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ABSTRACT

Predicting the rate of water movement above a water table
is a crucial problem in hazardous and radioactive waste
disposal, in the design of dams, and in the irrigation and
drainage of agricultural land. Hydraulic conductivity, the
key soil characteristic"governing the rate of water movement,
was determined in the laboratory, using two different
permeameter techniques, and in the field, using a constant
head borehole infiltration test.

Hydraulic conductivity was measured in the lab on PF ring
(100cc) soil samples and compared to hydraulic conductivity
measurements of Shelby tube samples with the use of a newly
designed multiple manometer Shelby tube permeameter., In this
limited study, the PF ring samples gave generally higher
hydraulic conductivity values, about 2.5x, than those obtained
from the larger Shelby tube samples.

A long duration (8 day), shallow water table condition,
constant head borehole infiltration test exhibited sensitivity

-to infiltration water temperature and chemistry. Infiltration
rate from the borehole was also sensitive to water table
position beneath the borehole. This water table elevation was
controlled with the use of a 4-point well field centered on
the borehole.

Measured hydraulic conductivitybvalues from the borehole
test were found to be in the range of ve{tical Ks values

measured in the laboratory.
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NOMENCLATURE
Depth Below Landsurface (L)
Depth of Water in Borehole (L)
Hydraulic Gfadient (Dimensionless)
Saturated Hydraulic Conductivity (L/T)
Infiltration Rate (L3 /T)
Radius of Borehole (L)
Radial Distance From the Borehole Axis (L)

Distance From the Water Level in the Borehole
to the Water Table (L)

Volumetric Moisture Content (Dimensionless)



INTRODUCTION

Within the last decade, hydrolodists have realized the
importance of the vadose zone for determining rates of
recharge and pollutant migration from the land surface to an
aquifer. There is considerable interest in developing methods
to measure hydraulic properties of the unsaturated zone. One
of the most important parameters describing the vadose zone is
its saturated hydraulic conductivity, Ks, i.e., its ability to
transmit fluids. i

There are two approaches to quantifying this property.
First is to obtain samples, preferably undisturbed, from the
field and upon returning them to a soils lab, perform various
permeameter experiments to determine saturated hydraulic
conductivity. One commonly used method of sample acquisition
is via the PF ring, a small 2.5 cm radius by 5.1 cm length
cylindrical container. This unit is pushed into a soil zone
and upon retrieval, removes an "undisturbed", lOO cc volume of
soil, when full. This open ended container of soil can then
be used in conjunction with an apparatus such as an
Eijkelkamp multi-sample permeameter to determine saturated

hydraulic conductivity.

Another technique to obtain an undisturbed soil sample
for hydraulic conductivity measurements is with a shelby tube.
A shelby tube is a long, 61 to 91 cm, thin-walled metal
cylinder of radius 4.9 cm. This device is also used to

retrieve undisturbed samples from a soil zone but its use
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differs from a PF ring in that a drilling rig is usually.
required to push and retrieve it. Because of its larger size,
when compared to a PF ring sample, a soil sample contained in
a shelby tube might provide a more representative sample for
determining Ks. One objective of this report, therefore, will
be to provide a comparison of the standard PF ring method of
measuring saturated hydraulic conductivity with a newly
devised and constructed, multi-sample, shelby tube
permeameter.,

The second approach to quantifying saturated hydraulic
conductivity is a direct measurement technique performed
in-situ at a field site location. There are numerous field
technigques to measure saturated conductivity (Bower, 1978;
Hillel, 1980). One especially useful technique is called the
constant head borehole infiltration test by Stephens (1979)
and the well permeameter method by the USBR (1974). This
technique has the advantage of being useful at any zone depth,
a major drawback of most other methoas. The method involves
measuring the rate at which water flows outward from a cased
or uncased well bore under constant head. Its popular use in
the past has been for the estimation of canal seepage prior to
construction for predetermining the need-ggr canal lining.

But now with the importance of vadose zone characterization in
conjunction with hazardous waste disposal programs, the well
permeameter method,. or borehole method for short, is well
suited for extensive field use.

Figure 1 depicts 3 possible borehole cases to measure
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saturated hydraulic conductivity, Ks, (USBR, 1974). All three
cases shown involve a borehole of effective radius, r, in
which a constant head of water, H, is maintained and outflow
from this borehole, Q is measured by the amount of waﬁer
necessary to maintain H constant. Please note here that in
all cases, H should be 10r or greater, according to USBR
(1974) . The difference between the 3 boreholes shown is the
parameter Tu, (L), which is the distance from the water level
in the borehole to the first water table or impervious strata.
The value of Tu designates 3 possible borehole conditions.
Condition I is recognized when the value of Tu > 3H. This is
referred to as a deep water table condition. Condition II,
the shallow water table condition, applies when H < Tu < 3H.
And condition III occurs when the value Tu < H. The present
report is limited to condition II.

Figure 2 (USBR, 1974) shows 3 equations applicable to the
solutions of Ks for a borehole test with the equation
numbers pertéining to the borehole conditions just described.
All three equations calculate Ks adjusted to 20° C
through a viscosity correction term'(uT/uzo). The value
525,600 is a conversion factor to compute Ks in units of
feet per year.

The concept used to derive the steady state‘solutions‘is.
that water infiltrating from the borehole into the soil flows
radially and downward in response to pressure and gravity
gradients (figure 3). The flow region is fully saturated and

is confined within an envelope known as "free surface". The
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latter is a streamline across which no flow can take place and
an isobar along which the pressure is everywhere atmosphefic.
The soil outside the free surface envelope is dry and is not
considered to be part of the flow region.

Within the last five years, extensive research has been
carried out to better describe the flow processes occurring
during a borehole test and more accurately measure Ks
. (Stephens, 1979; Stephens et al., 1982, Stephens and Neuman,
1982pb; Stephens et al., 1983; Reynolds, Elrick and Topp, 1983;
Lambert, 1983; Watson, 1983).

Stephens and Neuman (1982b) used numerical simulations of
the constant head borehole infiltration problem which included
both saturated and unsaturated flow. Their
saturated-unsaturated simulations showed that at steady state,
the zone of saturation is limited to a relatively small region
surrounding the borehole, outside of which unsaturated flow
occurred. This is in sharp contrast to the free surface flow
concept in which the entire flow region is assumed to be
saturated and bounded by a zero gauge pressure surface. The
size of the flow region depends on the magnitude of the
capillary effect which is usually large in fine textured soils
and small in coarse textured soils. More important perhaps is
the conclusion that for tests in homogeneous isotropic soils,.
existing analytical solutions may overestimate Ks by more than
160% in fine textured soils when the height of water in the
borehole is small. When the height of water is large and the

soil texture is coarse,‘'existing analytical solutions may
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underestiﬁate Ks by more than 35%. The value of Ks was also
found to by dependent on initial soil moisture conditions or
recharge rate. Contrary to what is indicated by existing
analytical solutions, Stephens (1979) and Stephens and Neuman
(1982b) concluded that in homogeneous isotropic soils a unique
relationship does not exist between Ks, borehole factors, and
steady flow rate. They also showed that existing solutions
may lead to errors of more than a few hundred éercent from
tests in heterogeneous and anisotropic soils.

Stephens et al. (1983) conducted extensive field and
laboratory research. They executed 27 borehole infiltration
tests of deep water table conditions, in a relatively
homogeneous and isotropic sandy soil, using various H and r
geometries. In these tests instrumentation was installed
around the borehole to map out the flow field. They concluded
that soil-water instrumentation surrounding a borehole
indicated that the free surface concept of the flow field is
inappropriate. Water flowing from the borehole passes through
a saturated envelope which is fixed around the borehole and
then through unsaturated soil. This same result was predicted
by Stephens and Neuman (1982b) numerical solutions using
saturated-unsaturated flow models.

Stephens et al. (1983) also found that entrapped air
occurs in both field and laboratory permeameters. Carbon
dioxide injection into soil prior to water infiltration is a
~practical means to reduce trapped air. Carbon dioxide

treatment may increase calculated hydraulic conductivities by
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about two to more than three-fold. They found that hydraulic
conductivity from borehole infiltration tests is a dynamic
characteristic of the soil which is sensitive to test
procedures.

Stephens et al. (1983) concluded that soil-water
temperature varied considerably due to changes in the
temperature of the water supply. Diurnal temperature
increases and decreases generally corresponded to respective
decreases and increases in infiltration rate, even after
correcting for viscosity.

Attempts thus far to develop new solutions for Ks from a
borehole test, which account for capillarity, have been
limited to deep water table conditions (Stephens et al. 1983).
These have been found to give favorable results. On the other
hand, there have been no field experiments pertaining to
Condition II, although this condition was studied by Stephens
(1979) using numerical simulation. He found that for fine
textured soils, Ks computed using the USBR analytical solution
for shallow water table cases will probably be 30 to 100%
greater than the true value for a homogeneous, isotropic soil.
The derivation of equation II, figure 2 is not locatable.
Internal notes suggest (Warren, 1979, personal communication)
that equation I, (figure 2) is a precise solution for the
steady state flow from a well into an infinite unsaturated
medium and equations II and III (figure 2) are empirical
modifications of equation I to compensate for changes in

boundary and flow conditions in the vicinity of the well.
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In light of the uncertainties of equation II (figure 2), a
second objective of this investigation is to evaluate the
reliability of the shallow water table solution using field
experiments. One parameter in equation II to be examined is
- the value Tu which can be controlled by lowering a water table
during a borehole test. Secondly, the value of Ks determined
through borehole testing can be compared to values of Ks
obtained in a soils laboratory utilizing field obtained
undisturbed samples.

In addition, the role of water chemistry as used for

borehole testing has been ignored in previous investigations.

In summary then, the objectives of this paper are to:

1) Compare values of Ks obtained from both PF ring and

shelby tube sampling techniques.

2) Compare laboratory determined values of Ks with
values measured insitu using recently developed

procedures for the borehole method.

3) Evaluate the role of water chemistry used for Ks
measurements in a soil media in both laboratory and

field conditions.
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SITE DESCRIPTION

Field work for this report was completed on the domestic
property of Mr. and Mrs. L. Baudoin located on the eastern
edge of the city of Socorro, Socorro County, New Mexico
(figure 4). The property is situated on the Rio Grande
floodplain approximately 1 km west of the main river channel.
This site was chosen primarily because of its shallow depth to
groundwater, about 2 m, its close proximity to New Mexico Tech
and its high security afforded by the property owners living
on site.

Figure 5 shows the relation of the borehole site to the

northeast property line. |

HYDRAULIC PROPERTIES

Because this site had not been previously investigated, a
preliminary site characterization was required. The
characterization included analyses to determine particle size
distribution, soil moisture characteristic properties and
saturated hydraulic conductivities. Twelve PF ring soil
samples for laboratory analysis weré’taken.from the field
site. The radial distance, R, of the sample was measured from
the center axis of the borehole reference location and sample
depth, D, was measured below landsurface. This landsurface
datuﬁ was established early in the field investigation and
then made permanent by marking a refereqce point on the
borehole casing. Nine of the PF samples were taken from R= 30

cm in a 2.5 cm radius hole, used subsequently for a neutron
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access tube. Three additional samples were taken from R= 60

cm in another hole to be used for a neutron access tube.

Particle Size Distribution

Stainless steel 100 cc PF rings were used to extract the
samples that were analyzed for grain size distribution and
soil classification.

Upon returning to the lab the ring samples were
immediately weighed. After the samples were utilized for other
saturated analysis, the specimens were oven dried to determine
dry bulk density and field moisture contents. The procedures
used to carry out the complete mechanical analysis are
described by Black et al.(1965). Specifically, after oven
drying each sample for a minimum time of 48 hours at 105° ¢
samples were removed from the rings and gently disaggregated
with mortar and pestle. 1Inasmuch as the soil was suspected of
containing soluble material as cement and matrix, a procedure
as outlined by Day (1965) was implemented to attempt to remove
this material. The procedure utilized approximately 125 grams
of soil sample that was placed in a beaker and weighed. Then
enough distilled water was added to provide about 600 ml qf
solution. To this first flushing, approximately 4 ml of 0.1 N
HCl1 was added. The contents were stirred and left to settle;
excess water with salts in solution were then drawn off using
a vacuum pump ana filter candle apparatus.as depicted in Black
(1965 p. 551). Successive additions of water, settling and

drawing off of materials in solution was carried out without
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the addition of the small amount of 0.1 N HCl. This initial
acid treatment was executed in the hope of speeding up the
dissolution process. At least 350 ml of water with dissolved
material was removed from all samples. As much as 950 ml of
water was added and removed from samples whose settling times
were the gquickest, on the order of 8 hours. After a cogple of
days of this procedure, as much water was removed as possible
using vacuum and filtering. The samples were then oven dried
and weighed to measure relative amounts of materials removed
in solution. After this process, it was necessary to remove
organics, such as roots, that were evident in all samples. An
initial screening and physical removal with tweezers was
implemented where possible, followed by an addition of 35%
H,0, to the dried soil in a beaker. Individual dry sample
weilghts used in this process averaged 68 grams. Due to the
violent reactions of the individual samples to the H202' it
was felt the treatment was important, but due to the extreme
cost of the treatment, sample weights treated were minimized.
Approximately 250 ml of H202 was reacted with each soil
sample. Table 1 indicates the relative effects of both the
salt dissolution treatment and the hydrogen peroxide
application. As seen in Table 1, the distilled water had the
greatest effects when used in the largest quantities and

the percent loss seems nearly proportional to volumes of H,0
The samples most affected also turned out to have the smallest
average grain size. This may indicate that the greater

reaction occurred due to the larger specific surface or



Sample

Radius

(cm)

60
60
60
30
30
30
30
30
30
30
30

30

na: not available

Sample

Depth

(cm)

112.5
121.0
129.5
143.5
159.5
166.5
175.5
182.5
189.5
197.5
203.5

(16)

Wt. Loss
to
dissolutio:

(3 of dry wi!

6.8
0.0
-8.1

1.5

EFFECTS OF SALT DISSOgggggNlAND H,0, TREATMENT ON
SOIL SAMPLES FOR HYDROMETE% KNALYSIS
Distilled H20 Wt. Loss H202
Flushed to Applied
dissolution
(ml) (3 of dry wt) (ml)
- 900 2.5 250
900 3.0 250
900 3.1 250
350 1.2 250
350 1.5 250
350 1.5 250
950 1.7 250
350 1.6 250
350 2.0 250
350 1.9 250
350 1.8 250
0 0.0 250

218.5
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different mineralogy of the finer materials. The correct,
most precise method to reach total salt dissolution would be
to dry the soil sample after each beaker volume flushed until
which time no additional weight loss is recorded. But it is
believed that a procedure of this extent is not practical
within the scope of this project.

The H,0, treatment in Table 1 produced varied
results. The calculated loss to the sample from 129.51 cm
depth is possibly in error as no other samples show increases
in weight. Possibly an error in a scale reading is to blame.
Losses on the order of one or two percent are believed to be
insignificant for characterizing particle size; and due to the
high cost, H,0, treatment is not recommended for other
analyses at this site. The approximate H202 treatment cost
per sample was $6.50.

Following extensive pretreatments, the samples were
analyzed for the fine fraction using hydrometer techniques and
the coarse fraction using standard sieves. Table 2 provides
the results of the complete mechanical analysis on the PF ring
soil samples. Parameters in Table 2 include mean grain size
(dSO)' Curvature Coefficient (Cc), Uniformity Coefficient
(Cu), porosity (n), dry bulk density ( o b) » Sample particle
density ( p 4), field moisture content ( 65 ), and soil
description from the USDA soil texture triangle. Particle
densities were carried out on pretreateq samples  (flushing
and HZOZ) using the pycnometer technigue. Porosity was

calculated using the bulk density/particle density relationship.
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And field moisture content was calculated using the difference
between field sample weight and dry sample weight over the
measured field sample volume.

Comparing the values of porosity and volumetric field
moisture contents for samples from depths 182.5, 189.5, 197.5
and 218.5 cm a discrepancy appears evident. This point will

be addressed more thoroughly in the next section.

Soil Moisture Characteristics

The volumetric water content-pressure head relationship,
¥-0 , for the PF ring samples was determined in the
laboratory. The wide range of pressure head values covered
necessitated using hanging column methods, 2-bar volumetric
pressure plate extractors and a l5-bar ceramic plate
extractor. The precise detailed procedures followed for the
soil-moisture characteristics are acutely detailed by Larson
(1984), with the only change being that the hanging column
annulus dewatering was executed with the gentle use of a
vacuum pump and suction flask.

Figures 6 through 9 illustrate the soil moisture
characteristics for the 12 PF ring samples. Figure 6
illustrates the large water holding capacity of an
approximately 31 cm thick clay layer from 99 cm to 130 cm in
depth. Upon drying from zero to 15 bars, a minimum amount of

sample shrinkage occurred: 2% for the 112.5 cm depth sample,

2% for the 121.0 cm depth, and 4% for the 129.5 cm depth. By
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comparison, after oven drying the samples subjected to the 15
bars of pressure, shrinkages of 9%, 14% and 10% respectively
were recorded at the 112.5, 121, and the 129.5 cm depths
respectively. Only the 112.5 cm sample agrees in porosity
with that reported in Table 2. The clay sample from 121.0 cm
shows a higher saturated moisture content using the hanging
column and pressure plate apparatuses than reported in Table
2. The increase is about 0.06 cm3/cm3. The sample from 129.5
cm depth shows a difference of about 0.14 cm3/cm3 between the
desorption methods and Table 2. The reason for this is not
clearly understood but it is believed to be possibly due to
the shrinking/swelling nature of these clays. The saturated
moisture contents calculated from the desorption techniques
occur under saturated conditions when the sample had the
largest volume and possibly the largest void space. Another
possibility is the low values of particle density used in
Table 2. It is felt that additional research would be called
for to gain a better understanding of this zone's
characteristics. Figures 7 and 8 show drying curves for
samples 30 cm adjacent to the zone to be examined in the
borehole test. From figures 7 and 8, the more gradual slopes
of the Y¥-0 curves with depth indicate that the soil texture
may become finer with depth.

Figure 9 shows the hysteresis involved between the drying
and wetting processes using the hangingxcolumn apparatus.
This relationship was obtained for only 1 of the 12 PF ring

samples, as the nature of the sand sample permitted maximum
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dewatering within the -200 cm pressure head range of the
hanging column device.

Table 3 was compiled for comparative purposes of porosity
n, field volumetric moisture content O ,calculated saturated
moisture content,9g , and percent saturation, S. Field
weights of the three clay zone samples (60 cm radius) were
lost, unfortunately. A comparison of fiel@ volumetric water
contents,0p , to calculated saturated moisture contents,eg ,
shows that with increasing depth, the saturation value of
0p/0g approximates 100%, as would be expected as the sample
depth approaches the water table. But when a comparison is
made between porosity (from bulk density) and saturated
moisture contents, 8 out of 12 values of porosity are low with
3 samples in agreement and one value of 44.5 (203.5 cm) is
greater than og. Due to the reasonable agreement betweenAeF
and 0g values, a high confidence level is placed on the values
of 9g. The values of porosity n were calculated from the
difference of 1 minus the ratio of bulk density to particle
density. The porosity values would be lessened for values of
bulk density that are too high and/or values of particle
density that are too low. Although it is felt that a good
pretreatment procedure was performed, and pycnometer methods
were strictly adhered to, the values of sample particle
density are possibily in error. A commonly used particle
density for soils of this type would be 2.6 g/cc which
suggests that the pycnometer values are too low. As the

samples involved are loams with high moisture contents,
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TABLE 3

COMPARISON OF POROSITY, FIELD MOISTURE CONTENT, SATURATED
MOISTURE CONTENT, AND PERCENT SATURATION

Radius
(cm)

60
60
60
30
30
30
30
30
30
30
30
30

Depth n ]
(cm) (%) ()
112.5 40.9 na
121.0 44.6 . na
129.5 42.4 na
143.5 34.7 20.4
159.5 34.9 24.9
166.5 37.2 28.9
175.5 39.9 36.9
182.5 39.4 41.7
189.5 38.5 42.0
197.5 42.2 45.9
203.5 .  44.5 42.7
218.5 36.3 41.4

porosity from dry bulk density
field moisture content
maximum water content from o-y curve

-

not available

0
S
(%)
40.1
51.5

55.7

42.7
45.8
41.6

4l.3

S
(0 Fos)
na

na

1.00
1.03

1.00
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another possibility might be that the bulk densities measured
from the field are too high. This effect could have resulted
from the PF ring sampling technique. The friction encountered
when pushing the sampling device into the wet sticky soil
could cause compaction that would provide higher bulk
densities than field conditions. Therefore wet up values of
saturated volumetric moisture contents are believed to be

closer to the actual porosity values.

Saturated Hydraulic Conductivity

Saturated hydraulic conductivities were measured at five
radial distances from the borehole and at depths ranging from
16 cm to 275 cm. Two modes of sampling were utilized: PF ring
samples and shelby tube samples. Two separate sampling
techniques were used to test the hypothesis that, relativeiy
small samples which have larger ratios of ring wall
circumference to sample area (e.g., PF rings), tend to
produce comparatively 'greater' values of saturated hydraulic
conductivities than larger samples, such as those in shelby

tubes, due to wall effects (piping).’

Shelby Tube Method

The first experiments for determining saturated hydraulic
conductivities were carried out using samples collected from
three locations relative to the borehole (figure 5). These
three positions were chosen to quantify saturated hydraulic

conductivity profiles with depth to delineate possible
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layering which would be taken into consideration in analyzing
the borehole test results. From figure 5, the profile
locations are designated N (north), W (west), and S (south).
Three shelby tube samples from each location were recovered
utilizing the Mobile Drill B-30 drill rig of New Mexico Tech.
For reference purposes, shelby tube samples analyzed will be
numbered 1 through 9; samples 1, 2, 3 were collected from
increasing depths in the north hole, samples 4, 5, 6 were
taken from increasing depths in the south hole and samples 7,
8, and 9 were collected from increasing deéths from the west
hole.

Figure 10 shows the constant head permeameter,
constructed specifically for this project, which utilizes
shelby tube samples to provide up to six hydraulic
- conductivity values from each tube sample. The permeameter
has a capability of handling six shelby tube samples at a time
with a maximum head of water of about 2 meters at the top of
each shelby tube and a minimum head of about 0.1 meter.

Figure 11 illustrates a multiple manometered shelby tube
sample for acquiring six values of Ks from segments of sample
within the tube.

Calculations follow Darcy's law:

Q = - KA dH/AL @

Ki = (Q/A) (dLi/~-dHi) i=1,6 (é)
where Ki is the interval saturated hydrgulic conductivity in
cm/sec; Q is the discharge from the bottom of the sample in

cm3/sec; A is the cross-sectional sample area which was
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Figure 10. %Multiple Manometer Shelby Tube Permeaméteri
{ S
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’

constant at\41.88 cm?2/ for these tube samples; dLi is the

sample length in cm between the top of sample and first
manometer, successive manometers, and the last manometer and
sample bottom; —-dHi is the difference in elevation between
fluid levels measured on the manometer tube board between the
applied head level and the first manometer water level,
successive manometer water levels, and the last manometer
water level and the elevation of the sample bottom.

An analysis of measurement error in Ks reveals that Ks
values shown in.figures 12-20 may vary by +/- 10%.

Shelby tube samples obtained in the field were logged for
length of sample retrieved and length of void space (hole)
 left after rétraction, to look at possible sample compaction
(Riggs, 1983). Seven of nine samples taken gave near 100%
sample-length to length-pushed ratios. Only the eighth sample
retrieved from the west profile, between 135-187 cm depth
proved not obtainable using standard shelby tube sampling
methods. For this sample the strength of the soil was greater
than the skin friction between the soil and sampler; thus the
sample could not be retrieved by pulling. Finally, after 12
attempts at this zone, a hand dug pit was excavated next to
and below the shelby tube, and the bottom of the sample was
cut off with a spatula so that the full sample length could be
retrieved.

The end of each sample was then taped and the samples
were carefully transported to the soils lab. At the lab,

shelby tube samples were equipped with manometers and given
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special inflow and outflow fittings. Complete details of the
shelby tube preparations for the pérmeameter are listed in
appendix A. With the shelby tubes ready for inflow, an
initial CO, flooding was applied in order to minimize the
effect of entrapped air by displacing soil air with the more
water soluble CO, (Lambert, 1983). Table 4 provides volumes
of C02 used to flood each shelby tube sample. Flooding rates
varied with the gas permeability of the sample. Pressures
were kept below about 2 psi and flooding rates varied from 100
ml/min to 2 1/m.. After CO, application, water was slowly
applied to the top of the sample until ponding in the inflow
fitting occurred; at this time a head of about 30-40 cm was
applied.

As with any water permeameter system there is concern
over changes in the water quality with time. Factors
affecting water quality include bacteria growth,
precipitation, or ion exchange reactions. To best simulate
field permeabilities, all water used in the shelby tube
permeameter was recirculated groundwater, pumped from the
shallow aquifer at the site; this water was used for borehole
tests in the field.

Table 5 gives the chemistry of the field ground water.
Past permeameter experience and the anticipation of long
measurement periods with the new permeameter apparatus,
dictated the addition of a minute amount (20-30 cc) of Chlorox
bleach to the 42 liter recirculating water system. After a

short period of circulating time, an accumulation of tan and
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TABLE 4

VOLUMES OF CO, APPLIED TO SHELBY TUBE SAMPLES
BEFORE“PERMEABILITY MEASUREMENTS

Shelby Tube CC0, Applied
Sample (iiters)
1 ' 112
2 59
3 316
4 130
5 126
6 54
7 120
8 80
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TABLE 5
CHEMICAL ANALYSIS OF FIELD GROUNDWATER AND FIELD TAP WATER

Site Groundwater Site Tap Water
2/20/84 6 /22/84

pH 7.39 7.60
CO3;  (ppm) - 0.0 0.0
HCO3 (ppm) 700. 205.

Cl (ppm) 120. 19.
SO4 (ppm) 360. 108.
NO;  (ppm) 2.2 2.3

F (ppm) <0.2 0.5
Na (ppm) - 185. 44,

K (ppm) 15.0 2.6
Mg (ppm) 30. ' 7.8
Ca (ppm) 215. 55.

Mn (ppm) * 3.2 * <0.5
Fe (ppm) * 1,74 * <0.5
Conductivity (pmhos) 1780. 460.
TDS (ppm) 1286. ‘ 342.
Hardness (ppm CaCO3 ) 661. 169.

*: These values determined on 5/21/84

Analysis performed by the New Mexico Bureau of Mines

and Mineral Resources.

N
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white material accumulated on some metallic fittings within
the water system. Dr. Tom Lynch, N.M.T. Biology Department,
suggested that the tan material could possibly be a fungus
growth, due to the extensive use of tygon plastic tubing in
the system. At his suggestion, a 0.05% solution benzalkonium
chloride was added to the permeating water to minimize fungus
growth., During this water treatment, shelby tubes 1 and 2
were being measured for Ks.

When shelby tubes 3 through 6 were measured, it was
realized that the Chlorox produced a chemical reaction which
caused an oxidation and precipitation of an apparent iron
oxide; so, this treatment was stopped. Upon visual
examination of samples 1 and 2 it was also apparent that the
insides of the steel shelby tubes were oxidizing profusely,
due to the metal contact to the field water. Precautions
taken on samples 3-6 to prevent this shelby tube rusting were
as follows: the permeameter system was shut down and the
inflow fittings from tubes 3-6 were removed. The inside of
the shelby tubes, above the contained samples, were cleaned of
rust and coated with a clear polyurethane coating that was
obtained from é local hardware store. Also all metallic parts
having water contact in the permeameter were coated. The
permeameter was put back into service with samples 3 through 6
and it was observed that the polyurethane coated inside tops
of the shelby tubes resisted rusting duging the water contact.
Also there was no use of the 0.05% benzalkonium chloride

solution, because it was believed that the tan accretions were
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not organic and the treatment was costly. A benzalkonium
chloride treatment for the 42 liter shelby tube permeameter
reservoir costs about $7.50.

Before shelby tube samples 7-9 were collected, the
insides of the shelby tubes, as received from the factory,
were washed in regular grade gasoline to remove ;esidual
machine oil and then thoroughly washed with Alconox detergent
to remove the gas residue. The used tubes were also washed in
this manner, but tubes 7-9 were given a thorough inside
coating of the clear polyurethane. No benzalkonium chloride
or Chlorox was used in the water reservoir for samples 7-9 and
the precipitation was lessened. From this experience , it is
recommended procedure that the insides of the shelby tubes be
thoroughly cleaned and treated with a hard coating, such as a
polyurethane, to prohibit rusting during water contact.

Shelby tubes to be reused for sampling and in the permeameter
should be thoroughly cleaned inside by a drill-powered wire
brush on a long extension and a new coating of rust inhibitor
applied.

The results of the shelby tube permeameter samples will
be presented, then a discussion will follow. Figures 12
through 20 show the change in hydraulic conductivity, Ks, with
time for the nine shelby tube samples. Shown in each figure
are measured Ks valuesrfor different segments within the
shelby tube sample. 1In all shelby tube samples, segment 1
éertains to the sample segment starting at the inflow surface.

The largest sample segment number for any figure will always
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be the segment containing the outflow surface. Also shown in
figures 12 through 20 are the pressure heads applied to the
number 1 sample segment.

Shelby tube 1 (figure 12) contains a clean medium-fine
sand. In this figure, the decreasing Ks with time from 0-76
hours of sample segment 1 suggests that the iron oxide
precipitation plugged only pores in the upper (inflow) part of
the shelby tube sample. This clogging reduced the flow rate
through the sample which resulted in a decrease in manometer
heads of the lower segments. At a time of 76 hours, the
constant head level was raised from 31 to 55 cm above the
sample top. The effect of this head increase was an increase
in Ks in the first sample segment. One possible explanation
for the increased Ks might be a redistribution of the fine
fraction due to greater flow velocities within sample segment
1. Sample segments 2 thr?ugh 6 are apparently unaffected by
the increase in head at the inflow boundary and values of
measured Ks with time are relatively constant. The clogging
of the pore space at the inflow end of the sample in the
shelby tube constant head permeameter may have noc effect on
values of Ks in the lower portions of the shelby tube sample.

