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INTRODUCTION

In recent years there has been an increasing awareness of the
importance of the unsaturated soil zone in controlling and mediating
physical and chemical processes affecting groundwater. Unsaturated
soil hydraulic: property data. including hydraulic conductivity K(9,'I')
and soil water-retention in relation to soil pore-water pressure state
[9('1') for volurnetric water content 9 and negative pore-water pressure
head (suctiOI1l)'1'] are needed for modeling recharge processes and
contaminant transport. The unsaturated hydraulic conductivity
function is co:mmonlypresented in the literature as a function of water
content K(9) and as a function of negative soil pore-water pressure
head K('I'). Because this report presents data as a function of both 9
and '1', we will use the sYmbol K(9,'I') representing both, unless a
specific limiting application more appropriately represented by a
single water or pressure assignment is discussed.

Good field K(9,'I') data are difficult and expensive to obtain. For
this reason, there have been many attempts to develop models based
on soil properties such as soil particle-size distribution, or the soil
water-retention relationship. Because of the need for specialized
laboratory facilities in ,measuring soil-water retention, many attempts
have also been made to estimate 9('1') using soil-texture properties.
However, these attempts have been limited by the lack of data
sufficiently comprehensive to allow for the comparison of hydraulic
properties with physical, morphologic, and chemical properties.

The data presented in this report were measured by the North
Dakota State Water Commission during the field seasons of 1984 and
1985, and in the laboratory during 1985 and 1986. The data
acquisition plan was based on two objectives. The first objective was
that of evaluating the variation of soil hydraulic properties and the
potential effect of that variation on ground-water recharge in an
unconfined shallow aquifer in southeastern North Dakota. Parts of the
investigation pertaining to the variation of soil-hydraulic parameters
have already been reported. while others are still in progress. Schuh
et al. (1988) evaluated the precision of a particle-size based model for
predicting 9(\jf) in relation to in-situ and laboratory methods. The
distributions of the pore-interaction factors for predicting K(9) using
the models of Mualem (1976b. 1978) were evaluated by Schuh and
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Cline (1990). An examination of the accuracy of parameterized water-
retention functions for describing 8('1') on sandy soils and of the
sensitivity of infiltration and drainage simulations to various
parameterized formats for field-measured hydraulic data on sandy soils
was reported by Alessi et ale (in review a. in review b, SSSAJ). An
evaluation of the sensitivity of simulated infiltration rate and drainage
response to the variability of the K(8,'V) pore-interaction factor is
currently in progress. A final summary and interpretative report is
planned.

The second objective was to generate a data set with the
greatest possible comparative value. In adopting this objective it was
recognized that completeness in itself is a valuable asset in extending
the usefulness of any data set. In examining a compendium of
published hydraulic data compiled by Mualem (1976a) it became
apparent to us that much data had been published. but that few data
sets were sufficiently complete to allow for their versatile application
in model confirmation. For example. many data sets containing K(8,'V)
and 8('1') data did not have complementary soil particle-size data. and
even fewer reported the detailed fractionation (5 sand classes and 2
silt classes) needed for proper application of many published partlcle-
size indices (Aryaand Paris 1981, Bloemen 1980, Shirazi and Boersma
1984). In many other cases, vital soil water-chemical data, such as
SAR.are not available. Such limitations result naturally from time and
budget constraints which frequently limit data acquisition to
immediate project needs. However. a reasonably limited additional
expenditure and effort can often result in a data set with extensive
value beyond the limitations of immediate project goals.

The objective of completeness was based on three
considerations. First. the authors were influenced by recognition of
the value of previous data acquisition work published by Cassel (1975).
Second. it was based on the ongoing character of the North Dakota
Water Commission recharge investigative work which is expected to
lead to eventual needs for comparative data continuity between project
areas in North Dakota. Finally. it was considered desirable to provide a
data set that would have extensive value for scientific applications
beyond our immediate project needs and requirements.

Every data set has its blemishes and limitations, and despite all
efforts to the contrary these data are no exception. In presenting
these data. the authors are aware that completeness is a relative
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quality.' As n:search progresses, new properties and parameters will
likely be required to properly define soil hydraulic phenomena, and
any current data acquisitions will eventually appear limited. Moreover,
all project planning is subject to oversight and uniformity of results Is
hampered by problems encountered In the field and laboratory.
Already we re,gret the omission of "coarse fragment" determinations
which could have been obtained with little additional effort.
Fortunately the soils measured did not contain large quantities of
gravel and stones, and our omission may not prove to be a major
liability. We regret also not having put greater efforts into the
completeness of soil-water prof1lesduring field sorption. Our primary
data acquisition work has been concerned with drainage, and this
report will concern itself entirely with desorption data. Infiltration
data and more limited sorption data were obtained for the field sites
studied and will be evaluated and presented in a later report.

The purpose of this report is to describe and present the
desaturation hydraulic data and accompanying physical, chemical and
morphologic data measured on eleven sites in southeastern North
Dakota. It is the intention of the authors to explain as fully as possible
the methods, limitations, and problems encountered in implementing
field and laboratory procedures so that other users can decide for
themselves the appropriateness of their application in modeling
applications. It is hoped that these data will prove useful.

METHODS AND MATERIALS

Site Locations
Soil hydlraulicproperties were measured on 11 sites near Oakes

in Dickey County North Dakota (Fig. 1). Two groups of three sites
(sites A, B, and C; and sites D, E, and F) were measured as
toposequential sets. All others (Sites G. H, I, J, and K)were measured
at separate locations. No site desorption data were measured for site
K because of slow water movement (virtuallyno infiltration after a few
hours) within the solonized Exline soil. Specific locations and site
descriptions are summarized on Table 1 and illustrated on Fig. 2.

Most of the sites measured overlie the Oakes aquifer, which
consists of surficial or near surficial sand and gravelvarying in depth
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Figure 1. Physiographic divisions in North Dakota and location
of study area.
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Table 1. List of measured soU series. classifications. and locations.

Site Date • Series Classification Location
A 9/28/84 Hamar sand sandy. miXed. frigid 1)rpic Dickey County ND. T 130 N. Rangeto Haplaquoll 59 W. Sec. 26. AD [280 feet (85.310/23/84 m) south and 100 feet (30.5 m)

west of east quarter comer.
B 9/28/84 Hecla loamy sandy. mixed Aquic Haploboroll Dickey County ND. T 130 N. Rangeto sand

59 W. Sec. 26. AD [280 feet (85.310/23/84
m) south and 170 feet (51.1 m)
west of east quarter comer.

C 9/28/84 Hecla loamy same as above Dickey County ND. T 130 N. Rangeto sand 59 W. Sec. 26. AD [ 285 feet (86.910/23/84
m) south and 360 feet (109.7 m)
west of east quarter comer.

D 6/19/85 Hecla loamy- same as above Dickey County NO. T 130 N. Rangeto fine sand 59 W. Sec. 9. DM [66 feet (20.1 m)7/31/85
south and 445 feet (135.6 m) west
of east quarter comer.

E 6/19/85 Ulen loamy- sandy. frigid Aerie Calciaquoll Dickey County ND. T 130 N. Rangeto fine sand 59 W. Sec. 9. DM [355 feet8/02/85 (l08.2m) south and 465 feet (141.7
m) west of east quarter comer.

F 6/19/85 Arveson coarse-loamy frigid 1)rpic Dickey County NO. T 130 N. Rangeto fine-sandy Calciaquoll 59 W. Sec. 9. DM [525 feet (159.98/02/85 loam m) south and 470 feet (143.3 m)
west of east quarter corner.

G 6/24/85 Heimdal coarse-loamy mixed Udlc Dickey County NO. T 131 N. Rangeto loam Haploboroll 59 W. Sec. 25. CBB [8/01/85 300 feet (90.5 m) south and 100
feet (30.5 m) east of west quarter
corner.

H 8/21/85 Stlrum fine coarse-loamy. mixed. frigid. 1)rpic Dickey County ND. T 130 N. Rangeto sandy loam Natraquoll 59 W. Sec. 29 CBB [10/23/85 950 feet (289.8 m) south and 650
feet (198.3 m) west of east quarter
corner.

8/21/85 Eckman coarse-silty mixed Udic Dickey County ND. T 129 N. Rangeto loam Haploboroll 60 W. Sec. 25. BBB [10/23/85 125 feet (38.1 m) south and 75 feet
(22.8 m) east of northwest comer.

J 8/19/85 Gardena coarse-silty. mixed. Pachic Udic Dickey County NO. T 130 N. Rangeto loam Haploboroll 59 W, Sec. 18. CC [185 feet (56.510/21/85 m) north and 90 feet (27.5 m) east
of southwest comer.

K 9/28/84 EXline loam fine, montmorillonitic Leptic Dickey County NO. T 130 N, Rangeto Natriboroll 59 W. Sec. 20. BBB [45 feet (13.710/21/85 m) south and 90 feet (17.4 m) east
of NW comer

• Oate from Initiation of in-situ hydraulic tests to sampling of soli profile
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from 2 to 99 feet (0.6 to 30 m) (Armstrong 1980). The Oakes aquifer
occupies an area of approximately 93 ml2 (240 km2 ) on the east side
of the James RiverValley. with a maximum width of approximately 8
miles (13 km) and a maximum length of about 16 miles (26 km). The
Oakes aquifer sediments were formed in coarse pleistocene valley fill.
Later. the Jrones River Valley was blocked and glacial Lake Dakota
formed causing the deposit of finer lake sediments. and deltaic
deposits of finer silts and sands on the surface. In general. the
fineness of the surface layer increases in a southerly direction.

Although the landscape slopes gradually (about two feet per
mile) toward the James River. the overall topography and drainage of
the area is one of enclosed depressions with little external drainage.
Sites A.B.C.D.E.F.Hwere formed in sandy parent material reworked by
wind. Soil development is strongly related to landscape position and
proximity to the water table. as well as to the local water quality of the
Oakes Aquifer. The Oakes Aquifer water is primarily a calcium
bicarbonate type. but in localized areas it may be high in gypsum or in
sodium sulfate. The importance of local water quality in soil formation
is illustrated by the solonized Stlrum (site H) and Exline (site K) series
soils. which formed in close proximity to the water table in areas
where the aquifer is high in sodium. The finer soils were formed in
glacial till ground moraine (Site G. Heimdal series): in silty lacustrine
surface deposits (Site I. Eckman Series). in silt and clay lacustrine
deposits overlYing sands (site K. Exline Series): and in deep silty
river-valley deposits (Site J. Gardena Series).

Field K(e,V) and e(V)
Field K(e,V) and e(V) were measured at each site using the

instantaneous profile method (Watson 1966. Hillel et al.. 1972 ) and a
field apparatus similar to that used by Cassel (1975). On each site a
10-ft. (3-m)by 10-ft. (3-m)square area was enclosed by a wooden dike
placed 6 inches (15.2 cm) into the soil. Within the diked area two
replicate pairs of neutron-probe access tubes were installed and
tensiometers were placed at 6 inch (15.2 cm) [and sometimes 1 ft.
(30.4 cm)] increments to maximum depths varyfng from 4.6 ft. (I.4 m)
to 7.5 ft. (2.5 m). A gypsum crust was placed around the top of the
neutron-probe access tube to prevent piping during flooding. A slurry
of silt-sized silica-flour was poured into each insert hole to insure
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hydraulic contact between tensiometer cups and soil, and to prevent
piping tensiometer stems were sealed to the surrounding soil by
packing the stem with sufficient moist bentonite to force extrusion of
the bentonite above the soil surface during insertion (Fig. 3A). The
field apparatus is illustrated on Fig. 3B.

During field installation all sites were scaffolded to avoid
disturbance of the soil surface. Tensiometers were placed in an
approximate circular pattern set at a radius of about 18 inches (46 em)
from the corresponding neutron probe access tube. A silt-loam slurry
was used to insure a snug fit between the tensiometer ceramic cups
and the soil. A float controlled infiltrometer was placed within the
plot area. Infiltration data will be examined and discussed at a later
time.

After installation and before flooding preliminary e('!') readings
were made on most sites. The plot areas were flooded with water
pumped from a shallow well [approximately 25 feet (7.6 m) deep] on
the location for measurement sites A, B, and C, and from a tile drain
located near sites D, E, and F. Sites G, H, I, J, and K were also flooded
using water from the tile drain located on the location for sites D, E,
and F. To avoid erosion and scouring water was applied on sites A. B,
and C through slotted 2 inch (5.08 em) pvc well screen, and on sites D
through K through a perforated wooden box fitted with a float valve
(Fig. 4). Water was applied until tensiometers indicated that no
further response to infiltration was occurring. Application times for
sites A through F were approximately 12 to 20 h. Application times
for Sites G. I. and J were from approximately 20 h to 40 h. Water was
applied for 39 h on site H, and for 1151 h on the solonized Exline soil
(site G). During flooding, tensiometer readings, and in some cases
periodic neutron readings, were made for each site.

Following flooding, initial time (t=O)readings were read when
half of the soil surface was still ponded. Immediately after initiation of
drainage the soil was covered with a polyethylene vapor barrier. The
vapor barrier was covered with 3.5 inch (8.9 em) of spun fiberglass
insulation , and two additional weather and vapor barriers were placed
over the insulation. A tent of 6 mil polyethylene was placed over the
measun:nent area. Polyethylenesheeting was set from the dike to
a distance of 10 feet (3.04 m) and covered with soil, to avoid lateral
influx of rainwater.

8



A

B

Figure 2;, Photo illustration of tensiometer insertion and
sealing with bentonite (3A) and field apparatus
during flooding (3B).
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Soil-water content was measured using a lO-mc Americium-
Beryllium source Troxler neutron probe. The neutron probe was
calibrated using 92 data points. including the original Troxler
calibration block readings, and samples taken from the neutron probe
access tube holes during construction of in-situ measurement sites at
Oakes. For sandy soils neutron readings were made at approximate
lO-minute intervals using 30-second counts. and tensiometer readings
were made at intervals varying from one to 5 minutes for the first
hour. Readings were then made at approximate l5-minute intervals
for up to 3 hours of drainage. and at hourly intervals for up to 12 hours
of drainage. After the first few hours, neutron readings were
increased to 2-minute counts. Neutron and tensiometer readings
were made 3 or 4 times on the second day following application. 2
times the third day of operation, and daily for at at least one week
following the initiation of drainage. For loamy soils initial readings at
0.5- to l-h intervals were sufficient for measurements at early times.
Late time readings were similar to sands, but were continued for
approximately one month. No field drainage measurements were
made on the Exline soil (Site K).

Field Sampling
Following completion of the instantaneous-profile method

experiment, each of the sites was excavated to a depth of 5.5 feet
(approximately 1.7 m). Soil profile faces were prepared between each
of the neutron probes and corresponding tensiometer sets. A
detailed soil morphologic description was made for each replication.
Bulk soil samples were taken from sampling areas corresponding to
tensiometer depths intervals for determination of particle-size
distribution and soil chemical parameters. A 3-inch (7.6-cm) diameter
by 3-inch (7.6 cm) length (345 cm3) cylindrical core was taken from
each replicate depth interval for measurement of bulk density.

In addition, two 1.2 inch (3-cm) length by 2.1 inch (5.3-cm)
diameter (66 cm3) cylindrical undisturbed core samples were taken
from each replicate depth interval for laboratory measurement of 8(0/),
and one 2.4-inch (6-cm) length by 2.1-inch (5.3-cm) diameter (132
cm 3) cylindrical undisturbed core sample was taken from each
replicate depth interval for measurement of laboratory K(8). Each of
the undisturbed samples was carefully wrapped in several layers of
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aluminum foil to hold the ends of the samples firmly in place during
transportation and handling. and samples were placed on a plastic
foamcushion.

Laboratory Physical and Chemical Properties
Bulk density was measured using the 345 cm3 sample according

to the core mlethod described by Blake and Hartge (1986). Particle
size was determined for each layer using the pipette method (Gee and
Bauder. 1986:1. The USDAparticle-size fractions for very-coarse (1.0
to 2.0-mm). coarse (0.5 to 1.0-mm). medium (0.25 to 0.5-mm). fine
(0.1 to 0.25-nlm). very-fine sand (0.05 to O.I-mm). as well as coarse
(0.02 to 0.05-1mm) and fine (0.002 to 0.02)-mm silt. and clay «0.002-
mm) fractions were measured. Coarse fragments (>2mm) were
removed by seiving prior to determination of particle-size distribution.

Calcium.• magnesium. sodium. and potassium were measured
using atomic absorption spectroscopy. as described by Rhoades
(1986). on soH-saturation extracts from bulk soil samples. Chloride
was measured. by titration with silver nitrate (Adriano and Doner 1986
). carbonate and bicarbonate according to the method of Nelson
(1986). and sulfate by difference. as described by Skarie et ale (1987).
pH was measured (without CaCl2)using the method described by
McClean (1986). and ECE by the method described by Rhoades
(1986). Organic carbon was measured using the wet combustion
method (Nelson and Sommers 1986).

Laboratory Measurement of Soil Hydraulic Properties
The laboratory 6(",) measured was the "main drying curve"

described by Klute (1986). For measurement of moisture retention
each 66-cm3 lcore was carefully trimmed and placed on a 2.4-inch (6-
cm) diameter sample plate (I-bar bubbling pressure) and and fastened
in place with a rubber band. The sample plate assembly was placed in
a pan. and distilled water was slowlyadded over a period of 3 days for
sandy soils. or for as long as 8 days for the finer soils. Sample-plate
assemblies were then set on I-ft. (30-cm) diameter ceramic plates (1-
bar bubbling pressure) within pressure pot extractors. Plate to plate
boundaries were hydraulically connected using two moist Watman no.
2 paper filters.

Changes in soil moisture with each pressure step were measured
gravimetrically. Sandy soils were measured in 10-cm pressure-head
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increments to 80 em, and thereafter at 100. 120. 180, 330. 500. and
800 em. Finer soils were measured at 20-cm pressure-head
increments to 100 em. and thereafter at 120, 150. 250. 330. 500,
and 800 em. Pressure steps were measured using a water manometer
to 200-cm pressure head. Higher pressures were controlled using a
Bourdon gauge. Each pressure step was allowed to equilibrate until
outflow ceased, and after the final pressure step samples were dried at
1050 C and weighed. The sample drainage time for 1.2 inch (3-cm)
thick samples was less than 1 day for low pressure heads (10 to 30
em) for most samples, but increased to 2 and 3 days for intermediate
pressure head ranges (approximately 40 to 300 em). Final pressure-
head steps (500 and 800 em) required as least 1 week of drainage,
and sometimes more. In general the full moisture-release curve
required about 1 month of measurement time. In addition, 15.300-
em (IS-bar) moisture was measured for disturbed samples as
described by Klute (1986).

Laboratory K(e)and diffusivity[D(8)}were measured for the drier
soil-water content range (between 'field capacity' and 500-cm suction)
using the one-step method (Doering,1965). 132 cm3 cylindrical core
samples were used in tempe cells with 0.4 inch (l-cm) thick I-bar
porous ceramic plates. Plate impedance effect was negligible for the
range of K(8)measured. Sample preparation and wetting procedures
were similar to those used for the 8(",)samples.

DATA HANDLING AND INTERPRETATION

IN SITUK(8,,,,)AND8("')

In-situ K(8,,,,)were determined from field data by solving the
Richards Equation

1,a8 dz
at

K(8) = ( ~'" + 1 )
dz (1)

for each soil depth. The integrated change in soil water content to
each depth was calculated using a finite-difference algorithm
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employing a mid-point numerical approximation, similar to that
discussed by Hanks and Bouwers (1962) and Cassel (1975). In
addition to the integrated sum of all water content changes in
overlying layelrs, the bottom or designated layer was allocated half of
the water content change for the full layer, and K*values (where K*
indicates an average hydraulic conductivity for a composite layer)
were assigned. to midpoints. Water content values assigned to each
midpoint were the arithmetic mean of four values, including the top
and bottom boundaries of the designated layer measured at the
beginning and end of the time interval. Soil water-pressure head
values were the geometric mean of the corresponding four time and
depth nodes. The geometric mean weighting was preferred because
water content is usually better fitted to soil-water pressure head as a
semi-log funcUon than as a linear function. The FORfRANcomputer
program used to process these data is in Appendix 4.

Data Interpretation
Field hydraulic data seldom follow idealized soil water behavior

patterns with great exactness over extended periods of time. For this
reason, data processing and presentation always involve interpretation.
The criteria of interpretation must first include the integrity of the
data. To meet this criterion, data must first be carefully examined by
the interpreter and anomalous phenomena noted. Such data may
represent ph~rsically impossible conditions, indicating recording or
instrument errors. They may, however, represent legitimate
departures from idealized behavior. The interpreter must therefore
exercise care in not overinterpreting.

Second, the intent of the application of the data must be
considered. For use of K(O,'I') in certain model applications, for
example, presentation of the data in functional form using smoothing
procedures might be appropriate, even though doing so might tend to
mask certain physical phenomena of minor importance indicated by
the data. In doing so, however, the modeler must be aware of the
limitations imposed by functional form, and of the potential for error
in some applications and ranges of data representation. Alessi et al.
(in review (a), in review (b)) have demonstrated significant differences
in infiltration and drainage results for models using different data
functional forms, including those of van Genuchten (1980) , Brooks
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and Corey (1964) , and Hutson and Cass (1987) using sandy soil data
presented in this report. For a study of the precision of field
measurement methods, then, preUminarysmoothing of raw data using
simplified functional assumptions would not be appropriate. It is far
more appropriate to apply functional relationships to finished data
products. where variability can be assessed as a part of the product
variability. In most cases. where observed data were not certainly
erroneous. it was considered desirable to attempt to leave as much of
the fieldvariability as possible within the data set.

Data Interpolation
Field '" and 8 measurements were not always concurrent.

Tensiometer readings could be made more quickly than neutron probe
readings. and during early times when drainage was occurring quickly,
it was considered desirable to take as many readings as possible. To
synchronize values. 8 and '" were plotted as functions of time during
drainage. and 8(\jf) pairs were interpolated for each soil depth at
selected times. Although random scatter was not great, it was
sufficient to cause large oscillations using a cubic spline interpolation
procedure (Rogers and Adams 1976). Other interpolation procedures,
includiq.ga quadratic spline. a b-spline. and a polynomial least-squares
procedure were also attempted. Each was found to exhibit undesirable
fitting traits on some data sets.

For preliminary processing of field hydraulic properties a
nonlinear least squares fitting procedure was considered undesirable
because of the necessity for assuming a fitting equation form which
introduces a bias into the interpretation of the data. Functional
formats, such those of Brooks and Corey (1964). or van Genuchten
(1980) frequently provide excellent fits for K(8) and 8(",) data.
However, there are some cases in which field data do not properly
follow designated functional form, and it was consi<;leredimportant
that anomalous data should not be masked by data smoothing
procedures. Because of the limitatations inherent to numerical
methods, interpolation curves were hand drawn using a french curve
or a flexiblecurve. Although slight smoothing of data was unavoidable
where scatter of data appeared to be random, curves were drawn to
conform as exactly as possible to the actual measurements.
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Generally, tensiometer readings tended to follow the idealized
semi-log profHe over time with very little deviation. However, neutron
readings frequently decreased in a stepwise pattern, characterized by
plateaus and ,jumps, similar to those described by Haines (1930). In
interpolating these data the varying drainage rates were followed as
closely as possible. An example of the stepped pattern is given on Fig.
(4A) for the data of Site I, Replication 1.

K(9,'l') Values Near Saturation
Idealized K(9,'l') data are frequently characterized as nearly

constant between saturation and the soil air-entry pressure on coarse
.soils. or as gradually declining on finer soils. Using the instantaneous
profile method, field data frequently appear to be of a more complex
nature. On several data sets it was observed that K(9,'l') values
corresponding to the earliest times of measurement, increased rather
than decreasc~dwith increasingly negative soil pore-water pressure
heads (Fig. 4]8). On others, substantial variability was observed in
nearly saturated K(9,'l') values. These observations are believed to be
caused by both method and soil factors.

The occlllSional1ncreasingK(9,'l')during drainage from saturation
to near air-entry pressure is likely caused or enhanced by the
assumption 0:£ time=Oat half ponding on the son surface. As ponded
pressure at the soil surface decreases after cessation of drainage, the
subsoil frequently begins to desaturate immediately, before the surface
pond has reached the soil surface. This condition is most clearly
observed where the surface soil layer has a substantial hydraulic
impedance. However, despite desaturation, water is still entering the
soil from the partially ponded surface. Infiltration water at this stage
is not accounted for in the integrated soil-water content change at any
given depth, but is nonetheless supplying underlying soil layers with
water. The additional influent surface water results in
underestimation of drainage through each soil layer.

Larger s.catter of K(9,'l')values between air-entry pressure and
saturation is :lnfluenced by the dynamic interaction of soil. air. and
water. and by chemical. physical. and microbiological factors altering
the distributi,on of water-filled porosity. Soil macroporosity is not
static. but ti'equently changes between measurement times and
conditions. 8lnd even changes progressively during a given field
measurement period. For example. Kohl et al. (1989) have
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2 hours of drainage that may have contributed to variability
of K(8,'Jf) measurement near saturation.
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demonstrated that repeated measurements of steady state infiltration
rate give VaI']rlngresults. depending upon the initial soU saturation
state prior ini1:iationof lnflltration.

Air entrapment during infiltration is an important factor
influencing K.(9,V) near saturation. Initial entrapment of air causes
loss of large water-filled porosity and decreases drainage rate.
Gradually, air is purged from the soil, either through solution or
through dire<:t venting of bubbles. The solubility of nitrogen and
oxygen in water is extremely small. However, in the presence of
adequate carbon substrate oxygen can be transformed to highly soluble
C02 which <:an then be dissolved and replaced by water. Schuh
(1991) demonstrated that in-situ sandy subsoils eluted for more than
3.75 days with water containing soluble organic carbon added by
passage throuLgha composted organic-mat liter (sunflower-seed hulls)
exhibited large (up to one order of magnitude) increases in K(V)
compared with the same soil positions measured using clean water but
without an organic mat filter. Water chemistry data indicated that
production of C02 in the presence of carbon substrate and the
consequent removal of oxygen was the cause of the increased K(V)·
The same phenomenon was observed in data from a laboratory study by
Okubo and Matsumoto (1979) and in a soUcolumn study by Worcester
(1967). In each case an initial incubation period was needed before
the increase :In K(V)occurred. On the other hand, under anaerobic
conditions hiJ~hlysoluble nitrates can be denitrified to low solubility
gases, clogging pores. Microbial formation of polysacharrides during
extended periods of infiltration has also been shown (Allison, 1947) to
clog pores.

Youngs and Peck (1964) found that entraped air near the soil
surface could achieve sufficient force from the surface tension at the
soil-air-water interface to displace soil grains and create large porous
vents to the surface. Worcester (1967) observed the formation of such
bubbles and noted their persistence following the cessation of
irrigation in soil column experiments. The venting of air bubbles to
the soil surface was also observed during the infiltration phase on
many of the rneasurement sites in this experiment.

Additional factors such as increased soil swelling during
prolonged periods of infiltration and slaking and increased swelling
caused by adding waters with sodium adsorption ratios (SAR)and total
salinities diUerent from soil solution waters can affect K(e,,,,) values
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near saturation over extended periods of flooding. Their effect on
near saturation K(e,'!') measurements during the irrigation phase will
be discussed in a later report. However, it is certain that proportions
of air and water-filledpores near saturation are far from constant, even
over relatively short time periods, and that considerable temporal
variability in large porosity must be expected.

Hydraulic Gradient Measurement Sensitivity
During steady-state infiltration through a surface crust the

hydraulic gradient of an homogeneous soUprof1lemaintains a constant
value of 1.0. Conditions of transient flowmay, in some cases, continue
the unit gradient for part of the soil property measurement range
during d~ainage. However, a soil profile in perfect static equilibrium
must have a zero hydraulic gradient, and there is therefore a tendency
for gradients to decline over extended periods of drainage and
measurement. The case of static equilibrium is most frequently
observed for deep soils within the range of water table influence,
which are only slowlyand indirectly influenced by evapotranspiration.
In this case the equilibrium field soil-water profile can be viewed as an
inverted soil-water retention curve with negative pore-water pressure
head corresponding to height above the water surface. At the ground-
water surface the pore-water pressure head is O. For draining soils
beyond the influence of the water table, K('!')may become negligibly
small so that an apparent static condition is reached, while a
measurable hydraulic gradient, and actual flow of extremely small
magnitude still remain.

The second factor influencing soil hydraulic gradient is the
layering of the measured soil. When fine soil layers overlie coarse soil
layers perching and ponded conditions can occur during unsaturated
drainage in a soil profile. Large hydraulic gradients can form across
materials of extremely low hydraulic conductivity (hydraulic barriers).
Such large gradients are hydraulically induced by the desorption of the
soil underlying the barrier, which results in a decreased water content
(and greater negative soil-water pressure head). They are also
enhanced by the increased water (and lower negative pore-water
pressure) held above the layer, which causes a net increase in matric
potential head difference across the barrier. In this manner the
hydraulic gradient increases to enhance flowthrough a limiting layer.
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For a soil layer underlying a hydraulic barrier. the hydraulic
gradient tends to approach a quasi-steady-state flow condition with a
hydraulic gradient of approximately 1. Lower flows induced by the
hydraulic barrier will be accommodated by lower K(9,'I') values in the
underlying la.yer caused by the decrease in 9 resulting from the
overlying impedance. The gradient transitions tend to be abrupt at
the boundar:les. and unit hydraulic-gradient conditions can be
approximated in underlying layers within a relatively small depth (a
few centimeters) beneath the limiting layer. The effect of the barrier
on gradient adjustment in an underlying layer is thus highly dampened
by the change in K(9,'I') in that layer.

For unsaturated soUlayers overlyinga hydraulic barrier the effect
of the barrier on hydraulic gradient is enhanced rather than
dampened by changes in K(9,'1'). This occurs because the
accumulatioI1L of water above the barrier increases. rather than
decreases K(iB,'I'l. while the effect of ·the barrier is to decrease flow.
Soil overlyinJ~ an hydraulic barrier thus tends to proceed rather
quickly to fulllsaturation. at which state all further reductions in flow
are adjusted in the hydraulic gradient. Once the overlying soil is
saturated, the hydraulic gradient in the overlying soil reduces quickly.
and can become almost negligible in some cases. Within a
heterogeneous soil profile several barriers may exist. The influence of
material discontinuities at any given depth is related to the specific
K(9,'I') functions of the soil layers above and below it.

The senlsitivity of measurement of K(9,'I') in a soUlayer overlYing
a hydraulic barrier can be adversely effected by the low gradients
resulting from ponding above the barrier. As gradients become
fractionally I,mall. slight errors in tensiometer placement caused by
surface irregularities. or even errors caused by slowed tensiometer
response tiules due to air bubble formation can become large in
relation to the size of the gradient itself. In some such cases, inverse
gradients can sometimes be measured in implausible circumstances,
resulting in negative K(9,'I'l values. A similar circumstance can result
from malfunctioning tensiometers. When inverse gradients were
measured, the cause was investigated. In some cases data were simply
discarded for the problem layers over the problematic data ranges. In
others, layers were combined for an average measurement
transversing a larger soil unit.
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Surface Boundary-LayerAssumptions
One common problem using the instantaneous profile method is

the characterization of the surface soU layer. Neutron measurements
at the sol1 surface are invalid because of the inclusion of nonsoil air
volume within the neutron -attenuation radius. In calibrating the
neutron probe it was found that the readings taken 6 inches (15.2 cm)
beneath the surface did not differ from the main calibration curve. In
all plots the 6 inch (15.2 cm) layer was the closest layer to the surface.
and the water content from that layer was used as an estimate of the
average water content to the soil surface. In previous work. Cassel
(1975) assumed that water content was constant to the surface (from
which followsa gravitational hydraulic gradient (gradient=1). Because
many of the soils measured exhibited a decreasing gradient. we
preferred to assume that the hydraulic gradients were the same for
the 0 to 6-inch (15.2-cm) layer and the 6-inch (l5.2-cm) to 12 inch
(30.4-cm) layer. The gradient measured for the 15.2 to 30.4 cm layer
was thus extrapolated to the soil surface. Hydraulic gradient values are
included with the data. and K can be easily adjusted for a unit gradient
in the surface layer if preferred.

One-Dimensional Vertical FlowAssumptions
Solution of the Richards equation for K(O,V) assumes one-

dimensional vertical flow. and requires horizontal hydraulic uniformity.
In order to avoid effects of large horizontal hydraulic gradients and
subsequent horizontal flow a flooded buffer area surrounding the
specific measurement area is needed. In measuring infiltration. this is
commonly accomplished using a double-ring infiltrometer. with an
outer buffer ring.

A square 3.05 meter (10 foot) wide buffer dike was used in our
measurements. The width selection is somewhat arbitrary. but it is
based on the precedence of previous measurements made by Cassel
(1975). and on the conclusions of research conducted by
Swartzendruber and Olson (l961a. 1961b) concerning the
relationship between vertical flow assumptions and the diameter of
the outer ring in measurement of infiltration using double ring
infiltrometers.

Swartzendruber and Olson (l961a. 1961b) determined that in
using a double-ring infiltrometer the assumption of one-dimensional
vertical flow in the inner ring was never perfectly met. but was closely
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approximated under conditions where total diameter (rn) of the outer
ring, and a ring-diameter buffer index are sufficiently large. The
proposed ring-diameter buffer index, B, is defined as

B = (rn - rtl/rn (2)

where rt is the diameter of the inner ring. They found that practical
validity of the one-dimensional vertical flow assumption for non-
layered soils was dependent upon time, depth of the wetting front, B,
and rn. They also found that sensitivity to these parameters varied
with soil textUlre.

Swartzendruber and Olson (l961a) found that on sandy soils
one-dimensional vertical flow for the inner ring could be assumed for
very small B values- (there had to be some buffer, although small)
provided rn was at least 24 inches (61 cm). For rn of 12 inches (30
cm) the same assumptions could be made if B was sufficiently large
(about 0.5). For rn of 8 inches (20 cm) no buffer radius would be
sufficient to a.ssure one-dimensional vertical flow assumption validity.
Data from finer soils (Swartzendruber and Olson 1961b) indicated that
departure from vertical-flow assumptions was texturally dependent,
and was more:marked over time and wetting depth for finer soils.

It was also demonstrated (Schwarzendruber and Olson 1961b)
that wetting d.epth was an important consideration. Based on data
from experiments considering a maximum wetting depth of 24 inches
(61 cm) they concluded that a good rule of thumb would be to allow
for an outer buffer ring radius at least equal to the depth of infiltration
to insure the validity of the one-dimensional vertical flowassumption.

Our square outer area had an equivalent circular rn greater than
10 ft. (3.1 m) and a B value of about 0.5, allowingfor an approximate 5
ft. (1.5 m) (ril instrumented area in the center of the basin. Applying
the rule of S,nrtzendruber and Olson. one-dimensional vertical flow
assumptions should be valid to about 10 ft. (3.1 m). The maximum
depth of measurement on all sites was about 6.6 ft (2 m), and on most
sites measure:ment depths did not exceed 5 ft. (1.5 m).

It is cautioned that we have extrapolated the Swartzendruber
rule application beyond its experimental basis. It is also observed that
the field soils measured were not uniformly packed soil columns, and
that soil layering would be expected to enhance horizontal flow.
However, there are other considerations which would support the
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Ukelihood of validity for the vertical one-dlmensional flow assumption
for our desorption data. They are (1) the llkelihood that distances of
horizontal flow effects would be greatest at or near saturation because
of the larger flowvelocities. and (2) the larger established buffer zone
within the soil that exists for in-situ desorption measurements.
compared with lnflltration measurements.

(1) During infiltration the near fully saturated condition of the
soil behind the wetting front insures both a large hydraulic
conductivity and the largest possible hydraulic gradient for a given set
of initial soil boundary conditions. The large flowvelocities resulting
from saturated conditions insure a maximum hydraulic interaction
between the measured soil unit and surrounding soil materials. During
drainage. the decreasing K(8,'lf) should minimize the effective distance
of hydraul1c interaction with surrounding soil materials during a given
time span

(2) During the field measurement drainage phase the large
horizontal boundary differences in gradient and hydraulic properties
characteristic of the inmtration case no longer exist in the close
proximity of the measured soil unit. During infiltration horizontal
water movement wets the soil to a considerable distance from the
initial outer ring, partially homogenizing the soil water-pressure state
of the surrounding soils with that of the measured pedon and
decreasing the initial abrupt hydraulic gradients that drive horizontal
flow. The result is that by the time drainage is initiated a soil buffer
area extends beyond the initial outer ring buffer area. This would be
expected to further minimize horizontal boundary influence during
desorption phase measurements.

Based on these conditions, we believe that adequate horizontal
protection has been given to assure practical validity of the vertical-
flow assumption for most of the measured sites and horizons. We
believe that the risk of inaccuracy is most marked in cases of
measurements near saturation for highly layered conditions. Such
conditions were noted for a plow pan on the Arveson soil (site F). and
K(8,'lf) results for the Ap horizon on that site were discarded. This is
discussed further with the explanation of the field data presentation
for Site F (page 162).

Large storms can cause lateral influx of water into the
measurement area during the drainage period. When this occurs, data
must be discarded unless some means of discerning the evenness of
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water distribution within the measurement area can be devised. In
previous measurements in Minnesota the senior author was forced to
discard substantial quantities of data because of the lateral influx of
water during the soil drainage phase. Plastic aprons and shallow
drainage ditches surrounding the measurement area are not always
sufficient to insure plot protection in humid environments, and Cassel
(personal cOInmunication) has stated that some lateral protection
(horizontal plastic-lined ditches surrounding the plot) might be
needed. In semi-arid areas, and during the dry seasons such
additional protection is often unnecessary. During the measurement
of these data. there was no evidence of lateral influx of water into the
draining pedons.

LABORATORY K(9)

Laboratory K(9)was calculated from

K(9)= D(9):
(3)

where d9jd'" is the soil specific-moisture capacity. calculated from
the slope of the laboratory soil-water retention curve and D(9) is the
soil-water diffusivitymeasured using the one-step outflow method of
Doering (1965). Using the one-step method a single pressure step is
applied to a soil sample and volume outflow of water is measured as a
function of tillrleusing a graduated cylinder until outflow ceases. D(e)
is then calculated from

D(e) = 4L2 de.. 1
1[2 dt (e - ec) (4)

where L is the length of the sample, 9 is the time-dependent water
content of the sample, and ef is the final water content of the sample
at the cessation of outflow.

One-step outflow data were measured using 6-cm (length) by
5.3-cm (diameter) undisturbed core samples in Tempe cells. fitted
with I-bar ceramic porous plates having a thickness of about 1 cm.
Samples were placed in the Tempe cells and wetted slowly from the
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bottom (through the ceramic plate) until fully saturated. 500 em of
pressure head was then applied to the sample and outflow was
measured until drainage ceased.

The one-step method does not account for the hydraulic
conductivity of the pressure plate. However, on highly conductive
soils pressure-plate impedance can be a significant factor and may
distort the wet-range estimation of D(S) (Gupta et al. 1974).
Considering the combined porous plate and sample as two elements of
resistance, or impedance (L/K(S))in series, the effect of the porous
plate on hydraulic conductivity can be approximated by

(5)

where K is the hydraulic conductivity corresponding to a resistance
element, and L is its length. The subscripts m, p, and a correspond to
the combined soil sample and plate assembly, the plate alone, and the
soil sample alone, respectively.

One way of solving the problem of plate resistance is to use an
extremely thin porous membrane rather than a porous ceramic plate.
Another approach is that of mathematically compensating for the
effect of the plate Gupta et al. (1974). For these data, we were only
concerned with supplementing the in-situ data in the range between
approximate field capacity and 500-cm negative soil pore-water
pressure head. The effect of plate impedance on soil sample K(S)is
illustrated (Fig. 5) using Eq. (5) for a (2.4-inch) (B.O-cm) length soil
sample on a sandy subsoil, and the hypothetical case of a 0.4 inch (1-
cm) thick I-bar ceramic plate having an hydraulic conductivity of 0.02
cm/h.

It can be seen (Fig. 5) that the plate-impedance effect gradually
decreases from one of almost total control to negligible effect as the
applied pressure-head increases. In the drier soil-water content
range the measured (Km)and soil (Kg) converge. For the purpose of
this experiment. then, it was sufficient to plot field K(S)and laboratory
K(S)on the same graph and determine the range of convergence
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Figure 5. Illustration of the effect of plate impedance on
measurement of K(e) using the laboratory one-
step outflow method.
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between lab and field measurements. All lab data wetter than the
convergence range were discarded. In most cases the lab and field
data exhibited a smooth range of convergence and overlap. In some
cases, because of limited field measurement ranges it was necessary to
extrapolate the field curve, but good overlaps were achieved. In a few
other cases, a wide divergence of the data was found, and the
laboratory data were discarded. In many instances laboratory and field
K(el ezhlblted better continuity than laboratory and field K(vl.
Laboratory K{e,'lIldata are presented together for each data set.

Use of Distilled Water
Distilled water was used in all laboratory measurements. In most

of the sandy soils this caused no problem, but on fine soils with very
large SARthe use of distilled water resulted predictably in expansion
of the samples during wetting. The single site where this was a major
problem was that of the Exline soil (site K) which had SAR values
exceeding 85 in some horizons.

In future work we would consider bringing local water supplies
to the laboratory to attempt to match local soil ionic strength, but even
this is problematic. Soil-water ionic strength and SAR are not
necessarily the same or even similar to those of underlying waters,
because they have been formed in the process of repeated cycles of
imbibation of underlying water and evaporation and deposition of salts,
combined with periodic surface flushings from rain waters. The
resulting process is one of considerable concentration and selection,
and is extremely complex. Saturation of samples with waters
extracted from underlying ground water might still considerably alter
the soil solution chemistry. Moreover, it could be suggested that
saturation with distilled water might be the best way to simulate the
environmental condition of wetting from rainfall.

The question of what laboratory data means on highly expansive
soils with large exchangeable sodium is further complicated by the
nature of physical constraints imposed on an expansive medium. In-
situ expanding soils are physically constrained by the surrounding soil
and by overburden pressure of the overlying soils. Ring samples are
constrained only horizontally during wetting and by a solid,
nonexpansive border material which should exert no expansive
counter-pressure of its own. One must question what relationship such
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conditions would bear to field conditions. Also, what relationship
would such laboratory conditions bear to other laboratory methods In
which samples are wetted without constraint, and where rings are
only applied just prior to desorption measurements? These are
discussed further in the section presenting site K data.

SOIL PHYSICAL DATA AND INDICES

Physical[ data, including soil particle-size distribution, bulk
density, and organic carbon are on presented for each data set in
Table X-1.2 and X-2.2, where X designates the letter (A,B,C...K)
describing the measured site. Several indices of particle-size
distribution aJreprovided, including the sand to silt ratio (SA/SIl, the
geometric me~mparticle diameter (GMEAN), the standard deviation of
the geometric mean particle diameter (GDEV),the normalized deviate
of the geometric mean particle diameter (Z), and a particle-size
distribution j.ndex (F-INDEX) presented by Bloemen (1980). Soil
horizons are listed with the particle-size data.

Bloemen Index (F)
Bloemen (1980) presented an index (here labeled F) for

prediction of the Brooks and Corey (1964) and Campbell (1974) K(V)
function parmneters. The index. F. was calculated as :

where

and where

F-
nL (Pi+l - Pi)

i=l
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Pi is the cumulative percentage by weight. from 0 to a given particle
diameter Di. Bloemen reported that the coefficient of the In K(\jf) vs.
In \jf relationship could be calculated from

n = 1.4 + 4.536 exp (0.3 F - 1) (9)

Although the specific relationship in Eq. (9) has not always been
upheld. the Campbell and Brooks and Corey curve exponents were
found to correlate significantly with F on North Dakota K(\jf) and '1'(8)
data measured by Cassel. in previous analysis by Schuh and Cline
(1986a).

Geometric Mean Particle Statistics (GMEAN.GDEV.Z)
Shirazi and Boersma (1984)published a revised textural triangle

in which a weighted Geometric Mean particle diameter (GMEAN)and
standard deviation (GDEV)were presented. They suggested that many
soil mechanical properties were highly correlated with GMEAN.
Other workers have found them to be strongly correlated with soil
hydraulic properties (Schuh and Bauder 1985). GMEANfor a partlcle-
size fractionation of n classes is calculated as

GMEAN = exp[o.ol .f (fi In dill
1=1 J (10)

where fi is the gravimetric percentage corresponding to each particle-
size class with mean diameter cli. GDEVis calculated as

and the index for the normalized normal deviate (Z)is

Z = GMEAN/ GDEV (12)

analogous to the statistic for evaluation of the distribution of normally
distributed data. In previous comparison of soil properties Schuh and
Bauder (1985) used Z multiplied by 100 as an independent variable.
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Ghosh Index (GHOSH)
Ghosh (1980) predicted the slope of the In 0 vs. in 'I' curve as

GHOSH = 2.619l[~r-2822 (X + O.7'f·62S XO.12S[5.91(Sa ~ C) + 1.1r062S

where

X-62(.sij·S 9 C- . Sa - 5. 1 (Sa + C )

(13)

(14)

and where C, Sa and Si are clay, sand, and silt respectively. As with
the Bloemen index, the Ghosh Index has not always accurately
predicted the in 0 vs. In 'I' curve slope accurately. However, it does
correlate highly with Campbell (1974) and Brooks and Corey (1964)
K('I') curve slope parameters.

Sand to Silt Ratio (SASI)
The ratio of sand to silt percentages has strongly correlated in

some instances with the slope of the In K('I') vs. In 'I' curve (Schuh and
Bauder, 1986). It is presented with the data.

DATA PRESENTATION IN FUNCTIONAL FORM

For many modeling applications it is advantageous to use K(O,'I'l
and '1'(0) data in functional form. Various relationships between
hydraulic conductivity and water-retention data have been established
based on pore-size distribution as characterized by the soil water-
retention curve (Burdine 1953, Marshall 1958, Millington and Quirk
1961, Brooks and Corey 1964, Mualem 1976b, Mualem 1978, and
others). Of these, the models of Burdine (1953) and Mualem (1976b)
are in most common use. Both of these models have been adapted
into common functional formats for the water-retention curve. Two
water-retention model formats in common use are those of van
Genuchten (1B80) and Brooks and Corey (1964).
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Brooks and Corey Function Parameters
The Brooks and Corey (1964) function assumes that most a(V)

data can be fitted well as a power function of the form

(15)

where b is the slope of the log/log relationship between mobile water
(a-ad and '1'. ar is residual water content. Ve is the "air entry"
suction. and ae is the "air entry" water content (corresponding to Vel·

The residual water-content value is theoretically described as a
threshold value below which water is considered to be "immobile". In
actual application of the Brooks and Corey' (1964) model Or is
empirically determined and its practical function is to improve fits of
water-retention data to Eq. (15) where the log/log assumption is
imperfectly held because of a continued upward concave curvature of
the log 0 vs. lot 'If curves. Orserves to empirically "pull down" the
curvature and linearize the dry-range data in log/log form.

Most sandy and coarse-loamy soils cannot be adequately fitted
without the Orparameter. On some loamy soils. ar tend to be near O.
On other soils, particularly finer soils. the log/log transformation
results in a curve with retained downward concave curvature in the
dry range. Presumably, Eq. 15 parameters for such a('If) data could be
best fitted using a negative Or,although this is not done in practice.
Because of common practice, all applications in this report use only
positive or 0 Or. The purpose of this discussion is to point out that the
validity of the definition of Or is strongly affected by the nature of the
functional form constraining the data, and that while the theoretical
defmition of the boundary of mobile and immobile water is useful, its
quantitative interpretation in individual functional formats is of
questionable theoretical meaning. Rather, such quantitative values
must be viewed as primarily empirical.

The "air entry" pressure is the necessary pressure (or suction
expressed as negative pressure head) to cause air to enter and
displace water held in the largest pores within the predominant grain
matrix. In application of Eq. 15, however, the curve is actually fitted
through an inflection value for the log a vs log 'If curve, and air entry
suction is determined by extrapolation of 'If to saturation water content
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N=2+(2+p)b (18)

where b is the a(V) function exponent and p is an empirical factor
accounting for the effects of pore discontinuity. and also assimilating
the effects of departures from Mualem theory in defining the
relationship between K(V)and a(V)·

There are various methods for calculating. the Brooks and Corey
parameters. In the original presentation by Brooks and Corey all
parameters were determined by graphic analysis. One method is to
optimize all water-retention parameters (including Ve • ae. and wet-
range functions) using a nonlinear curve-optimization procedure. such
as a Marquardt least-squares (Alessi 1989). Another method,
proposed by Mualem (1976b) optimizes fits for only er and b
parameters. The Mualem procedure involves successive fitting of b
using linear least-squares for gradually increasing values of er (
beginning at 0 and increased incrementally) until the sum of the
squares of the deviation from the predicted curve begins to increase.
The parameter set, prior to increasing error is then selected.

Brooks and Corey and Clapp and Hornberger wet-range
parameters are presented for each field data set (with dry-range lab
data) in Appendix 1, and for laboratory wet and dry range data in
Appendix 2. All parameters were determined using the iterative two-
parameter optimization method of Mualem (l976b) for band er. Ve
and ee were selected as the inflectionvalues of a log/log graph. and es
was the wettest measured e value. p values are presented only for the
field measured water retention values (Appendix 1), and were
determined by calculating N for each field measured K(e,V)· The
mean of calculated N values for the full K(e,V) range is presented. p
calculated in this way is systematically larger than that determined
using the van Genuchten method.

e('V)functions do not always fit well for the full range of data. For
parameters presented in this report. a mean square deviation (MSD)
of the data from the predictive curve of 0.05 was arbitrarily set as a
desirable maximum. If a final calculated MSDexceeded this value, the
15.300 cm data point was deleted from the set and a second
estimation was made with data from saturation to 835 cm suction.
Because of this all parameters presented have a wet range bias. In
some cases large remaining MSD values indicate that data was only
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such as the Marquardt least-squares procedure. A FORTRAN
computer program (RETC)using a Marquardt least-squares procedure
was written by van Genuchten (written communication, 1986)
enabling the optimization of all function parameters to both 0('1') and
K('I')data either separately or simultaneously. The RETCprogram also
provided for weighting of data to enable flexibility in preference of wet
or dry range bias.

Van Genuchten parameters for these data are presented in
Appendix 3. For all data sets, a,m,n,p, Or,Os, and Ks are treated as
empirical parameters. Os treated as an empirical parameter because
despite measurements made to near saturation, some subsoils were
never wetted to full saturation. In addition, 0sand Ks are not
temporally constant during measurement (as discussed previously in
the discussion on DATAHANDLINGAND INTERPRETATION)and are
highly dependent upon methods and conditions of wetting. Two sets
of parameters are presented for each data set. In the first set,
a,m,n,Or,and Os are first optimized for 0('1'). These parameters are
then held constant and the K(O)function is optimized for Ks and p. In
the second data set all parameters are optimized simultaneously for
K(O)and 0('1') data. The first data set is more strongly weighted to
greater precision in the 0('1') function.

In almost all cases optimized Ks values are realistic and plausible
for the data they represent. In a few cases [Appendix 3-G (23 cm),
Appendix 3-F (27 cm), Appendix 3-E (137 cm)] Ks data are
unrealistically high. This usually occurred where wet range 0 or K(O)
data were limited. Data fits were nonetheless good, and the reader
should check the data to ascertain the range of valid application. The
relatively large Ks values for deep soils on sites D and C are plausible
for local sandy materials.

As in the Brooks and Corey measurements, we have used a wet
range bias, and have weighted wet range data more highly in cases
where curvatures near saturation were most severely cut. Again, these
parameters are presented for those who wish to use the data in
parameterized form without a great deal of interpretive effort.
However,for those wishing to use their own methods and bias the data
are all presented.
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FINAL NOTES FOR DATA USERS

The basic hydraulic data are neither unedited, nor are they
highly edited. Data. known to be erroneous or unreliable because of
faulty data input or known calculation errors have been removed or
trimmed. However, we have tried not to overlnterpret and to leave
appUcation discretion to the user. It is likely that many users will have
applications or user requirements that differ from our own, and that
much data editing would be most appropriately performed considering
local requirements. Jror this reason, many apparent outHers have been
left within the data. Likely causes for some of these have already been
described in previo11ssections and should be considered. Because of
this editorial declsl.)n, it is advised that users transcribe and view the
data before using it.

