week Total streamflow Changes in water level (feet)
(acre-feet)
Period
Transpiration wells Observation wells
Start End Gage Gage Gage
1 2 3 1 2 3 1 2 3
1961—Con.
Sept. 7 13.
14 20.
21 27.
28 Oct. 4. A
Oct. 6 11, .
12 18_ .
19 25. .
26 Nov. 1. .
Nov. 2 8. .
9 15. .00
16 22_ +.01
23 29. —.01
30 Dec 6. .00
Dec. 7 13. +.03
14 20. —.02
21 27. -.03
28 Jan. 3. .00
1962
Jan. 4 10- X . B 1) U
11 17 . . . +0.01
18 24. +.04
26 31 ~.03
Feb. 1 7. —.06
8 14 +.06
15 21 ~.01
22 28. —.11
Mar. 1 7. —-.01
8 14 +.09
15 21_ .09
22 28. .03
29 Apr. 4. .06
Apr. 5 11 .10
12 18 .30
19 25. +.02
26 May 2. +.30
May 3 9. +.08
10 16. 01
17 23_ 01
24 30. 00
31 June 6. 00
June 7 13. 02
14 20. 02
21 27. 07
28 July 4. 07
July 5 11, 10
12 18 10
19 25. 08
26 Aug. 1. .07
Aug. 2 8
15_
16 22.
23 29.
30 Sept. 5.
Sept. 6 12_
19.
20 26.
27 Oct. 3.
Oct. 4 10_
11 17.
18 24_
25 31.
Nov. 1 7.
14,
15 21,
22 28_
29 Dec -
Dec. 6 12_
13 19
20 26.

27 Jan. 2.
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for standard-week periods—Continued

Precipitation (inches) Average weekly values 6f—
Rain gages Air Water temperature (° F) Relative Solar  Pan evaporation
temperature humidity radiation (inches
1 2 3 (°F) Gagel Gage3d Well (percent) (g-cal em™
T-1 day-) Panl Pan2

LI I R B B S T
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TABLE 8.—Water and meteorological data
Standard week Total streamflow Changes in water level (feet)
(acre-feet)
Period
Transpiration wells Observation wells
Start End Gage Gage Gage
1 2 3 1 2 3 1 2 3
1963
Jan. 3 9.
10 16.
17 23.
24 30.
31 Feb. 6.
Feb. 7 13.
14 20_
21 27,
28 Mar. 6.
Mar. 7 13.
14 20.
21 27.
28 Apr. 3.
Apr. 4 10.
11 17
18 24
25 May 1.
May 2 8
9 15_
16 22.
23 29_
30 June 5.
June 6 12.
13 19.
20 26.
27 July 3.
July 4 10.
11 17,
18 24
25 31.
Aug, 1 7.
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for standard-week periods—Continued

Precipitation (inches) Average weekly values of—
Rain gages Air ‘Water temperature (° F) Relative Solar  Pan evaporation
1—————3—~ tem}()oeratum humidity radiation (inches)
2

F) Gagel Gage3d Well (percent) (g-cal cm—2———————
T-1 day")) Panl Pan2
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1959

GAGE 1

TABLE 9.—Mean daily flow,
Mar. Apr. May June

RIPARIAN VEGETATION, COTTONWOOD WASH, ARIZONA
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Day
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BASIC DATA
1961

GAGE 1—Continued
May June

TABLE 9.—Mean daily flow, in acre-feet— Continued
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50  RIPARIAN VEGETATION, COTTONWOOD WASH, ARIZONA

TABLE 9.~Mean daily flow, in acre-feel—Continued
GAGE 1==Continued

Day Jan. Feb. Mar., Apr. May June July Aug. Sept. Oct, Nov. Dee,

1063
.10 . 88
.10 .90
, 04 .82
.10 .86
.10 .88
, 06 .96
102 ......
.98 .
.96 .
, 04
.10
. 10
. 06
, 04
. 04
.96 . 89
.90 . 83
.86 .81
. 84 .47
. 79 .43
17 .43
78 .46
7 .81
.80 .81
.82 .43
.82 81
7 .38
. 79 41
.82 .
82 ...
GAGE 2
1089
18 74 142 B0 L&t
a4 .60 188 .42 127
46 62 115 .34 138
54 .89 109 27 131
34 .80 L07 .09 127
a8 .89 .05 09 1.4
18 .89 84 .07 1.89
14 .39 01 19 1,43
22 .86 .01 8l 143
22 .88 97 43 143
14 .89 108 .80 143
04 .89 1,07 .88 1,82
98 .89 97 .85 lLel
08 .81 1.08 .88 171
08 .81 .88 .88 1.80
08 .26 103 .58 1.90
08 21 L7 .86 1.90
95 1.48 111 188 190
82 107 .88 1.82
.18 . 78 B8 .86 170
. 26 .70 108 .88 L74
.14 81 Lo7 .86 1.67
.18 .19 108 .88 174
. 14 .08 108 185 174
.14 .08 lLe8 L88 1.89
. 14 21 L8 88 1.81
.92 .27 108 .86 1.4
.89 .81 109 88 1.43
89 .19 1,36 .85 148
.87 2 L& .60 1.58
8l ... .87 Y
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BASIC DATA