Shelby tube sample 2 (figure 13) contains a sandy loam
soil. A head of 31 cm of water was applied at thé inflow end_
of the sample during the first 4 hours; thereafter the head
was maintained constant at 55 cm. However, increases in Ks
for sample segments 4, 5, and 6 at early time is attributed to

manometer equilibration time. The long manometer tubing
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attached to shelby tube samples 1 and 2 were left to f£ill with
water from within the sample after infiltration began; and
shelby sample 2 with the lower composite vertical Ks required
longer for the manometers to equilibrate, owing to a lower
flow rate through the system. The upper sample, segment 1,
shows no greater decline with time than the underlying
segments, even though clogging of the inflow face was
visually observed. Possibly because of the lower flow rate
through the sample, less of the iron oxide precipitation was
transported to the inflow sample face. Figure 13 indicates
that all Ks values in shelby tube sample 2 decrease with time
in contrast to shelby tube sample 1, however the reduction in
Ks is only about 44% of that after 148 hours.

Shelby tube samples 3 (figure 14), 4 (figure 15), 5
(figure 16), and 6 (figure 17) were wetted simultaneously in
the permeameter; therefore a change in elevation of the
constant head applied to the top of one sample affected all
four samples simultaneously. Before infiltration began, all
the manometer tubes from each sample were clamped shut where
the tubes enter the shelby. Then the tubes were filled with
water to a height on the manometer board of a fraction of the
pressure head that was to be applied to the sample top from
‘£he constant head reservoir. After infiltration through the
sample was begun, the clamps were removed from the manometer
tubes. Water from the manometer tubes then flowed into and
through the shelby tube sample until the pressure head inside

the shelby tube manometer was equal to that on the manometer
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tube board. This filling of the manometer tubes or "priming"
before infiltration was to prevent the soil sample frém
washing into the manometer tubes when flow was allowed to fill
the manometer tubes from within the shelby tube system. The
time used for manometer equilibration in figures 14-20 is when
the Ks curve appears to take a steady trend.

In figure 14, the manometers equilibrated within 12
hours. Sample segments 1 and 2 both show similar decreases in
Ks from 12 to 76 hours time that appear to be resultant from
clogging. Sample segments 3, 4, and 5 show relatively stable
~measured Ks values. Of interesting note here is that from 12
to 76 hours time, the bottom manometer (top of the lowest
sample segment) indicated negative pressure head, i.e. the
level in the manometer was several centimeters below the point
where the manometer enters the shelby tube. Because this
"suction" is still believed to be within the capillary fringe
zone, the soil is saturated and Ks should still be valid. To
test this hypothesis, the head was raised at 76 hours from 92
cm to 203 cm to try to put a positive pressure on the bottom
manometer. This head change affected the entire shelby tube
sample, as can be seen in figure 14. The number 1 sample
segment appears to show a step-like increase in measured Ks
after the increase in applied head; while simultaneously,
sample segments 2 and 3 appear to show step-like decreases in
Ks. Sample segment 4 appears to show a;step—like increase in
Ks. The possible explanation for these changes in Ks is the

same as mentioned for shelby tube sample 1. The increase in
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head to the top or first sample segment causes a
redistribution of the fine fraction within the sample segment.
When a decrease in Ks is seen in successive segments, then the
fine fraction may-be deposited beneath the successive
manometer positions. Sample segment 5 in figure 14 shows an
apparent increase in Ks that occurs 7 hours after the increase
in head. This increase in Ks is still believed to be
resultant from the redistribution of soil within the entire
sample. A further analysis in which rapid measurements of
manometer elevations and flow are collected after a change in
the reservoir head is made, might resolve whether this
step-like increase in Ks really occurs.

Shelby tube 4 (figure 15) contains a,médium—fine sand,
similar to shelby tube 1. The manometers of shelby tube
sample 4 equilibrated after 12 hours. During early times,
12-75 hours, due to a decrease in outflow caused by clogging of
the inflow surface, pressure heads at the last two manometers
were several centimeters below where the manometers entered
the shelby tube. The change in head mentioned for shelby tube
sample 3 corresponded to 75 hours of infiltration time for
shelby tube sample 4. From figure 15, sample segment 1
decreases in Ks between 12 hours and 75 hours. After an
increase in head to segment 1, Ks increases and then shows
continued effects of clogging until 171 hours. Sample segment
2 is at a steady Ks from 12 to 75 hoursxafter which a decrease

in Ks again possibly due to a redistribution of the fine
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fraction that may have been transported to sample segment 2

from segment 1. From 12 to 171 hours, sample segments 3, 4,
and 5 are unaffected in Ks values by the change in head. An
interésting result of the head change to shelby sample 4 Was
recorded. The bottom two manometers now registered positive
pressures with negligible changes in Ks; this indicates that
saturated hydraulic conductivity holds within the capillary

fringe zone under negative pressure heads.

Shelby tube sample 5 (figure 16) contains a sandy loam
soil similar to shelby tube 2 (figure 13). Because of the
fine textured material and lower flow through the system, the
manometers take approximately 24 hours to equilibrate. The
effects of clogging are again evident in sample segment 1.
Sémple segment 2 shows a decreasing trend but Ks is only
decreased by 33% in 140 hours. Sample segment 4 in figure 16
never registered a positive pressure at its top manometer.
After manometer equilibration, Ks decreased 60% in 136 hours.
There are no apparent effects of the head change at 74 hours.

Shelby tube sample 6 (figure 17), like shelby tube 3,
extends below the water table and contains a loam in the upper
sample segments. Manometers in this sample have equilibrated
after about 6 hours. From figure 17, all sample segments are
decreasing from 6 to 70 hours. This decrease in Ks, unlike
shelby sample 3 (figure 14), may possibly be due to an ion
exchange leading to the flocculation ofisample colloids.
Response to the change in head is similar to other shelby tube

samples.
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The last group of shelby tube samples to be wetted
together are shelby tube sample 7 (figure 18), shelby tube
sample 8 (figure 19), and shelby tube sample 9 (figure 20).
All three of these shelby tubes were pretreated with a clear
polyurethane in 6rder to minimize the precipitation of
iron-oxide and the clogging of the top sample segment. Even
with this treatment, Ks in the upper-most segment still
decreased with time due to clogging.

Similar to samples from shelby tubes 1 and 4, shelby tube
sample 7, figure 18, contains a medium-fine sand. The
manometers in this shelby tube have equilibrated after 6
hours.

Shelby tube sample 8 (figure 19) is a loam similar to
shelby tube samples 2 and 5. The manometers in this shelby
tube equilibrate after about 20 hours.

Shelby tube sample 9 (figure 20) contains loam in the
upper segments and sand in the bottom segments similar to
shelby tube samples 3 and 6. Manometer equilibration times
are about 3 hours.

The constant head reservoir was increased twice while
samples 7,'8, and 9 were in the permeameter to increase
préssure heads in the manometer tubes. The pressure heads in
the manometer tubes were decreasing with time due to the
clogging of the top sample segments. Figure 18, 19, and 20
show similar”trénds with the other shelpy samples of similar
soils.

On 5/21/84 after the shelby tube investigation was
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completed, a chemical analysis of the field site shallow
ground water used in the shelby tube permeameter showed very
high levels of Fe (1.74 ppm) and Mn (3.2 ppm). It is now
believed that some of the precipitation in the recirculated
shelby tube permeameter water system occurred from oxidation
of these elements due to system water aeration. An
interesting further study would be replicate profile samples
run with tap water to observe clogging trends.

A minimum value of pressure head applied to the top of
the shelby tube sample is recommended. That head value which
will allow the manometers to function properly should be used.
Increases in applied pressure head to the sample top after
infiltration has begun is not recommended as step-like changes
in measured Ks may result.

Additional conclusions from figures 12-20 are that
C02 flooding effectively displaces soil air and allows for
a steady measured value of Ks with time; this is in agreement
with Watson (1983). Although temperature values of
recirculated permeameter water ranged diurnally between 11 and
24 degrees Celcius, no apparent cyclic trends of Ks with time
‘are evident. This temperature independence appears to denote
that shelby tube samples which were rid of soil air by CO2
remained free of accumﬁlated air bubbles which might have come
out of solution with time.

Figure 21 is a cross-section of saturated hydraulic
conductivities from the shelby tube permeameter. These Ks

values were determined from the most steady part of the Ks vs
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time curves before any sample disruption might have occurred
as a result of increased reservoir elevation.

Actual layering trends frdm figure 21 are not easily
discernible but values below the clay zone vary by three
orders of magnitude with the highest Ks values usually closest
to the overlying clay zone. In general, a decrease in Ks with
depth below the clay zéne is shown in figure 21. This
decrease in Ks with depth was also inferred from the 0 - V¥

curves.
PF Ring Method

The twelve PF ring samples that were analyzed for
particle size analyses and soil moisture characteristics were
first subject to measurements of saturated hydraulic
conductivity using a fifteen sample PF ring permeameter
(Eijkelkamp-Giesbeek, the Netherlands). The permeameter
provides the option of utilizing constant head and falling
head techniques on different samples simultaneously. Both
methods were utilized, as will be shown later.

On the date that the samples were acquired from the field
and returned to the soils laboratory, the PF ring permeameter
was in use for other research. To make use of the lag time of
5 days, the samples were prepared for the permeameter by the |
installation of the bottom screen attachment to the ring
bottom and placed into about 2 cm of fiéld ground water within

a 23 cm by 23 cm square aluminum pie pan that had been plastick
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lined to prevent leaks. A small amount of water was added
each day until the level in the pan was at the midpoint of the
samples. The samples were presumed to be saturated by
capillary rise of water. When the permeameter was ready,
samples were carefully emplaced and re-wet up for 16 hours
(overnight) before flow measurements were taken.

Figure 22 shows values of hydraulic conductivity with
time for thé twelve samples. On samples 197.5 cm, 112.5 cm.
121.0 cm, and 129.5 cm, the falling head method of measuring
Ks was employed, inasmuch as these samples had the lowest
conductivities. In the falling head method, the flow rate is
determined by measuring changes in head with time in a
reservoir above the sample having a known cross-sectional
area.

The remaining 8 samples were measured with a constant
head difference across the sample on the order of 2 centimeters.

‘The twelve samples measured showed saturated hydraulic
conductivity values ranging over six orders of magnitude. All
values plotted are corrected to 20 degrees Celcius.

The trends of the Ks with time curves in figure 22 appear
to be related to the relative magnitude of the samples
hydraulic conductivity. The three samples with the highest Ks
values, "approximately 2 x 10™2 cm/sec, showed similar -
trends of decreasing Ks for approximately 113 hours, and then;
an increase in Ks that becomes steady after about 245 hours.

The near steady value after 245 hours is equal to or greater
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than that which was first measured (after about 12 hours).
Decreases in hydraulic conductivity with time have in the past
been attributed to bacterial growth within the sample (Gupta
and Swartzendruber, 1962; Andrews, 1982; Watson, 1983),
whereas increases in Ks at early time have in the past been
attributed to the decreases in the amount of entrapped air in
the pore space (Andrews, 1982; Watson, 1983).v

It is believed that microorganisms, rather than the
purging of entrapped air, play a significant part in the
observed trends for Ks to decrease and then increase with
time. During the measurement period with the PF ring‘
p;rmeameter, a change in the water chemistry of the
recirculating water system was observed. During the first 96
hours, the water system appeared clear and clean. After 96
hours of water circulation through the permeameter, an opaque
scale floated to the water surface; a few drops of
hydrochloric acid added to the precipitate indicated a calcium
carbonate composition. wé‘possiblé explanation for the
decrease and then an inérease in the largest Ks values, in
figure 22, is as follows: those samples with the highest
initial KsAvalues might have contained a form of
microorganism. The growth of the bacteria may have continued
for about 96 hours; during this - time, the pores plugged and Ks
decreased. If the recirculating water system were then |
depleted of_oxygén, the dead organisms could have been removed

from the pores through flushing; hence, Ks would inc:ease.

The sample from 175.5 cm depth shows an initial decrease
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in Ks similar to the three higher conductivity samples but
apparently Ks becomes steady before the sample returns to its
initial value.

Figure 22 also indicates that the two samples from 143.5
cm depth and 218.5 cm depth start at about 2 x 10-3 cm/sec
and show nearly identical (parallel) increasing trends of Ks
with time, from times iz hours to 210 hours, after which time
a steady state is reached. 1If this increase is due to the
gradual removal of entrapped air, then the long term capillary
wet-up was not completely effective at saturating the samples.
Thé fine textured sample, in figure 22, from the 189.5 cm
depth also increases in Ks with time, presumably owing to the
removal of entrapped air. The last two data points of this
sample which reflect a sharp increase in Ks may reflect
changes in pore structure associated with a chemical process
such as ion exchange.

The fine textured sample from the 203.5 cm depth in
figure 22 indicates a relatively constant Ks with time. This
sample may have been saturated at the time of field
acquisition and remained so until put in the permeameter;
therefore entrapped air was not a factor.

The three samples with the lowest Ks values do not appear
to have increasing or decreasing trends with time but appear
to fluctuate around a fairly constant mean. This measurement
variability of as much as 66% might be reduced with higher
heads or use of aipressurized consolidoﬁéter/permeameter unit.

Table 6 lists saturated hydraulic conductivity values
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TABLE 6
SATURATED VALUES OF HYDRAULIC CONDUCTIVITY MEASURED
IN THE PF RING PERMEAMETER

Radius Depth Ks (PF Ring)
(cm) : ({cm) {cm/sec)
60 112.5 2.86 E-6
60 121.0 1.49 E-5
60 129.5 8.56 E~7
30 143.5 6.00 E-3
30 159.5 3.35 E-2
30 166.5 4.15 E-2
30 175.5 8.00 E-3
30 182.5 1.90 E-2
30 189.5 6.60 E-4
30 197.5 5.50 E-5
30 . 203.5 1.15 E-4

30 218.5 3.00 E-3
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with respect to distance from the borehole and land surface.
The 30 cm radius values are steady state values from figure
22, with the exception of the sample from 175.5 cm dépth which
is a maximum recorded value. Steady state values for the 60
cm radius samples were determined from the arithmetic means of
the measured points (figure 22) due to the measurement
variability.

Values of saturated hydraulic conductivity from both Ehe
shelby tube profiles and the PF ring samples are compared for
depths of 140 cm to 218 cm . Ks values in the clay zone were
not obtained from the shelby tube permeameter, because a very
high pressure head was required to promote flow through the
system. This high head coupled with the long equilibration
time for the manometers (greater than 5 days) was not
compatible with the testing conditions used for the other
shelby tube samples. For the purpose of this study, the
extended research of the clay zone with the shelby tube
permeameter was not pursued.

Table 7 shows average shelby tube sample Ks values
calculated from the arithmetic average of shelby tube measured
values at depths equal to the PF ring sample depths. This
type of average gives more weight to the larger values, and it
may produce a result which exceeds the true mean of the
population, especially if Ks is log-normally distributed. In.
spite of this fact, Ks from the PF rings exceeds that from the
Shelby tube permeameter in 6 of 9 sampleg by about 2.5 times

(Table 7). Summary data in Table 7 suggest that PF ring
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TABLE 7 :
COMPARISON OF Ks VALUES BETWEEN SHELBY TUBE SAMPLES
AND PF RING SAMPLES

Sample Ks (Shelby) Ks (Shelby) Ks (PF Ring) Ks
Depth (cm/sec) (cm/sec) (cm/sec) PF>She
{cm) N W S

143.5 1.9E-2 2,.7B-2 na 2,3E-2 6.0E-3

159.5 1.1E-2 2.3E-2 na 1.7E-2 3.4E-2 X
166.5 1.1E-2 1.8E-2 1.1E-3 1.0E-2 4,2E-2 X
175.5 8.1E-4 4,8E-3 2.9E-3 2,.8E-3 8.0E-3 X
182.5 2,9E-4 5.3E-3 3.2E-2 1.3E-2 1.9E-2 X
189.5 2.9E-4 na na  2.9E-4 6.6E-4 X
197.5 4.2E-4 na na 4.2E-4 5.5E~-5

203.5 na  5.1E-3 na 5.1E-3 1.2E-4

218.5 4,2E-3 1.5E-4 2.9E-3 2.4E-3 3.0E-3 ' X

na: not available
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samples have given higher saturated conductivity values than a
comparative method when the ratio of ring-wall-circumference

to sample area is reduced.
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FIELD PROCEDURES

A long duration borehole infiltration test of a shallow
water table condition was conducted at a new field site
(figures 4, 5). This test shall pe designated S8T1 as the
first test conducted at field site number 8. The objectives
of the test were to study the effects of a changing water
table level on the calculated value of Ks using equation 2.
Also the effects of a changing infiltrating water chemistry
were addressed.

Procedures of this borehole test follow the USBR (1974)
well-permeameter method with exception of the increase in soil
instrumentation to better research the flow processes; also, a
new constant head device is introduced.

Figure 23 is a map view of the instrumentation of S8Tl1.

Borehole Construction

A well screen was constructed using a 201 cm length of
3.81 cm radius PVC plastic;v Outside diameter of thercasing
measured 8.9 cm. The PVC was slotted, using a band saw, with
1 mm wide cuts over a length of 38.1-cm. The density 6f the
. slots prdvided an open area of approximately 4.7 cm? / cm /
length of casing. This open area is equivalent to about a 30
slot commercial well screen. The borehole was first dug using
a 10.2 cm diameter hand auger to a depth of 170 cm. The B
slotted casing was set into position so that the slotted

interval ranéed in depth from 132 cm to 170 cm below land

surface. The minimal amount of open annulus around the
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borehole was backfilled with clean dry medium-fine sand
from above the clay layer that was vibrated down alongside
the casing. The overall length of casing allowed 30.5 cm
of stick-up above the established land surface datum. This
borehole casing was then used as the benchmark to which all.

other instrumentation was leveled. The bottom of the

borehole was fitted with a fine mesh brass screen.

Carbon Dioxide

The equipment used tq inject CO2 into the borehole and
the screened formation consisted of a commercial CO2 tank, a
Victor number VTS400D pressure regulator fitted with a Victor
4000 psi inflow gauge and a Marsh Safecase discharge gauge
of 0-15 psi fange calibrated in 0.1 psi increments. This
pressure tank regulator was éoupled via tygon tubing to a
Sho-Rate Flometer (Model 1355, Brooks Instrument Division,
Emerson Electric Company, Hatfield, PA). Gas flow rate_is
determined from the riée of a steel ball in a graduateé éiéss

cylinder of the flowmeter using the calibration equation 6.
Q(LPM) = (GAUGE - 0.04) / 0.51 (6)

Elapsed time and flow rate is used to compute volumes of

injected CO A discharge hose from the gas flowmeter is

2.
coupled to the borehole casing using a circular rubber gasket
through which the injection hose extends. This rubber gasket

is affixed to the borehole casing using duct tape. Sealing of
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the injection line in the borehole allows the borehole casing

to be pressurized and the formation to be flooded with COZ'
A noteworthy characteristic of the CO2 injection

system was discovered in that the maximum rate of flow through

the pressure regulator was 3.84 lpm, corresponding to a gas

flow meter gauge reading of 2. Any_discharge greater than

this produced rapid freezing and malfunctioning of the

pressure regulator.

Water Supply

Two sources of water were utilized for S8T1l. The
chemistries of the water,}designated field groundwater and
field tap water, are given in Table 5. Field groundwater was
obtained from an 11 meter deep sandpoint well located
approximately 15 meters soutﬁwest of the borehole site; Water
was pumped from the well with an electric shallow well suction
pump and to the site via a 2 cm garden hose. Field tap water
was provided by the property owner at a distance from the
borehole site of about 25 meters, and again, garden hose was
used to convey water to the borehole site.

Water storage was provided by a newly constructed, 400
liter capacity, 2 barrel holding system. The barrels
were acquired new and, after a thorough cleaning to remove
trace chemicals, they were internally coated with a waterproof
coating to inhibit rust and corrosion. Both barrels were
fitted with new manometers. The discharée outlet was

positioned 15 cm above barrel bottom to provide a sediment
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trap in the barrel bottom. The manifold used to provide water
from the drums to the borehole was built around a 3.2 Cm
cross-coupling (4 female ports). To this cross-coupling were
connected 2 brass gate valves (1 per reservoir barrel), one
discharge spigot (for additional reservoir water use) and a 2
m length of galvanized pipe Eo position water at the borehole.
The valving system was such that either a 1 or a 2 barrel
reservoir system could be used. Flow from a single barrel

system was measured using the following relationship:
Vvol. = 2.55 liters H20 / cm barrel manometer (7)

which says that 2.55 liters of water have been released from
the barrel when a 1 cm decline of water is measured in the
barrel manometer. When bothAbarrels are discharging
simultaneously, the calibration is doubled. The nice quality
of this manifold was that through the use of a universal
'coupling at each barrel, at any time during floﬁ, one barrel
could be removed from the system for cleaning, for example,
before enacting a water chemistry change, without disrupting
the f£low system.

The constant head of water necessary for the borehole
test was achieved using 2 different types of float-valves.
Figure 24 illustrates a 1.9 cm diameter stock tank valve with
a float arm connected to a counter weighted lever. This unit
follows USBR design (USBR, 1974). The skock tank wvalve

assembly was used during early time when flow rates would be
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greatest. But when flow rates dropped below 1 1lpm, this valve
assembly was not sensitive enough to maintain a constant head
in the borehole without operator intervention.

Figure 25 shows a newly constructed carburetor float
valve specifically designed to provide a constant head under
low flow conditions. The carburetor float valve (herein
termed CFV) is a simple unit without arms or counterweighted
levers. A principal advantage of the CFV is that the actual
flow valve is submerged below the water level in the borehole.
When used in the hot sun, the internal seals in the stock tank
valve assembly had a tendency to dry out and either stick in
one position or leak water. The CFV unit was calibrated in
the lab to determine valve position in the borehole for a
desired head level as a function of water pressure to the
valve. It was found that changes in water pressure to the
valve, dictated by changing water levels in the reservoir
barrels, changed water levels in the borehole by only 2 mm,
Maximum flow from the CFV valve was 4 lpm when lab tested with
an applied head of water to the valve of 2.8 meters which
simulated full barrels in the field.: Minimum flow for the
valve was recorded in the field as low as 0.1 lpm but the
valve has lower flow capabilities.

Due to the simplicity of design of the CFV, a larger unit
could eaily be constructed which would pass sufficient
quantities of water to eliminate need for the stock tank lever
valve assembly. More information and CF§ details are provided

in Appendix B.
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As shown in figure 24, water from the stock tank valve
was passed through a garden hose and then through PVC pipe in
the borehole. The latter was plugged at the lower end and
perforated on the sides to disperse inflow water energy and
minimize erosion of the formation during inipial wet-up.

The CFV assembly, due to its geometry, projects inflowing
water downward toward é deflecting plate thus dispersing
energy.

Water levels in the borehole were measured with a steel

tape.

Instrumentation

Total Head and Pressure Head

Total head and pressure head were measured in the flow
field around the borehole with the ﬁse of 1.9 cm OD mercury
manometer tensiometers (Soil Moisture Equipment Corporation,
Santa Barbara, CA). Individual tensiometers were installed
using an insertion tool available from the manufacturer.
Locations of the tensiometers are depicted in figure 23 as
arcs of tensiometers at radii from the borehole axis of 17.8
cm, 30.5 cm, 61 cm and 91.4 cm. Depths of the tensiometers
ranged from 122 cm to 240 cm below land surface datum. Table
8 lists exact radius and depth for each unit.

The tensiometer manometer scales were positioned to readl
total hydraulic head in centimeters rise above a zero total
head reference position mark on the manéﬁeter scale; the 2zero

total head reference mark (cm) above land surface is
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TABLE 8
LOCATION OF TENSIOMETER UNITS FOR SS8T1

Radius Depth
(cm) (cm)
17.8 137.2
17.8 172.7
17.8 199.1
30.5 122.0
30.5 134.6
30.5 148.9
30.5 170.2
30.5 209.6
30.5 240.0
61.0 -~ 122.0
61.0 134.6
61.0 170.2
61.0 209.6
61.0 240.0
91.0 122.0
91.0 134.6
91.0 130.2
91.0 177.0
91.0 209.5

91.0 238.8



(73)

calculated according to:
b=c* (pw) / (pHg - pwW) (8)

where fb“ is the height (cm) above the mercury reservoir
surface to the zero on the manometer scale and "c" is the
elevation (cm) of the hercury reservoir surface above the
landsurface datum. Values used for pHg and pw are 13.55 g/cc
and 1.0 g/cc, respectively. Density variations with
temperature were not considered in establishing the zero marks
for the tensiometers. More will be séid about temperature
effects on tensiometers in the future research section.

Values of total head were calculated from the manometer

scale readings using equation 9:

TH = a * ( 1- pHg/ow ) (9)
where TH is total head in cm of water, a is mercury rise (cm)
above the zero mark. Pressure head was calculated from

equation 10:

PH

T™ - 4 (10)

where d is the distance (cm) from landsurface datum to the
center of the tensiometer cup. The value of 4 is negative

below landsurface.
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Soil Moisture Contents

Volumetric moisture contents were measured as a function
of depth around the borehole using a neutron moisture meter
device. The neutron probe (Model 3222, Troxler Electronic
Laboratories, Inc., Research Triangle Park, NC) was calibrated
against gravimetric water contents. Préviously, in similar
.studies at NM Tech, calibration against gravimetric techniques
involved small (100 cc) samples taken alongside neutron access
tubes and calibrated to the neutron probe readings; in these
studies access tubes were installed in slightly oversized
holes and the annulus was backfilled. Since it is known that
the area around the neutron probe that is measured for
moisture content may vary from a 10 to 25 cm sphere radius
(Hillel, 1980), a better means to sample for gravimetric

comparison was envisioned.

In the present study, gravimetric samples were collected
by driving the neutron probe aluminum access tubes (5cm OD)
into the soil, at desired radii from the borehole. The access
tubes were withdrawn and the soil filled portions were
hacksawed off, taped, and returned to the soils lab for
gravimetric measurements. As the soils sampled appeared very
wet, sample lengths cut were about 15 cm in length. The
resultant holes using this technique provided a snug fit to
install clean tubes for immediate background measurement with
the neutron probe. This technique for gfavimetric correlation

to neutron probe readings proved quite efficient with
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gravimetric samples being closer in size to that measured with
the neutron probe. The resultant calibration equation for the
Troxler unit agreed very well with the previous equations
acquired in a homogeneous medium fine sand.

Unfortunately, after the installation and correlation of
the three neutron access tubes located in figure 23, the
Troxler neutron probe ﬁalfunctioned and was replaced with a
different brand (CPN) which had a 50 millicurie instead of a
10 millicurie Amerecum-Beryllium source (Campbell Pacific
Nuclear Corp. model 503, 130 South Buchanan Circle, Pachero,
Ca).

All data using this CPN unit was acquired using 16 second
counts.

A correlation equation for the CPN unit was not developed
at site 8 for this report but was determined with the CPN unit
at the Sevilleta Wildlife Refuge. As past correlations of the
Sevilleta sand with the site 8 soils provided very similar
correlation equations for the Troxler unit, the correlation
equation acquired for the CPN unit at the Sevilleta site was
felt to be accurate for the site 8 soils.

Equation 10 was used to correct field acquired volumetric
moisture contents (CPN READING) to actual volumetric moisture

contents from gravimetric techniques:

Act. Vol. Water Content = .9069 (CPN Reading) - 0.0352 (10)

(decimal) (decimal)
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This equation produced an R2 value of 0.974.

Aluminum access tubes were inserted to depths of 191 cm
with 19.5 cm of above landsurface stickup. This "standard"
stickup allows the depth markers on the probe cable to be
utilized at various research sites without being moved. The
lower 5 cm of access tube was sealed with a rubber stopper and
a cement slurry to preQent water intrusion into the access
tube due to a rising water table. The cement slurry was
emplaced using a small plastic bag to contain the cement as it
dropped down the tube. Afterwards, a 0.5 cm diameter pointed
steel rod was used to perforate the plastic bag and release
the cement to plug the tube bottom.

Access tube radii from the borehole axis in figure 23 are

30, 60, and 100 cm.

Soil-Water Temperatures

Soil-water temperatures were measured using model MC-312
thermistors (Soiltest, Inc., Evanston, IL). Accuracy of these
units is approximately 71° C. Three units were emplaced in
the borehdle flow field at r = 30.5,d = 152.4, r = 61.0, 4 =
162.5, and at r = 91.4, d = 170.2 cm. An additional unit was
placed in the borehole to measure infiltrating water

temperature,

Dissolved Oxygen
D. 0. was measured from the barrel reservoirs with a

Bausch and Lomb dissolved Oxygen Spectrokit (Bausch and Lomb,
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Analytical Systems Division, Rochester, NY).

Well Point Field

Four well points were constructed at the corners of a
3.05 m square, centered on the well bore axis. The radial
distance from the well bore axis to any one of the 4 wells was
2.15 m. Three of the Qell screens used were newly purchased
3.18 cm diameter by 91.5 cm 1ength,Astainless wire-wrapped,

20 slot well points. The fourth screen used was a 5.08 cm
diameter by 152.4 cm length galvanized wire-wrapped 20 slot
screen. Galvanized pipe was used exclusively for well casings
to 30 cm above land surface. The top of each well screen was
positioned 2.13 meters below the water table surface to
provide this much maximum draw down at any well-point.

The well points were manifolded together using 5.08 cm
diameter PVC plastic. A gas driven, 7.62 cm, suction pump,
borrowed from the Socorro Fire Department, was connected to
the manifold to control pumping rate, and hence control the
water table level beneath the borehole.

Four 1.3 cm diameter PVC piezometers were installed at
locations shown in figure 23. These piezometers were
perforated, using a hand drill, over an approximate 76 cm
interval. Depths of the perforated regions are listed in
table 9, with piezometer number 1 being the north unit (figuré
23) and increasing numbers toward the south.

Two preliminary tests were conductéﬁ to determine the

well field's capability to lower the water table. The first
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TABLE 9
PERFORATED PIEZOMETER INTERVALS

Piezometer ) Perforated Interval Below Land Surface
1 2.46 - 3.21 m
2 2.44 - 3.21 m

3 2.59 - 3.35 m

>
N
L]
~
o
I

3.45 m
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pump test utilized a 2 H.P. gas—-driven suction pump which
delivered 85 lpm from the well field.. Drawdown beneath the
well bore in the center of the well field was calculated to be
only 15 cm below the static water level of -223 cm.