One other suggestion is made for those intending to present
K(e) data in parmnetric form, such as that of the van Genuchten
function. The: continuity of field and laboratory K(e) data is more
preclse than that be:tween field and laboratory K('If)data for some data
sets. This likely oc(~ursbecause the laboratory diffusivity method ties
measured D(e) directly to e, and does not require exact
correspondence between the K(e) sample and the separate e('lfl
sample. Calculation of K(e) requires only the use of specific-water
capacity (SpIn) from the e('If) samples, rather than 'If itself. sp m
changes much less abruptly than \jI, minimizing the effects of any
missed correspondence for e(\jI) ranges between samples. Because of
this, K(e) parametedzation is preferred.
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SITE DESCRIPTIONS AND DATA

SITE A (HAMARSERIES)

Site A was located in the noniITigated corner of a center-pivot
irrigated potato field. and was covered with a young cover-crop of
winter barley. The location and description are summarized on Table
1. According to the La Moure County (ND)Soil Survey Report (USDA
1971) the Hamar soil series consists of "deep. somewhat poorly
drained soils on sandy uplands in La Moure and Dickey Counties and
on sandy terraces in the James River Valley." They "occur as nearly
level areas or as slight depressions". and were "formed in coarse-
textured deposits left by glacial melt water". Hamar soils are
associated with Hecla. Maddock. and Ulen soils. The specific site
measured (location Fig. 2) consisted of a slight depressional location
associated at close distances with Hecla soils located on hummocks.
The overall landscape was fairly level. and land surface variations were
not large. In some years the surface of the Site A has been seen to be
briefly ponded (for no more than a few days) during spring snowmelt
events. During measurement the water table was approximately 9 feet
(2.7 m) below land surface.

In-situ measurements and site descriptions were made during
late September and October. 1984. Temperatures were frequently
below freezing at night. and to sustain measurements. 6 mil
polyethylene tents were constructed over the site and were heated at
night with portable propane heaters. The measurement period was
concurrent with sites Band C which were located nearby. Soil
samples and soil profile descriptions were taken approximately two
weeks after the completion of soil hydraulic measurements. Although
measurements were made for more than two weeks. drainage was
approximately complete at 7 days.
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SITE A, REPLICATION 1
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Site and location:

Table A-1.1.

Sampled:

Soil morphologicdata for Site A. replication l.

A-IHeimbuch site. Oakes Aquifer 280 feet south and 100 feet
west of the east quarter corner of Section 26. Township 130
north. Range59 west. DickeyCounty. North Dakota.

10/23/84 by M.D. Sweeney(NOAES.Fargo, NO)and W. M.Schuh andR
Cline (NOSWC.Bismarck, NO).

Soil type and classification:

Physiography and parent material:

Drainage: Somewhat poor to poor.

Hamar loamy sand: sandy. mixed, frigid typic
Haplaquoll.

Glacio-fluvial-lacustrine deposits in the
Glacial Lake Dakota Basin which have been
reworkedby wind to some extent.

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14
inches. Laboratory texture in parenthesis if different from field texture.

Soil profile: A-Inorth side of pit.

Alp 0-4 inches (0-10 cm), black (lOYR2/1) loamy sand (sand): weak medium and
fine subangular blocky structure: soft. very friable. slightly sticky and
nonplastic: common very fine roots: abrupt smooth boundary.

A12 4-11.5 inches (10-29 cm), black (lOYR2/1) loamy sand: moderate coarse and
medium prismatic parting to moderate coarse and medium subangular block
structure: slightly hard, very friable, slightly sticky and nonplastic: common
very fine roots: clear smooth boundary.

Bg 11.5-23.5 inches (29-60cm),very dark grayish brown (lOYR3/2) sand with few
medium faint very dark brown (lOYR2/2) mottles which increase to common
with depth: very weak coarse prismatic parting to weak coarse and medium
subangular blocky structure: soft. very friable to loose. nonsticky and
nonplastic: fewvery fine roots: clear wavyboundary.

Cgl 3.5-40 inches (60-102 cm). light yellowish brown to light olive brown (2.5Y
5.5/4) sand (finesand) with common medium distinct dark yellowish brown
(lOYR3/4 and 4/4) mottles: very weak coarse prismatic structure: soft. very
friable to loose. nonsticky and nonplastic: few very fine roots: clear wavy
boundary.

Cg2 40-63 inches (102-160 cm). light yellowish brown to light olive brown (2.5Y
5.5/4) sand with many medium distinct strong brown (7.5YR4/6) mottles:
very weak coarse prismatic structure: soft. very friable to loose, nonsticky
and nonplastic: fewvery fine roots: abrupt smooth boundary.

Cg3 63-72 inches (160-183 cm), dark gray (5Y4/1) sand (loamy sand): soft, very
friable to loose. nonsticky and nonplasUc.
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Table A-1.2 HAMAR SERIFS SI'IE A-1 IDOC:1984
particle-size, bIlk density, ani oUJaIliccarl:x>n
clata am irx:ii.oas

DEPTH PMTICIE SIZE CIASSES (MICR:N/PEFCENr)
2. 20. 50. 100. 250. 500. 1000. 2000.

8. 3.0 3.7 6.2 9.4 41.8 33.0 2.9 0.1
23. 5.5 4.8 4.5 10.9 44.5 27.8 2.0 0.0
38. 4.0 3.6 4.0 9.3 45.6 30.9 2.4 0.1
53. 4.7 1.1 2.3 8.9 52.4 28.8 1.8 0.0
69. 2.5 3.6 1.4 9.1 53.5 27.9 1.9 0.1
84. 3.2 3.3 0.6 9.9 56.2 24.9 1.8 0.0
99. 2.9 2.5 0.5 6.1 51.6 33.6 2.7 0.1

114. 2.9 2.5 0.0 2.6 47.0 43.8 1.5 0.0
130. 2.9 1.1 0.1 1.6 39.3 52.5 2.5 0.0
160. 5.1 4.4 3.1 12.0 40.0 33.9 1.6 0.0

DEPTH SAND SILT CIAY HCRIZCN
an % % %

8. 87.1 9.9 3.0 A1 6 6=p
23. 85.2 9.3 5.5 A1 2 8=g
38. 88.4 7.6 4.0 B 8
53. 91.9 3.4 4.7 B 8
69. 92.5 5.0 2.5 C1 8
84. 92.9 3.9 3.2 C1 8
99. 94.1 3.0 2.9 C1 8

114. 94.9 2.2 2.9 C2 8
130. 95.9 1.2 2.9 C2 8
160. 87.5 7.4 5.1 C3 8

DEI?'ffi SA!SI G£AN rom z F-INDEX ID ex:
an mn mn g/ee %

8. 8.808 0.1517 3.5 0.0438 0.836 1.50 1.20
23. 8.353 0.1208 4.2 0.0284 0.767 1.58 1.00
38. 11.618 0.1469 3.7 0.0396 0.891 1.55 0.31
53. 27.029 0.1522 3.6 0.0422 1.106 1.46 0.27
69. 18.500 0.1606 3.1 0.0527 1.126 1.59 0.12
84. 23.795 0.1533 3.2 0.0477 1.175 1.65 0.20
99. 31.367 0.1783 3.1 0.0576 1.252 1.61 0.06

114. 37.960 0.1952 3.1 0.0639 1.418 1.59 0.08
130. 79.917 0.2227 3.0 0.0755 1.526 1.62 0.04
160. 11.667 0.1354 4.2 0.0326 0.806 1.68 0.12

DEPTH l-OISTUF:E/SOCTICN SUPE GAR:>NER K-PARJM:'lERS (JAYNE & TYlER)
Gf/DAY-KPA Ot!HR-BAR

an mOSH BIOO1EN K-SID?E K-INT K-SUPE K-INT

8. 1.656 2.591 -1.1584 2.5288 -11.58 1.15
23. 1.677 2.573 -1.1285 2.4708 -11.29 1.09
38. 1.487 3.520 -1.1883 2.5607 -11.88 1.18
53. Lon 4.337 -1.2652 2.6651 -12.65 1.28
69. 1.256 5.146 -1.2635 2.6825 -12.64 1.30
84. 1.1313 4.881 -1.2746 2.6912 -12.75 1.31
99. 1.0213 2.420 -1.2985 2.7289 -12.99 1.35

114. 0.956 2.527 -1.3129 2.7521 -13.13 1.37
130. 0.721 8.782 -1.3350 2.7811 -13.35 1.40
160. 1.478 3.766 -1.1778 2.5375 -11.78 1.16
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Table A-1.3 Soil saturation extract water chemistry data. gravimetric water content
at saturation and at 15 bar. pH. texture class. and carbonate clay fraction for site A.
replication 1.

Saturation Extract Soluble Ions
Depth Cl Mg Na K 003 H003 C1 504
(em) meq/l
0-15 0.9 0.9 0.18 1.6 1.8 0.8 1.0

15 - 30 0.5 1.7 0.44 0.3 1.0 0.08 1.9
30-46 1.2 1.8 0.54 0.2 0.8 0.07 3.0
46 - 61 1.4 0.4 0.60 0.2 0.6 0.18 1.8
61 - 76 0.7 0.8 0.48 0.1 0.4 0.07 1.7
76 - 91 0.8 0.6 0.56 0.1 0.7 0.18 1.3
91 - 106 0.8 0.7 0.56 0.06 0.6 0.17 1.4

106 - 122 0.4 0.5 0.52 0.08 0.3 0.15 1.1
122 - 137 0.7 0.7 0.66 0.06 0.5 0.15 1.5
152 - 168 0.9 1.1 0.56 0.04 0.8 0.25 1.6

Depth ECE SAR H20 at pH 003 Texture e
Sat clay class 15 bar

(em) mmhos/cm % % g/gx
100

0- 15 0.32 0.1 38 7.1 s 4.9
15 - 30 0.20 0.4 27 6.8 Is 5.0
30-46 0.29 0.3 25 6.7 s 4.1
46 - 61 0.26 0.6 23 7.1 fs 3.1
61 - 76 0.20 0.5 22 7.0 fs 2.8
76 - 91 0.20 0.6 19 7.1 fs 3.3
91 - 106 0.20 0.6 22 7.1 fs 3.0

106 - 122 0.14 0.7 20 7.0 s 2.1
122 - 137 0.19 0.8 20 7.1 s 2.2
152 - 168 0.25 0.6 22 6.8 Is 4.0
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Table A-1.4 lWol!\R SERIES SITE A-l NDSW:::84
laboratory soil-water mtention data

lAB PRESSUI<E (CM) AliIDWATER a:mmr ('.QL. FPJ\CTICN)

DEP1H (CM)

fl. 23. 38. 53.

CM a:.:/a; SE

10. 0.4flll 0.0363 24. 0.3743 0.0080 10. 0.4797 0.0084 10. 0.2975 0.0017
20. 0.41i91 0.0216 40. 0.3436 0.0106 20. 0.4829 0.0084 20. 0.2861 0.0003
40. 0.3S91 0.0044 SO. 0.2828 0.0111 40. 0.2703 0.0123 40. 0.1934 0.0001
60. 0.21i89 0.0022 62. 0.2431 0.0074 60. 0.2094 0.0073 60. 0.1411 0.0008
80. 0.2248 0.0055 70. 0.2205 0.0042 80. 0.1818 0.0056 80. 0.1128 0.0006

100. 0.1967 0.0034 82. 0.2025 0.0021 100. 0.1668 0.0039 100. 0.0967 0.0004
120. 0.1797 0.0038 98. 0.1883 0.0005 120. 0.1589 0.0028 120. 0.0887 0.0005
280. 0.lS65 0.0052 150. 0.1650 0.0000 280. 0.1431 0.0028 180. 0.0766 0.0005
340. 0.1330 0.0032 340. 0.1373 0.0005 340. 0.1280 0.0011 340. 0.0665 0.0001
534. 0.1213 0.0023 S03. 0.1245 0.0011 534. 0.1193 0.0006 534. 0.0625 0.0001
834. 0.1120 0.0019 834. 0.1170 0.0000 834. 0.1122 0.0000 834. 0.0618 0.0006

00= 1.47 1.58 1.55 1.46
N= 2 2 2 2

DEPTH (CM)

69. 99. 114. 130.

24. 0.3280 0.0102 10. 0.3338 0.0039 10. 0.4200 0.0314 24. 0.3766 0.0263
40. 0.2272 0.0015 20. 0.3248 0.0028 20. 0.3846 0.0355 40. 0.1912 0.0244
50. 0.1613 0.0016 40. 0.2102 0.0077 40. 0.1655 0.0317 SO. 0.1398 0.0228
62. 0.1351 0.0011 60. 0.1416 0.0038 60. 0.1207 0.0292 62. 0.1211 0.0216
70. 0.1197 0.0009 80. 0.1103 0.0013 80. 0.1068 0.0280 70. 0.1141 0.0220
82. 0.1051 0.0001 100. 0.0946 0.0006 100. 0.1030 0.0286 82. 0.1063 0.0220
98. 0.0959 0.0010 120. 0.0864 0.0000 120. 0.0976 0.0280 98. 0.1032 0.0208

150. 0.0806 0.0008 180. 0.0752 0.0017 280. 0.0922 0.0274 150. 0.0946 0.0202
340. 0.0676 0.0011 340. 0.0670 0.0024 340. 0.0845 0.0273 340. 0.0876 0.0196
S03. 0.0660 0.0011 534. 0.0625 0.0024 534. 0.0860 0.0273 503. 0.0852 0.0190
834. 0.0629 0.0010 834. 0.0610 0.0024 834. 0.0806 0.0268 834. 0.0821 0.0190

00= 1.59 1.61 1.59 1.62
N= 2 2 2 2
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Table A-l.5 HAMAR SERIES SITE A -1 (Nl)S'C 1984)
In-situ K(O.'I') and 9 ('I') , and laborato:ry K (0,'1')
d:l.ta.

RICE\RDS PARAME'lERS

DEPI'H 8. CM
Tn1E WATER MM'-POr MIU'-roI'HYD-QW) HYD-<XN SP~IS DIFF
(HR) (CM3/CM3) (CM) (KPA) «(M/CM) «(M/HR) (l/CM) (CM2/HR)

0.1 .4173 21. 2.02 1.00 0.65E+OO 0.95E-03 0.68E+03
0.3 .3964 33. 3.19 1.01 0.92E+OO 0.45E-02 0.2IE+03
0.5 .3762 37. 3.64 1.03 0.59E+OO 0.46E-02 0.13E+03
0.7 .3626 40. 3.97 1.04 0.4IE+OO 0.37E-02 0.lIE+03
0.9 .3517 43. 4.22 1.05 0.38E+OQ 0.53E-02 0.72E+02
1.2 .3350 47. 4.57 1.04 0.34E+OO 0.46E-02 0.73E+02
1.7 .3179 51. 4.97 0.97 0.18E+00 0.38E-02 0.47E+02
2.2 .3078 53. 5.17 0.94 0.14E+00 0.88E-02 0.16E+02
2.7 .2997 54. 5.27 0.94 0.12E+00 0.73E-02 0.16E+02
3.2 .2932 55. 5.34 0.93 0.95E-01 0.12E-01 0.82E+01
3.7 .2878 55. 5.42 0.92 0.80E-01 0.48E-02 0.17E+02
4.2 .2818 57. 5.54 0.89 O.l2E+OO 0.48E-02 0.26E+02
4.7 .2746 58. 5.69 0.86 O.l3E+OO 0.48E-02 0.27E+02
8.7 .2566 62. 6.07 0.76 0.38E-01 0.48E-02 0.80E+01

15.0 .2407 66. 6.49 0.73 0.23E-01 0.34E-02 O.68E+01
25.0 .2245 73. 7.12 0.72 0.lIE-01 0.17E-02 0.63E+01
35.0 .2179 77. 7.57 0.69 0.37E-02 0.lIE-02 0.33E+01
50.0 .2134 81. 7.93 0.66 0.33E-02 0.14E-02 0.24E+01
70.0 .2082 85. 8.38 0.62 0.29E-02 0.98E-03 0.30E+01
90.0 .2047 90. 8.79 0.57 0.16E-02 0.67E-03 0.23E+01

110.0 .2021 94. 9.17 0.52 0.2IE-02 0.7IE-03 0.29E+01
130.0 .1997 97. 9.52 0.47 0.15E-02 0.63E-03 0.24E+01
150.0 .1978 100. 9.79 0.43 0.17E-02 0.76E-03 0.22E+01
[)()ER]N:; 1-SI'EPD/\TA

0.1 .3294 43. 4.22 83.33 0.24E+00 0.47E-02 0.52E+02
0.2 .3028 50. 4.85 83.33 0.13E+00 0.36E-02 0.35E+02
0.2 .2861 55. 5.35 83.33 0.79E-01 0.30E-02 0.26E+02
0.2 .2741 59. 5.77 83.33 0.55E-01 0.26E-02 0.2IE+02
0.3 .2651 62. 6.12 83.33 0.42E-01 0.23E-02 0.18E+02
0.4 .2578 66. 6.44 83.33 0.33E-01 0.2IE-02 0.15E+02
0.4 .2518 69. 6.73 83.33 0.26E-01 0.20E-02 0.13E+02
0.5 .2467 71. 6.99 83.33 0.22E-01 0.18E-02 0.12E+02
0.5 .2424 74. 7.23 83.33 0.19E-Q1 0.17E-02 0.1IE+02
0.6 .2385 76. 7.45 83.33 0.16E-01 0.16E-02 0.98E+01
0.6 .2352 78. 7.66 83.33 0.14E-01 0.16E-02 0.90E+01
0.7 .2321 80. 7.86 83.33 0.12E-0l 0.15E-02 0.83E+01
0.7 .2294 82. 8.04 83.33 0.1IE-0l 0.14E-Q2 0.78E+0l
0.8 .2269 84. 8.22 83.33 0.99E-02 0.14E-02 0.73E+01
0.8 .2247 85. 8.38 83.33 0.90E-Q2 0.13E-Q2 0.68E+01
0.9 .2226 87. 8.54 83.33 0.82E-02 0.13E-02 0.64E+01
0.9 .2207 89. 8.69 83.33 0.75E-02 0.12E-02 0.6IE+01
1.0 .2189 90. 8.84 83.33 0.69E-02 0.12E-Q2 0.58E+01
1.0 .2172 92. 8.98 83.33 0.64E-02 0.12E-02 0.55E+01
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DEPTH 8. eM (DQERIN:;I-STEP CXM'INUED) SITE A-I
TIME WArIER MI\T-·rorW\T~ HYIH:1W) HYD-{XlIl SP-M)IS DIFF
(HR) (CM3/CM3) (<>1) (KPA) «(M/(M) «(M/HR) (1/CM) (CM2/HR)

1.1 •21S7 93. 9.11 83.33 0.59E-02 0.lIE-02 0.53E+01
1.1 .214.2 ~l. 9.24 83.33 0.55E-02 0.1IE-02 0.50E+01
1.1 .21~~8 9E;. 9.36 83.33 0.5IE-02 0.lIE-02 0.48E+01
1.2 .2115 97. 9.49 83.33 0.48E-02 0.10E-02 0.46E+01
1.2 .2103 98. 9.60 83.33 0.45E-02 0.10E-02 0.44E+01
1.3 .2091 99. 9.71 83.33 0.43E-02 0.10E-02 0.43E+01
1.3 .2080 100. 9.82 83.33 0.40E-02 0.98E-03 0.4IE+01
1.4 .2070 101. 9.93 83.33 0.38E-02 0.96E-03 0.40E+01
1.4 .2060 102. 10.03 83.33 0.36E-02 0.94E-03 0.39E+01
1.5 .2050 103. 10.14 83.33 0.34E-02 0.92E-03 0.37E+01
1.5 .2041 104. 10.23 83.33 0.33E-02 0.9IE-03 0.36E+01
1.6 .2032 105. 10.33 83.33 0.3IE-02 0.89E-03 0.35E+01
1.6 .20~~4 106. 10.42 83.33 0.30E-02 0.87E-03 0.34E+01
1.7 .2016 107. 10.51 83.33 0.29E-02 0.86E-03 0.33E+01
1.7 .2008 108. 10.60 83.33 0.27E-02 0.85E-03 0.32E+01
1.8 .2000 109. 10.69 83.33 0.26E-02 0.83E-03 0.3IE+01
1.8 .1993 110. 10.78 83.33 0.25E-02 0.82E-03 0.3IE+01
1.9 .1986 111• 10.86 83.33 0.24E-02 0.8IE-03 0.30E+01
1.9 .1980 112. 10.94 83.33 0.23E-02 0.80E-03 0.29E+01
2.0 .1973 ILL 11.02 83.33 0.22E-02 0.79E-03 0.28E+01
4.1 .1813 137. 13.41 83.33 0.80E-03 0.55E-03 0.15E+01
8.1 .1690 163. 16.00 83.33 0.3IE-03 0.39E-03 0.78E+OO

12.1 .1630 180. 17.63 83.33 0.18E-03 0.33E-03 0.54E+OO
16.0 .1592 192. 18.83 83.33 0.12E-03 0.29E-03 0.42E+OO
20.0 .1565 202. 19.78 83.33 0.92E-04 0.27E-03 0.34E+00
24.0 .1545 210. 20.57 83.33 0.73E-04 0.25E-03 0.29E+00
28.0 .15:~8 217. 21.24 83.33 0.60E-04 0.23E-03 0.26E+00
32.0 .1515 223. 21.83 83.33 0.5IE-04 0.22E-03 0.23E+00
36.0 .1503 2213. 22.35 83.33 0.45E-04 0.2IE-03 0.2IE+OO
40.0 .1493 233. 22.81 83.33 0.39E-04 0.20E-03 0.19E+00
44.0 .14135 237. 23.24 83.33 0.35E-04 0.20E-03 0.18E+00
48.0 .1477 241. 23.62 83.33 0.32E-04 0.19E-03 0.17E+00

122.0 .1408 283. 27.76 83.33 0.12E-04 0.14E-03 0.85E-01
194.0 .13130 304. 29.77 83.33 0.82E-05 0.12E-03 0.66E-01
266.0 .1364 31'7. 31.10 83.33 0.68E-05 0.lIE-03 0.59E-01
338.0 .1353 327. 32.09 83.33 0.62E-oS 0.lIE-03 0.S7E-01

DEPTH 30. eM SITE A-I
TIME WATER MA.T·-POrM1\T~ HYD-GRAD HYD-<XN SP-IDIS DIFF
(HR) (CM3/CM3) (0'1) (!<PA) «(M/0'1) «(M/HR) (l/Qo1) (CM2/HR)

0.1 .39·B 19. 1.81 1.00 0.25E+01 0.90E-03 0.28E+04
0.3 .3743 33. 3.20 1.01 0.36E+01 0.4IE-02 0.88E+03
0.5 .3539 38. 3.68 1.03 0.25E+01 0.46E-02 0.54E+03
0.7 .3388 4l. 4.02 1.04 0.18E+01 0.44E-02 0.4IE+03
0.9 .3271 44. 4.30 1.05 0.15E+01 0.4IE-02 0.37E+03
1.2 .31:25 47. 4.62 1.04 0.12E+01 0.47E-02 0.26E+03
1.7 .29:84 50. 4.93 0.97 0.64E+00 0.44E-02 0.15E+03
2.2 .2901 52. 5.08 0.94 0.52E+00 0.8IE-02 0.64E+02
2.7 .2836 53. 5.17 0.94 0.43E+OO 0.58E-02 0.73E+02
3.2 .2782 53. 5.24 0.93 0.35E+OO 0.14E-01 0.25E+02
3.7 .2735 54. 5.30 0.92 0.3IE+OO 0.57E-02 0.55E+02
4.2 .2685 55. 5.38 0.89 0.44E+00 0.65E-02 0.67E+02
4.7 .2625 56. 5.48 0.86 0.48E+OO 0.54E-02 0.90E+02
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8.7 .2428 58. 5.69 0.76 O.l6E+OO 0.95E-02 0.17E+02
15.0 .2274 62. 6.07 0.73 0.89E-01 0.3IE-02 0.29E+02
25.0 .2115 68. 6.68 0.72 0.45E-01 0.2IE-02 0.22E+02
35.0 .2035 72 . 7.08 0.69 0.18E-01 0.19E-02 0.94E+01
50.0 .1972 75. 7.39 0.66 0.16E-01 0.20E-02 0.77E+01
70.0 .1908 79. 7.78 0.62 0.12E-01 0.13E-02 0.92E+01
90.0 •1867 83. 8.12 0.57 0.70E-02 0.95E-03 0.74E+01

110.0 .1840 86• 8.42 0.52 0.80E-02 0.87E-03 0.92E+01
130.0 •1819 89• 8.68 0.47 0.58E-02 0.66E-03 0.87E+01
150.0 .1800 91. 8.89 0.43 0.72E-02 0.12E-02 0.59E+01

IX:>ERIN:;1-SI'EPJ:).1\1A

0.0 .2412 48. 4.66 83.33 0.32E+OO 0.25E-02 0.13E+03
0.1 .2035 69. 6.76 83.33 0.56E-01 0.13E-02 0.45E+02
0.1 .1885 83. 8.16 83.33 0.24E-01 0.89E-03 0.27E+02
0.2 .1793 95. 9.29 83.33 0.14E-01 0.70E-03 0.20E+02
0.2 .1729 105 . 10.28 83.33 0.9IE-02 0.58E-03 0.16E+02
0.3 .1680 114. 11.18 83.33 0.65E-02 0.50E-03 0.13E+02
0.3 .1640 122 . 12.01 83.33 0.48E-02 0.44E-03 0.lIE+02
0.4 .1608 130 . 12.79 83.33 0.38E-02 0.39E-03 0.97E+01
0.4 .1580 138. 13.53 83.33 0.3OE-02 0.35E-03 0.86E+01
0.5 .1555 145. 14.25 83.33 0.25E-02 0.32E-03 0.77E+01
0.5 .1534 152 . 14.93 83.33 0.2IE-02 0.29E-03 0.7IE+01
0.6 .1515 159. 15.60 83.33 0.17E-02 0.27E-03 0.65E+01
0.6 .1497 166. 16.25 83.33 0.15E-02 0.25E-03 0.60E+01

1
DEPTH 30. 01 SI1E A-I
TIME WATER WIT-POI' WIT-roI' IiYIH;RAD HYD-<XN SP-M)IS DIFF
(HR) (Q13/CM3) (CM) (KPA) (Q1/CM) (Q1/HR) (1/01) (Q12/HR)

0.7 •1482 172 . 16.88 83.33 0.13E-02 0.23E-03 0.56E+01
0.7 .1467 179 . 17.51 83.33 0.lIE-02 0.22E-03 0.52E+01
0.8 .1454 185. 18.12 83.33 0.10E-02 0.2IE-03 0.49E+01
0.8 .1442 191. 18.72 83.33 0.89E-03 0.19E-03 0.46E+01
0.9 .1431 197 . 19.31 83.33 0.80E-03 0.18E-03 0.44E+01
0.9 .1420 203 . 19.90 83.33 0.72E-03 O.17E-03 O.42E+01
1.0 .1410 209. 20.48 83.33 0.65E-03 0.16E-03 0.40E+01
1.0 .1401 215 . 21.06 83.33 0.59E-03 O.16E-03 0.38E+01
1.1 .1392 221. 21.63 83.33 0.54E-03 O.15E-03 0.36E+01
1.1 •1383 226. 22.19 83.33 0.49E-03 0.14E-03 0.35E+01
1.2 .1375 232. 22.76 83.33 0.45E-03 0.14E-03 O.33E+01
1.2 .1368 238. 23.31 83.33 0.4IE-03 O.13E-03 O.32E+01
1.3 .1361 243. 23.87 83.33 0.38E-03 0.12E-03 0.3IE+01
1.3 .1354 249 . 24.43 83.33 O.35E-03 O.12E-03 O.30E+01
1.4 .1347 255 . 24.98 83.33 0.33E-03 O.lIE-03 0.29E+01
1.4 .1341 260 . 25.53 83.33 0.30E-03 0.lIE-03 0.28E+01
1.5 .1335 266 . 26.08 83.33 0.28E-03 0.lIE-03 0.27E+01
1.5 .1329 272 . 26.63 83.33 O.27E-03 0.10E-03 0.26E+01
1.6 .1324 277 . 27.18 83.33 0.25E-03 0.98E-04 0.25E+01
1.6 .1318 283 . 27.73 83.33 0.23E-03 0.94E-04 0.25E+01
1.7 .1313 288 . 28.27 83.33 0.22E-03 0.9IE-04 O.24E+01
1.7 .1308 294 . 28.82 83.33 0.20E-03 0.88E-04 O.23E+01
1.8 .1303 300. 29.37 83.33 0.19E-03 0.85E-04 0.23E+01
1.8 .1299 305. 29.92 83.33 O.18E-03 0.82E-04 0.22E+01
1.9 .1294 311. 30.47 83.33 0.17E-03 O.79E-04 0.22E+01
1.9 •1290 316 . 31.02 83.33 0.16E-03 0.77E-04 O.2IE+01
2.0 .1286 322. 31.57 83.33 O.15E-03 0.74E-04 0.2IE+01
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DEPTH 61. 01 SITE A-1 (WET IWa 53 AND 69 01 CXMBINED)
TIME WATER Ml\T-l?Ol'M!\T-roI'~ HYIHXN SP-M)IS DIFF
(HR.) (013/CH3) (01JI (KPA) (CM/CM) (CM/HR) (1/01) (CM2/HR)

0.1 .361~~ 17,. 1.67 0.85 0.54E+01 0.85E-03 0.64E+04
0.3 .3476 28. 2.73 0.70 0.95E+01 0.26E-02 0.36E+04
0.5 .3320 33. 3.26 0.71 0.70E+01 0.36E-02 0.19E+04
0.7 .3233 37. 3.64 0.73 0.4lE+01 0.59E-03 0.7lE+04
0.9 •310JL 40. 3.96 0.74 0.57E+01 0.82E-02 0.70E+03
1.2 .2882 44. 4.31 0.77 0.32E+01 0.48E-02 0.66E+03
1.7 •2731 47. 4.58 0.80 0.16E+01 0.10E-01 0.16E+03
2.2 .2637 48. 4.68 0.80 0.12E+01 0.88E-02 0.14E+03
2.7 .25613 49. 4.77 0.80 0.94E+OO 0.60E-02 0.16E+03
3.2 .2509 49. 4.85 0.81 0.79E+OO O.llE-ol 0.70E+02
3.7 .2453 SO. 4.91 0.82 0.72E+OO 0.84E-02 0.85E+02
4.2 .2403 51. 4.96 0.83 0.84E+OO 0.13E-01 0.65E+02
4.7 .2348 51. 5.02 0.84 0.97E+OO 0.70E-02 0.14E+03
8.7 .2146 53. 5.18 0.79 0.28E+OO 0.99E-02 0.28E+02

DEPl'H 53. 01
15.0 .199:3 56. 5.52 0.79 O.l4E+OO 0.32E-02 0.44E+02
25.0 .184·4 62. 6.04 0.70 0.84E-01 0.27E-02 0.3lE+02
35.0 .1754 65. 6.36 0.66 0.36E-01 0.3lE-02 0.12E+02
50.0 .1687 68. 6.63 0.64 0.30E-01 0.23E-02 0.13E+02
70.0 .1620 70. 6.89 0.56 0.24E-01 0.28E-02 0.86E+01
90.0 .1578 72. 7.10 0.48 0.15E-01 0.13E-02 0.llE+02

110.0 .1552 75. 7.35 0.52 0.13E-01 0.78E-03 0.17E+02
130.0 .1537 77. 7.58 0.54 0.79E-02 0.50E-03 0.16E+02
150.0 .1526 79. 7.70 0.51 0.10E-01 0.15E-02 0.66E+01

DEPl'H 69. 01
8.7 .2011 51. 5.03 1.01 0.28E+OO 0.50E-02 0.57E+02

15.0 .1882 55. 5.35 0.97 0.14E+00 0.36E-02 0.39E+02
25.0 .1741 59. 5.75 0.91 0.86E-01 0.34E-02 0.25E+02
35.0 .1656 6l. 6.01 0.87 0.37E-01 0.3lE-02 0.12E+02
50.0 .1597 64. 6.23 0.83 0.30E-01 0.24E-02 0.13E+02
70.0 .1538 66. 6.47 0.86 0.20E-01 0.29E-02 0.70E+01
90.0 .1497 68. 6.67 0.93 0.10E-01 0.13E-02 0.78E+01

110.0 .1476 71. 6.92 0.89 0.92E-02 0.42E-03 0.22E+02
130.0 .1468 73. 7.14 0.87 0.55E-02 0.22E-03 0.25E+02
150.0 .1465 74,. 7.29 0.93 0.63E-02 0.26E-03 0.24E+02

DEPTH 84. 01 SI'lEA-1
TIME WATER Mro'--POl'Mro'-roI'HYD-GW) HYD-CCN SP-M)IS DIFF
(HR.) (013/CM3) ((1.1) (KPA) (CM/CM) (CM/HR) (1/01) (CM2/HR)

0.1 .3493 Hi. 1.56 1.04 0.56E+01 0.80E-03 0.69E+04
0.3 .3424 23. 2.29 0.96 0.85E+01 0.13E-02 0.64E+04
0.5 .3347 2B . 2.76 0.87 0.74E+01 0.2lE-02 0.35E+04
0.9 •32413 35. 3.42 0.79 0.87E+01 0.75E-02 0.12E+04
1.2 .3057 39. 3.78 0.74 0.44E+01 0.37E-02 0.12E+04
1.7 .2896 42. 4.08 0.72 0.25E+01 0.13E-01 0.20E+03
2.2 .27~)9 43. 4.21 0.76 0.18E+01 0.83E-02 0.22E+03
2.7 .2658 44. 4.34 0.80 0.13E+01 0.79E-02 0.17E+03
3.2 .2574 4~;. 4.44 0.81 0.12E+01 0.90E-02 0.13E+03
3.7 .2500 46. 4.52 0.83 0.10E+01 0.79E-02 0.13E+03
4.2 .2439 47. 4.59 0.84 0.1lE+01 0.1lE-01 0.10E+03
4.7 .2374 48. 4.67 0.84 0.14E+01 0.76E-02 0.18E+03
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15.0 .2120 52. 5.11 0.70 0.25E+00 0.10E-01 0.25E+02
25.0 .1859 56. 5.46 0.70 O.l4E+OO 0.40E-02 0.34E+02
35.0 .1775 58. 5.69 0.70 0.56E-01 0.3lE-02 0.18E+02
50.0 .1716 60. 5.87 0.69 0.44E-01 0.32E-02 0.14E+02
70.0 .1651 62. 6.11 0.67 0.32E-01 0.24E-02 0.14E+02
90.0 .1593 65. 6.34 0.64 0.20E-01 0.28E-02 0.72E+01

110.0 .1530 67. 6.52 0.58 0.19E-01 0.38E-02 0.5lE+01
130.0 .1477 68. 6.69 0.53 0.12E-01 0.26E-02 0.45E+01
150.0 .1450 70. 6.82 0.45 0.15E-01 0.13E-02 0.llE+02

JJOERIN;1 - SI'EP
0.0 .0771 188. 18.43 83.33 0.13E-03 0.13E-03 0.10E+01
0.6 .0741 216. 21.14 83.33 0.10E-03 0.92E-04 0.1lE+01
1.2 .0711 256. 25.11 83.33 0.70E-04 0.60E-04 0.12E+01 .
1.7 .0681 323. 31.71 83.33 0.42E-04 0.33E-04 0.13E+01
2.3 .0651 465. 45.55 83.33 0.18E-04 0.13E-04 0.14E+01

DEPl'H 99. 01 SI'lEA-I
TIME WATER M1\T-POI'MM'-POI' HYI)--rnAD HYIXXN SP-M)IS DIFF
(HR) (CM3/00) (CM) (KPA) (CM/01) (CM/HR) (1/01) (CM2/HR)

0.1 •3577 10. 0.96 0.33 0.19E+02 0.54E-03 0.34E+05
0.3 .3412 17. 1.66 0.32 0.30E+02 0.56E-02 0.54E+04
0.5 •3246 22. 2.11 0.33 0.2lE+02 0.13E-02 0.16E+05
0.7 .3205 25. 2.48 0.38 0.78E+01 0.98E-03 0.79E+04
0.9 .3170 29. 2.86 0.48 0.16E+02 0.98E-03 0.16E+05
1.7 .3157 36. 3.49 0.52 0.46E+01 0.12E-01 0.39E+03
2.2 .2950 38• 3.68 0.54 0.34E+01 0.llE-01 0.32E+03
2.7 .2778 39. 3.83 0.54 0.26E+Ol 0.12E-01 0.2lE+03
3.2 •2655 40. 3.93 0.53 0.23E+01 0.1lE-01 0.2lE+03
3.7 .2557 41. 4.02 0.52 0.2lE+01 0.1lE-01 0.18E+03
4.2 •2484 42• 4.07 0.49 0.22E+01 0.17E-01 0.13E+03
4.7 .2415 42• 4.12 0.45 0.30E+01 0.14E-01 0.2lE+03

15.0 .2126 45. 4.43 0.42 0.58E+00 0.99E-02 0.59E+02
25.0 .1852 49. 4.80 0.43 0.26E+00 0.42E-02 0.63E+02
35.0 .1763 51. 5.02 0.42 O.llE+OO 0.42E-02 0.27E+02
50.0 .1706 53. 5.19 0.42 0.85E-01 0.28E-02 0.30E+02
70.0 .1644 55. 5.42 0.42 0.63E-01 0.26E-02 0.24E+02
90.0 .1578 57. 5.60 0.40 0.45E-01 0.49E-02 0.92E+01

110.0 .1470 59. 5.75 0.40 0.48E-01 0.95E-02 0.5lE+01
130.0 .1376 60. 5.88 0.40 0.24E-01 0.45E-02 0.52E+01
150.0 .1339 61. 5.96 0.40 0.2IE-01 0.57E-02 0.36E+01

DOERIN:;1 - SI'EP
0.1 .1913 37. 3.64 83.33 0.30E+00 0.45E-02 0.67E+02
0.2 .1623 45. 4.44 83.33 0.13E+00 0.29E-02 0.46E+02
0.2 .1444 53. 5.16 83.33 0.7lE-01 0.20E-02 0.35E+020.3 .1320 60. 5.84 83.33 0.44E-01 0.15E-02 0.28E+02
0.3 .1227 66. 6.51 83.33 0.29E-01 0.12E-02 0.24E+02
0.4 .1155 73. 7.16 83.33 0.20E-01 0.98E-03 0.20E+02
0.4 .1096 80. 7.81 83.33 0.14E-01 0.80E-03 0.18E+020.5 .1046 86. 8.47 83.33 0.llE-01 0.67E-03 0.16E+02
0.5 .1005 93. 9.13 83.33 0.82E-02 0.57E-03 0.14E+020.6 .0969 100. 9.81 83.33 0.64E-02 0.48E-03 0.13E+020.6 .0937 107. 10.50 83.33 0.50E-02 0.4lE-03 0.12E+020.7 .0909 114. 11.21 83.33 0.40E-02 0.36E-03 0.lIE+020.7 .0884 122. 11.95 83.33 0.33E-02 0.3IE-03 0.10E+02
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0.8 .0862 130. 12.11 83.33 0.26E-Q2 0.21£-Q3 0.98E+01
0.8 .0841 138. 13.50 83.33 0.22E-Q2 0.24E-Q3 0.92E+01

DEI?TH 99. CM (DCERIN:.i1-Sl'EP<XN1'INUED ) SITE A-1
T:n£ WATER MAT--roI' MM'-{l(Jl' HID-GW> HYD-<XN SP-K>IS DIFF
(HR) (<M3/CM3) (Q1) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.9 .08~~3 146. 14.32 83.33 0.18E-Q2 0.2IE-Q3 0.81£+01
0.9 .0806 15S. 15.19 83.33 0.15E-Q2 0.18E-Q3 0.82E+01
1.0 .0790 16<1. 16.09 83.33 0.12E-Q2 0.16E-Q3 0.78E+01
1.0 .0775 17<1. 17.05 83.33 0.10E-Q2 0.14E-Q3 0.74E+01
1.1 .0762 184. 18.06 83.33 0.81£-Q3 0.12E-Q3 0.7IE+01
1.1 .0749 19S. 19.13 83.33 0.73E-Q3 0.lIE-Q3 0.68E+01
1.2 .0738 207. 20.27 83.33 0.62E-Q3 0.95E-Q4 0.65E+01
1.2 .0726 219. 21.49 83.33 0.52E-Q3 0.83E-Q4 0.62E+01
1.3 .0716 233. 22.80 83.33 0.44E-Q3 0.73E-Q4 0.60E+01
1.3 .0706 247. 24.21 83.33 0.31£-Q3 0.64E-Q4 0.58E+01
1.4 .0697 263. 25.74 83.33 0.3IE-Q3 0.55E-Q4 0.56E+01
1.4 .0608 280. 27.40 83.33 0.26E-Q3 0.48E-Q4 0.54E+01
1.5 .0600 298. 29.22 83.33 0.22E-Q3 0.42E-Q4 0.52E+01
1.5 .0672 318. 31.22 83.33 0.18E-Q3 0.36E-Q4 0.50E+01
1.6 .0665 341. 33.43 83.33 0.15E-Q3 0.3IE-Q4 0.49E+01
1.6 .06S7 3616. 35.90 83.33 0.12E-Q3 0.26E-Q4 0.41£+01
1.7 .06~)1 394. 38.67 83.33 0.10E-Q3 0.22E-Q4 0.46E+01
1.7 .0644 42'7. 41.82 83.33 0.83E-Q4 0.19E-Q4 0.45E+01
1.8 .0638 463. 45.44 83.33 0.61£-Q4 0.15E-Q4 0.43E+01

DEI?TH 114. CM SI'IEA..,..l
TIME WATER M,M1-POT MM'-POr H'fI)-{;RADHYD-<XN SP-K>IS DIFF
(HR) (CM3/<:M3)(a~) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.1 .3687 3. 0.30 0.54 0.12E+02 0.26E-Q3 0.41£+05
0.3 .3545 7. 0.11 0.47 0.25E+02 0.54E-Q2 0.46E+04
0.5 .3401 11. 1.12 0.39 0.19E+02 0.82E-Q3 0.23E+05
0.7 .3377 15. 1.46 0.32 0.10E+02 0.62E-Q3 0.11£+05
0.9 .3352 19. 1.85 0.25 0.32E+02 0.8IE-Q3 0.39E+05
1.7 .3377 27. 2.69 0.44 0.68E+01 0.53E-Q2 0.13E+04
2.2 .3065 31. 3.03 0.60 0.41£+01 0.15E-Q1 0.32E+03
2.7 .2719 34. 3.28 0.72 0.28E+01 0.15E-Q1 0.19E+03
3.2 .2516 35. 3.45 0.81 0.20E+01 0.99E-Q2 0.2IE+03
4.7 .2470 38. 3.73 1.01 0.16E+01 0.23E-Q1 0.69E+02
8.7 .2007 39. 3.80 1.04 0.23E+00 0.26E-Q1 0.92E+01

15.0 .1853 41. 4.04 1.02 0.28E+00 0.42E-Q2 0.61£+02
25.0 .1698 45. 4.39 0.99 0.14E+00 0.41£-Q2 0.29E+02
35.0 .1607 47. 4.59 0.99 0.55E-Q1 0.42E-Q2 0.13E+02
50.0 .1549 49. 4.78 1.01 0.40E-Q1 0.26E-Q2 0.16E+02
70.0 .1500 51. 5.00 1.01 0.30E-Q1 0.18E-Q2 0.11£+02

110.0 .1451 54. 5.33 1.01 0.34E-Q1 0.11£-Q1 0.20E+01
130.0 .1313 56. 5.45 1.01 0.12E-Q1 0.24E-Q2 0.50E+01
150.0 .1293 ~i6. 5.53 1.01 0.10E-Q1 0.33E-Q2 0.30E+01

r:x:ERIN;1-SIEP
4.5 .1178 88. 8.58 83.33 0.12E-Q2 0.62E-Q3 0.19E+01
8.5 .1018 129. 12.60 83.33 0.27E-Q3 0.25E-03 0.lIE+01

12.5 .0944 170. 16.11 83.33 0.96E-Q4 0.13E-Q3 0.71£+00
16.5 .0899 218. 21.37 83.33 0.42E-Q4 0.70E-Q4 0.60E+00
20.5 .0869 276. 27.05 83.33 0.20E-Q4 0.40E-Q4 0.50E+00
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24.5 .0846 352. 34.47 83.33 0.97E-05 0.22E-04 O.43E+00
28.5 .0829 460. 45.09 83.33 0.45E-05 0.12E-04 0.39E+OO

DEPTH 130. 01 STIE A-I
TIME WATER MM'-POr wcr-POI' ~ lMHXN SP~IS DIFF
(HR) (013/013) «M) (KPA) (Q1/(M) (Q1/HR) (1/01) (<M2/HR)

0.5 .3691 1. 0.11 0.13 0.54E+02 ******** ********
0.7 .3700 4. 0.41 0.13 0.25E+02 0.13E-03 0.20E+06
0.9 .3696 8. 0.77 0.18 0.44E+02 0.78E-04 0.56E+06
1.2 .3679 11. 1.03 0.27 0.lIE+02 0.5IE-03 0.2IE+05
1.7 .3622 17. 1.70 0.32 0.lIE+02 0.16E-02 0.67E+04
2.2 .3396 23. 2.21 0.35 0.12E+02 0.87E-02 0.13E+04
2.7 .3096 26. 2.59 0.40 0.69E+01 0.77E-02 0.90E+03
3.2 .2896 30. 2.90 O.SO 0.42E+01 0.56E-02 0.75E+03
3.7 .2804 32. 3.18 0.62 0.20E+01 0.75E-03 0.26E+04
4.2 .2785 35. 3.39 0.68 0.16E+01 0.12E-02 0.13E+04
4.7 .2694 36. 3.54 0.75 0.26E+01 0.13E-01 0.20E+03
8.7 .2032 39. 3.79 0.95 0.34E+00 0.10E-01 0.33E+02

15.0 .1876 41. 4.02 0.95 0.33E+00 0.56E-02 0.59E+02
25.0 .1724 44. 4.31 0.90 O.l7E+OO 0.48E-02 0.35E+02
35.0 .1640 46. 4.49 0.88 0.7IE-01 0.38E-02 0.19E+02
50.0 .1587 48. 4.67 0.85 O.53E-01 0.26E-02 0.20E+02
70.0 .1549 SO. 4.88 0.83 0.38E-01 0.83E-03 0.46E+02
90.0 .1599 51. 5.04 0.82 0.lIE-01 ******** ********

110.0 .1558 53. 5.18 0.80 0.64E-01 0.13E-01 0.48E+0l
130.0 .1442 54. 5.31 0.80 0.18E-01 0.3IE-02 0.57E+01
150.0 .1420 55. 5.38 0.80 0.14E-01 0.28E-02 0.49E+01

1
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SITE A, REPLICATION 2
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Site and location:

Table A-2.1

Sampled:

SoUmorphologic data for Site A. replication 2.

A-2Heimbuchsite. Oakes aquifer 280 feet south and 100 feet
west of the east quarter corner ofSection 26. Township 130
north. Range 59 west, DickeyCounty. North Dakota.

10/23/84 by M.D. Sweeney(NOAES.Fargo,NO)and W.M.Schuh and R
Cline (NOSWC.Bismarck. NO).

SoUtype and classification: Hamar loamy sand; sandy. mixed, frigid typic
Haplaquoll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the
Glacial Lake Dakota Basin which have been
reworkedby wind to some extent.

Drainage: Somewhat poor to poor.

NOTES: Moistcolors unless otherwise specified. Pieceof pipe buried at 14
inches. Laboratory texture in parenthesis if different from field texture.

SoU profile: A-2 south side ofpit.

Alp 0-3 inches (0-9em).black OOYR2/1) loamysand (sand);weak medium and fine
subangular blocky structure; soft. very friable. slightly sticky and nonplastic;
common very fine roots; abrupt smooth boundary.

A12 3-10 inches (9-26 cm), black (lOYR2/1) loamy sand: moderate coarse and
medium prismatic parting to moderate coarse and medium subangular blocky
structure; slightly hard. very friable, slightly sticky and nonplastic: common
very fine roots: clear smooth boundary.

Bg 10-22 inches (26-56 cm), very dark grayish brown (lOYR3/2) sand with few
medium faint very dark brown OOYR2/2) mottles which increase to common
with depth; very weak coarse prismatic parting to weak coarse and medium
subangular blocky structure; soft. very friable, nonsticky and nonplastic: few
very fine roots: clear wavyboundary.

Clg 22-43 inches (56-110 cm), light yellowish brown to light olive brown (2.5Y
5.5/4) sand with common medium prominent dark brown (7.5YR3/4) and
strong brown (7.5YR5/6) mottles; very weak coarse prismatic structure: soft.
very friable to loose, nonsticky and nonplasUc: few very fine roots: clear
gradual boundary.

C2g 43-51 inches (110-131 cm), light yellowish brown to light olive brown (2.5Y
5.5/4) sand with many medium prominent strong brown (7.5YR 4/6) and
common medium prominent black (N2/) mottles: very weak coarse prismatic
structure; soft, very friable to loose. nonsticky and nonplastic, few very fine
roots: clear wavyboundary.

C3g 51-62 inches (131-158 cm), light yellowish brown to light olive brown (2.5Y
5.5/4) sand with common medium prominent strong brown (7.5YR 4/6)
mottles: very weak coarse prismatic structure: soft. very friable to loose,
nonsUcky and nonplastic; fewvery fine roots: abrupt smooth boundary.

C4g 62-72 inches (158-183 cm), dark gray (5Y4/1) sand (loamy sand); soft, very
friable to loose. nonsticky and nonplastic.
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Table A-2.2 lW-1AR SERIES SITE A-2 NDSC:1984
SoU partil.e-size, 00lk density, and organic carlJon data
anc1 .indic:2s.

DEPTH PARl'ICIE SIZE ClASSES (MIrn::N/Pm::::mr)
2. 20. 50. 100. 250. 500. 1000. 2000.

8. 4.1 3.7 4.0 8.2 41.5 35.0 3.3 0.1
23. 4.8 6.3 3.8 9.6 41.3 31.4 2.8 0.1
38. 4.4 2.9 3.5 7.0 42.6 36.1 3.4 0.1
52. 5.4 0.4 2.1 7.9 49.6 32.2 2.4 0.1
69. 3.3 1.1 2.2 6.8 49.8 34.1 2.8 0.0
84. 3.3 1.8 1.4 6.1 47.4 36.6 3.3 0.1
99. 2.2 2.2 1.5 4.4 45.1 41.8 2.8 0.1

114. 1.5 2.9 0.5 2.2 36.3 53.0 3.7 0.0
130. 2.2 2.5 0.0 2.6 39.5 50.4 2.6 0.1
160. 5.8 4.0 4.6 17.6 40.2 26.9 0.9 0.0

DEPTH ~ Sn..T ClAY
an % % %

8. 88.2 7.7 4.1 A 1 6 6=p
23. 85.1 10.1 4.8 A12 8=g
38. 89.2 6.4 4.4 B .8
52. 92.1 2.5 5.4 B 8
69. 93.4 3.3 3.3 C18
84. 93.5 3.2 3.3 C18
99. 94.1 3.7 2.2 C18

114. 95.1 3.4 1.5 C 2 8
130. 95.3 2.5 2.2 C 2 8
160. 85.6 8.6 5.8 C48

DEP'lH SA/SI GEAN mm Z F-INDEX ID ex:;
an mn mn glee %

8. 11.442 0.1538 3.8 0.0401 0.865 1.50 1.30
23. 8.436 0.1317 4.2 0.0310 0.763 1.44 1.30
38. 13.937 0.1589 3.8 0.0413 0.926 1.65 0.47
52. 36.880 0.1568 3.8 0.0408 1.100 1.61 0.23
69. 28.333 0.1759 3.2 0.0556 1.175 1.63 0.12
84. 29.219 0.1812 3.2 0.0559 1.164 1.60 0.12
99. 25.459 0.1981 2.9 0.0689 1.241 1.62 0.16

114. 28.000 0.2296 2.7 0.0862 1.375 1.58 0.02
130. 38.078 0.2183 2.9 0.0763 1.390 1.59 0.04
160. 9.953 0.1155 4.3 0.0271 0.755 1.57 0.04

DEPTH MJISI'URE/SlOICN SIJ:l?E GARDNER K-PARN£TERS (JAYNE & TYlER)
CM/DAY-KPA Of!HR-BAR

an GJSH ~ K-SI.a?E K-INI' K-SIDPE K-INI'

8. 1.495 2.588 -1.1849 2.5549 -11.85 1.17
23. 1.674 2.439 -1.1292 2.4708 -11.29 1.09
38. 1.385 3.354 -1.2085 2.5868 -12.08 1.21
52. 0.944 2.322 -1.2751 2.6738 -12.75 1.29
69. 1.065 2.371 -1.2882 2.7115 -12.88 1.33
84. 1.052 2.364 -1.2888 2.7115 -12.89 1.33
99. 1.117 5.388 -1.2955 2.7318 -12.95 1.35

114. 1.082 8.596 -1.3114 2.7608 -13.11 1.38
130. 0.961 7.836 -1.3170 2.7608 -13.17 1.38
160. 1.566 4.093 -1.1442 2.4824 -11.44 1.10
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Table A-2.3 SoUsaturation extract water chemistry data. gravimetricwater content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site A.
replication 2

Saturation Extract Soluble Ions
Depth Cl Mg Na K 003 HC03 a 504
(cm) meq/I
0- 15 0.9 0.6 0.1 0.8 1.0 .10 1.5

15 - 30 1.2 1.3 0.4 0.2 1.1 .10 2.0
30 - 46 1.6 1.0 0.6 0.2 0.9 .20 2.5
46 - 61 1.2 0.9 0.6 0.1 0.9 .15 1.9
61 - 76 0.9 1.0 0.4 0.2 0.9 .10 1.7
76 - 91 0.9 0.8 0.5 0.2 1.0 .18 1.3
91 - 106 0.7 0.6 0.5 0.06 0.5 .12 L3

106 - 122 0.7 0.6 0.5 0.06 0.6 .15 1.1
122 - 137 0.7 0.6 0.5 0.06 0.5 .13 1.2
152 - 168 1.3 1.4 0.6 0.02 1.0 .22 2.1

Depth ECE SAR H20 at pH C03 Texture 9
Sat. clay class 15bar

(cm) mmhos/cm % % gIg x
100

0- 15 0.22 0.2 27 6.8 5 4.2
15 - 30 0.21 0.4 28 6.9 15 5.7
30 - 46 0.35 0.6 39 7.1 2.5 5 3.7
46 - 61 0.24 0.6 22 7.1 5 3.0
61 - 76 0.22 0.5 20 7.2 3.0 5 2.7
76 - 91 0.23 0.6 20 7.6 2.4 5 2.7
91 - 106 0.17 0.6 19 7.0 1.9 5 2.8

106 - 122 0.15 0.7 21 7.2 5 2.4
122 - 137 0.16 0.6 21 6.8 5 2.6
152 - 168 0.31 0.5 25 6.9 2.9 15 4.9
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Table A-2.4 lW¥.R SERIES SI'lE A-2 N)s<c:84
Laboratory soil-water retention data

LAB PRESSURE (CM) JlH) W!I.'lER<nm:Nl' (VOL. FRJlC'l'IOO)

DEP'lH (CM)
23. 38. 53. 69.