TaBLE 9.—Mean daily flow, in acre-feet—Continued

GAGE 2—Continued

Dec.

July Aug. Sept. Oct. Nov.

Apr. May June

Jan. Feb. Mar.

Day

1960
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TABLE 9.—Mean daily flow, in acre-feet—Continued

GAGE 2—Continued
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BASIC DATA

TaBLE 9.—Mean daily flow, in acre-feet—Continued

GAGE 3
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GAGE 3—Continued
May June

TABLE 9.—Mean daily flow, in acre-feet—Continued
Mar. Apr.

RIPARIAN VEGETATION, COTTONWOOD WASH, ARIZONA
Feb.

Jan.

Day
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BASIC DATA 55

TaApLE 9.—Mean datly flow, in acre-feet~=Continued
GAGE 3—=Continued
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TABLE 10.—Mean daily water levels fdeﬂ; recorder charis, in feet below land-surface
atum
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RIPARIAN VEGETATION, COTTONWOOD WASH, ARIZONA
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TABLE 10.—Mean daily water levels from recorder charts, in feet below land-surface
datum—Continued
TRANSPIRATION WELL T-1—Continued
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TABLE 10.—Mean daiy water levels from recorder charts, in feet below land-surface
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BASIC DATA

datum—Continued
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TRANSPIRATION WELL T-1—Continued
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58 RIPARIAN VEGETATION, COTTONWOOD WASH, ARIZONA

TasrE 10.—Mean datly water levels from recorder charts, in feet below land-surface
datum—Continued
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BASIC DATA
TABLE 10.—Mean daily water levels from recorder charts, in feet below land-surface

datum—Continued
TRANSPIRATION WELL T-2—Continued
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RIPARIAN VEGETATION, COTTONWOOD WASH, ARIZONA
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datum—Continued

TaBLE 10.—Mean daily water levels from recorder charts, in feet below land-surface
TRANSPIRATION WELL T-2—Continued
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BASIC DATA

datum—Continued

TaBLE 10..—Mean daily water levels from recorder charts, in feet below land-surface
TRANSPIRATION WELL T-3—Continued

Jan. Feb. Mar. Apr. May June

Day

60

19

RRSRRNITRER

o

1961

) I




RIPARIAN VEGETATION, COTTONWOOD WASH, ARIZONA

62

datum—Continued
TRANSPIRATION WELL T-3—Continued

TaBLE 10.—Mean daily water levels from recorder charts, in feet below land-surface

Nov. Deec.

Oct.

July Aug. Sept.

Jan, Feb. Mar. Apr. May June

Day

1962

Vo
WWMIMIMD 1 ¢ 4 1 L U b
P e e e T T S O R R S T S B S
...... T S R R R T R T R
L G L R I I B A R R
R T R R R

R R T R R A A

T

L T T T R T R ]

I T R A

HE A A A A T A

T R T B A S

L T S e e T B

o b
[T T 1)
[ AR R
oo ededed
[
Ve

[ T T S T ]
Voo
[ I N T R A
I I R A S
[ T A R T B
F R T B T

S8888BBBB 1]
......... . [
P Ty D o o A T A B
A
A
o t t OO memaicdaaaaasy
P BRES33885888888
vy clcirdededciededededodededed
R
) 0e00000000000002
o rcicddciddddaddddcdNaa
v
DD DD AN Vo
BOBBOIEBD + 1 1 1
..... R
cicicicicicioicicd ;1 1
.

gEssEseszasssessassss

cdacddacddaddaddacddcdccood

) S

' "%aosoaaoﬁmm

Socooo

4
Vg ededesededoded
i
i

- — IO Y
3828855 e

tededed eded eded od
;
o coo
BIRBBB DB

A0 MDA D MY AT
B8LS833338S

U.S. GOVERNMENT PRINTING OFFICE : 1968—0-276-611