A larger 5 H.P. pump (Socorro Fire Department) was used
in a second pump test. A discharge of 104 1lpm provided 30 cm
of drawdown that was desired for the borehole test. Static
water level before the second pump test was 217 cm below land

surface.

FIELD RESULTS OF S8T1

A time log of S8T1 is first described as a test procedure
overview, after which the field data is presented.

CO, injection commenced at 06:44 on 5/5/84.
Injection at a rate of 3.84 lpm proceeded for 66 minutes for a
total injection volume of 253 liters of COZ' It is
inferred from Bouwer and Jackson (1974) that the volume of the
soil tested using the borehole method is 0.4 H3, where H
is 38.1 cm. Thus one pore volume would be the volume of soil
tested multiplied by the porosity. The porosity n is
conservatively estimated at 0.40. Therefore, one pore volume
is 8.85 liters. The volume of the borehole casing is 7.8 1.
According to Stephens (1984, personal communication), on the
basis of previous borehole tests in fine sand, a minimum of Zd
soil porevolumes CO, is desired to maximize effectiveness.
Therefore, if 245 liters flowed into th; soil, then 27.7

pore volumes were passed.
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After CO, flooding, a background Tu value of 61.7 cm was
calculated from the 210 cm and 240 cm depth tensiometers
located below the water table. Infiltration into the borehole
started at 8:05 Saturday morning, 5/5/84. The borehole filled
to a depth of 38.1 cm in approximately 10 seconds. All
measurement instrumentation functioned well. At a test time
of 713 minutes, the stock tank valve assembly was by-passed in
favor of the carburetor float valve. This switch took about 2
minutes. The CFV unit functioned well, except for one
instance where it needed to be set about 1 cm deeper into the
borehole, It is believed that mineral encrustation of the
valve made this adjustment necessary. At about 3000 test
minutes (Monday morning), it was observed that the field
groundwater stored in the barrels since the test began, had
accumulated an orange precipitation; it was feared this
sediment would clog the formation and affect the test results.
Therefore, at 11:10 on Monday (3065 test minutes) a switch in
water chemistry was made from field groundwater to field tap
water (Table 5, Chemistries). Because the tap water is much
less mineralized, problems of precipitation were expected to
be minimal. Because of the change in operational procedure,

a stage concept is introduced. Stage 1 will refer to test
times from 0 to 3500 minutes.

On Wednesday, 5/9/84, at 12:00, 6000 minutes into the
test, a steady rate of infiltration had been verified, and the
well field was put into service by starﬁing the suction pump.

Stage 2 will be refered to when discussing events of 3500 to
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6000 test minutes. Instrumentation measurements and pumping
were continued until Saturday, 5/12/84, at 09:41 (10,176 test
minutes) when infiltration stabilized at a different rate.
Stage 3 will refer to 6000 to 10,300 test minutes.
Subsequently, the water supply was changed back to field
groundwater. Measurements ahd pumping continued until Sunday,
5/13/84, at 14:40 (11,915 minutes), when a crack in the well
field collector manifold caused a decrease in discharge and
termination of the test. Stage 4 will be referred to when
discussing events from 10,300 minutes to test end.

The field operational procedures of S8T1 are
summar ized in Table 10.

Figure 26 illustrates the height of water in the
borehole. This height of water was controlled by the stock
tank valve assembly from time 0 to 713 minutes. From 713
minutes until test end, water depth in the borehole was
controlled by the new carburetor float valve assembly.

Figure 27 presents infiltration rate from the borehole
versus time in minutes. 1Infiltration values have been
corrected to 20° C to account for the dependence of flow rate
on temperature induced viscosity fluctuations.

Figure 28 illustrates cumulative infiltration out of the
borehole with time. According to the USBR (1974), "the
(well-permeameter) test should be run long enough to develop a
saturated envelope in the soil but not long enough to build up
the water table or produce an excessivel& large saturated

envelope which will cause erroneous results"., The concepts of
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TABLE 10

SUMMARY OF FIELD OPERATIONAL PROCEDURES: S8T1

H (cm) 38.10

A (cm) 38.10

R (cm) 3.81

H/R 10.00

Duration (min) 11,915.
Const. Head Device: Stock Tank Valve Carb. Float valve
Time (min) 0-713 713-test end

Stage 1 Stage 2 Stage 3 Stage 4
Time (min) 0-3500 3500-6000 6000-10,300 10,300-end
Well Field Off Off On On
Water Source Gw Tap Tap Gw

Gw: groundwater
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"minimum test duration time" are described by the USBR (1974)
as the times at which specific volumes of water have
infiltrated into the soil under deep water table conditions.

The minimum volume of test water, V is calculated as

minrs

follows:

Vain = 2.09 ¥s | H \[ ——————Smmommmmm (11)
sinh-1 (%})—l
where ¥Ys is the specific yield of the soil tested, H is the
depth of water in the borehole (L), and r is the radius of the
borehole (L).

The value of ¥s can be calculated as the soil porosity or
.séturated water content, 0s, minus the specific retention at
15 bars. Using table 3 for an average 0s value of 0.37
between 132 cm and 170 cm depth and figure 7 for an average
specific retention of 0.12 over these depths, a value of 0.25
is used for the specific yield.

Using values of 38.1 cm for H and 3.81 cm for R, a
minimum volume is determined toAbe 28.9 liters. This volume
oﬁ watér is reaéhed at 37 minutes into the test.

According to USBR 1974, the maximum water volume
infiltrated should not exceed 2.05 Viin ©F 59.3 liters in tﬂis
test; this volume is reached after 84 minutes.

According to USBR (1974), “"...to avoid‘discontinuing a

test prematurely, it shall be continued for at least 6 hours

<

.. " then the first appearance of steady infiltration "...

after a period of 2 to 3 hours should be utilized".
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It can be seen in figure 28 that the first steady state
portion of the cumulative infiltration curve occurs after
about 2215 minutes; at this time 638 liters of water had
infiltrated.

Figures 29 through 32 show the diurnal fluctuations in
temperature in the borehole and in the surrounding soil within
the flow field. Temperature in the borehole ranged from 11 C
to 35 C whereas at R = 91.4 cm and D = 170.2 cm, temperature
ranged from 14 to 18 C. »

Figures 33 through 36 show values of pressure head (¥ ) in
cm Hzo versus time at four increasing radii from the borehole
axis.

Figures 37 through 39 show values of volumetric moisture
content versus time at three inéreasing radii from the

borehole axis.
ANALYSIS

Temperature

The effects of water temperature fluctuations on
infiltration ratg (Q) , pressure head (Y¥), and volumetric
moisture content (0) are evident in figures 27, and 33-39,
respectively.

Figure 40 shows infiltration rate and borehole water
temperature plotted together. Steady state infiltration is
inferred when Q, in figure 40, fluctuatés‘in a sine wave

pattern with a regular period about some average value. It
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appears clear that maximum temperatures occur simultaneously
with minimums in flow rate. The correlation first becomes
evident at about 2000 minutes where Q fluctuates by ¥0.01 lpm
between 2000 and 3500 minutes. During stage 2, steady state Q
varies by + 0.035 lpm between 4000 and 6000 minutes. During
steady state in stage 3, diurnal fluctuation in Q are 0.5
lpm. The effects of temperature at the very beginning of the
test may be masked by the sharp decline in Q; It is unlikely
that temperature affects the measuring system from the barrel
reservoir. Changes in Q, from fluctuating temperatures in the
soil-water outside the borehole may be due to changes in
effective porosity caused by changes in volume of entrapped
air bubbles. 1Increases in Q with decreasing temperature have
been previously recognized by Stephens et al. (1983).

There are two possibilities that may explain the presence
of entrapped air. The CO2 flooding before test start may
not have been effective in removing soil air in the same
region that infiltration is taking place. From the site
characterization, it is known that adjacent to the borehole
screened interval a higher Ks material exists than below the
borehole. It is possible that the CO2 flowed laterally
through this gas-permeable zone from the screened interval and
d}d not exchange with the soil air beneath the screened 2zone
where infiltration is taking place. Other possibilities may
be that gas is being released from the infiltrating water as
temperature increases and decreases; alss, a low solubility

gas may be released due to chemical reaction. Dissolved
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oxygen (D.0O.) measurements made during the test with the Hach
Kit at high and low temperatures of both site groundwater and
tap water indicate that D.O. levels are about 2 mg/l. Other
measurements of dissolved oxygen content were made after the
test period by the N. M. Bureau of Mines. Ranges in dissolved
oxygen were obtained from multiple water samples tﬁat were
left exposed to the atmosphere for different lengths of time;
thus simulating borehole test conditions. A dissolved oxygen
content range of 0-0.8 mg/l was measured for the groundwater;
and, it is possible that this low a value was not obtained
during S8T1 with the use of the Hach Kit due to poor
resolution. A range of dissolved oxygen content of 1.4 - 2.2
mg/l was measured for the tap water; which agrees well with
measurements made during S8T1. At field temperatures of 20°
C, the concentration of dissolved oxygen at saturation should
be about 9 ﬁg/l (Bausch and Lomb Spectrokit, catalog number 33
09 08, Bausch and Lomb Analytical Systems Division, Rochester,
New York). The increase in the magnitude of the Q
fluctuations with time (figure 40), suggests that the volume
of entrapped air is increasing during each diurnal cyclé;
also, there is a general trend of increasing temperature in
the borehole with time.

Comparing pressure head data in figures 33-36 with
temperature data in figures 30-32, it is also apparent that
temperature changes correlate with small changes in pressure
head. Temperature peaks can be matched fo minimums in

pressure heads. Two possibilities exist for the pressure head
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fluctuations. The first may be a temperature effect on the
‘above ground tensiometer apparatus that is exposed to daily
fluctuations in temperature; such as expansion and contraction
of tubing and the possible changes in fluid densities in the
manometer tubes. A calibration equation to correct for
temperature effects on the fluid densities in the manometers
was not determined. Secondly, entrapped air bubbles that
increase in volume could be expected to cause a more negative
pressure head if moisture contents decreased accordingly
(figure 7). Work by Chahal (1965) showed that when

entrapped air is involved in a soil sample, an increase in
soil-water temperature tends to shift the soil moisture
characteristic curve to the right. Chahals' work showed that
the resultant pressure head may increase or decrease if
soil-water temperature increases and moisture content

is allowed to décrease.

Pressure head fluctuations caused by changes in the
volume of water held in the soil should correspond with water
content fluctuations. Figures 37-39 indicate moisture content
does vary with temperature in the same manner as ¥, although
these fluctuations do not seem to be as great as and Q,
possibly due to measurement error and graph scale. It is also
possible that the neutron probe electronics are affected by
temperature and give only apparent changes in soil-water
content; this has not been evaluated.

If entrapped air is causing the temberature fluctuations

on Q, ¥, and 0, then calculated values of Ks are not at
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saturated conditions. Furthermore, if the magnitude of these
fluctuations increase with time, suggesting increases in
entrapped air volume with time, then hydraulic conductivities

calculated will be increasingly smaller than Ks.

Infiltration Rate

Referring to figure 40, infiltration rate (Q) decreases
almost exponentially during stage 1 until about 2000 minutes.
From 2000 to 3500 minutes, Q is steady at a value of about
0.135 lpm. The time for Q to reach steady state in stage 1 is
2000 minutes. From figure 28, approximately 600 liters of
water have flowed from the borehole at 2000 minutes test time.
This cumulative infiltration value of 600 liters is about 10
times the maximum water volume to be used according to the
USBR (1974). Experiments by Stephens et al.(1983) found that
volumes of water necessary to reach Qs were also greater than
Vhax USBR (1974). These field results suggest that either
the USBR method to estimate the time or water requirement for
Qs is in error, or that hydraulic properties are possibly
changing which might prevent steady state from being achieved
with less water. One possibility might be the decrease in Ks
in the formation around the borehole, inasmuch as Stephens
l979'$howed that the time to reach steady state is inversely
proportional to Ks.

During stage 2 (figure 40), Q increases 2.6 times (260%)
from 3500 minutes to 6000 minutes. The‘average steady state Q

during stage 2 is 0.35 lpm. Recall that the test procedure
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difference from stage 1 to stage 2 is a switch from site
groundwater to site tap water. This increase in Q resulting
from a chemistry change in stage 2 is a significant change.
The long duration decrease in Q over early time stage 1 and
the sharp increase in Q during stage 2 could be related to the
observation of cloudiness and an orange precipitate in the
water barrel reservoirs during stage 1. A possible hypothesis
for the stage 1/stage 2 increase is a physical clogging around
the borehole by a precipitate or colloidal fraction which is
flushed out by using the stage 2 tap water. Another hypothesis
for the change in Qs is related to the different Sodium
Adsorption Ratio (SAR) values of the two infiltrating waters;
a high SAR and low TDS (Todd 1980) tend to disperse clay
particles and reduce permeability. When using values from
Table 5, of Ca, Na, and Mg for both waters, site groundwater
has a SAR of 3.4 while site tap water has a SAR of 1.5. The
relatively high TDS of the groundwater of 1286 ppm when
compared to the 342 ppm TDS of the tap water would tend to
counter the effect of th lower SAR of tap water on increasing
permeability and infiltration rate. ‘- The time involved to
increase Q9 from the end of étage 1 steady state to stage 2
steady state is about 500 minutes with about 150 liters of tap
water passing through the borehole.

During stage 3, with steady pumping of the shallow
aquifer to lower the water table, a steady state Q value of
0.22 lpm is reached at about 7750 test ﬁinutes. Recall that

site tap water is still being used for infiltration. This
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steady state Q of 0.22 1lpm is a 37% decrease in infiltration
rate from the steady state value of 0.35 lpm in stage 2. With
the pumping of groundwater from beneath the borehole, an—
increase in infiltration rate was expected if the gradient.
beneath the borehole increased and other factors remained
constant.

During stage 4 (10,300 minutes to test end), when the
water source was switched from groundwaggg:EEZ}ap water, Q
remaihs steady at a value of 0.15 lpm until about 11,300
minutes when it shows an increase to 0.23 lpm. A steady state

infiltration of 0.15 lpm will be used for stage 4. Stage 4

larger than stage 1 infiltration withoutwggmpégg. A more

certain steady state infiltration might have occurred had the
test not terminated at 12,000 minutes due to a crack in the

well field manifold.

Pressure Head and Total Head )

Figures 34, 35, and 36 show that pressure head increases
rapidly within the first 500 minutes of the test. This
increase is due to the‘advance of the wetting front. This
increase is followed by a gradual decrease and then a steady
state which continues to the end of stage 1 at 3500 minutes.
Stage 2 is characterized by a increase in most pressure heads
in figures 33-36. Stage 3 exhibits rapid decreases in
pressure head which typically continue t6 rise throughout the

stage without stabilizing. The exception to stage 3 behavior
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occurs at the'R=91 cm (figure 36) where a rapid decrease is
followed by steady state. Stage 4 pressure head response is
difficult to separate from the non-steady state trends shown
in stage 3. During the period of water table lowering at 6000
minutes until test end, stages 3 and 4 pressure heads show the
most correlation with diurnal temperature changes.

Figures 41 and 42 show total head and pressure head
profiles at 3300 minutes when pressure heads and flow rate
were steady at the end of stage 1.

Figure 43 and 44 show Total Head and Pressure head
profiles at 5500 minutes at the end of stage 2 when pressure
heads and flow rate were steady after the water chemistry
change from groundwater to tap water.

Comparing figures 41 and 42, also 43 and 44, indicates
that water flowing from the borehole along any path will pass
from a saturated to an unsaturated region. This observation
contradicts the free surface approach (figure 3), and supports
the results of saturated-unsaturated numerical simulations
conducted by Stephens (1979), and the field results of
Stephens et al. (1983) for deep water table conditions.
However, for this shallow water table case, there is a mound
in the zero pressure isobar which appears to intercept the
free water surface in the borehole.

Figure 45 and 46 show Total Head and Pressure Head
profiles at 9600 minutes during stage 3 steady state. From
figure 45, we can see that flow from thé borehole would

approach a more vertical downward orientation and more flow
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from the borehole occurs within a smaller radial distance from
the borehole compared to stage 2 (figure 43). This more
vertical orientation of flow paths during pumping would show
itself as smaller values of Ks measured from borehole
infiltration due to the layering that was observed during site

characterization (table 7).

Hydraulic Gradient

From the analysis of infiltration rate, changes in Q
might be attributed to changes in Ks. But.frqm Darcy's Law, Q
is also proportional to the hydraulic gradient. Figures 47
and 48 show the S8T1 average negative hydraulic gradient as a
function of time. The average gradient over a distance is
determined by averaging the difference in the total head
between the borehole and the tensiémeters at that distance
divided by the distance betﬁeen the borehole wall and the
tensiometers. (The negative of hydraulic gradient is used so
that infiltration rate as calcdlated by Darcy's Law, is
positive; thus Q is proportional to the negative of i as well
as Ks.) A | -

In figure 48, tensiometers at 30.5 cm are used since
early time éata were acquired. The gradient decreases very
quickly in figure 48 at the beginning of stage 1 from time 0
to about 250 minutes. This is due to the soil getting wetter;
From 250 minutes to about 2000 minutes there is an increase in
hydraulic gradient which then remains sgéady until about 3500

test minutes. A similar gradient with time response was
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reported by Stephens et al.(1983). Early time data was not
obtained at R = 17.8 cm; but from figure 47, stage 1 behavior
is similar to that at 30.5 cm in figure 48. The decrease in
infiltration from test start to 2000 minutes while gradients
decrease and then increase can be explained if Ks is changing
with time. Figures 49 and 50 show the ratios of Q to average
negative hydraulic gradient (Q/-1 = Ks) versus time at R =
17.8 cm and 30.5 cm respectively. Only early time
calculations could be made for R = 30.5 cm. From the ratio in
figure 50, it is inferred that Ks decreases by 49% between 0
and 250 minutes; for comparison, Q (figure 40) decreases by
66% and the gradient decreases by 34% (figure 48). From 250
to 2000 minutes, a 75% net decrease in Ks (figure 50) is
calculated; during this same time, Q decreases by 69% (figure
40) and gradient increases by 18% (figure 48). From 2000
minutes to the end of stage 1 at 3500 minutes, a steady state
Q and stable gradient could signify a constant Ks.

During‘the first 1000 minutes of stage 2, from 3500 to
4500 minutes, the gradient decreases by 42% (figure 47).
During this time, Q (figure 40) increases by 260% (2.6x).
These changes in Q and i signify an increaée in Ks of 450%
(4.5x). Recall that the only test procedure change in stage 2
was the use of site tap water instead of groundwater. From
4500 minutes to the end of stage 2 at 6000 minutes, both the
gradient (i) and Q have stapilized, signifying a constant Ks.
For purposes of calculations, average vélues of Q and i are

used when fluctuations appeér to be diurnal.
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During stage 3, from 6000 to 10,300 minutes, with
lowering of the water table by approximately 18 cm with
groundwater pumping, figure 40 shows a decrease in
steady state Q by 37% from stage 2 without pumping. Figure 47
indicates an increase in gradient by 190% (1.9x) during stage
3 from 6000 to 10,300 minutes. As infiltration rate becomes
steady during stage 3, the gradient in figure 47 continues to
increase throughout stage 3. These changes, when viewed
together in figure 49, result in a decrease in Ks of 67% with
.the advent of pumping. Yet with the advent of pumping, both Q
and i were intuitively expected to increase. In fact equation
II in figure 2 shows‘thét Q increases with increasing Tu for a
constant Ks. Since i does not reach steady state, Ks might
continue to decrease if stage 3 had been run longer. Because
there is no water chemistry change between stages 2 and 3, the
possible cause for the decrease in Ks with pumping might be
the change in flow path (orientation of stream tubes) around
the borehole due to pumping. From the site charactgrization,
it is kKnown that horizontal layering of different Ks soils
occurs beneath the borehole. The effective Ks of these soils,
when the soils are viewed as one unit, is directionally
dependent, with the minimum Ks in the vertical direction.

From the analyses'of the total head profiles in figures 43 and
45, it is shown that flow does become more vertical outside
the borehole with the advent of groundwater pumping.

The analysis of stage 4 from 10,300-minutes to test end,

shows that coupled with the limited flow data (figure 40) and
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the increasing gradient which continues through stage 4
(figure 47), an effect of water chemistry change from tap
water to groundwater, can still be deduced from the stage 4
data. In figure 40, a continuation of the sine wave pattern
of flow after 10,300 minutes would be expected if a change in
water chemistry had not taken place; therefore, the steady
state Q, after 10,300 minutes, could denote a decrease in Q

from the expected trend due to the water chemistry change.

Volumetric Moisture Content
Figures 37-39 indicate moisture content versus time
at radii 30, 60, and 100 cm, respectively.

Moisture content data at depths greater than 175 cm was
limited by the practice of keeping the neutron probe access
tubes above the water table. This practice was to prevent any
moisture intrusion into the access tube by leakage through the
tube bottom.

Figure 37 of moisture contents at R = 30 cm, shows an
early stage 1 wet-up that is followed by a decrease in
moisture content until a time of 3500 minutes. This cycle of
wetting and drying is supported by the 30 cm pressure head
data (figure 34). 1In contrast, during stage 1, moisture
content at 60 cm increases more gradually over the entire 3500
minute interval. Stage 1 moisture content at the 100 cm |
radius shows an initial increase between 0 and 750 minutes and
then a steady state condition from 750 £0-3500 minutes.

Stage 2 is characterized by increased moisture contents
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at all radii. This increase compares well with the increased
stage 2 values in figures 33-36. At R = 30 cm, the
increased moisture contents of stage 2 return to the maximum
values that are achieved during early time in stage 1. Those
moisture contents achieved by the end of stage 2 at radii 60
and 100 cm are, for most cases, the maximum water contents
achieved throughout thé test duration.

Stages 3 and 4 are both characterized by decreasing
moisture contents at all radii from 6000 minutes to test end.
The decrease in moisture content is due to the groundwater
pumping and figures 37-39 show that moisture contents are not
at steady state even after approximately 6000 minutes of
pumping to lower the water table.

Figures 37-39 show general decreases in moisture content
for increasing radius for any given depth. Maximum moisture
contents at R = 30 cm, agree well with Os values recorded in
the hanging column apparatus (table 3); this suggests that
porosity values (table 3). calculated from Pp and pg may be
low.

Figures 51, 52 and 53 exhibit water content profiles
after 3300, 5500, and 9600 minutes; these times reflect the
‘steady state' conditions near the end of stages 1, 2 and 3.
Maximum wetness in the profile is observed during stage 2
(figure 52). The moisture content distribution for stage 3
(figure 53) is similar to that observed near the end of
stage 1; however equilibrium moisture cbntents were never

reached in stage 3 or 4.
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Saturated Hydraulic Conductivity

The calculation of saturated hydraulic conductivity using
equation 2 requires knowing the length parameter Tu, to
differentiate between shallow and deep water table conditions.
Recall that Tu is the absolute distance from water level in
the borehole (132.1 cm below datum) to the static water table
free surface prior to testing (193.8 cm below datum). Tu for
S8T1 stages 1 and 2 is constant at 61.7 cm even though some
mounding occurs. At the start of stage 3 at 6000 minutes, the
free water surface below the borehole is lowered by the
aquifer pumping to increase the value of Tu. Due to downward
flow gradients during pumping, the elevation of the free
surface was difficult to measure with the piezometers. The
four piezometers installed to monitor the pumped water table
level did not correlate in readings with the six deepest
tensiometers. The reason for the discrepancy was that the
piezometers were measuring pressure head over an integrated
interval of approximately 75 cm whereas, the tensiometers were
near point measurements. The perforated interval of the
- plezometers was located beneath the water table elevation and
therefore could not be used to extrapolate the distance to the
free surface. During stabilized infiltration during stage 3,
the 210 cm—-depth tensiometers were located at the free
surface. For the calculatioh of Tu, the tensiometers at R =
61, D = 209.6 cm and R =91, D = 209.5 cm were used. Figure\

54 shows the average value of Tu during pumping through stages

3 and 4.
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Equation 2 also utilizes the steady state infiltration
rate. Since it is observed in figure 40 that infiltration
rates fluctuate with time, average values of Q are used for
calculations of saturated hydraulic conductivity. Table 11
lists saturated hydraulic conductivities calculated from
equation 2.

Table 11 indicates that all stages of the test are at
shallow water table conditions as Tu < 3H. The original plan
of the test was to lower the water table enough that Tu would
be greater than 3H and deep water table test conditions would
exist.

According to equation II, in stages 1 and 2, Ks is
directly proportional to Qs, inasmuch as Tu is considered a
constant. Therefore, since Qs increases 2.6 times, Ks should
also increase the same amount. Of interesting note is that
hydréulic gradient is not tken into account in equation II.
The time to reach steady state during stage 1 seemed very long
(2000 minutes) when compared to othér borehole tests carried
out by our group (Stephens et al. 1983). The analysis of

'average negative hydraulic gradient {figures 47 and 48) showed
that during very early time, 0-250 minutes, Q and i both
decreased as expected, due to the soil becoming wetter and the
reduction in capillary forces that takes place. But when
gradients around the borehole increased during 250 minuteé to
2000 minutes, Q continued to decrease. This continued
decrease in Q is believed to be from boréhole clogging,

possibly resulting from a colloidal fraction that is present
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TABLE 11
SATURATED HYDRAULIC CONDUCTIVITIES

Qs Tua Tu/H Ks
STAGE (L.PM) (cm) (cm/sec)
1 . .135 61.7 1.6 8.04 x 10-4
2 .350 61.7 1.6 2.08 x 10-3
3 - .229 80.3 2.1 1.06 x 10-3
4 .150 82.4 2.2 7.11 x 10-4

H = 38.1 cm
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in the infiltrating groundwater.

With the stage 2 switéh to site tap water, it appears
that increases in Ks occurred due to the unclogging around the
borehole. Stage 2 showed increases in moisture content,
increases in gradients, and increases in Q; therefore
increases in Ks.

If stage 2 Ks is closer to a "true" value of saturated
hydraulic conductivity (in the absence of borehole clogging)
then the Ks value of 2.08 x10~3 cm/sec (Table 10, stage 2)
may have been measured before borehole clogging took place.

Figure 33 shows that near the base of the borehole a
max imum pressure head was recorded at about 240 test minutes;
after which time, pressure head decreases decreases. A
similar response, termed Phase 2, was reported by Stephens et
al.(1983). This time of 240 minutes corresponds to maximum
water contents around the base of the borehole as well. At
240 test minutes, cumulative infiltration was 140 liters ;
tﬁis should have been sufficienﬁ to reach steady state,
according to USBR equation 11l. The infiltration rate at 240
minutes test time is 0.465 lpm. Using equation 2, Ks would
equal 2.77 x 10'3 cm/sec. During stage 2, while temperature
correlations are easily evident (figure 40), it was observed
that the infiltration fluctuation magnitude is greater than
observed in stage 1. If the increases in fluctuations are
attributed to increases in entrapped air in the formation,
then the maximum Q value during these flﬁctuations should be

used to calculate a saturated hydraulic conductivity. 1If a



(130)

maximum Q, from a peak in the oscillation about steady state,
during stage 2 (figure 40) of 0.373 lpm is used in equation 2,
then Ks = 2.22 x 103 cm/sec for stage 2. This stage 2 Ks is
only 20% less than stage 1 Ks at t = 240 minutes . Both
values of 2.77 x 10~ 3 cm/sec (stage 1) and 2.22 x 10”3 cm/sec
(stage 2) would fall within the range of vertical Ks
measurements between 132 and 170 cm depths obtained in the lab
(Table 7). The range of lab Ks values for these depths is
from 6.0 x 10-3 to 4.2 x 102 cm/sec. Unfortunately, no
horizontal Ks measurements are available at this time for
comparative purposes.

The only operational change from stage 2 to stage 3 was
the lowering of the water table in an area below the borehole.
The calculated Ks of 1.06 x 1073 cm/sec from an average steady
state Q for stage 3 (Table 10) is 49% less than the stage 2 Ks
value of 2.08 x 10_3 cm/sec (Table 10) from average steady
state Q. If the maximum Q encountered (peak) during stage 3
steady state of 0.267 lpm is used to calculate Ks, then Ks =
1.29 x 10"3 cm/sec for stage 3. The decrease from stage 2 to
stage 3 using peak Q values is 42% which is about the same as
the percent reduction calculated in Ks from average steady
state Q values during each stage.

A hypothesis for the decrease in Ks from stage 2 to stage
3 may be the directional change in flow paths to a more
vertical orientation, as evidenced by the tendency for
equipotential lines to become more horigontal (figures 43 and

45). Since the vertical Ks values, obtained in the lab, span
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4 orders of magnitude from 10"2 to 10~° cm/sec, a shift in
flow path orientation to a more vertical direction outside the
borehole would tend to decrease the Ks measured.

During stage 4, an increased Tu is observed in figure 54.
This was due to an increase in the depth of the water table
caused by pumping. During both stage 3 and stage 4, the
suction pump was operating at maximum capacity to maximize Tu.
The value of Ks during stage 4 is open to interpretation,
because the Qs value used may not represent a true steady
state value. 1In figure 40, Qs appears to stabilize during
10,500 to 11,500 minutes, however this may be attributed to
the switch from tap water to groundwater. Q increases at the
end of stage 4 (11,400 minutes to test end), while Tu only
varies slightly. It is of interest to note that Ks values
calculated from the apparent steady state Q during stages 1
and 4 (Table 10) are quite similar: 8.04 x 16”4 and 7.11 x
10~4 cm/sec respectively; tap water was used during both of
these stages, although depth to groundwater differed.

A summary of the factors influencing steady infiltration
from the borehole should be considered. The hypothesis of the
changing water chemistry causing a clogging then unclogging of
the borehole between stage 1 and stage 2 is supported by two
observations. First, potential oxide clogging agents oécur in
the groundwater used during parts of the experiment: iron and.
manganese oxides (Table 5). These metallic oxides apparently
precipitated in the water storage reser;oir and clouded'the

water. They were also observed in the flow system of the
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shelby tube permeameter, however their presence could not be
linked solely to the water because some metallic-parts of the
system that were in water contact were observed to be rusting.
Metallic oxides were not recognized in the flow system of the
PF ring permeameter where most of the components of the
permeameter are plastic, but the precipitate may have settled
to the bottom of the permeameter, out of view.