CM OC/CC SE
10. 0.3856 0.0035 10. 0.4054 0.0154 10. 0.3356 0.0008 10. 0.3496 0.0044
20. 0.3573 0.00'18 20. 0.3748 0.0055 20. 0.3243 0.0002 20. 0.3397 0.0092
40. 0.2872 0.01:26 40. 0.2610 0.0054 40. 0.2184 0.0018 40. 0.2239 0.0004
60. 0.2280 0.00:20 60. 0.2011 0.0013 60. 0.1591 0.0026 60. 0.1500 0.0003
80. 0.1959 0.0006 80. 0.1695 0.0004 80. 0.1284 0.0022 80. 0.1180 0.0003

100. 0.1799 0.0028 100. 0.1542 0.0014 100. 0.1126 0.0006 100. 0.1013 0.0014
120. 0.1666 0.0041 120. 0.1418 0.0000 120. 0.1036 0.0007 120. 0.0921 0.0014
180. 0.1463 0.0044 180. 0.1234 0.0007 180. 0.0901 0.0018 180. 0.0792 0.0001
340. 0.1033 0.0167 340. 0.1025 0.0008 340. 0.0758 0.0013 340. 0.0701 0.0001
534. 0.1141 0.0010 534. 0.0933 0.0005 534. 0.0713 0.0013 534. 0.0663 0.0007
834. 0.1064 0.0014 834. 0.0864 0.0009 834. 0.0683 0.0013 834. 0.0647 0.0004

ID= 1.44 1.65 1.61 1.63
N= 2 2 2 2

DEP'nI (CM)
84. 99. 114. 130.

10. 0.3597 0.0064 10. 0.3538 0.0081 10. 0.3640 0.0026 10. 0.3590 0.0057
20. 0.3618 0.0049 20. 0.3471 0.0086 20. 0.3481 0.0086 20. 0.3612 0.0031
40. 0.2110 0.0036 40. 0.2113 0.0026 40. 0.1455 0.0037 40. 0.1534 0.0040
60. 0.1397 0.0038 60. 0.1399 0.0014 60. 0.1014 0.0018 60. 0.1055 0.0042
80. 0.1078 0.0029 80. 0.1072 0.0018 80. 0.0850 0.0006 80. 0.0892 0.0031

100. 0.0944 0.0027 100. 0.0945 0.0014 100. 0.0791 0.0006 100. 0.0826 0.0026
120. 0.0847 0.0021 120. 0.0871 0.0015 120. 0.0746 0.0005 120. 0.0767 0.0025
180. 0.0736 0.0014 180. 0.0774 0.0011 180. 0.0671 0.0006 180. 0.0686 0.0020
340. 0.0661 0.0003 340. 0.0692 0.0007 340. 0.0657 0.0026 340. 0.0612 0.0019
534. 0.0654 0.0008 534. 0.0647 0.0008 534. 0.0604 0.0001 534. 0.0597 0.0009
834. 0.0624 0.0018 834. 0.0655 0.0002 834. 0.0567 0.0007 834. 0.0560 0.0014

ID= 1.60 1.62 1.58 1.59
N= 2 2 2 2

DEP'lH (QJJ)

165.

10. 0.3862 0.0023
20. 0.3561 0.0001
40. 0.2630 0.0125
60. 0.2210 0.0135
80. 0.1954 0.0134

100. 0.1819 0.0155
120. 0.1684 0.0133
180. 0.1511 0.0116
340. 0.1278 0.0089
534. 0.1188 0.0089
834. 0.1105 0.0073

ID= 1.57
N= 2
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Table A-2.5 HAW>.RSERIES SITE A-2 ~ 1984)
In-situ K (9,'1') and e ('1') , and laboratory K (9,'1')
dita.

RIOJARDS PAR1\ME'lERS

DEPTH 8. 0.1
TIME WATER W\T-POI' MAT-POI' HYIH;RAD HYIHXN SP-MJIS DIFF
(HR) (00/00) (0-1) (KPA) (Q-1/Q-1)(Q-1/HR) (1/0.1) (OO/HR)

0.1 .4146 21. 2.07 0.73 0.36E+01 0.36E-02 0.98E+03
0.3 .3710 35. 3.47 0.73 0.93E+00 0.20E-02 0.47E+03
0.5 .3563 42. 4.12 0.77 0.58E+00 0.29E-02 0.20E+03
0.7 .3467 46. 4.47 0.83 0.34E+OO 0.25E-02 0.14E+03
0.9 .3389 48. 4.72 0.87 0.35E+OO 0.40E-02 0.88E+02
1.1 •3314 SO • 4.94 0.82 0.32E+OO 0.28E-02 0.12E+03
1.4 .3238 53. 5.18 0.76 0.28E+00 0.37E-02 0.77E+02
1.7 .3110 54. 5.32 0.80 0.33E+00 0.43E-01 0.76E+01
2.2 .2971 55. 5.40 0.83 0.200+00 0.82E-02 0.24E+02
2.7 •2874 56 . 5.52 0.78 0.17E+00 0.87E-02 0.19E+02
3.2 .2799 57. 5.59 0.77 0.12E+00 0.13E-01 0.99E+01
3.7 .2743 58. 5.67 0.77 0.95E-01 0.48E-02 0.20E+02
4.2 .2705 59. 5.74 0.76 0.57E-01 0.58E-02 0.10E+02

. 4.7 .2681 59. 5.79 0.75 0.39E-01 0.38E-02 0.10E+02
6.2 .2626 60. 5.84 0.73 0.38E-01 0.18E-01 0.2IE+01
8.7 .2502 60. 5.90 0.70 0.68E-01 0.22E-01 0.30E+01

15.0 .2335 63• 6.18 0.74 0.18E-01 0.37E-02 0.49E+01

DCERIN; 1-SI'EPOATh

0.0 .1589 142. 13.91 83.33 0.97E-02 0.4J,E-03 0.24E+02
0.0 .1559 149. 14.66 83.33 0.95E-02 0.38E-03 0.25E+02
0.0 .1529 158. 15.47 83.33 0.93E-02 0.34E-03 0.27E+02
0.0 .1499 167. 16.37 83.33 0.9IE-02 0.3IE-03 0.29E+02
0.0 .1469 177. 17.35 83.33 0.89E-02 0.28E-03 0.31E+02
0.1 .1439 188. 18.44 83.33 0.87E-02 0.26E-03 0.34E+02
0.1 .1409 200. 19.64 83.33 0.85E-02 0.23E-03 0.37E+02
0.1 .1379 214. 20.98 83.33 0.83E-Q2 0.2IE-03 0.40E+02
0.1 .1349 229. 22.48 83.33 0.81E-02 0.18E-03 0.44E+02
0.1 .1319 247. 24.17 83.33 0.79E-Q2 0.16E-03 0.48E+02
0.1 .1289 266. 26.08 83.33 0.77E-Q2 0.14E-03 0.54E+02
0.1 .1266 282. 27.69 83.33 0.76E-Q2 0.13E-03 0.58E+02
0.2 .1088 506. 49.56 83.33 0.19E-02 0.50E-04 0.39E+02

DEPTH 23. 0-1 SITE A-2
TIME WATER W\T-POI' MAT-POI' HYIH;RAD HYIHXN SP-MJIS DIFF
(HR) (013/013) (CM) (KPA) (CM/CM) (CM/HR) (1/CM) (CM2/HR)

0.1 .3910 16. 1.59 0.73 0.10E+02 0.29E-Q2 0.35E+04
0.3 .3552 33. 3.23 0.73 0.27E+0l 0.18E-02 0.15E+04
0.5 .3416 40. 3.93 0.77 0.17E+01 0.24E-Q2 0.7IE+03
0.7 .3319 44. 4.34 0.83 0.11E+01 0.25E-02 0.44E+03
0.9 .3235 47. 4.62 0.87 0.11E+01 0.4IE-02 0.26E+03
1.1 .3191 49. 4.80 0.82 0.67E+00 0.31E-03 0.22E+04
1.4 .3119 51. 5.00 0.76 0.10E+01 0.65E-02 0.16E+03
1.7 .2980 53. 5.17 0.80 0.92E+00 0.12E-01 0.79E+02
2.2 .2873 54. 5.27 0.83 0.53E+00 0.83E-02 0.64E+02
2.7 .2806 55. 5.35 0.78 0.45E+OO 0.77E-02 0.58E+02
3.2 .2752 55. 5.42 0.77 0.35E+00 0.10E-01 0.35E+02
3.7 .2703 56. 5.49 0.77 0.29E+00 0.48E-Q2 0.60E+02
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4.2 .2661 57. 5.56 0.76 0.19E+OO 0.80E-02 0.23E+02
4.7 .2621 57. 5.60 0.75 O.l7E+OO 0.14E-01 0.12E+02
6.2 .2553 57. 5.63 0.73 O.l2E+OO 0.23E-01 0.50E+01
8.7 .2406 58. 5.68 0.70 0.22E+OO 0.45E-01 0.50E+01

15.0 .2230 61. 5.98 0.74 0.5IE-01 0.26E-02 0.19E+02
25.0 .2118 66. 6.51 0.80 0.2IE-01 0.15E-02 0.14E+02

DCERIN:; 1-STEP Dl\TA
0.0 .1589 142:. 13.91 83.33 0.97E-02 0.4IE-03 0.24E+02
0.0 .1559 149. 14.66 83.33 0.95E-02 0.38E-03 0.25E+02
0.0 .1529 158. 15.47 83.33 0.93E-02 0.34E-03 0.27E+02
0.0 .1499 167. 16.37 83.33 0.9lE-02 0.3lE-03 0.29E+02
0.0 .1469 171'. 17.35 83.33 0.89E-02 0.28E-03 0.3lE+02
0.1 .1439 188. 18.44 83.33 0.87E-02 0.26E-03 0.34E+02
0.1 .1409 200. 19.64 83.33 0.85E-02 0.23E-03 0.37E+02
0.1 .1379 214.. 20.98 83.33 0.83E-02 0.2IE-03 0.40E+02
0.1 .1349 229. 22.48 83.33 0.8lE-02 0.18E-03 0.44E+02
0.1 .1319 247. 24.17 83.33 0.79E-02 0.16E-03 0.48E+02
0.1 .1289 266. 26.08 83.33 0.77E-02 0.14E-03 0.54E+02
0.1 .1266 28~~. 27.69 83.33 0.76E-02 0.13E-03 0.58E+02
0.2 .1088 506. 49.56 83.33 0.19E-02 0.50E-04 0.39E+02

DEPTH 38. CM SI'IEA-2
TIME WATER M1IT--POl'M1IT-POT HYD-GRAD HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (G1) (KPA) (CM/G1) (CM/HR) (l/CM) (CM2/HR)

0.1 .3635 HI. 1.79 1.53 0.72E+01 0.23E-02 0.3IE+04
0.3 .3363 33. 3.25 1.29 0.25E+01 0.2lE-02 0.12E+04
0.5 .3221 40. 3.89 1.17 0.19E+01 0.27E-02 0.68E+03
0.7 .3107 44. 4.29 1.11 0.15E+01 0.29E-02 0.50E+03
0.9 .3010 46. 4.55 1.04 0.15E+01 0.62E-02 0.25E+03
1.4 .2897 49. 4.76 0.92 0.16E+01 0.12E-01 0.14E+03
1.7 .2789 50. 4.87 0.80 0.13E+01 0.75E-02 0.18E+03
2.2 .2662 5l. 4.95 0.74 0.llE+01 0.29E-01 0.38E+02
3.2 .2618 52. 5.06 0.76 0.56E+00 0.85E-02 0.67E+02
3.7 .2557 52. 5.12 0.74 0.53E+00 0.llE-01 0.48E+02
4.2 .2490 53. 5.17 0.71 0.42E+00 0.19E-01 0.22E+02
4.7 .2419 53. 5.20 0.72 0.42E+OO 0.30E-01 0.14E+02
6.2 .2278 53. 5.22 0.72 0.24E+OO 0.10E+00 0.23E+01
8.7 .2158 54 . 5.29 0.78 0.29E+00 0.30E-02 0.97E+02

15.0 .2062 58. 5.65 0.82 0.75E-01 0.25E-02 0.30E+02
25.0 .1928 64. 6.24 0.84 0.37E-01 0.20E-02 0.18E+02
35.0 .1790 68. 6.69 0.77 0.27E-Q1 0.47E-02 0.57E+01
50.0 .1673 7:2. 7.03 0.65 0.19E-01 0.22E-02 0.87E+01
70.0 .1607 75. 7.38 0.59 0.29E-Q1 0.16E-02 0.18E+02
90.0 .1568 79. 7.70 0.52 0.12E-01 0.60E-03 0.19E+02

DEPTH 53. CM SI'IEA-2
TIME WATER M1IT'-POl'M1IT-POT HYD-GRAD HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (a~) (KPA) (CM/G1) (CM/HR) (l/G1) (CM2/HR)

0.1 .3582 25. 2.43 1.08 0.12E+02 0.19E-Q2 0.65E+04
0.3 .3382 35. 3.43 0.92 0.49E+Ol 0.28E-Q2 0.18E+04
0.5 .3230 40. 3.92 0.87 0.37E+01 0.36E-02 0.10E+04
0.7 .3095 43. 4.25 0.83 0.30E+01 0.5lE-02 0.59E+03
0.9 .2960 45. 4.45 0.83 0.30E+01 0.96E-02 0.3lE+03
1.1 .2839 47. 4.58 0.90 0.llE+01 0.99E-Q2 0.llE+03
1.4 .2743 47. 4.65 0.94 0.22E+01 0.23E-Ql 0.95E+02
1.7 .2654 48. 4.70 0.97 0.14E+01 0.15E-Ql 0.93E+02
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2.2 .2512 49. 4.76 1.00 0.14E+01 0.30E-Q1 0.46E+02
2.7 .2442 49. 4.82 0.99 0.15E+OO -.13E-Q1 -.12E+02
3.2 .2441 50. 4.87 0.98 0.62E+OO 0.92E-Q2 0.67E+02
3.7 .2381 SO. 4.92 0.98 0.60E+OO 0.18E-Q1 0.34E+02
4.2 .2314 51. 4.96 0.99 0.5IE+OO 0.18E-Q1 0.29E+02
4.7 .2241 51. 4.99 0.99 O.54E+OO 0.25E-Q1 0.2IE+02
6.2 .2104 51. 5.01 0.99 O.30E+OO 0.20E+OO 0.15E+01
8.7 .2026 52. 5.10 0.96 0.24E+00 -.27E-Q2 -.89E+02

15.0 .2072 55. 5.41 0.85 0.82E-Q1 -.10E-Q2 -.78E+02
25.0 .1911 61. 5.96 0.78 0.86E-Q1 0.59E-Q2 0.15E+02
35.0 .1642 65. 6.36 0.78 0.59E-Q1 0.96E-Q2 0.6IE+01
50.0 .1518 67. 6.59 0.75 0.24E-Q1 0.28E-Q2 0.85E+01
70.0 •1444 70• 6.87 0.73 0.30E-Q1 0.24E-Q2 0.13E+02
90.0 .1395 73. 7.14 0.72 0.lIE-Q1 0.12E-Q2 0.92E+01

DEPTH 69. CM SI'lEA-2
TIME WATER Mi\T-POT Mi\T-POT HYD-<;RAD HYD-<XN SP-M)IS DIFF
(HR.) (CM3/CM3) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (Q12/HR)

0.1 .3544 22. 2.11 0.50 0.29E+02 0.lIE-Q2 0.27E+05
0.3 .3425 31. 3.00 0.54 0.10E+02 0.20E-Q2 0.50E+04
0.5 .3305 36. 3.52 0.60 0.69E+01 0.30E-Q2 0.23E+04
0.7 .3181 39. 3.85 0.64 0.55E+01 0.5IE-Q2 0.lIE+04
0.9 .3034 42. 4.09 0.69 0.53E+01 0.74E-Q2 0.72E+03
1.1 .2886 43. 4.25 0.67 0.27E+01 0.13E-Q1 0.2IE+03
1.4 .2765 45. 4.36 0.69 0.37E+01 0.89E-Q2 0.42E+03
1.7 .2644 46. 4.50 0.77 0.22E+01 0.88E-Q2 0.25E+03
2.2 .2534 47. 4.62 0.82 0.22E+01 O.lIE-Ol 0.20E+03
2.7 .2457 48. 4.70 0.85 0.19E+00 0.95E-02 0.20E+02
3.2 .2398 49. 4.77 0.89 0.87E+00 0.67E-Q2 0.13E+03
3.7 .2351 49. 4.83 0.91 0.83E+00 0.90E-Q2 0.92E+02
4.2 .2301 SO. 4.88 0.91 0.77E+OO 0.lIE-Q1 0.7IE+02
4.7 .2234 50. 4.93 0.92 0.85E+00 0.23E-Q1 0.37E+02
6.2 .2131 51. 4.95 0.93 0.43E+00 0.63E-Q1 0.68E+01
8.7 .2009 51. 5.00 0.90 0.28E+00 0.18E-0l 0.15E+02

25.0 .1884 58. 5.69 0.86 0.14E+00 0.55E-Q2 0.25E+02
35.0 .1708 62. 6.07 0.82 0.75E-Q1 0.20E-Q2 0.37E+02
50.0 .1649 64. 6.29 0.86 0.28E-Q1 0.30E-02 0.94E+01
70.0 .1575 67. 6.56 0.84 0.33E-Q1 0.26E-Q2 0.13E+02
90.0 .1526 69. 6.79 0.82 0.12E-Q1 0.16E-Q2 0.77E+01

DCERIN; I-STEP DATA
0.2 .1762 60. 5.84 83.33 0.77E-Q1 0.19E-Q2 0.40E+02
0.2 .1610 69. 6.73 83.33 0.47E-01 0.15E-Q2 0.32E+02
0.3 .1500 77. 7.54 83.33 0.32E-Q1 0.12E-Q2 0.27E+02
0.3 .1415 85. 8.31 83.33 0.23E-Q1 0.10E-Q2 0.23E+02
0.4 .1347 92. 9.03 83.33 0.17E-Q1 0.85E-Q3 0.20E+02
0.4 .1291 99. 9.72 83.33 0.13E-Q1 0.74E-Q3 0.18E+02
0.5 .1244 106. 10.38 83.33 0.lIE-Q1 0.66E-Q3 0.16E+02
0.5 .1203 112. 11.01 83.33 0.86E-Q2 0.59E-Q3 0.15E+02
0.6 .1168 119. 11.62 83.33 O.7IE-Q2 0.53E-Q3 0.13E+02
0.6 .1138 125. 12.21 83.33 O.60E-Q2 0.49E-03 0.12E+02
0.7 .1110 130. 12.79 83.33 0.5IE-Q2 0.45E-Q3 0.lIE+02
0.7 .1086 136. 13.35 83.33 O.44E-Q2 O.4IE-Q3 0.lIE+02
0.8 .1064 142. 13.89 83.33 O.38E-Q2 O.38E-Q3 0.10E+02
0.8 .1044 147. 14.42 83.33 O.34E-Q2 O.36E-Q3 0.94E+01
0.9 .1025 152. 14.94 83.33 O.30E-Q2 0.33E-Q3 0.89E+01
0.9 .1008 158. 15.45 83.33 0.27E-Q2 0.3IE-Q3 0.84E+01
1.0 .0993 163. 15.95 83.33 O.24E-Q2 0.30E-Q3 0.80E+01
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1.0 .0979 168. 16.44 83.33 0.21£-02 0.28E-03 0.76E+01
1.1 .0965 1731. 16.92 83.33 0.19E-02 0.27E-03 0.73E+01
1.1 .0953 177. 17.39 83.33 0.18E-02 0.25E-03 0.70E+01
1.2 .0941 182:. 17 .85 83.33 0.16E-02 0.24E-03 0.67E+01

DEPTH 69. 01 SI'IEA-2
TIME WATER MI\T-{lOl'MM'-ror ~ ~ SP~IS DIFF
(HR) (CM3/CM3) «(}o1) (!<PA) «M/01) «M/HR) (1/01) (Q12/HR)

1.2 .0930 18'7. 18.31 83.33 0.15E-02 0.23E-03 0.64E+01
1.3 .0920 19l. 18.76 83.33 0.14E-02 0.22E-03 0.62E+01
1.3 •0910 19Ei. 19.20 83.33 0.13E-02 0.21£-03 0.60E+01
1.4 .0901 2CXI. 19.63 83.33 0.l2E-02 0.20E-03 0.58E+01
1.4 .0892 20S. 20.06 83.33 0.11£-02 0.19E-03 0.56E+01
1.5 .0884 209. 20.49 83.33 0.10E-02 0.19E-03 0.54E+01
1.5 .0876 213. 20.91 83.33 0.93E-03 0.18E-03 0.52E+01
1.6 .0869 217. 21.32 83.33 0.87E-03 0.17E-03 0.51£+01
1.6 .0862 2Z!. 21.73 83.33 0.82E-03 0.17E-03 0.49E+01
1.7 .0855 226. 22.13 83.33 0.77E-03 0.16E-03 0.48E+01
1.7 .0849 230. 22.53 83.33 0.72E-03 0.16E-03 0.46E+01
1.8 .0842 234. 22.93 83.33 0.68E-03 0.15E-03 0.45E+01
1.8 .0836 238. 23.32 83.33 0.64E-03 0.15E-03 0.44E+01
1.9 •0831 24~~. 23.70 83.33 0.61£-03 0.14E-03 0.43E+01
1.9 .0825 246. 24.09 83.33 0.57E-03 0.14E-03 0.42E+01
2.0 .0820 250. 24.46 83.33 0.54E-03 0.13E-03 0.41£+01
2.0 .0815 253. 24.84 83.33 0.52E-03 0.13E-03 0.40E+01
2.1 .0810 257. 25.21 83.33 0.49E-03 0.13E-03 0.39E+01
4.1 .0695 39l. 38.35 83.33 0.l2E-03 0.58E-04 0.20E+01

DEPTH 84. 01 SI'IEA-2
TIME WATER MM'--PCYI'MM'-ror ~ ~ SP~IS DIFF
(HR.) (CM3/CM3) (04) (KPA) «M/01) «M/HR.) (1/01) (Q12/HR)

0.1 .3526 19. 1.84 1.07 0.14E+02 0.98E-03 0.15E+05
0.3 .3438 27. 2.63 0.94 0.67E+01 0.15E-02 0.46E+04
0.5 .3346 32. 3.11 0.84 0.60E+01 0.28E-02 0.22E+04
0.7 .3250 35. 3.42 0.79 0.55E+01 0.34E-02 0.16E+04
0.9 .3143 37. 3.67 0.75 0.63E+01 0.53E-02 0.12E+04
1.1 .3021 39. 3.85 0.79 0.35E+01 0.99E-02 0.36E+03
1.4 .2876 41. 4.03 0.86 0.38E+01 0.73E-02 0.52E+03
1.7 .2716 43. 4.22 0.84 0.25E+01 0.10E-01 0.24E+03
2.2 .2586 44. 4.34 0.81 0.26E+01 0.10E-01 0.25E+03
2.7 .2496 4.5. 4.44 0.81 0.47E+00 0.79E-02 0.60E+02
3.2 .2428 46. 4.53 0.79 0.12E+01 0.76E-02 0.16E+03
3.7 .2375 4'7. 4.59 0.77 0.12E+01 0.10E-01 0.12E+03
4.7 .2361 48. 4.67 0.75 0.19E+01 0.94E-01 0.20E+02
6.2 .2120 48. 4.71 0.74 0.65E+00 0.38E-01 0.17E+02
8.7 .1982 48. 4.74 0.76 0.42E+00 0.42E-01 0.10E+02

15.0 .1860 51. 4.97 0.79 0.77E-01 0.27E-02 0.28E+02
25.0 .1769 55. 5.41 0.77 0.19E+00 0.14E-02 0.14E+03
35.0 .1708 58. 5.71 0.70 0.98E-01 0.39E-02 0.25E+02
50.0 .1633 61. 5.94 0.67 0.46E-01 0.30E-02 0.15E+02
70.0 .1570 63. 6.19 0.67 0.46E-01 0.19E-02 0.25E+02
90.0 .1547 65. 6.40 0.65 0.18E-01 0.32E-03 0.55E+02

DCERIN:;I-STEP o.P.TA

0.2 .1762 53. 5.19 83.33 0.92E-01 0.23E-02 0.40E+02
0.2 .1610 6l. 5.93 83.33 0.56E-01 0.17E-02 0.32E+02
0.3 .1500 68. 6.62 83.33 0.37E-01 0.14E-02 0.27E+02
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0.3 .1415 74. 7.27 83.33 0.27E-01 0.12E-02 0.23E+02
0.4 .1347 81. 7.89 83.33 0.20E-01 0.99E-03 0.20E+02
0.4 •1291 87• 8.49 83.33 0.15E-01 0.86E-03 0.18E+02
0.5 .1244 92. 9.06 83.33 0.12E-01 0.76E-03 0.16E+02
0.5 .1203 98. 9.61 83.33 0.97E-02 0.67E-03 0.15E+02
0.6 .1168 104. 10.15 83.33 0.80E-02 0.60E-03 0.13E+02
0.6 .1138 109. 10.68 83.33 0.67E-02 0.55E-03 0.12E+02
0.7 .1110 114. 11.19 83.33 0.57E-02 0.50E-03 0.lIE+02
0.7 .1086 119. 11.70 83.33 0.49E-02 0.46E-03 0.lIE+02

DEPTH 84. CM SI'IE A-2
TIME WATER MM'-POl' MAT-ror HYD-GRAD HYD-<X:N S!?-M>IS DIFF

(HR) (013/013) (CM) (KPA) (01/CM) (01/HR) (l/CM) (CM2/HR)
0.8 .1064 124• 12.19 83.33 0.42E-02 0.42E-03 0.10E+02
0.8 .1044 129. 12.68 83.33 0.37E-02 0.39E-03 0.94E+01
0.9 .1025 134 . 13.16 83.33 0.32E-02 0.36E-03 0.89E+01
0.9 •1008 139• 13.63 83.33 0.28E-02 0.34E-03 0.84E+01
1.0 .0993 144. 14.10 83.33 0.25E-02 0.3IE-03 0.80E+01
1.0 •0979 149. 14.56 83.33 0.23E-02 0.30E-03 0.76E+01
1.1 .0965 153. 15.02 83.33 0.20E-02 0.28E-03 0.73E+01
1.1 .0953 158• 15.47 83.33 0.18E-02 0.26E-03 0.70E+01
1.2 •0941 162. 15.92 83.33 0.17E-02 0.25E-03 0.67E+01
1.2 .0930 167. 16.36 83.33 0.15E-02 0.23E-03 0.64E+01
1.3 .0920 171. 16.81 83.33 0.14E-02 0.22E-03 0.62E+01
1.3 .0910 176. 17.24 83.33 0.13E-02 0.2IE-03 0.60E+01
1.4 .0901 180. 17.68 83.33 0.12E-02 0.20E-03 0.58E+01
1.4 .0892 185 . 18.11 83.33 0.l1E-02 0.19E-03 0.56E+01
1.5 .0884 189• 18.54 83.33 0.99E-03 0.18E-03 0.54E+01
1.5 .0876 193. 18.97 83.33 0.9IE-03 0.18E-03 0.52E+01
1.6 .0869 198. 19.39 83.33 0.85E-03 0.17E-03 0.5IE+01
1.6 .0862 202• 19.82 83.33 0.79E-03 0.16E-03 0.49E+01
1.7 .0855 206. 20.24 83.33 0.73E-03 0.15E-03 0.48E+01
1.7 .0849 211. 20.66 83.33 0.68E-03 0.15E-03 0.46E+01
1.8 .0842 215. 21.08 83.33 0.64E-03 0.14E-03 0.45E+01
1.8 .0836 219 . 21.49 83.33 0.60E-03 0.14E-03 0.44E+01
1.9 •0831 223 . 21.91 83.33 0.56E-Q3 0.13E-03 0.43E+01
1.9 .0825 228 . 22.32 83.33 0.53E-03 0.13E-03 0.42E+01
2.0 .0820 232. 22.74 83.33 0.50E-03 0.12E-03 0.4IE+01
2.0 .0815 236. 23.15 83.33 0.47E-03 0.12E-03 0.40E+01
2.1 .0810 240 . 23.56 83.33 0.44E-03 0.lIE-03 0.39E+01
4.1 .0695 412. 40.40 83.33 0.79E-04 0.39E-04 0.20E+01

DEPl'H 99. CM SI'IE A-2
TIME WATER MAT-POl' Mf\.T-ror HYD-GRAD HYD-<XN S!?-M)IS DIFF
(HR) (013/CM3) (CM) (KPA) (01/CM) (01/HR) (l/CM) (CM2/HR)

0.1 .3720 14. 1.40 0.40 0.40E+02 0.13E-02 0.30E+05
0.3 .3643 21. 2.01 0.33 0.2IE+02 0.13E-02 0.16E+05
0.5 .3558 26. 2.50 0.40 0.14E+02 0.3IE-02 0.46E+04
0.7 .3465 29. 2.80 0.42 0.12E+02 0.33E-02 0.37E+04
0.9 .3372 31. 3.04 0.43 0.13E+02 0.49E-02 0.26E+04
1.1 .3247 33. 3.26 0.45 0.85E+01 0.67E-02 0.13E+04
1.4 .3040 36. 3.50 0.47 0.93E+01 0.lIE-01 0.88E+03
1.7 .2760 38. 3.73 0.53 0.52E+01 0.15E-01 0.35E+03
2.2 .2541 40. 3.91 0.63 0.39E+01 0.94E-Q2 0.42E+03
2.7 .2416 41. 4.04 0.67 0.10E+01 0.lIE-Q1 0.91E+02
3.2 .2322 42. 4.12 0.67 0.17E+01 0.16E-Q1 0.l1E+03
3.7 .2248 43. 4.17 0.67 0.16E+01 0.14E-Q1 0.lIE+03
4.7 .2223 43. 4.25 0.69 0.35E+01 0.9IE-Ql 0.38E+02
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6.2 .2001 441. 4.29 0.70 0.8IE+OO 0.2SE-01 0.32E+02
8.7 .1887 44. 4.34 0.69 0.57E+OO 0.25E-01 0.22E+02

15.0 .1762 47. 4.57 0.68 O.l2E+OO 0.34E-02 0.3SE+02
25.0 .1639 5l. 4.96 0.63 0.25E+OO 0.28E-02 0.92E+02
35.0 •1558 53• 5.20 0.62 O.l3E+OO 0.53E-02 0.24E+02
50.0 .1491 5~i. 5.40 0.62 0.600-01 0.24E-02 0.25E+02
70.0 .1440 58. 5.64 0.60 0.57E-01 0.18E-02 0.32E+02
90.0 .1420 59. 5.81 0.57 0.2IE-01 0.33E-03 0.64E+02

DEPTH 114. CM SI'lE A-2
TIME WATER MI\T--POr MM'-POr HYI}-GW) HYIKXN SP~IS DIFF
(HR) (00/00) (Q1) (KPA) (OO<M) (OOHR) (l/CM) (<M2/HR)

0.1 .3960 15. 0.60 0.40 0.4IE+02 0.12E-02 0.33E+05
0.3 .3910 9. 0.87 0.27 0.28E+02 0.99E-03 0.28E+05
0.5 .3856 13. 1.32 0.17 0.38E+02 0.17E-02 0.22E+05
0.7 .3793 17. 1.70 0.20 0.28E+02 0.22E-02 0.13E+05
0.9 •3723 20 • 1.98 0.22 0.29E+02 0.33E-02 0.87E+04
1.1 .3629 23. 2.23 0.23 0.2IE+02 0.45E-02 0.46E+04
1.4 .3472 26. 2.50 0.25 0.22E+02 0.73E-02 0.30E+04
1.7 .3193 29. 2.85 0.34 0.lIE+02 0.89E-02 0.13E+04
2.2 .2894 33. 3.22 0.47 0.65E+01 0.8IE-02 0.8IE+03
2.7 .2664 36. 3.49 0.60 0.19E+01 0.lIE-01 0.18E+03
3.2 .2472 3'7. 3.66 0.72 0.2IE+01 0.13E-01 0.16E+03
3.7 .2300 3:3. 3.76 0.79 0.18E+01 0.23E-01 0.79E+02
1.4 .1074 99. 9.74 83.33 0.54E-02 0.66E-03 0.8IE+01
1.4 .1047 104 . 10.16 83.33 0.48E-02 0.6IE-Q3 0.79E+01
1.5 .1021 10H . 10.59 83.33 0.43E-02 0.56E-03 0.76E+01
1.5 .0997 11:2. 11.02 83.33 0.38E-02 0.52E-03 0.74E+01
1.6 .0974 117. 11.47 83.33 0.35E-02 0.48E-03 0.7IE+01
1.6 .0953 122 . 11.92 83.33 0.3IE-Q2 0.45E-03 0.69E+01
1.7 •0932 126 • 12.38 83.33 0.28E-Q2 0.42E-Q3 0.67E+01
1.7 .0913 13l. 12.85 83.33 0.26E-Q2 0.39E-03 0.65E+01
1.8 .0895 136. 13.32 83.33 0.23E-02 0.37E-03 0.64E+01
1.8 .0877 141. 13.81 83.33 0.2IE-02 0.34E-Q3 0.62E+01
1.9 .0860 146. 14.30 83.33 0.19E-02 0.32E-03 0.60E+01
1.9 .0844 151. 14.81 83.33 0.18E-02 0.30E-03 0.59E+01
2.0 .0829 156 . 15.32 83.33 0.16E-Q2 0.28E-03 0.57E+01
2.0 .0814 162. 15.84 83.33 0.15E-Q2 0.27E-Q3 0.56E+01
2.1 .0800 167. 16.37 83.33 0.14E-02 0.25E-03 0.55E+01
2.1 .0787 173. 16.92 83.33 0.13E-02 0.23E-03 0.53E+01
2.2 .0774 178 . 17.47 83.33 0.12E-02 0.22E-03 0.52E+01
2.2 .0762 184. 18.04 83.33 0.lIE-Q2 0.2IE-03 0.5IE+01
2.3 .0750 190 . 18.61 83.33 0.98E-03 0.20E-03 0.50E+01
2.3 .0739 196 • 19.20 83.33 0.90E-03 0.19E-03 0.49E+01
2.4 .0728 202 • 19.80 83.33 0.84E-03 0.17E-03 0.48E+01
2.4 .0717 208 . 20.41 83.33 0.77E-03 0.17E-03 0.47E+01
2.5 .0707 215. 21.04 83.33 0.72E-Q3 0.16E-03 0.46E+01
2.5 .0697 22:1. 21.67 83.33 0.67E-03 0.15E-03 0.45E+01
2.6 .0687 228. 22.32 83.33 0.62E-Q3 0.14E-Q3 0.44E+01
2.6 .0678 234. 22.99 83.33 0.57E-03 0.13E-03 0.43E+01
2.7 .0669 24.1. 23.67 83.33 0.53E-Q3 0.13E-03 0.43E+Ol
2.7 .0661 248 . 24.36 83.33 0.50E-Q3 0.12E-Q3 0.42E+01
2.8 .0652 256 . 25.07 83.33 0.46E-Q3 0.1IE-Q3 0.4IE+01
2.8 .0644 263. 25.79 83.33 0.43E-Q3 0.llE-Q3 0.40E+01
2.9 .0636 271 . 26.53 83.33 0.40E-Q3 0.10E-Q3 0.40E+01
2.9 .0629 278. 27.29 83.33 0.38E-Q3 0.96E-04 0.39E+01
3.0 .0621 286 . 28.06 83.33 0.35E-Q3 0.9lE-04 0.38E+01
3.0 .0614 294. 28.85 83.33 0.33E-Q3 0.87E-Q4 0.38E+01
3.1 .0607 303. 29.66 83.33 0.3lE-Q3 0.82E-Q4 0.37E+01
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DEPTH 130. CM SI'lEA-2
TIME WATER MZ\.T-POrMAT-roI' HYrH;RAD HYD-aN SP-+OIS DIFF
(HR) (013/013) (eM) (KPA) (CM/CM) (CM/HR) (1/eM) (Q12/HR)

0.5 •3921 2 • 0.23 0.17 0.40E+02 0.34E-03 0.12E+06
0.7 •3909 6• 0.57 0.15 0.39E+02 0.36E-03 0.11£+06
0.9 .3896 6. 0.54 0.17 0.39E+02 0.62E-03 0.63E+05
1.1 .3880 9. 0.92 0.18 0.29E+02 0.56E-03 0.52E+05
1.4 .3857 13. 1.26 0.20 0.31£+02 0.10E-02 0.30E+05
1.7 .3768 17. 1.68 0.20 0.23E+02 0.29E-02 0.71£+04
2.2 .3584 22. 2.17 0.20 0.19E+02 0.55E-02 0.34E+04
2.7 .3362 26. 2.59 0.27 0.69E+01 0.56E-02 0.12E+04
3.2 .3141 31. 3.00 0.43 0.49E+01 0.63E-02 0.78E+03
3.7 .2907 34. 3.29 0.60 0.35E+01 0.13E-01 0.28E+03
4.2 .2663 36. 3.50 0.73 0.61£+00 0.12E-01 0.51£+02
4.7 .2423 38. 3.68 0.83 0.43E+01 0.16E-01 0.26E+03
6.2 .2174 39. 3.84 0.92 0.83E+00 0.15E-01 0.51£+02
8.7 .1964 41. 4.02 1.02 0.53E+00 0.95E-02 0.56E+02

15.0 .1794 44. 4.28 1.07 0.12E+00 0.50E-02 0.25E+02
25.0 .1674 48. 4.71 1.22 0.15E+00 0.13E-02 0.12E+03
35.0 .1620 52. 5.11 1.45 0.64E-01 0.15E-02 0.44E+02
50.0 .1566 55. 5.39 1.60 0.29E-01 0.23E-02 0.13E+02
70.0 .1504 59. 5.74 1.83 0.22E-01 0.12E-02 0.18E+02
90.0 .1501 62. 6.10 2.07 0.41£-02 -.16E-02 -.26£+01
JJCERIN; I-STEP OATh

5.1 .1495 63. 6.20 83.33 0.43E-02 0.16E-02 0.21£+01
7.2 .1196 90. 8.79 83.33 0.16E-02 0.82E-03 0.20E+01

11.2 .0923 140 . 13.75 83.33 0.46E-03 0.36E-03 0.13E+01
15.2 .0791 189. 18.55 83.33 0.20E-03 0.20E-03 0.95E+00
19.2 .0713 236 . 23.13 83.33 0.10E-03 0.14E-03 0.76E+00
23.2 .0662 281. 27.52 83.33 0.63E-04 0.98E-04 0.64E+00
27.2 .0625 323. 31.70 83.33 0.42E-04 0.76E-04 0.55E+00
31.2 .0598 364. 35.68 83.33 0.30E-04 0.61£-04 0.49E+00
35.2 .0576 403. 39.48 83.33 0.22E-04 0.50E-04 0.44E+00
39.2 .0559 440. 43.10 83.33 0.11£-04 0.43E-04 0.40E+00
43.2 .0545 475. 46.56 83.33 0.13E-04 0.31£-04 0.36E+00
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SITE B (HECLASERIES)

Site B was located in the noniITigated corner of a center-pivot
irrigated potato field, and was covered with a young cover-crop of winter
barley. The location and description are summarized on Table 1.
According to the La ~MoureCounty (NO)SoU Survey Report (USDA. 1971)
the Hecla soil series consists of "deep. moderately well drained, level to
gently undulating soils on sandy lake plains and on sandy uplands and
terraces in the James River Valley". They were "formed in coarse-
textured deposits left by glacial melt water and reworked by wind". Hecla
soils are associated with Hamar, Maddock, and Ulen soils. The specific
site measured (location Fig. 2) was located on a slightly elevated position
associated at close distance with a Hamar SoUSe

In-situ measurc~ments and site descriptions were made during late
September and October, 1984. Temperatures were frequently below
freezing at night, and to sustain measurements, 6 mil polyethylene tents
were constructed over the site and were heated at night with portable
propane heaters. TIle measurment period was concurrent with sites A
and C which were located nearby. Soil samples and soil profile
descriptions were made approximately two weeks after the completion of
soil hydraulic measurements. Although measurements were made for
more than two weeks. drainage was nearly complete at 7 days.
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SITE B, "REPLICATION 1
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Site and location:

Table B-1.1

Sampled:

Soil morphologic data for Site B replication 1.

B-1Heimbuch site. Oakes aquifer 280 feet south and 170 feet
west of the east quarter comer of Section 26. Township 130
north. Range 59 west. Dickey County. North Dakota.

10/23/84 by M. D. Sweeney (NOAES.Fargo. NO)and W. M. Schuh and R
Cline (NOSWC. Bismarck. NO).

Soil type and classification: Hecla loamy sand ; sandy. mixed aquic
Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the
Glacial Lake Dakota Basin which have been
reworked by wind to some extent.

Drainage: Moderately well.

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14
inches. Laboratory texture in parenthesis if different from field texture.

Soil profile: B-1east side of pit.

Alp 0-4 inches (0-10 em). black OOYR2/1) loamy sand (sand); weak medium and
fine subangular block structure; soft. very friable. slightly sticky and
nonplastic; conunon very fine roots; abrupt smooth boundary.

A12 4-13 inches (10-34 em). black (lOYR2/1) loamy sand (sand); moderate coarse
and medium prismatic parting to moderate coarse and medium sub angular
blocky structure; slightly hard. very friable. slightly sticky and non plastic:
common very fine roots: clear wavy boundary.

Bw 13-23 inches (34-60 em). very dark grayish brown (lOYR 3/2) sand; weak
coarse and medium prismatic parting to weak coarse and medium subangular
blocky structure: soft, very friable. nonsticky and nonplastic: common very
fine roots: clear wavy boundary.

C 23-34 inches (60-86 em). light olive brown (2.5Y 4/4) sand (fine sand) with few
fine distinct dark yellowish brown (lOYR 4/4) mottles which increase to
common with depth; weak. coarse and medium prismatic structure; soft. very
friable to loose. nonsticky and nonplastic; few very fine roots: gradual wavy
boundary.

Cg 34-60 inches (86-150 em). light yellowish brown to light olive brown (2.5Y
5.5/4) sand with common medium distinct dark brown (7.5YR 3/4) and
common fine distinct very dark brown (lOYR 2/2) mottles: weak coarse and
medium prismatic structure; soft. very friable to loose. nonsticky and
nonplasUc: few very fine roots.
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Table B-1.2 HEO.A SERIES STIE B-1 NDSW::1984
particle-size, tulk density, am organic carbon
data am irxiioes

DEPTH PARl'ICIE SIZE CIASSES (MIm:N/Pm::::ENT)

2. 20. 50. 100. 250. 500. 1000. 2000.

8. 4.8 3.3 2.7 9.1 47.1 30.8 2.2 0.0
23. 3.3 3.3 1.8 8.0 47.8 33.0 2.7 0.0
38. 4.4 0.0 3.2 8.2 48.5 33.2 2.5 0.0
53. 2.5 0.7 4.5 9.7 51.0 29.1 2.4 0.0
69. 4.3 0.0 2.4 8.0 51.5 31.8 1.9 0.0
84. 2.9 2.5 1.1 7.5 51.6 32.8 1.5 0.0
99. 0.0 4.7 0.7 6.5 51.4 35.7 1.4 0.0

114. 2.2 1.1 1.9 5.7 48.3 39.2 1.7 0.0
130. 1.1 2.2 1.8 7.5 54.0 32.3 1.2 0.0

DEPTH SAND SILT CIAY HaUZCN
an % % %

8. 89.2 6.0 4.8 A 1 6 6=p
23. 91.6 5.1 3.3 A12 7=w
38. 92.4 3.2 4.4 B 7 8=g
53. 92.3 5.2 2.5 B 7
69. 93.3 2.4 4.3 C
84. 93.5 3.6 2.9 C
99. 95.0 5.4 0.0 C 8

114. 94.8 3.0 2.2 C 8
130. 95.0 4.0 1.0 C 8

DEPTH SA/SI GEAN illEV Z F-INDEX ID a:::
an rnn rnn glee %

8. 14.867 0.1443 3.9 0.0369 0.934 1.58 0.64
23. 17.941 0.1638 3.4 0.0484 1.038 1.58 0.31
38. 28.875 0.1650 3.5 0.0474 1.097 1.56 0.31
53. 17.731 0.1674 2.9 0.0579 1.098 1.54 0.12
69. 38.833 0.1653 3.4 0.0488 1.181 1.49 0.08
84. 25.944 0.1704 3.1 0.0552 1.190 1.53 0.20
99. 17.593 0.1913 2.2 0.0859 1.551 1.57 0.04

114. 31.633 0.1932 2.7 0.0706 1.279 1.57 0.08
130. 23.750 0.1843 2.4 0.0766 1.296 1.63 0.02

DEPTH M)ISTURE/SOCTICN SUPE GARDNER K-PARJ\l£l'ERS(JAYNE & TYIffi)
CM/DAY-KPA CM!HR-BI\R

an G::>SH BI.OEME:N K-SUPE K-INI' K-Sl.OPE K-INI'
8. 1.349 3.167 -1.2110 2.5868 -12.11 1.21

23. 1.265 3.988 -1.2489 2.6535 -12.49 1.27
38. 1.048 4.187 -1.2734 2.6796 -12.73 1.30
53. 1.276 5.017 -1.2580 2.6738 -12.58 1.29
69. 0.935 5.798 -1.2897 2.7028 -12.90 1.32
84. 1.104 4.939 -1.2849 2.7086 -12.85 1.33
99. 1.293 8.958 -1.2960 2.7550 -12.96 1.37

114. 1.030 6.329 -1.3097 2.7521 -13.10 1.37
130. 1.153 7.995 -1.3048 2.7550 -13.05 1.37
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Table B-1.3. 5011saturation extract water chemistry data, gravimetric water content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site B
replication 1.

Saturation Extract Soluble Ions
Depth C:A Mg Na K C03 HC03 Cl 504
(em) meq/l
0- 15 ::1:.3 1.1 0.7 0.3 3.0 0.23 1.2

15 - 30 1.7 1.6 0.5 0.2 2.6 0.10 1.5
30-46 1.7 1.3 0.7 0.2 1.4 0.13 2.5
46 - 61 1.0 0.9 0.6 0.2 0.8 0.12 1.8
61 - 76 0.9 0.7 0.6 0.1 0.6 0.15 1.7
76 - 91 1.1 0.6 0.6 0.2 1.1 0.13 1.4
91 - 106 l.0 0.6 0.6 0.1 0.7 0.15 1.6

106 - 122 0.8 0.6 0.6 0.1 0.8 0.10 1.3
122 - 137 Cl.9 0.5 0.7 0.1 0.6 0.15 1.5

Depth ECE SAR H20 at pH C03 Texture e
Sat. clay class 15bar

(ern) mmhos/cm % % g/gx
100

0- 15 0.37 0.6 29 7.3 s 4.6
15 - 30 0.34 0.4 26 7.1 3.4 s 3.8
30 - 46 0.30 0.6 24 7.2 1.9 s 2.8
46 - 61 0.23 0.7 21 7.5 1.2 fs 2.8
61 - 76 0.16 0.7 21 7.3 1.7 fs 2.7
76 - 91 0.21 0.7 22 7.3 2.4 fs 3.1
91 - 106 0.19 0.7 18 7.6 2.9 fs 2.9

106 - 122 0.18 0.7 20 7.2 2.9 s 2.7
122 - 137 0.19 0.8 22 7.4 2.4 fs 3.0
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Table B-1.4 HECIASERIES SITE B-1 N)~:84
laboratory soll-water retention data

LAB PRESSURE(eM) AN) WI\TER CXNlENl' MlL. FW\CTICN)
DEP'IH (01)

23. 38. 53. 69.

01 c::£/c::£ SE

10. 0.3418 0.0048 10. 0.3616 0.0115 10. 0.3293 ****** 10. 0.3392 0.0104
20. 0.3284 0.0048 20. 0.3480 0.0125 20. 0.3162 ****** 20. 0.3298 0.0077
40. 0.2556 0.0017 40. 0.2239 0.0048 40. 0.2098 ****** 40. 0.2062 0.0029
60. 0.2028 0.0013 60. 0.1680 0.0057 60. 0.1486 ****** 60. 0.1344 0.0002
80. 0.1709 0.0008 80. 0.1369 0.0051 80. 0.1166 ****** 80. 0.1017 0.0000

100. 0.1501 0.0002 100. 0.1203 0.0051 100. 0.1020 ****** 100. 0.0854 0.0001
120. 0.1360 0.0003 120. 0.1097 0.0050 120. 0.0918 ****** 120. 0.0776 0.0004
180. 0.1152 0.0004 180. 0.0946 0.0050 180. 0.0758 ****** 180. 0.0669 0.0007
340. 0.0944 0.0004 340. 0.0787 0.0044 340. 0.0641 ****** 340. 0.0590 0.0000
534. 0.0847 0.0009 534. 0.0726 0.0034 534. 0.0612 ****** 534. 0.0555 0.0004
800. 0.0817 0.0009 800. 0.0673 0.0039 800. 0.0583 ****** 800. 0.0533 0.0002

00= 1.58 1.58 1.54 1.49
N= 2 2 1 2

DEP1H (01)

84. 99. 114. 130.

10. 0.3473 ****** 10. 0.3427 0.0100 10. 0.3202 ****** 10. 0.3482 0.0041
20. 0.3326 ****** 20. 0.3324 0.0110 20. 0.3100 ****** 20. 0.3413 0.0024
40. 0.2266 ****** 40. 0.2228 0.0040 40. 0.2125 ****** 40. 0.2365 0.0018
60. 0.1472 ****** 60. 0.1480 0.0001 60. 0.1353 ****** 60. 0.1515 0.0015
80. 0.1163 ****** 80. 0.1140 0.0003 80. 0.1033 ****** 80. 0.1149 0.0055

100. 0.1030 ****** 100. 0.0984 0.0009 100. 0.0888 ****** 100. 0.0980 0.0042
120. 0.0927 ****** 120. 0.0895 0.0000 120. 0.0815 ****** 120. 0.0896 0.0047
180. 0.0795 ****** 180. 0.0777 0.0010 180. 0.0699 ****** 180. 0.0796 0.0030
340. 0.0677 ****** 340. 0.0673 0.0009 340. 0.0626 ****** 340. 0.0720 0.0018
534. 0.0633 ****** 534. 0.0651 0.0004 534. 0.0582 ****** 534. 0.0674 0.0018
800. 0.0618 ****** 800. 0.0636 0.0004 800. 0.0582 ****** 800. 0.0674 0.0018

00= 1.53 1.57 1.55 1.63
N= 1 2 1 2
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Table B-1.5 HEx::IAS!\IDY IJ:)AM SITE B-1 (IDSK; 1984)
In-situ. K (9,,,) and 9 ('I') , aOO. laboratory K (9,'l')
data.

RIQmR)SP~
IE>'lH 7. CM
Tn£ WA'lm MM'-ror M1\T-POl' ~ ~ SP-K>IS DIFF
(fIR) (00/00) (eM) (KPA) (CM/CM) (CM/HR) (l/eM) (CM2/HR)

0.6 .3904 23. 2.24 0.75 0.22E+01 0.27E-02 0.80E+03
0.7 .3757 30. 2.99 0.82 0.69E+OO 0.l1E-02 0.64E+03
0.9 •3632 36 • 3.49 0.75 0.l8E+01 0.58E-02 0.30E+03
0.9 •3471 38 • 3.69 0.77 0.14E+01 O.15E-01 0.98E+02
1.0 .3355 39. 3.84 0.77 0.86E+OO 0.44E-02 0.20E+03
1.2 .3282 41. 3.99 0.75 0.59E+OO 0.59E-02 0.10E+03
1.3 •3216 42 • 4.14 0.71 0.50E+OO 0.36E-02 0.14E+03
1.4 .3151 44. 4.31 0.65 0.4SE+OO 0.39E-02 0.12E+03
1.6 .3080 47 • 4.56 0.54 0.38E+OO 0.24E-02 0.16E+03
1.9 •3019 49. 4.81 0.46 0.33E+OO 0.27E-02 0.12E+03
2.1 .2979 51. 4.96 0.43 0.27E+OO 0.26E-02 0.1lE+03
2.4 •2931 52 • 5.11 0.39 0.44E+OO 0.39E-02 0.12E+03
2.7 .2828 54 • 5.26 0.38 0.57E+OO 0.98E-02 0.59E+02
3.2 •2707 55. 5.39 0.39 0.36E+OO 0.96E-02 0.38E+02
3.7 •2640 56 • 5.49 0.38 0.1SE+OO 0.38E-02 0.39E+02
4.2 .2612 57 . 5.56 0.37 0.76E-01 0.38E-02 0.20E+02
4.7 •2567 58. 5.66 0.33 0.32E+OO 0.46E-02 0.68E+02
7.5 .2438 60. 5.86 0.30 0.96E-01 0.76E-02 0.13E+02

12.5 .2268 63. 6.16 0.29 0.78E-01 0.43E-02 0.18E+02
17.5 .2136 66 • 6.49 0.31 0.5SE-01 0.38E-02 0.15E+02
22.5 .2042 69. 6.79 0.34 0.33E-01 0.25E-02 0.13E+02
27.5 •1979 72 • 7.06 0.36 0.2lE-01 0.20E-02 0.1lE+02
35.0 .1932 75. 7.34 0.37 0.88E-02 0.15E-02 0.6OE+01
43.0 .1904 77 . 7.59 0.41 0.38E-02 0.63E-03 0.6lE+01
53.0 •1889 80. 7.89 0.36 0.28E-02 0.47E-03 0.6OE+01
65.0 •1870 84 . 8.19 0.27 0.52E-02 0.94E-03 0.55E+01
75.0 .1857 85. 8.36 0.26 0.18E-02 0.42E-03 0.44E+01
85.0 .1832 87. 8.49 0.25 0.13E-01 0.44E-02 0.29E+01
95.0 .1798 88 . 8.61 0.25 0.74E-02 0.17E-02 0.44E+01

105.0 .1776 89. 8.71 0.26 0.5SE-02 0.38E-02 0.15E+01
115.0 .1760 90. 8.79 0.27 0.3SE-02 0.13E-02 0.28E+01
125.0 .1741 91. 8.89 0.27 0.69E-02 0.25E-02 0.28E+01
135.0 .1716 92 . 9.01 0.29 0.65E-02 0.17E-02 0.39E+01

DEI?'lH 22. CM SITE B-1
Tll£ WATER MAT-POT MAT-Par HYD-GRlID ~ SP-K>IS DIFF
(fIR) (00/00) (eM) (KPA) (CM/CM) (CM/HR) (1/eM) (CM2/HR)

0.6 .3787 20. 1.97 0.75 0.58E+01 0.14E-02 0.4lE+04
0.7 .3677 29. 2.83 0.82 0.2lE+01 0.13E-02 0.16E+04
0.9 .3571 34. 3.29 0.75 0.49E+01 0.45E-02 0.llE+04
0.9 .3443 36. 3.51 0.77 0.40E+01 0.97E-02 0.42E+03
1.0 .3340 37. 3.66 0.77 0.25E+01 0.49E-02 0.52E+03
1.2 .3268 39. 3.80 0.75 0.18E+01 0.59E-02 0.30E+03
1.3 .3196 40. 3.92 0.71 0.16E+01 0.56E-02 0.29E+03
1.4 .3120 4l. 4.04 0.65 0.14E+01 0.68E-02 0.2lE+03
1.6 .3019 43. 4.21 0.54 0.14E+01 0.53E-02 0.26E+03
1.9 .2926 45. 4.40 0.46 0.llE+01 0.43E-02 0.26E+03
2.1 .2861 46. 4.52 0.43 0.llE+01 0.6lE-02 0.18E+03
2.4 .2792 47. 4.64 0.39 O.l4E+Ol 0.49E-02 0.28E+03
2.7 .2701 49. 4.79 0.38 0.16E+01 0.73E-02 0.22E+03
3.2 .2601 50 . 4.92 0.39 0.10E+01 0.79E-02 0.13E+03
3.7 .2538 51. 5.01 0.38 0.49E+OO 0.57E-02 0.86E+02
4.2 .2499 52. 5.08 0.37 0.27E+00 0.57E-02 0.47E+02
4.7 .2462 53. 5.15 0.33 0.85E+00 0.56E-02 0.15E+03
7.5 .2325 54. 5.32 0.30 0.3lE+OO 0.85E-02 0.36E+02
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DEP'lH 22. <N (<XNl')
12.5 .2135 57. 5.61 0.29 0.24E+OO 0.47E-02 0.50E+02
17.5 .2003 61. 5.95 0.31 O.l6E+OO 0.31E-02 O.52E+02
22.5 .1914 64. 6.28 0.34 0.91£-01 0.23E-02 0.42E+02
27.5 .1854 67. 6.57 0.36 0.63E-01 0.18E-02 0.35E+02
35.0 .1815 70. 6.86 0.37 0.23E-01 0.94E-03 0.25E+02
43.0 .1795 73. 7.14 0.41 0.12E-01 0.5OE-03 0.23E+02
53.0 .1776 75. 7.40 0.36 0.94E-02 0.9IE-03 0.10E+02
65.0 .1755 78. 7.63 0.27 0.15E-01 0.78E-03 0.19E+02
75.0 .1743 80. 7.79 0.26 0.65E-02 0.75E-03 0.86E+01
85.0 .1724 81. 7.92 0.25 0.34E-01 0.23E-02 0.15E+02
95.0 .1694 82. 8.05 0.25 0.24E-01 0.25E-02 0.95E+01

105.0 .1672 83. 8.15 0.26 0.15E-01 0.17E-02 0.88E+01
115.0 .1658 84. 8.23 0.27 0.11£-01 0.16E-02 0.72E+01
125.0 .1639 85. 8.33 0.27 0.200-01 0.22E-02 0.9IE+01
135.0 .1619 86. 8.47 0.29 0.18E-01 0.11E-02 0.17E+02

DEP'lH 38. CM SITE B-1
Tll-E WATER MAT-POT MAT-POI' lIYD-GW) ~ SP~IS DIEF
(HR) (CM3/CM3) (eM) (!<PA) (Q.{/<N) (<WHR) (l/eM) (CM2/HR)

0.6 .3583 18. 1.73 0.89 0.6SE+01 0.62E-03 0.10E+05
0.7 .3528 24. 2.38 0.61 0.46E+01 0.13E-02 0.34E+04
0.9 .3457 28. 2.76 0.57 0.92E+01 0.27E-02 0.34E+04
0.9 .3363 31. 3.00 0.59 0.82E+01 0.6lE-02 0.13E+04
1.0 .3277 32. 3.18 0.62 0.500+01 0.37E-02 0.14E+04
1.2 .3207 34. 3.35 0.67 0.3SE+01 0.50E-02 0.71£+03
1.3 .3118 36. 3.53 0.76 0.28E+01 0.51£-02 0.54E+03
1.4 .3026 38. 3.68 0.86 0.20E+01 0.82E-02 0.24E+03
1.6 .2904 39. 3.83 0.92 0.16E+01 0.82E-02 0.20E+03
1.9 .2772 41. 4.01 0.99 0.llE+01 0.67E-02 0.17E+03
2.1 .2676 42. 4.13 1.02 0.91£+00 0.92E-02 0.llE+03
2.4 .2590 43. 4.23 1.02 0.9SE+OO 0.81E-02 0.12E+03
2.7 .2497 45. 4.38 1.03 0.95E+OO 0.55E-02 0.17E+03
3.2 .2414 46. 4.51 1.02 0.6lE+OO 0.85E-02 0.72E+02
3.7 .2353 47. 4.59 1.01 0.35E+OO 0.67E-02 0.5lE+02
4.2 .2303 47. 4.65 1.01 0.2lE+OO O.llE-Ol 0.20E+02
4.7 .2266 48. 4.68 1.01 0.400+00 0.17E-01 0.24E+02
7.5 .2133 49. 4.81 0.98 O.l6E+OO 0.97E-02 0.17E+02

12.5 .1940 52. 5.06 0.92 0.13E+00 0.6lE-02 0.20E+02
17.5 .1809 55. 5.34 0.84 0.10E+00 0.34E-02 0.30E+02
22.5 .1722 58. 5.64 0.78 0.68E-01 0.23E-02 0.30E+02
27.5 .1663 60. 5.90 0.73 0.53E-01 0.23E-02 0.24E+02
35.0 .1625 63. 6.15 0.67 0.18E-01 0.75E-03 0.24E+02
43.0 .1609 65. 6.36 0.56 0.14E-01 0.72E-03 0.20E+02
53.0 .1589 67. 6.58 0.56 O.llE-01 0.10E-02 0.llE+02
65.0 .1569 70. 6.81 0.62 0.99E-02 0.72E-03 0.14E+02
75.0 .1555 71. 6.95 0.61 0.600-02 0.16E-02 0.38E+01
85.0 .1537 72. 7.06 0.58 0.2lE-01 0.16E-02 0.13E+02
95.0 .1515 73. 7.16 0.55 0.19E-01 0.30E-02 0.64E+01

105.0 .1496 74. 7.24 0.53 O.llE-Ol 0.17E-02 0.65E+01
115.0 .1479 75. 7.31 0.49 0.12E-01 0.29E-02 0.41£+01
125.0 .1460 76 . 7.41 0.49 0.11£-01 0.13E-02 0.13E+02
135.0 .1446 77. 7.55 0.48 0.16E-01 0.84E-03 0.19E+02
IXERIN:; l-STEI?DATA

0.4 .1616 61. 5.94 83.33 0.lSE-01 0.16E-02 0.11£+02
0.4 .1581 63. 6.16 83.33 0.lSE-01 0.15E-02 0.10E+02
0.5 .1552 65 . 6.36 83.33 0.13E-01 0.14E-02 0.90E+01
0.5 .1525 67 . 6.55 83.33 O.llE-01 0.13E-02 0.82E+01
0.6 •1502 69 . 6.73 83.33 0.94E-02 0.12E-02 0.76E+01
0.6 •1481 70 . 6.90 83.33 0.83E-02 0.12E-02 0.70E+01
0.7 .1462 72. 7.06 83.33 0.74E-02 0.11E-02 0.65E+01
0.7 .1445 74. 7.21 83.33 0.67E-02 0.11E-02 0.61£+01
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lXERlN3 I-STEP DATA (aNI')
0.8 .1429 75. 7.35 83.33 0.60E-02 0.11E-02 0.57E+01
0.8 .1414 76. 7.49 83.33 0.55E-02 0.10E-02 0.54E+01
0.9 .1401 78. 7.63 83.33 0.50E-02 0.98E-03 0.5lE+01
0.9 •1388 79 . 7.76 83.33 0.46E-02 0.95E-03 0.49E+01
1.0 •1376 80 • 7.88 83.33 0.43E-02 0.92E-03 0.46E+01
1.0 •1365 82 . 8.00 83.33 0.40E-02 0.89E-03 0.44E+01
1.1 •1355 83 • 8.12 83.33 0.37E-02 0.87E-03 0.42E+91

DEI?'lH 38. CM SITE B-1
Tll£ WA'lm MAT-I?O'I'MAT-POr ~ HYD-<X:N SP-M>IS DIFF
(HR) (00/00) (eM) (KPA) (CMfCM) (CM/HR) (1/eM) (CM2/HR)

1.1 .1345 84. 8.23 83.33 O.34E-02 0.85E-03 0.4lE+01
1.2 .1335 85. 8.34 83.33 0.32E-02 0.82E-03 0.39E+01
1.2 .1326 86. 8.45 83.33 O.30E-02 0.80E-03 0.38E+Ol
1.3 .1318 87 • 8.55 83.33 O.29E-02 0.79E-03 0.36E+Ol
1.3 •1310 88. 8.66 83.33 O.27E-02 0.77E-03 0.35E+01
1.4 .1302 89. 8.76 83.33 0.25E-02 0.75E-03 0.34E+01
1.4 .1295 90. 8.85 83.33 0.24E-02 0.74E-03 0.33E+01
1.5 .1288 91. 8.95 83.33 0.23E-02 0.72E-03 0.32E+01
1.5 .1281 92. 9.04 83.33 0.22E-02 0.7lE-03 0.3lE+01
1.6 .1274 93. 9.13 83.33 0.2lE-02 0.69E-03 0.30E+Ol
1.6 .1268 94. 9.22 83.33 0.20E-02 0.68E-03 0.29E+01
1.7 .1262 95. 9.31 83.33 0.19E-02 0.67E-03 0.28E+01
1.7 .1256 96. 9.39 83.33 0.18E-02 0.66E-03 0.28E+01
1.8 .1251 97. 9.48 83.33 0.17E-02 0.64E-03 0.27E+01
1.8 .1245 98. 9.56 83.33 0.17E-02 0.63E-03 0.26E+01
1.9 .1240 98. 9.64 83.33 0.16E-02 0.62E-03 0.26E+01
1.9 .1235 99. 9.72 83.33 0.15E-02 0.6lE-03 0.25E+01
2.0 .1230 100. 9.80 83.33 0.15E-02 0.6OE-03 0.24E+01
4.0 .1106 126. 12.32 83.33 0.50E-03 0.39E-03 0.13E+01
8.0 .1004 158. 15.52 83.33 0.17E-03 0.25E-03 0.70E+OO

12.0 .0952 182. 17.88 83.33 0.95E-04 0.19E-03 0.50E+OO
16.0 .0918 202. 19.82 83.33 0.6lE-04 0.16E-03 0.39E+OO
20.0 .0893 219. 21.52 83.33 0.44E-04 0.13E-03 0.33E+OO
24.0 .0874 235. 23.04 83.33 0.33E-04 0.12E-03 0.29E+OO
28.0 .0858 249. 24.44 83.33 0.26E-04 0.10E-03 0.25E+OO
32.0 .0845 263. 25.75 83.33 0.22E-04 0.94E-04 0.23E+OO
36.0 .0834 275. 26.97 83.33 0.18E-04 0.86E-04 0.2lE+OO
40.0 .0824 287. 28.14 83.33 0.15E-04 0.79E-04 0.20E+OO
44.0 .0815 298. 29.24 83.33 0.13E-04 0.73E-04 0.18E+OO
48.0 .0808 309. 30.31 83.33 0.12E-04 0.68E-04 O.17E+OO
52.0 .0801 320. 31.33 83.33 0.10E-04 0.64E-04 O.l6E+OO

122.0 .0735 468. 45.93 83.33 0.3lE-05 0.3lE-04 0.10E+OO

DEP'IH 53. CM SITE B-1
TD£ WA'lm MAT-POT MAT-POr lIYD-GRAD HYD-<X:N SP-IDIS DIFF
(HR) (00/00) (eM) (KPA) (CMfCM) (CMfHR) (1/eM) (CM2/HR)

0.6 .3516 19. 1.81 1.19 0.55E+01 0.79E-03 0.69E+04
0.7 .3469 23. 2.27 1.26 0.29E+01 0.14E-02 0.20E+04
0.9 .3408 27. 2.61 1.22 0.53E+01 0.24E-02 0.22E+04
0.9 .3322 29. 2.83 1.19 0.54E+01 0.66E-02 0.82E+03
1.0 .3246 31. 3.01 1.16 0.35E+01 0.27E-02 0.13E+04
1.2 .3174 32. 3.18 1.11 0.33E+01 0.73E-02 0.46E+03
1.3 .3081 34. 3.35 1.00 0.3IE+01 0.42E-02 0.74E+03
1.4 .2995 36. 3.53 0.94 0.27E+01 0.6OE-02 0.45E+03
1.6 .2881 38. 3.70 0.90 0.26E+01 0.68E-02 0.38E+03
1.9 .2747 40. 3.89 0.85 0.23E+01 0.77E-02 0.30E+03
2.1 .2659 41. 4.01 0.82 0.18E+01 0.62E-02 0.29E+03
2.4 .2560 42. 4.11 0.81 0.20E+01 0.15E-01 0.13E+03
2.7 .2426 43. 4.23 0.78 0.17E+01 0.82E-02 0.2IE+03
3.2 .2321 44. 4.35 0.77 0.lIE+01 0.10E-01 0.lIE+03
3.7 .2250 45. 4.43 0.78 O.70E+OO O.72E-02 0.97E+02
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JJE[Yl'H 53. CM
4.2 .2190 46. 4.50 0.78 0.46E+OO 0.llE-01 0.42E+02
4.7 .2143 46. 4.54 0.81 0.64E+OO 0.llE-01 0.57E+02
7.5 .2014 48 . 4.69 0.85 0.27E+OO 0.88E-02 0.3lE+02

12.5 .1842 50. 4.92 0.90 O.l8E+OO 0.56E-02 0.32E+02
17.5 .1729 53. 5.16 0.92 O.l3E+OO 0.40E-02 0.32E+02
22.5 .1653 55. 5.40 0.90 0.79E-01 0.22E-02 0.35E+02
27.5 .1600 57. 5.62 0.90 0.63E-01 0.25E-02 0.25E+02
35.0 .1555 60. 5.84 0.92 0.18E-01 0.17E-02 0.10E+02
43.0 .1531 61. 5.99 0.95 0.l2E-01 0.13E-02 0.93E+01
53.0 .1511 63. 6.20 0.94 0.10E-01 0.87E-03 0.l2E+02
65.0 .1485 66. 6.44 0.88 0.10E-01 0.15E-02 0.68E+01
75.0 .1465 67. 6.57 0.89 0.7lE-02 0.17E-02 0.4lE+01
85.0 .1443 68. 6.66 0.89 0.18E-01 0.36E-02 0.49E+01
95.0 .1421 69. 6.72 0.87 0.16E-0l 0.34E-02 0.46E+01

105.0 .1400 69. 6.77 0.86 0.98E-02 0.55E-02 0.18E+01
115.0 .1378 70. 6.82 0.87 0.llE-01 0.29E-02 0.37E+01
125.0 .1356 71. 6.91 0.85 0.13E-01 0.21£-02 0.62E+01
135.0 .1339 72. 7.02 0.83 0.l2E-01 0.l2E-02 0.96E+01

DEI?TH 68. CM SITE B-1
Tll£ WATER ~-par ~-par ~ HYD-<XN SP-MJIS DIEF
(HR) (CM3/CM3) (eM) (KPA) «(M/CM> «(M/HR) (1/eM) (CM2/HR)

0.6 .3527 20. 1.97 1.02 0.70E+01 0.67E-03 0.10E+05
0.7 .3486 25. 2.44 0.95 0.46E+01 0.14E-02 0.3lE+04
0.9 .3432 28. 2.72 0.92 0.82E+01 0.26E-02 0.32E+04
0.9 .3371 30. 2.89 0.88 0.87E+01 0.59E-02 0.15E+04
1.0 .3303 31. 3.02 0.85 0.59E+01 0.51£-02 0.12E+04
1.2 .3231 32. 3.12 0.82 0.59E+01 0.14E-01 0.44E+03
1.3 .3153 33. 3.22 0.82 0.50E+01 0.59E-02 0.84E+03
1.4 .3067 34. 3.35 0.82 0.40E+01 0.74E-02 0.54E+03
1.6 .2943 36. 3.52 0.86 0.37E+01 0.69E-02 0.53E+03
1.9 .2812 38. 3.68 0.87 0.3lE+01 0.13E-01 0.25E+03
2.1 .2726 39. 3.78 0.87 0.22E+01 0.61£-02 0.36E+03
2.4 .2626 40. 3.89 0.89 0.27E+01 0.14E-01 0.20E+03
2.7 .2499 41. 4.01 0.92 0.19E+01 0.8lE-02 0.23E+03
3.2 .2388 42. 4.14 0.95 0.12E+01 0.93E-02 0.12E+03
3.7 .2300 43. 4.25 0.98 0.78E+OO 0.73E-02 0.11£+03
4.2 .2221 44. 4.34 0.99 0.56E+OO 0.13E-01 0.44E+02
4.7 .2166 45. 4.41 1.00 0.63E+00 0.46E-02 0.14E+03
7.5 .2034 47. 4.59 1.02 0.29E+OO 0.76E-02 0.38E+02

12.5 .1862 49. 4.83 0.98 0.20E+00 0.63E-02 O.32E+02
17.5 .1757 51. 5.05 0.92 O.l6E+OO 0.39E-02 0.40E+02
22.5 .1686 54. 5.28 0.94 0.92E-01 0.21£-02 0.43E+02
27.5 .1643 56. 5.50 0.94 0.75E-01 0.16E-02 0.47E+02
35.0 .1606 58. 5.73 0.94 0.23E-01 0.17E-02 0.14E+02
43.0 .1578 60. 5.92 0.95 0.16E-01 0.13E-02 0.13E+02
53.0 .1542 62. 6.10 0.92 0.15E-01 0.25E-02 0.59E+01
65.0 .1495 64. 6.26 0.87 0.16E-01 0.36E-02 0.44E+01
75.0 .1466 65. 6.36 0.83 O.llE-01 0.19E-02 0.58E+01
8S.0 .1449 66. 6.43 0.80 0.24E-01 0.34E-02 0.69E+01
95.0 .1430 66. 6.48 0.80 0.2lE-01 0.42E-02 0.50E+Ol

105.0 .1413 67 . 6.52 0.81 0.14E-01 0.45E-02 0.3lE+01
115.0 .1399 67. 6.59 0.81 0.15E-01 0.12E-02 0.12E+02
125.0 .1383 68. 6.67 0.82 0.17E-01 0.29E-02 0.60E+01
135.0 .1369 69. 6.78 0.85 0.13E-01 0.6lE-03 O.21E+02

DEI?TH 83. CM SITE B-1
Tll£ WATER MAT-par MAT-par ~ HYD-<XN S!?-MJIS DIEF(HR) (CM3/CM3) (eM) (KPA) (CM!CM) (CM!HR) (1/eM) (CM2/HR)

0.6 .3426 22. 2.11 1.16 0.66E+01 0.S8E-03 0.11£+05
0.7 .3403 2S. 2.47 1.09 0.44E+01 0.77E-03 0.S7E+04
0.9 .3374 28. 2.71 1.07 0.77E+01 0.19E-02 0.40E+04
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DEPl'H 83. 01 (CXNl')
0.9 .3341 29. 2.84 1.04 0.80E+01 0.42E-02 0.19E+04
1.0 .3291 30. 2.92 1.02 0.6<E+01 0.70E-02 0.8SE+03
1.2 .3231 31. 3.00 1.02 0.56E+01 0.98E-02 0.57E+03
1.3 .3163 31. 3.09 1.00 0.49E+01 0.70E-02 0.70E+03
1.4 .3073 33. 3.20 0.97 0.43E+01 0.96E-02 0.45E+03
1.6 .2952 34. 3.36 0.92 0.43E+01 0.66E-02 0.65E+03
1.9 .2829 36. 3.50 0.88 0.39E+01 0.19E-01 0.20E+03
2.1 .2733 36. 3.58 0.86 0.28E+01 0.88E-02 0.32E+03
2.4 .2648 38. 3.68 0.82 0.37E+01 0.8lE-02 0.45E+03
2.7 .2556 39. 3.81 0.80 0.26E+01 0.64E-02 0.4lE+03
3.2 .2450 40. 3.94 0.78 0.18E+01 0.10E-01 0.18E+03
3.7 .2351 41. 4.05 0.75 0.14E+01 0.89E-02 0.15E+03
4.2 .2261 42. 4.15 0.75 0.10E+01 0.9lE-02 0.l2E+03
4.7 .2203 43. 4.26 0.80 0.92E+OO 0.28E-02 0.33E+03
7.5 .2075 46. 4.49 0.85 0.43E+OO 0.64E-02 0.68E+02

12.5 .1887 48. 4.74 0.89 0.26E+OO 0.llE-01 0.23E+02
17.5 .1755 50. 4.91 0.88 0.20E+OO 0.55E-02 0.36E+02
22.5 .1680 52. 5.11 0.84 0.12E+OO 0.20E-02 0.60E+02
27.5 .1639 54 . 5.32 0.82 O.lOE+OO 0.20E-02 0.5lE+02
35.0 .1592 56. 5.53 0.80 0.36E-01 0.24E-02 0.15E+02
43.0 .1553 58. 5.70 0.76 0.27E-01 0.22E-02 0.l2E+02
53.0 .1518 60. 5.83 0.72 0.26E-01 0.29E-02 0.90E+01
65.0 .1482 61. 5.95 0.71 0.26E-01 0.33E-02 0.79E+01
75.0 .1457 61. 6.02 • 0.71 0.16E-01 0.44E-02 0.37E+01
85.0 .1430 62. 6.07 0.71 O.32E-01 0.63E-02 0.5lE+01
95.0 .1405 62. 6.11 0.71 0.28E-01 0.47E-02 0.58E+01

105.0 .1394 63. 6.17 0.72 0.18E-01 0.48E-03 0.36E+02
115.0 .1391 64. 6.25 0.73 0.18E-0l 0.30E-03 0.60E+02
125.0 .1388 65. 6.35 0.75 0.2lE-01 0.32E-03 0.68E+02
135.0 .1384 66. 6.52 0.79 0.15E-01 0.14E-03 0.llE+03

DEI?'lH 98. 01 SITE B-1
Tll£ WA'IER MAT-Par MAT-Par fIYI)-QW) ~ SP-IDIS DIFF
(HR) (013/013) (01) (KPA) «(}1/O1) (CM/HR) (1/01) (QQ/HR)

0.6 .3521 24. 2.35 1.16 O.8lE+01 O.llE-Ol 0.76E+03
0.7 .3393 26. 2.55 1.02 0.52E+01 0.22E-02 0.24E+04
0.9 .3357 28. 2.73 0.95 0.9lE+01 0.19E-02 0.48E+04
0.9 .3311 29. 2.84 0.97 0.93E+01 0.84E-02 0.llE+04
1.0 .3264 30. 2.93 0.99 0.69E+01 0.30E-02 0.23E+04
1.2 .3208 31. 3.01 1.00 0.67E+01 O.llE-Ol 0.6lE+03
1.3 .3125 32. 3.11 1.04 0.56E+01 0.68E-02 0.83E+03
1.4 .3026 33. 3.22 1.06 0.49E+01 0.13E-01 0.37E+03
1.6 .2889 34. 3.36 1.08 0.44E+01 0.84E-02 0.52E+03
1.9 .2770 36. 3.49 1.10 0.37E+01 0.llE-01 0.35E+03
2.1 .2680 36. 3.57 1.13 0.26E+01 0.12E-01 0.23E+03
2.4 .2599 37. 3.66 1.15 0.30E+01 0.70E-02 0.42E+03
2.7 .2489 39. 3.78 1.17 0.2lE+01 0.95E-02 0.23E+03
3.2 .2409 40. 3.91 1.17 O.13E+01 0.6OE-03 0.22E+04
3.7 .2337 41. 3.98 1.15 0.12E+01 0.23E-01 0.52E+02
4.2 .2230 41. 4.06 1.12 0.92E+OO 0.84E-02 0.llE+03
4.7 .2180 42. 4.15 1.05 0.78E+OO 0.25E-02 0.3lE+03
7.5 .2029 45. 4.43 1.07 0.4lE+OO 0.58E-02 0.7lE+02

12.5 .1815 48. 4.75 1.12 0.25E+OO 0.llE-01 0.23E+02
17.5 .1691 50. 4.89 1.10 0.19E+00 0.6lE-02 0.3lE+02
22.5 .1625 52. 5.07 1.09 0.10E+OO 0.20E-02 0.5lE+02
27.5 .1573 54. 5.26 1.10 0.89E-01 0.33E-02 0.27E+02
35.0 .1512 56. 5.46 1.10 0.34E-01 0.28E-02 0'12E+02
43.0 .1477 57. 5.61 1.12 0.23E-01 0.12E-02 0.19E+02
53.0 .1459 58. 5.72 1.13 O.20E-01 0.22E-02 0.92E+01
65.0 .1432 59. 5.83 1.12 O.2lE-0l 0.30E-02 0.69E+01
75.0 .1402 60. 5.93 1.16 O.14E-01 0.32E-02 0.43E+01
85.0 .1372 61. 6.02 1.22 O.22E-01 0.28E-02 0.79E+01
95.0 .1348 62. 6.12 1.30 O.17E-01 0.2lE-02 0.82E+01
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DEPTH 98. Qot (a:N1')
105.0 .1336 63. 6.21 1.34 0.99E-02 0.67E-03 0.15E+02
115.0 .1331 64. 6.31 1.35 0.10£-01 0.32E-03 0.32E+02
125.0 .1328 65. 6.41 1.34 0.12£-01 0.28E-03 0.45E+02
135.0 .1326 67. 6.55 1.26 0.99E-02 0.00£+00

IX:ERIID 1-S'ltPDATA
15.3 •1086 83 • 8.09 83.33 0.68E-03 0.82£-03 O.82E+OO
19.3 •1007 94 . 9.20 83.33 0.40£-03 0.6OE-03 0.66E+OO
23.3 •0953 104 • 10.20 83.33 0.26E-03 0.47£-03 O.55E+OO
27.3 •0913 113 • 11.13 83.33 0.18E-03 0.38£-03 0.48E+OO
31.3 •0883 122 . 11.99 83.33 0.13£-03 0.3lE-03 0.42£+00
35.3 .0859 131. 12.79 83.33 0.10£-03 0.27£-03 0.38£+00
39.3 •0840 138 . 13.56 83.33 0.79E-04 0.23£-03 0.34£+00
43.3 •0824 146 . 14.28 83.33 0.64£-04 0.20£-03 0.31£+00
47.3 •0810 153 • 14.98 83.33 0.52£-04 0.18£-03 0.29£+00
51.3 •0799 160 . 15.64 83.33 0.44£-04 0.16£-03 0.27£+00
55.3 .0789 166 . 16.28 83.33 0.31£-04 0.15£-03 0.25E+OO

122.0 •0713 250 • 24.53 83.33 0.73£-05 0.54£-04 O.13E+OO
194.0 .0687 314 . 30.81 83.33 0.32£-05 0.31£-04 0.10£+00
266.0 .0674 364 . 35.73 83.33 0.20£-05 0.21£-04 0.92£-01

72



SITE B, REPLICATION 2
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Site and location:

Table B-2.1

Sampled:

SOUmorphologic data for Site B replication 2.

B-2 HeimbuchSite. Oakes aquifer 280 feet south and 170 feet
west of the east quarter corner of Section 26. Township 130
north. Range 59 west. DickeyCounty. North Dakota.

10/23/84 by M.D. Sweeney(NDAES.Fargo. ND)and W.M.Schuh and R
Cline (NDSWC.Bismarck. ND).

NOTES:

Drainage:

SoUtype and classification: Hecla loamy sand ; sandy. mixed aquic
Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the
Glacial Lake Dakota Basin which have been
reworked by wind to some extent.

Moderately well.

Moist colors unless otherwise specified. Pieceof pipe buried at 14
inches. Laboratoxytexture in parenthesis Ifdifferent from field texture.

Soil profile: B-2 west side ofpit.

Alp 0-5 inches (0-12 cm). black (lOYR2/1) loamy sand; weak medium and fine
subangular blocky structure; soft. vexyfriable. slightly sticky and nonplastic:
common vexyfine roots: abrupt smooth boundaxy.

A12 5-13 inches (12-33 cm), black (lOYR2/1) loamy sand (sand): moderate coarse
and medium prismatic parting to moderate coarse and medium subangular
blocky structure: slightly hard. vexy friable. slightly sticky and nonplastic:
common vexyfine roots: clear wavyboundaxy.

Bw 13-20 inches (33-52 cm), vexy dark grayish brown (lOYR3/2) sand: weak
coarse and medium prismatic parting to weak coarse and medium subangular
blocky structure: soft, vexy friable. nonsticky and nonplastic: common vexy
fine roots: gradual wavyboundaxy.

C 20-29 inches (52-73 cm). light olivebrown (2.5Y 5/4) sand (finesand) with few
fine distinct dark yellowish brown (lOYR4/4) mottles which increase to
common with depth: weak coarse and medium prismatic structure: soft. vexy
friable to loose. nonsticky and nonplastic: few vexy fine roots: gradual wavy
boundary.

Cg 29-60 inches (73-150 cm). light olive brown (2.5Y 5/4) sand (fine sand and
sand) with many medium distinct dark brown (7.5YR3/4) and common fine
distinct very dark brown (lOYR2/2) mottles: weak coarse and medium
prismatic structure: soft. vexyfriable to loose. nonsticky and nonplastic: few
vexy fine roots.
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Table B-2.2 HEx::IA SERIFS Sl'lE B-2 ~:1984
particle-size, bllk density, am. onJaI1ic caIbon
data aId .in:ii.oos

DEPTH PARTICIESIZE ClASSES (MIm::N/Pm:::mI')

2. 20. 50. 100. 250. 500. 1000. 2000.
8. 3.7 4.1 5.5 10.5 43.0 30.5 2.7 0.0

23. 1.8 6.6 2.9 8.8 44.5 32.4 3.0 0.0
38. 2.6 2.5 3.9 8.7 47.6 32.0 2.6 0.0
53. 3.3 2.2 1.1 8.8 50.7 31.5 2.4 0.0
69. 2.2 1.8 2.8 8.7 50.4 32.0 2.2 0.0
84. 3.2 3.6 0.9 7.4 50.9 32.5 1.5 0.0
99. 3.9 2.1 1.4 7.4 52.3 31.4 1.4 0.0

114. 2.9 2.2 1.2 7.2 52.3 32.6 1.7 0.0
130. 2.5 3.5 0.0 6.3 48.3 37.4 1.9 0.0

DEPTH SlIND SILT CIAY HCRIZCN
an % % %

8. 86.7 9.6 3.7 A 1 6 6=P
23. 88.7 9.5 1.8 A12 7=+1
38. 91.0 6.4 2.6 B 7 8=G
53. 93.4 3.3 3.3 C
69. 93.2 2.2 4.6 C
84. 92.3 4.5 3.2 C 8
99. 92.6 3.5 3.9 C 8

114. 93.8 3.3 2.9 C 8
130. 94.0 3.5 2.5 C 8

DEPTH SA!SI <M'JIN rom z F-INDEX II) ex::
an rnn rnn glee %

8. 9.031 0.1418 3.7 0.0384 0.814 1.63 1.22
23. 9.337 0.1574 3.2 0.0489 0.901 1.63 0.87
38. 14.203 0.1654 3.1 0.0531 1.007 1.54 0.39
53. 28.303 0.1667 3.2 0.0517 1.136 1.54 0.20
69. 20.283 0.1471 3.6 0.0411 1.034 1.56 0.16
84. 20.511 0.1628 3.3 0.0494 1.128 1.56 0.16
99. 26.429 0.1610 3.4 0.0473 1.165 1.56 0.04

114. 27.588 0.1716 3.1 0.0562 1.215 1.55 0.12
130. 26.829 0.1813 3.0 0.0595 1.211 1.58 0.12

DEPTH M)ISTURE/SlX:TICNSUFE GAroNER K-PARl\toElERS(JAYNE& TYlER)
O1/DAY-KPA O1!HR-BAR

an CDSH BLOEM:N K-SUl?E K-mr K-SLOPE K-INT

8. 1.637 ~~.548 -1.1533 2.5143 -11.53 1.13
23. 1.625 ~~.897 -1.1820 2.5723 -11.82 1.19
38. 1.386 3.713 -1.2323 2.6361 -12.32 1.26
53. 1.065 4.723 -1.2868 2.7086 -12.87 1.33
69. 1.200 4.498 -1.2772 2.7057 -12.77 1.33
84. 1.204 4.895 -1.2639 2.6767 -12.64 1.30
99. 1.088 6.378 -1.2730 2.6825 -12.73 1.30

114. 1.079 5.567 -1.2918 2.7202 -12.92 1.34
130. 1.093 5.545 -1.2926 2.7231 -12.93 1.34
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Table B-2.3 SOUsaturation extract water chemistry data. gravimetrlcwater content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site B
replication 2.

Saturation Extract Soluble Ions
Depth ca Mg Na K 003 H003 CI 504
(cm) meq/l
0- 15 3.1 1.6 0.9 0.5 4.8 0.15 1.2

15 - 30 1.1 1.3 0.7 0.2 1.7 0.50 1.3
30-46 1.2 1.2 0.6 0.1 1.5 0.18 1.6
46 - 61 1.4 0.5 0.6 0.2 1.1 0.15 1.6
61 - 76 1.4 0.5 0.7 0.3 1.3 0.15 1.6
76 - 91 1.3 0.6 0.6 0.2 1.0 0.20 1.6
91 - 106 1.1 0.5 0.6 0.2 0.8 0.13 1.6

106 - 122 1.1 0.8 0.6 0.1 0.9 0.18 1.7
122 - 137 1.0 0.8 0.7 0.1 0.6 0.15 2.0

Depth ECE SAR H20 at pH 003 Texture e
Sat clay class 15bar

(cm) mmhos/cm % % gIg x
100

0- 15 0.50 0.6 29 7.7 2.8 Is 4.9
15 - 30 0.26 0.7 26 7.0 2.4 s 4.4
30 - 46 0.21 0.6 20 7.2 3.4 s 3.1
46 - 61 0.22 0.7 18 7.4 2.5 fs 2.7
61 - 76 0.25 0.7 19 7.5 3.2 fs 3.0
76 - 91 0.23 0.7 19 7.7 2.3 fs 3.1
91 - 106 0.21 0.7 20 7.3 2.5 fs 3.0

106 - 122 0.21 0.7 22 7.4 2.0 fs 2.9
122 - 137 0.20 0.7 20 7.2 1.5 s 2.9
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Table B-2.4 HEClA SERIES STIE B-2 ND5W::85
Laboratory soll-water retention data

lAB PRESSURE (CM) AND WATER CXlmNl' (VOL. FRACTICN)

DEP'lH (CM)

23. 38. 53. 69.

CM ex/ex SE

10. 0.3613 0.0298 10. 0.3647 0.0002 10. 0.3407 0.0041 10. 0.3549 ******
20. 0.3444 0.0290 20. 0.3526 0.0046 20. 0.3237 0.0025 20. 0.3474 ******
40. 0.2721 0.0250 40. 0.2226 0.0032 40. 0.2197 0.0006 40. 0.2145 ******
60. 0.2064 0.01163 60. 0.1651 0.0014 60. 0.1512 0.0011 60. 0.1420 ******
80. 0.1769 0.01:38 80. 0.1330 0.0013 80. O.l1SB 0.0012 80. 0.1072 ******

100. 0.1578 0.01:25 100. 0.1143 0.0021 100. 0.0981 0.0002 100. 0.0906 ******
120. 0.1467 0.0108 120. 0.1046 0.0017 120. 0.0870 0.0003 120. 0.0800 ******
180. 0.1253 0.0090 180. 0.0911 0.0019 180. 0.0708 0.0002 180. 0.0710 ******
340. 0.1083 0.0061 340. 0.0762 0.0011 340. 0.0605 0.0002 340. 0.0604 ******
534. 0.0951 0.0080 534. 0.0710 0.0006 534. 0.0560 0.0002 534. 0.0574 ******
834. 0.0885 0.0064 834. 0.0680 0.0006 834. 0.0560 0.0002 834. 0.0559 ******

BD~ 1.63 1.54 1.54 1.56
N= 2 2 2 1

DEP'lH (Of)

84. 99. 114. 130.

10. 0.3767 0.0017 10. 0.3876 0.0106 10. 0.3322 0.0010 10. 0.3354 0.0075
20. 0.3669 0.0008 20. 0.3767 0.0083 20. 0.3219 0.0010 20. 0.3211 0.0056
40. 0.2211 0.0005 40. 0.2244 0.0015 40. 0.2146 0.0035 40. 0.2022 0.0033
60. 0.1421 0.0003 60. 0.1421 0.0004 60. 0.1413 0.0028 60. 0.1369 0.0026
80. 0.1084 0.0011 80. 0.1090 0.0015 80. 0.1125 0.0023 80. 0.1083 0.0021

100. 0.0922 0.0010 100. 0.0929 0.0012 100. 0.0969 0.0028 100. 0.0955 0.0024
120. 0.0830 0.0017 120. 0.0844 0.0019 120. 0.0881 0.0017 120. 0.0880 0.0011
180. 0.0728 0.0016 180. 0.0737 0.0021 180. 0.0762 0.0017 180. 0.0767 0.0004
340. 0.0641 0.0020 340. 0.0660 0.0022 340. 0.0673 0.0017 340. 0.0691 0.0003
534. 0.0611 0.0020 534. 0.0629 0.0022 534. 0.0636 0.0022 534. 0.0669 0.0003
834. O.OSBO 0.0015 834. 0.0591 0.0018 834. 0.0651 0.0009 834. 0.0654 0.0003

BD= 1.56 1.56 1.55 1.58
N= 3 2 2 2
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Table B-2.5 HEOA SAmY W1IM SI1E B-2 (WSW::::1984)
In-situ K(9,'l') and e ('l') , and laboratory K (9,'l')
d3ta.

RIOiAIDS PAlW£TERS

DEI?TH 15. m
Tn£ WA'lER MAT-Par MAT-Par HYD-QW) llYI)-{m' Sl>~IS DIFF
(AR) (<M3/<M3) (01) (!<PA) (Q1/01) (Q1/AR) (1/01) (Q12/AR)

0.1 .3437 35. 3.42 1.06 0.96E+OO 0.7IE-03 0.13E-f{)4
0.3 .3307 47. 4.62 0.86 O.llE+Ol 0.25E-02 0.44E+03
0.5 .3196 51. 4.97 0.85 0.87E+OO 0.49E-02 0.18E+03
0.7 .3083 53. 5.17 0.86 0.74E-f{)Q 0.64E-02 0.12E+03
1.0 .2978 54. 5.32 0.86 0.72E-f{)Q 0.83E-02 0.88E+02
1.5 .2860 57. 5.57 0.84 0.22E+01 0.34E-01 0.65E+02
2.2 .2689 59. 5.77 0.82 0.97E+OO 0.26E-Ol 0.37E+02
2.7 .2523 60. 5.84 0.81 0.25E+OO O.BE-Ol 0.19E+02
3.5 .2471 60. 5.88 0.83 0.69E-Ol 0.19E-01 0.36E+01
4.5 .2328 61. 5.98 0.86 0.43E+OO 0.14E-01 0.31£+02
6.2 .2174 62. 6.12 0.88 0.42E-01 0.6lE-02 0.68E+01
8.7 .2078 63. 6.22 0.90 0.8SE-01 0.13E-01 0.66E+01

17.5 .1837 67. 6.53 0.93 0.33E-01 0.75E-03 0.44E+02
25.0 .1756 76. 7.41 0.74 0.llE-01 0.15E-02 0.79E+01
40.0 .1700 79. 7.79 0.73 0.59E-02 0.16E-02 0.37E+01
60.0 .1648 83. 8.12 0.71 0.50E-02 0.16E-02 0.32E+01
80.0 .1600 86. 8.42 0.70 0.5lE-02 0.16E-02 0.32E+01

100.0 .1555 88. 8.67 0.69 0.46E-02 0.21£-02 0.22E+01
120.0 .1513 91. 8.91 0.67 0.4SE-02 0.15E-02 0.31£+01
IXERlN3 l-SlEP DATA

0.1 .1986 65. 6.38 83.33 0.89E-01 0.15E-02 0.59E+02
0.2 .1739 86. 8.44 83.33 0.38E-01 0.92E-03 0.41E+02
0.2 .1582 107. 10.45 83.33 0.20E-01 0.63E-03 0.32E+02
0.3 .1471 127. 12.45 83.33 0.12E-01 0.47E-03 0.26E+02
0.3 .1388 148. 14.47 83.33 0.77E-02 0.36E-03 0.22E+02
0.4 .1321 168. 16.51 83.33 0.53E-02 0.28E-03 0.19E+02
0.4 .1267 190. 18.59 83.33 0.38E-02 0.23E-03 0.16E+02
0.5 .1221 211. 20.73 83.33 0.28E-02 0.19E-03 0.15E+02
0.5 .1182 234. 22.92 83.33 0.2lE-02 0.16E-03 0.13E+02
0.6 .1149 257. 25.18 83.33 0.16E-02 0.14E-03 0.12E+02
0.6 .1119 281. 27.50 83.33 0.13E-02 0.12E-03 0.11£+02
0.7 .1093 305. 29.91 83.33 0.10E-02 0.10E-03 0.10E+02
0.7 .1069 330. 32.39 83.33 0.84E-03 0.87E-04 0.96E+01
0.8 .1048 357. 34.97 83.33 0.68E-03 0.76E-04 0.90E+01
0.8 .1028 384. 37.64 83.33 0.57E-03 0.67E-04 0.85E+01
0.9 .1011 412. 40.42 83.33 0.47E-03 0.59E-04 0.80E+01
0.9 .0994 442. 43.31 83.33 0.39E-03 0.52E-04 0.76E+01
1.0 .0979 472. 46.31 83.33 0.33E-03 0.46E-04 0.72E+01
1.0 .0965 504. 49.44 83.33 0.28E-03 0.41£-04 0.68E+01

DEPTH 45. m SITE B-2
TlME WATER MAT-Par MAT-Par HYD-GRPD JIYb-<:n.:ISP~IS DIFF
(AR) (<M3/<M3) (01) (KPA) (Q1/CM) (Q1/HR) (1/01) (Q12/HR)

0.1 .3386 35. 3.43 1.06 0.27E+01 0.81E-03 0.33E+04
0.3 .3282 45. 4.39 0.86 0.3lE+01 0.22E-02 0.14E+04
0.5 .3183 48. 4.73 0.85 0.26E+01 0.44E-02 0.60E+03
0.7 .3057 50. 4.94 0.86 0.24E+01 0.77E-02 0.31£+03
1.0 .2938 52. 5.09 0.86 0.22E+01 0.85E-02 0.26E+03
1.5 .2760 54. 5.32 0.84 0.60E+01 0.26E-01 0.23E+03
2.2 .2563 56. 5.49 0.82 0.27E+01 0.32E-01 0.83E+02
2.7 .2426 57. 5.54 0.81 0.81£+00 0.16E-01 0.50E+02
3.5 .2346 57. 5.61 0.83 0.28E-f{)Q 0.92E-02 0.31£+02
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DEP'IH 45. CM (cmT)
4.5 .2216 59. 5.76 0.86 0.l2E+01 0.85E-Q2 0.14E+03
6.2 .2087 61. 5.93 0.88 O.l4E+OO 0.60E-Q2 0.23E+02
8.7 •1994 62 • 6.07 0.90 0.2SE+OO 0.74E-02 0.34E+02

17.5 •1784 65 • 6.41 0.93 0.97E-01 0.l2E-Q2 0.83E+02
25.0 .1688 71. 7.01 0.74 0.44E-01 0.25E-Q2 0.17E+02
40.0 .1605 75. 7.36 0.73 0.19E-01 0.22E-Q2 0.87E+01
60.0 •1549 78 • 7.66 0.71 0.15E-0l 0.15E-02 0.10E+02
80.0 .1505 81. 7.95 0.70 0.lSE-01 0.16E-Q2 0.96E+01

100.0 .1471 83. 8.18 0.69 0.12E-01 0.13E-02 0.93E+01
120.0 .1433 86 • 8.39 0.67 0.lSE-01 0.23E-02 0.66E+01

IXEIDG 1-STEP J:l..».TA

4.1 .1269 88. 8.62 83.33 0.lSE-02 0.86E-03 0.17E+01
8.1 .1137 106. 10.43 83.33 0.54E-03 0.60E-Q3 O.90E+OO

12.1 .1075 118. 11.55 83.33 0.30E-03 0.49E-Q3 O.62E+OO
16.1 .1037 126. 12.37 83.33 0.21E-03 0.43E-03 0.48E+OO
20.1 .1010 133. 13.00 83.33 0.lSE-03 0.39E-03 0.39E+OO
24.1 .0991 138. 13.52 83.33 0.l2E-03 0.36E-03 0.34E+OO
28.1 .0975 142. 13.96 83.33 0.10E-03 0.34E-03 0.3OE+OO
32.1 .0962 146. 14.34 83.33 0.85E-04 0.32E-03 0.26E+OO
36.1 .0951 150. 14.67 83.33 0.74E-04 0.31E-Q3 0.24E+OO
40.1 .0942 153. 14.97 83.33 0.65E-04 0.30E-Q3 O.22E+OO
44.1 .0934 155. 15.23 83.33 0.58E-04 0.29E-Q3 0.20E+OO
48.1 .0927 158. 15.47 83.33 0.53E-04 0.28E-03 0.19E+OO
52.1 .0921 160. 15.69 83.33 0.48E-04 0.27E-Q3 0.18E+OO

122.0 .0866 183. 17 .93 83.33 0.20E-04 0.2lE-Q3 0.97E-01
194.0 .0844 194 . 19.04 83.33 0.14E-04 0.19E-03 0.76E-01
266.0 .0831 201. 19.74 83.33 0.12E-04 0.17E-03 0.70E-0l

DEP'IH 68. CM SI'lE B-2
Tn£ WATER MAT-ro:r MAT-PCY.r HYD-GRPD HYD-{XN S1?-M)IS DIFF
(HR) (CM3/CM3) (01) (KPA) (CM/CM) (CM/HR) (1/01) (CM2/HR)

0.1 .3341 35. 3.41 0.77 0.52E+01 0.10E-02 0.52E+04
0.3 .3264 40. 3.95 0.70 0.53E+01 0.23E-Q2 0.23E+04
0.5 .3181 43. 4.26 0.68 0.49E+01 0.32E-02 0.15E+04
0.7 .3068 46. 4.51 0.71 0.4SE+01 0.59E-02 O.77E+03
1.0 .2951 48. 4.70 0.77 0.38E+01 0.70E-02 0.54E+03
1.5 .2727 50. 4.95 0.81 0.81E+01 0.13E-01 O.63E+03
2.2 .2484 52. 5.07 0.80 0.37E+01 0.49E-01 0.76E+02
2.7 .2377 52. 5.10 0.79 0.13E+01 0.26E-01 0.50E+02
3.5 .2282 53. 5.19 0.78 O.55E+OO 0.65E-02 0.85E+02
4.5 .2174 55. 5.38 0.76 O.18E+01 0.53E-02 O.35E+03
6.2 .2072 57. 5.55 0.73 O.27E+00 0.70E-02 0.38E+02
8.7 .1981 58. 5.70 0.70 0.47E+OO 0.54E-02 O.86E+02

12.5 .1885 60. 5.89 0.69 O.23E+OO 0.45E-02 0.50E+02
17.5 .1793 62. 6.10 0.69 O.l9E+OO 0.47E-02 0.4lE+02
25.0 .1680 65. 6.36 0.65 O.90E-01 0.40E-02 0.23E+02
40.0 .1567 69. 6.74 0.71 O.31E-01 0.2lE-02 0.14E+02
60.0 .1501 72. 7.08 0.80 0.20E-01 0.17E-02 0.12E+02
80.0 .1457 75. 7.33 0.76 0.20E-01 0.18E-02 0.llE+02

100.0 .1421 77. 7.54 0.75 0.HiE-01 0.15E-02 0.10E+02
120.0 .1377 79. 7.70 0.73 0.22E-01 0.46E-02 0.49E+01

IXERlN3 1-STEP DATA
4.1 .1074 115. 11.32 83.33 0.79E-03 0.50E-03 0.16E+01
8.1 .0934 152. 14.86 83.33 0.25E-03 0.30E-03 0.84E+OO