Secondly, precipitation of calcium carbonate crystal
flakes (another potential clogging agent) was observed
-floating on top of the water reservoir in the PF ring
permeameter ; groundwater from the site was used as the
permeating fluid. The same crystals were observed in the
storage barrels in the field test. Calcium carbonate was not
evident in the shelby tube permeameter.

On the other hand, both the metallic oxides and the
calcium carbonate precipitates are unlikely clogging agents,
in light of the fact that the reaction of the soil to a change
from groundwater to tap water seemed so rapid; only 500
minutes and 150 liters of tap water were necessary to increase
Q 2.6 times to a new steady state value between stages 1 and
2. The dissolution of the metallic oxides in the-tap water
would have required an oxygen-free environment which, from
dissolved oxygen measurements, was not the case.

Further field experimentation, where an actual clogged
soil, obtained after the infiltration of groundwater, is
removed and examined, could be the only ﬁeans to quantify the

clogging mechanism. A complete analysis might include: Eh,
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Ph, D.0O., Temp, and bacteria in the water and soil.

The hypothesis of increased fluctuation magnitude of Q
being due to increased entrapped air that came out of solution
from the infiltrating water needs further investigation to be
conclusive. Measurements of the waters for different
compounds that might gasify when subjected to temperature

increases could add support to the observations.

ESTIMATING FINAL INFILTRATION RATE FROM EARLY TIME DATA
Stephens (1979) recognized, on the basis of computer
simulations and a few field experiments, a reasonably linear
relationship between infiltration rate and inverse square root
of time. A further evaluation of this relationship was
conducted by Stephens et al. (1983). They found that

calculating steady infiltration rate, by extrapolating to

t=0.5 = ¢ using simple linear regression, produced

estimated Qs values within 13 to 179% of actual field
measured Qs values.
Infiltration data of S8T1 from the time the borehole

filled completely until the time when Vmax (= 2.05 Vpgip,)

occurred was used to test this method. This limit was selected

because Vha is easy to calculate, the corresponding time is

X

simple to measure in the field, and it usually is reached
before flow rate stabilizes. The steady flow calculated by

this extrapolation method, Q the infiltration rate at Vp

sc!? ax’

Qv and the infiltration rate at t=240 minutes when the

max’

area around the borehole was the wettest, Qsl, are listed
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in Table 12. A linear regression between Q and £ 0.5
indicates a reasonable straight line fit (Figure 55). The
percent error in Q.. with respect to Qs; is 9.7: this is
less than the smallest error reported by Stephens et al.
(1983) by 23%. |

It is apparent that more work is necessary before the Q
versus t=0-5 extrapolation procedure can be recommended with
predictable results. For the loamy soil at site 8, the flow
rate calculated is a fair estimate of what flow rate might
have been had clogging not occurred; although it does over

estimate it (Table 12).

CONCLUSIONS
The shelby tube permeameter was found to be an efficient

means of measuring multiple values of Ks within each shelby
tube sample. Sediment accumulations onvthe top of the sample,
due to precipitation in the recirculating water, did not
affect the Ks calculated near the center portion of the shelby
tube sample. Ks measurements on CO2 treated, unclogged shelby
tube sample segments reached stabilization within 24 hours. A
minimum head of water should be applied to the top of’the
shelby tube sample to prevent sample disturbance. And
finally, all shelby tubes to be used in the shelby tube
permeameter should be internally coated with a hard,
waterproof coating such as a polyurethane.

Measured Ks in the PF ring permeamegerureached max imum

values after about 12 days for 7 of 8 samples in the 1074 to
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TABLE 12
STEADY INFILTRATION RATE PREDICTED FROM EARLY TIME DATA

Data Q R? Q t

sc vmx vmx Qsl tsl
Points (lpm) (lpm) (min) (1pm) (min)
12 0.51 0.76 0.60 80- 0.465 240
Qe - Qs1 Qumx ~ 9s1 '
———————————— % 100 = 10% ——————————Ze— g 100 = 29%
Qsl Qsl
Qgc = Calculated flow rate
vax = Measured flow rate when Vmax infiltrated
tvmx = Time when Viax infiltrated

QSl = Flow rate at t = 240 minutes

tsl = Time of wettest conditions
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1071 cm/sec Ks range. Four samples in the 10”7 te 1073 cm/sec
range showed fluctuation with time, but showed no signs of
increasing or decreasing trends.

Measurements of Ks made with the PF ring permeameter
appear to be slightly higher (about 2.5 X) than those obtained
in the shelby tube permeameter but further comparisons need to
be carried out.

A long-duration borehole test of 8 days in shallow water
table conditions exhibited infiltration sensitivity to water
chemistry, water temperature, and pumpage of the shallow water
table. |

Changes in infiltrating water from groundwater to tap
water sources resulted in increased Q values of 260% with the
borehole infiltration method. The precipitation of metallic
oxides and calcium carbonate when observed in laboratory Ks
analyses might be viewed as ‘an early warning as to the
suitability of the water for borehole infiltration methods.

Soil-water temperature varied due to changes in the
temperature of the water supply. Diurnal temperature
increases and decreases corresponded- to respective decreases
and increases ,in infiltration rate, even after correcting for
viscosity. Correlation of minimum borehole water temperature
with maximum infiltration rate appeared most evident when tap
water was used for infiltration. 1Infiltration fluctuation wae
observed to increase with test duration. This increase might
be associated with an increased mean daiiy temperature of the

infiltration water. While it is suggested that increase
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fluctuations might be attributed to increased entrapped gases
around the borehole, there are no conclusive measurements to
support this.

Measurement of Ks during stage 2 steady state (tap water)
compared favorably with the stage 1 (groundwater) early time
Ks measurement made when pressure heads close to the borehole
indicated the wettest conditions. Future borehole tests,
where clogging of the formation appears evident with time,
might use the infiltration rate when pressure heads are
maximum as a value of steady state for calculation purposes.

While 1abdratory investigations indicated that Ks
decreased with depth below the borehole, Ks measurements
during stage 2 calculated from the USBR shallow water table
equation were within the range of laboratory measured vertical
Ks values of that material adjacent to the screened interval
of the borehole,

Pumping of the shallow water table during infiltratidn
did not increase the value of Tu enough to convert the flow
field from shallow to deep water table conditions, as defined
by the USBR(1974). Lowering of the water table increased
gradients around the borehole, but Qs decreased; the net
result was a decrease in Ks. The reduction in flow rate may
be due to changes in flow direction outside the borehole and
soil anisotropy. Flow paths from the borehole became more
vertical (perpendicular to bedding) after pumping began. As a
several order of magnitude range of Ks ;t var ious depths

outside the borehole was indicated in laboratory experiments,
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a vertical Ks would be considerably lower than a horizontal Ks

because of sedimentary layering.

RECOMMENDATIONS FOR FUTURE RESEARCH

A small experiment to better compare the shelby tube and
PF ring permeameters might be to sample 2 soil profiles that
are very close to each other. Two sampling locations could be
used at the Sevilleta National Wildlife Refuge investigation
site where soils have been shown to be relatively homogeneous
and isotropic (Andrews, 1983). If the sampling locations were
within 30 cm of each other and one site utilized PF samples
and the bther used shelby tubes, a minimization of spatial
variability effects might be realized. The shelby tube
samples should be manometer equipped such that the center of
each sample within the shelby tube would correlate in depth
with the center of each PF ring sample. Also, distilled or
0.01N CaClz water would be recommended for the system to
eliminate any possible. interfering effects that might be
encountered when using groundwater.

Future tests to evaluate the USBR solutions for deep and
shallow water table conditions should by made with different
initial Tu values rather then by pumping, unless increased
pump capacity becomes available. These tests could be carried
out at site 8 during different times of the year when depth'td
water varies with the agricultural season.

During future borehole tests, the infiltrating water

should be analyzed for any compounds that may come out of
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solution as a éas when temperature fluctuations are
encountered.

Additional work might be done on the temperature
sensitivity of the tensiometer apparatus. A small test might
be to construct a "null" tensiometer unit. This would differ
fiom a regular unit in that it would contain no porous cup and
need only extend below ground about one foot. If a vacuum was
first applied to this unit, then the vacuum should remain
constant; barring leaks and temperature effects. This unit
could be read during a borehole test along with the other
units at no extra effort.

Another interesting test would be a temperature
calibration of the neutron probe device. This would be
carried out using a 55 gal. drum of a homogeneous sand with a
neutron access tube in the center. The tube must be sealed on
the bottom. The drum would be filled with water to cause
saturated conditions. Measurements of saturated moisture
contents could be made at different ambient temperatures to

determine instrumentation sensitivity.

>
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Appendix A

Shelby Tube Sample Preparation and Permeameter Operation.

1. Before Sampling

01d shelby tubes (reused) are to be clean inside and free
of rust and debris. This is accomplished using a circular
wire brush on an extenéion and powered by a portable drill.
New tubes are shipped with a residual machine oil coating, to
prevent rust, which must be removed either with a solvent and
then detergent or just detergent. It is important that if a
solvent is used, that all traces of this are removed.

After the tubes are cleaned and dried, an immediate inner
coating of a durable rust preventive is applied before
oxidation sets in. A polyurethane wood coating worked
successfully in these experiments, but any material designed

to prevent rust might work if immune to water contact.

2. During Sampling
Assurance of a good sample retrieval depends on several

factors:

>

a) a good vacuum within the sampling apparatus at
retrieval,
b) careful shelby tube handling during retrieval, and
c) the ability of the sampled zone to lend itself to
shelby tube sampling techniques.
A good vacuum in the sapling device is achieved by a
thorough cleaning of the check valve in the shelby tube head

prior to sampling. Careful handling necessitates not Jjarring
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the shelby tube in the hole or banging it against the hole
walls. After removal from the hole, the shelby tube and head
are removed from the drill string and the bottom of the shelby
tube is taped (masking tape works good) to prevent sample
loss. The shelby tube is kept in an upright vertical
orientation and the sample head is removed. At this time, the
length of sample is calculated and it is determined if the
sample is a good one. If the sample is acceptable, the top of
the shelby tube is taped and the sample and tube are
transported to the lab in this upright position to prevent

sample dislodging.
3. Lab Preparation

Back in the lab, the tape is first removed from the top
of the tube (end with holes) keeping the tube in the upright
position. The condition of the top of the sample is observed
and if heavily cracked or compacted, the top few centimeters
may be shaved off. The sample length'is divided into the
desired number of dL values. The shelby tube is drilled at
sample segment centers and manometers consisting of a 7 or 8
cm length of small diameter copper tubing are inserted to the
sample segment center. A number 44 (minimum) hose clamp, and
2 rubber gaskets (inner tube material) are inserted over the
copper tubing and tightened. A number 13.5 rubber stopper
(with some means of retrieval attached) is now pushed into the
top of the shelby tube to secure the sam?le and the tube is

laid on its' side. The tape is now removed from the bottom of
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the sample. If the sample exposed is a dry non-cohesive sand,
a small amount of water is squirted on the sample to provide
cohesion. - Next a circular, fine mesh stainless or brass
screen of are equal to the shelby tube is pushed against the
sample and a 15 cm by 15 cm square of fiberglass window screen
material is centered over the first screen and pulled up
around the shelby tube. These two screens are held in place
by double wrapping a gasket of 1 cm by 23 cm innertube
material around the screen and taping it in place. Next the
outflow collector (cut off vinegar bottle) is placed over the
gasket and secured with a hose clamp (number 44). The sample,
when positioned upright with top stopper removed, is now ready
to be clamped into the permeameter rack. This procedure
involves a 3" U-bolt lower clamp and a 3" sandwich clamp on
top (these clamps are just 3" muffler clamps from the local
automotive store). After the manometered sample is tightened
into the rack, a triple wrapping of duct tape around the tube
top covers the 4 holes and provides a gasket for the infloh
connection. A one liter round plastic bottle with the bottom
cut out will slide over the tube and- duct tape and when
clamped into place, will provide a water-tight seal. Tygon
hose from the CO02 flooding regulator is connected to the
bottle as follows: a small rubber stopper, with a copper tube
inserted through the center, is inverted and placed in the |
plastic bottle before the bottle is clamped to the shelby
tube. The tygon tubing is connected to;the copper tubing in

the stopper through the bottle top. With the bottle clamped
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into place, an attempt to pull the rubber stopper via the
tygon tubing through the bottle top will provide a water/gas
tight seal that will get tighter with increased internal
system pressure.

The appropriate number of plastic manometer tubes are
primed with water, clamped shut near the shelby ends, and
placed over the copper tubes. A small amount of water is
allowed to flow from the plastic tubes to £ill the copper
tubing lengths. The reason for this initial manometer priming
is due to the long nature of the plastic manometer tubes to
and up the manometer board. If these are allowed to f£ill from
inflow to the sample, sample loss through the manometer and
manometer clogging will occur. With the manometer tubes
primed and clamped and in place, the sample is now ready for
CO2 flooding at the minimum pressure to provide acceptable

flow rates.
4. Shelby Tube Permeameter Procedure

While the sample is being purged with CO2, the

constant head device and water reservoir are made ready.
Depending on the amount of 1ift required to the constant head
device, water can be pumped using either a swamp-cooler pump
(good for about 2.5 meters 1lift) or one of the (inhouse)
Masterflex tubing pump systems. The Masterflex pump was opted
for during this study because of its good lift capabilities (4
m). Using the Masterflex requires speciél long life tubing in

the pump head; recommended material here is the silicone
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tubing.

The six discharge hoses from the constant head tank are
clamped shut, the over-flow tube is positioned into the
collector reservoir and the pump is turned on to establish a
.constant head in the tank which is now available to the shelby
samples.

A float-valved water supply from a 45 1 carboy was also
positioned in the collector reservoir (sitting on the floor)
to maintain a constant amount of water in the recirculating‘
water systems.

After CO2 flooding, a water supply line is connected
to the stopper at the top of the shelby. The stopper is
loosened and the tube and stopper is advanced into the shelby
close to the sample top. By opening the clamped water supply
line, water is allowed to drip slowly on the sample until
ponding when the plastic bottle fills to overflowing. Now the
stopper is pulled tightly into place and the desired head is
applied. When the sample produces a value of Q from the drip
bottle, the manometer clamps can be removed and the water
levels left to equilibrate. This inflow of water from the
manometers into the sample provided soil-free manometer lines.

Time zero was noted when an initial value of Q is
produced. Thereafter, values of dLi, dHi and Q are recorded
as a function of time to be used in equation 5.

Disassembly and rémoval of sample from the shelby is

easiest soon after stopping inflow.
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Appendix B
This appendix contains the materials list and plans for
the construction of the USBR Carburetor Float Valve.
CARBURETOR FLOAT VALVE MATERIALS LIST

Quantity Description

42 inches 1/8 - by 3/4-inch brass or aluminum strap

8-1/4 inches 3/8~inch outside-diameter tubing, brass o
aluminum

1 set John Deere Model "D" tractor meedle valve

and seat, Part No. AR10113R

4 each 3/8-inch flat—-head 8-32 bolt, stainless
steel

1 each l1-inch round-head 10-32 bolt, stainless
steel

5 each 10-~32 hex mut, stainless steel

4 inches 2-1/2-inch-diameter styrofoam cylinder

(seal of not closed cell material

2 each 6~inch - 3/16-inch-diameter aluminum rod
(spec. 20-24-T4)

1 each 2-1/2~inch-diameter - 1/8-inch thick
aluminum base plate (spec. 20-24-T4)

4 each 3/1l6-inch washer, stainless steel or
brass
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Appendix C

SOIL-WATER CHARACTERISTIC DATA
DEPTH = 112.5 cm Radius = 60 cm

THETA PSI(cm H,0)
Ge4d01 0.0
0,401 40,6
04301 50,4
0,401 73.9
D.401 99.7
0.394 186,0
0.394 1017,.0
04375 2644,.0
0,372 44963,0
D306 15387,0

'~ SOIL-WATER CHARACTERISTIC DATA
D=121.0cm R = 60 cm

THETA PSI (cm H,0)
0,515 04,0
04515 10,5
0.512 50.0
0.505 Ti,2
n501 101.,0 V62 AT
0,498 569.0
0.473 1017.0

. 441 2644.0
0.421 1963.0
0.412 10323.0
0.412 15357.0

SOIL-WATER CHARACTERISTIC DATA
D= 129.5cm R = 60 cm

THETA - PSI (cm H,0)
0,557 ' 0,0 .
0,551 11,1 !
04546 20.4 |
0,545 30,7 }
0,538 40,2 ;
D.526 49,7 '
14515 75,0

0,508 100,0 |
0.503 150,0 |
0,468 509,0 3
0.453 1017,0

0,422 2644,0

04,401 4963,0

0,400 10323,0

0,400 15357,0
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SOIL-WATER CHARACTERISTIC DATA
D=143.,5 cm R=30 cm

THETA PSI(cm Hy0)
.380 0.0
0a.374 9.7
04357 24,0
0a329 29.8
Ne312 39,1
02906 49.0
De279 59.9
04233 T5.6
Dedi2 96,2
0,191 149,40
0,163 184,0
Da177 203.0
0.163 324,0
N,160 528,0
Nn,140 1520.0
0.128 21966 ,0 -
0a122 7017 .9
0,117 12984 ,0
114 15031.9

SOIL-WATER CHARACTERISTIC DATA
D=159.5 cm R=30 cm

THETA PSI(cm H20)

(0.373 0,0

0e370 10,5

Dl.364 20,8

0,362 22.9

N.343 28,9 AT
0,324 38,1 Ve oA
0.308 46,4

0,292 58.3

0.208 75.0

Ne243 99,7

0,217 150,0

0,209 188,0

0,208 203,0

0,193 324,.0

0,150 528,0

N.164 1526,0

0,149 3966,0

0,143 7017,0

04138 10974,0

0e135 i5031,0
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SOIL-WATER CHARACTERISTIC DATA
D=166,5 cm R=30 cm

THETA PSI(cm H,0)
0.372 Q,0
0,372 21.2
04303 29,2
0,349 37,5
0,338 4‘9.9
0,330 61,4
Ne317 77.5
0391 98,2
C.27% 148,09
0.253 194,9
0e2453 203,0
0,218 324,0
0,213 548,90
De175 1526,0
0,157 3966 ,0
Gal148 7017 .4
0e143 17984 ,0
Gel140 15031,0

SO0IL-WATER CHARACTERISTIC DATA
D=175.5 ¢cm R=30 cm

THETA PSI(cm Hp0)
0,405 040
0,397 30,0
0,387 39,3
04376 49 .2
0.353 72,7
04336 98,5
0,317 149,90
0.314 196,0
0,272 509,0
0,243 117,40
0,209 2644,0
G184 4963,0
0,183 10323.0

0,183 15357.40
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SOIL-WATER CHARACTERISTIC DATA
D=182.5 cm R=30 cnm

THETA PSI{(cm HZO)

0,444 G,0

0,444 20,7

0,435 30,5

0,426 39,6 _ g
Ded16 49,5 : Vet ,
0,400 73.5

0,388 39,7

0,373 149,0

0,305 509,0

Je265 1017,0

0 e221 2044,0

94211 4963,9

04201 19323.0

n,201 15255,9

SOIL-WATER CHARACTERISTIC DATA
D=189.5 cm R=30 cm

THETA PSI(cm H,0)
0,427 V.0

0.427 31,1

0.421 40,6

0,407 49,2

0.379 72,3 1
0,362 99,8 |
0,343 149,0 '
0,340 186,0 '
0,284 509, ;
0,243 1017 .0 !
0.199 2644,0

0s173 4963,0

0e165 10323,0

0,152 15357,0



(k56)

SOIL-WATER CHARACTERISTIC CURVE
D=197.5 cm R=30 cm

THETA PSI(cm H,0)
0,458 0,0
) edHh 30,9
Ded57 10,8
G,453 50,6
N.443 75,4
0,438 101,90
D.432 159,90
04428 208,0
014395 509,0
0,352 1017,0
D.288 2644 ,0
0250 4963,0
0,240 10323,0
0,240 15357,.0

SOIL-WATER CHARACTERISTIC DATA
D=203.5 cm R=30 cm

THETA PSI(cm H,0)
0.4156 0,0
0.416 40,2
Ded15 50,7
0.405 T4,.0 |
0,390 99,0 §
0,370 147,40 |
De30l 191,40
04302 509,0
04264 1017,0
De221 2044,0
0,183 4963,0
Ne178 10323,0

04178 153587,90



(157)

SOIL-WATER CHARACTERISTIC DATA
D=218.5 cm R=30 cm
THETA PSI(cm_H?O)
Ned13 Oal
Gewl3d 2G,7
1,409 29,4

(e dRT 38,7
14350 26,5
(14221 nl,4
D,170 76,4
De142 EL: )
Ne1429 131,10
1,112 171,0
n,a10G4 211,0
D.045 15255.2
n,1un 185,00

1,103 142,4

YL.11% 1120
N,113 <A1
delldo T3
Nelun AR, 4
Vaelbi 0l g7
D,lut 53,7
Nalui 18,8
N2 27,5
Ga2T2 31,2
Ce312 24,46
Na350 14,4

1,350 Q.0



SHELBY TUBE SAMPLE 1,

DEPTH
(em)

TIME

(hrs)

1.33

3.00

9.3
20,42
44,05
54 .58
68,42
75.08
75.58
21.75
103.20
114,90
120,29
138.7u
163640
187 .40
212,20

27.7
to
41,7

(158)

SHELBY TUBE PERMEAMETER
HYDRAULIC CONDUCTIVITY DATA
VISCOSITY CORRECTED TO 20° C

bhi.7
to

51.7

363 3 36 3 36 36 36 3 36 S0 303036 36 9

1e34E=y2
G TYE=D3
Bel2E=93
SeS1E=03
3.60F=03
2eS4E=03
CedlE=03
1 .32F.-=)2
Bea29k=03
BoedHKmnl
TeTlE=U3
5elUE=03
4.30E=03
3-545;4"\“‘3
3.1UE=D3

Be49E=03
EQQBE*D3
TeT9E=03
Te7TUE=G]
7G0KE=03
7-87&'@3
7.95E'Q3
Te75E=03
RedAE=(3
] el =02
Bodzk=03
Rlle’QS
Re2DE=03
Re29E=~D3
BezUk=03l
90135"“3‘

NORTH PROFILE

1e456=03]
1e25Ews32)
1+29E=02]
1e31E=0:2]
1.29E=02]
1e20Ee0y]
{e2?Rm2
1.33E=22
1e30F=52
GeT1=03
1.35E=(2
1 . 355."")2'
1 .33}5‘!}2
1. 34’7""\2!
1e358=02)

1o 33E=02]

1_ 0545"‘;2
1 +49E=32
1248E=02
145GE=02
1e49E=02
1051"-:'"}2
1od48E=02
1« A5Ewi2
led]E=CZ
1.44E=02
1-4%3’@2
1edZE=]2
1e425=02
1eddE=02
ied3b=37

1e53E=N2

1e3 TE=02
1 . ‘I&E-Q;;
1.42E=02
1.58E=02
1. 40E=02

1e51E=02
1e39K=i32
1ed3E=n2
1edUE=(2
1e44Em=0%
1ed1E=02
1e3YE=DY
1ed1ltimil2
1o42E=07
1edilE=07

1edlE=02

51.7 62,0 72.3 82.6
to to to to
62.0 72.3 82.6 92.7
K 3o eI B I I E I I I I S IR IR I3
(em /sec) '

1e40E=02)
1e39E=D?
1427E=0Y]
{+36E=02]
1e23E=02)
1e37E=~07
la28E =71
1o 1HE=D2
1e30E=07
1e230Em02:
1 [ 19“3"”21
1e13E=02
120002
1415E=i?
1.10FE=02



SHELBY TUBE SAMPLE 2,

DEPTH
(cm)

TIME
(hrs)

Bték"
778
2030
32.34
43,13
54,3k
07.13
21.63
115,63
140,03
164,30
166413

134,6
to
146,1

146,1
to
157.6

AN RN
(em /sec)

’ 2-5@{5*(‘2

TeZ3k=03
2elcl=G2
1 .94:5"02
1o 73E=0:2
1e39FE=0Y
1edubk=02
1249 =2

133

lQSZE’?a

6-"'!'.7E:”'f)2
3434E=u2
4,04E=02
a1 3E=02
I N5F=02
3N5E=DZ
2eB8Em(;2
2e5CE~n2!
2e32E=0Z
1a75F=02:
Ze59E=CG2

K

(159)

NORTH PROFILZ

157.6
to
169,0

{1 28FE=n7
1o5YE=2
1e20k=02]
leltslflm(2
1. 17{'-"}2
1.09E=0G2
Betrdbmi 3
TeS5b=03
Be 2=~ 3
BeSYLie]

169,0
to
180.5

DeU4E=D4
eI 2 TR Y
1eflle=03
GeGiL=04
9.405.‘:"":'4
0.25"‘.-!}4
8.75F"}4
T o855 =04
baBdF =i
felOl ™14
5 .RUF:"}’%
Sefijbend

180, 5
to
192.0

1.81E=04
J.71E=D g
3.87TE=i04
3.44K=04
JedlE=iz4
3025&:-(}!}
2eHSEmn4
226l miig
1 .97!1:".’2-'-;

1e0zicmd]
1eG3iiwid|

192.0
to
203.5

RHRFRRRHR RN W NI

ie 2B =0E
4e18Emi4g
RaG{lmao s
Re3bleig
SeZ20li=milyg
5221F=04
4487 =14
Se(iutieny
3. 1.0{‘:"'?'};!
Z2el3lEm=034
?9‘)75'"-'!)4
2.70;.‘:."0’;



SHELBY TUBE SAMPLE 3,

DEPTH
(cm)

TIME
(hrs)
0420
S5e07

10.90
22.73
29.93
46,85
54,40
7057
31,9¢
94,24
119.57
127,65
143,57
106,57
171.08

210.8
to
222.3

36363 S e H A IE I WIS FK 55 K
(cm /sec)

9.89!&-(}3
l1ellll=0Z
e DBE~D3
5023{."‘) 3
heaBOE=03
4,4HF =03
4437E=03
40235"‘{73
Se Tl =it}
fesl=it]3

T daNbl=n3

4eaC0FE=13
440 3E=(3
Ja64E=03

222.3
_to
234.1

1.47E=53
9e32E=04
BelgE=(4
6-98&‘(}‘;
Febl1FE=04
belTE=4
Bed3k=04
5.81E=04
d,18Lwi4
JeH3E=n4
JA420=04
3933E'04
Jeloke=t1g
Z2eSEEmO4
Ze12E=4

(160)

NORTH PROFILE

234.1
to
24’5.8

e 2HE™ 4
3e33E=4
3167&"-’.}”:&
JL.E5E=~04
3.48E=04
3.5 =04
3e37E=N4
3,531=04
Zeldimi}di
Zel1l3li~C4d

1« Q3E =041
1.%0k=04
2e0)bE=4
1e3bkm04

245,8
to
257.3

ZebCil=ilgd
ZaS0E=(4
ZeltuEm04
Del3T =04
2e 2‘.’&-{}‘*
Ze25EmN4
2.22E=04
2e24E=04
391k~ 4
302E=~04d
3-443’94
3 30k=u4d
3. 3-?!;-04
Ja34kmizd

257.3
to
269.1

336 36 36 36 I 36 3 30 K 36 S 403 6 AN

3-8bﬁ"{}3
J.05E=03
3.()9{‘;"":"3
Sed4ii=03
3'3§E=ﬂ3
3.?&3{’."'(}3

e 21E=03
3e2TE=33
3'26‘;:—(\.3
G edd4F =03
4 0431.:"03
4433F=:3
de24kE=33
A4210E=03

5.G7P-\f3




(161)

SHELBY TUBE SAMPLE 4, SOUTH PROFILE

DEPTH
(cm)

TIME
(nhrs)

Qa3
4942
11.25
2211
53,75
£9.92
d1e25
23,59
118,92
127.00
142.92
165.%4
171469

33.0
to
Li.6

41,6
to
50.9

50.9
to
99.9

K I A RIE IR HI R K

2.81E-G3
1e2YFE=03
1 HOE=N3
1o T2E=(:3
ZTodiimitg
Hediib =]
5e52iu=03
defByut' =13
A,35E=C3
3.05E=33
3e37F=03

2e22E=G3
anig-ﬁl
1030E'93
1.80E=03,
183K=03
1e74E=03
1e74F=03
1 .8CE=03
9.91H“04
o dUE=04
7 edare(d
T e 34E=C 4
7TellE=04
BaltEm04g
feGulimilg

e Gl=il
10135-02
1el1bE=02
11 4E=D%
113V =002
{elilki=rg
1ellE=0Y
1ellb=ii2
telub=ud
1e12E=02
lei;olm{:4
fafidfmt .
1 OWE=N2
1-055*@2
{eib=92

. 59.9
to
68.9

1;53E-G2
1eTGE=GY|
10835*”m
1e80E=02)
ie81F=02
1e8CE=02
1e81E=02
jeGiF =02
1eB7E=072]
1e75E=02]
1-@45'32
1e73E=032
le7lbE=02
1.7§E992
lebaobi={;2

68,9
to
78.4

R WIS NHR®
(cm /sec)

2.63E-92
1e97E=472
1eR3IF=02
1085&'02
1sTTE=02
1s80E=07]
e Ub={;2
1e93Emny
l1e83F=(27
1eG4ti=7
1 BGE=0Y
1 3F=0Y
1e78E=G2]
1e79F =012




SHELBY TUBE SAMPLE 5,

DEPTH
(cm)

TIME

(hrs)

Ze17
8400
19.93
27.08
46,08
S51.5%
6700
734156
QI.BB
116.66
124.83
14075
163.75

154,9
to
163,6

163.6
to
172.3

FHRFEHFHFITRARHXEN

SetrnfE=023
3.31E=G3
Zolidii=03
1e857E=03
1el3F=:3
1.675-93
Jedlilimdd
B,80F =04
TeTU =S
belldE=04
SeBnl=04
Red7l=04
5-U7E-04