12.1 .0867 178. 17.45 83.33 0.13E-03 0.22E-03 0.59E+OO
16.1 .0824 200. 19.57 83.33 0.81E-04 0.17E-03 0.46E+OO
20.1 .0795 218. 21.40 83.33 0.56E-04 0.15E-03 0.38E+OO
24.1 .0772 235. 23.02 83.33 0.42E-04 0.13E-03 0.33E+OO
28.1 .0754 250. 24.49 83.33 0.33E-04 0.llE-03 0.29E+OO
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IXERJN:; I-STEP DATA (a::Nl')
32.1 .0739 264. 25.84 83.33 0.27E-04 0.10E-03 0.26E+OO
36.1 .0727 276. 27.10 83.33 O.22E-04 O.93E-04 0.24E+OO
40.1 .0716 288. 28.28 83.33 0.19E-04 0.86E-04 O.22E+OO44.1 .0706 300 . 29.39 83.33 0.16E-04 0.80E-04 0.20E+OO
48.1 .0698 311. 30.45 83.33 0.14E-04 0.74E-04 0.19E+OO
52.1 .0691 321. 31.46 83.33 0.13E-04 0.70E-04 0.18E+OO

122.0 .0624 455. 44.59 83.33 0.38E-05 0.36E-04 O.llE+OO

DEPTH 83. m SI'lEB-2
TOO ".WATER MAT-POT MAT-POT HYI>-rn1\D HYD-<XN SP-M>IS DIFF(HR) (CM3/<>13) (01) (KPA) (<>1/Q.1) (Of/HR) (1/01) (<>12/HR)

0.1 .3311 35. 3.44 1.27 0.35E+01 0.99E-03 0.35E+04
0.3 .3246 40. 3.89 1.22 0.35E+01 0.24E-02 0.15E+04
0.5 .3187 42. 4.16 1.17 0.32E+01 0.2lE-02 0.15E+04
0.7 .3121 45. 4.38 1.10 0.34E+01 0.38E-02 0.90E+03
1.0 .2987 47. 4.56 1.04 0.38E+01 0.15E-01 0.26E+03
1.5 .2795 49. 4.81 1.00 0.72E+01 0.98E-02 0.73E+03
2.2 .2528 51. 4.98 1.08 0.3lE+01 0.17E-0l 0.19E+032.7 .2421 52. 5.06 1.16 0.lIE+01 O.llE-Ol 0.llE+03
3.5 .2312 53. 5.19 1.21 0.49E+OO 0.78E-02 0.64E+02
4.5 .2182 54. 5.33 1.17 0.13E+01 0.llE-01 0.l3E+03
6.2 .2079 55. 5.43 1.10 0.22E+OO 0.10E-0l 0.2lE+028.7 .1998 57. 5.54 1.08 0.35E+OO 0.56E-02 0.62E+02

12.5 .1911 58. 5.71 1.05 O.l7E+OO 0.50E-02 0.35E+02
17.5 .1821 60. 5.88 1.02 O.l6E+OO 0.53E-02 0.30E+02
25.0 .1709 63. 6.17 1.09 0.72E-01 0.33E-02 0.22E+0240.0 .1599 67. 6.58 1.07 0.27E-01 0.2lE-02 0.13E+02
60.0 .1538 71. 6.93 1.00 0.19E-0l 0.13E-02 0.15E+02
80.0 .1494 73. 7.17 1.02 0.18E-0l 0.26E-02 0.70E+01

100.0 .1434 75. 7.37 1.02 0.15E-01 0.33E-02 0.45E+01120.0 .1374 77. 7.53 1.04 0.20E-01 0.44E-02 0.45E+01
DCERIN:; I-STEP DATA

2.1 .1261 83. 8.16 83.33 0.28E-02 0.85E-03 0.33E+014.1 .1091 109. 10.68 83.33 0.90E-03 0.5lE-03 0.18E+018.1 .0964 140. 13.75 83.33 0.3IE-03 0.32E-03 0.96E+OO12.1 .0904 162. 15.87 83.33 0.17E-03 0.24E-03 O.68E+OO16.1 .0867 179. 17.52 83.33 0.l1E-03 0.20E-03 0.54E+OO20.1 .0841 193. 18.89 83.33 0.79E-04 0.18E-03 0.45E+OO24.1 .0821 205. 20.05 83.33 0.6lE-04 0.16E-03 0.39E+OO28.1 .0805 215. 21.08 83.33 0.50E-04 0.14E-03 0.35E+OO32.1 .0793 224. 21.99 83.33 0.42E-04 0.13E-03 0.32E+OO36.1 .0782 233. 22.82 83.33 0.36E-04 0.12E-03 0.29E+OO40.1 .0773 240. 23.58 83.33 0.32E-04 0.12E-03 0.28E+OO44.1 .0765 248. 24.27 83.33 0.28E-04 0.llE-03 0.26E+OO48.1 .0758 254. 24.92 83.33 0.26E-04 0.10E-03 0.25E+OO52.1 .0752 260. 25.52 83.33 0.23E-04 0.99E-04 0.23E+OO122.0 .0696 330. 32.37 83.33 0.lIE-04 0.63E-04 0.18E+OO

DEPTH 98. m SI'lEB-2
TlME WATER MAT-POT MAT-POI' HYI>-rn1\D HYD-<XN SP-MJIS DIFF(HR) (CM3/<>13) (01) (KPA) (CM/01) (CM/HR) (1/01) (<>12/HR)0.1 .3341 39. 3.81 1.21 0.40E+01 0.18E-02 0.23E+040.3 .3286 42. 4.09 1.04 0.46E+01 0.23E-02 0.20E+040.5 .3239 44. 4.28 0.99 0.42E+01 0.28E-02 0.15E+040.7 .3170 45. 4.44 0.97 0.44E+01 0.55E-02 0.80E+031.0 .3037 47. 4.58 0.99 0.53E+01 0.17E-0l 0.3lE+031.5 .2848 49. 4.81 1.00 0.77E+01 0.91E-02 0.85E+032.2 .2606 52. 5.05 1.01 0.37E+01 O.llE-Ol 0.33E+032.7 .2480 53. 5.19 1.01 0.16E+01 0.76E-02 0.2lE+033.5 .2336 55. 5.34 1.00 0.83E+OO O.llE-Ol 0.78E+02
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DEI?TH 98. (M (CXNl')
4.5 .2183 56. 5.49 1.04 0.17E+01 0.10E-01 0.16E+03
6.2 .2080 57. 5.61 1.14 0.25E+OO 0.63E-02 0.40E+02
8.7 .1997 59. 5.76 1.21 0.36E+OO 0.5OE-02 0.72E+02

12.5 .1910 60. 5.93 1.25 O.l7E+OO 0.53E-02 0.3lE+02
17.5 .1821 62. 6.10 1.29 O.l5E+OO 0.48E-02 0.30E+02
25.0 .1713 65. 6.38 1.21 0.8lE-01 0.33E-02 0.24E+02
40.0 .1604 68. 6.71 1.11 0.32E-01 0.34E-02 0.95E+01
60.0 .1539 71. 6.97 1.05 0.2lE-01 0.15E-02 0.14E+02
80.0 .1494 73. 7.20 1.02 0.22E-01 0.26E-02 0.85E+01

100.0 .1435 75. 7.40 1.01 0.20E-01 0.34E-02 0.59E+01
120.0 .1375 77. 7.56 1.00 0.25E-01 0.42E-02 0.59E+01

IX:EIUN:; 1-SIEI?DATA

7.5 .1337 83. 8.13 83.33 0.26E-02 0.97E-03 0.27E+01
11.5 .0869 191. 18.76 83.33 0.34E-03 0.19E-03 0.18E+01
15.5 .0673 397 . 38.89 83.33 0.63E-04 0.47E-04 0.13E+01

DEI?TH 114. (M SITE B-2
TD£ WATER MAT-Par MAT-PO'l' HYD-GR1ID ~ S1?-M)IS DIEF
(HR) (00/00) (01) (KPA) «M/01) (<M/HR) (1/01) (OQ/HR)

0.1 .3458 37. 3.66 0.62 0.83E+01 0.19E-02 0.45E+04
0.3 .3405 39. 3.85 0.67 0.79E+01 0.36E-02 0.22E+04
0.5 .3316 41. 4.01 0.69 0.68E+01 0.86E-02 0.80E+03
0.7 .3190 43 . 4.19 0.72 0.68E+01 0.65E-02 0.llE+04
1.0 .3083 44. 4.35 0.73 0.84E+01 0.68E-02 0.12E+04
1.2 .2989 46. 4.48 0.73 0.52E+OO 0.79E-02 0.66E+02
1.5 .2878 47. 4.62 0.75 0.llE+02 0.8lE-02 0.14E+04
1.9 .2781 48. 4.72 0.74 O.62E+OO 0.10E-01 0.60E+02
2.2 .2662 49. 4.82 0.70 0.59E+01 0.14E-01 0.4lE+03
2.7 .2526 50. 4.91 0.65 0.3lE+01 0.15E-01 0.20E+03
3.5 .2371 51. 5.03 0.62 0.18E+01 O.llE-Ol 0.16E+03
4.5 .2211 53. 5.22 0.63 0.3lE+01 0.66E-02 0.47E+03
6.2 .2101 55. 5.40 0.61 0.55E+OO 0.54E-02 0.10E+03
8.7 .2011 57. 5.54 0.54 0.9lE+OO 0.66E-02 0.14E+03

12.5 .1915 59. 5.74 0.54 0.44E+00 0.38E-02 0.12E+03
17.5 .1808 61. 5.96 0.56 0.39E+OO 0.67E-02 0.58E+02
25.0 .1683 63. 6.20 0.57 0.2lE+OO 0.44E-02 0.47E+02
40.0 .1572 66. 6.47 0.61 0.70E-01 0.36E-02 0.19E+02
60.0 .1503 68. 6.71 0.62 0.40E-01 0.2lE-02 0.19E+02
80.0 .1465 71. 6.92 0.64 0.40E-01 0.14E-02 0.28E+02

100.0 .1424 73. 7.12 0.64 0.39E-01 0.30E-02 0.13E+02
120.0 .1375 74. 7.27 0.64 0.45E-01 0.36E-02 0.13E+02

DEI?TH 130. (M SITE B-2
TD£ WATER MAT-pcy.r MAT-PCY.r HYD-GR1ID HYD--<XN S1?-M)IS DIEF
(HR) (00/00) (01) (KPA) «M/(M) «M/HR) (1/01) (OQ/HR)

0.1 .3629 31. 3.06 0.62 0.87E+01 0.9lE-03 0.96E+04
0.3 .3588 34. 3.29 0.62 0.93E+01 0.27E-02 0.35E+04
0.5 .3502 36. 3.49 0.65 0.85E+01 0.64E-02 0.13E+04
0.7 .3383 38. 3.70 0.67 0.84E+01 0.50E-02 0.17E+04
1.0 .3284 40. 3.89 0.69 0.98E+01 0.6OE-02 0.16E+04
1.2 .3187 41. 4.03 0.70 0.15E+01 0.79E-02 0.18E+03
1.5 .3065 43. 4.18 0.70 0.13E+02 0.85E-02 0.15E+04
1.9 .2924 44. 4.28 0.70 0.16E+01 0.31E-01 0.52E+02
2.2 .2725 45. 4.37 0.72 0.66E+01 0.2lE-01 0.31E+03
2.7 .2536 45. 4.44 0.76 0.32E+01 0.37E-01 0.85E+02
3.5 .2392 46. 4.55 0.77 0.18E+01 0.82E-02 0.22E+03
4.5 .2227 49. 4.75 0.77 0.29E+01 0.83E-02 0.35E+03
6.2 .2098 50. 4.92 0.78 0.50£+00 0.66E-02 0.75E+02
8.7 .2009 51. 5.04 0.80 0.69E+00 0.94£-02 0.73E+02

12.5 .1904 53. 5.20 0.75 0.36E+00 0.51E-02 0.70E+02
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DEP'IH 130. CM (cnlT)
17.5 .1792 55. 5.40 0.72 0.36E+OO 0.62E-02 0.58E+02
25.0 .1674 58. 5.64 0.72 O.l9E+OO 0.39E-02 0.49E+02
40.0 .1573 61. 5.93 0.70 0.700-01 0.29E-02 0.24E+02
60.0 .1508 63. 6.17 0.69 0.43E-01 0.25E-02 0.17E+02
80.0 .1451 65. 6.38 0.67 0.44E-01 0.28E-02 O.15E+02

100.0 .1399 67. 6.56 0.66 0.44E-01 0.29E-02 0.lSE+02
120.0 .1372 68. 6.70 0.64 0.47E-01 0.43E-03 0.lIE+03
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SITE C (HECLASERIES)

Site C was located in the nonirrigated corner of a center-pivot
irrigated potato field. and was covered with a young cover-crop of winter
barley. The location and description are summarized on Table 1.
According to the La ~r1oureCounty (ND)SoU SUlVeyReport (USDA. 1971)
the Hecla soil series consists of "deep. moderately well drained. level to
gently undulating soils on sandy lake plains and on sandy uplands and
terraces in the James River Valley". They were "formed in coarse-
textured deposits left by glacial melt water and reworked by wind". Hecla
soils are associated 'with Hamar. Maddock. and Ulen soils. The specific
site measured (location Fig. 2) consisted of a slightly elevated position
associated at close distance with site B. and separated by a very slight
depression (also mapped Hecla).

In-situ measurements and site descriptions were made during late
September and October. 1984. Temperatures were frequently below
freezing at night. and to sustain measurements. 6 mil polyethylene tents
were constructed over the site and were heated at night with portable
propane heaters. Th.e measurement period was concurrent with sites A
and B which were located nearby. Soil samples and soil profile
descriptions were made approximately two weeks after the completion of
soil hydraulic measurements. Although measurements were made for
more than two weeks. drainage was approximately complete at 7 days.
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SITE C, REPLICATION 1
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Site and location:

Table C-1.1

Sampled:

SoUmorphologic data for Site C. replication 1.

C-IHeimbuch site. Oakes aquifer 285 feet south and 360 feet west
oJfthe east quarter corner of Section 26. Township 130 north.
Range 59 west. DickeyCounty. North Dakota.

10/23/84 by M.D.Sweeney(NDAES.Fargo.NO)and W. M. Schuh and R
Cline (NOSWC.Bismarck. NO).

NOTES:

Drainage:

SoUtype and classification: Hecla sandy loam: sandy. mixed aquic
Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the
Glacial Lake Dakota Basin which have been
reworked by wind to some extent.

Moderately well.

Moist colors unless otherwise specified. Pieceof pipe buried at 14
inches. Laboratory texture in parenthesis if different from field texture.

SoU profile: C-I north side of pit.

Alp 0-3 inches (O-Hem). black (lOYR2/1) sandy loam (loamy sand); moderate
coarse and medium subangular blocky structure: soft. very friable. slightly
sticky and sligh.tlyplastic: common very fine roots: abrupt smooth boundary.

A12 3-10 inches (9-26 em). black (lOYR2/1) sandy loam (loamy sand): moderate
coarse and medium prismatic parting to moderate coarse and medium
sub angular blocky structure: slightly hard. very friable. slightly sticky and
slightly plastic: common very fine roots: clear wavy boundary.

A13 10-22 inches (~~6-56em). black (lOYR2/1) loamy sand: moderate coarse and
medium prismatic parting to moderate coarse and medium subangular blocky
structure: sligh.tlyhard. very friable. slightly sticky and nonplastic: common
very fine roots: clear wavyboundary.

Bw 22-32 inches (56-82 em). dark brown (lOYR3/3) loamy sand (sand): weak
coarse and mecUumprismatic parting to weak coarse and medium subangular
blocky structure: soft. very friable. slightly sticky and nonplastic: common
very fine roots: clear wavyboundary.

C 32-39 inches (82-100 em). light olive brown (2.5Y 5/4) sand with few fine
distinct dark Yiellowishbrown (lOYR3/4) mottles which increase to common
with depth: weak coarse and medium prismatic structure: soft. very friable to
loose: nonstick;y and nonplastic: fewvery fine roots; clear wavy boundary.

Cg 39-55 inches (100-140 em). light yellowish brown to light olive brown (2.5Y
5.5/4) sand with many medium distinct brown (7.5YR 4/4) and few fine
distinct dark brown (7.5YR3/2) mottles: weak. coarse and medium prismatic
structure: soft. very friable to loose. ncnstlcky and non- plastic: few very fine
roots.
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Table C-1.2 HEDA SERIES SI'IEC-1 NDSW:::1984
particle-size, 00lk density, an:i Ol:ganic camon
data an:i iroires

DEPTH PARTICIE SIZE CIASSES (MIm:N/PER::EN1')
2. 20. 50. 100. 250. 500. 1000. 2000.

8. 10.4 1.1 4.7 11.3 41.4 28.6 2.4 0.1
23. 5.2 4.1 5.0 10.0 42.3 31.0 2.6 0.0
38. 4.4 5.9 5.0 11.4 42.6 28.1 2.5 0.0
53. 4.4 6.2 5.0 13.4 44.3 24.9 1.7 0.0
69. 3.6 4.7 3.1 9.4 45.4 31.1 2.5 0.1
84. 3.3 4.0 1.2 9.6 50.3 29.5 2.1 0.0
99. 5.7 0.0 7.6 7.1 49.2 28.6 1.6 0.1

114. 3.6 2.9 1.2 7.9 46.5 35.0 2.9 0.0
130. 3.2 2.5 2.1 6.8 40.0 41.4 3.6 0.0

DEPTH SAND SILT ClAY HCmZCN
an % % %

8. 83.8 5.8 10.4 Al 6 6=p23. 85.7 9.1 5.2 A12 7=w
38. 84.7 10.9 4.4 A13 8=g53. 84.4 11.2 4.4 A 1 3
69. 88.6 7.8 3.6 B 7
84. 91.5 5.2 3.3 B 0
99. 86.6 7.7 5.7 C 8

114. 92.3 4.1 3.6 C 8
130. 92.1 4.7 3.2 C 0 8

DEPTH SA/SI G£AN mE.V Z F-INDEX ED ex::
an mn rrm glee %

8. 14.448 0.1079 5.7 0.0188 0.740 1.42 1.50
23. 9.440 0.1327 4.2 0.0316 0.787 1.50 1.50
38. 7.761 0.1277 4.1 0.0315 0.751 1.44 0.87
53. 7.527 0.1201 4.0 0.0301 0.752 1.44 0.81
69. 11.346 0.1479 3.7 0.0405 0.890 1.51 0.47
84. 17.596 0.1542 3.4 0.0456 1.038 1.53 0.39
99. 11.395 0.1388 4.0 0.0347 0.972 1.54 0.20

114. 22.512 0.1676 3.4 0.0486 1.056 1.53 0.16
130. 19.957 0.1838 3.4 0.0546 1.027 1.55 0.12

DEPTH MJISlURE/su:::rIal SI.a?E GARDNER K-P~ (JAYNE & TYlER)
Q1/])AY-KPA CMlHR-BAR

an GiOSH ~ K-SIDPE K-INT K-SI.a?E K-INI'
8. 1.315 2.340 -1.1367 2.4302 -11.37 1.05

23. 1.602 2.401 -1.1453 2.4911 -11.45 1.1138. 1.730 2.612 -1.1157 2.4534 -11.16 1.07
53. 1.750 2.649 -1.1096 2.4447 -11.10 1.06
69. 1.502 3.257 -1.1899 2.5665 -11.90 1.1984. 1.275 3.806 -1.2482 2.6535 -12.48 1.27
99. 1.487 4.089 -1.1645 2.5114 -11.65 1.13

114. 1.159 4.591 -1.2664 2.6767 -12.66 1.30130. 1.216 4.695 -1.2562 2.6622 -12.56 1.28
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Table C-1.3 SoUsaturation extract water chemistry data. gravimetricwater content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site C.
replication 1.

Saturation Extract Soluble Ions
Depth 01 Mg Na K 003 H003 a 504
(em) meq/I
0- 15 1.4 0.9 0.5 0.6 1.6 0.20 1.7

15 - 30 1.9 1.0 0.7 0.4 0.9 0.15 3.1
30-46 2.1 0.8 0.7 0.4 1.9 0.20 2.0
46 - 61 15.9 8.4 2.22 0.6 3.8 0.25 23.1
61 - 76 1.2 0.9 1.0 0.3 1.1 0.19 2.2
76 - 91 1.1 1.0 0.8 0.1 1.0 0.21 1.9
91 - 106 1.2 0.7 0.7 0.1 0.9 0.15 1.8

106 - 122 0.9 0.8 0.7 0.1 1.0 0.17 1.5
122 - 137 1.1 0.7 0.6 0.1 0.9 0.15 1.5

Depth ECE SAR H20 at pH 003 Texture e
Sat clay class 15 bar

(em) mmhos/cm % % g/gx
100

0- 15 0.29 0.5 28 6.8 3.4 Is 5.2
15 - 30 0.37 0.6 32 7.3 3.2 Is 5.7
30-46 0.33 0.6 29 7.2 3.4 Is 4.7
46 - 61 1.80 0.6 26 6.1 2.6 Is 3.4
61 - 76 0.26 1.0 21 7.3 2.2 s 3.2
76 - 91 0.21 0.8 23 7.4 3.2 fs 2.8
91 - 106 0.20 0.8 20 7.4 1.9 Is 2.9

106 - 122 0.21 0.8 21 7.4 3.2 s 3.2
122 - 137 0.20 0.6 21 7.5 2.5 s 3.4
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Table C-1.4 HECIA SERIES SITE C-1 IDSiC:84
Laboratory soll-water retention data

IAB PRESSURE (01) J\NDWATERCXNI'ENTl\QL. FRACTICN)

DEP1H(01)

8. 8. 23. 38.

01 OC/OC SE

24. 0.4769 ****** 24. 0.3504 **.*** 10. 0.4192 0.0144 24. 0.3499 0.0032
40. 0.3726 ***"''''* 40. 0.3504 *** ••• 20. 0.4076 0.0116 40. 0.2932 0.0021
50. 0.3279 "'''''''''''''''' 50. 0.3366 ****** 40. 0.3303 0.0079 50. 0.2463 0.0005
62. 0.2981 *"''''*'''''' 62. 0.3152 .*••** 60. 0.2718 0.0129 62. 0.2183 0.0004
70. 0.2799 **"'*"'''' 70. 0.3029 "'''''''''''''''' 80. 0.2372 0.0128 70. 0.2022 0.0009
82. 0.2567 *"''''*** 82. 0.2830 "''''*''''''* 100. 0.2126 0.0131 82. 0.1848 0.0004
98. 0.2418 **"'*** 98. 0.2601 •••••• 120. 0.1949 0.0117 98. 0.1708 0.0013

150. 0.2120 ***"''''''' 150. 0.2157 "''''**'''''' 180. 0.1642 0.0099 150. 0.1435 0.0008
340. 0.1755 "'*"'''''''''' 340. 0.1759 .*••*. 340. 0.1336 0.0070 340. 0.1127 0.0007
503. 0.1590 "'**"'*'" 503. 0.1652 "'''''''''''''''' 534. 0.1205 0.0067 503. 0.1029 0.0007
800. 0.1441 ****** 800. 0.1515 •• **** 800. 0.1144 0.0056 800. 0.0952 0.0012

ED= 1.42 1.50 1.50 1.44
N= 1 1 2 2

DEP1H(01)

53. 69. 84. 99.

10. 0.3592 0.0007 10. 0.3978 0.0060 10. 0.4025 0.0001 24. 0.3699 0.0087
20. 0.3613 0.0012 20. 0.3817 0.0064 20. 0.3855 0.0004 40. 0.2607 0.0007
40. 0.2504 0.0036 40. 0.2401 0.0013 40. 0.2671 0.0084 50. 0.1908 0.0018
60. 0.1998 0.0039 60. 0.1808 0.0015 60. 0.1905 0.0096 62. 0.1500 0.0009
80. 0.1690 0.0035 80. 0.1470 0.0013 80. 0.1508 0.0107 70. 0.1263 0.0001

100. 0.1498 0.0036 100. 0.1293 0.0007 100. 0.1324 0.0123 82. 0.1108 0.0002
120. 0.1348 0.0027 120. 0.1193 0.0012 120. 0.1126 0.0055 98. 0.0982 0.0015
180. 0.1170 0.0028 180. 0.0993 0.0011 180. 0.0956 0.0040 150. 0.0828 0.0000
340. 0.0971 0.0024 340. 0.0839 0.0010 340. 0.0780 0.0020 340. 0.0704 0.0006
534. 0.0882 0.0020 534. 0.0777 0.0010 534. 0.0714 0.0004 503. 0.0671 0.0009
800. 0.0841 0.0020 800. 0.0746 0.0010 800. 0.0670 0.0004 800. 0.0654 0.0010

ED= 1.44 1.51 1.53 1.54
N= 2 2 2 2

DEPTH(01)

114. 130.

10. 0.3685 0.0138 10. 0.3877 0.0055
20. 0.3552 0.0074 20. 0.3581 0.0010
40. 0.2068 0.0022 40. 0.1926 0.0025
60. 0.1401 0.0003 60. 0.1328 0.0033
80. 0.1093 0.0005 80. 0.1080 0.0023

100. 0.0954 0.0009 100. 0.0955 0.0023
120. 0.0880 0.0002 120. 0.0878 0.0024
180. 0.0785 0.0002 180. 0.0769 0.0013
340. 0.0697 0.0009 340. 0.0684 0.0008
534. 0.0660 0.0004 534. 0.0645 0.0014
800. 0.0631 0.0005 800. 0.0621 0.0008

00= 1.53 1.55
N= 2 2
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Table C-1.5 HEX::IASE:RIES SI'IECl (IDSVC 19B4)
In-situ K (8..) and 8(11') , and laboratory K (8.11')

data.

RIawusP~
DEP'IH B. CM
TD£ WATER MAT-POT MAT-POl' liYD-GW) ~ SP-M)IS DIFF
(HR) (CM3/CM3) (eM) (KPA) (CM/eM) (CM/HR) (1/eM) (Q12/HR>

0.2 .3641 25 • 2.47 1.23 0.63E-01 0.19E-03 0.34E+03
0.4 .3613 34. 3.32 1.07 O.l3E+OO 0.59E-03 0.2lE+03
0.6 .3570 40. 3.97 0.93 O.l4E+OO 0.72E-03 0.19E+03
0.9 .3420 46. 4.52 0.77 0.l2E+01 0.63E-02 0.20E+03
1.1 •3250 50 • 4.87 0.70 0.48E+OO 0.30E-02 0.16E+03
1.4 .3151 53. 5.17 0.63 O.43E+OO 0.36E-02 0.12E+03
1.6 •3051 56 • 5.52 0.53 0.44E+OO 0.23E-02 0.19E+03
1.9 .2978 59. 5.82 0.43 0.47E+OO 0.27E-02 0.18E+03
2.2 .2922 61. 5.97 0.40 0.37E+OO 0.58E-02 0.63E+02
2.4 •2881 62 • 6.09 0.37 O.l7E+OO 0.16E-02 0.10E+03
2.8 .2837 64. 6.24 0.32 0.38E+OO 0.42E-02 0.90E+02
3.2 .2787 65 • 6.37 0.30 0.20E+OO 0.39E-02 0.5lE+02
3.7 .2758 66. 6.47 0.32 0.92E-01 0.19E-02 0.48E+02
4.2 .2719 67 • 6.57 0.33 0.26E+OO 0.58E-02 0.46E+02
4.7 .2662 68. 6.67 0.37 0.24E+OO 0.57E-02 0.4lE+02
6.2 •2588 69 . 6.77 0.42 0.66E-01 0.9lE-02 0.73E+01
8.7 .2483 71. 6.92 0.42 0.87E-01 0.6OE-02 0.15E+02

12.5 .2388 73. 7.17 0.40 0.27E-01 0.24E-02 0.llE+02
17.5 .2316 77. 7.57 0.37 0.29E-01 0.14E-02 0.2lE+02
25.0 .2229 83. 8.17 0.37 0.22E-01 0.lSE-02 0.15E+02
35.0 .2141 89 • 8.72 0.37 0.lSE-01 0.18E-02 0.83E+01
50.0 .2075 94. 9.22 0.33 O.70E-02 O.10E-02 0.68E+01
70.0 .2030 100. 9.77 0.30 0.36E-02 0.57E-03 0'.63E+01
90.0 .2014 105. 10.27 0.23 0.77E-03 0.94E-04 0.8lE+01

DEP'IH 23. CM SITE C-1
Tn-E WA'lER MAT-ro:r MAT-P<Y.r HYD-GRAD ~ SP-M)IS DIFF
(HR) (CM3/CM3) (eM) (KPA) (CM/CM) (Q1/HR) (1/CM> (Q12/HR>

0.2 .3B34 27. 2.60 1.23 O.43E+OO 0.llE-02 0.37E+03
0.4 .3735 34. 3.36 1.07 0.6lE+00 0.17E-02 0.37E+03
0.6 .3621 40. 3.91 0.93 0.62E+00 0.25E-02 0.24E+03
0.9 .3457 44. 4.34 0.77 0.35E+01 0.57E-02 0.6lE+03
1.1 .3305 47. 4.64 0.70 0.15E+01 0.42E-02 0.37E+03
1.4 .3200 50. 4.8B 0.63 0.13E+01 0.42E-02 0.30E+03
1.6 .3107 53. 5.15 0.53 0.13E+01 0.26E-02 0.48E+03
1.9 .3047 55 . 5.38 0.43 0.13E+01 0.28E-02 0.47E+03
2.2 .3005 56. 5.50 0.40 0.10E+01 0.44E-02 0.23E+03
2.4 .2967 57 . 5.60 0.37 0.55E+OO 0.32E-02 0.1BE+03
2.8 .2911 58. 5.71 0.32 0.12E+01 0.64E-02 0.19E+03
3.2 .2852 59. 5.82 0.30 0.59E+OO 0.39E-02 0.15E+03
3.7 .2817 61. 5.93 0.32 0.34E+OO 0.25E-02 0.13E+03
4.2 .2777 62. 6.05 0.33 0.75E+OO 0.4BE-02 0.16E+03
4.7 .2730 63. 6.17 0.37 O.67E+OO 0.30E-02 0.22E+03
6.2 .2605 64. 6.32 0.42 O.28E+00 0.16E-01 0.17E+02
B.7 .2495 66. 6.47 0.42 0.18E+00 0.BlE-03 0.23E+03

12.5 .2444 68. 6.70 0.40 0.88E-01 0.29E-02 0.30E+02
17.5 .2364 72. 7.07 0.37 0.89E-01 0.16E-02 0.56E+02
25.0 .2276 78. 7.67 0.37 0.65E-01 0.14E-02 0.47E+02
35.0 .2182 84. 8.23 0.37 0.47E-01 0.24E-02 0.19E+02
50.0 .2105 89. 8.70 0.33 0.22E-01 0.llE-02 0.19E+02
70.0 .2056 94. 9.22 0.30 O.llE-Ol 0.63E-03 0.17E+02
90.0 .2036 99. 9.67 0.23 0.35E-02 0.26E-03 0.13E+02
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IXEUN:; I-STEP DATA

0.0 .2006 106. 10.44 83.33 0.22E-01 0.75E-03 0.29E+{)2
0.0 .1976 111. 10.84 83.33 0.20E-01 0.7lE-03 0.29E+{)2
0.0 .1946 115. 11.27 83.33 0.19E-01 0.66E-03 0.28E+{)2
0.0 .1916 120. 11.73 83.33 0.11£-01 0.62E-03 0.28E+{)2
0.1 .1886 125. 12.22 83.33 0.16E-01 0.58E-03 0.28E+{)2
0.1 .1856 130. 12.75 83.33 0.lSE-01 0.54E-03 0.28E+{)2
0.1 .1826 136. 13.32 83.33 0.14E-01 0.50E-03 0.28E+{)2
0.1 .1796 142. 13.93 83.33 0.13E-01 0.46E-03 0.28E+{)2
0.1 .1766 149. 14.59 83.33 0.12E-01 0.43E-03 0.28E+{)2
0.1 .1736 156. 15.30 83.33 O.llE-01 0.40E-03 0.28E+{)2
0.1 .1706 164. 16.08 83.33 0.10E-01 0.36E-03 0.28E+{)2
0.1 .1676 173. 16.92 83.33 0.93E-02 0.33E-03 0.28E+{)2
0.1 .1646 182. 17.84 83.33 0.8SE-02 0.3lE-03 0.28E+{)2
0.1 .1616 192. 18.85 83.33 0.78E-02 0.28E-03 0.28E+{)2
0.2 .1586 204. 19.95 83.33 0.7lE-02 0.25E-03 0.28E+{)2
0.2 .1556 216. 21.17 83.33 0.64£-02 0.23E-03 0.28E+{)2
0.2 .1526 230. 22.52 83.33 0.58£-02 0.2lE-03 0.28E+{)2
0.2 .1496 245. 24.01 83.33 0.53E-02 0.19E-03 0.28E+{)2
0.2 .1466 262. 25.69 83.33 0.41£-02 0.17E-03 0.28E+{)2
0.2 .1436 281. 27.56 83.33 0.42E-02 0.15E-03 0.29E+{)2
0.2 .1406 303. 29.68 83.33 0.38E-02 0.13E-03 0.29E+{)2
0.2 .1376 327. 32.08 83.33 0.33E-02 0.llE-03 0.29E+{)2
0.2 .1346 355. 34.84 83.33 0.29E-02 0.1OE-03 0.29E+{)2
0.3 .1316 388. 38.01 83.33 0.26E-02 0.86E-04 0.30E+{)2
0.3 .1286 425. 41.69 83.33 0.22E-02 0.74E-04 0.30E+{)2
0.3 .1256 469. 46.01 83.33 0.19E-02 0.63E-04 0.30E+{)2

DEPTH 38. CM SITE C-1
TlME WATER Mm'-PCYr Mm'-PCYr liYD-GUID HY!HX)N S!?-t-OIS DIFF
(HR) (CM3/CM3) (eM) (KPA) (CM/G1) (CM/HR) (1/eM) (CM2/HR)

0.2 .3980 26. 2.52 0.64 0.24£+01 0.30E-02 0.80E+{)3
0.4 .3823 32. 3.10 0.60 0.21£+{)1 0.25E-02 0.llE+{)4
0.6 .3659 36. 3.56 0.60 0.22E+{)1 0.59E-02 0.38E+{)3
0.9 .3502 39. 3.83 0.57 0.69E+{)1 0.54E-02 0.13E+{)4
1.1 .3383 41. 4.06 0.54 0.3SE+{)1 0.5lE-02 0.68E+{)3
1.4 .3280 44. 4.28 0.57 0.24£+{)1 0.42E-02 0.57E+{)3
1.6 .3198 46. 4.49 0.57 0.18E+01 0.39E-02 0.45E+{)3
1.9 .3153 47. 4.61 0.54 0.16E+{)1 0.32E-02 0.49E+{)3
2.2 .3116 48. 4.71 0.54 0.12E+01 0.42E-02 0.28E+{)3
2.4 .3074 49. 4.79 0.54 0.73E+{)0 0.83E-02 0.87E+{)2
2.8 .2999 49. 4.85 0.52 0.14£+01 0.15E-01 0.99E+{)2
3.2 .2916 50. 4.93 0.50 0.64£+00 0.56E-02 0.llE+{)3
3.7 .2865 51. 5.03 0.47 0.48E+00 0.46E-02 0.10E+{)3
4.2 .2824 52. 5.13 0.44 0.81£+00 0.36E-02 o .24£+{)3
4.7 .2792 54. 5.27 0.42 0.85E+{)0 0.17E-02 0.52E+{)3
6.2 .2663 56. 5.44 0.42 0.60E+{)0 0.13E-01 0.46E+{)2
8.7 .2530 57. 5.62 0.45 0.20E+{)0 0.22E-02 0.94E+{)2

12.5 .2471 60. 5.86 0.47 O.13E+OO 0.27E-02 0.48E+{)2
17.5 .2407 63. 6.18 0.44 0.12E+00 0.14E-02 0.85E+{)2
25.0 .2298 69. 6.72 0.37 0.12E+00 0.23E-02 0.53E+{)2
35.0 .2160 74. 7.25 0.34 0.95E-01 0.35E-02 0.27E+{)2
50.0 .2074 78. 7.65 0.27 0.41£-01 0.14E-02 0.34E+{)2
70.0 .2023 83. 8.10 0.20 0.28E-01 0.83E-03 0.34E+{)2
90.0 .2000 87. 8.50 0.20 0.89E-02 0.35E-03 0.25E+{)2
IXEUN:; I-STEP DATA

0.2 .2281 60. 5.86 83.33 0.71£-01 0.19E-02 0.37E+{)2
0.2 .2139 68. 6.66 83.33 0.44£-01 0.16E-02 0.28E+{)2
0.3 .2037 75. 7.35 83.33 0.30E-01 0.13E-02 0.23E+{)2
0.3 .1960 81. 7.97 83.33 0.22E-01 0.llE-02 O.19E+{)2
0.4 .1898 87. 8.53 83.33 0.11£-01 0.10E-02 0.16E+02
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IXEU:tG l-STfP DATA

0.4 .1847 92. 9.04 83.33 0.13E-01 0.93E-03 0.14E+02
0.5 .1804 97. 9~52 83.33 O.l1E-Ol 0.85E-03 0.13E+02
0.5 .1767 102. 9.96 83.33 0.9lE-02 0.78E-Q3 0.12E+02
0.6 .1735 106. 10.38 83.33 0.78E-02 0.73E-Q3 0.11E+02
0.6 .1706 110. 10.77 83.33 0.67E-02 0.69E-Q3 0.98E+01
0.7 .1681 114. 11.15 83.33 0.58E-02 0.65E-03 0.91E+01
0.7 .1658 117. 11.51 83.33 0.52E-02 0.61E-03 0.84E+01
0.8 .1637 121. 11.85 83.33 0.46E-02 0.58E-03 0.79E+01
0.8 .1618 124. 12.17 83.33 0.41E-02 0.56E-03 0.74E+01
0.9 .1601 127. 12.49 83.33 0.37E-02 0.53E-03 0.70E+01
0.9 .1585 130. 12.79 83.33 0.34E-02 0.51E-Q3 0.66E+01
1.0 .1570 133. 13.08 83.33 0.3lE-02 0.49E-03 0.63E+01
1.0 .1556 136. 13.36 83.33 0.28E-02 0.47E-03 0.6OE+01
1.1 .1543 139. 13.64 83.33 0.26E-02 0.46E-03 0.57E+01
1.1 .1531 142. 13.90 83.33 0.24E-02 0.44E-03 0.55E+01

DEP'lH 38. CM SITE C-1
TIME WATER MAT-ro:r MAT-P<Xr HYD-GR1ID llYI)-(W SP-MJIS DIFF
(HR) (CM3/CM3) (eM) (KPA) «(M/01) «(M/HR) (1/eM) (CM2/HR)

1.2 •1519 144 . 14.16 83.33 0.23E-02 0.43E-03 0.53E+01
1.2 .1509 147. 14.41 83.33 0.2lE-02 0.42E-03 0.50E+01
1.3 .1498 149. 14.65 83.33 0.20E-02 0.40E-03 0.49E+01
1.3 .1489 152. 14.89 83.33 0.18E-02 0.39E-03 0.47E+01
1.4 .1480 154. 15.12 83.33 0.17E-02 0.38E-03 0.45E+01
1.4 .1471 157. 15.34 83.33 O.16E-02 0.37E-03 0.44E+01
1.5 .1463 159. 15.56 83.33 0.15E-02 0.36E-03 0.42E+01
1.5 .1455 161. 15.78 83.33 0.15E-02 0.36E-03 0.41E+01
1.6 .1447 163. 15.99 83.33 0.14E-02 0.35E-03 0.40E+01
1.6 .1440 165. 16.19 83.33 0.13E-02 0.34E-03 0.38E+01
1.7 .1433 167 . 16.39 83.33 0.12E-02 0.33E-03 0.37E+01
1.7 .1427 169. 16.59 83.33 0.12E-02 0.33E-03 0.36E+01
1.8 .1420 171. 16.78 83.33 0.11E-02 0.32E-03 0.35E+01
1.8 .1414 173. 16.97 83.33 O.llE-02 0.31E-03 0.34E+01
1.9 .1408 175 . 17.16 83.33 0.10E-02 0.31E-03 0.33E+01
1.9 .1402 177. 17.34 83.33 0.99E-03 0.30E-03 0.33E+01
2.0 .1397 179. 17.52 83.33 O.95E~03 0.30E-03 0.32E+01
2.0 .1392 180. 17.69 83.33 0.9lE-03 0.29E-03 0.31E+01
2.1 .1387 182 . 17.87 83.33 0.88E-03 0.29E-03 0.30E+01
4.1 .1260 237. 23.25 83.33 0.29E-03 0.18E-03 0.16E+01
8.1 .1164 302 . 29.57 83.33 O.10E-03 0.12E-03 0.86E+OO

12.1 .1118 344 . 33.76 83.33 O.58E-04 0.97E-04 0.6OE+OO
16.1 .1089 377. 36.93 83.33 0.39E-04 0.83E-04 0.47E+OO
20.1 .1069 403. 39.49 83.33 0.29E-04 0.74E-04 0.39E+OO
24.1 .1053 425 . 41.65 83.33 0.23E-04 0.68E-04 0.34E+OO
28.1 .1041 444. 43.51 83.33 O.19E-04 0.63E-04 0.30E+OO
32.1 .1030 460. 45.15 83.33 O.16E-04 0.59E-04 0.27E+OO
36.1 .1022 475. 46.61 83.33 0.14E-04 0.56E-04 0.24E+OO
40.1 .1015 489 . 47.93 83.33 0.12E-04 0.53E-04 0.23E+OO
44.1 .1008 501. 49.14 83.33 0.llE-04 0.51E-04 0.21E+OO

DEPTH 53. CM SITE C-1
TIME WATER MAT-POT MAT-P<Xr HYD-GRlID llYI)-(W SP-MJIS DIFF
(HR) (CM3/CM3) (eM) (KPA) «(M/01) «(M/HR) (1/eM) (CM2/HR)

0.2 .3755 24. 2.32 1.07 0.24E+01 0.27E-02 0.88E+03
0.4 .3642 28. 2.74 0.90 0.29E+01 0.26E-02 0.l1E+04
0.6 .3514 32. 3.12 0.80 0.27E+01 0.46E-02 0.58E+03
0.9 .3393 34. 3.35 0.77 0.63E+01 0.68E-02 0.93E+03
1.1 .3299 36. 3.52 0.73 0.35E+01 0.43E-02 0.81E+03
1.4 .3199 38. 3.75 0.70 O.27E+01 0.45E-02 0.60E+03
1.6 .3103 40. 3.95 0.70 0.20E+01 0.52E-02 0.37E+03
1.9 .3043 42. 4.07 0.73 0.15E+01 0.41E-02 0.37E+03
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DEI?'lli 53. CM (CXNI')
2.2 .2992 43. 4.17 0.73 0.l2E+01 0.6lE-02 0.20E+03
2.4 .2944 43. 4.26 0.75 0.78E+OO 0.4SE-02 0.17E+03
2.8 .2879 44. 4.34 0.78 0.15E+01 0.13E-01 0.llE+03
3.2 .2798 45. 4.41 0.77 O.65E+OO 0.llE-01 0.60Et02
3.7 .2742 46. 4.47 0.76 0.48E+OO 0.70E-02 0.68E+02
4.2 .2702 46. 4.55 0.77 0.64E+OO 0.36E-Q2 0.18Et03
4.7 .2667 48. 4.69 0.78 0.58E+OO 0.19E-Q2 0.30E+03
6.2 .2595 50. 4.86 0.78 0.45E+OO 0.63E-02 0.72E+02
8.7 .2458 52. 5.05 0.77 0.20E+OO 0.82E-Q2 0.25E+02

12.5 .2320 54. 5.29 0.75 O.l2E+OO 0.40E-Q2 0.30E+02
17.5 .2235 57. 5.55 0.70 0.96E-01 0.24E-Q2 0.40E+02
25.0 .2116 61. 5.98 0.62 O.l2E+OO 0.29E-02 0.40E+02
35.0 .1981 66. 6.44 0.57 0'82E-01 0.30E-02 0.27E+02
50.0 .1898 70. 6.82 0.60 0.30E-01 0.17E-02 0.18Et02
70.0 .1839 74. 7.23 0.62 0.14E-01 0.llE-02 0.l2E+02
90.0 .1809 78. 7.61 0.58 0.5lE-02 0.44E-03 0.12Et02
JXERIN:; 1-STEP DATA

4.3 .1657 93 . 9.15 83.33 0.12E-02 0.8lE-03 0.14Et01
8.3 .1495 117. 11.50 83.33 0.44E-03 0.56E-03 0.79EtOO

12.3 .1414 133 . 13.06 83.33 0.25E-03 0.46E-03 0.55EtOO
16.3 .1364 145. 14.24 83.33 0.17E-03 0.40E-03 O.43E+OO
20.3 .1327 155. 15.19 83.33 0.13E-03 0.36E-03 0.36E+OO
24.3 •1299 163 . 15.98 83.33 0.10E-03 0.33E-03 0.3lE+OO
28.3 .1277 170 . 16.67 83.33 0.83E-04 0.3lE-03 0.27E+OO
32.3 .1259 176. 17.27 83.33 0.70E-04 0.29E-03 0.24EtOO
36.3 .1243 182 . 17.81 83.33 0.6lE-04 0.28E-03 O.22E+OO
40.3 .1230 187 . 18.30 83.33 0.54E-04 0.26E-03 0.20E+OO
44.3 .1218 191. 18.74 83.33 0.48E-04 0.25E-03 0.19EtOO
48.3 .1208 195 . 19.15 83.33 0.43E-04 0.24E-03 0.18E+OO

122.0 .1115 240. 23.57 83.33 0.16E-04 0.17E-03 0.94E-01
194.0 .1078 263. 25.77 83.33 0.l2E-04 0.15E-03 0.76E-01
266.0 .1057 278. 27.24 83.33 0.99E-05 0.14E-03 0.72E-01

DEPTH 69. CM SITE C-1
TIME WATER MAT-POT MAT-POT ~ HYD--<XN SP-M)IS DIEF
(HR) (CM3/CM3) (eM) (KPA) (CM!CM) (CM!HR) (1/eM) (CM2/HR)

0.2 .3506 28. 2.76 1.58 0.20E+01 ******** ********
0.4 .3452 27. 2.63 0.94 0.35E+01 ******** ********
0.6 .3369 27. 2.67 0.60 0.46E+01 0.50E-02 0.92E+03
0.9 .3276 29. 2.81 0.54 0.10E+02 0.87E-02 0.12E+04
1.1 .3190 30. 2.93 0.50 0.64E+01 0.57E-02 0.1IE+04
1.4 .3061 31. 3.08 0.44 0.60E+01 0.1IE-0l 0.53E+03
1.6 .2926 33. 3.24 0.39 0.47E+0l 0.57E-02 0.83E+03
1.9 .2852 34. 3.36 0.35 0.42E+0l 0.64E-02 0.65E+03
2.2 .2793 35. 3.45 0.34 0.36E+01 0.70E-02 0.52E+03
2.4 .2743 36. 3.55 0.34 0.22E+0l 0.29E-02 0.77E+03

.2.8 .2689 37. 3.64 0.32 0.47E+01 0.1IE-0l 0.44E+03
3.2 .2621 38. 3.69 0.31 0.22E+01 0.16E-0l 0.14E+03
3.7 .2567 38. 3.76 0.33 0.16E+01 0.56E-02 0.28E+03
4.2 .2522 39. 3.84 0.32 0.19E+01 0.54E-02 0.35E+03
4.7 .2477 40. 3.93 0.25 0.23Et01 0.40E-02 0.58E+03
6.2 .2378 41. 4.04 0.17 0.26E+01 0.15E-0l 0.17E+03
8.7 .2224 43. 4.17 0.12 0.22E+01 0.92E-02 0.23E+03

12.5 .2076 45. 4.37 0.08 0.15E+01 0.60E-02 0.25E+03
17.5 .1965 47. 4.61 0.10 0.89E+00 0.35E-02 0.25E+03
25.0 .1860 51. 5.00 0.12 0.8IE+00 0.23E-02 0.34E+03
35.0 .1761 55. 5.41 0.10 0.59E+00 0.25E-02 0.23E+03
50.0 .1690 60. 5.84 0.13 0.17E+00 0.12E-02 0.14E+03
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DEPTH 84. 01 SITE C-1
TJloE WA'lER MAT-POT MAT-Par HYI>-GRAD HYI>-<nl SP~IS DIFF
(HR) (013/CM3) (eM) (I<PA) «(M/01) «(M/HR) (1/eM) (<H2/HR)

0.2 .3467 30. 2.97 0.67 0.5lE+01 ******** ********
0.4 .3430 28. 2.78 1.27 0.29E+01 ******** ********
0.6 .3364 28. 2.76 1.54 0.2lE+01 0.90E-Q2 0.23E+03
0.9 .3275 29. 2.87 1.54 0.4lE+01 0.89E-02 0.45E+03
1.1 .3188 30. 2.97 1.54 0.25E+01 0.84E-02 0.30E+03
1.4 •3055 32 • 3.12 1.63 0.22E+01 0.8lE-02 0.27E+03
1.6 .2903 34. 3.30 1.71 0.14E+01 0.81E-Q2 0.17E+03
1.9 .2808 35. 3.41 1.73 0.llE+01 0.90E-02 0.l2E+03
2.2 .2736 36. 3.50 1.74 0.91E+OO 0.77E-02 0.l2E+03
2.4 •2671 37 • 3.59 1.73 0.55E+OO 0.70E-02 0.78E+02
2.8 •2591 37 • 3.66 1.71 0.11E+01 0.2lE-Q1 0.50E+02
3.2 .2504 38. 3.71 1.71 0.5lE+OO 0.13E-Q1 0.39E+02
3.7 .2446 38. 3.77 1.69 0.39E+OO 0.67E-Q2 0.59E+02
4.2 .2401 39. 3.84 1.68 0.43E+OO 0.8IE-02 0.54E+02
4.7 .2360 40 . 3.89 1.68 0.43E+OO 0.8IE-02 0.53E+02
6.2 .2241 40 . 3.96 1.71 0.3lE+OO 0.20E-Q1 0.16E+02
8.7 .2072 42. 4.07 1.73 0.20E+OO 0.llE-01 0.18E+02

12.5 .1951 43. 4.23 1.71 0.96E-01 0.51E-02 0.19E+02
17.5 •1859 46 • 4.47 1.69 0.68E-01 0.30E-02 0.23E+02
25.0 .1756 50. 4.94 1.81 0.62E-01 0.18E-02 0.36E+02
35.0 .1651 55 • 5.40 1.88 0.38E-01 0.44E-Q2 0.87E+01
50.0 .1581 58. 5.69 1.64 0.17E-01 0.15E-02 0.11E+02
70.0 .1536 62. 6.11 1.38 0.10E-01 0.84E-03 0.12E+02
90.0 .1502 67. 6.61 1.11 0.56E-02 0.56E-03 0.10E+02

IXERJNj 1-STEP DATA

1.6 .1443 100. 9.77 83.33 0.39E-02 0.75E-03 0.52E+01
1.6 .1431 101. 9.92 83.33 0.37E-02 0.73E-03 0.50E+01
1.7 .1420 103. 10.07 83.33 0.35E-02 0.71E-03 0.49E+01
1.7 .1409 104. 10.22 83.33 0.33E-02 0.70E-03 0.47E+01
1.8 .1399 106. 10.36 83.33 0.3lE-02 0.68E-03 0.46E+01
1.8 .1390 107. 10.51 83.33 0.30E-02 0.66E-03 0.45E+01
1.9 .1380 109. 10.64 83.33 0.28E-02 0.65E-03 0.44E+01
1.9 .1371 110. 10.78 83.33 0.27E-02 0.63E-03 0.43E+01
2.0 .1354 113. 11.05 83.33 0.25E-02 0.61E-03 0.41E+01
2.1 .1339 115. 11.30 83.33 0.23E-02 0.58E-03 0.39E+01
8.2 .1030 203 . 19.92 83.33 0.24E-03 0.21E-03 0.11E+01

12.2 .0972 233. 22.88 83.33 0.13E-03 0.17E-03 O.77E+OO
16.2 .0938 255. 25.04 83.33 0.87E-04 0.14E-03 0.61E+OO
24.2 .0898 287. 28.12 83.33 0.5lE-04 0.l2E-03 O.44E+OO
28.2 .0884 299. 29.28 83.33 0.42E-04 0.llE-03 0.39E+OO
32.2 .0874 309. 30.29 83.33 0.36E-04 0.1OE-03 0.35E+OO
36.2 .0865 318. 31.16 83.33 0.3lE-04 0.97E-Q4 0.32E+OO
40.2 .0857 326. 31.94 83.33 0.28E-04 0.93E-04 0.30E+OO
44.2 .0851 333. 32.64 83.33 0.25E-04 0.90E-04 0.28E+OO
48.2 .0845 339. 33.27 83.33 0.23E-04 0.87E-04 0.27E+OO