2eD0E=03
1.535‘3&
1e32E=Q3!
1e29E=03
1. 18E~03]
1e15E=03
1,13E=D3]
1o 0dE=03|
1ef3éfi=23
G 445F=04
GeluF=04
RaG3E=04
RBeT78E=0g

(162)

SOUTH PROFILE

172.3
to0
181.0

181.0
to
189,9

FFE W I I I WK HHR
(em /sec)

1 7GE»C2
2.456'@3
J,13F=a3
3.11E=93
3.0N1E=03
Z2e506E~03

(b= 3

Zo&ﬁﬁ‘ﬂ3z

Z2eTTE =23
Pe74ti=53

2-&6E‘ﬂ3
2.6DE=03

Ze73Em=i33

Bel(idbim?2
1e1DEmT
4401E=52
el FE=Q2
1,19E=07
2eB2K=~y7
ZeT5E=N2
2e2GE=G7
2072H-ﬂ2
1e@5E=)2
1aB84E=(72]
1.75E"02
1e20F=u2,




(163)

SHELBY TUBE SAMPLE 6, SOUTH PROFILE

DEPTH
(cm)

TIME
(hrs)

4083
lo.42
2354
43,00
48,03
6‘1.16
730D
RT7.83

113.106
12133
137.25
16025

214 .4
to
224,5

R R NI HHURHRRS

ltElE-QZ
Sef&b=03
Gedil=3
Fe3¥Ha}3
3.225°93
Z2+99E=03
8.155’&3
Sef4E=i3
3+9UE=D3
3.48E=03]
21 ™33

224.5
to
234.,5

1e2URmO2
RedPE=03
B BOE~G]
5 e89FE=03
5¢74E=D3
1eNYE=(2
Be3TE=n3
heTHE=( 3!
6.15E=03
5.24E=03
5077E’03

234.5
to
2#“0 9

K

24,9
to
254.9

254.,9
to
265,0

265.0
to
275.3

FH KR H AR I AW R RN RN

(em /sec)

1 e36E=0Z]
1 43L=02
1.228-32
1.Z0F=02
1el4E=02
lelulk=~02
O 58k=03
70255-33
TeS9E=03
Be35E=03
Belobk=N3

5.77E’94
BEebibk=04
2elbE=D4
3e13k=04
belil=iig
Fel7M=04

Q,00E=04
Qo RUin=0q
lelPR=0D3
1578=03

BeGZ¥=04
2e9GE=0(4
2. A9E=04
1eG0FE=04
2 CGE=N4
1ePdlE=dgd
3.50E=04
2e(OE=0R
IQIIE’QQ

495K =085
g Y 4‘1‘[’:’“5
TedlElmns:

6.62&‘64
TeGak=04
HebFE=04
He YR =24
feb9E=14
be3UF=mn4
1e2GE=03
Ta78E =04
T a1 TE =4
He BDE-QQ:
Selintedyg



(164)

SHELBY TUBE SAMPLE 7, WEST PROFILE

DEPTH
(cm)

TIME
(hrs)

1.4%
7.54
17e07
2592
31.17
G298
49,54
554006
VY
102.G0
1170u
126480
138,90
162420
185,80
193,90

16.5
to
25.7

25.7
to

34.9

34.9
to

k3.9

HHHHHKERHEIENREH KUK NFRHE

4e0BE=D]

ZebdE=D]3
Ze0DE=i3
1 BBE=03
leb5E=03
fedUF=03
1e38E=03
1e30E=03
1,100 =03
TeAbEmi)4
hesldE=D4
SefltiE=04
AeB4b=(4
44RhTE=NAG
3,775=04
I

Se(E=~N3
e ABE=i13
5073{""”3
G467E=03
4463F=03
4o 21Kmi3
3.99E«03
3.8TE=C3
3.70F=03
3.07FE=03
3.76E=03
3,230=03

el =03

1. 1,3.5:"(}2

1o N1E=Q2

0. FbE=(3
De73b=ii3
U9 lki=3
Qefdbi=i)3
GebTE=03

GeQTF=03

Fe1iki=03
5 e 78E=03
8.791"1:"_-’3
Heddt=(3
Ba63bk=03
B.?Df“-ﬁS
KetaOleD3
R eH3E=03

43,9
to
52.9

52.9
to
61.9

61.9
to
71.1

K F e SE I K I IS I IR NI
(em /sec)

1e3UE=02)]
1e30E=22]
ie31fm2]
le2Tlm)Z
loZ?E-CZ
1 .7DF:"!}2:
1+420b=02
1e32Lm02
122E=02
1eZ2UF =02
1e2%E=02]
1o iEmil
1e20E=02
1a21k=07
1a22E=02

1 e2dbwiy,
1a20F=02]
14275=032]
1e24E=0171
1e24F=02]
i e 23k =32
1.23[‘:-92.
1e30E=07,
leZ1E=02
1e22F =02
leZlk=Gy
1017E'ﬂ2
{e2ub=02;
1e21E=07]
1el8E=02
1e20FE=07]
]. 022?:-{)?(

3.3UEmG2
. 39Em 2
e d5FE=02]
3e33E=02
4.,56Fe0]
3.0GE»072,
J.53E=02
1e91F =02
T THEmN2
P AT P
LY oF L 23 I
2. RHE=72
3.3‘&;5*(‘2
3-5(}&"')2'
A, 335=02



(165)

SHELBY TUBE SAMPLE 8, WEST PROFILE

DEPTH
(cm)

TIME
(hrs)

(.33

5433
119[17
22442
30,02
36.,C0
45430
T1.45
g, Uk
107,30
1138.7¢C
142,00
166,20

174.2()

134.7
to
143 .4

1434
to
152.1

152.1
to
160.9

3R HWIRIHHFHEXF R RFERER

1el4F=(?
6 . 17H"f33
Be0TE=03
Ae2GE=D3
3;696"‘:‘3
3.AuE=D3
3.00E~03
Ja340=3
Z2ellUE=N3
1.84L=23
1e71E=003
1e54E=03
1e72E=03
1435E=03

1.32F=~03

3e89E=D7
3.Z2Ul=032
3.04E=n2
2e3LE=02
2e71E=02
ZeT3E=0%
2eTuEei}?
2eS5YE=Q2
2e58E=02]
ZelDE =2
2e0YE=]
2 .5)71;"1)&!
2eJUKE=]Z
ZeZfi=02

2.201.‘:“‘)22

BL60R=02
Teldb=04)
30295'02
2e41E=02)
2.31E=02
2esoli=n?
Pezilimuy
2.2§E'UE
ZeZ Lm0
2e22E=02
2e18Emn2]
2e28E=02]
2e2HE=i7
ZeldlFm?

160,9
to
169.5

169.5
to
178.2

178.2
to
186.8

K F I NI RIN
(cm /sec)

7920 =n2!
6.33Emﬂ&
2e75E=(2.
2el13E=(G2:!
1.97E=02]
1e93Em(;2!
1e93E=02]
1eT9K et
1.77E'92i
1472F=02
1.73E-52
le7iE=02
1eDBFE=02
IQGQE-QZ
IOSQEUUZ

Q0= 2
1eldk=(2
Te23E=03
Be2adbk=03
SeSUE=03
5e32E=03
5aN2E=03
%oSiE“US
Ge1UFE=03
3.92E=03
3793

- 3.62E=03

4.595’03
4.20E=03
JsRIE=53

11095-62
Qe1iE=03
7a7iF=03
BoQ3E=Q3
Soch'ﬁﬂ
5eR1f=03
5.65&‘@&
5.05E=03
4e 6("’«-;::-(“3
de39E=03
ez Pm=(33
14 0%Em(3
4.97&'03
feTul a3
4.33E“93



(166)

SHELBY TUBE SAMPLE 9, WEST PROFILE

DEPTH
(em)
TIME
(hrs)
1,83
H.73%
17.83
25417
41,33
56e83
758,08
93.08
102,80
114,420
130.10
19170
189,748

190.5
to
199.5

FoE S H M IR W WK H 4N

Z2a5TFE=02
3-74.'?'{}2
jeBob=n?
2417L=02
20 leE=D2
9,40E=D3
7.63[‘..-3(,\3
Relsli=03
V,21k=n3
HeCkf=03
1.215"“2
he73iE=53
5ea33F =3

199.5
to
208.5

Sel3k=03
4o TVE=C3
{aR3E=(3
4,23FE=23
T« GOE=N3
HeBulimi3
FelUE=03
HaedlEm03
FetrdF=(3
SeH2E=03
SeS5iE=n3
5e395FE~03

208. 5
to
217.6

K

217.6
to
226, 4

226 .4
to
235.4

235.4
to
2Ly 5

3020 MR I F K H I RN

(cm /sec)
Ze55m=0% 14%4E=G4
1o20Em02] 2,39E=04
1.27F=02] 1.9%t=04
1.4’,Fx-“2 2.25,:‘,5{;4

1. M7=
1e2tlN=02
Lettbl=ti2
1e23E=02
{1 AUR=0G7
1 e34F=02
Be 1“‘“1"’0_“
BediF=n3|
hebl®=03

2eldt=04
1-365-04
1253FE=04
1 L] 375;-")’:*
{e54FE=n4
14370=94
1eClE="4
1e05F=4
1e(dbimig

Ze81E=05
JeQ2E=uh
4balZW=05
4o lium(b
AehYEmnS
4o dFm=ub
4. ESF"‘LS
Ga25Kens
d 48305
Gl =05
Je3ulimid
3s32E=00
3. 21&"\15

Teikm=m04
GaZdlumiy
HeFbE =4
Telatimdd
B fidiieng
TeT1k=04
Be3abmng
90755"‘;
led2bk~03
1eN1E=C3



(167)

PF RING PERMEAMETER
HYDRAULIC CONDUCTIVITY DATA
VISCOSITY CORRECTED TO .200C

D=112.5 cm R=60 cm
TIME (min) K(em/sec)

6393 Lo 9 Tkimty
7663 Ledliniemn
7744 ;‘-’..535“;"&?
8444 e Ulimi
8zu7 A, Ghn -
13281 feilitimg
14706 Zetili=n
161358 17 emin

D=121,0 cm R=60 cm
TIME(min) K(cm/sec)

5729 JedGu=s
6398 1e30H=E
7004 le532=5
10073 1e17E=5
13281 1al%E=5
14708 1e56%=D
16159 1az2k=9

D=129.5 ¢m R=60 cm)
TIME(min) K(cm/sec)

7746 Belzk=T
8446 l.ubt‘l*ii

14709 Tad20=T]




(168)

D=143.5 em R=30 cm
TIME (min) K(cm/sec)

960 Lad4fe=3
24690
390¢
534Q
8769
g166
167
11515
12615 o -
13935 DeYim=3
15425 Oadn=3
1681v Vel 2o =3

D=159,5 cm R=30 cm
TIME (min) K{cm/sec)

960 1.1"; Je.w g
2460 1e5%=3
390¢ ledtr.=3
5340 leBhmm=3
6780 ledie-13
8180 1et:76°=3
9707 LaShr=3

11515 2ol tmy
12015 1a41=%
13935 LeH3uimz
15425 oG-
16810 3 33k=7

D=166.5 cm R=ﬁ0 cm
TIME(min) K(cm/sec)

$690 Zel7t=2
2460 5e3hE =3
3900 Je9%r=3
5340 letifiei=3
6780 1.,320=3
81690 le47Em]
97C7 5elrnes
11515 1ed2f =2
12615  2.945=2
13935 T 3.0Ykmg

168190 tolTe=y




(169)

D=175.5 cm R=30 cm
TIME (min) K(cm/sec)
2T o%s ] A G UZa~3
2469 Zetidi=1 -
39¢C0 Ta3Fimei
5349 TaTlE=1
6744 nedlin=a
8i8y Hel Flma
3707 JelPtim]
11515 1e3ddu=3
126015 1o d9l=}
13635 1ab2t =3
15428 1473 =3
16810 ledidtes

D=182.5 cm R=30 cm
TIME (min) K(cm?sec)

246490 4y H =}

5349 1e39n=3

6720 Qagoimi
8203 Led =3

9750 SeAlEm=3
11535 LoDy

12620 L afsfit. =g
13945 leggPiuim)y
15435 1edZ2i=2

16820 le33ii~%

D=189.,5 cm R=30 cm

TIME(min) K(cm/sec)
960 1,67w=4
2460 1a728=4
3990 Ze25F=4
4170 2euTilmd
5400 Jeldb=4
5685 3,3%c=1

7050 3edRi=i
8445 DedRigemig
11700 5 et ~d

12720 Gedilumu
144490 DebER=}
15438 4e43u=3
16820 b4 4dBte3




(170)

D=197.5 cm

TIME (min)
5719
6394
7062
7713
2443
920G4
106649
13280
14710
16157

D=203.5 cm
TIME (min)

960
2460
3900
4337
5340
5484
T069H
7547
8207
9744

11415
117¢0
1278¢
134490
15030
152790
16870

D=21805 cm
TIME (min)
960
2460
3900
5340
6780
8207
9755
11545
12630
13950
15435
16830

R=30 cm
K{cm/sec)
JeGitmi
45?15-5
hcgéLﬁS
G eGHUmB
2.50GE=5
?e080=5
5.31ﬁ‘§
5-,‘57:;“'5

5o‘§;‘)&’5

R=30 cm
K(cm/sec)

1glormi
Tarbr =3
T o2t =i
T elitti=3
Te370=5
)52 ty -
TesBin=h

Telitims

lel78=4
13264

R=30 ecm
K(em/sec)
le7218=3
1.73',’:"'3
2.()7{1;-:3
264312=3
2.37{‘_:—3
2.735=3
29 7ium3
JLUle=3
LeUF a3y




HEIGHT OF WATER IN THE BOREHOLE: S8T1

TIME
(min)

1,17
ST
15,06
13,90
a1 g0

454100

39,00

1135,460
130900
1895 ,00
205,00
2158 ,00
Qa4n 00
2330,.00
2333.04
2352 ,49
2398,00
2978.,90
260,00
2757,00
2943,09
3207 .00
3345.00
3437 .00
Iou 00
3845,00
48R0
4212, 00
4483,00
A047 & 210
4856 490G
314,00
5717 .00
5915,7%u

H
(cm)

3nel
34,1
3iied
Ina i
3.1
gl
3d.7

N VA e A e
S ol e S VA E S
" » s » o B
e e e g e

X
»
e

g X
. »
Y e e

fad Lad wad wd S
»

LR Y I VO
o
.

i A
DX e T
-
]

A e wad wad Ld A LA d Tl
Prali v GREE o0 & S o Sl « Sl + KR ¢ ¥
e o L ] s # B & »
e p e s R e i e

X
»

At
0
]

Jin

3d.]
36,41
4.1
EEPY!

(171)
Appendix D

TIME
(min)

XL ST
612,00
521306
adl5 .00
a2l o
n324,06
0l J Ly
b33, 00
w38 0
042,00
U N
6UDH .00
B0, 0
HitoH oY
BUT2 4,00
DTS Ui
380,00
tudd a0
093,00
TSRIA R IR ATV
0221400
éTlize U
B30 .0
ani3, a0
71,006
T9g 0
7443 ,00
T36U .00
gO6T 031
w3i,00
5ED35,00
2772 .00
96T ,00
179,00
Q346,00
595,00
Q832400
100869, 0¢G
10586 ,70
108504 ,00
11127.,00
11377 .20
11603,00
11854,0:G

e ~~
0 O

» » 3
-

[ SN a3
»

SO Xoou
e & 8 2
e Jm et i e s e e e i e e

[Owaey

L
® B P 9

Qe TG Tl WA g A TR had Gt L ds il

.
*
g




XY

95 U
o4
145,0
175,90
206,40
235,90
2653 ,u
295,4
325,46
355,40
385,48
240 .U
483.0
53%.0
578,40
596,19
£24,0
6590
T13.6
Hild oG
T 837,.0
285,49
309,90
$42,0
1133,v

INFILTRATION RATE: S8T1

(172)

-

QIJ A5 6-3500
Q,

1)

000 - [0
0, g2 oo,

VISCOSITY CORRECTED TO 20° C

De434
Gedl10
04376
043690
$e373
0e332
NeRGN
0.263
Ne298
Ne309
Ue322
0¢335

DaZhd

TIME
(min)

13148,9
1497 .46
1576,
1777.2
14980.0C
2042,0
2215,2
2305,
2575.0
2785 .9
Z29131,90
G090
3625,40
306340
3i15.06G
3211.0
3289 ,.0
3328,0
3412,0
34930,
3595,0
3692,0
3821.0
GUR4ALC
1120.0
4299,0
4463,0
4633,0
4eH1.0
4853 .0
5312.10
5355,.4
5‘)8&-0
59t9.0
995.4
00Q.¢
6005.0
6010.0

Q
(1pm)

0271
De198
Nez0T
.15
6128
Hel4g3l3
1,136
Nalis
f_i.}d39
GelHl
D ,170
";.141
(1e138
Delzd
1al3G
Nl B
tel121
Na11ib
20113
e132
Ce153
(Ga202
Ne31e
(1e370C
Ne345
0359
0,338
o336
Cedld
(1335
0a324
04375
a305%
nGa307
e31%

GadB0

TIME
(min)

0026,0

5086 9
0{To U
{71 32.0
6185.
6267 .9
6354 .9

BRZ0 4,0

L7171
6507,ﬁ
7083.¢
7288.0
25,0
761@.”
T853,¢
3061 .0
-’33‘.}00;}
25135 ,4
EB3A6 40
87653.0
HYYB LG
C9179,.9
93298,
D581 ,9
G330,0
1006840
13175,.0
16328.0
10587,.,0
10810,9
10979,.06
11115,.9
11380,0
11599 ,40
11415.4

Q
(1pm)

e 340
Deol4
Cadlit
He135
NeZ272
Nezl?
Da21 3
Gel24
Taed37
Ve 245
0,324
Ne3il
0e290
e?262
Da2228
'::Q?Ih]
Nal30
Ted5H
Ge6HD
439242
Ga139
06172
N,1786
04213
Ne272
Ded15
Ne264
0e192
0,143
Ge 157
0,151
(4156
De153
n,232
210
De2Ca




355.0
35,0
483,
51160
575,.,0
596,40
G240
‘35900
713.6
FQ4, 0
37,0
3N,
1133.9

(173)

CUMULATIVE INFILTRATION: S8T1

12,5
13.1
16,7
201
L7 .5
38,4
41,8
4842
37,2
08 .7
775
$3.1
198 ,9
143,71
137.3
151 .98
13,9
176,06
189.4
2e0,7
220,82
236,9
244,3
257 .4
271.3
279,5
289,.9
301.5;
317.2
Idlql
35G,9
359,6]
373,7
IB4d 5
439,09

TIME
(min)

1318.9
1497 .0
19T6,0
17770
188040
2420
L1540
2305 ,u
25735 .49
2755 ,9
298140
A0 I L0
3025 .¢
3063l
3115,.4
3211 ,4
03,0
3328,N
3d41Zz.0
3490, 4
3528,
392,90
3&21.0
2URd .U
41906 ,0
4409,0
3633.9
3681 ,0
4853 .0
5312.0
53385.0
SHBO6 .0
5919,0
59985 ,0
60000
6008 ,.v¢
501044

CUMQ
(1)

ggu.m
52,5
Sud, &
571641
509,72
E12, 4
37,7
Hod .1
Hbd i
709,81
Tt ad
21,2
7H3,7
738,58
Tok, 1
7776
Tl 6]
T31 .7
U1,
BiC,2
§24,1
838,49
£65,¢
46,3
285,7
1027.7
Lgan,7
1144,1
1153.5
1214,2
138,92
12361,7
1506,0
13717,1
1aucC, 4
1od2.
l.l‘\:/j.;
LRis 4

TIME
(min)
B0 4 U
054847
2Tty o2
B13%.0
HiED WD
BAET o0
035444 0
AU
BT17 .0
307 .0
THRI LG
TiGb a0
7435,
Tolta U
TRR3 L4
dUnDl.4
530043}
45335,0

o1

8228,0
917G .0
G298 ,.,4
G581.0
330,90
10085,0
1a175,¢
10328,0
10356,
1081G,.0
12979,0C
11i15,4
11366,0
11599,¢
11844,.G
11915,.0

2632.9
2662,3
2695, 4
2734,8
270,33
£781,5
£%19,7
2874 ,9
2725 ,4
254u,2




T IME
(min)

D
12,
15,
20,
25.
3‘).
430,
534
50,
7;].
80.
95,
110,
131.
144,
162,
17¢.
1990,
295,
229,
235.
250,
265,
244,
295,
3190,
325.
339,
355,
370,
335,
400,
415,
430,

(174)

BOREHOLE WATER TEMPERATURE

TIME
(min)

445,

475,

494,

595,

5356,

597,

665,

711-

833,

G903,
1147,
1319,
1506,
18740
2670,
2245,
2400,
4584,
2766,
2983,
3323.
3435,
36438,
3347,
4089,
4209,
4482,
4648,
4853,
5314.
5715,
5916,
5995,
6025,
6G33,

?%MP.

Q
~r

Ao~
L] [

L N N

N P

N R
O LSS I I oo B B W

M
2 ® » ® » a2 »

(W
[ ]

21,

1.7.
22,
28,
27-
14,
17,
13.
11,
19,
24,
26,

13. *

21,
25,
26,
26,

TIME
(min)

T e04s,

h060,
8079,
6146,
0271,
bS514.
7432,
7604,
7854,
8059,
8308,
58535,
900G,
9‘.'75.
9345,
9594,
9131,
10064,
10328,
10569,
103043,
1111"5-
11367,
11399,
11345,

TEMP,
(%)

25
26,
i6,
3,
3.
30,
29.
ZH,
21,
164
27,
32-
23,
24,
£l .
%7

33,




¥y
9%
19,
131.
14%,
162,

Tyna,
705,
720,
235.
250,
265,
280
295,
31\)-
325,
344,
355,
3740,
gD
400,
415.

T

16,
1¢Ca

16,

£y

1,
15,
17.
i7.

17

17

17,

t7

18 .
1.
15,
15
1o,
200
16,
19,

o

.

20,

PR
i

i e

21,

EMP .
(°c)
16 .
1€,
1f 4
jo.
16,
16,
e,
14h,

1ta

(175)

SOIL-WATER TEMPERATURE
R=30.5 cm: D=152.4 cm

TIME

(min)

430,
@45.
475
;900
505,
530,
597,
560,
Tl
%33,
953,
1147.
13192,
207,
2245,
21(’(‘-
2585,
270“.
29483,
3110,
3329.
3435,
3648,
3547,
4583,
4209,
4482,
4b4t,
4853,
5314.
5715.
5915.

TIME

(min)

5595
625
6035,
66453
Hlniia
6CT79.
014"!'
QL2
0355,
C}Sl’cs
2717
TEHH .
760%0
TR 4,
5059,
4308,
5765
G300,
4175,
9345,
Yh 34,
G931,
10Cad,
103728,
16509,
10808,
1il1a,
113€¢7.
11599,
111”45,

0 B

BN BB NG N N
o e W R
. B ”» » & 8

P g e 0 Ay B

S N A




TIME
(min)

30,

30,

6”.

FI::).

5":’-

95,
112,
131
1ida
loZdea
179,
1543,
200,
22 .
232,
250,
Zah.
281,
295,
310G,
325,
349,
2535,
IHS .
400,
19,

TEMP.
(°c)
}5-
15,
lsy
15.

15,

(176)

SOIL-WATER TEMPERATURE
D=162.5 cm

R=61.0 cm

TIME
(min)

—_—

430,
T4,
475,
451,
500
530
97
6.
T1i.
£33,
G953,
i 1 "1_'; -
13172,
1506
2672,
2230,
<M,
2381,
760
2983,
31160
33239,
3435.
3644,
3647
4UKY,
4749,
andgd,
4853,
531%.
5715.
5910,

TEMP,

(°c)

i,

1Ta

14

1-b~j
104
16,
lh,
1.
17
17,
17,
18,
Lo,
1A,
17,
17 .
ir,
L,
iz

RIS ]
16 o
15,
i,
In,
13 q
17
1B

1€,

18,
i3,

17,
17,

1

F0 e

14,

| 4]

TIME
(min)

5999,
ol2ha
0035,
Brvibil,
66T,
0223
Q?? j,.
6355,
6717,
ToBu.
7@32.
Tail=e
735Qt
KG5Y .
83‘)8-
2535,
HTo49a.
QUNG,
9175,
3345,
9594,
9131l
10God,
10327,
10560,
16808,
11110,
11307o
11594,
11645,

TEMP,
(°c)

(AN P o
LI

E ]

IS

*

o lemt i et i ek s ek el e

Pl I
[
L ]

L%,
149,

20,
£,
20,
2%,
19,

AL

20
i .
23,
14,
19,



(177)

SOIL-WATER TEMPERATURE-
R=91.4 ¢cm D=170.2 cm

TIME
(min)

TEMP.,
(°c)

TIME
(min)

TEMP,
(°c)

15 430 Lo HYUH, Lo,
34, 1458, 17 Diids, 16,
14 s, Uba bu3h . i,
I: CAvu, P, 645, 1A,
14 5‘;’5. i, a6, 15 o
14, D30, id, 60745, ioa
14, 597, Pha bldb, 6.
14, 205, L 6220, 16,
14. Tila 1% 6271, 16,
11, 831, tr . ©355. in.
14, Tel, AN 6511, LE .
14. 1147, (N 6717, Lo
14, 1313, 19 a0 73.7%“{.1. 16.:?._
id, 1bu6, 15, 'I-‘_%J.Z_. lt;.
15, 1474, 15 THud, té,
14, 207“9 L e 1854, it .
15, 2243, 1o, 5009, 17.
15, 2406, 15, §30d. 17,
L4, 2385, Pt 5535, iTe
143 2705, 19 e 575;, V7.
15, 29863, le. andi, 17,
Ly 3lls. Loeg, 9175, 17.
Lia 3329. 1., $345. 17
14, 34335, 15, 9394, 17.
1, 3347, 17 .| 10968, 18,
14. 4089, i, 1Q328. 17.
15. a2¢9, Lo 16560, i,
i5. 4482, 16, 10dls, 1d .
14, 464, 16, 1ill2. 18,
15, 4853, 16, 11367, 124
P4, 5314, 16, 11599, 17.
14, 5715, 1a, il1545, 17.
14, 591G, liz,g




TIME
(min)

15CG0,
1675,
1557,
2075,
2239,
2393,
2583,
2162,
2974,
3115,
3132% .
3443,
3nhiea
3541-
4084,
4212.
4474,
1858,
3314,
5713,
Kase,
5495,
BQ0h,
0015,
6025,
6940.
bUﬁO.
a0%0,

(178)

PRESSURE HEAD DATA: S8T1

R=17.8 em D=137.2 cm
TIME PH
(min) (cmH,0)
¢135, 3.
51%1, 3.
6205, =3,

e 359, =15,,
0309, =43,
aTiy, wi7 o
7088. "'4_-8.‘
7420, =12,
7620. ‘59
T3n1, -31,
Biiids, =31,
RZ2E3, =31,
513, -Zd,
3765, =23,
3001, ~10,
$1Bu, -1,
2340, ~32,
9600, =35,
4834, =35,

1ogsl, =33,

12334, =13,

19574, -1{,

10611, =414

i1127, -30,

11374, 30,

11608, =2,

1l8-37a -&Q




TIME
(rin)

1820,
1075,
1857,
297%,
2439,
2399,
2573,
2782,
31149,
33%2.
3483,
3683,
3611 »
40R4,
4212,
24 T4,
4HBH .
%314,
5713,
“%8%8,
5495,
6095,
H015,
G025,
040,
LU0,
o130,

e
» ® @ & o 9

TR W e O

(179)

PRESSURE HEAD DATA: S8T1

R=17.8 cm

TIME
(min)

o135,
619,
0265,
0359-
65409,
0719,
Tid8,
7420,
1620,
T661.
2034,
HZ33,
35148,
8765,
q001 ..
4180,
'33400
'-W)Cb.
3835,
10061,
10330,
10570,
10611,
11127,
113748,
11s08,
11857,

D=172.7 cm

PH
(cmHZO)
Se

T

-3.
- g
-3,

3.




TIME
(min)

713,

821,

955,
lid4a,
1316,
1504,
1570,
1858,
2075,
2243,
24405,
2580,
27865,
2977
3122a.
3325.
3488,
3658,
3K44,
‘;2150
'}'270'
4285,
4477,
1861,
5321,
5715,
5301,
5997,
0008,
0013,
‘QOZBQ

PH
(cmH,0)

23,
25,
43,
3.
22
2%a
22,
10,

de

0o
Ga

(43

'1.
Ba
11,
31,
31,
3t
3.
3¢
3G,
33,
i3,
25,
224
21,

(180)

PRESSURE HEAD DATA: S8T1

R=17.8 cm

TIME
(min)

60Hb2,
8%,
.ol137.
5193,
6265.
(‘3(’_’10
6512,
5722,
7091,
714249,
762G,
Ted4.,
R044,
8543,
3769,
4005,
':}183.
9349,
4610,
Y538,
1‘:}054.
13334,
19573,
19814,
11131,
11330,
11010,
11860,

PH |
(cmﬁzo)

13,
14,
23,
VAU
12
De
3.
1.
N

-0,
’7.
-4,
-l
-1,
"7.
,7,
"12.
"'1?0
-149,
’18.:
=15,




(181)

PRESSURE HEAD DATA: S8T1
R=30,5 cm D=122,0 cm

T IME PH | TIME PH : TIME PH
(min) (cmH,0) ' (min) (cmH,0) - (min) (cmHé@
D w80, 667, =39, 616, T,
3, =80, 716, =90, 025, =76,

B e -4}y 818. =39, b{)‘llo =76,
13, -30, . 955, -39, 6060, =76 .
1R, -0, 1141, 58, 6091, TG,
22, =80, 1314, =88, 6135, =76,
27, =80, 1501,  =89.] 6192,  ~7o,
33, =50, 1676, 90, 0265, =76,
14, =80, 1862, =90, 6360, =Tb.
55, -, 2075, =90, 6510, =74,
68. _90. 2240. "3590 0720. "73-1
B2, -gil, 2401, 17, 7089, -71..
110, -81, 2584, mHE 1425, -,
132, -1, 27013, =50, 7620, =64,
140. =81, 2975.  =fa,. 7862, =09,
150, =81, 3120, =86 8038,  =87.
IDS. "83.; 3323. QBC" 8286¢ -65.
180, -23, 3484, =36, 8521, »H5a
195, -R3, 3655, =85, 8767, =04,
210,  =d4,, 3842, =4, 9602,  wbd,
240, -5, 4081, “Ba,. 9181, w64,
270, -R5, 4213, B4, ' 3348, = d,
300, -85, 4475, ~Hd,, 9607, =03,
330, 35, 4859, =4, 98306, =62,
360,  =db. 5319, =81, 10063, =62,
390, ~-fi6, 5714, =78, 10332, 02,
420, =88, 5899, =77 10571,  =h2,
450,  =BR.| 5996, =76, 10812,  =b2,
480,  =g&, 6006, =70, 11129, =63,
535. =89, 11379. 'ﬁ’20§
595, =59, . 11609, =62,

11858, =62,



TIME
(min)

(1
3.
B
13.
14,
22,
27«
33
414,
5.
&8,
32,
110,
132.
149,
180,
165,
180,
195,
210,
240,
270,
co,
330,
360,
390,
420,
450,
48%,
535.
525,

PH
(cmHZO)

-47,
'47'
=17,
=37,
'470
-/;7.
=47,
=47,
-37,

\

(182)

PRESSURE HEAD DATA: S8T1

R=30,5 ¢cm

TIME
(min)
HET.
Tilu,.
B1l8.
9455,
1141,
1314,
1504,
lo76,
1862,
2975,
224(‘!
4£4GL.
2584,
2763,
2975,
312¢,
3323.
3184,
3655,
3842,
4081,
4213,
4475,
4859,
5319,

5714.