122.0 .0798 403. 39.48 83.33 0.12E-04 0.64E-04 0.19E+OO

DEPTH 99. 01 SITE C-1
TnE WA'lER MAT-POT MAT-Par HYD-GRlID HYJ:)-{XN SP~IS DIFF
(HR) (013/013) (eM) (KPA) (01./01) (OI./HR) (1/eM) (<H2/HR)

0.2 .3526 26. 2.59 0.80 0.46E+01 0.19E-02 0.24E+04
0.4 .3482 29. 2.84 0.80 0.5lE+01 0.17E-02 0.31E+04
0.6 .3413 31. 3.07 0.83 0.44E+01 0.58E-02 0.76E+03
0.9 .3334 33. 3.22 0.90 0.76E+01 0.46E-02 0.16E+04
1.1 .3266 34. 3.37 0.97 0.46E+01 0.44E-02 0.10E+04
1.4 .3165 37. 3.58 0.94 0.46E+01 0.5IE-02 0.90E+03
1.6 .3031 39. 3.78 0.88 0.35E+01 0.99E-02 0.35E+03
1.9 .2921 40. 3.90 0.87 0.29E+01 0.85E-02 0.34E+03
2.2 .2815 41. 3.98 0.85 0.25E+01 0.17E-0l 0.15E+03
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DEPTH 99. CM (CXNl')
2.4 .2706 41. 4.05 0.83 0.16E+01 0.18E-01 0.88E+02
2.8 .2595 42. 4.10 0.83 0.28E+01 0.27E-01 0.10E+03
3.2 .2485 42. 4.15 0.83 0.13E+01 0.17E-0l 0.78E+02
3.7 .2415 43. 4.20 0.83 0.99E+OO 0.llE-01 0.9OE+02
4.2 .2366 43. 4.25 0.83 0.10E+01 0.85E-02 0.12E+03
4.7 .2329 44. 4.32 0.87 0.95E+OO 0.3lE-02 0.3lE+03
6.2 .2229 45. 4.45 0.90 0.72E+OO 0.1lE-01 0.64E+02
8.7 .2070 47. 4.57 0.90 0.48E+OO 0.15E-01 0.33E+02

12.5 .1949 48. 4.72 0.90 0.22E+OO 0.48E-02 0.45E+02
17.5 .1858 50. 4.92 0.87 O.l6E+OO 0.42E-02 0.38E+02
25.0 .1755 55. 5.34 0.68 O.l9E+OO 0.18E-02 0.llE+03
35.0 .1652 59. 5.76 0.57 O.l5E+OO 0.57E-02 0.26E+02
50.0 .1578 61. 5.94 0.67 0.48E-01 0.32E-02 0.15E+02
70.0 .1522 63. 6.19 0.73 0.24E-01 0.16E-02 0.15E+02
90.0 .1478 66. 6.48 0.72 0.12E-01 0.15E-02 0.85E+01

rx::EUN:; 1-SIEI?DATA

4.4 .1255 115. 11.29 83.33 0.llE-02 0.63E-03 0.18E+01
8.4 .1077 152. 14.89 83.33 0.36E-03 0.37E-03 0.95E+OO

12.4 .0993 178. 17.42 83.33 0.18E-03 0.28E-03 0.66E+OO
16.4 .0943 198. 19.40 83.33 0.12E-03 0.23E-03 0.5lE+OO
20.4 .0908 215. 21.04 83.33 0.83E-04 0.20E-03 O.42E+OO
24.4 •0881 229 • 22.44 83.33 0.62E-04 0.17E-D3 0.36E+OO
28.4 .0861 241. 23.66 83.33 0.50E-04 0.16E-03 0.32E+OO
32.4 .0844 252. 24.74 83.33 0.4lE-04 0.14E-03 0.28E+OO
36.4 .0830 262. 25.72 83.33 0.34E-04 0.l3E-03 0.26E+OO
40.4 .0819 271. 26.61 83.33 0.29E-04 0.l3E-03 0.23E+OO
44.4 .0808 280. 27.42 83.33 0.26E-04 0.12E-03 0.22E+OO
48.4 .0800 287. 28.17 83.33 0.23E-04 0.llE-03 0.20E+OO
52.4 .0792 294. 28.87 83.33 0.20E-04 O.llE-03 0.19E+OO

122.0 .0724 372. 36.50 83.33 0.7lE-05 0.69E-04 O.lOE+OO
194.0 .0697 415. 40.71 83.33 0.45E-05 0.57E-04 0.80E-01
266.0 .0682 444. 43.50 83.33 0.36E-05 0.50E-04 0.73E-01

DEPTH 114. CM SITE C-1
TIME WATER Mro'-Par MAT-Par HYD-GRl\D HYD-CnN SP-IDIS DIFF
(HR) (CM3/CM3) (eM) (KPA) (CM/CM) (CM/HR) (1/eM) (CM2/HR)

0.2 .3621 24 . 2.35 0.87 0.45E+01 0.67E-03 0.66E+04
0.4 .3598 28 . 2.70 1.01 0.43E+01 0.63E-03 0.69E+04
0.6 .3562 31. 3.00 1.07 0.38E+01 0.24E-02 0.16E+04
0.9 .3519 32. 3.18 1.04 0.70E+01 0.25E-02 0.28E+04
1.1 .3485 34. 3.33 0.97 0.50E+01 0.20E-02 0.25E+04
1.4 .3416 35. 3.47 0.91 0.54E+01 0.77E-02 0.7lE+03
1.6 .3311 37. 3.62 0.91 0.40E+01 0.65E-02 0.6lE+03
1.9 .3217 38. 3.74 0.92 0.34E+01 O.llE-Ol 0.30E+03
2.2 .3084 39. 3.83 0.94 0.3lE+01 0.18E-01 0.17E+03
2.4 .2942 40. 3.92 0.99 0.18E+01 0.14E-01 0.l3E+03
2.8 .2807 41. 3.99 1.02 0.28E+01 0.23E-01 0.12E+03
3.2 .2666 42. 4.08 1.07 0.l3E+01 O.llE-Ol 0.12E+03
3.7 .2566 43. 4.18 1.14 0.9lE+00 0.86E-02 0.l1E+03
4.2 .2488 44. 4.26 1.19 0.86E+00 0.95E-02 0.91E+02
4.7 .2425 45. 4.36 1.19 0.80E+00 0.44E-02 0.18E+03
6.2 .2318 46. 4.49 1.16 0.65E+00 0.l3E-01 0.5lE+02
8.7 .2145 47. 4.63 1.17 0.45E+00 0.12E-01 0.37E+02

12.5 .2001 49. 4.79 1.19 0.19E+00 0.58E-02 0.32E+02
17.5 .1910 51. 4.95 1.17 0.14E+00 0.54E-02 0.26E+02
25.0 .1812 53. 5.23 1.16 O.l3E+OO 0.27E-02 0.48E+02
35.0 .1715 57. 5.55 1.14 0.85E-01 O.39E-02 0.22E+02

OOERIN; I-STEP DATA NEXl' P1\GE (114 CM DEP'lH)
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IX.:ERn{; 1-SI'EPDATA

0.1 .1824 52. 5.09 83.33 0.15E+OO 0.22E-02 0.67E+02
0.2 .1544 68. 6.67 83.33 0.67E-01 0.14E-02 0.49E+02
0.2 .1363 84. 8.26 83.33 0.36E-0l 0.91E-Q3 0.39E+02
0.3 .1235 101. 9.89 83.33 0.21E-01 0.65E-03 0.32E+02
0.3 .1139 118. 11.57 83.33 0.13E-01 0.49E-03 O.28E+02
0.4 .1063 136. 13.31 83.33 0.91E-02 0.38E-Q3 0.24E+02
0.4 .1002 154. 15.11 83.33 0.64E-02 0.30E-03 0.21E+02
0.5 .0951 173. 16.98 83.33 0.46E-02 0.24E-03 0.19E+02
0.5 .0908 193. 18.94 83.33 0.34E-02 0.19E-Q3 0.18E+02
0.6 .0871 214. 20.99 83.33 0.26E-02 0.16E-03 0.16E+02
0.6 .0839 236. 23.14 83.33 0.20E-02 0.13E-03 0.15E+02
0.7 .0811 259. 25.39 83.33 0.16E-02 0.11E-Q3 0.14E+02
0.7 .0785 283. 27.76 83.33 0.l2E-02 0.96E-Q4 0.13E+02
0.8 .0763 309. 30.27 83.33 0.99E-03 0.81E-04 0.12E+02
0.8 .0743 336. 32.91 83.33 0.80E-03 0.70E-04 0.11E+02
0.9 .0724 364. 35.70 83.33 0.65E-03 0.60E-04 O.11E+02
0.9 .0707 394. 38.66 83.33 0.53E-03 0.52E-04 O.10E+02
1.0 .0692 426. 41.81 83.33 0.43E-03 0.45E-04 0.97E+01
1.0 .0678 461. 45.15 83.33 0.36E-03 0.39E-04 0.93E+01
1.1 .0665 497. 48.71 83.33 0.30E-03 0.34E-04 0.88E+01
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SITE C, REPLICATION 2
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Site and location:

Table C-2.1

Sampled:

SoUmorphologicdata for Site C. replication 2.

C-2 Heimbuchsite. Oakes aquifer 285 feet south and 360f eet
west of the east quarter corner of Section 26. Town-ship 130
north. Range 59 west. DickeyCounty, North Dakota.

10/23/84 by M.D.Sweeney(NOAES.Fargo,NO)and W. M.Schuh andR
Cline (NOSWC,Bismarck, NO).

SoUtype and classlflcaUon: Hecla sandy loam sandy, mixed aquic
Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in
theGlacial Lake Dakota Basin which has
beenreworked by wind to some extent.

Drainage: Moderately well.

NOTES: Moistcolors unless otherwise speclfled. Pieceofpipe buried at 14
inches. Laboratory texture in parenthesis if different from field texture.

SoU profile: C-2 south side ofpit.

Alp 0-3 inches (O-~lcm), black (lOYR2/1) sandy loam (loamy sand); moderate
coarse and medium subangular blocky structure; soft, very friable, slightly
sticky and slightlyplastic; common very fine roots; abrupt smooth boundary.

A12 3-12 inches (9-:30cm), black (lOYR2/1) sandy loam (loamy sand); moderate
coarse and me:dium prismatic parting to moderate coarse and medium
subangular blocky structure; slightly hard, very friable, slightly sticky and
slightly plastic; commonvery fine roots; clear wavyboundary.

A13 12-21 inches (3,0-53cm). black (lOYR2/1) loamy sand; moderate coarse and
medium prismatic parting to moderate coarse and medium subangular blocky
structure; slightly hard, very friable, slightly sticky and nonplastic; common
very fine roots; clear wavyboundary.

Bw 21-33 inches (53-85 cm), very dark grayish brown (lOYR3/2) loamy sand
(sand), weak coarse and medium prismatic parting to weak coarse and
medium subangular blocky structure; soft. very friable, slightly sticky and
slightly plastic; common very fine roots; clear wavyboundary.

C 33-39 inches (85-100cm),light olivebrown (2.5Y5/4) sand (fine sand) with few
fine distinct dark yellowish brown (lOYR3/4) mottles which increase to
common with depth; weak coarse and medium prismatic structure; soft. very
friable to loose:.nonsticky and nonplastic; few very fine roots; clear wavy
boundary.

Cg 39-55 inches (100-140 cm), light yellowish brown to light olive brown (2.5Y
5.5/4) sand with many medium distinct dark yellowishbrown (lOYR4/4) and
few fine distinc:t dark brown (7.5YR3/2) mottles: weak coarse and medium
prismatic structure: soft, very friable to loose. nonsticky. and nonplastic: few
very fine roots.
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Table C-2.2 HEX:IASERIES SI'IEC-2 ~:1984
particle-size, Wlk density, arx:l. organic carl:x:>n
data arx:l. indices

DEPTH PARTICIE SIZE CIASSES (MI~/pm::::EN1')
2. 20. SO. 100. 250. 500. 1000. 2000.

8. 4.9 6.8 5.1 11.3 40.7 29.0 2.2 0.0
23. 5.9 5.1 4.8 11.1 41.5 28.9 2.6 0.0
38. 6.2 4.0 3.6 10.4 43.3 30.1 2.3 0.0
53. 5.1 4.0 3.7 10.2 43.0 31.1 2.8 0.0
69. 4.3 3.6 3.6 10.2 46.2 29.6 2.3 0.0
84. 4.0 2.2 1.8 7.8 52.6 30.0 1.6 0.0
99. 3.6 1.8 0.5 8.2 52.0 31.4 2.2 0.1

114. 2.1 3.2 2.5 6.6 44.3 38.9 2.4 0.0
130. 2.7 2.2 25.6 4.7 32.4 30.6 1.7 0.1

DEPTH SAND SILT ClAY HCRIZCN
an % % %

8. 83.2 11.9 4.9 A 1 6 6=p
23. 84.2 9.9 5.9 A12 7=w
38. 86.2 7.6 6.2 A13 8=g
53. 87.2 7.7 5.1 A 1 3
69. 88.5 7.2 4.3 807
84. 92.0 4.0 4.0 807
99. 94.1 2.3 3.6 COO

114. 92.2 5.7 2.1 C 0 8
130. 69.5 27.8 2.7 C 0 8

DEPTH SlVSI <*'AN GJm Z F-INDEX ED OC
an mn mn glee %

8. 6.992 0.1214 4.3 0.0283 0.710 1.42 1.70
23. 8.495 0.1224 4.5 0.0272 0.733 1.53 1.40
38. 11.329 0.1281 4.5 0.0285 0.801 1.53 0.75
53. 11.312 0.1376 4.1 0.0332 0.822 1.51 0.64
69. 12.264 0.1428 3.8 0.0377 0.888 1.54 0.43
84. 23.000 0.1567 3.5 0.0454 1.130 1.57 0.20
99. 40.826 0.1688 3.3 0.0515 1.206 1.53 0.08

114. 16.175 0.1818 3.0 0.0610 1.070 1.52 0.04
130. 2.500 0.1182 3.6 0.0327 0.948 1.51 0.04

DEPTH MJISTURE/SOCTICN SUFE GAFDNER K-PAR1\METERS (JAYNE & TYIffi)
O1!DAY-KPA O1!HR-BAR

an GHOSH BIOEMEN K-SUFE K-INr K-SIDPE K-INr
8. 1.797 2.247 -1.0898 2.4128 -10.90 1.03

23. 1.663 2.361 -1.1150 2.4389 -11.15 1.0638. 1.487 2.783 -1.1575 2.4969 -11.58 1.12
53. 1.495 2.913 -1.1709 2.5259 -11.71 1.15
69. 1.455 3.308 -1.1908 2.5607 -11.91 1.1884. 1.147 4.698 -1.2628 2.6680 -12.63 1.2999. 0.924 5.934 -1.3001 2.7231 -13.00 1.34114. 1.323 5.806 -1.2549 2.6738 -12.55 1.29130. 2.659 5.108 -0.7979 2.0155 -7.98 0.64
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Table C-2.3. Soil saturaticn exttact. water dlEmistry data, grav:inetric water CXlntent
at saturaticn ani at 15 bar, I=ii, textUI:eclass, ani carbooate clay fraction for site A,
mpllcaticn 2:

Saturation ExtractSoluble Ions
Depth Cl Mg Na K C03 HC03 C1 504
(em) meq/I
0-15 1.4 0.5 0.4 1.5 1.9 0.13 1.8

15 - 30 :"-.2 0.7 0.7 0.6 2.7 0.20 1.3
30-46 1.7 0.9 0.8 0.2 1.2 0.18 2.3
46 - 61 1.4 0.8 0.7 0.2 1.1 0.25 1.7
61 - 76 :l.O 0.7 0.8 0.3 2.7 0.30 0.9
76 - 91 1.4 0.9 0.8 0.1 1.6 0.13 1.7
91 - 106 0.9 0.7 0.6 0.1 0.9 0.20 1.3

106 - 122 1.3 1.0 0.7 0.1 1.5 0.18 1.5
122 - 137 1.1 0.8 0.7 0.1 1.1 0.20 1.4

Depth ECE 5AR H20 at pH C03 Texture e
Sat. clay class 15 bar

(em) mmhos/em % % g/gx
100

0- 15 0.32 0.4 32 6.9 1.8 Is 5.6
15 - 30 0.39 0.6 30 7.2 Is 5.1
30-46 0.32 0.7 26 7.2 1.7 Is 4.4
46 - 61 0.24 0.7 24 7.1 2.0 Is 3.5
61 - 76 0.40 0.7 21 7.6 s 4.0
76 - 91 0.30 0.8 22 7.4 2.4 fs 3.5
91 - 106 0.21 0.7 19 7.2 fs 3.2

106 - 122 0.20 0.7 20 7.7 2.0 s 3.2
122 - 137 0.20 0.7 19 7.7 fsl 3.3
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Table C-2.4 HECLA SERIES S:m; C-2 mSWC:84
Laboratory soll-water retention data

lAB PRESSURE (01) AND WATER <XNI'ENl' l\OL. FRI\Cl'ICN)

DEP'lli (01)

8. 38. 53. 69.

01 CC/CC SE
24. 0.3421 0.0027 24. 0.3394 0.0010 10. 0.3633 0.0010 10. 0.3752 0.0026
40. 0.3111 0.0003 40. 0.2882 0.0031 20. 0.3574 0.0010 20. 0.3781 0.0016
SO. 0.2699 0.0001 SO. 0.2363 0.0005 40. 0.2571 0.0033 40. 0.2474 0.0012
62. 0.2452 0.0014 62. 0.2070 0.0005 60. 0.1992 0.0026 60. 0.1806 0.0021
70. 0.2301 0.0011 70. 0.1902 0.0000 80. 0.1633 0.0031 80. 0.1468 0.0023
82. 0.2129 0.0012 82. 0.1719 0.0005 100. 0.1428 0.0030 100. 0.1270 0.0019
98. 0.1978 0.0009 98. 0.1587 0.0005 120. 0.1318 0.0014 120. 0.1152 0.0030

ISO. 0.1696 0.0009 150. 0.1339 0.0005 180. 0.1135 0.0008 180. 0.0991 0.0020
340. 0.1339 0.0011 340. 0.1053 0.0000 340. 0.0945 0.0008 340. 0.0829 0.0021
S03. 0.1230 0.0019 503. 0.0965 0.0000 534. 0.0864 0.0002 534. 0.0778 0.0006
834. 0.1141 0.0022 834. 0.0892 0.0000 800. 0.0813 0.0008 834. 0.0741 0.0011

BD= 1.46 1.53 1.51 1.54
N= 2 2 2 2

DEPlli (CM)

84. 99. 114. 130.

24. 0.3173 0.0030 10. 0.3335 ****** 10. 0.3417 k***** 10. 0.3480 ******
40. 0.2831 0.0057 20. 0.3249 ****** 20. 0.3283 ****** 20. 0.3345 ******
SO. 0.2374 0.0046 40. 0.2238 ****** 40. 0.1991 ****** 40. 0.2049 ******
62. 0.2100 0.0024 60. 0.1473 ****-* 60. 0.1352 ****** 60. 0.1461 ******
70. 0.1933 0.0024 80. 0.1184 ***'"** 80. 0.1055 ****** 80. 0.1160 ******
82. 0.1743 0.0018 100. 0.0967 ****** 100. 0.0921 ****** 100. 0.1024 ******
98. 0.1575 0.0018 120. 0.0910 ****** 120. 0.0862 ****** 120. 0.0949 ****-*

ISO. 0.1263 0.0012 180. 0.0765 ***k** 180. 0.0758 ****** 180. 0.0814 ******
340. 0.0867 0.0001 340. 0.0664 ****** 340. 0.0669 ****** 340. 0.0723 ***k**
S03. 0.0746 0.0010 534. 0.0621 ****** 534. 0.0639 ****** 534. 0.0693 ******
834. 0.0647 0.0015 800. 0.0621 ****** 800. 0.0624 ****** 800. 0.0663 ******

BD= 1.57 1.53 1.52 1.51
N= 2 1 1 1
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Table C-2.5 HEX::I.ASERIES SI'lEC-2 (IDSW:;1984)
In-situ K (aw) and 0('1') , and laboratory K (0.'1')
data.

RIOI1ImSP~

DEPTH 8. ~
Tll£ WATER MAT-PO'I' MAT-POr HYD-GRllD HYI>-<XN SP-K>IS DIFF
(HR) (00/00) (eM) (KPA) (~~) (~HR) (1!eM) (OO/HR)

0.2 .3865 14. 1.42 1.87 O.32E+OO 0.19E-02 0.16E+03
0.3 .3761 22. 2.12 1.77 0.28E+OO 0.13E-02 0.22E+03
0.5 .3634 32. 3.12 1.50 0.32E+OO 0.13E-02 0.25E+03
0.7 .3512 40. 3.97 1.22 0.36E+OO 0.17E-02 0.22E+03
0.9 •3419 46 . 4.52 1.07 0.25E+OO 0.18E-02 0.14E+03
1.1 .3349 50. 4.94 0.95 0.28E+OO 0.15E-02 0.18E+03
1.4 .3270 54 . 5.29 0.83 0.27E+OO 0.36E-02 0.76E+02
1.6 .3188 57. 5.57 0.75 0.25E+OO 0.25E-02 0.10E+03
1.9 .3132 60 . 5.84 0.63 0.24E+OO 0.16E-02 0.15E+03
2.2 .3080 62. 6.09 0.52 0.3lE+OO 0.25E-02 0.12E+03
2.4 .3024 64. 6.27 0.47 0.26E+OO 0.49E-02 0.54E+02
2.8 .2971 65. 6.37 0.47 0.24E+OO 0.58E-02 0.4lE+02
3.2 .2910 66. 6.47 0.48 0.20E+OO 0.63E-02 0.3lE+02
3.7 .2859 67. 6.57 0.50 0.l2E+OO 0.39E-02 0.30E+02
4.2 .2825 68. 6.66 0.49 0.9OE-01 0.36E-02 0.25E+02
4.7 .2808 68. 6.71 0.51 0.14E-01 0.24E-02 0.6OE+01
6.2 .2746 69. 6.74 0.58 0.63E-01 0.24E-01 0.26E+01
8.7 .2638 70 . 6.89 0.63 0.46E-01 0.38E-02 0.12E+02

15.0 .2519 75. 7.37 0.60 0.18E-01 0.20E-02 0.89E+01
25.0 .2390 83 . 8.12 0.55 0.16E-01 0.14E-02 0.llE+02
35.0 .2295 89. 8.77 0.50 0.12E-01 0.15E-02 0.76E+01
50.0 .2238 96. 9.37 0.42 0.35E-02 0.54E-03 0.64E+01
70.0 .2182 102 . 9.97 0.35 0.82E-02 0.15E-02 0.54E+01
90.0 .2118 106 • 10.42 0.32 0.62E-02 0.13E-02 0.48E+01

DEPTH 23. ~ SITE C-2
Tll£ WATER MAT-P<Yl' MAT-POr HYD-GRllD HYI>-<XN SP-K>IS DIFF
(HR) (00/00) (eM) (KPA) (~~) (~HR) (1/eM) (OO/HR)

0.2 .3843 20 . 1.95 1.87 0.8lE+00 0.llE-02 0.74E+03
0.3 .3763 26 . 2.59 1.77 0.80E+OO 0.14E-02 0.59E+03
0.5 .3656 35. 3.45 1.50 0.89E+00 0.13E-02 0.69E+03
0.7 .3560 42 . 4.12 1.22 0.10E+01 0.18E-02 0.56E+03
0.9 .3476 47. 4.57 1.07 0.76E+OO 0.2lE-02 0.37E+03
1.1 .3407 50 . 4.90 0.95 0.82E+OO 0.20E-02 0.4lE+03
1.4 .3329 53. 5.17 0.83 0.82E+OO 0.45E-02 0.18E+03
1.6 .3250 55. 5.38 0.75 0.73E+OO 0.3lE-02 0.24E+03
1.9 .3197 57. 5.56 0.63 0.69E+OO 0.25E-02 0.28E+03
2.2 .3150 58 . 5.72 0.52 0.90E+OO 0.32E-02 0.28E+03
2.4 .3091 60. 5.85 0.47 0.86E+OO 0.61E-02 0.14E+03
2.8 .3022 6l. 5.95 0.47 0.80E+00 0.78E-02 0.10E+03
3.2 .2940 62 . 6.07 0.48 0.67E+OO 0.68E-02 0.98E+02
3.7 .2886 63 . 6.18 0.50 0.3lE+OO 0.24E-02 0.13E+03
4.2 .2864 64. 6.26 0.49 0.24E+00 0.30E-02 0.81E+02
4.7 .2848 65. 6.33 0.51 0.65E-01 0.20E-02 0.32E+02
6.2 .2764 66. 6.42 0.58 0.2lE+OO 0.13E-01 0.17E+02
8.7 .2638 67. 6.61 0.63 O.l4E+OO 0.38E-02 0.36E+02

15.0 .2519 72 . 7.05 0.60 0.54E-01 0.22E-02 0.25E+02
25.0 .2390 79. 7.76 0.55 0.47E-01 0.15E-02 0.32E+02
35.0 .2300 86 . 8.38 0.50 0.33E-01 0.15E-02 0.23E+02
50.0 .2243 9l. 8.91 0.42 O.llE-Ol 0.76E-03 0.15E+02
70.0 .2192 97. 9.46 0.35 0.22E-01 0.llE-02 0.20E+02
90.0 .2128 10l. 9.89 0.32 0.21£-01 0.20E-02 0.llE+02
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rx:ERJN:;1-SIEP DATA

0.3 .2334 74. 7.26 83.33 0.20E-01 0.14E-02 0.14E+02
0.3 .2280 78. 7.67 83.33 0.15E-01 0.13E-02 0.l2E+02
0.4 .2235 82. 8.03 83.33 0.l2E-01 O.12E-02 0.10E+02
0.4 .2197 85. 8.36 83.33 0.10E-01 0.llE-02 0.92E+01
0.5 .2165 88. 8.66 83.33 0.84E-02 0.10E-02 0.82E+01
0.5 .2136 91. 8.94 83.33 0.72E-02 0.97E-03 0.74E+01
0.6 .2111 94. 9.20 83.33 0.63E-02 0.93E-03 0.68E+01
0.6 .2089 96. 9.44 83.33 0.56E-02 0.89E-03 0.63E+01
0.7 .2068 99. 9.67 83.33 0.50E-02 0.85E-03 0.58E+01
0.7 .2049 101. 9.89 83.33 0.45E-02 0.82E-03 0.54E+01
0.8 .2032 103. 10.10 83.33 0.40E-02 0.79E-03 0.5lE+01
0.8 .2016 105. 10.30 83.33 0.37E-02 0.77E-03 0.48E+01
0.9 .2002 107. 10.49 83.33 0.34E-02 0.75E-03 0.45E+01
0.9 .1988 109. 10.67 83.33 0.3lE-02 0.72E-03 0.43E+01
1.0 .1975 111. 10.85 83.33 0.29E-02 0.70E-03 0.4lE+01
1.0 .1963 112. 11.02 83.33 0.27E-02 0.69E-03 0.39E+01
1.1 .1952 114. 11.18 83.33 0.25E-02 0.67E-03 0.37E+01
1.1 .1941 116. 11.34 83.33 0.23E-02 0.65E-03 0.36E+01
1.2 .1931 117. 11.50 83.33 0.22E-02 0.64E-03 0.34E+01
1.2 .1921 119. 11.64 83.33 0.2lE-02 O.63E-03 0.33E+01
1.3 .1912 120. 11.79 83.33 0.19E-02 0.6lE-03 0.32E+01
1.3 .1903 122. 11.93 83.33 0.18E-02 0.60E-03 0.3lE+01
1.4 .1895 123. 12.07 83.33 0.17E-02 0.59E-03 0.30E+01
1.4 .1887 124. 12.20 83.33 0.17E-02 0.58E-03 0.29E+01

DEPTH 23. CM SITE C-2
TIME WATER Ml\T-POT MAT-POT HYD-GRAD HYJ:>-<XN SP-IDIS DIEF
(HR) (CM3/CM3) (eM) (KPA) (0001) (OOHR) (1/eM) (Q12/HR)

1.5 .1879 126. 12.34 83.33 0.16E-02 0.57E-03 0.28E+01
1.5 .1872 127 . 12.46 83.33 0.15E-02 0.56E-03 0.27E+01
1.6 .1865 128 . 12.59 83.33 0.14E-02 0.55E-03 0.26E+01
1.6 .1858 130. 12.71 83.33 0.14E-02 0.54E-03 0.25E+01
1.7 .1851 13l. 12.83 83.33 0.13E-02 0.53E-03 0.25E+01
1.7 .1845 132. 12.95 83.33 0.13E-02 0.52E-03 0.24E+01
1.8 .1839 133 . 13.06 83.33 0.12E-02 0.52E-03 0.23E+01
1.8 .1833 134 . 13.18 83.33 0.12E-02 0.5lE-03 0.23E+01
1.9 .1827 136. 13.29 83.33 0.llE-02 0.50E-03 0.22E+01
1.9 .1822 137 . 13.40 83.33 0.1lE-02 0.49E-03 0.22E+01
2.0 .1816 138 . 13.50 83.33 0.10E-02 0.49E-03 0.2lE+01
2.0 .1811 139 . 13.61 83.33 0.99E-03 0.48E-03 0.2lE+01
2.1 .1806 140. 13.71 83.33 0.96E-03 0.48E-03 0.20E+01
4.1 .1674 173. 16.98 83.33 0.36E-03 0.33E-03 0.l1E+01
8.1 .1560 214 . 20.98 83.33 0.14E-03 0.23E-03 O.60E+OO

12.1 .1500 243. 23.81 83.33 0.80E-04 0.19E-03 O.42E+OO
16.1 .1459 266 . 26.06 83.33 0.54E-04 0.16E-03 0.33E+OO
20.1 .1430 285 . 27.97 83.33 0.40E-04 0.14E-03 0.28E+OO
24.1 .1406 302 . 29.64 83.33 0.3lE-04 0.l3E-03 0.24E+OO
28.1 .1387 318 . 31.13 83.33 0.26E-04 0.12E-03 0.2IE+OO
32.1 .1371 331. 32.50 83.33 0.2lE-04 0.llE-03 0.19E+OO
36.1 .1357 344. 33.75 83.33 0.18E-04 O.llE-03 0.18E+OO
40.1 .1345 356. 34.92 83.33 0.16E-04 0.99E-04 O.l6E+OO
44.1 .1334 367 . 36.02 83.33 0.14E-04 0.94E-04 0.15E+OO
48.1 .1324 378. 37.05 83.33 0.13E-04 0.90E-04 0.14E+OO
52.1 .1315 388. 38.03 83.33 0.12E-04 0.86E-04 O.13E+OO

DEPTH 38. CM SITE C-2
TIME Wi\TER MAT-POT MAT-POT HYD-GRAD HYJ:>-<XN SP-IDIS DIEF
(HR) (CM3/CM3) (eM) (KPA) (0001) (CM/HR) (1/eM) (Q12/HR)

0.2 .3869 27. 2.65 0.92 0.22E+0l 0.49E-03 0.45E+04
0.3 .3801 32. 3.17 0.89 0.26E+01 0.17E-02 0.15E+04
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DEI?'IH 38. CM (<XNr)
0.5 .3701 38. 3.74 0.84 0.24E+01 0.19E-02 0.13E+04
0.7 .3614 42. 4.13 0.79 0.2SE+01 0.27E-02 0.9lE+03
0.9 .3532 45. 4.42 0.74 0.19E+01 0.3OE-02 0.62E+03
1.1 .3454 47. 4.64 0.70 0.19E+01 0.40E-02 0.47E+03
1.4 .3367 49. 4.83 0.72 0.16E+01 0.54E-02 0.29E+03
1.6 .3281 51. 4.98 0.72 0.13E+01 0.6lE-02 0.2lE+03
1.9 .3225 52. 5.08 0.72 0.99E+OO 0.46E-02 0.2lE+03
2.2 .3183 53. 5.16 0.72 0.10E+01 0.66E-02 0.16E+03
2.4 .3128 54. 5.24 0.70 0.10E+01 0.6lE-02 0.17E+03
2.8 .3063 55. 5.34 0.70 0.92E+OO 0.68E-02 0.13E+03
3.2 .2989 56. 5.44 0.67 0.8SE+OO 0.80E-02 0.llE+03
3.7 .2929 57. 5.54 0.64 0.39E+OO 0.39E-02 0.10E+03
4.2 .2884 57. 5.62 0.64 0.3SE+OO 0.10E-01 0.35E+02
4.7 .2827 58. 5.68 0.62 0.24E+OO 0.87E-02 0.28E+02
6.2 .2711 59. 5.79 0.57 0.38E+OO 0.llE-01 0.35E+02
8.7 .2579 61. 5.97 0.52 0.28E+OO 0.44E-02 0.65E+02

15.0 .2453 65. 6.38 0.50 O.llE+OO 0.26E-02 0.43E+02
25.0 .2324 72. 7.05 0.50 0.8SE-01 0.14E-02 0.6lE+02
35.0 .2238 78. 7.61 0.47 0.57E-01 0.19E-02 0.30E+02
50.0 .2177 82. 8.04 0.42 O.2lE-01 0.llE-02 0.19E+02
70.0 .2126 87. 8.52 0.39 0.30E-01 0.llE-02 0.29E+02
90.0 .2068 91. 8.91 0.37 0.33E-01 0.20E-02 0.16E+02

J:XER]N; l-Sl'EI?DATA

0.3 .1911 84. 8.25 83.33 0.18E-0l 0.12E-02 0.15E+02
0.4 .1867 88. 8.63 83.33 0.14E-01 0.llE-02 0.13E+02
0.4 .1829 92. 8.97 83.33 0.12E-01 0.10E-02 0.llE+02
0.5 .1797 95. 9.29 83.33 O.lOE-Ol 0.98E-03 0.10E+02
0.5 .1768 98. 9.58 83.33 O.87E-02 0.92E-03 0.94E+01
0.6 .1743 100. 9.85 83.33 O.76E-02 0.88E-03 0.86E+01
0.6 .1721 103. 10.11 83.33 O.67E-02 0.84E-03 0.80E+01
0.7 .1701 106. 10.35 83.33 O.60E-02 0.80E-03 0.74E+01
0.7 .1682 108. 10.58 83.33 O.54E-02 0.77E-03 0.69E+01

DEP'lH 38. CM SITE C-2
Tll£ WATER MAT-I?O'l~MAT-POT lIYD-GW) HYD-O:N SP-IDIS DIFF
(HR) (CM3/CM3) (eM) (KPA) «(M/CM) «(M/HR) (1/eM) (CM2/HR)

0.8 .1666 110. 10.79 83.33 O.49E-02 0.74E-03 0.65E+01
0.8 .1650 112. 11.00 83.33 O.44E-02 0.72E-03 0.62E+01
0.9 .1636 114 • 11.20 83.33 O.4lE-02 0.70E-03 0.58E+01
0.9 •1623 116. 11.39 83.33 O.37E-02 0.68E-03 0.55E+01
1.0 .1610 118. 11.57 83.33 0.35E-02 0.66E-03 0.53E+01
1.0 .1599 120. 11.75 83.33 O.32E-02 0.64E-03 0.SOE+01
1.1 .1588 122. 11.91 83.33 O.30E-02 0.62E-03 0.48E+01
1.1 .1577 123. 12.08 83.33 0.28E-02 0.6lE-03 0.46E+01
1.2 .1568 125. 12.24 83.33 0.26E-02 0.59E-03 0.44E+01
1.2 .1559 126. 12.39 83.33 0.25E-02 0.58E-03 0.42E+01
1.3 .1550 128. 12.54 83.33 O.23E-02 0.57E-03 0.4lE+01
1.3 .1542 129. 12.68 83.33 O.22E-02 O.56E-03 0.39E+01
1.4 .1534 131. 12.82 83.33 O.2lE-02 0.55E-03 0.38E+01
1.4 .1526 132. 12.95 83.33 O.20E-02 0.54E-03 0.37E+01
1.5 .1519 133. 13.09 83.33 O.19E-02 0.53E-03 0.36E+01
1.5 .1512 135. 13.22 83.33 0.18E-02 0.52E-03 0.34E+01
1.6 .1506 136. 13.34 83.33 O.17E-02 0.5lE-03 0.33E+01
1.6 .1500 137. 13.46 83.33 O.16E-02 0.50E-03 0.32E+01
1.7 .1494 139. 13.58 83.33 0.lSE-02 0.49E-03 0.32E+01
1.7 .1488 140. 13.70 83.33 0.15E-02 0.48E-03 0.3lE+01
1.8 .1482 141. 13.81 83.33 O.14E-02 0.48E-03 0.30E+01
1.8 .1477 142. 13.92 83.33 0.14E-02 0.47E-03 0.29E+01
1.9 .1472 143. 14.03 83.33 0.13E-02 0.46E-D3 0.28E+01
1.9 .1467 144. 14.14 83.33 O.13E-02 O.46E-03 O.28E+01
2.0 .1462 145. 14.25 83.33 0.12E-02 O.45E-03 0.27E+01
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DEP'IH 38. CM OM'
4.0 .1341 177. 17.38 83.33 0.44£-03 0.3lE-Q3 O.I4E+Ol
8.0 .1247 213. 20.83 83.33 0.17E-03 0.23E-03 0.74E+OO

12.0 .1201 235. 23.03 83.33 0.97E-04 0.19E-Q3 0.5lE+OO
16.0 .1171 25l. 24.65 83.33 0.66E-04 0.17E-03 0.40E+OO
20.0 .1150 265. 25.95 83.33 0.50E-04 0.15E-03 O.33E+OO
24.0 .1134 276. 27.03 83.33 0.39E-04 0.14E-Q3 0.28E+OO
28.0 .1121 285. 27.96 83.33 0.33E-04 0.l3E-Q3 0.24£+00
32.0 .1110 293. 28.77 83.33 0.28E-04 0.13E-03 O.22E+OO
36.0 .1101 30l. 29.49 83.33 0.24£-04 0.12E-03 0.20E+OO
40.0 .1093 307 • 30.14 83.33 0.2lE-04 0.12E-03 0.18E+OO
44.0 .1086 313. 30.73 83.33 0.19E-04 0.llE-03 O.17E+OO
48.0 •1080 319 • 31.28 83.33 0.17E-04 0.llE-03 O.l6E+OO
52.0 .1075 324. 31.78 83.33 0.16E-04 0.llE-03 O.15E+OO

122.0 .1024 379 . 37.19 83.33 0.63E-05 0.80E-04 0.79E-Q1
194.0 .1002 409. 40.14 83.33 0.4IE-05 0.69E-Q4 0.60E-01
266.0 .0988 430. 42.12 83.33 0.33E-05 0.64£-04 0.52E-Q1
338.0 .0979 445. 43.61 83.33 0.29E-05 0.60E-Q4 O.48E-Ol
410.0 •0972 457 . 44.79 83.33 0.27E-05 0.57E-04 0.48E-01

DEP'IH 53. CM SITE C-2
TIME WA'IER MAT-PCYr MAT-PCYr HYI>-GRAD HYD-CX:N S1?-IDIS DIFF
(HR) (00/00) (eM) (KPA) (CM!G1) (CM/HR) (1/eM) (CM2/HR)

0.2 .3888 28. 2.72 1.17 0.25E+01 0.33E-02 0.75E+03
0.3 .3762 32. 3.14 1.07 0.3IE+01 0.28E-02 0.lIE+04
0.5 .3621 37. 3.61 0.98 0.29E+01 0.34£-02 0.85E+03
0.7 .3501 40. 3.93 0.93 0.29E+01 0.45E-02 0.64£+03
0.9 .3403 42. 4.14 0.88 0.22E+01 0.47E-02 0.48E+03
1.1 .3316 44. 4.30 0.83 0.24£+01 0.6lE-02 0.39E+03
1.4 .3227 45. 4.45 0.77 0.2IE+01 0.58E-02 0.36E+03
1.6 .3137 47. 4.59 0.75 0.18E+01 0.75E-02 0.24£+03
1.9 .3072 48. 4.69 0.75 0.13E+01 0.49E-Q2 0.27E+03
2.2 .3027 49. 4.76 0.75 0.13E+01 0.72E-02 0.19E+03
2.4 .2977 49. 4.85 0.77 O.I3E+Ol 0.46E-02 0.28E+03
2.8 .2935 5l. 4.95 0.77 0.lIE+01 0.39E-02 0.29E+03
3.2 .2894 52. 5.05 0.80 0.95E+OO 0.4lE-02 0.23E+03
3.7 .2842 52. 5.14 0.82 0.50E+OO 0.84E-02 0.59E+02
4.2 .2768 53. 5.21 0.82 0.53E+OO 0.12E-01 0.46E+02
4.7 .2666 54. 5.29 0.85 0.50E+OO 0.16E-01 0.32E+02
6.2 .2534 55. 5.38 0.87 0.36E+OO 0.15E-01 0.25E+02
8.7 .2407 56. 5.53 0.87 0.24£+00 0.55E-02 0.44£+02

15.0 .2269 60. 5.90 0.83 0.96E-Ol 0.30E-02 0.32E+02
25.0 .2133 66. 6.48 0.72 0.82E-01 0.17E-02 0.48E+02
35.0 .2043 7l. 6.93 0.62 0.6IE-0l 0.27E-02 0.23E+02
50.0 .1975 75. 7.30 0.58 0.23E-0l 0.13E-02 0.17E+02
70.0 .1915 79. 7.74 0.57 0.27E-Ol 0.14£-02 0.19E+02
90.0 .1863 83. 8.14 0.60 0.28E-01 0.12E-02 0.24£+02
IXERThG I-STEP DATA

0.7 .1670 86 . 8.39 83.33 O.lIE-Ol 0.9lE-03 0.12E+02
0.7 .1636 89. 8.77 83.33 0.92E-02 0.84E-03 0.lIE+02
0.8 .1606 93 . 9.14 83.33 0.80E-02 0.79E-03 0.10E+02
0.8 .1578 97. 9.49 83.33 0.7IE-02 0.74E-03 0.96E+Ol
0.9 •1553 100 . 9.83 83.33 0.63E-02 0.70E-03 0.9OE+Ol
0.9 .1530 104. 10.17 83.33 0.56E-02 0.66E-03 0.85E+Ol
1.0 .1509 107 . 10.49 83.33 0.5IE-02 0.63E-03 0.8IE+01
1.0 .1489 110 . 10.80 83.33 0.46E-02 0.60E-03 0.77E+01
1.1 .1471 113 . 11.11 83.33 0.42E-02 0.57E-03 0.74£+01
1.1 .1454 116. 11.41 83.33 0.38E-02 0.54E-03 0.70E+01
1.2 .1438 119. 11.70 83.33 0.35E-02 0.52E-03 0.67E+01
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DEPlH 53. rn SITE C-2
Tn£ ~ MM'-POT MM'-POX IlYD-GW) ~ SP-K>IS DIFF
(HR) (rn3/rn3) (m) (KPA) (rn/rn) (CM/HR) (1/m) (CM2/HR)

1.2 •1424 122 • 11.98 83.33 0.33&-02 0.5OE-03 0.65E+01
1.3 •1410 125 • 12.26 83.33 0.3<£-02 0.48E-03 0.62E+01
1.3 •1397 128 . 12.53 83.33 0.28E-02 0.47E-03 0.6OE+01
1.4 •1384 130 • 12.79 83.33 0.26E-02 0.45E-03 0.58E+01
1.4 •1373 133 . 13.05 83.33 0.24E-02 0.44E-03 0.56E+01
1.5 •1361 136 • 13.30 83.33 0.23E-02 0.42E-03 0.54E+01
1.5 •1351 138 • 13.55 83.33 0.2lE-02 0.4lE-03 0.52E+01
1.6 .1341 14l. 13.79 83.33 0.20E-02 0.40E-03 0.5lE+01
1.6 .1331 143. 14.03 83.33 0.19E-02 0.39E-03 0.49E+01
1.7 •1322 146 • 14.27 83.33 0.18E-02 0.38E-03 0.48E+01
1.7 •1314 148 • 14.50 83.33 0.17E-02 0.37E-03 0.46E+01
1.8 .1305 150. 14.72 83.33 0.16E-02 0.36E-03 0.45E+01
1.8 •1297 152 • 14.94 83.33 0.1SE-02 0.35E-03 0.44E+01
1.9 .1290 155. 15.16 83.33 0.lSE-02 0.34E-03 0.43E+01
1.9 .1282 157. 15.38 83.33 0.14E-02 0.33E-03 0.42E+01
2.0 •1275 159 • 15.59 83.33 0.13E-02 0.32E-03 0.4lE+01
2.0 .1268 16l. 15.79 83.33 0.13E-02 0.32E-03 0.40E+01
2.1 .1262 163 • 16.00 83.33 0.l2E-02 0.3lE-03 0.39E+01
2.1 •1256 165 • 16.20 83.33 0.l2E-02 0.30E-03 0.38E+01
2.2 .1249 167. 16.40 83.33 0.llE-02 0.30E-03 0.37E+01
4.2 .1103 232 • 22.73 83.33 0.34E-03 0.17E-03 0.20E+01
8.2 •0997 309 • 30.28 83.33 0.12E-03 0.llE-03 0.1lE+01

12.2 .0950 359. 35.20 83.33 0.64E-04 0.84E-04 0.76E+OO
16.2 .0921 396. 38.84 83.33 0.43E-04 0.7lE-04 0.6OE+OO
20.2 .0901 426 • 41.72 83.33 0.32E-04 0.64E-04 0.50E+OO
24.2 •0886 450 . 44.09 83.33 0.2SE-04 0.58E-04 0.43E+OO
28.2 •0875 470 . 46.09 83.33 0.2lE-04 0.54E-04 0.38E+OO
32.2 .0866 488 • 47.83 83.33 0.18E-04 0.5lE-04 0.35E+OO

DEPlH 68. rn SITE C-2
Tn£ ~ MAT-ro:r MAT-POX IlYD-GW) ~ SP-K>IS DIFF
(HR) (rn3/00) (m) (KPA) (rn/rn) (rn/HR) (1/m) (CM2/HR)

0.2 .3721 29. 2.87 1.02 0.43E+01 0.49E-02 0.87E+03
0.3 .3611 32. 3.17 0.97 0.4SE+01 0.29E-02 0.16E+04
0.5 .3497 36. 3.53 0.90 0.4lE+01 0.38E-02 0.1lE+04
0.7 .3400 38. 3.77 0.85 0.4lE+01 0.44E-02 0.94E+03
0.9 .3319 40. 3.92 0.82 0.32E+01 0.74E-02 0.42E+03
1.1 .3245 41. 4.00 0.77 0.34E+01 0.99E-02 0.35E+03
1.4 .3169 42. 4.08 0.73 0.28E+01 0.10E-01 0.26E+03
1.6 .3080 42. 4.15 0.67 0.27E+01 0.llE-01 0.24E+03
1.9 .3006 43. 4.22 0.62 0.2lE+01 0.14E-01 0.16E+03
2.2 .2941 44. 4.27 0.60 0.22E+01 0.10E-0l 0.22E+03
2.4 .2849 44. 4.34 0.55 0.2SE+01 0.17E-01 0.15E+03
2.8 .2745 45. 4.40 0.50 0.22E+01 0.17E-01 0.14E+03
3.2 .2656 46. 4.47 0.44 0.2lE+01 0.74E-02 0.29E+03
3.7 .2596 46. 4.54 0.40 0.14E+01 0.12E-01 0.12E+03
4.2 .2541 47. 4.59 0.36 0.18E+01 O.l1E-Ol 0.16E+03
4.7 .2457 47. 4.64 0.30 0.2SE+01 0.19E-01 0.13E+03
6.2 .2278 48. 4.73 0.29 0.15E+01 0.20E-01 0.74E+02
8.7 .2145 50. 4.92 0.34 0.73E+OO 0.48E-03 0.15E+04

15.0 .2056 54. 5.33 0.43 0.25E+OO 0.29E-02 0.86E+02
25.0 .1916 60. 5.87 0.48 0.16E+OO 0.23E-02 0.69E+02
35.0 .1821 64. 6.23 0.44 0.1lE+OO 0.37E-02 0.30E+02
50.0 .1752 66. 6.48 0.32 0.5EE-01 0.20E-02 0.28E+02
70.0 .1693 69. 6.80 0.19 0.10E+OO 0.16E-02 0.66E+02
90.0 .1665 73. 7.20 0.15 0.12E+OO 0.49E-04 0.25E+04
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DEI?'IH 84. CM SITE C-2
Tll£ WA'lER MAT-POT MAT-POT HYD-GRAD HYJ:HX:N SP-MJIS DIFF
(HR) (CM3/CM3) (eM) (KPA) (<M/eM) (<M/HR) (l/eM) (OO/HR)

0.2 .3540 27 . 2.68 0.75 0.7<E+01 0.12E-02 0.58E+04
0.3 .3503 30. 2.94 0.73 0.6915+01 0.14E-Q2 0.48E+04
0.5 .3447 33. 3.27 0.76 0.57E+01 0.22E-02 0.26E+04
0.7 .3388 36. 3.52 0.83 0.49E+01 0.25E-02 0.20E+04
0.9 .3319 38. 3.71 0.91 0.34E+01 0.60E-02 0.58E+03
1.1 .3245 39. 3.84 1.01 0.32E+01 0.59E-02 0.53E+03
1.4 .3139 40. 3.96 1.11 0.23E+01 0.llE-Q1 0.2lE+03
1.6 .3015 42. 4.08 1.22 0.19E+01 0.10E-01 0.20E+03
1.9 .2926 43. 4.17 1.30 0.14E+01 0.10E-01 0.13E+03
2.2 .2851 43. 4.22 1.32 0.13E+01 0.17E-01 0.78E+02
2.4 .2747 44. 4.26 1.33 0.lSE+01 0.33E-Q1 0.45E+02
2.8 .2626 44. 4.31 1.37 0.llE+01 0.19E-01 0.59E+02
3.2 .2513 45. 4.38 1.41 0.86E+OO 0.14E-01 0.6OE+02
3.7 .2432 45. 4.45 1.45 0.50E+OO 0.87E-02 0.57E+02
4.2 .2376 46. 4.50 1.50 0.56E+OO 0.99E-Q2 0.57E+02
4.7 .2312 46. 4.56 1.56 0.66E+OO 0.13E-01 0.5lE+02
6.2 .2166 47. 4.64 1.57 0.37E+OO 0.18E-Q1 0.2lE+02
8.7 .2050 49. 4.82 1.51 O.l7E+OO 0.53E-Q3 0.32E+03

15.0 .1956 53. 5.20 1.37 0.9SE-01 0.34E-02 0.28E+02
25.0 .1811 58. 5.69 1.26 0.74E-01 0.25E-02 0.29E+02
35.0 .1716 61. 6.02 1.26 0.47E-01 0.38E-Q2 0.13E+02
50.0 .1641 64. 6.25 1.32 0.18E-01 0.30E-02 0.59E+01
70.0 .1574 67. 6.52 1.39 0.17E-01 0.19E-02 0.90E+01
90.0 .1542 70. 6.86 1.34 0.14E-01 0.19E-03 0.74E+02
IXERIN:; l-STEP DATA

0.8 .1482 11l. 10.84 83.33 0.57E-02 0.74E-03 0.77E+01
0.9 .1461 114. 11.13 83.33 0.51E-02 0.70E-03 0.72E+01
0.9 •1441 116 . 11.42 83.33 0.46E-02 0.67E-03 0.68E+01
1.0 .1422 119. 11.69 83.33 0.42E-02 0.64E-03 0.65E+01
1.0 .1405 122. 11.96 83.33 0.38E-02 0.62E-03 0.62E+01
1.1 .1389 125. 12.22 83.33 0.3SE-02 0.59E-03 0.59E+01
1.1 .1374 127. 12.47 83.33 0.32E-02 0.57E-03 0.56E+01
1.2 .1360 130. 12.72 83.33 0.30E-02 0.55E-03 0.54E+01
1.2 .1347 132. 12.96 83.33 0.28E-02 0.53E-03 0.52E+01
1.3 .1335 135. 13.19 83.33 0.26E-02 0.51E-03 0.50E+01
1.3 .1323 137. 13.42 83.33 0.24E-02 0.50E-03 0.48E+01
1.4 .1312 139. 13.64 83.33 0.22E-02 0.48E-03 0.46E+01
1.4 .1301 141. 13.86 83.33 0.21E-02 0.47E-03 0.45E+01
1.5 .1291 144. 14.08 83.33 0.20E-02 0.45E-03 0.43E+01
1.5 .1281 146. 14.29 83.33 0.19E-02 0.44E-03 0.42E+01
1.6 .1272 148. 14.49 83.33 0.17E-02 0.43E-03 0.4lE+01
1.6 .1263 150. 14.70 83.33 0.17E-02 0.42E-03 0.39E+01
1.7 .1255 152. 14.90 83.33 0.16E-02 0.4lE-03 0.38E+01
1.7 .1247 154. 15.09 83.33 0.lSE-02 0.40E-03 0.37E+01
1.8 .1239 156. 15.28 83.33 0.14E-02 0.39E-03 0.36E+01