5899,
59%6.,

D=134.6.cm

PH
(Cmﬂzo)
=36,
=36,

"35-

TIME
(min)
60606,
6Glo,
a(25,
6041,
606G,
6135,
6192,
6265,
0360,
6£51u,
67290,
7089,
1425,
7020¢
4038,
BZ86,
3521,
375617,
9002,
G131,
9348,
966G7,
9830,

10063,
10332,
13571,
106812,
11129,
11379,
1len9,
11858,

PH
(cmHéj

=224
wzl,
3210
=21,
""21-
w2,
=21,
"’27.
"27.
=30,
-34,
-34.




(183)

PRESSURE HEAD DATA: S8T1
R=30.5cm Ds48,9 cm

TIME PH | TIME PH
(min) (cmH,0) 0 (min) (cmHZO)
300, -17. 5997, -t
33(}. “13. 6008. -!.C‘.‘]
360, ~12. 5018, =12,
3%, =12 .6028- "13ci
420, -13. 6043, -14,]
450, =12, 60R2, =16,
480, -3, 6082, =17,
535, =12, 6137, =24,
505, 13, 56193, -24,
0t7, ~1d, H265, =27,
71&. -14n QBE‘- ‘”2‘:".
521, =16 6512, -3,
958, =17, 6722, =i
1144, -1, Teat, =27
i31¢e, L ALIR T4%29, 23,
1564, =2, T620, -2% .
lbg(}. -20. 78D4. *37.,
igng, -4, 3043, -3,
2075, -l az2¢1, =31,
2243, =26, 4523, =29,
2405, =2k, 57649, -27,
-45;2{30 -iTa ;'V)’\'S. -2,
27@5. =ib, 9183. T =34,
2977, =2, 9349, =36 .
3122, =25, 9vi0, =34,
33259 "’25- 953"3. ‘"330
3“}38. =25, 10064, 3,
3655, ~Zda 10334, m3ib,
3844, =20 10573, =35,
4215, =14, 10814, -3,
4477, -G, 11131, LY
4861. "'90 11380. “"420
5321. ~-10, 1i1si0, -42,
5715, =10, 11860, ~35,
5401, =10,




TIME
(min)

Q.

3.

13.
18,
224
27,
33,
dd
55.
658,
82'
110,
132
140,
180,
155,
180,
195.
210,
240,
270.
300,
330,
360,
3¢0,
420,
450,
480,
535.
595,

PH
(CmHzo)

-1,
=17,
-17.
-l4,
”é.
-4,

1.

5‘
11,
15,
it
104
17.
ld.
20,
20,
13.
20,
1.
AU
26,
20,

17.
16,
lc,.

16,
16,
1b.
15.
13,

(184)

PRESSURE HEAD DATA: S8T1

R=30,5 cm

TIME
(min)

8€7,

Tio,

H16,.
. 485,
1141,
1314,
15¢1,
176,
1362,
2075,
2240,
2401,
2584,
2783,
2975,
3120,
3323,
3484,
3es5,
3842,
4021,
4213,
44750
4859,
53149,
5714.
5899.
5436,

D=170,2 cm

PH
(cmHZO)

12.]
12
it.
10,
Y
l’.‘.
S
Se
Zel

~iLw

- -
mid
~4,
-y
0,
G,

-~
bl A

TIME
(min)

60360
adlo.
HiZH,
5041,
aGsqa,
50921,
5135,
8192,
h265,
93606,
6510,
6720,
7089,
7425,
7620,
7862,
2038,
B2h06,
8521,
3767,
9002,
9181,
9348.
9607,
9836.
10063,
103232,
10571.
10812,
11129,
11379,
11609,
11853,

PH
(cmﬂéﬂ

N
it
15
17.
17,
ive
5
©
-
0




TIME
(min)

<

[T IR VA N
s 8 % »

7.
33.
L}S.
57.
T30
93,
115,
133,
156G,
168,
160,
1495,
210,
22%,
270G,
360,
330.
360,
394G,
420,
450,
420,
535,
595,
667 .

PH
(cmHZO)

‘4{1.
S
,}:3.
;:33’
24,
25,
Sir,
339
33.
33,
33.
33.
3{”0
3h e
KL 19
38,
3%,
3d.
39,
33,
34,
3Y%.
33.
44,
39,
(.
40,
39,
40,
39,

(185)

PRESSURE HEAD DATA: S8T1

R=30.5cm D=209.6
TIME PH
(min) (cmHZO)
717, 39,
819, 40,
955, 314,
1142, 3a,
1315, 3%,
15¢2, 3b,
1578, iH.
1865, 34,
2075, 33,
2241, 31,
24013, 32.
2585, il,
2764, R
297&, 33,
3121, 33.
3325, 33.

3485, 33,
3057, 33,
1066, 3%,
4215, 30,
4477, 120G,
4460, 41,
5320, 12,
5714. 42.
5900, 4
5997, 45,
4005, 38,
6018, 3%,

cm

TIME
(min)

0NZ28 .,
o042,
QU662
0022,
6137,
5133,
b%265.,
6361,
ob511.
5724,
7090,
7420,
7620,
7863,
8Q42z,
5289,
8523,
8768,
004,
91482,
9349,
609,
9832.

10064,

10333,
10572,
10812,
111390,
1130,
11610,
11859,

PH
(cmHé»

33.

31
29,
.

3.
23
19,

15,
14,
2l
4.
13,

LI |
wa NGBS Ked N 0 NS i T
® 5 3 e 2 6 ® > 2 » @

11
D A
LI




(186)

PRESSURE HEAD DATA: S8T1
R=30.5¢m D=240,0cnm

TIME PH
(min) (cmH,0)
0, 43,
2e 43,
5e 43,
9, a3,
14, 44,
27 14,
33, 4%,
45, 47,
57, 47,
70, 37..
23, 17 o]
1150 47.i
133, 48,
150, 49,
165, 49,
180, 52,
195, 52
210, 53,
225, 54,
270, 54,
300. 54.{
330, 53,
360, 53.
390, 54,
420, 54,
450, 56,
480, 56,
535, 54,
595, 54,
667, 54,
717, 54,
r19, 56,
955, 56
1142, 56,
1315, 55,
1502, 50
178, 564
1205, 56,
2075, 54,

2241, S53.




PH
(CMHzo)

97,
94,
84,
84,
78.
78.
72,
66,
53.
47.
40,
224
13,
.3.
=2,
64
=14,
=20,
‘-24-|
-29-
-37.
'460
'510
-Sgn
'66-
-70'
-750
‘81.
-84.
=90,

(187)

PRESSURE HEAD DATA: S8T1
R=61.00m D=122.0cm -
TIME PH
(min) (cmH,0)
595, =98, |
667, =101,
716, =104, |
818. '107. ?
'955. '110. !
1141.‘ '111-
1314, =113,
ISOI. ‘1i3o
1676' '1130
1?62. ‘113.
2075. =119,
2401, =120,
2584, =119,
2763. .110.
2975, =115, .
3120, =113, |
3323, =1it,
3484. '1110
3655, =111,
3342. -111.
4081, =108,
4213.- -1050
4475. =103,
4859. -101.
53190- -101.
5714. -99.
599?, -98.
5996, =926,

TIME
(min)

6006,

6016,

6025,
6041,
6060,
6091,
6135,
6192,
6265,
6360,
6510,
6720,
7089,
7425,
7620,
7862,
8038,
8286,
8521,
8767,
9002,
9181,
9348,
9607,
9836,
10063,
10332,
10571,
ios12,

‘11i29.

11379,
11609,
11858,

PH
(cmH9)
‘95.
=95,
-940
-94.
-394,
-94.
-91.
-90.
-93.
-98.
-101 )
'1010
-96.
-910
-91.
-39,
'1000
-101.
=95,
=94,
-91.
-98,
-101.
'100¢
-95.
=93,
=90,
-91.
“96,
-970
‘93:
‘91-

-38.




(min)

3.
6o
13,
1d.,
22,
27.
33,
43,
55,
f4,
22,
110,
132,
130,
150,
155,
120,
195,
210,
240,
270.
3c0,
330,
360,
390,
429,

450,

434U,
535,
595,

(188)

PRESSURE HEAD
R=61.0c¢cm

TIME
(min)

967 4
Tio,
818,
435,
1141,
1314,
1o7a.
1862,
2075,
2244,
24061,
4554,
27@3-
2975,
3120,
3323.
3484,
3655,
3542,
4081 .
4213,
4475,
4859,
53313,
57ta,
5899,
534996,

DATA: S8T1
D=134,6cm

PH
(cmHZO)

’42-
L L AN
“.1:1 -
=il g
v!j*?.
-4,
-4,
"3@.
"”iun
“‘}5..
SR
=45,
-dh,

5;15, :
-7,
=d 4
“'i'Sq
"'4“’0
=45,
-0,
=35,
-3d,
~31l.
-32.
=31 )

TIME
(min)

£000,
2016,
5025,
2041,
eu6o,
€091,
6135,
5192,
65265,
530ia
2510,
4720,
TGR9,
7425,
YA PAUN
Teé2.
286,
B52L,
B767.
QON2,
5131,
9341,
2507,
836,
10063,
10332,
10571,
16812,
11129,
11379,
11609,
11858,

PH
(cmH )

0%,
"670
0,
=56,




TIME
- (min)

Ze
De
i1l.
16,
25,
32.
12,
53,
635,
54,
105,
13¢,
114,
159.
165,
180.
195.
210,
240G,
274,
300,
3320,
360.
390,
440,
450,
480,
535,
595,
€?67-

PH
(cmHzO)

o1
TLhode @

«22.

"l:?g
’220

;-7.

.
(s

6.

(189)

PRESSURE HEAD DATA: S8T1

R=6

1.0cm

TIME
(min)

T15.
H17,
955,
1129,
1312,
1675,
1857,
2075,
2239,
2359,
2533.
2782,
3113,
S 33322,
3483,
3653,
3541,
4084,
4212,
4474,
4854,
85314,
5713,
5898,
5995,
HO05,

D=170.2cm

PH
(cmHZO)

4.
e
3.
Za
1.
le
2
L
~b .
=7
"'(.?o;
o7 o
"4.:1}
-4,

1w
-y

-7
=1y
"17¢.
-1

e

5,
Gl
Dy
Gel
7 ol
1241

12,

TIME
(min)

'3015.
5025,
60490,
508U,
6033,
5135,
6191,
h265,
92359,
6509,
6719,
7088,
T420,
7620,
7861,
3038.
3283,
#8518,
8765,
5001,
9180,
")31@|
9600,
YB35,
10061,
10330,
16570,
ig9811,
11127,
11373,
11608,
11857,

PH
(cmHp)




TIME
- {min)

Ze
Se

14,

~
LT e

313,
15 .
37,
T0,.
{)3.
11s,
133.
150,
155,
1320,
1958,
210,
245 .
270,
300,
330,
3(.—’0-
3se,
420,
1450,
48Q,
535,
595,
067,

PH
(cmHZO)

15,
T4a
15.
14,
1,"'}-
14,
19,
21,
21
c3a
23.
23,
L0
dd 4
REYIN
249
U

20
!,‘1-";

30,
3.
3c,
30
1,
31.
30.
36,
30,

(190)

PRESSURE HEAD DATA: S8T1

R=61.0cm

TIME
(min)

717,

#1i9,

955
1142,
1315,
1502,
lo78,
1865,
2075,
2241,
2403,
2855,
2764,
2970,
3121,
3325,
3485,
3687,
3643,
40586,
4215,
$477,
1860,
2320,
%714,
59N4,
3997,
6008,
60135,

D=209.6pm

PH
(cmHzo)

31.
32.
31,
.31.
31,
3,

TIME
(min)

6028,
8042,
6Ub2,
a2,
6137,
€193,
DZ65,
6361,
6511,
6721,
i(.;aoo
TaZ0 .
7620,
7863,
4042,
8289,
3523.
¥748,
9004,
ayr2,
9349,
3609,
I632.
10064,
10333,
10572,
10512,
11130,
11380,
11614,
11859,

PH
(emH 0

ih.
3,
21,
LB,
2%,
1t
10,
8'
2,
16,
11,
i,
0.
-1,
-,
-,
-l
-7
~/a
-2
LA
92'
~le
=2
'2-
-L‘
w2
-5 .
-8

-2,

=0




(191)

PRESSURE HEAD DATA: S8T1
R=61,0cm D=240,00Cm

TIME PH | TIME PH
(min) (emH,0) "~ (min) (cmH,0)
(‘)‘ :}9.2 3190 hl.
2. 49, 955, bl
5, 49, - 1142, Hla
9, 49, 1315, €1,
14, 39, 1502, b,
27, 524 1678, 59,
i3, 53, 1865, 5dai
45, 54 2075, 37
57, 54, 2241, 57 ..
70, 54, 6721, 34,
93, 54, 7090, 32,
115. 5o, 7620, 17.
133, 55, 7863, 14,
150, 57, 8042, 14,
165, 58, 82389, 20,
180, 54, 8323, 20,
195, SH,. 764, 290,
210, S8 2004, 22,
225, SHa 9182, 23,
279, 55, 9349, 26,
300, 59, 9609, 19,
330, 59, 9E32, 18,
360,  59. 10064, 18,
390, 55, 10333, 20.%
420, 59, 10572, 24,
450, 651, 10812, 19.
480, 61, 11136, 15,
535, 59, 11330, 13,
595, 61, 11610, 19,
667, 59. 11859, 18..
717. 6l, ‘




53,

65«

84,
105,
130,
140,
150,
155,
130,
195,
210,
249,
270,
300,
330,
3690,
390,
420,
450,
480,
535,
595,
667,

(192)

PRESSURE HEAD DATA: S8T1

R= 91.0cm

TIME
(min)

715,
817,
955,
1139,
1312,
1500,
1675,
1857,
2075,
2239,
2393,
2383,
2762,
2974,
3119,
3322,
3483,
iab3,
3841,
4084,
4212,
44740
4858,
5314,
5713,
5898,
5995,
5005,
0015,

D=122.0 cm

PH
(cmHZO)

w6, |
0],
19,
39, .
=39,
=63,
"02.
-34,
'45-
'52-\
wtrd,
=64,
=71
'731
-73,
-Ho .
60
"73.\
=74,
=7d,.
"790
T4,
=73,
—730‘
"72-1
'6901
-hgr

TIME
(min)
6025,
6040,
6060,
0090,
6135,
0191,
0265,
6359,
6509,
6719,
168,
T420,
7629,
7861,
8038,
6283,
4518,
8765,
3001,
9180,
9346,
3606,
9835,

10061,
1033¢,
10570,
10811,
11127,
11378,
11502,
11857,




(193)

PRESSURE HEAD DATA: S8T1
R=91.0 em D=134.6 cm

TIME PH
(min) (cmH,0)
00 'b-;jo
2e 13 .
O ~63,
11. 'bS.
16. ’h59
25, it ,
32. "60-
420 -6 .
53! —f_}‘-).
55, =70,
G4, 71,
1¢3. =74,

130G, =71,
140, T4
1.5'3-. '72.
185, ~74,
Igdc "?4.9
1‘35- "‘7*’%.
215). ’75’:
13}!). =75,
2709 "7")0
343, ~75,
330, =T,
364, =T6
380, -T6H,
420. "751
430, © =753,
480. '750
535, =754
595. 75,
b67- -75|
715, =75,
817. '74.
955. "73.
1139, =73.
1312, 51,




(194)

PRESSURE HEAD DATA: S8T1
R=91.0cm D=170.2¢m

TIME PH
(min) (cmH,0)
0- "22.
2. =21
e "2.20
11. -420
10- ’ ~i1la
25- "21.
32- ”431.
42. "221.
3. =lha
63, =13,
54, -t
105, -3
134, e
1‘109 ’3.
150, Je
163, Ze
180, l.
1%5, 2
210, 1.
240, 2,
270, 2
330, 10,
350, Ve
3320, D
429, 5.
459, 3a
480, 3.
535, e
SQS. 3:
667 e
715, 3./ -
817, . 3.
55, 1.
1139, i,
1312. =Ze




(195)

PRESSURE HEAD DATA: S8T1
R=91,0 cm D=177.0 cm

TIME PH

(min) (cmHZO)
6722, -7l a
7091, ~13,
7429. '7.

7520, =15,
7854. '220
8043, =21,
8291, =19,
8523, -19,
B769. =13,
Y005, =138,
9153, =22
G349, =24,
961cC, =24,
9038, -23,

10064, =22,

16334, =20,

10814, =20,

11131, -27,

11380,  =-id,

11610, =26,

11R50, -24,




TIME
(min)
() -
2.
5
11,
16,
25,
32.
42,
53.
6%,
B4,
165,
130,
140,
156,
165,
1480,
195,
21G.
2490,
270,
300,
330,
360,
330,
420,
450,
480,
535,
595.
6617,

PH
(cmH,0)

10,
11a
ll.
10a
16,
1T
11,
11,
11.
11,
1l.
ila
158 .
16,
16,
21,
L% .
£5.
£Qe
23,
g

€ @

WA
L e

31,
31.
1.
31,
il,

(196).

PRESSURE HEAD DATA: S8T1

R=91.0 cm

TIME
(min)

715,
817.
9545,
113y,
1312,
1530,
1675,
1857.
2G75,
2239,
2399,
25863,
2762,
2974,
3119,
3322,
3653,
3841,
4084,
4212,
4574,
4858,
5318,
5713,
5694.
5995,
80065,

D=209,5 cm

FH
(cmHZO)

33.
35:"0
33.
34,
33.
24,
25 .
23,
Py
4 g
25,
12,
14,
19
14,
19,
FAOR
20,
2l
21,
Z1la
2,
£5,
26
pAIN
28,
28,
26,

TIME
(min)

6015,
0025,
6040,
6060,
&090,
5135,
6191,
6205,
359,
6509,
0719,
7628,
742G,
7020,
7661,
3034,
4283,
8511,
8765,
2301,
91840,
9346,
9606,
9835,
100¢1,
10330,
19879,
10811,
11127,
11378,
11608,
11857,

PH
(cmH2®

28,
25,
Lk
21,
21la
23,
i
17.
i2.
ilta
L4
1i.
il.

d,
-y,
-,
-3
-3
-3,
.

i i
-'L_t‘i

-
-51_,’
-3.
-5.
Hli.
-5.
-y
-5
bl ¢ I

L




)
4

27

33,

45,

57.

Tit,

42,
115,
133,
Lo0,
105,
16C,
195,
210,
2259
210,
300,
336G,
3a0,
3ga,
426G,
490,
48Q,
53%,
595,
o,

PH

17 .

17 -

(197)

PRESSURE HEAD DATA: S8T1

R=91,0 CHi

| TIME
" (min)
7i7.

519,

458,

1142,
131H,
1302,
187¢%,
13a5,
2075,
22{‘1.
6721,
To3d .
T840,
71562,
8(;'*;.‘2.
RZf_jC),
boZ3,
$78%,
Yod,
91472,
9349,
G809,
2837,
10964,
10333,
10572,
1uR1Z,
11136,
112883,
liet1o,
11859,

D= 238.8 cm

PH |
(cmHZO)




(198)

TOTAL HEAD DATA: S8Ti
R=17.8 cm D=137.2 cm

T;ME TH TIME TH
(min) (cmHZO) - (min) (cmH,0)
T1550, =171, 6135, =141,
1675. ".‘.bf“o 31?1. _1}1-
1857, =1va. 6265, =1at,
2075, =171, 5359, =132,
2239, =173, 6509, =1l
2399, =171, 6719, =le4,
2583, =173, 10E8, =18C.
2762, =173, 7420, =149,
2974, =169, 7620, =142,
3119. -1{3&‘. 7’1“1' "l"-‘ac‘
3322. ~1b4. BU3B, =lok,
3483, =toul, 2283, =1luE,
3653, =1lob. #9188, =lob,
3841, =~lbb. 8765, =161,
4084, =103, 9001, =147,
4212, =163, 5180, =147,
4474, =153, 3316, =109, |
4858, =1da, 3606, =172, |
5318, =153, 9d35., =172.
5713, =157, 10061. =171,
5898, =154, 10339, =151,
5995, =~14i, 10570, =1d7, |
6005, =147, 19611, =178,
6015, =144, 11127, =108,
6025, =144, 11378, =168,
5040, =143, 11603, =165,
6060, ~142, 11857. =143,
6090, =140,




TIME
(mén)

15920,
1675,
1657,
2075,
2239,
2399,
2583,
2762
23974,
3119,
33272,
4R3,
3o53,
3841,
4084,
'1.474.
48548 4
5318,
5713,
5698.
5995,
a00%,
6015,
6025,
6040,
6060,
6090,

TH
(cmHZO)

=105,
=164,
'10;‘-
’lbc‘n
170G
=168,
=171,
-171.
=170,
"17[}n
‘171.
"'.1730
~169,
=1b2,
"".Dﬁ‘ru
=1oU,
=156,
155,
"’1‘55-
=15k,
=154,
*1‘53.
-154,
=186,
‘158:
=158,
-15()-

=159,

TOTAL HEAD
R=17,8cm

TIME
(min)

o135,
131,
n2hh,
5359,
bha,
719,
Tue3d,
7420,
7’)2‘-)'
7861,
#0348,
8283,
4518,
8765,
3001,
9180,
(1‘3’1&-
9606,
9n3s5,
100E1,
l!)333.
10570,
10811,
11127,
11378,
116C8,
11857,

(199)

DATA: S8T1
D=172,7¢m

TH
(cmHZO)

’j—l’ﬂcl
=175,
=-17¢,
5.1.7(.-‘-
=171
=166,
=171ia
=183,
-1u3,
"lbin
"'17‘;‘0
={7d.,
-1..",';.
"'1&1-
=155H,
-1:‘4n
-1&4'/].
-1.'51.
=152,
=18k,
=141,
=131,
=192,
=38,




TIME
(min)

P18,

621,

955,
1144,
1316,
15064,
1680,
1d64,
2075,
2243,
£405,

2586,

2765,
2977,
3124
3325.
3488,
3654,
3gdd.
4415,
4270,
4285,
44717,
4861 4
5321,
5715.
54901,
5997,
6078,
6018,

TH
(cmHZO)

=176,
=174,
=176 .
“176.
=177,
178,
-1780
=190,
‘193 L]
=197
-{93,
=143,
=193,
=193,
=193,
~19%,
=122,
=191,
-] B
=1bd,
=1nh,
-lok,
=164,
=109,
{160,
=10h,
={10ba
=174,
=177,

(200)

TOTAL HEAD DATA: S8T1

R=17,8cm D=99,1 cm
TIME TH
(min) (cmH,0)
niza, ~178,
0043, =~iii,
bUéZ- ""R’.
92, =176,
Bi137., =t7%,
65193, -1670
52650 '193:
6361, =196,
6512, =19&,
0722. =191,
7081, =195,
7429, =193,
To20, =207,
1864, -z 00,
043, =210,
8291, =207.
8523, =200,
8769, =204,
SG05, =203,
2133, =205,
9349, =206,
%010, =203,
10064. ’3‘}9.
10334, =20»,
10573, =206,
10814. '211.
11131, =210,
11386, =214,
1le10, =217,
11860, =214.




TIME

(m§n)

Ua
3e
13,
14,

a0
“oe

27

33.

44,

55,

6.

8%
1to,
132,
140,
150,
165,
169,
195,
210.
244,
270,
300,
330'
360,
3qo,
420«
450,
480,
535,

TH

(cmH,0)

=202,
’ZUZQ
=204 a
=20/
”2”2-
~20(:0,
#2572

P R LS

«2u2a

'2&2.
P e
23,
=203,
=703,
"2(539
=203,
LAY IS
-205,
~20%,
=200,
=27,
~207,
-20uT,
=207 o
=208,
=200,
-2ll,
“?10-

=210,

-211.

TOTAL HEAD
R= 30,5¢cm

TIME

(min) (cmH,0)

545,

057,

Tit.

Bisg,
T 955,
11*10
1314,
1501,
1670,
1862,
2075,
221G,
72401,
2544,
2763,
2975,
3120,
3323.
3434,
3655,
3842,
40281,
4213,
4475,
4859.
3319,
5714.
5699,
59%e6,

(201)

DATA; S8T1
D= 122.0c¢m

TH

=21l
“?ll-
'21?9
=213
-211.
=g i,
=210,
=212,
=212,
—2120
“211;
209,
“205-
Al AV
=7:)8 ,
=J0H,
“2050
=204,
=207,
200,
=710 .
=20n,
=26,
-Zubc
=ZuU3.
=200,
=199,
'198.

TIME

TH

(min) (cmHzo)

H5G1b .,
6025,
041,
65060,
aG91,
6135,
6192,
652685,
6360
6510,
07200
7089,
7425,
7020,
7562,
2638,
B2806,
3521,
37674
9002,
2181,
92314,
9607,
98356,
10063,
16332,
16571,
10812,
11129,
11379,
11609,
11858,

=19k
=150 o
~198,
-1 Y,
192
-],
=45,
=154
midH,
‘1980
{96,
=145,
=193,
-131,
-1910
=141,
wldYa
=187,
-197,
186,
=136,
186,
=1Ho,
'1&5‘
=134,
=164,
=154,
=184,
~1ud,
=145,
-134,
=184,
=184,

[ 3




TH
(Cmﬁzo)
=142
=18Z .
-182,
mifae
=132,
L R
-1&52,
’1&2.
-1820
=1l
-1572,
"15‘.
”16?u
=132,
’15‘32-
i,
=1nZ,
=162,
’1810
=181,
=11,
"1”1 -
173,
’l7&n
=178,
~179.
=174,
-173.
-174,
=173,

TOTAL HEAD

TIME
(min)

5495,

667,

716,

518,
- uss,
1141.
1314,
1501,
16746,
18662,
2075,
2240,
2401,
2544,
2763,
29175,
3120,
33213,
3484,
3nsh,
3842,
1:0810
4213,
4475,
4859,
5319.
5714,
5899,
5996,

(202)

DATA: S8T1
D= 134.6cm

TH
(cmHZO)

-.‘.-YIJ-.
=171,
=171,
~1uT.
=i,
=164,
=171
-172.
=171,
=170,
=171
=172,
=174,
-175,
=175,
-174,
-173-
-173.
'1730
=173,
=172
=174,
=164,
=159,
‘158Q
=159,
-159,
=158,

TIME TH
(min) (cmH,0)
6066, =107,
001c., =15G.
©6025, =156,
U441, =159,
ulbdd, =155,
6091, =~155,
©135. =150,
Hb192, =18,
n265. =154,
£360, =ind,
6510, =lod,.
©72C. =164,
TORG . 1ok,
7425. '162.
7620, =163,
1862, =174,
8038, ~17%,
8286. -l]3-
8521, =171,
ﬂ?ﬁ?. -1680
D602, =lGu,
9181, =~ib6,
9348. ’1]“0
9607, w{7%e
2836, =174.
10963, =172,
10332, =171,
10871, =172,
1@812. -179-
11129, =179,
11379, =181,
11009, =130,
i1858, =173,




TIME
(min)
0,
330G,
360,
390,
42 o
150.
486,
535,
525,
8667 .
71d.
§21.
as55,
1144,
1310,
is5n4,
1H80,
1Re8,
20735,
2243,
24“5 L]
2586,
2765,
2977,
3124,
3325,
3488,
3058,

3844,

4215,
4477,

TH

=100,
~1HZda
~161,
~1cie
=102,
=161,
=162,
-lnil
-1ol.
-1¢3.
=153,
-tid,
~{06H,
=160,
~1hya
=lo%,
*1"}91
-1713,
’1739
=174,
=174,
176
=174,
-173,
=174,
=174,
=174,
=173,
=169,
=163
=154,

(203)

TOTAL HEAD DATA: S8T1

R= 30.5cm

TIME
(min)

41661,
53Z%21.
5715,
5901.
5997,
6008,
od1in,
2G223,
£043,
H0R2 .,
56092,
5137,
£193,
02bh,
0361,
ob12,.
5722
7031,
7429,
7629,
7864,
8043,
82%1.
8523,
8769,
aQaons,
9183,
3349,

D= 148,9cm

TH
(Cmﬂzo)'

=158,
=159,
=159,
"'l{)gc
=157
“15(;.
-fol,
=152,
=153,
1ot.
=15,
=173,
=173,
=176,
=17,
=173,
=171,
=17,
-172.
'17‘_‘:
“‘.bit'n
=154,
=179,
=178,
176,
~178,
-183,
=180,

TIME TH
(min) (cmHZO)
9619, =183,
9838- =142,
10064, =179,
13334, =143,
10573 =184,
10814, =14¢%,
113131, =191,
11380, =191,
11610. "13]-
11860, =137,




TIME
(m§n)

‘3'

H.
13.
18,
2,
27.
33.
44,
55 .
68
g"l
110,
132,
110,
150Q,
1865,
1340,
195,
210,
240,
270,
3oo,
330,
38Q,
3qo,
420,
450,
420,
535'
595,

TH
(CmHzo)

-1590
=ta7,
157
-15’4-
=17,
=174,
=lpy,
=100,
-159-
=156,
=151,
-154,
=153,
Q’SEJ
"'1‘71¢
=151,
=157,
=151,
152,
-thl.
=151,
=151,
=15%.
=153,
=154,
=154,
=154,
=154,
=154,
-15@o
~157.

(204)

TOTAL HEAD DATA: S8T1

R=30.5 cm

TIME
(min)

667,

716,

Glé.
L9585,
1141,
1314.
15¢1.,
1676,
1862,
2075,
2240,
2401,
2584,
27563,
2975,
3120,
33%3.
idu4,
36535,
3842,
4*)81.
4213,
4475,
4859,
5319,
5714.
5899,
5996,

D=170.2 cm

TH
(CMHzO)A

“15qo
-15%,
‘1590
=i1Hhle
=lal.
=163,
165
~ini,
-1{}!5-
~17%.
=17 %,
o A
=174,
=174,
=173,
-171,
172,
173,
=17
=169,
=163,
=lol,
-S54,
=155,
=158,
’158.
=156,
=15%,

TIME
(min)

6006.
bUle.
5025,
6041.
6060,
6091,
6135,
019%,
6265,
6360,
£510.
b720,
1089,
71425,
7620,
1862,
30G38.
#2860,
8521,
8T67,
9002,
9181,
9348,
9607,
9836,
10063,
10332,
105871.
10812.
11129,
11375,

11609,

11658,

TH
(cmHZO)

’154&
-154.
=155,
"1530
=153,
=154,
=160 4
=tHhb.
-171,
"17{'30
-173.
=173,
"1130
-tel,.
=171,
~1t3.
-134,
-1HZ,,
‘179-
il B A
=174,

=1ud,
=145,
=133,
=180,
=179,
*183.
=193,
-191,
=192,
=190,
=133,




(205)

TOTAL HEAD DATA: S8T1
R=30.5 cm D=209.6 cm

TIME TH TIME TH TIME TH

(m}n) (cmH,0) ~ - (min) (cmH,0) (min) (cmHZO)
N, =15H, T17. =171 6024, =176,
2e =155, 319, =174, 6042, =179,
3. =ig37, 935, =171, 6062, =i10l,
9. =157 o 1142, =171, 6092, =175
1,.*‘. =186, 13],5. =172 6137. "'17";-
27, =138, 1502, =173. 6133, =1h7.
33, =179, 1678, =173, 0265, =191,
i5, -177, 1865, 176, 6361. =195,
57, =177, 2075. =177, 6511, =146,
Tie =~177. 2231, =~174. 6721. =1Eb,
93, =177, 2403, =170 1090, =194,
15, =177, 2585, =172, 7426, =132,
133, =173, 2764, =174, : To2v, =202,
150, =173, 29376, =117, 7863, =204,
165, =177 3121. 177 5042, =204,
180, =172. 3325. ~i717. 8269, =204,
195, =171, 3485, =177. a523. =267,
210, =177, 3657, =175, 8768, =205,
225. =171, 3843, =175, 9004, =203,
270 =171, 4086, =174, 9182, =205,

3na, =171, : 1215. =174, 9349, =2U5.|"
330, =171, 4477, =1a3, 909, =204,
360' ’171@ 485300 ‘10;'_"7. 9832. ’?08.
390, =169, 5320, =168b.,. o664, =~208.
420, =171, 5714, =lo&, 10333, =208,
450, =169, 5900, =lbb,. 105724 =207,
480, w159, 5997, =164. 10812, =208,
535, ~171., 6008, =172, 11139, =212,
595, =160, A018, 174, 11380, =214,
11859. =211,




(206)

TOTAL HEAD DATA: S8T1
R=30.5¢cm D= ?40.0c_m

TIME TH
(min) (cmH,0)

D, -197 .
2. =197,
5. -167,

90 -197,
14, =19n,
270 =190,

33. "95.
45, =163,
57. -143,
70- ’!93‘
93, =191,
115- '1#3-
133, =192
150, =1vi,
165, =191,
180, =1H8,
195, =18y,
210, =i&7.
225, =1l4dn,
270, =tge,
300, ~1ab,
330, =ie7.
360, =157,
330, ~130.
420, =146,
450- “1&4.
480, <«=1d4,
535. -jgﬁg
595, =] 30,
667. 'jﬁb'
717« =1d6.
519, =1844] *
955, =184,
1142, =184,
1315, =148,
1502. ’184.
1678: =134,
1665, =144,
2075, =183,
2211. ~187,




T IME
(min)

{} o

3.

6‘
13,
IB.
22.
27,
33,
44,
55,
68 .
87,
1190,
132.
140,
159,
165,
120,
125,
210,
240,
270,
3go,
339,
360,
390,
420,
450,
480,
535,

TH
(CmHzo)

-25l
“?E.
=3ha
m3h,
-.-tt..‘t_,.
-1d,
=51,
=56,
-0,
~T5 ¢
5<e
-100,
=1uf,
=114,
=124,
=123,
~13h.
"14'/,-
-145,
‘151.
=159,
”1080
173,
~181,
=1&d,
=142,
=197,
=203,
=205,
=212,

(207)

TOTAL HEAD DATA: S8T1

R=61,0 cm

TIME
(min)

578,

a6,

7ib,

Gld.
1141,
1314.
1bul.
1676,
186%.
2075,
2240,
24”1-
25443,
2763,
2975,
3120,
3323,
-3'1‘*4.
los5.
3842,
4081,
4213,
14785,
4859,
53149,
5714,
5899,
3990,

D=122.0 cm

TH
(CmﬂzO)

~224.
=243
=240 .
~22Ya
”2120
=233,
=235,
=235,
=235
=23%,
=241,
-2440
=244
‘241l
=23%,
=237,
”23‘5.
=733,
=233,
-233.
-2339
=227,
“2251
=243,
=223,
-221.
=22G,
=218,

TIME
(min)

8GO0,
clo,
5041,
0 (o0,
bUg1.
135,
6192,
6265,
h3ad,
6510,
6120,
7489,
1425,
7620,
7862,
RG34,
31286,
8521,
4767

90924

2151,
9348,
2607,
Y836,
1a¢e3,
10332,
19571,
10812,
11129,
11379,
11609,
11458,

TH
(cmHZO)

“217.)
~217.
=216,
-2iba]
=216,
=216,
=213
=215,
=221,
=222,
~idda
=71k,
=713,
2134
221l
“EQZM
=223,
=217..
’21@0
'2l3.
A
=243
=242
=217,
=215,
=212,
=213.
=219
=219,
”215Q
=213.
=210,




. (208)

TOTAL HEAD DATA: S8T1
R=61.0 ¢m D=134.6 cm

T;ME TH TIME TH TIME TH
(m}n) (cmHzo) - (min) (emH,0)" (min) (cmHZO)
Je =201, 595, =177 pUd0, =152,
3, =201, 0b7, =177, : 6O0les =150,
Be =20Le T1oa =177, 0G25. =157,
13, =202, 18, =176, 6041, =156,
1%, =243, 955, =174, 6000, =154,
27¢ =303 1141, =173, 5091, =156,
27 LY RV NN 13140 =171, ‘0135. =-{a5h,
33. LY AN 15010 173, 9192- "‘070
44, =20l 176, =171, v265. =172,
£5, LT VR lut2, ~-175. 0360, =171,
58. ,,:;"”2. 207'3. ".*“‘o LSS.U. "luzo
BZe w202, 2240, =1dl. 6720, =143,
110, 232 2401, -174,! TO8G, =150,
132. =221, 2584, w179, T425, =1ibb.
140, =197, 2763, =179, Ta20, =117,
150, =194d. 2975, =177, The2, =191,
168, =197, 3129, =173,] 2038, =193,
150, =194, 3323, =179, B28b. w142,
195, =193, 484, =174, 8821, =191,
210, =1u7, 3685, =179, 3787 =145,
240, =130, 3842, =179, yu02, =184,
270, -1, '-_1()81. =174, 2141, =18%,
3f)u. 1.,1({1. 1‘213' "173. 93430 ‘1‘)'3-
339, =179, 4475, =168, 3607, =199,
360, -174, 4659, =106, 9636. =196,
390, =171, 5319, ~t6b, 10063, =123,
420, =179. 5714, =106, 12332, =134,
450, =179, ' 5699, =153, 10571, =18d,
328G, =179 59%0p, =157, 10812, 7204,
535. =178, 11129. =203,
. 11379, =202,
1169, =195,
118%8. =191.




TIME TH
(min) (cmH,0)
e =192,
Ze =192,
1o =192,
11. =144,
100 =192,
Z5, =131,
32, =184,
1% ~inl,
53, -177,
&5, =173,
Bas =171
105, =1¢9,
130, =164,
140, =163,
150, =1u3,
165, =~lod.
IUUQ "'1.'\;)3'
125, =162
2.1‘-.’. =itl.
240, =11,
270, =lul,.
3¢, =lbl.
330, =1ul,
3bl, -1o4,
390, =14,
4290, =] 6,
450. "lbbo
480, ={Hha,
535. =104,
595, =lo7,

(210)

TOTAL HEAD DATA: S8T1

R=

61,0cm

TIME
(min)

o67,

715,

at7,

953,
1139,
1312,
15¢0,
1675,
1457,
2075,
2239,
2399,
2583,
2762,
2974,
31165,
3322,
3483,
3653,
3841,
1084,
4212,
44740
2858,
5314,
5713.
5898,
5995,
5005,

D= 170.2¢cm

TH
(cmH,0)

=-lhb.
v10fa
»loha
w‘b].
=1hH¥,
~1ub,
-164.
'168-
=17,
-175.
177,
=170,
=117
-177,
=174,
~171,
173,
=177,
=177
“8?.
=17 1.
{78,
'1@5!
=1ode
164,
=164,
=163,
=158
154,

TIME

TH
(min) (cmHzo)

GUulh,
625,
£3490,
5960,
64¢%90,
6135,
8191,
06465,
6339,
4509,
68719,
7088,
7420,
Toli,
78301
30238,
H516.
B765,.
Q00§ .
9180,
434e,
Q506
9835,
10061,
1933G,
19870,
15411,
11127,
11378,
11608,
11857,

~161,
=161,
=-tol,
~1ai,
=100
=171
=179,
=17%,
"13‘32.
=134,
=176,
""1.320
-172.
"'1”“9
=2u3,
-137,
-193,
193,
=19,
-9,
"194.s
=1Ub,
=147,
=140,
=143,
=145,
=200,
~200,
=201,
=198,
=199,




(211)

TOTAL HEAD DATA: S8T1
R=61.0cm D=209.6cm

TIME  TH TIME  TH TIME  TH
(m}n) (cmHZO) - (min) (emH,0) (min) (cmHZO)
G =195 717« w17, . GUZ28 6 18 %
2, =190, 319, =178, 6042, =18¢.
5., =195, 955, =17bs. 5062, =183,
Y. =1Y0. 1142, =175 5082, =143,
14, =140, 1315, =178, h137- ~{d4d,
27. =196, 1502, =1v0. 193, =194,
33, =1uj, 1676, =180, 6265, =20u,
45, =134, 1865, =tu3. 6361. =202,
57, =1dH, 2075, =184, 0511, =2UZ.
7.,). -1;.1‘7. ?241' “34‘_.‘ ‘37?10 '1“30
93, =17, 2423, ~124. 1090, =199,
119, =157.] 2588, =1H%,.. T4260. =200,
133, =133, 2764, =184, T620.  =21u.
150 =182, 29T0. =183, 1863, =213,
165, =1#2. 3121, ~1%3., B8G42. =213,
186G =175, 3325. =103, 8289. -213,
193, =14H1l,, 3483, =163 2523, illa:
210, =179, 3857, =183, 3768. =212,
225, =141 3643, =181, JU04e =211
270, =179, 40Ra, =167, 9182, =211,
300, =179, 4215 =173, 9349, =212,
336, =172.] 1477, =174, 9609, =212,
360, =179, ABBG., =173, 9832, =214,
390, =179, 5320, =172, 10c64, =212,
420, =179, 5714, =17%. 10333, =212,
450, =178, 5900, =171, 10572, =211,
480, =178, 5997. =169, 10812, =214,
$35. =179, 6008, =179, 11130, =215,
595. =179, 6018, =151 11380, =217,
667, =~17%. : 11010, =217,

11859, =216,



(212)

TOTAL HEAD DATA: S8T1
R=61.0 cm D=240,0 cm

TIME TH TIME TH
(min) (cmH,0) - (min) (cmH,0)
¢, =191, 1969, =144,
Pe 1%l 2075, =133,
5, =191, 2241, =143,
. =19l 2403, werwdw
14, =191, 2TRA, #Hidwn
27, =181, 3121, #Epwwe
23, =17, 34495, HReRid
45, =tidb, 3843, wkwEsw
7. =lbo, 3215, *wdwen
The =idb, AEOHQ, A w X
93, ~isfb. 5714y wr¥ked
115, -qu; RYUDT, #uHEE%
133, =141, Hl18, *enwwr
180, =183, 60482, Gikdgin
165, =142, DUIZe HEREES
180, =132, ' 6193, =HxwrE
155, =197, 5361, ##pwH
219, =132, 8721. =206,
228 . =142, 7096, =208,
270, =182. 7520, =023,
369, =181, 7863, =326.
330, =~1ul. 8042, =220,
360, =11, 82849, =220,
330, =184<, 8523, =227.
429. =131, B7168. =220,
450, =179, 3004, =213,
480, =179, 9182, =217,
535, =1ut, Y349, =226,
595c -17g| 96':90 "‘221-
667, =181, 9832, =222,
717, =179, 10064, =222.1.
5lyt =179, 103330 =220
4585, =179, 10572, =216,
1112, =179, 10812, =221,
1315, =173, 11130, =275,
1502, =180, 11380, =~227.
1678, =151, 11et0, =221,




(213)

TH
(min) (cmHZO)

TOTAL HEAD DATA: S8T1
R=91.0cm D=122,0cm

TIME TH TIME TH TIME

(min) (cmHZO) (min) (cmH,0)

Ul =181, 867, =130, &C15,
2. =174, 7151 "1("5‘. 60?50
e =179, #17. =183, 6U4d,

1. =t7%, 355, =171, 606Q,
loe =177, 113¢, =ini,. 6090,
25, =177, 1312, =151, 0135,
32, =178, 1530, =145, 5191,
42. ’1770 1075. 184, 6265.
53, =t17R, 1857, =136, 5359,
34, =171, 2239, =174, 6719,

145, =iol, 2399, =186, 74088,

139, ~=lob. 2533, =191, T420.

140, =167, 2742, =193, 7629,

150, =142, 2974, =195, 1861,

130, =174, 3322, =1lv4. 283,

1?5%. =173, 3483, =184, 4514,

210, =109, 3653, =luil. 37165,

210, =163, 3841, =195, andl,

270, =163, 4GB4. =190 91850,

305}. =1nl, 42120 "J,‘:}(’}. 9343-

330, =161 44T 4, 201, 9076 .

360. ".‘_:D":«‘. 4‘858. -19530 9835.

3%0. =163, 5313. =145, 13061,

420, =160, 5713, =193, 1033¢,

450, =107, 3898, =194, 10574,

480, =172, 5995, =191, 10811,

5335, =171. aUd5, =191, 11127,

595. =111, 11378,

116458,

11857,

-{ai,
"1‘.}1.
-1},
mig8,

=lod,
~tble
=164,
=159,
=18tl.
it e
178,
=-la4,
=1a7.
=107,
’1]7.
=173,
=12i.
=150,
-1E1.
=173,
=-179,
=150,
-181,
=179,
"1799
L REEVIN
~130,
=181,
=130,




(214)

TOTAL HEAD DATA: S8T1
R=91.0cm D=134.6cm

TIME TH
(min) (emH,0)

O, =700,
2. "200;

he, =20U,

ti, =20¢,

lo, =2uv,

23. =2G1.

32. "2‘)1.

42. =201,

53. =203.

53, =245,

84. =208 .
1653, =204,
1346, =273,
110, =2u0&.
1500 '237-
165. 'QGH.
180, -Zi1E
195, =~20%,
210, =210,
21‘”‘ "ZI.UQ
27394 =211,
390, =213.
330. =711,
360 =211,
39\). "211‘
420, =210,
450, =210,
480, =219,
535. =21¢,
595, =210,
607, ~21C,
715, =210, "
817, =208,
455 . =210,
1139, =208,
1312, -84,




(215)

TOTAL HEAD DATA: S8T1
R= 91.0¢m D= 170.2¢cm

TIME TH

(min) (emH,0)
{}. ’192.
Ze =i%la
De =197
111 -!‘_‘37.

lo, =141,
25, =191,
32, ~131i.
1de =191,
T3, =188,
b5, =143,
84. -179.
105, =170,
13G. =171,
140, =173,
i530. =171,
1654 =168,
180, -JoY,
195, =tvd,
210, -156%,
240, =lbi,
270, =1e3d,
3399 ’1@1.
3()0. "hho
390, 160,
420. "'1(:)6.
450, =167,
490. -lb'.]c
535: '16(3.
595, =167,
667 =loT,
715, =107,
817, =1867.|"
QRSD "169.
1139, =109,
1312, =173,




(216)

TOTAL HEAD DATA: S8T1
R=91.0cm D= 177.0cm

TIME TH
(min) (cmH,0)

0722, =14,
7091, =194,
7429, =itd,
TelC, =142,
7864, =1uQ,
8043, =19,
8291- =190,
8523, =196,
B7¢9., =19bh,
3605, =155,
9183, =199,
93449, =2Ul.
9616, =221,
983d, =200,
10064, =129,
10334, =137,
19573, =~2ud,
10814, =203,
11131, =204,
11380, =205,
11610, =203,
11863, =201,




TIME
(min)

(i o

La

0.
11,
1a,
25,
32.
42
53.
A5
24,
105,
132,
140,
15¢,
i65,.
180,
195,
2140,
240,
279,
3049,
330G,
360,
3240,
420U,
459,
420,
535.
535,

TH
(cmHzo)

’?ﬁﬂo
=198,
=194,
"?(}Uo
=200,
200G,
195,
-XQQ.
=14,
~-191,
19k,
=144,
-193.
=133,
~193,
-1830
=156,
-]?"*.
=1,
miud,
=151,
=1h3,
=178,
=179,
=173,
-178-
=178,
=177,
=170,
=177

(217)

TOTAL HEAD DATA: S8T1

R=91.0cm D= 209.5cm
TIME TH
(min) (cmH,0) .

667. =177,

715, =177,

8‘70 -17$n

955, =171,
1139, =170,
1312& “17?0
1504, =156,
1675, =114,
1857, =147,
207%, =)1ut.
2239, =190,
2399, =120,
25813, ~190,
2752. =151,
£974. =191,
3119, =191,
3322. =13C,
3483, =19GC,
3953, =1ad,
341, =139,
4084, =159,
4212, =1uag,
4474, =iih,
43545, =1td,
531, =in83,
57130 ’183.
58980 "1520
5995, =152.
§G05, =152,

TIME TH
(min) (cmHZO)
5015, =144,
0025, =1lu4.,
6640- wldgb,
6060, =lEy,
60906, -] RE o
8135, =137
6191, =~131,
6265. -1u3,
6359, =146,
0509, -9,
071y, =195,
7088. '198.
7429, =198,
7020, =206,
786i. =212,
2038, =211,
8283, “i1lZa
8518. -2120
370H. =%l
9001, =Zlla]
2180, =313,
9340, =213,
géﬂb. ’213-
9&35- ”214:
10061, =213,
10330, =215,
10570, =214,
1cety, =215,
11127. =215,
11378, =213,
11608. =216,
11857, =2ib.



TH

-]_(2:;.
=192,
=124,
=LY,
-1 w2,
Sl I
A B~
-f i,
-fon,
=1,
~1ith,
=i,
LS,
-y Ry,
~in7,
-1587,
"1"79
=187 .
~1iv,
-1HA,
-1 %,
=i,
=147,
=147,
=1Q7ﬂ
’*1'13);'.
=i83.,
~lda,
=i du,
"j.’} ‘;q

TOTAL HEAD

TIME
(min)

77,
95¢%,
1142,
1315,
1s5a2,
1872,
1565,
2375,
2241,
687213,
TFoan,
76292,
1363,
W29,
B523,
H70d,
G601,
4142,
9347,
609,
932,
10964,
10333,
1572,
1a812,
11139,
11363,
11910,
11859,

(218)

DATA: S8T1
D=238.8 ¢cm

TH
(CmH20>

153,
~L1Hla
=13,
=i+ 3.
.,,_1,':_'3,
-]ui.
we ]
"lg‘;'q
"'j'(l;’:-"-'n
"'j.“’—)n
ML A AN
EY B NN
—4310
=236
=7 3ia
—alb,
PRI

=4Zla

TIME TH
(min) (cmHZO)



TIME -

(min)

d g 03

Sals

9aU
194
2044
LE- Y
KLY
51,4
hoau
1077 40
1357
1ae,y
22040
LG4 g1}
32146
3720
393,90
372.0
BnTaud
L
T3d,u
7av,0
ENNINT
1150,
1334,.0
1524,¢
1576,
1883 ,u
2054,0
282448
2441 ,0
28071 .0
2991 .0
31375.0
3086440
-;Oéb.\)
AD935,0
245,10
4520 .
ddT 3,0
5333.0

\

(219)

CORRECTED MOISTURE CONTENT DATA:S8T1

R=30 cm
DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH
30 L6 61 76 91 107 114 122
(cm) (em) (em) (em) (em) (em) (em)  (cm)
------------------- THETA e m s
6,0200/ G046 0,04T7 ¢, 6547 o, g725] 0.2545] 09,3091 10,3177

P UT4d] v, 2549 VL3121
GL0758] 00,2538 D.3103
L0752 0,.2506] V3195
G.0742] 0.2520] VL3157
0,u73% 0,25900 ¢,3190
J.0T3%] gLz550 va3175
V.uTe3| v, 2527 10,3187
JeuTab| 0.2555 v, 3151

0.9219] 0,351 06,0426 0, 0831 U,0GT75%Z] 0.2555] 0,3123
CLUZ05) 0,U3231 9 0445 0.0529 C,uT03| 6,2504 0,320
UL.0213 9,u354 O, ualdn|a,0330 g,u744 D.2561 J.310u
60184 0,098 §.0439] 0 U559 0,0795] 02,2547 U, 3144
: ' ' (L0738 0.2507] ¢,3151
GeUTB6| U,25u4] Va3213

da732| 9,2509] £,317%2

Ga5%) 0, U539 U074 0, 2582 va3165

0,0222 0,0344| o
0,06200 u,u337 ¢
049227 ,0343 ¢
0.0208] 0.0329) 0

04l
L0446| g _n5591 9,0T73] ¢, 2576] V.31869
ULUTHE| 10,2569 V.3169

G.0777| 38,2533 6G.3157

U UBUL| 9,.2595| 41,3137

C.0793] §,253%] 9.3222

0,0786] 0,2592 ¢,32G2

0.0799 01,2574 0,3142

9,07951 0,2613; 9,3162

0.0810] 90,2626/ 0,.3195

C.0843] 29,2617 ©,317¢

] v G.00341| 20,2536 U,3186
G.U2060 ¢ 0352] o, 0442 o,0534] D.0863]y, 2642 0,3213
0.6841] 31,2634 U,3163

0.0e71] 9.2673 N.3250

0,U893/ 00,2610 0,3138

GeUS09 G,2603] 00,3204

0,0613 ©,2751] 0.3218

: : (,UB9Y| 0,2731 ¢,3212
$5.02380 §,0337 06,0482 $,0535] 0,0930] 0.7263% 0.3199
: . : G 0347 G.2715] 0,3181

0,887 U,4641]| 0.3232
0.6G989| 0,2704| G,3209

$,3195|
23272
G,3233
C.3195
0.3208!

L3175

L ILHT
Ti.3181

O U713 02538 0,3142
0,022 0 63260 §,0432 0,055 C.0T741] Ua2550; 6,313

T.312n

,043910.9529 Ve UTT2| Ce2557| VL3126
. N ,USle G.UT28| 0,2555] V.3194;

G,31421
U3t 3

00,3253
11,3272
0.320%
37349
Ue3257
i1,3227
50,3253
U, 3292
04,3208
G,32013
U,3229
0.32589
U,3241
043257
D.32949
0,3202
03,3231
21,3301
D.3240
00,3237
0,3221
Q.330U0
Ue3227!
0,.3230
Ua3244
0.3235]
0,3248]
043250
0.3223
0l.3257
0,3237.




(220)

CORRECTED MOISTURE CONTENT DATA:S8T1
- R=30 cm

DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH
30 Lé 61 76 91 107 114 122

(em) (cm)  (em)  (em)  (cm) (cm) (cm) (cm)

PIME  —-ceeeemecmmc—ee——o THETA -~=-ceecceccccccccc—oe—-

(min) :
5692.01 0,0203 0,0341 0,0457 0,0568 00960 0,2790) De3270 6,3243:
5953.0 . G 077l ¢,2734] 0.322%|¢, 3238
5998.4 CLGST5 0.2759] 032341 0,3309
HU05,u G 0887 4, 2790 0.3217,0,3244
aU13,4 0898l 0,2740| V,3171}0,.320n
BURY , ¢ 7 . G,00490 g 2704 03257 0G.32510
RUBG, . G.U937 J.2717] D.3239]0,3247,
HUAS Lt ’ d,u961 G,27591 ©.3213/06,324¢
plau, o D T 0,835 09,3209 10,3256
G217 .0 C.0Q03 N.2702] 94,3195 €,.3232
B£65,. 1 L1004 0,.2744 ©.3194 09,3223
h3%1.0| 0,0230 0.0364 0,0436 0,054 Y.0976 9.2742] U.3109 u. 3229
h4aRH LU 0.0231 0.0349 0.0“’30 0.0593 (., utan \).27*"” G.,3232. J,3253

6743.5] 0,0208 0.0325 0.0461 0,0580 7-1Ul® 0591 0,393 4.3203

7056.0]  0,0242 0,0343 0,0434 0,0809 t.ltuv 0.2675 U,3210.0.3274
7444449 CLIN09 0,2779 G,L,3294 00,3259
76ti.u/ 0,0218 0,0331 0,0446 0,0582 Y+U9%5 0.2777 J.3234:0.3212

7299.2| 0,0224 0,0376 0,0441 0,059z C-102h 0.2755 49,3171 0.3234
G052, 0 Vel49 0,260 06,3223 0,3200

f3es 0 D.102n U.2TUT €L3213 9,4252
8177 0 - V.11 U.27891 ¢.3237 0.3226
499640 N.1024] 0.2745 0,3181] 0,3247

9214,0 0,0225 0,0361 0,0449 0,0613 ".103u) U,2723 0,3215)0,3261
9359,.9 . Uel015] 0.2763 00,3214 0.3184

10093.0 69,1033 0,2752] 0,3257 U,3254
10579.0 - G.1033 V2731 00,3247 V.3241
11149.0 24,1030 06,2748 0,3199] 0,3253

11335,¢ Goalfll 00,2707 00,3150 0.3218

11032,9/ 0.0216 0,0354 0,0452 0,0602 Y-1907| 0,274 v, 3231 v, 3258
118670 Uel205| 71,2749 00,3224 0.323%




TIME
(min)

Tel
30
Y.L
144C
20t
28.¢
36,
510
Gh U
LaT .06
13b .0
L2o.¢
220,90
294 ,0
321 .4
372.0
393,40
4720
567,.,0
604,04
738,0
799,.¢C
9770
133400
152840
16748,0
1B85,6
205440
2222.\7;
2441 .06
2593,.9
2807,0:
2991 .4
31R4,0;
3473,4
368440
365,06
4093,0
3242414
4320,
4873,0
5333.9

\

0.2988 0,2765 0,2974 0.3204 0,3577

(221)

CORRECTED MOISTURE CONTENT DATA:S8T1

R= 30 cm

DEPTH DEPTH DEPTH DEPTH DEPTH
130 137 145 152 160
(em) (em) (cm) (cm) (cm)

------------------- ' THETA

0.2799 0,23890,2154[0,.2322]0,2592
0,2209 0,2351/0,2244 ¢,2303/0,2704
U 2796 0,23871,2213/0,2334|0,2723
U, 2855 0,24070,2324 0,2585|0,2943
0L28201 0,2410004238310,26406| 03002
0,2796 o,250%89.24770,2873/6,3316
00,2871 ¢ ,2550/0,261% 0,2924| G,3343
G.2870| o, 2590 042722 0.302610,3473
542837 g 2E29 01,2729 G,.31331 0,352
Ve2817 0,2063/ 0,281 0,31331 00,3508
Ue2815] 0,2715/0,2636 0.322%|¢,3647
0,492 ,2752|G.2889 0,3252' 02,3678
0,2959 0,2732/0,2896/G,3281 0,3529
C.2939 0.2796/0,2955 0,3239]¢,3539
0.2971 ©0,2228/0.299% 00,3271/ ¢_3873
G,2978 00,2764/ U.2966i0,3259 0,35694
0,2994 0, 2796 0629051 (,3261]0,3642
3,2957 ,.2317, 0,300 Q0,32449] 0,35685
U,2984 o ug13/0.2994 45,3317 ¢,3725
0,29858 ¢ 2822/0.3023 0,3302 ¢,3a84
0,3038 (_2827/0.301%0,3294]/0,37¢2
0,227 0©,2784/0,30420,3276| 0,377
G.2905 90,2709 0.2983 0,3281| ¢0,3669]
0.2955 0,27120,3011 0.3256| 0_35666|
G,2980 0,2796/0.3016 00,3245 0,36864
0.2984 0,2778/0,29600,3229 ¢_ 3637
0,2962 00,2853 0.298% 0.3197 9,3619
0,2942 ©0,2731/0.2939 0,3206, 0,359%
00,2932 2765 0.29540,32621 90,3631
0,2883 0 277702912 0,3199 (,3624
0D,2965 _2749 00,2892 0,313¢ 0.3547
0.,2945 o 2735 0.2906/0.3142/ 0,3504
0.2948 00,2764/ 0,2907 0,313C. 0,3555
0.2946 (,2773/0,2896/ 0.3161, 0,3517
0,2934 0,2751/0,287¢/¢,3149 09,3598
0,2939 70,2760 0,2923 0,3202 y,3585
7.31300 0,2784 00,2881 €C,3142 35,3516
90,2939 0,2799% 0,2939 $.3284 ¢ 3530