DEPTH 84. CM (OOERIN:;1-STEP CXN1'llUED) SITE C-2
TIME WATER MAT-POT MAT-POT HYD-GRAD HY.D--CX:N S!?-MJIS DIEF
(HR) (CM3/CM3) (eM) (KPA) (<M/CM) (CM!HR) (1fCM) (CM2/HR)

1.8 .1232 158. 15.47 83.33 0.13E-02 0.38E-03 0.35E+01
1.9 .1225 160. 15.66 83.33 0.13E-02 0.37E-03 0.34E+01
1.9 .1218 162. 15.84 83.33 0.12E-02 0.36E-03 0.33E+01
2.0 .1211 163. 16.02 83.33 0.12E-02 0.36E-03 0.33E+01
2.0 .1205 165. 16.20 83.33 0.llE-02 0.35E-03 0.32E+01
4.1 .1049 224. 21.98 83.33 0.32E-03 0.20E-03 0.16E+01
8.1 .0934 300. 29.45 83.33 0.99E-04 0.12E-03 0.86E+OO

12.1 .0879 356. 34.88 83.33 0.50E-04 0.84E-04 O.60E+OO
16.1 .0846 401. 39.29 83.33 0.3lE-04 0.68E-04 0.46E+OO
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DEI?'l'H 84. CM (cmr)
20.1 .0822 439. 43.05 83.33 0.22E-04 0.57E-Q4 0.38E+OO
24.1 .0804 473. 46.36 83.33 0.16E-04 0.50E-Q4 0.33E+OO

DEP'IH 99. CM SITE C-2
TD£ WATER wa'-POr wa'-POr HYI>-GW> HYD-<XN SP~IS DIEF
(HR) (CM3/CM3) (eM) (KPA) «(M/CM) «(M/HR) (l/eM) (CM2/HR)

0.2 .3463 25. 2.43 0.91 0.60E+01 0.l3E-Q2 0.48E+04
0.3 .3432 27. 2.65 0.87 0.63E+01 0.14E-02 0.44E+04
0.5 .3382 30. 2.95 0.80 0.5!E+01 0.20E-Q2 0.29E+04
0.7 .3326 33. 3.20 0.73 0.62E+01 0.25E-Q2 0.25E+04
0.9 .3256 35. 3.42 0.70 0.53E+01 0.38E-Q2 0.14E+04
1.1 .3182 37. 3.63 0.70 0.53E+01 0.36E-Q2 0.15E+04
1.4 .3068 39. 3.81 0.68 0.49E+01 0.89E-Q2 0.54E+03
1.6 .2925 41. 3.99 0.65 0.46E+01 0.75E-Q2 0.62E+03
1.9 .2820 42. 4.12 0.63 0.36E+01 0.77E-02 0.47E+03
2.2 .2717 43. 4.20 0.63 0.36E+01 0.26E-Q1 0.14E+03
2.4 .2597 43. 4.25 0.63 0.40E+01 0.22E-Q1 0.18E+03
2.8 .2495 44. 4.31 0.61 0.32E+01 0.13E-Q1 0.25E+03
3.2 .2406 45. 4.38 0.58 0.26E+01 0.1lE-01 0.23E+03
3.7 •2341 46 • 4.47 0.56 0.16E+01 0.45E-02 0.35E+03
4.2 .2301 47. 4.57 0.56 0.18£+01 0.36E-02 0.50E+03
4.7 .2268 48. 4.67 0.56 0.2IE+01 0.3IE-Q2 0.69E+03
6.2 .2185 49. 4.81 0.61 0.11E+01 0.77E-02 0.15E+03
8.7 .2066 51. 4.99 0.68 0.42E+OO 0.59E-Q2 0.7IE+02

15.0 .1913 54. 5.27 0.70 0.23E+OO 0.50E-Q2 0.45E+02
25.0 .1756 58. 5.66 0.68 O.l6E+OO 0.30E-Q2 0.53E+02
35.0 .1662 61. 5.95 0.63 O.l1E+OO 0.38E-02 0.30E+02
50.0 .1587 63. 6.19 0.58 0.51E-01 0.27E-Q2 0.19E+02
70.0 .1515 66. 6.48 0.54 0.53E-01 0.22E-Q2 0.24E+02
90.0 .1460 69. 6.77 0.52 0.39E-01 0.15E-02 0.26E+02

DEPlH 114. CM SITE C-2
TD£ WATER wa'-POT HAT-POr HYI>-GR1ID HYD-<XN SP~IS DIEF
(HR) (CM3/CM3) (eM) (KPA) «(M/CM) «(M/HR) (l/CM) (CM2/HR)

0.2 .3493 24. 2.31 0.93 0.59E+01 ******** ********
0.3 .3501 27. 2.60 1.06 0.53E+01 ******** ********
0.5 .3502 31. 3.02 1.28 0.39E+01 0.30E-03 0.13E+05
0.7 .3458 34. 3.32 1.41 0.36E+01 0.38E-02 0.95E+03
0.9 .3417 36. 3.50 1.38 0.29E+01 0.45E-03 0.65E+04
1.1 .3411 37. 3.63 1.29 0.31E+01 0.37E-03 0.84E+04
1.4 .3334 38. 3.73 1.19 0.34E+01 0.19E-01 0.18E+03
1.6 .3175 39. 3.82 1.10 0.34E+01 0.19E-01 0.18E+03
1.9 .3014 40. 3.90 1.05 0.30E+01 0.22E-01 0.14E+03
2.4 .2749 41. 4.00 1.00 0.38£+01 O.lIE+OO 0.34E+02
2.8 .2483 41. 4.04 0.99 0.24E+01 0.32E-01 0.77E+02
3.2 .2358 42. 4.07 0.98 0.18E+01 0.36E-01 0.5IE+02
3.7 .2277 42. 4.12 0.95 0.lIE+01 0.73E-02 0.15E+03
4.2 .2237 43. 4.21 0.93 0.12E+01 0.26E-02 0.45E+03
4.7 .2211 44. 4.30 0.91 0.14E+01 0.35E-02 0.40E+03
6.2 .2117 45. 4.44 0.87 0.90E+OO 0'82E-02 0.lIE+03
8.7 .1985 47. 4.63 0.83 0.42E+OO 0.50E-02 0.85E+02

15.0 .1841 50. 4.93 0.83 0.23E+00 0.47E-02 0.48E+02
25.0 .1689 54. 5.33 0.87 0.15E+OO 0.29E-02 0.5IE+02
35.0 .1593 57 . 5.62 0.91 0.90E-01 0.43E-02 0.2IE+02
50.0 .1527 60. 5.86 0.96 0.35E-01 0.19E-02 0.19E+02
70.0 .1468 63. 6.16 0.99 0.34E-01 0.2IE-02 0.16E+02
90.0 .1422 66. 6.45 1.01 0.23E-01 0.10E-02 0.22E+02

I:XEillG 1-SlEI?DATA
0.9 .1295 86. 8.40 83.33 0.59E-02 0.83E-03 0.7IE+01
1.0 .1280 87. 8.57 83.33 0.54E-02 0.79E-03 0.68E+01
1.0 .1267 89. 8.74 83.33 0.50E-02 0.77E-03 0.65E+01
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IXERlN3 1-STEP DATA (<XNI')
1.1 .1254 91. 8.91 83.33 0.46E-02 0.74E-03 0.62E+01
1.1 •1243 92 . 9.06 83.33 0.43E-02 0.72E-03 0.59E+01
1.2 .1232 94. 9.22 83.33 0.40E-02 0.69E-03 0.57E+01
1.2 •1221 96 • 9.37 83.33 0.37&-02 0.67E-03 0.55E+01
1.3 .1211 97. 9.51 83.33 0.3SE-02 0.66E-03 0.53E+01
1.3 .1202 98 . 9.65 83.33 0.32E-02 0.64E-03 0.5lE+01
1.4 .1193 100. 9.79 83.33 0.3lE-02 0.62E-03 0.49E+01
1.4 .1185 101. 9.92 83.33 0.29E-02 0.6lE-03 0.48E+01
1.5 •1177 103 • 10.05 83.33 0.27E-02 0.59E-03 0.46E+01
1.5 .1169 104. 10.18 83.33 0.26E-02 0.SSE-03 0.45E+01
1.6 .1162 105. 10.31 83.33 0.2SE-02 0.56E-03 0.43E+01
1.6 •1155 106 • 10.43 83.33 0.23E-02 0.55E-03 0.42E+01
1.7 .1148 108. 10.55 83.33 0.22E-02 0.54E-03 0.4lE+01
1.7 .1142 109. 10.67 83.33 0.21E-02 0.53E-03 0.40E+01
1.8 .1136 110. 10.78 83.33 0.20E-02 0.52E-03 0.39E+01
1.8 .1130 111. 10.90 83.33 0.19E-02 0.5lE-03 0.38E+01
1.9 •1124 112 . 11.01 83.33 0.19E-02 0.50E-03 0.37E+01

DEPTH 114. Q1. (DC>ERIN:;1-STEP <nn'INJED) STIE C-2
Tn£ WATER MAT-POT MAT-POT HYD--GAAD HYD--<XN S!?-IDIS DIFF
(HR) (Q1.3/Q1.3)(eM) (KPA) (CM/CM) (CM/HR) (1/eM) (CM2/HR)

1.9 .1119 113. 11.12 83.33 0.18E-02 0.49E-03 0.36E+01
2.0 .1113 114 . 11.22 83.33 0.17E-02 0.48E-03 0.35E+01
2.0 •1108 116. 11.33 83.33 0.16E-02 0.47E-03 0.35E+01
4.1 .0983 149. 14.61 83.33 0.5SE-03 0.30E-03 0.19E+01
8.1 .0889 189. 18.50 83.33 0.20E-03 0.19E-03 0.llE+01

12.1 .0844 215. 21.12 83.33 0.12E-03 0.15E-03 0.78E+OO
16.1 .0816 236 . 23.13 83.33 0.80E-04 0.13E-03 O.63E+OO
20.1 .0796 253. 24.78 83.33 0.6lE-04 0.llE-03 0.55E+OO
24.1 .0781 267. 26.17 83.33 0.49E-04 0.lOE-03 0.49E+OO
28.1 .0769 279. 27.39 83.33 0.42E-04 0.92E-04 0.45E+OO
32.1 .0760 290. 28.47 83.33 0.36E-04 0.85E-04 0.43E+OO
36.1 .0751 300. 29.44 83.33 0.33E-04 0.80E-04 0.4lE+OO
40.1 .0744 309 . 30.33 83.33 0.30E-04 0.76E-04 0.39E+OO
44.1 •0738 318. 31.14 83.33 0.28E-04 0.72E-04 0.38E+OO
48.1 .0733 325. 31.89 83.33 0.26E-04 0.69E-04 0.38E+OO

DEPTIl 130. Q1. STIE C-2
TlME WATER MAT-POT WiT-POT HYD--GAAD HYD--<XN S!?-IDIS DIFF
(HR) (Q1.3/Q1.3)(eM) (KPA) (CM/CM) (CM/HR) (l/eM) (CM2/HR)

0.3 .3987 22. 2.18 0.43 0.17E+02 0.10E-01 0.17E+04
0.7 .3801 30. 2.90 0.10 0.54E+02 0.98E-03 0.55E+05
0.9 .3782 32. 3.12 0.17 0.25E+02 0.93E-03 0.27E+05
1.1 .3762 33. 3.27 0.26 0.16E+02 0.24E-02 0.66E+04
1.4 .3672 35. 3.42 0.42 0.12E+02 0.99E-02 0.l2E+04
1.6 .3509 37. 3.59 0.60 0.77E+01 0.llE-01 0.73E+03
1.9 .3353 38. 3.74 0.75 0.58E+01 O.l2E-Ol 0.50E+03
2.4 .3150 41. 4.01 1.02 0.57E+01 0.27E-01 0.2lE+03
2.8 .2895 43. 4.18 1.20 0.25E+Ol 0.73E-02 0.34E+03
3.2 .2755 44. 4.36 1.42 0.15E+01 0.76E-02 0.20E+03
3.7 .2629 46. 4.52 1.62 0.79E+00 0.65E-02 0.l2E+03
4.2 .2528 48. 4.70 1.77 0.7lE+00 0.44E-02 0.16E+03
4.7 .2440 50. 4.86 1.90 0.76E+00 0.59E-02 0.13E+03
6.2 .2276 52. 5.05 2.03 0.44E+00 0.96E-02 0.46E+02

15.0 .1939 55. 5.39 1.85 O.l2E+OO 0.18E-02 0.65E+02
25.0 .1794 62. 6.07 2.22 0.66E-01 0.26E-02 0.25E+02
35.0 .1695 66. 6.43 2.25 0.42E-0l 0.34E-02 0.l2E+02
50.0 .1626 69. 6.72 2.28 O.l7E-Ol O.16E-02 0.10E+02
70.0 .1571 72. 7.08 2.33 O.l6E-Ol O.14E-02 0.l1E+02
90.0 .1524 76. 7.42 2.38 O.llE-Ol 0.13E-02 O.83E+01

130 Q1.OOERIN3 1-STEP DATA NE)ITPAGE
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IX:EUNJ 1-S'lW DATA

1.0 .1466 75. 7.38 83.33 0.12E-01 0.llE-02 0.11E+02
1.0 .1430 79. 7.73 83.33 0.10E-01 0.99E-03 0.11E+02
1.1 .1396 82. 8.07 83.33 0.92E-02 0.9lE-03 0.10E+02
1.1 .1366 86. 8.41 83.33 0.82E-02 0.84E-03 0.97E+01
1.2 .1337 89. 8.75 83.33 0.73E-02 0.79E-03 0.93E+01
1.2 .1311 93. 9.09 83.33 0.6SE-02 0.73E-03 0.89E+01
1.3 .1287 96. 9.43 83.33 0.59E-02 0.69E-03 0.85E+01
1.3 .1264 100. 9.77 83.33 0.53E-02 0.64E-03 0.82E+01
1.4 .1242 103. 10.11 83.33 0.48E-02 0.6lE-03 0.79E+01
1.4 .1222 107. 10.44 83.33 0.44E-02 0.57E-03 0.76E+01
1.5 .1203 110. 10.78 83.33 0.40E-02 0.54E-03 0.74E+01
1.5 .1185 113. 11.11 83.33 0.36E-02 0.5lE-03 0.71E+01
1.6 .1169 117. 11.44 83.33 0.33E-02 0.48E-03 0.69E+01
1.6 .1153 120. 11.78 83.33 0.3IE-02 0.46E-03 0.67E+01
1.7 .1138 123. 12.11 83.33 O.28E-02 0.44E-03 0.65E+01

DEP'IH 130. CM SITE C-2
TD£ WATER MAT-ro:r MAT-POI' llYI>-G@D HID-<XN S1?-+OIS DIFF
(HR) (00/00) (eM) (KPA) (CM/CM) (CM!HR) (1/eM) (CM2/HR)

1.7 .1123 127. 12.44 83.33 0.26E-02 0.41E-03 0.63E+01
1.8 .1110 130. 12.77 83.33 0.24E-02 0.40E-03 0.61E+01
1.8 .1097 134. 13.10 83.33 0.23E-02 0.38E-03 0.60E+01
1.9 .1084 137. 13.43 83.33 0.2IE-02 0.36E-03 0.58E+01
1.9 .1072 140. 13.76 83.33 0.20E-02 0.35E-03 0.57E+01
2.0 .1061 144. 14.08 83.33 0.18E-02 0.33E-03 0.55E+01
2.0 .1050 147. 14.41 83.33 0.17E-02 0.32E-03 0.54E+01
2.1 .1040 150. 14.74 83.33 0.16E-02 0.30E-03 0.53E+01
2.1 .1030 154. 15.06 83.33 0.15E-02 0.29E-03 0.51E+01
2.2 .1020 157. 15.39 83.33 0.14E-02 0.28E-03 0.50E+01
2.2 .1011 160. 15.71 83.33 0.13E-02 0.27E-03 0.49E+01
2.3 .1002 164. 16.04 83.33 0.13E-02 0.26E-03 0.48E+01
4.3 .0800 297. 29.14 83.33 0.23E-03 0.88E-04 0.26E+01
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SITE D (HECLASERIES)

Site D was located in a nonirrigated wheat field. The location and
description are summarized on Table 1. According to the La Moure
County (ND) Soil Survey Report (USDA. 1971) the Hecla soil series
consists of "deep. moderately well drained. level to gently undulating
soils on sandy lake plains and on sandy uplands and terraces in the James
River Valley". They were "formed in coarse-textured deposits left by
glacial melt water and reworked by wind". Hecla soils are associated with
Hamar. Maddock. and Ulen soils. The specific site measured (location
Fig. 2) consisted of a near crest position of a lengthy toposequence.
which included a Ulen soil (site E) at toeslope and an Arveson soil (site
F) in the depression.

In-situ measurements and site descriptions were made during late
June and July. 1985. The measurment period was concurrent with sites
E and F which were located nearby. and also site G which was located
approximately 3.25 miles (7.23 km) northeast of the field location. Soil
samples and soil profile descriptions were made approximately 4 weeks
after hydraulic measurements were completed. Although measurements
were made for more than two weeks. drainage was approximately
complete at 7 days.

Infiltration and soil-water and suction profiles during wetting were
measured on this site during irrigation. but at the time of this report have
not yet been analyzed and prepared for presentation.
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Table D-1.1. SoUmorphologic data for Site D. replication 1.

Site and location: D-l Hecla. Oakes Aquifer 66 feet south and 450 feet west of the east
quarter comer of Section 9. Township 130 north. Range 59 west. Dickey County. North
Dakota.

Sampled: 07/31/85 by M. D. Sweeney. North Dakota Agricultural Experiment Station.
Fargo. North Dakota.

SoUtype and classification: Hecla loamy sand: sandy. mixed Aquic Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin which have been reworked by wind to some extent.

Drainage: Moderately well.

Notes: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratory texture in parenthesis if different from field texture.

SoUproffie: D-l west side of pit.

Alp 0-5 inches (0-13 cm) black (lOYR2/1) loamy sand (loamy fine sand), dark gray
(lOYR4/1. dry): weak coarse and medium granular structure: soft. very friable. slightly
sticky and nonplastic: common very fine roots: abrupt smooth boundary.

A12 5-15 inches (13-38 cm) black (lOYR2/1) loamy sand (loamy fine sand). dark gray
(lOYR4/1. dry): weak medium prismatic parting to weak fine and very fine subangular
blocky structure: soft. very friable. slightly sticky and nonplastic: common very fine
roots: gradual wavy boundary.

Bw 15-25 inches (38-64 em)very dark grayish brown (lOYR3/2) loamy sand (finesand).
grayish brown (lOYR5/2. dry): weak medium prismatic parting to weak medium and
fine subangular blocky structure: soft. very friable. slightly sticky and nonplastic:
common very fine roots: 5 inch crotovina: gradual wavy boundary.

Clg 25-34 inches (64-87em)dark grayish brown to grayish brown (2.5Y4.5/2) sand (fine
sand). light brownish gray (2.5Y6/2. dry) with many medium distinct dark brown (lOYR
3/3) mottles: single grain structure: loose. nonsticky and nonplastic: few very fine
roots: gra- dual wavyboundary.

C2g 34-48 inches (87-122 em)grayish brown (2.5Y5/2) sand (finesand), light gray (2.5Y
7/2. dry) with many fine prominent very dark brown (lOYR2/2) mottles: single grain
structure: loose. nonsticky and nonplastic: gradual wavyboundary.

C3g 48-59 inches (122-151 cm)grayish brown (2.5Y5/2) sand. light gray (2.5Y7/2. dry)
with many medium prominent very dark brown (lOYR 2/2) mottles: single grain
structure: loose. nonsticky and nonplastic: clear wavy boundary.

Ck 59-70 inches (151-178em) light browniShgray (2.5Y6/2) sand. white (2.5Y8/2. dry)
with common medium prominent very dark brown (lOYR2/2) mottles: single grain
structure: loose. nonsticky and nonplastic: strong to violent efTelVescence.
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Table D-1.2 HEX:IASERIFS Sl'lE D-1 NDSl'C:1985
SoU partile-size, bulk density, am organic caI:bon data
an::l in:ii.oes.

DEPTH PARTICIESIZE CU\SSES (MIQm/pER::EN1')
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8.0 4.7 5.6 4.5 20.2 42.3 18.2 4.4 0.1
23.0 5.8 5.2 3.7 21.7 43.8 15.8 3.9 0.0
38.1 1.7 7.0 4.7 25.8 47.6 10.5 2.6 0.0
53.3 4.3 3.3 2.8 22.0 47.2 15.7 4.6 0.1
76.2 2.8 6.2 0.0 26.3 52.7 9.6 2.4 0.0

106.7 2.4 2.6 3.6 24.6 51.8 11.5 3.4 0.0
137.0 3.1 4.4 2.9 17.7 40.3 20.6 10.9 0.0

DEPTH SAND SILT CIAY HClUZCN
an % % %

8. 85.2 10.1 4.7 A 1 6 6=p
23. 85.3 8.9 5.8 A12 7=w
38.1 86.6 11.7 1.7 A12 8=g
53.3 89.6 6.1 4.3 B07
76.2 91.0 6.2 2.8 C 1 8

106.7 91.4 6.2 2.4 C28
137.0 89.6 7.3 3.1 C 3 8

DEI?'lH SA!SI GEAN mEIJ Z F-INDEX ED OC
an rrm rrm g/a::. %

8. 8.436 0.1131 4.1 0.0279 0.747 1.37 1.22
23. 9.573 0.1053 4.3 0.0246 0.777 1.38 1.16
38.1 7.393 0.1109 3.0 0.0370 0.919 1.43 0.58
53.3 14.689 0.1226 3.7 0.0333 0.925 1.49 0.43
76.2 14.444 0.1134 3.2 0.0358 1.117 1.49 0.23

106.7 14.726 0.1266 2.9 0.0434 1.090 1.56 0.16
137.0 12.260 0.1490 3.7 0.0405 0.794 1.60 0.08

DEPTH M:>IS'ruRE/StOIONSUl?E GARDNER K-PARJI1oE'I'ERS(JAYNE& TYlER)
(M/DAY-KPA O1!HR-BAR

an GHOSH I3IDEMN K-SICi?E K-INr K-SWPE K-INT

8. 1.675 2.446 -1.1292 2.4708 -11.29 1.09
23. 1.589 2.516 -1.1367 2.4708 -11.37 1.09
38.1 1.773 3.186 -1.1373 2.5085 -11.37 1.13
53.3 1.358 3.410 -1.2160 2.5984 -12.16 1.22
76.2 1.376 3.020 -1.2343 2.6390 -12.34 1.26

106.7 1.369 4.734 -1.2391 2.6477 -12.39 1.27
137.0 1.462 3.930 -1.2070 2.5955 -12.07 1.22
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Table 0-1.3 Soli saturation extract water chemistry data. gravimetric water content
at saturation and at 15 bar. pH. texture class. and carbonate clay fraction for site D.
repl1cation 1.

Saturation Extract Soluble Ions
Depth Cl Mg Na K C03 HC03 C1 804
(em) meq/l
0- 15 3.01 5.03 0.88 0.38 5.44 0.35 3.51

15 - 30 3.01 1.89 0.57 0.23 3.84 0.18 1.67
30 - 46 2.49 1.18 0.44 0.18 2.96 0.12 1.21
46 - 61 2.02 1.16 0.42 0.16 2.48 0.13 1.15
61-91 1.51 1.15 0.42 0.10 1.92 0.17 1.08
91 - 122 1.51 1.15 0.42 0.09 1.44 0.20 1.52

122 - 152 1.46 1.07 0.44 0.06 1.72 0.20 1.11

Depth ECE SAR H20 at pH C03 Texture 9
Sat clay class 15 har

(em) mmhos/cm % % gIg x
100

0- 15 0.67 0.44 32 7.7 lfs 4.79
15 - 30 0.41 0.36 31 7.6 lfs 5.24
30 - 46 0.32 0.33 30 7.9 lfs 4.23
46 - 61 0.30 0.33 28 7.8 fs 3.84
61 - 91 0.22 0.36 26 7.8 fs 3.51
91 - 122 0.22 0.36 24 7.9 fs 3.38

122 - 152 0.24 0.39 23 8.0 s 3.75
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Table D-1.4 HEX::IA SERIES SI'lE D-1 N)~:1985
Laboratory soil-water retention data

IAB PRESSURE (eM) AlII>WATER <XNrml' (VOL. FFJ\CTI<N)

DEPTH(eM)
8. 23. 38. 53.

CM OC/OC SE
24. 0.5172 0.02'78 24. 0.4983 0.0099 24. 0.3611 0.0034 24. 0.3943 0.0060
40. 0.3986 0.0192 40. 0.4392 0.0039 40. 0.3212 0.0030 40. 0.3547 0.0055
SO. 0.3199 0.0113 SO. 0.3391 0.0002 SO. 0.2763 0.0030 SO. 0.2806 0.0039
62. 0.2864 0.001~6 62. 0.2855 0.0008 62. 0.2379 0.0036 62. O.23SO 0.0033
70. 0.2643 0.00'53 70. 0.2483 0.0000 70. 0.2151 0.0023 70. 0.2035 0.0022
82. 0.2356 0.00:37 82. 0.2134 0.0013 82. 0.1887 0.0026 82. 0.1728 0.0017
98. 0.2185 0.00:38 98. 0.1940 0.0017 98. 0.1681 0.0028 98. 0.1534 0.0017

ISO. 0.1769 0.00:21 ISO. 0.1591 0.0020 ISO. 0.1367 0.0015 ISO. 0.1205 0.0006
340. 0.1426 0.0011 340. 0.1281 0.0017 340. 0.1083 0.0032 340. 0.0965 0.0016
S03. 0.1303 0.0002 S03. 0.1203 0.0005 S03. 0.0997 0.0011 S03. 0.0890 0.0006
834. 0.1198 0.0005 834. 0.1094 0.0004 834. 0.0968 0.0000 834. 0.0823 0.0011

BD- 1.37 1.38 1.43 1.49
N- 2 2 2 2

DEPTH(eM)
76. 99. 137.

10. 0.4065 0.00161 24. 0.3874 0.0035 10. 0.3922 0.0060
20. 0.4021 0.00161 40. 0.3563 0.0007 20. 0.3867 0.0043
30. 0.3873 0.00:59 50. 0.3133 0.0041 30. 0.3606 0.0019
40. 0.3520 0.00:53 62. 0.2618 0.0049 40. 0.3146 0.0035
50. 0.3315 0.00131 70. 0.2119 0.0045 SO. 0.2747 0.0042
60. 0.2443 0.0015 82. 0.1660 0.0036 60. 0.2187 0.0041
70. 0.2370 0.0005 98. 0.1333 0.0018 70. 0.2080 0.0040
80. 0.1840 0.0014 150. 0.1005 0.0012 80. 0.1712 0.0035

100. 0.1538 0.0013 340. 0.0834 0.0004 100. 0.1512 0.0022
120. 0.1310 0.00)1 503. 0.0795 0.0001 120. 0.1351 0.0026
180. 0.1008 0.0000 834. 0.0787 0.0005 180. 0.1120 0.0013
334. 0.0861 0.0003 334. 0.0967 0.0011
534. 0.0810 0.0002 534. 0.0929 0.0027
834. 0.0743 0.0004 834. 0.0852 0.0015

BD= 1.49 1.56 1.60
N= 2 2 2
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Table 0-1.5 HECr.ASERIES SI'lE0-1 (ND~ 1989)
In-situ K(o.",) and 8(",) , and laboratory K (0.",)
drt:a.

RIOiARDS PAAAME'IERS
DEPTH 8. 01
TIME WATER WIT-POT WIT-POl' HYIH:;EW) HYD-<XN SP-M)IS DIFF
(HR) (00/00) (01) (KPA) (01/01) (01/HR) (1/01) (oo/HR)

0.8 .5064 5. 0.52 0.33 0.53E+OO 0.39E-Q3 0.14E+04
0.9 .4836 17. 1.67 0.30 0.10E+02 0.37E-Q2 0.28E+04
1.1 •4399 29• 2.87 0.50 0.35E+01 0.36E-Q2 0.99E+03
1.3 .3971 40. 3.92 0.57 0.26E+01 0.49E-Q2 0.54E+03
1.5 •3609 48• 4.67 0.70 0.12E+01 0.47E-Q2 0.25E+03
1.9 •3345 52 . 5.12 0.90 0.56E+00 O.lOE-Ql 0.56E+02
2.2 .3139 55. 5.37 1.03 0.3IE+00 0.70E-Q2 0.44E+02
2.7 .2985 57. 5.62 1.07 O.l4E+OO 0.49E-Q2 0.28E+02
3.2 •2903 59. 5.82 1.03 0.10E+00 0.34E-Q2 0.29E+02
3.7 .2825 61. 5.97 0.98 0.13E+00 0.87E-Q2 0.15E+02
4.2 .2734 62. 6.07 0.95 0.15E+00 0.96E-Q2 0.16E+02
4.7 .2626 63. 6.17 0.93 0.19E+00 O.l2E-Ql 0.16E+02
6.2 .2488 65. 6.37 0.95 0.50E-Q1 0.52E-Q2 0.96E+Ol
8.7 .2328 68. 6.67 0.98 0.50E-Q1 0.54E-Q2 0.93E+01

12.5 .2205 71. 6.99 1.02 O.l3E-Dl 0.24E-Q2 0.52E+01
17.5 .2115 75. 7.37 1.05 0.14E-Dl 0.24E-Q2 0.58E+01
22.5 .2037 80. 7.79 1.07 0.87E-D2 0.14E-Q2 0.64E+01
27.5 .1990 84. 8.22 1.07 0.47E-D2 0.83E-D3 0.57E+Ol
40.0 •1943 90. 8.87 0.93 0.25E-D2 0.68E-D3 0.37E+01
60.0 .1889 98. 9.57 0.80 0.22E-D2 0.94E-D3 0.24E+01
80.0 .1849 102. 10.02 0.80 0.16E-D2 0.83E-Q3 0.19E+01

100.0 .1820 106 . 10.37 0.82 0.lIE-D2 0.79E-Q3 0.14E+01
120.0 .1797 109. 10.67 0.85 0.lIE-D2 0.79E-Q3 O.l3E+Ol
150.0 .1782 112. 10.99 0.95 0.94E-D4 0.13E-Q3 0.70E+00
185.0 .1763 116. 11.34 0.98 0.85E-Q3 0.94E-Q3 0.90E+00
225.0 .1742 119. 11.62 0.93 0.15E-D3 0.47E-Q3 0.33E+OO
325.0 .1678 123. 12.07 0.87 0.69E-D3 0.17E-02 0.4IE+00
450.0 .1603 129. 12.62 0.77 0.33E-D3 0.83E-Q3 0.40E+00
650.0 .1532 137. 13.47 0.62 0.45E-D3 0.84E-Q3 0.53E+00
850.0 .1460 145. 14.24 0.47 0.54E-D3 0.13E-Q2 0.4IE+00

DEPTH 23. CM SITE 0-1
TIME WATER WIT-ror WIT-POl' HYD-GRAD HYD--ccN SP-M)IS DIFF
(HR) (00/00) (CM) (KPA) (01/01) (01/HR) (1/01) (oo/HR)

0.8 .4817 O. 0.02 0.33 0.16E+01 0.51E-03 0.31E+04
0.9 .4650 12. 1.15 0.30 0.28E+02 0.2IE-Q2 0.13E+05
1.1 .4337 24. 2.36 0.50 0.96E+01 0.25E-D2 0.38E+04
1.3 .4042 36. 3.55 0.57 0.70E+01 0.29E-D2 0.24E+04
1.5 .3783 45. 4.42 0.70 0.34E+01 0.32E-Q2 0.lIE+04
1.9 .3559 51. 5.04 0.90 0.16E+01 0.50E-Q2 0.32E+03
2.2 .3393 55. 5.39 1.03 0.85E+00 0.45E-D2 0.19E+03
2.7 .3259 58. 5.67 1.07 0.44E+00 0.56E-D2 0.78E+02
3.2 .3155 60. 5.84 1.03 0.34E+00 0.64E-D2 0.53E+02
3.7 .3049 61. 5.96 0.98 0.45E+00 0.15E-D1 0.29E+02
4.2 .2935 62. 6.03 0.95 0.49E+00 0.15E-Q1 O.33E+02
4.7 .2819 62. 6.12 0.93 O.59E+00 0.12E-D1 0.49E+02
6.2 .2677 65. 6.33 0.95 0.15E+00 0.50E-D2 0.30E+02
8.7 .2507 68. 6.65 0.98 0.15E+00 0.54E-02 O.28E+02

12.5 .2362 71. 7.00 1.02 0.43E-D1 0.30E-02 0.14E+02
17.5 .2257 76. 7.40 1.05 0.4IE-D1 0.22E-02 0.18E+02
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DEPTH 23. CM (<XN1')
22.5 .2173 80. 7.84 1.07 0.28E-01 0.16E-02 0.17E+02
27.5 .2112 84. 8.26 1.07 0.17E-01 0.12E-02 0.13E+02
40.0 .2046 90. 8.81 0.93 0.84E-02 0.12E-02 0.71E+Ol
60.0 .1974 96. 9.41 0.80 0.74E-02 0.12E-02 0.6OE+01
80.0 .1923 101. 9.86 0.80 0.51E-02 0.10E-02 0.50E+01

100.0 .1891 10,L 10.23 0.82 0.33E-02 0.73E-03 0.4SE+Ol
120.0 .1871 loa. 10.55 0.85 0.29E-02 0.51E-03 0.56E+01
150.0 .1847 11:2. 10.95 0.95 0.81E-03 0.6SE-03 0.12E+01
185.0 .1811 1115. 11.33 0.98 0.28E-02 0.ISE-02 0.18E+01
225.0 .1786 118. 11.57 0.93 0.42E-03 0.3SE-03 0.12E+01
325.0 .1736 12:2. 11.96 0.87 0.19E-02 0.ISE-02 0.13E+01
450.0 .1677 12'7. 12.44 0.77 0.92E-03 0.74E-03 0.12E+01
650.0 .1630 134. 13.16 0.62 0.12E-02 0.6lE-03 0.19E+Ol
850.0 .1579 14l. 13.83 0.47 0.16E-02 0.17E-02 0.98E+OO

DCERIN; 1-Sl'EPD1\TI\.

0.4 .1492 188. 18.45 83.33 0.5SE-02 0.31E-03 0.18E+02
0.5 .1419 216. 21.16 83.33 0.36E-02 0.23E-03 0.16E+02
0.5 .1357 248. 24.31 83.33 0.24E-02 0.17E-03 0.14E+02
0.6 .1302 28j5. 28.07 83.33 0.16E-02 0.12E-03 0.13E+02
0.6 .1255 333. 32.68 83.33 0.10E-02 0.85E-04 0.12E+02
0.7 .1213 393. 38.52 83.33 0.66E-03 0.59E-04 0.11E+02
0.7 .1175 47:2. 46.26 83.33 0.40E-03 0.39E-04 0.10E+02

DEPTH 38. CM SITE 0-1
TIME WATER MA.T-POr MM'-roI' ~ HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (O-n (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.9 .4287 8. 0.75 1.17 0.97E+01 0.69E-03 0.14E+05
1.1 .4165 20. 1.95 0.91 0.74E+01 0.12E-02 0.62E+04
1.3 .4036 3l. 3.07 0.77 0.69E+01 0.13E-02 0.54E+04
1.5 .3867 40. 3.94 0.67 0.54E+01 0.26E-02 0.21E+04
1.9 .3672 48. 4.66 0.60 0.38E+01 0.32E-02 0.12E+04
2.2 .3513 5:2. 5.12 0.62 0.22E+01 0.38E-02 0.58E+03
2.7 .3370 56. 5.45 0.65 0.13E+01 0.55E-02 0.23E+03
3.2 .3252 5:9. 5.64 0.70 0.9SE+00 0.74E-02 0.13E+03
3.7 .3146 59. 5.77 0.77 0.10E+01 0.10E-ol 0.99E+02
4.2 .3038 60. 5.87 0.84 0.96E+OO 0.11E-01 0.84E+02
4.7 .2914 61. 5.97 0.87 0.11E+01 0.13E-01 0.80E+02
6.2 .2755 63. 6.16 0.82 0.31E+OO 0.67E-02 0.45E+02
8.7 .2580 66. 6.43 0.72 0.36E+OO 0.60E-02 0.59E+02

12.5 .2431 69. 6.74 0.64 O.l3E+OO 0.38E-02 0.33E+02
* 17.5 .2319 73. 7.11 0.57 O.l3E+OO 0.23E-02 0.56E+02

22.5 .2234 77. 7.51 0.50 0.11E+00 0.20E-02 0.53E+02
27.5 .2163 81. 7.91 0.47 0.74E-01 0.15E-02 0.48E+02
40.0 .2081 86. 8.41 0.54 0.28E-01 0.17E-02 0.16E+02
60.0 .1994 9l. 8.94 0.57 0.19E-01 0.16E-02 0.12E+02
80.0 .1930 95. 9.34 0.50 0.15E-01 0.16E-02 0.98E+01

100.0 .1885 99. 9.66 0.44 0.11E-01 0.12E-02 0.96E+01
120.0 .1856 102. 9.96 0.37 0.lIE-01 0.79E-Q3 0.14E+02
150.0 .1827 106. 10.37 0.29 0.69E-Q2 0.63E-Q3 0.lIE+02
185.0 .1776 109. 10.72 0.22 0.26E-Q1 0.39E-Q2 0.65E+01
225.0 .1737 112. 10.96 0.27 0.24E-Q2 0.32E-Q3 0.77E+01
325.0 .1707 116. 11.36 0.34 0.72E-Q2 0.10E-Q2 0.69E+01
450.0 .1671 120. 11.76 0.34 0.3IE-Q2 0.63E-Q3 0.49E+01
650.0 .1648 126. 12.39 0.35 0.28E-Q2 0.29E-Q3 0.95E+01
850.0 .1624 132. 12.97 0.39 0.30E-Q2 0.lIE-Q2 0.28E+01
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DCERIl:'l;1-Sl'EPDATA
0.2 .2306 59. 5.82 83.33 0.99E-D1 0.28E-D2 0.36E+02
0.2 .2276 61. 5.93 83.33 O.llE+OO 0.27E-D2 0.4lE+02
0.2 .2253 61. 6.02 83.33 O.llE+OO 0.26E-D2 0.43E+02
0.2 .2000 73. 7.17 83.33 0.59E-D1 0.18E-D2 0.33E+02
0.3 .1822 85. 8.34 83.33 0.35E-D1 0.13E-D2 0.27E+02
0.3 .1686 97. 9.54 83.33 0.22E-D1 0.95E-D3 0.23E+02
0.4 .1579 110. 10.80 83.33 0.15E-D1 0.73E-D3 0.20E+02
0.5 .1419 139. 13.58 83.33 0.70E-D2 0.44E-D3 0.16E+02
0.5 .1357 154. 15.14 83.33 0.5OE-D2 0.35E-D3 0.14E+02
0.6 .1255 191. 18.75 83.33 0.26E-D2 0.22E-D3 0.12E+02
0.7 .1213 213. 20.87 83.33 0.19E-D2 0.17E-D3 0.llE+02
0.8 .1141 265. 26.02 83.33 0.10E-D2 0.1lE-D3 0.98E+01
0.8 .1110 298. 29.23 83.33 0.77E-D3 0.83E-D4 0.92E+01
0.9 .1082 337. 33.02 83.33 0.55E-D3 0.64E-D4 0.87E+01
0.9 .1056 384. 37.60 83.33 0.40E-D3 0.48E-D4 0.82E+01
1.0 .1033 441. 43.28 83.33 0.28E-D3 0.35E-D4 0.78E+01

DEPTH 53. 01 SITE 0-1
TIME WATER MAT-POl' MAT-roI' HYD-QW) HYD-<XN SP~IS DIFF
(HR) (00/00) (01) (KPA) (CM/01) (CM/HR) (1/01) (CM2/HR)

0.8 .4198 2. 0.21 1.10 0.69E+00 0.66E-D4 0.10E+05
0.9 .4180 8. 0.77 1.07 0.12E+02 0.32E-D3 0.36E+05
1.1 .4127 19. 1.90 1.00 0.75E+01 0.68E-D3 0.llE+05
1.3 .4036 30. 2.90 1.00 0.6lE+01 0.13E-D2 0.45E+04
1.5 .3854 38. 3.77 1.10 0.44E+01 0.27E-D2 0.16E+04
1.9 .3648 47. 4.56 1.27 0.25E+01 0.26E-D2 0.95E+03
2.2 .3520 52. 5.08 1.32 0.13E+01 0.23E-D2 0.57E+03
2.7 .3321 55. 5.41 1.28 0.llE+01 0.13E-D1 0.86E+02
3.2 .3092 57. 5.61 1.25 0.87E+00 0.9lE-D2 0.95E+02
3.7 .2955 59. 5.76 1.22 0.90E+00 0.9lE-D2 0.99E+02
4.2 .2848 60. 5.89 1.18 0.96E+00 0.79E-D2 0.12E+03
4.7 .2742 61. 5.99 1.15 0.llE+01 0.15E-D1 0.76E+02
6.2 .2608 63. 6.13 1.13 0.3lE+00 0.78E-D2 0.40E+02
8.7 .2442 65. 6.34 1.15 0.3lE+00 0.78E-D2 0.40E+02

JJCERIN;1-Sl'EPDATh
0.1 .2327 60. 5.87 83.33 0.19E+00 0.33E-D2 0.58E+02
0.2 .2010 72. 7.04 83.33 0.9lE-D1 0.22E-D2 0.42E+02
0.2 .1803 83. 8.13 83.33 0.5lE-D1 0.16E-D2 0.33E+02
0.3 .1655 94. 9.20 83.33 0.32E-D1 0.12E-D2 0.27E+02
0.3 .1541 105. 10.26 83.33 0.2lE-D1 0.93E-D3 0.23E+02
0.4 .1451 116 . 11.33 83.33 0.15E-D1 0.74E-D3 0.20E+02
0.4 .1377 127. 12.41 83.33 0.1lE-D1 0.60E-D3 0.18E+02
0.5 .1315 138. 13.52 83.33 0.79E-D2 0.50E-D3 0.16E+02
0.5 .1262 150. 14.66 83.33 0.60E-D2 0.4IE-D3 0.14E+02
0.6 .1216 162. 15.85 83.33 0.46E-D2 0.35E-D3 0.13E+02
0.6 .1176 174. 17.10 83.33 0.36E-D2 0.29E-D3 0.12E+02
0.7 .1140 188. 18.40 83.33 0.28E-D2 0.25E-D3 0.lIE+02
0.7 .1108 202. 19.78 83.33 0.22E-D2 0.2lE-D3 0.lIE+02
0.8 .1079 217. 21.25 83.33 0.18E-D2 0.18E-D3 0.10E+02
0.8 .1052 233. 22.81 83.33 0.14E-D2 0.15E-D3 0.94E+01
0.9 .1028 250. 24.49 83.33 0.12E-D2 0.13E-D3 0.89E+0l
0.9 .1006 268. 26.29 83.33 0.93E-D3 0.lIE-D3 0.84E+01
1.0 .0986 288. 28.25 83.33 0.75E-D3 0.94E-D4 0.80E+0l
1.0 .0967 310. 30.39 83.33 0.6IE-D3 0.80E-04 0.76E+01
1.1 .0949 334. 32.73 83.33 0.49E-D3 0.68E-D4 0.73E+01
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DQERIN:; 1-STEP DA~:rA (a:Nl')
1.1 .0933 360. 35.33 83.33 0.40E-Q3 0.57E-Q4 0.70E+01
1.2 •0918 390• 38.22 83.33 0.32E-Q3 0.48E-Q4 0.67E+01
1.2 .0903 423. 41.47 83.33 0.26E-Q3 0.40E-04 0.64E+01
1.3 .0890 461. 45.17 83.33 0.20E-Q3 0.33E-Q4 0.62E+01

DEPTH 76. CM SITE 0-1
TIME WATER ~1?Ol' MM'~ HYI>-GW> HYD-<X:N SP-M)IS DIFF
(HR) (00/00) (G1) (KPA) (CM/CM) (CM/HR) (l/CM) (~/HR)

0.6 .4159 2. 0.22 1.22 0.62E-Q1 ******** ********
0.8 .4170 3. 0.25 1.07 O.SSE+OO ******** ********
0.9 .4170 6. 0.62 0.82 0.16E+02 0.49E-Q3 0.32E+05
1.1 .4136 10. 1.01 0.52 0.16E+02 0.69E-Q3 0.23E+05
1.3 .4077 17. 1.68 0.37 0.19E+02 0.93E-Q3 0.2lE+05
1.5 .3959 28. 2.74 0.39 0.16E+02 0.14E-Q2 0.12E+05
1.9 .3821 39>. 3.82 0.44 0.93E+01 0.14E-Q2 0.66E+04
2.7 .3820 49>. 4.84 0.51 0.56E+01 0.14E-Q1 0.4lE+03
3.2 .3592 5l. 5.02 0.51 0.35E+01 0.12E-Q1 0.29E+03
3.7 .3320 52. 5.12 0.49 0.50E+01 0.52E-Q1 0.95E+02
4.2 .3064 531. 5.19 0.48 0.35E+01 0.16E-Q1 0.2lE+03
4.7 .2902 54. 5.34 0.52 0.40E+01 0.10E-Q1 0.40E+03
6.2 .2684 58. 5.67 0.65 0.85E+OO 0.55E-Q2 0.15E+03
8.7 .2461 631. 6.20 0.84 0.65E+OO 0.35E-Q2 0.18E+03

12.5 .2283 68. 6.65 0.96 O.l9E+OO 0.53E-Q2 0.36E+02
17.5 .2160 71. 6.91 0.96 0.15E+OO 0.40E-Q2 0.38E+02
22.5 .2079 7~1. 7.19 0.94 O.llE+OO 0.2lE-Q2 0.53E+02
27.5 .2026 7Ei. 7.47 0.93 0.77E-Q1 0.15E-Q2 0.50E+02
40.0 .1943 80. 7.83 0.91 0.38E-Q1 0.27E-Q2 0.14E+02
60.0 .1843 84. 8.25 0.88 0.29E-Q1 0.2lE-Q2 0.14E+02
80.0 .1779 87. 8.57 0.86 0.2lE-Q1 0.18E-Q2 0.llE+02

100.0 .1740 90. 8.85 0.85 0.14E-Q1 0.10E-Q2 0.14E+02
120.0 .1706 93. 9.11 0.82 0.13E-Q1 0.16E-Q2 0.83E+01
150.0 .1670 95. 9.36 0.79 0.46E-Q2 0.12E-Q2 0.37E+01
185.0 .1623 97. 9.52 0.78 0.19E-Q1 0.85E-Q2 0.22E+01
225.0 .1579 99. 9.69 0.76 0.27E-Q2 0.86E-Q3 0.32E+01
325.0 •1540 103 • 10.10 0.72 0.52E-Q2 0.99E-Q3 0.52E+01
450.0 .1503 107. 10.48 0.70 0.24E-Q2 0.95E-Q3 0.25E+01
650.0 .1471 111. 10.87 0.70 0.20E-Q2 0.75E-Q3 0.27E+01
850.0 .1440 115. 11.23 0.70 0.24E-Q2 0.17E-Q2 0.14E+01

JXlER[N; 1-SIEP DATA

0.2 .2178 73. 7.15 83.33 0.68E-Q1 0.3lE-Q2 0.22E+02
0.3 .2085 76. 7.46 83.33 0.5lE-Q1 0.28E-Q2 0.19E+02
0.3 .2012 79. 7.73 83.33 0.40E-Q1 0.25E-Q2 0.16E+02
0.4 .1951 81. 7.98 83.33 0.33E-Q1 0.23E-Q2 0.14E+02
0.4 .1900 8,<1. 8.20 83.33 0.27E-Q1 0.22E-Q2 0.13E+02
0.5 .1856 86. 8.41 83.33 0.23E-Q1 0.20E-Q2 0.llE+02
0.5 .1818 88. 8.60 83.33 0.20E-Q1 0.19E-Q2 0.10E+02
0.6 .1784 90. 8.78 83.33 0.17E-Q1 0.18E-Q2 0.95E+01
0.6 .1754 9l. 8.94 83.33 0.15E-Q1 0.17E-Q2 0.88E+01
0.7 .1726 93. 9.10 83.33 0.14E-Q1 0.17E-Q2 0.82E+01
0.7 .1702 94. 9.25 83.33 0.12E-Q1 0.16E-Q2 0.77E+01
0.8 .1679 96. 9.39 83.33 0.llE-Q1 0.15E-Q2 0.72E+01
0.8 .1658 97. 9.52 83.33 0.10E-Q1 0.15E-Q2 0.68E+01
0.9 .1639 98. 9.65 83.33 0.92E-Q2 0.14E-Q2 0.64E+01
0.9 .1621 100. 9.78 83.33 0.85E-Q2 0.14E-Q2 0.6lE+01
1.0 .1605 101. 9.89 83.33 0.78E-Q2 0.13E-Q2 0.58E+01
1.0 .1589 102. 10.01 83.33 0.73E-Q2 0.13E-Q2 0.55E+01
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DEPlH 76. 01 SI'IE0-1
TIME WATER WIT-POr wcr-ror HYD-QW) HYD-<OiJ SP-M)IS DIFF
(HR) (013/00) (01) (KPA) (CM/CM) (CM/HR) (1/01) (CM2/HR)

1.1 .1575 103. 10.12 83.33 0.68E-Q2 0.13E-Q2 0.53E+01
1.1 .1561 104. 10.22 83.33 0.63E-Q2 0.12E-Q2 0.5lE+01
1.2 .1548 105. 10.33 83.33 0.59E-Q2 0.12E-Q2 0.49E+01
1.2 .1536 106. 10.43 83.33 0.55E-Q2 0.12E-Q2 0.47E+01
1.3 .1524 107. 10.52 83.33 0.52E-Q2 0.12E-Q2 0.45E+01
1.3 .1514 108. 10.62 83.33 0.49E-Q2 0.llE-Q2 0.44E+01
1.4 .1503 109. 10.71 83.33 0.47E-Q2 0.llE-Q2 0.42E+01
1.4 .1493 110. 10.80 83.33 0.44E-Q2 0.llE-Q2 0.4lE+01
1.5 .1484 111. 10.88 83.33 0.42E-Q2 0.llE-Q2 0.39E+01
1.5 .1475 112. 10.97 83.33 0.40E-Q2 0.10E-Q2 0.38E+01
1.6 .1466 113. 11.05 83.33 0.38E-Q2 0.10E-Q2 0.37E+01
1.6 .1458 114. 11.13 83.33 0.36E-Q2 0.10E-Q2 0.36E+01
1.7 .1450 114 . 11.21 83.33 0.35E-Q2 0.98E-Q3 0.35E+01
1.7 •1442 115 . 11.29 83.33 0.33E-Q2 0.97E-Q3 0.34E+01
1.8 .1435 116. 11.36 83.33 0.32E-Q2 0.95E-Q3 0.33E+01
1.8 .1428 117 • 11.43 83.33 0.30E-Q2 0.94E-Q3 0.32E+01
1.9 .1421 117. 11.51 83.33 0.29E-Q2 0.92E-Q3 0.32E+01
1.9 .1414 118. 11.58 83.33 0.28E-Q2 0.9lE-Q3 0.3lE+Ol
2.0 .1408 119. 11.65 83.33 0.27E-Q2 0.89E-Q3 0.30E+01
2.0 .1402 119. 11.71 83.33 0.26E-Q2 0.88E-Q3 0.29E+Ol
2.1 .1396 120. 11.78 83.33 0.25E-Q2 0.87E-Q3 0.29E+Ol
2.1 .1390 121. 11.85 83.33 0.24E-Q2 0.86E-Q3 0.28E+Ol
2.2 .1385 121. 11.91 83.33 0.23E-Q2 0.84E-Q3 0.27E+Ol
4.2 .1242 142. 13.92 83.33 0.85E-Q3 0.57E-Q3 O.I5E+Ol
8.2 .1129 166. 16.29 83.33 0.3lE-Q3 0.38E-Q3 0.82E+00