0,297 09,2791 0,2995/0,3209| 0,35758
0,2945 ,2789 0,29672 0.3231] 00,3646
80,2986 p,2020 0,3005 C,3256] 0,3572

DEPTH DEPTH
168 175

(cm) (cm)

G,3005] 0,3301]
0.302R] 0,3298
0,2953 00,3204
0.3124] ¥,3449
0,3277] 0.3498
J,3563] 0,3608
56,3531, 0,3631
0,3562] U,3728
G.3578i0,372m
9.3715] 40,3759
0,.3725] ¢,3734
G,379581 90,3767,
G.3685 C.3763
0,3777 943823
U,3773 0.36C9
60,3724 03657,
U,3716] U.3753!
(01,3695 00,3014
0,3787 ©.3897
N,3732] 0.3846
02,3740 v,.3842
$.3%03]0,3399
0.3718, 0,3885]
D.3794! 0,.392¢
0.3721 0.3852
0.,3773 0.3896;
0,3701 0.3841
00,3715 0.33912
0.3747: 9.387¢C
C,3761: 0,3842
0,37491 0,3885
03774 ¢.3857
0.3786: 0,3889
0.3706 C,38586
0,3722 0,3916
De3717 0V.3945|
0,3745 v,3913
0.3769 0.3913]
0,3762 0,3917
n.3788. 0.3884
0,3754; 4,3951
0.3701] 0.3881




(222)

CORRECTED MOISTURE CONTENT DATA:S8T1
R= 30 cm

DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH
130 137 145 152 160 168 175
(ecm)  (cm) (cm) (cm)  (em) (cm) (cm)

TIME ecccrmccccccccccee THETA cccccmccccccca-
(min)
50G4.01  0,3016 0,2841) 0,3014 o ,3222] 0.3607 0,378¢C) 4,3%541]
595300 0,299 0.L8380 (,3929 ¢ 3243] 0,3655 0,38¢3' 0,3931
5995.u1  6,2907 0.2831] CL3041 o 3992 0,3655 0.3769) 4, 3917)
5U0OB G| 0,301y ©.2883 0,294 ¢o3301 O.3611 D,3796|0,390M
501301 0,2983 0.2871 90,2983 o 351972 n_3466 C.3783] 90,3926
BUSHL0 0,2940 0.2751) 60,2990 ¢ 32240 g, 3588 0.3719 ¢ 3896
Subb,.G 01,2955 90,2804 G,2963 00,3179 29,3596 (.3RU3: 0_3613
5095. 01 00,2325 0.<768 00,2997 9,3212 ¢, 3576 C.377% 4y 3937
B140L0| 0,2977 VaaT580 0,2930 ¢_.3143 0,3515 0.39141 o, 3941
6217.45] 09,2989 U.27071 90,2965 ¢,3172 09,3577 0,3728 0_395
626540 0,294% Y2721 4,2939 y,3181 09,3507 0,372Y 0.3590
638140 0,2227 0.2737 0 2884 o 3140 0.3539 6,3735 0.34997
549540 0,2985 0.274% §.2656 0. 3116 0.3497 G.3669: 0,391
0T4340  G,2974 D.270% §.27%49 4 3113 0,3140 G,3636: G.3896
TUBB L) 0,2920 0,27110 G, 2804 6 3056 00,3171 ©,3653 0,.3R96
IET- RPN O.ZSSj U, 2718 O, 2879 0,304 00,3487 9,3700! ¢,3935]
7f&)]l.‘1 V.2944 23,2728 0,2R43 0.3048 0. 0.386R" “‘3,?";
T899, 0,292 0,2715) 06,2753 0,2956 o ;Z?; n.§Zu5 2 Bin
BUSZ.0 90,2933 0,2656] 0,2769 0,2973 ¢.3376 0.35G0. G.321%
§308.0) 0,2909 0,2609 (,2785 0,301% 0,3403 0.3545! ¢,3807
§523.01 90,2882 0,269% 0,2770 0.2955 0,335 0.3504 ¢, 3750
B777.01 0,2959 0,2685 90,2768 0,2994 0,3353 0,352%( ¢.3764|
9214.017 042951 0.2095 0,275 ¢,2958 0,3325 ¢,3527| 0,376Y!
9359.01 0,2925 U,25801 0,2741 y, 2915 0,3337 0.3533| ¢,3741
10093.8) 00,2905 v,2636| ¢, 2689 0.29055 0,3330 0.3542 0‘3714§
10575.81 06,2865 00,2637 ¢,2696 4 2995 0,330S 0,3514 0,3715]
11143.06,0,2501) 0,2602 0,2599 ¢ 2847 0,3218 9,3425| 0,3679
11385,.°2 G,2915 ©,2600 O 2578 Q,Zﬁl‘ii 0'31'93 G,3385 0.3;.]35
11632.0] 0.2868 09,2601 0,2607 ¢.2312 0.3178 0.3346| ¢ 3650
11667.0  0.2905 ¢,2614) 0.20621] 0,279 90,3157 0,3435] ¢.3636




TIME
(min)

{4 0
TEali
Quau

15046
16%.5
242,10
3090
332,46
380 .9
*10.11\‘
25 o U
55440
513,
T8 oY
799.ﬁ
Yhn gl
1ins .0
1332,0
151443
1630 v
1576 40
2038.0

2231-\” .

2433.0
Z25G% .4
2798,0
2995 .0

3175.@

3466.0
367546
38594
3104,.0
42370
4532,.¢
JoT70 4,0
5339,0C
. 5089%,0
S 54AC LD
5uzq.u
A34,

515%¢. C
5279,6
635440

1

0.0376 0.0301 0.0390 0.0566 f.172%

0.0355: ¢
0,

i

0.0340 0.0326 0.0410 0.0567, 2.113¢

0.0359 0.0315 0.0410 0.0564] 0.1159

0.0344 0.0333 0.0393 0.0566| 0.1217

(223)

CORRECTED MOISTURE CONTENT DATA:S8T1

DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH

30
(cm)

46
(cm)

}e335610,0330] ¢,0382 D.0544] 0,1107
0 03406, 03355 9,0403: 90,0559 O.1124
6.034706,0325] 6,0az22| 9,0554; Ue1l102
0.033S1c,0325§0.040710.05551 0.1112

3347
G374

n,0308) ¢,
\).(:“32{-} (‘)
0,03415c.0325|9_0395

3,0344]0,0324( 0

O, 03440, UBUO‘O 0405 0,0559! 0,1273
o "347ly.3300|0 0403, 0,0560| 0,1241

R=60 cm
61 76 91 -
(cm) (em) (cm)
THETA

L0338[0,0391] u,0508] 0.1072

0403\0
G239 U,

\_\

203910,

0,1104
}o.1n54

0,1115
Ua1108

6,111¢6]

C.1975

037;; G,iﬁgg
()5@\ Gell10
32| 0.11062
Uelvus
G,1110
6,.1100

C.lLQZ
0.10013
C,11CG2
0.1089
¢,1081
C.1l1uB
0,1087

g,1150

o ~0.1108)

06,1136

0.1146]
00,1149

0,1161

" 0,1185
0.1151
0,1221

G,1275
0574 ¢,1247

0.0354/0,0330/6,0425 G,0574] ¢,1254

¢.03390.,

h326'0

940310

0585] " 0.1245

107
(cm)

114
(cm)

0.257(‘»;

0,25611U
0.2558]
G.2541]

0,2508

!

00,2587
C¢.25587.

0.2563
,.2501
G, 2h14
G,2563
56,2595
0N.254n
(2,2540
C.259Y4
0,2588
04589
G,2601
Ue2577
0,2608
0,2578
0,2546
U,.2597

" 0,2554

0,2540
G,2548
0.2573
0.2643
O.2611
0.2622
0.2623
0, 26¢0C

(0,2632;

0,2645
0.2629
0,2624
0.2664
09,2762
6.2723
0.27190
0.2703
0.2729
0.2726

(,29172!
225
U.2908:
(,2866:
0,2895!

J.28801 0

0,294¢
(3,2927
Ga2876

U 2005 0

00,2895
0,2793]

Ga2d9%1!
02942 o

Oe2914:
¢,2931
Ue2934
¢,2890
Ded242
0.,2978
(e2845!
00,2950
¢,2953
02943

-U,3012] 0o

G.2501
U,2935
(G,2883
0,222
G.2927
0.299¢
00,2694
042945
G,296%2
00,2599

04,2997
,3C99
143091
y,3033
U.3080
0,3051
00,3112

0.,2%0b

H,2888
N,.2829,
GelB3DY
nL2741
0,280
P 28465
6,2737,
U,2827
U,ZHQQ
£ 208061
G2826:
0,26532
a.2204
« 2863
0.2531
G,2830:
YadR37
Ced2HOD
§5,2369
Ve2eB5H
C.4603
0.2887
0,2889
0,2885

L2846} -

QL.Z{J
0,2911
U.2890]
0,2872
28721

G,4887
90,2939
0,291%
V2948

00,2915
¢e3015
¢,3017
G.3030]
6.2979]
0,2962
0,2991,

10,3003/



TIME
(min)

690544
£731.4
749970
T 7434 .0
FJo2i.t
TuSdeu
T939.0
299\
f531,7
HTR3 e
quaR s, L
G200,0
G35 ol

1“‘)‘8 / o(\"‘.
13585 .0

111-’32.(;

11394 .

liw24,.0
11875.70

(224)

CORRECTED MOISTURE CONTENT DATA:S8T1

R=60 cm

DEPTH DEPTH DEPTH DEPTH DEPTH
30 Lé 61 76 91
(cm) (cm) (cm) (cm) (cm)

------------------- THETA

0,0345 0,357 0,0407 0,0539] ¢0,1247
0,0353 0,03« o _gag7| €,0559) y, 1212
0,038 0 0320 0;0404 0_0531'6.1287
00,0341 0.0305] n,0413,G,0546| y,1343
0,0347 %,9322| 0,0333,0,0%68| 00,1283
0.,0361 0 0317 3,0410,0,0581] ¢G.1319
' GC.1340

¢,12338

41345

D,1343

. t.1368

0.0350 0.0329 0.0401 0.0579] .1394
CG,13448

1.1411

0,.14172

641405

: G.138%

0.0364 0.0321 0.0379 0.0588] 6.142¢
Ga1403

DEPTH

0
1(Zm)

¥.2700] 1

G.2751]

0.2773?3.

(1,2763
G.20803)
0.2742
(i 2FLU5]
U,2622!
N,2810!
J,2845:
0.2855]
0.,2626]
0,2799
Ua2792!
¢,20837]
2.2%00]
00,2599
0.235¢%
0,28061

U,3088]
0,3085!
Ge30374:
0.3102]
Q,3N95/
0,3080]
Ga308BR2

C,308R

0.3136

ia3101

0.3114:
U,3115,
Ue31245
53,3137
J.31417
G,31u%

10,3035
| G300
35 0,2259)

0,2968!
N.3NG3:
D.2987T
G,2985
G.2977:
J,.3010
0,3533
G6.298¢9
£,2999
D.2971
0.3035:
G.3034:
OD,3u2h0.
N,3uls
2.3008
V43012



(zzsj

CORRECTED MOISTURE CONTENT DATA:S8T1
R= 60 cnm .

DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH
130 137 145 152 160 168 175
(cm) (cm) (cm) (cm) (cm) (cm) (cm)

TIME e —— e ———————— THETA ccccccccccccaaa
(min)

Gal|  ©,2652]0,2354 0,21061) C.2301 06,2429 0,.2960] 0,3364
T8 (,2017/ 89,2301 9.2537] $«239581 0,2747] 0,3132] U.3437
939 0.2615/0,235% ©,2374) 0.2536]0,2749] ¢,3137| J.3483

156400 0.2528|0.2411] 0,2399 U.4507 0,2583] 0,3215] 0.3429
1990 6,263 06,2510 ©,248061 (,2570 90,2887 6,319 (.3478]
L4540 J,2643 0LL40H] 0,243 G.28597 (i g 2R3 G 09,3194 U,3546
35940 00,2031 Ue£ 3D 0 24500 u.es96 LaddeTl p 32049 0,3551
332,0|  6,2539| 04421 (,24390 09,2604 2.2893] p,3225] ¢,359S
3R5.0| 0,2h370,.2400) 0,2403] G,2613 V2870 ¢,3240] €.3514
4t0.i 0,240 Ua2413] 02441 0 _4doeh Ul 2652 6,_3217] 9,3502

$Gée | U 2651|0204 0,2400 G,2599 0,2903] 0,.3216] 0,3520
BR4eU| 0,201 0.2448 G.28T78 €, 2084 0,2974] 0,3226] 0.3539
p13a.0 0,2800| 0,238 0,2524 9.2070 G,2949]) G,3231] 0.3543
7126 41 N,2608 00,2514 0,2477 U.2595 0.29%4] 0,3261| 0.353¢
(EEREE 0.2505 0, 2109 0,2478 CL,Z2717 G 2985 ¢ 3282| V.357°
o, 00,4539 ),2404] 00,2543 D.2712 0.298¢] 0,3318] C.3558
110% .0 0,260600 06,2526 9.2511 10,2704 06,3023 ¢,3332] 0.3571
134200 0,257 G251 o.2513 0,2009 130449 60,3337 G.3514

1512490  G,272%2 0e4535| 0,2548 G.2764 V,3043] 0, 3363 0.3567
1099,8]  ,25%4% 00,2598 0,Z529 0,.2708 0.3036) ¢,3328] 0,359¢H
187047 06,2662 0,2549 0,2503 00,2790 0.3017) 6,3327| 0.,3573
2038.0|  0,26800 00,2497 06,2533 0,277 (,3046| ¢.3313] 00,3549
223149 9,269 ¢,2518 0,2562 0,2754] 0.4997| 0,3313| 0.3581
2433,0| ¢ 2684 0.2549 00,2495 D,2758 0,308G| 90,3350 0,3525
2399401 0.2669 0,2537) 0,2556 U,.2754 0,.3048| 0.3348] 0.3543
2798 41 00,2714 ¢ 2527 90,2544 00,2829 0,3057 0,3292 0,35871
299840 09,2712 0,2474) D,2545 0.2617 0,3073] 0,3389| 0.3604
3178.0] 09,2731 90,2492 0,2541] 0.2819 0.305¢] 0,3350| 0,3621
346440 0,2677 ¢,2525 0.2549 0,2784 €.3056] 0,3341| 0.3572
3670.0] 02,2753/ 0.2499] 2549 0.,2799 0,3107 0,3387| 0.3646
3559,0 00,2764 09,2539 00,2559 0,2805 0.3097 0,3407| 0,3618
4iN440| 06,2898/ 0,2537 0,2564 0,2795 0.3115 6,3392] 0,.3631
4237.v| 00,2729 0,2572| ¢,2595 0,2855 00,3179 0,3422] 0,3646.
4532.0| u,2753 0,2584| 0,27u6 90,2924 0,3181] 0,3452| 0,3666
dbTh U] G,2780 0,2592| De2581 ¢,2906 0,3174 0,3447) 0,3583
5339.9| 03,2701 0.258% 0,2667 0,2963] 0,3176] 0,3458] 0,3700
5699.0| 06,2767 60,2575 0.2697 0.2948) €,3212 0,3475| 0.3689
5Y60,0] 10,2790 90,2607 042712 0.27934] ¢,3246| 0,3507] 0, 3709
BU244G| Ue2763 0,2566 0,2703] 0.2915 0,3179 0,3480] V.3681
bU34.C|  0,2R09 0,2600] 0,2655 V.2938 0,3221] 0,3486] 0, 3620
BL52e7| 0,2756] 09,2588 0,2655 V.2217 0,3200) ¢,3435] 0.3648
62754  0,2728 0.2552| 0,2731 08,2962 0.314C) 09,3417 0.3640
636940 0,2775 V.2544 0.2634 0,2797 0.,3097| 0,3437, 90,3603




(226)

CORRECTED MOISTURE CONTENT DATA:S8T1
R= 60 cm

DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH

130 60 68
(ch) (1c3n'17) (lcn?) %gn?l) %cm) %cm) 1(23)

(TIME): e ————— THETA = —cmeme—cc—e——-
min

6305.45]  0,2790 0,2%35! 9.2567 U.2822% 0.3093] 0.34000 0,3594
6731a0| 0,.2702 22,2514 U,2538 ©.2771 030506 0,3329 90,3548
TOGT 1 0,2777 0,250% C.2517 ©,2781 0_,3077] 9.3349 §,3634
T434,.4 D,2734 0,251 Ua2501 0,2807 ¢ _30472| ¢v,3389] ¢, 3576
To2l.u G,279% V.253G 0,.2499 00,2758 ¢ 301, ©.327¢ 0,363%
ToBH 4 0.275%] 00,2475 0,2365 U870 a,2912 0 3313 n_ 3509
733901 06,2739 9,259 C.224¢ 02074 g nggol 0,3247] 09,3558
8299400 0.27450 0.2444 0.2469 VL4617 C.ZREO| ¢,3215] 4,3487
8531401 0,2751 QL2471 0,2441 U.2050 5 _zage| 0,.3243] ¢,3560
RIBE3.G JasT744 9 ,24941 0,2139 V4597 ¢, 2%09 0.31450 0,3520]
GUU3 .0 U.2733 90,2499 09,2449 (,.2548Y o, 20 0,3215| ¢.3571
L0080 0.2748] ¢,2403] 0,2300 Us2606 ¢ zbdl Cu.3l4al 0,35827
9365.01  0,27490 G,2443] 0,2425 u.zﬁﬂgz(,Agsl 00,3168 0,3499]

100870 90,2739 0.2450] 02439 0,2507 ¢,2794 g.31972| V3520

16983430 0,27230 0,2476] 023630 06,2528 ¢ 2801 9’317£ 0,3528

1144209 45,2709 0424170 0 2333 v.2450 0,2645| . 3048| 0.340C]

11392.n 3.£74950.239910.234)iv 2103 0,2595) o 3007| G.3425

lio24au  D.2732 20,2385 g,4254 ¢, 24U% U,.2634 6:3;15 0.34123

L1o75,0  J.2797 ¢,2398 0.226E|v 2397, 0,2651| 5. 3059 n,3413




(227)

CORRECTED MOISTURE CONTENT DATA:S8T1
. R=100 cm

DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH
30 46 61 76 91 107 114 122
(cm) (cm) (cm) (cm) (cm) (em) (cm) (cm)

(TIM? ------------------- THETA =  ~-ecemceecccecc—ccmea
min :

VoD 00,0268 0.02861 g 0379 H,04206] 0,9632]0,2532 90,3241 0,3452
169.,0| 00,0274 €,0303/ 0,0370| G, U435 0.C611/0,2488|0,3260/0,3500]
255.0| 0,0269 0,0277/0,0376/ 0,0439 9,0636|0,2550|6,3332 60,3471,
34v,0| 9, 0262 0,02911 06,0382 9,0426] 0,0645)|0,2537]0,329110,3479"
42640 0,0271 0.v297!¢,0367! 90,0435 ©,0637]0,2508(0,3305/0,3493
504.9| 00,0244 0,92790 ¢_0364 90,0444 9,0509[0,2449,0,3325:C_3162
54i.vl ,0246] 0.02091 0, 0373] 0,0441| 0,9643|0,2535,0,327C 0,3489
027440 3,02b4l0.0284!0‘3353j0_0453 D,0622|0.247510,3305° ¢ _ 3454
T17,0) 0,0204] G,0290] ¢,3380' U,0435] ¢,N618|0,254610.3359 0,34n1
Bl 0,0265§G.u291}o,03b9 00,0433 0,0623|0,2508|0,3330 0 _3448:

359,0 0.0617|0,2474)0.32923 06,3490
$174.01 0,0614|0,2539[0,3331° 06,3422
132540 g, 0641 0,2530|0,.3355:0,3475
1503,0 0.0632| 0.2531 0,3327 ¢_3471
1703,0 0,0647| 0,2506|0,3302 ¢,3524,
14967 U 95,0643 0,2486|0,3315 6,3409
203U, ¢! 0,0644|0,2530|0,336C ¢,3479
2241 .0 0,06300,2509|0,3335 ¢_3393
2425.0 31,0626 0,25369,3305: ¢,3361.
606 0 : U037 0,2488| 00,3338 0,3395 .
2791.¢] 0.0257 0.0270 0.0360 0.0449  _9529]0,2514|0,3281] 0,3341
3121,0 _ 0,0634/0,2467|0.3323| 06,3348
346040 - 0,$639/0,25440,3335| 06,3362
36G7.0 ‘ - 00,0612} 0,2458|0,3302| 0,3498
3852.0 : - . 0,0656|0,2508[0,3319|0,3484)
4108,0 : -~ 0,0632|0,2527 0,3349/0.3466
4229.0| 0.0242 0.0282 0.0357 0.0448. 39,0637 0,2463]0,3311] ¢,3499
4538,0 0.0610/ 0,2470] 90,3332 0.3301
4884,0 . 6,0629 00,2539 0,3271] 0,3442
5345,0 0,0647 0,2534|¢,3303 0.3484

570040, 0,0265 00,0269 0,0343 0,0444| 0,0657/ ¢_2501] 0,3287 0.3473
5966.,0| 0,0266/0,0289| 0,0382 0,0440| 0,0638!0,2569! ¢,3304] U,3484
6U45,.,0] 0,0270/0,0303| 90,6345 G,04500 9,0623/ 0,2531]0,3290: 0, 34381
616740 0,0293{0.0289| 0,0388 ©,0445 0,0666/ 0,2565| 06,3331/ 0,3443
6268.0, 0,0249/0,0293] ¢,0369. 00,0467, 0,0653 0,2537| 0,3266! 90,3478
6356.0{ 0,0251:0.,0283 0.0375:0Q0451}0.061810.2530.0.329850,3498

6515.0/ 0,0267 0.0291 ¢ 9371 €,0455/ 0,064010,2507 0,3314 0,3465
671v.0] 0,0259/0,02941 09,0395 V.0433) 0,0617 09,2503 0,3307 9 3452 |
7109.0 0,0259:0,0273) ¢,0367] 0,90469 0,0631. 90,2499| 0.3345/ ¢,3432
7424.0| ©0,0258 0,03006i 0,0368] 0,0440/ 0,9647 ¢,2529! ¢,3315! 0, 3464
To3l.0| 0,02390,0303; 0,0390| 0,0434] g _o0sel| 0,2555| 0.3279 09,3417
7679.0/ 00,0261 0,0280{ 0,0366] 0,0451] 0,0646| 90,2536/ 0,3282. G,3477
7940,0 — — ~ - 00,0633 0,2492 0,3307 0.3483

v




TIME
(min)

$292 4V
B53¢ .0
879304 0:
010,
3194, Ul
937%4.%
16081 .0
10596,
111304
11397.0
liolo,.d
11884«,0!

(228)

CORRECTED MOISTURE CONTENT DATA:S8T1

107
(cm)

114
(cm)

122
(cm)

0.2512
0,2571
0,248e
Q,4578
0.2527
00,2567
00,2532
0,2158
0,25G7

0,255¢6

0e3341
0,3315]
G.3297

V,3316]
G.3320]
H,3301

G,.3294
G,3303
0.3312]
0,3277

G,34390
0,.3457
09,3514
8.3408
60,3442
G,.3449
19,3491
$,3515
$5,.3517
G,3180

R=100cm
DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH
30 L6 61 76 91
(ecm) (cm) (cm) (em)  (em)
------------------- THETA -
0,0837|
G,u632
g.06406
0.0643
0.0265 0.0280 0.0346 0.0441 U.0646
G,uCdn
¢,0598
Q. U651
G,0645
0,0642
0.0274 0.0290 0.0354 0.0439 Q.964b

02,0668

0,2547
0,2482)

G.3333)
0.3287

¢,3505
0.3487




(229)

CORRECTED MOISTURE CONTENT DATA: 88T1
R=100 cm

DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH
130 137 1bs 152 160 168
(cm)  (cm) (cm) (cm) (em) (em)

TIM? ------------------- THETA —meeeee-
(min

Vo] 0,3345] 0,2884] 00,2393 ¢.2204] 0,2771]0, 2091
leY.0l  0,3345] C,2826|0.239h] 0,2486] 0,2825(0,3075
255,41 0,330 0,288 G,2440| 0,2642] 0.2866[0,3089
340,0) 0,333¢] 0,2907] 90,2507 2.2670] 0,2911[0,3130
426,00 ©,3380!0 0,285%8| 6, 2551 0,2703 0,2966{0,3119
50449 00,3335 ($,2932[10,2552] 0.2708] 0,2946(0,31380
544,00 G,3343 0 _284u| ¢,2553] ¢, 2745 ¢,2%6%(0,3174
024401 D,33%2 0,2870| 02555 U.2722) ¢,2942| 00,3107
T17.07 00,3336 0,2943]$¢,2543| 0,2741] 5,2952|9,3180!
§10.0] 0,3338] 0,2857| 80,2595 U.2732| 0,2951|0,3182]
959401 U.336C% 0. 48B67| 6,25520,2702] 9,2975|0,3128!
1171400 D,.3311) CG,2878|G,2078] 0,2713] 0,2949|0,3168]
1320,6. 043321 00,2804 00,2441 0,2640] 0,2992|0,3173]
15065, 49,3432 v, 2871 G, 2316 G,2703] 0,2973|0,3214]
1773 ,ui 0,3336] v,2867 0,2590¢| 0.2760] 0,2921|0,3189
18h7.0; 0,3354] 0,285 ¢,2595|0,2732] 0,2952|0,3181]
2030G,9 0,3332) 6,2807] 0,2633|0,2689%90| 0,2934(10,3132
2241,00 0.3393] 6_,2905| ¢,.2577| 0.2738] 0,2%45|0,3197
24254U;. 0,3361 0 2346 0,259%| 0, 2716 (,2934/0,3123
208000 {,3395 2487 ¢, 2575 0,2685) 0,2967] ) ,3156
2791.u1 G,3341 9.2876 0,2582 0,270G| 0,2969| ¢, 3149
3191,0; 0,334%| 0,2372{ 0,2610{0,270C1| o_2968| 0,3122
3453,¢] €,3362] 0,2847| 0,2605|0.2695| ¢_2927| 0,3201
30607.0/ 90,3344 0,2887| 6,2618|0,2724| ¢ 2959 06,3156
352,49 0,3329| 0,2908] 0,2565| V2704 ¢,3013| 6,3162
4108.6/ 6.3304) 0,2901) G,2526|0,2730| ¢ 2549| 0,3177
4229 ,0 00,3356 00,2872 0.,2613|D,2764 0,2993 0.318¢C
4538.,0| 0,.,3335 €,2890| 00,2666 0,2824 0,3049| 0,3148
48844081 0,3406) 0,2895]| 0,2673]/0,2812) ¢,3033| ¢,3206
53345,.0 .3308 00,2881 00,2659 03,2807 0.3086| 0,3221
5100,0| 0,3327] 0,22860| 0,2645]0.2898| o _3079| 0,3225'
5960.0 0.3308] C,2938| ¢,2586| 0,2856 0,3058] 0,3299
804540 09,3360 0,2389| (,26340,2831] 9,3122! 0,3228!
6la7.0 0,337 00,2940 0.2671] D.2840| ¢ _3062] 06,3267
288,06/ 00,3345 0,287%| 0,2606, U280 g _3023| 0,3183;
635640 0,3396 00,2893/ 0,2609! 0.2787| 5 2990| 0,3016
6515.21 0,3355] 0,2R48| 0,2616] 0.2781| ¢ _3013| ¢,3218
6719,.9 0,3383; 0,2378.0.2504}0,280(’; 0,3030 0,3167
719,09, 0,3341 0,2879] 0,26061 06,2759 o_3022| 0,3205
7424.0/ 0,3306| (,2877| 0,25800,2717| ¢_2981| 0,3230
To3le.U| G,3355 0.2835|0,2567 0,2723) 90,2931, 0,3134
7873,06| 0,3364] 0,2873/ 0,2537|¢,2688] o_z042 0,3164
7946,00 0,3377 0,284R%] 09,2506/ 0,2672 90,2898 0,3164.




8292,0!
B3840
8790, Q!
201G,
3198,C|
93724/
16081491
10590, 01
111350
11397.6
116160
11584,

(230)

CORRECTED MOISTURE CONTENT DATA:S8T1

DEPTH DEPTH DEPTH DEPTH DEPTH DEPTH

130 137
(ecm)  (cm)

0,3359 ¢, 2549!
0,3347 ¢ 23815
0.3386| 00,2503
0.33631 ¢,28061]
0.33220 00,2068
0,337¢ 02883
G,3325 ¢ 2329
0,331% ¢,2R5¢
00,3350 ¢,2828
0.3337 0,2530
0.3365 0, 28r12

0,3334 02840

R=100cnm
145 152 160
(cm) (cm)  (cm)
THETA

¢,257H| 0.2637
0,2526/ U.2615

J,2455
V4512

U.250G6
0,2508
0,4512
0,2425
00,2424
0.,2410

C,z2196
D.2309

0,4582
Ja2633:
0.2637
U,2620:
0, E38¢8
O, 2580
0,2547
J,2574:
D.2563]
Uel517|

UL.2704
0.2%201
G291,
0.2296!
0,2002
D,2889
0,2¢52;
0,2918
0,24852.
¢ 2873
¥,2951
D,288%]

168
(cm)

M,3131
00,3155
G,.31%0
0,3224
00,3172
60,3178
U,3140
G,.3105
t,315%
J,3002
Nn,3117
G316,