12.2 .1073 183. 17.89 83.33 0.17E-Q3 0.30E-Q3 0.58E+00
16.2 .1038 195. 19.14 83.33 0.12E-Q3 0.26E-Q3 0.45E+00
20.2 .1012 206. 20.18 83.33 0.84E-Q4 0.22E-Q3 0.38E+00
24.2 .0993 215 . 21.07 83.33 0.65E-Q4 0.20E-Q3 0.32E+00
28.2 .0978 223. 21.86 83.33 0.52E-Q4 0.18E-Q3 0.29E+00
32.2 .0965 230. 22.57 83.33 0.43E-Q4 0.17E-Q3 0.26E+OO
36.2 .0954 237. 23.22 83.33 0.37E-Q4 0.16E-Q3 0.24E+00
40.2 .0945 243 . 23.81 83.33 0.32E-Q4 0.15E-Q3 0.22E+00
44.2 .0937 249. 24.36 83.33 0.28E-Q4 0.14E-Q3 0.20E+00
48.2 .0930 254. 24.88 83.33 0.25E-Q4 0.13E-Q3 0.19E+00
52.2 .0923 259. 25.37 83.33 0.22E-Q4 0.13E-03 0.18E+00

122.0 .0866 318. 31.23 83.33 0.80E-Q5 0.74E-Q4 O.llE+OO
194.0 .0841 357. 35.04 83.33 0.52E-Q5 0.56E-Q4 0.93E-Ql

DEPTH 107. CM SI'IE0-1
TIME WATER MA.T-POr MA.T-POr HYI>--ffiADHYD~ SP-M)IS DIFF
(HR) (013/00) (01) (KPA) (CMf01) (CM/HR) (1/01) (CM2/HR)

0.9 .3900 5. 0.54 1.08 0.12E+02 0.48E-Q3 0.26E+05
1.1 .3882 8. 0.78 1.21 0.72E+01 0.68E-03 0.IOE+05
1.3 .3852 13. 1.26 1.20 0.66E+Ol 0.56E-Q3 0.12E+05
1.5 .3812 21. 2.03 1.02 0.73E+Ol 0.55E-Q3 0.13E+051.9 .3760 28. 2.74 0.79 0.63E+Ol 0.10E-02 0.6IE+042.7 .3862 37. 3.59 0.64 0.64E+Ol 0.34E-Q2 0.19E+043.2 .3791 39. 3.81 0.66 0.37E+0l 0.33E-Q2 0.llE+043.7 .3603 40. 3.94 0.69 0.67E+01 0.42E-01 0.16E+034.2 .3398 41. 4.04 0.73 0.32E+01 0.74E-Q2 0.43E+034.7 .3261 43. 4.24 0.73 0.45E+01 0.66E-Q2 0.68E+036.2 .3064 47. 4.58 0.63 0.13E+01 0.50E-Q2 0.26E+038.7 .2881 52. 5.06 0.44 0.17E+01 0.25E-02 0.69E+0312.5 .2713 57. 5.54 0.35 0.8lE+00 0.5lE-Q2 0.16E+0317.5 .2567 60. 5.91 0.42 0.50E+OO 0.32E-Q2 0.15E+03
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DEPI'H 107. CM (CCNr)
22.5 .2471 64,. 6.28 0.48 0.3IE+OO 0.23E-Q2 0.14E+03
27.5 .2396 0"1'. 6.60 0.51 0.2IE+OO 0.26E-Q2 0.80E+02
40.0 .2275 71. 6.96 0.54 O.lIE+OO 0.38E-Q2 0.28E+02
60.0 .2143 75. 7.38 0.56 0.69E-Q1 0.25E-Q2 0.28E+02
80.0 .2067 791. 7.70 0.57 0.46E-Q1 0.24E-Q2 0.19E+02

*100.0 .2026 81. 7.92 0.55 0.29E-Q1 0.12E-02 0.25E+02
120.0 .2002 82:. 8.08 0.51 0.3IE-Q1 0.19E-Q2 0.16E+02
150.0 .1951 84. 8.19 0.46 0.17E-Q1 0.68E-Q2 0.25E+Ol
185.0 .1873 84. 8.28 0.41 0.53E-Q1 0.13E-Q1 0.4IE+01
225.0 .1822 85. 8.38 0.38 0.92E-Q2 0.16E-Q2 0.58E+01
325.0 .1780 891. 8.72 0.38 0.13E-Q1 0.lIE-Q2 0.lIE+02
450.0 .1728 93.. 9.11 0.40 0.65E-Q2 0.2IE-Q2 0.30E+01
650.0 .1672 98. 9.56 0.43 0.46E-Q2 0.98E-Q3 0.47E+01
850.0 .1629 102. 9.97 0.47 0.47E-Q2 0.17E-Q2 0.28E+01

JX)EIUN; 1-S1EP D1\TI\

0.5 .2077 73. 7.15 83.33 0.59E-Q1 0.35E-Q2 0.17E+02
0.5 .1982 76. 7.43 83.33 0.47E-Q1 0.3IE-Q2 0.15E+02
0.6 .1901 79. 7.70 83.33 0.39E-Q1 0.28E-Q2 0.14E+02
0.6 .1829 81. 7.96 83.33 0.33E-Q1 0.25E-Q2 0.13E+02
0.7 .1766 84. 8.22 83.33 0.28E-Q1 0.23E-Q2 0.12E+02
0.7 .1710 86. 8.47 83.33 0.24E-Q1 0.2lE-Q2 0.lIE+02
0.8 .1659 89. 8.71 83.33 0.200-Q1 0.19E-Q2 0.10E+02
0.8 .1613 91. 8.95 83.33 0.18E-Q1 0.18E-Q2 0.98E+01
0.9 .1571 94. 9.19 83.33 0.15E-Q1 0.17E-Q2 0.92E+01
0.9 .1533 96. 9.43 83.33 0.14E-Q1 0.15E-Q2 0.88E+01
1.0 .1497 99. 9.66 83.33 0.12E-Q1 0.14E-Q2 0.83E+01
1.0 .1465 101. 9.89 83.33 0.lIE-Q1 0.13E-Q2 0.79E+01

DEPI'H 107. CM SITE 0-1
TIME WA'IER MAT-POl' MAT-POr HYD-GlW> HYD-<XN SP-M)IS DIFF
(HR) (00/00) (Q.1) (!<PA) «(M/Q1) «(M/HR) (1/CM) (OO/HR)

1.1 .1434 103• 10.12 83.33 0.95E-Q2 0.13E-Q2 0.76E+01
1.1 .1406 106. 10.35 83.33 0.85E-Q2 0.12E-Q2 0.72E+01
1.2 .1380 108. 10.58 83.33 0.76E-Q2 0.lIE-Q2 0.69E+01
1.2 .1355 110. 10.80 83.33 0.69E-Q2 0.10E-Q2 0.67E+01
1.3 .1332 113. 11.03 83.33 0.62E-Q2 0.97E-Q3 0.64E+01
1.3 .1310 115. 11.26 83.33 0.56E-Q2 0.9IE-Q3 0.62E+01
1.4 .1289 117. 11.49 83.33 0.5IE-Q2 0.86E-Q3 0.60E+01
1.4 .1270 120. 11.72 83.33 0.47E-Q2 0.8IE-Q3 0.58E+01
1.5 .1251 122. 11.95 83.33 0.43E-Q2 0.77E-Q3 0.56E+01
1.5 .1233 124. 12.18 83.33 0.39E-Q2 0.73E-Q3 0.54E+01
1.6 .1217 127. 12.41 83.33 0.36E-Q2 0.69E-Q3 0.52E+01
1.6 .1201 129. 12.64 83.33 0.33E-Q2 0.65E-Q3 0.5IE+01
1.7 .1186 131. 12.88 83.33 0.30E-Q2 0.62E-Q3 0.49E+01
1.7 .1171 134. 13.12 83.33 0.28E-Q2 0.58E-Q3 0.48E+01

DEPTH 137. CM SITED-1
TIME WA'IER MAT"';1?Ol' MAT-POr HYD-GlW> HYD-<XN SP-M)IS DIFF
(HR) (00/00) (Q.1) (KPA) «(M/Q1) «(M/HR) (1/01) (OO/HR)

0.9 .3575 10. 1.02 1.31 0.10E+02 0.46E-Q3 0.23E+05
1.1 .3558 15. 1.43 1.20 0.76E+01 0.54E-Q3 0.14E+05
1.3 .3537 18. 1.80 1.10 0.76E+01 0.76E-Q3 0.10E+05
1.5 .3510 22. 2.15 1.04 0.75E+01 0.76E-Q3 0.99E+04
1.9 .3477 25. 2.46 1.00 0.54E+01 0.18E-Q2 0.3IE+04
2.7 .3358 31. 3.02 0.96 0.47E+0l 0.29E-Q2 0.16E+04
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DEPTH 137. CM (CXNI')
3.2 .3310 33. 3.22 0.93 0.29E+01 0.17E-Q2 0.17E+04
3.7 .3279 34. 3.35 0.90 0.63E+01 0.36E-Q2 0.18E+04
4.2 .3235 35. 3.45 0.87 0.32E+01 0.5IE-Q2 0.62E+03
4.7 .3174 36. 3.56 0.81 0.49E+01 0.53E-Q2 0.93E+03
6.2 .3092 38. 3.71 0.78 0.13E+01 0.56E-Q2 0.23E+03
8.7 .2624 40. 3.92 0.75 0.18E+01 0.34E-Q1 0.54E+02

17.5 .2664 47. 4.57 0.66 0.42E+OO 0.25E-Q2 0.16E+03
22.5 .2571 51. 5.03 0.67 0.29E+OO 0.16E-Q2 0.19E+03
27.5 .2428 57. 5.54 0.77 0.25E+OO 0.4IE-Q2 0.60E+02
40.0 .2304 64. 6.29 1.00 0.73E-Q1 0.4IE-Q3 0.18E+03

*60.0 .2232 71. 6.98 1.15 0.47E-Q1 0.30E-Q2 0.16E+02
80.0 .2148 74. 7.27 1.13 0.3IE-Q1 0.28E-Q2 0.lIE+02

100.0 .2097 76. 7.47 1.13 0.18E-Q1 0.22E-Q2 0.85E+01
120.0 .2072 78. 7.61 1.15 0.16E-Q1 0.12E-Q2 0.14E+02
150.0 .2038 79. 7.71 1.20 0.lIE-Q1 0.49E-Q2 0.22E+01
225.0 .1917 72. 7.05 0.70 0.7IE-Q2 0.12E-Q2 0.60E+01
325.0 .1866 76. 7.47 0.75 0.84E-Q2 0.12E-Q2 0.700+01
450.0 .1806 81. 7.93 0.79 0.SOE-Q2 0.17E-Q2 0.29E+01
650.0 .1753 87. 8.50 0.84 0.32E-Q2 0.7IE-Q3 0.45E+01
850.0 .1715 92. 9.01 0.87 0.300-Q2 0.12E-Q2 0.26E+01

IX)ERIN;1-S'IEPDA'm

0.3 .1973 70. 6.88 83.33 0.57E-Q1 0.2IE-Q2 0.28E+02
0.3 .1956 71. 6.96 83.33 0.52E-Q1 0.20E-Q2 0.26E+02
0.4 .1820 79. 7.71 83.33 0.36E-Q1 0.16E-Q2 0.22E+02
0.4 •1710 86. 8.45 83.33 0.26E-Q1 0.13E-Q2 0.20E+02

DEPTH 137. CM SITE D-1
TIME WATER MAT-FOr MAT-roI' HYIH;PJ\D HYIHXN SP~IS DIFF
(HR) (CM3/CM3) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.5 .1619 94. 9.21 83.33 0.19E-Q1 0.lIE-Q2 0.18E+02
0.5 .1541 102. 9.99 83.33 0.14E-Q1 0.90E-Q3 0.16E+02
0.6 .1474 110. 10.79 83.33 0.lIE-Q1 0.76E-03 0.15E+02
0.6 .1416 118 . 11.61 83.33 0.87E-Q2 0.64E-Q3 0.14E+02
0.7 .1364 127. 12.46 83.33 0.69E-Q2 0.55E-Q3 0.13E+02
0.7 •1318 136 . 13.35 83.33 0.55E-Q2 0.47E-Q3 0.12E+02
0.8 .1277 146. 14.28 83.33 0.45E-Q2 0.40E-Q3 0.lIE+02
0.8 .1240 156 . 15.25 83.33 0.36E-Q2 0.35E-Q3 0.10E+02
0.9 .1206 166 • 16.28 83.33 0.30E-Q2 0.30E-Q3 0.98E+01
0.9 .1175 177 • 17.36 83.33 0.24E-Q2 0.26E-Q3 0.93E+01
1.0 .1146 189. 18.51 83.33 0.20E-Q2 0.23E-Q3 0.88E+0l
1.0 .1120 201. 19.73 83.33 0.17E-Q2 0.20E-Q3 0.84E+01
1.1 .1096 215. 21.04 83.33 0.14E-Q2 0.17E-Q3 0.80E+01
1.1 .1073 229• 22.44 83.33 O.lIE-Q2 O.15E-03 0.77E+01
1.2 .1052 244 . 23.96 83.33 0.94E-Q3 O.13E-Q3 0.74E+01
1.2 .1032 261 . 25.60 83.33 0.78E-Q3 0.lIE-Q3 0.7IE+0l
1.3 .1014 279 . 27.39 83.33 0.64E-Q3 0.94E-Q4 0.68E+0l
1.3 .0996 299. 29.34 83.33 0.53E-Q3 0.8IE-04 0.66E+0l
1.4 .0980 321. 31.50 83.33 0.44E-Q3 0.69E-04 0.63E+01
1.4 .0964 346. 33.89 83.33 0.36E-Q3 0.59E-Q4 0.6IE+01
1.5. .0950 373. 36.57 83.33 0.29E-Q3 0.49E-Q4 0.59E+Ol
1.5 .0936 404. 39.59 83.33 0.24E-Q3 O.41E-Q4 0.57E+0l
1.6 .0922 439. 43.03 83.33 0.19E-Q3 0.34E-Q4 0.56E+01
1.6 .0910 479. 47.00 83.33 O.15E-Q3 0.28E-Q4 O.54E+01
1.7 .0898 527. 51.63 83.33 0.12E-Q3 0.23E-Q4 0.52E+01
1.7 .0886 583. 57.12 83.33 0.93E-Q4 O.18E-04 0.5IE+01
1.8 .0875 650. 63.77 83.33 O.7IE-Q4 0.14E-04 O.50E+01
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DEPTH 137. 01 (CXM')
1.8 .0865 734. 72.00 83.33 0.53E-Q4 0.lIE-Q4 0.48E+01
1.9 .0855 842. 82.52 83.33 0.38E-Q4 0.800-Q5 0.47E+01
1.9 •0845 984 • 96.52 83.33 0.26E-04 0.57E-Q5 0.46E+01

DEPTH 168. 01 SI'IE Jr1
TIME WATER MAT-:1?Ol'MM'-roI' HYIH:iRAD HYIHXN SP-M)IS DIFF
(HR) (00/00) (01) (KPA) (CM/Qo1) (CM/HR) (1/01) (CM2/HR)

0.9 .3543 21. 2.03 1.31 0.lIE+02 0.67E-Q3 0.16E+05
1.1 .3534 22. 2.14 1.27 0.73E+01 0.10E-Q2 0.73E+04
1.3 .3517 23. 2.27 1.22 0.7IE+01 0.19E-Q2 0.37E+04
1.5 .3492 25. 2.44 1.16 0.700+01 0.14E-Q2 0.5IE+04
1.9 .3458 27. 2.66 1.13 0.5IE+01 0.19E-Q2 0.27E+04
2.2 .3398 30. 2.91 1.13 0.24E+OO 0.27E-Q2 0.87E+02
2.7 .3311 32. 3.16 1.13 0.44E+01 0.46E-Q2 0.96E+03
3.2 .3227 34. 3.33 1.15 0.26E+01 0.5IE-Q2 0.5IE+03
3.7 .3152 35. 3.45 1.17 0.5IE+01 0.82E-Q2 0.63E+03
4.2 .3064 36. 3.55 1.20 0.27E+01 0.9IE-Q2 0.300+03
4.7 .2961 37. 3.66 1.26 0.36E+01 0.86E-Q2 0.42E+03
6.2 .2834 39. 3.79 1.28 O.90E+OO 0.98E-Q2 0.92E+02
8.7 .2335 41• 4.00 1.31 0.18E+01 0.3IE-Q1 0.59E+02

17.5 •2400 46. 4.55 1.32 0.25E+OO 0.35E-Q2 0.74E+02
22.5 .2306 SO. 4.90 1.23 0.200+00 0.23E-Q2 0.87E+02
27.5 .2164 54. 5.32 1.07 0.29E+00 0.45E-Q2 0.65E+02
40.0 .2060 61. 5.95 0.77 0.10E+00 0.19E-Q3 0.53E+03
60.0 .2007 67. 6.52 0.56 0.12E+00 0.33E-Q2 0.38E+02
80.0 .1938 69. 6.74 0.54 0.8IE-Q1 0.27E-Q2 0.30E+02

100.0 .1893 70. 6.90 0.52 0.52E-Q1 0.28E-Q2 0.18E+02
120.0 .1861 72. 7.05 0.50 0.42E-01 0.14E-Q2 0.30E+02
225.0 .2009 68. 6.67 1.03 0.59E-02 0.47E-Q3 0.13E+02
325.0 .1974 72. 7.06 0.97 0.80E-Q2 0.lIE-Q2 0.700+01
450.0 .1926 76. 7.41 0.87 0.59E-Q2 0.19E-Q2 0.3IE+01
650.0 .1881 80. 7.82 0.72 0.46E-Q2 0.800-Q3 0.57E+01
850.0 .1848 84. 8.19 0.60 0.5IE-Q2 0.14E-Q2 0.36E+01

DEPTH 198. Qo1 SITE Jr1
TIME WATER MM'-:1?Ol'MM'-roI' HYIH:iRAD HYIHXN SP-M)IS DIFF
(HR) (00/00) (Qo1) (KPA) (CM/Qo1) (CM/HR) (1/01) (CM2/HR)

0.9 .3391 23. 2.30 0.84 0.17E+02 0.49E-Q2 0.34E+04
1.1 .3375 24. 2.32 0.83 0.12E+02 0.58E-Q2 0.20E+04
1.3 .3353 24. 2.34 0.82 0.lIE+02 0.27E-Q1 0.40E+03
1.5 .3320 24. 2.38 0.80 0.lIE+02 0.53E-Q2 0.20E+04
1.9 .3274 25. 2.48 0.75 0.83E+01 0.38E-02 0.22E+04
2.2 .3205 27. 2.63 0.70 0.lIE+01 0.43E-Q2 0.26E+03
2.7 .3124 29. 2.80 0.65 0.85E+01 0.5IE-Q2 0.17E+04
3.2 .3043 30. 2.96 0.62 0.57E+01 0.48E-Q2 0.12E+04
3.7 .2961 32. 3.10 0.61 0.lIE+02 0.8IE-02 0.13E+04
4.2 .2871 33. 3.23 0.60 0.64E+01 0.57E-02 0.lIE+04
4.7 .2766 35. 3.41 0.59 0.89E+01 0.63E-02 0.14E+04
6.2 .2639 37. 3.60 0.60 0.22E+01 0.72E-02 0.3IE+03
8.7 .2493 39. 3.85 0.59 0.5IE+01 0.49E-02 0.10E+04

17.5 .2181 44. 4.33 0.54 0.74E+OO 0.6IE-02 0.12E+03
22.5 .2075 46. 4.49 0.51 0.6IE+00 0.69E-02 0.87E+02
27.5 .1989 47. 4.64 0.49 0.79E+OO 0.46E-02 0.17E+03
40.0 .1896 49. 4.80 0.47 0.19E+00 0.68E-02 0.28E+02
60.0 .1796 51. 4.99 0.43 0.19E+00 0.36E-Q2 0.53E+02
80.0 .1735 53. 5.16 0.42 0.12E+00 0.34E-02 0.36E+02

100.0 .1693 54. 5.26 0.40 0.83E-Q1 0.54E-02 0.15E+02
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DEPTH 198. CM (CXNl')
120.0 .1660 55. 5.34 0.37 0.66E-Q1 0.26E-Q2 0.25E+02
185.0 •1842 56• 5.46 0.34 O.l2E+OO 0.27E-Q2 0.43E+02
225.0 .1824 57. 5.63 0.32 0.2lE-Q1 0.38E-Q3 0.56E+02
325.0 .1791 61. 5.96 0.34 0.26E-Q1 0.14E-Q2 0.18E+02
450.0 .1746 64. 6.23 0.37 0.17E-Q1 0.33E-Q2 0.50E+01
650.0 .1696 65. 6.37 0.34 0.llE-Q1 0.33E-Q2 0.34E+01
850.0 .1652 66. 6.50 0.30 0.12E-Q1 0.29E-Q2 0.42E+01

DEPTH 228. CM SITE 0-1
TIME WATER MM'-PC1r MM'-POI' HYIH1W> HYIHXN SP-M)IS DIFF
(HR) (00/00) (eM) (KPA) (CM/Qw1) (CM/HR) (1/eM) (Qw12/HR)

0.6 .3455 15. 1.49 0.68 0.18E-Q1 0.50E-Q2 0.35E+01
0.8 .3449 15. 1.50 0.68 0.60E+00 0.76E-Q2 0.80E+02
0.9 .3437 15. 1.51 0.68 0.22E+02 0.15E-Q1 0.15E+04
1.1 .3420 16. 1.52 0.68 0.14E+02 0.20E-Q1 0.72E+03
1.3 .3398 16. 1.53 0.68 0.14E+02 0.25E-Q1 0.56E+03
1.5 .3368 16. 1.54 0.68 0.13E+02 0.35E-Ql 0.37E+03
1.9 .3331 16. 1.57 0.67 0.99E+01 0.87E-Q2 0.llE+04
2.2 .3276 16. 1.62 0.65 0.19E+01 0.llE-Q1 0.18E+03
2.7 .3210 17. 1.67 0.63 0.94E+01 0.9lE-Q2 0.10E+04
3.2 .3032 18. 1.74 0.60 0.78E+01 0.35E-Q1 0.22E+03
3.7 .2853 19. 1.84 0.58 0.12E+02 0.48E-Q2 0.24E+04
4.2 .2781 20. 1.99 0.59 0.75E+01 0.56E-Q2 0.13E+04
4.7 .2687 22. 2.14 0.59 0.99E+01 0.69E-Q2 0.14E+04
6.2 .2570 24. 2.35 0.59 0.25E+01 0.53E-Q2 0.48E+03
8.7 .2414 27. 2.61 0.59 0.54E+01 0.72E-Q2 0.75E+03

17.5 .2056 31. 3.06 0.62 0.77E+00 0.63E-Q2 0.12E+03
22.5 .1926 36. 3.51 0.81 0.46E+00 0.19E-Q2 0.24E+03
27.5 .1820 41. 4.05 1.07 0.4lE+00 0.24E-Q2 0.17E+03
40.0 .1702 44. 4.29 1.14 0.94E-Q1 0.19E-Q1 0.50E+01
60.0 .1590 45. 4.41 1.13 0.83E-Q1 0.47E-Q2 0.18E+02
80.0 .1519 47. 4.58 1.14 0.52E-Q1 0.40E-Q2 0.13E+02

100.0 .1470 48. 4.68 1.15 0.34E-Q1 0.76E-Q2 0.45E+01
120.0 .1438 48. 4.73 1.15 0.25E-Q1 0.52E-Q2 0.48E+0l
185.0 .1365 50. 4.87 1.20 0.35E-Q1 0.66E-Q3 0.53E+02
225.0 .1339 51. 5.02 1.20 0.70E-Q2 0.29E-Q2 0.25E+01
325.0 .1279 55. 5.34 1.18 0.86E-Q2 0.15E-02 0.56E+01
450.0 .1232 58. 5.65 1.18 0.59E-Q2 0.19E-02 0.3lE+01
650.0 .1194 60. 5.84 1.25 0.36E-Q2 0.18E-02 0.20E+01
850.0 .1159 61. 6.02 1.32 0.3lE-Q2 0.22E-Q2 0.14E+01

DEPTH 259. Qw1 SITE 0-1
TIME WATER MP.T-POI' MIIT-POI' HYD--GRAD HYIHXN SP-M)IS DIFF
(HR) (OO/CM3) (Qw1) (KPA) (CM/Qw1) (CM/HR) (l/CM) (OO/HR)

3.2 .3313 16. 1.57 1.26 0.5lE+01 0.58E-0l 0.89E+02
3.7 .3144 17. 1.65 1.26 0.58E+0l 0.5lE-Q2 0.llE+04
4.2 .3082 18. 1.77 1.23 0.40E+01 0.57E-02 0.70E+03
4.7 .2998 19. 1.90 1.22 0.53E+01 0.78E-02 0.68E+03
6.2 .2872 21. 2.06 1.18 0.14E+01 0.89E-02 0.16E+03
8.7 .2684 23. 2.26 1.14 0.30E+01 0.l1E-Q1 0.27E+03

17.5 .2311 27. 2.65 1.08 0.52E+00 0.69E-02 0.76E+02
22.5 .2158 31. 3.08 0.89 0.5lE+00 0.22E-Q2 0.23E+03
27.5 .2020 37. 3.63 0.66 0.77E+00 0.28E-Q2 0.28E+03
40.0 .1856 40. 3.96 0.65 0.2lE+00 0.10E-0l 0.20E+02
60.0 .1694 43. 4.17 0.71 0.15E+00 0.60E-Q2 0.25E+02
80.0 .1591 44. 4.36 0.72 0.96E-Q1 0.49E-Q2 0.20E+02

100.0 .1528 46. 4.49 0.72 0.62E-Q1 0.54E-02 0.12E+02
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DEPTH 259. CM (<XNr)
120.0 .1489 47. 4.56 0.74 0.45E4l1 0.5IE4l2 O.90E+Ol185.0 •1387 49• 4.80 0.75 0.60E4l1 0.22E4l2 0.27E+02225.0 .1341 50. 4.94 0.74 0.15E4l1 0.60E4l2 0.26E+Ol325.0 .1284 53. 5.21 0.72 0.16E4l1 0.14E4l2 0.IIE+02450.0 .1235 57. 5.58 0.77 0.10E4l1 0.12E4l2 0.82E+Ol650.0 .1192 6:2. 6.05 0.88 0.57E4l2 0.79E4l3 0.72E+Ol850.0 .1157 66. 6.52 0.99 0.47E4l2 0.72E4l3 0.65E+Ol
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SITE D, REPLICATION 2
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Table D-2.1. SoUmorphologic data for Site D. replication 2.

Site and location: D-2 Hc~la. Oakes Aquifer 66 feet south and 445 feet west of the east
quarter corner of Section 9. Township 130 north. Range 59 west. Dickey County. North
Dakota.

Sampled: 07/31/85 by M. D. Sweeney. North Dakota Agricultural Experiment Station.
Fargo. North Dakota.

SoUtype and c1ass1flcation: Hecla loamy sand: sandy. mixed Aquic Haploboroll

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin which have been reworked by wind to some extent.

Drainage: Moderately wc~l1.

Notes: Moist colors unlless otherwise spec1fled. Piece of pipe buried at 14 inches.
aboratory texture in parenthesis if different from field tex- tures

SoUproille: D-2 east sid(~of pit.

Alp 0-4 inches (0-10 CmJlblack (lOYR2/1) loamy sand (loamyfine sand) dark gray (lOYR
4/1. dry): weak coarse and medium granular structure: soft. very friable. slightly sticky
and nonplastic: common very fine roots: abrupt smooth boundary.

A12 4-19 (10-48 em) black (lOYR2/1) loamy sand (loamy find sand). dark gray (lOYR
4/1. dry): weak medium ]prismatic parting to weak fine and very fine subangular blocky
structure: soft. very friable. slightly sticky and nonplastic: common very fine roots:
gradual wavy boundary.

Bw 19-26 inches (48-66 em)very dark grayish brown (lOYR3/2) loamy sand (fine sand).
grayish brown (lOYR5/~~.dry): weak medium prismatic parting to weak medium and
fine sub angular blocky structure: soft. very friable. slightly sticky and nonplasUc:
common very fine roots: l~adual wavy boundary.

Clg 26-34 inches (66-815em) dark grayish brown to grayish brown (2.5Y 4.5/2) sand
(fine sand). light brownish gray (2.5Y6/2. dry) with many medium distinct dark brown
(lOYR3/3) mottles: single grain structure: loose. nonsticky and nonplastic: few very
fine roots; gradual wavy boundary.

C2g 34-46 inches (86-117 em) grayish brown (2.5Y5/2) sand (fine sand). light gray (2.5Y
7/2. dry) with many fine:prominent very dark brown (lOYR2/2) mottles; single grain
structure: loose. nonsticky and nonplastic; gradual wavy boundary.

C3g 46-57 inches (117-145 em) grayish brown (2.5Y5/2) sand (loamy sand). light gray
(2.5Y 7/2. dry) with many medium prominent very dark brown (lOYR2/2) mottles:
single grain structure; loose. nonsticky and nonplastic: clear wavy boundary.

Ck 57-70 inches (145-1~78em) light brownish gray (2.5Y6/2) sand. white (2.5Y8/2. dry)
with common medium prominent very dark brown (lOYR2/2) mottles: single grain
structure; loose. nonsticky and nonplastic; strong to violent effeIVescence.
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Table D-2.2 HEX:IASERIFS SI'lE D-2 NDSC:1985
Soil partile-size, 00l.k d:msity, and organic carlx>n data
and~.

DEPTH PARTIClESIZE CIASSES (MICKN/Pm::mr)
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 5.4 3.7 5.2 23.1 45.3 14.5 2.8 0.0
23. 4.3 4.5 4.8 21.1 46.3 16.0 3.1 0.0
38. 5.0 4.4 4.2 24.1 47.9 11.9 2.6 0.0
53. 5.0 2.2 5.1 25.8 49.9 9.7 2.2 0.1
76. 4.3 2.9 1.4 24.9 52.2 11.9 2.3 0.1

107. 3.9 2.9 1.2 27.6 52.7 9.7 1.9 0.0
137. 5.3 5.5 3.6 18.6 39.0 19.0 8.8 0.2
168. 2.8 5.1 3.6 5.0 35.2 22.9 25.4 0.1

DEPTH SAND Sn..T CLAY H<lUZCN
an % % %

8. 85.7 8.9 5.4 A16 6=p
23. 86.4 9.3 4.3 A12 7=w
38. 86.4 8.6 5.0 A12 8=g
53. 87.7 7.3 5.0 B 0 7 10=k
76. 91.4 4.3 4.3 C18

107. 92.0 4.1 3.9 C28
137. 85.6 9.1 5.3 C38
168. 88.5 8.7 2.8 C010

DEP'lH SA/SI <*'AN Q)EV Z F-INDEX ED ex::
an mn mn glee %

8. 9.629 0.1051 4.0 0.0264 0.826 1.47 1.04
23. 9.301 0.1130 3.7 0.0303 0.828 1.40 0.87
38. 10.058 0.1035 3.8 0.0271 0.879 1.39 0.58
53. 12.014 0.1049 3.6 0.0289 0.974 1.47 0.35
76. 21.256 0.1162 3.5 0.0336 1.103 1.44 0.23

107. 22.415 0.1137 3.3 0.0347 1.189 1.51 0.12
137. 9.407 0.1216 4.5 0.0273 0.696 1.53 0.12
168. 10.184 0.2051 4.0 0.0514 0.751 1.56 0.04

DEPTH M)ISI'URE/ro:::rICNSUFE GARDNERK-PARAME'IERS(JAYNE& TYLER)
(M/DAY-KPA CWHR-BAR

an GOOSH ~ K-Sl(PE K-INT K-SIDPE K-INT

8. 1.588 2.654 -1.1437 2.4853 -11.44 1.11
23. 1.616 2.756 -1.1524 2.5085 -11.52 1.13
38. 1.564 3.100 -1.1568 2.5085 -11.57 1.13
53. 1.462 3.694 -1.1818 2.5433 -11.82 1.16
76. 1.180 4.470 -1.2525 2.6506 -12.53 1.27

107. 1.159 5.440 -1.2608 2.6651 -12.61 1.28
137. 1.603 3.343 -1.1411 2.4824 -11.41 1.10
168. 1.569 4.075 -1.1856 2.5694 -11.86 1.19
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Table 0-2.3 :SoUsaturation extract water chemistry data. gravimetric water content
at saturation and at 15 bar, pH, texture class, and carbonate clay fraction for site D,
replication 2

Saturation Extract Soluble Ions
Depth Cl Mg Na K C03 H003 a 504
(em) meq/l
0-15 ,5.59 2.94 0.74 0.32 6.28 0.45 2.85

15 - 30 :3.23 1.88 0.69 0.23 3.76 0.30 1.96
30-46 :2.37 1.51 0.48 0.15 2.80 0.20 1.51
46 - 61 1.94 1.33 0.55 0.10 2.36 0.25 1.30
61 - 91 1.51 0.74 0.42 0.07 1.46 0.20 1.07
91 - 122 1.51 1.15 0.42 0.07 1.68 0.17 1.29

122 - 152 ::U5 1.32 0.65 0.03 2.68 0.16 1.31
152 - 183 1.94 0.92 0.57 0.02 2.08 0.18 1.18

Depth ECE SAR H20 at pH 003 Texture 9
Sat clay class 15 bar

(em) rnmhos/cm % % g/gx
100

0-15 0.70 0.36 31 7.9 Ifs 4.62
15 - 30 0.42 0.43 28 7.5 lfs 4.58
30-46 0.32 0.35 28 7.7 Ifs 4.17
46 - 61 0.28 0.43 25 7.9 fs 3.92
61 - 91 0.24 0.40 26 7.6 fs 3.52
91 - 122 0.25 0.36 24 7.7 fs 3.37

122 - 152 0.34 0.49 26 8.0 Is 4.84
152 - 183 0.27 0.47 25 7.9 s 3.86
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Table D-2.4 HEClA SERIES SIn.:D-2 NDSW::1985
Laboratory soil-water retention data

IAB PRESSURE (eM) 1\ND WATER CCNl'ENl' ('vOL. FR1\C'I'ICNI

DEP1H (CM)
8. 23. 38. 53.

CM a:;/a:; SE

10. 0.4928 0.0180 24. 0.3780 0.0305 24. 0.3520 0.0014 24. 0.4000 0.0037
20. 0.4920 0.0174 40. 0.3291 0.0143 40. 0.3090 0.0019 40. 0.3539 0.0020
30. 0.4811 0.0160 SO. 0.2965 0.0068 SO. 0.2659 0.0024 50. 0.2866 0.0008
40. 0.4256 0.0074 62. 0.2608 0.0078 62. 0.2278 0.0035 62. 0.2374 0.0004
50. 0.3889 0.0015 70. 0.2357 0.0075 70. 0.2060 0.0050 70. 0.2117 0.0016
60. 0.3100 0.0121 82. 0.2113 0.0058 82. 0.1827 0.0074 82. 0.1822 0.0011
70. 0.2895 0.0181 98. 0.1891 0.0056 98. 0.1608 0.0070 98. 0.1618 0.0004
80. 0.2494 0.0148 1SO. 0.1548 0.0056 150. 0.1256 0.0040 150. 0.1293 0.0002

100. 0.2072 0.0066 334. 0.1219 0.0056 334. 0.0988 0.0040 334. 0.1043 0.0003
120. 0.1856 0.0049 503. 0.1119 0.0053 503. 0.0910 0.0035 503. 0.0991 0.0008
180. 0.1624 0.0045 800. 0.1068 0.0037 800. 0.0896 0.0015 800. 0.0953 0.0013
334. 0.1408 0.0028
534. 0.1284 0.0032
834. 0.1169 0.0018

ED= 1.47 1.40 1.39 1.47
N= 2 2 2 2

DEP'lH (CM)

76. 107. 137. 168.

24. 0.3759 0.0001 10. 0.4225 0.0028 10. 0.3862 0.0054 10. 0.3667 0.0034
40. 0.3377 0.0003 20. 0.4143 0.0012 20. 0.3767 0.0048 20. 0.3449 0.0026
SO. 0.2784 0.0004 30. 0.3955 0.0004 30. 0.3523 0.0032 30. 0.2978 0.0016
62. 0.2424 0.0003 40. 0.3685 0.0012 40. 0.2926 0.0014 40. 0.2027 0.0018
70. 0.2049 0.0020 50. 0.3362 0.0014 50. 0.2829 0.0116 50. 0.1729 0.0016
82. 0.1696 0.0009 60. 0.2559 0.0011 60. 0.2468 0.0154 60. 0.1432 0.0014
98. 0.1456 0.0027 70. 0.2241 0.0141 70. 0.2152 0.0007 70. 0.1368 0.0021

150. 0.1060 0.0015 80. 0.2336 0.0083 80. 0.2005 0.0006 80. 0.1280 0.0021
334. 0.0869 0.0019 100. 0.1599 0.0011 100. 0.1857 0.0016 100. 0.1192 0.0021
503. 0.0820 0.0014 120. 0.1419 0.0052 120. 0.1754 0.0016 120. 0.1127 0.0017
800. 0.0792 0.0014 180. 0.1043 0.0006 180. 0.1614 0.0021 180. 0.1031 0.0022

334. 0.0923 0.0017 334. 0.1496 0.0010 334. 0.0926 0.0021
534. 0.0886 0.0031 534. 0.1408 0.0020 534. 0.0862 0.0016
834. 0.0773 0.0003 834. 0.1349 0.0020 834. 0.0804 0.0007

ED= 1.44 1.51 1.53 1.56
N= 2 2 2 2
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Table D-2.5 HECLA SERIES SI'lE0-2 (ND~ 1989)
In-s:itu K (8,,,,)and 9(",) , and laboratory K (8,,,,)

RI<E\RDS PARAME'IEFtS
DEPTH 8. CM
TIME WATER ~-ror MI\.T-roI'HYD-GW> HYIHXN SP-M)IS DIFF(HR) (<X3/<X3) (o.f) (KPA) (CM/CM) (CM/HR) (l/CM) (012/HR)

0.8 .5061 ~I. 0.77 0.87 O.54E+OO 0.65E-Q3 0.83E+030.9 .4900 2S. 2.42 0.53 0.29E+01 0.14E-Q2 0.20E+04
1.1 .4537 36. 3.52 0.57 0.35E+01 0.66E-Q2 0.54E+031.3 .4024 43. 4.22 0.77 0.25E+01 0.83E-Q2 0.3OE+03
1.5 .3647 49. 4.82 0.77 0.13E+01 0.42E-Q2 0.3OE+031.7 .3434 5S. 5.37 0.70 0.92E+OO 0.34E-Q2 0.27E+031.9 .3280 59. 5.77 0.63 0.83E+OO 0.46E-Q2 0.18E+032.2 .3142 61. 6.02 0.63 0.55E+OO 0.69E-Q2 0.80E+02
2.4 .3024 ~l. 6.22 0.65 O.38E+OO 0.49E-Q2 0.78E+02
2.7 .2954 6:' 6.34 0.63 0.26E+OO 0.87E-Q2 0.3OE+02'.2.9 .2924 6S. 6.42 0.62 0.9OE-Q1 0.15E-Q2 0.62E+023.2 .2888 6)' • 6.54 0.57 O.l6E+OO 0.39E-Q2 0.40E+02
3.7 .2820 6S:. 6.67 0.52 0.23E+00 0.77E-Q2 0.29E+02
4.2 .2734 69. 6.77 0.48 0.30E+OO 0.96E-Q2 0.3IE+02
4.7 .2638 71.• 6.92 0.47 0.3IE+OO 0.48E-Q2 0.65E+02
6.2 .2521 73:. 7.12 0.50 0.84E-Q1 0.69E-Q2 0.12E+02
8.7 .2371 7S. 7.37 0.53 0.92E-Q1 0.54E-Q2 0.17E+02

12.5 .2250 78. 7.62 0.60 0.20E-Q1 0.39E-Q2 0.52E+01
17.5 .2198 81. 7.92 0.66 0.54E-Q2 0.6OE-Q3 0.90E+01
25.0 .2127 87. 8.52 0.70 0.13E-Q1 0.15E-Q2 0.87E+01
35.0 .2016 93. 9.07 0.73 0.lIE-Q1 0.35E-Q2 0.3IE+01
45.0 .1936 96. 9.37 0.70 0.62E-Q2 0.19E-Q2 0.33E+01
60.0 .1882 100. 9.77 0.67 0.30E-Q2 0.10E-Q2 0.29E+01
80.0 .1841 104. 10.22 0.65 0.17E-Q2 0.7IE-Q3 0.23E+01

100.0 .1818 108. 10.57 0.65 0.lIE-Q2 0.63E-Q3 0.18E+01
120.0 .1804 111. 10.87 0.68 0.53E-Q3 0.3IE-Q3 0.17E+01
150.0 .1797 114. 11.22 0.72 0.13E-Q3 0.12E-Q3 0.lIE+01
180.0 .1785 117. 11.47 0.75 0.96E-Q3 0.19E-Q2 0.5IE+OO
245.0 .1730 122. 11.92 0.70 0.89E-Q3 0.lIE-Q2 0.79E+OO
400.0 .1662 131. 12.84 0.62 0.29E-Q3 0.45E-Q3 0.65E+00
600.0 .1626 139. 13.64 0.58 0.15E-Q3 0.43E-Q3 0.36E+OO
800.0 .1605 145. 14.19 0.55 0.13E-Q3 0.34E-Q3 0.38E+OO
DCERIN:; 1-STEP ~m

8.3 .1490 241. 23.67 83.33 0.24E-Q3 0.20E-Q3 0.12E+01
12.3 .1410 290. 28.39 83.33 0.lIE-Q3 0.14E-Q3 0.8IE+00
16.3 .1362 330. 32.33 83.33 0.65E-Q4 0.10E-Q3 0.63E+00
20.3 .1330 365. 35.78 83.33 O.43E-Q4 0.8IE-Q4 0.53E+00
24.3 .1307 397. 38.87 83.33 0.3IE-Q4 0.68E-Q4 0.45E+00
28.3 .1289 425. 41.71 83.33 0.23E-Q4 0.58E-Q4 0.40E+00
32.3 .1274 452. 44.33 83.33 0.18E-Q4 0.50E-Q4 O.36E+OO
36.3 .1262 477. 46.79 83.33 O.15E-Q4 0.45E-Q4 O.33E+OO
40.3 .1252 SOL 49.10 83.33 O.12E-Q4 O.40E-Q4 O.3IE+OO
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DEPTH 23. Q1 SITE 0-2
TIME WATER MP.T-POl'MP.T-POr HYI>-GRAD HYD-CCN SP-M)IS DIFF
(HR.) (00/00) (Q1) (KPA) (CM/eM) (CM/HR) (1/eM) (Q12/HR)

0.2 .4948 -4. -Q.43 1.06 O.I4E+OO 0.28E-Q2 0.52E+02
0.6 .4926 -3. -Q.25 1.10 O.2IE+00 0.60E-Q3 0.36E+03
0.8 .4860 7. 0.67 0.87 O.I6E+Ol 0.73E-Q3 O.22E+04
0.9 .4730 20. 1.95 0.53 0.78E+Ol 0.12E-Q2 0.66E+04
1.1 •4467 32• 3.13 0.57 0.96E+Ol 0.37E-Q2 0.26E+04
1.3 .4079 41. 4.03 0.77 0.69E+Ol 0.6OE-Q2 0.IIE+04
1.5 .3759 47. 4.63 0.77 0.38E+Ol 0.45E-Q2 0.83E+03
1.7 .3556 52. 5.13 0.70 0.27E+01 0.35E-Q2 0.78E+03
1.9 •3415 56. 5.49 0.63 0.24E+Ol 0.5OE-Q2 0.48E+03
2.2 •3293 59• 5.74 0.63 O.I6E+Ol 0.48E-Q2 0.33E+03
2.4 .3190 61. 5.95 0.65 O.IIE+01 0.49E-Q2 0.22E+03
2.7 •3124 62• 6.06 0.63 0.8IE+00 0.93E-Q2 O.86E+02
2.9 •3086 62. 6.12 0.62 0.36E+OO 0.39E-Q2 0.92E+02
3.2 .3035 63. 6.21 0.57 0.5IE+OO 0.73E-Q2 0.69E+02
3.7 .2961 64. 6.30 0.52 0.67E+OO 0.97E-Q2 0.69E+02
4.2 •2872 65• 6.37 0.48 0.94E+OO O.I4E-Ql 0.66E+02
4.7 •2768 66. 6.50 0.47 0.96E+OO 0.5IE-Q2 0.19E+03
6.2 .2653 69. 6.73 0.50 0.25E+OO 0.52E-Q2 0.48E+02
8.7 •2502 72 . 7.01 0.53 0.28E+00 0.57E-Q2 0.49E+02

12.5 .2363 75. 7.31 0.60 O.68E-Ql 0.35E-Q2 0.19E+02
17.5 .2277 78. 7.66 0.66 0.26E-Ql O.I6E-Q2 0.16E+02
25.0 .2180 84• 8.28 0.70 0.40E-Ql 0.15E-Q2 0.26E+02
35.0 .2074 90. 8.86 0.73 0.30E-Ql 0.28E-Q2 0.IIE+02
45.0 •2008 93. 9.14 0.70 O.I8E-Ql 0.20E-Q2 0.89E+Ol
60.0 .1955 97. 9.51 0.67 0.92E-Q2 0.lIE-Q2 0.8IE+01
80.0 .1906 ).02. 9.95 0.65 0.57E-Q2 0.lIE-Q2 O.53E+01

100.0 .1872 105. 10.30 0.65 0.39E-Q2 0.87E-Q3 0.44E+01
120.0 •1851 108 . 10.62 0.68 0.18E-Q2 0.44E-Q3 0.42E+01
150.0 .1842 112 . 11.00 0.72 0.34E-Q3 0.83E-Q4 0.4IE+01
180.0 .1834 115 • 11.28 0.75 0.25E-Q2 0.94E-Q3 0.27E+01
245.0 •1799 119. 11.68 0.70 0.23E-Q2 0.83E-Q3 0.28E+01
400.0 .1753 128. 12.54 0.62 0.80E-Q3 0.35E-Q3 0.23E+01
600.0 .1726 136. 13.32 0.58 0.42E-Q3 0.34E-Q3 0.13E+01
800.0 .1710 141. 13.85 0.55 0.37E-Q3 0.29E-Q3 0.13E+01

DQERIN:;1-SI'EPDATA

1.3 .1710 125. 12.25 83.33 0.30E-Q2 0.58E-Q3 0.53E+01
1.4 .1697 127. 12.47 83.33 0.28E-Q2 0.56E-Q3 0.5IE+01
1.4 .1685 129. 12.68 83.33 0.26E-Q2 0.54E-Q3 0.49E+01
1.5 .1674 132. 12.89 83.33 0.25E-Q2 0.52E-Q3 0.47E+01
1.5 .1663 134. 13.10 83.33 0.23E-Q2 0.5IE-Q3 O.46E+01

DEPTH 23. Q1 SITE 0-2
TIME WATER MP.T-POl'MP.T-POr H'fI)--ffiADHYD-CCN SP-K>IS DIFF
(HR.) (00/00) (Q1) (KPA) (CM/Q1) (CM/HR) (1/Q1) (Q-Q/HR)

1.6 .1653 136. 13.30 83.33 0.22E-Q2 0.49E-Q3 0.45E+01
1.6 .1643 138. 13.50 83.33 0.21E-Q2 0.48E-Q3 0.43E+01
1.7 .1634 140. 13.69 83.33 0.20E-Q2 O.47E-Q3 0.42E+Ol
1.7 .1625 142. 13.88 83.33 O.19E-Q2 0.46E-Q3 0.4IE+01
1.8 .1616 144. 14.07 83.33 0.18E-Q2 0.44E-Q3 O.40E+01
1.8 .1608 145. 14.25 83.33 0.17E-Q2 0.43E-Q3 0.39E+01
1.9 .1600 147. 14.44 83.33 0.16E-02 O.42E-03 0.38E+01
1.9 .1592 149. 14.62 83.33 0.15E-Q2 0.4IE-Q3 0.37E+01
2.0 .1585 151. 14.79 83.33 0.14E-Q2 O.40E-Q3 O.36E+01
2.0 .1578 153. 14.97 83.33 0.14E-Q2 0.39E-Q3 0.35E+01
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DEPTH 23. CM (<XNI')
2.1 .1571 154. 15.14 83.33 0.13E-02 0.39E-03 0.34E+01
2.1 .1564 156. 15.31 83.33 0.13E-02 0.38E-03 0.33E+01
2.2 .1558 150. 15.48 83.33 0.12E-02 0.37E-03 0.33E+01
2.2 .1552 160. 15.64 83.33 0.12E-02 0.36E-03 0.32E+01
4.3 .1398 216. 21.16 83.33 0.35E-03 0.2lE-03 0.17E+01
8.3 .1282 29l. 28.52 83.33 0.llE-03 0.12E-03 0.93E+OO

12.3 .1227 34~). 33.95 83.33 0.55E-Q4 0.84E-04 0.65E+OO
16.3 .1194 391. 38.36 83.33 0.34E-04 0.67E-04 0.5lE+OO
20.3 .1170 430. 42.13 83.33 0.23E-Q4 0.56E-04 0.42E+OO
24.3 .1152 464. 45.45 83.33 0.17E-04 0.48E-04 0.36E+QO
28.3 .1139 49-11. 48.43 83.33 0.14E-04 0.43E-04 0.32E+OO

DEPTH 38. CM SITE 0-2
TIME WATER MM:'--roI' MI\T-POr HYI>-QW) HYIHX.N S1?-M)IS DIFF
(HR) (CM3/CM3)(01) (KPA) (01/01) (01/HR) (1/CM) (OO/HR)

0.8 .4424 4. 0.43 0.81 0.25E+01 0.50E-03 0.5lE+04
0.9 .4370 13. 1.30 0.57 0.99E+01 0.63E-03 0.16E+05
1.1 .4262 24. 2.35 0.47 0.16E+02 0.12E-02 0.13E+05
1.3 .4086 35. 3.46 0.50 0.15E+02 0.25E-02 0.59E+04
1.5 .3883 ~~. 4.13 0.57 0.82E+01 0.40E-02 0.2lE+04
1.7 .3687 47. 4.61 0.60 0.52E+01 0.43E-02 0.l2E+04
1.9 .3535 50. 4.94 0.64 0.39E+01 0.52E-02 0.75E+03
2.2 .3413 53. 5.24 0.70 0.23E+01 0.32E-02 0.70E+03
2.4 .3308 56. 5.49 0.74 0.16E+01 0.64E-02 0.25E+03
2.7 .3232 57. 5.59 0.74 0.12E+01 0.llE-01 0.llE+03
2.9 .3176 50. 5.66 0.75 0.72E+QO 0.72E-02 0.10E+03
3.2 .3098 59. 5.76 0.82 O.68E+OO 0.82E-02 0.82E+02
3.7 .3010 60. 5.90 0.94 0.6lE+OO 0.49E-02 0.12E+03
4.2 .2926 61. 6.02 1.04 0.73E+OO 0.95E-02 0.77E+02
4.7 .2825 63. 6.17 1.07 0.7lE+OO 0.53E-02 0.13E+03
6.2 .2697 65. 6.38 1.02 0.20E+OO 0.67E-02 0.30E+02
8.7 .2541 6H. 6.63 0.96 0.26E+OO 0.58E-02 0.45E+02

12.5 .2397 71. 6.97 0.94 0.82E-01 0.32E-02 0.25E+02
17.5 .2289 75. 7.35 0.91 0.44E-01 0.25E-02 0.18E+02
25.0 .2180 8l. 7.96 0.87 0.55E-01 0.14E-02 0.38E+02
35.0 .2088 87. 8.55 0.84 0.39E-01 0.22E-02 0.18E+02

*45.0 .2028 89. 8.74 0.77 0.27E-01 0.44E-02 0.62E+01
60.0 .1957 92. 9.04 0.70 0.16E-01 0.17E-02 0.94E+01
80.0 .1895 96. 9.44 0.67 0.llE-01 0.14E-02 0.75E+01

100.0 .1853 100. 9.78 0.65 0.74E-02 0.10E-02 0.73E+01
120.0 .1831 103. 10.09 0.60 0.37E-02 0.39E-03 0.95E+01
150.0 .1817 107. 10.44 0.54 0.llE-02 0.38E-03 0.29E+01
180.0 .1801 109. 10.71 0.50 0.59E-02 0.llE-02 0.53E+01
245.0 .1770 113. 11.07 0.49 0.49E-02 0.80E-03 0.6lE+01
400.0 .1734 121. 11.82 0.42 0.17E-02 0.28E-03 0.62E+01
600.0 .1712 12B. 12.53 0.37 0.10E-02 0.35E-03 0.29E+01
800.0 .1694 133. 13.02 0.35 0.93E-03 0.37E-03 0.25E+01

D()ER]N; 1-Sl'EP M'JA

0.7 .1538 lOB. 10.55 83.33 0.llE-01 0.68E-03 0.16E+02
0.8 .1479 117. 11.48 83.33 0.84E-02 0.58E-03 0.15E+02
0.8 .1426 127. 12.45 83.33 0.68E-02 0.50E-03 0.14E+02
0.9 .1378 137. 13.47 83.33 0.55E-02 0.43E-03 0.13E+02
0.9 .1335 14H. 14.53 83.33 0.45E-02 0.37E-Q3 0.12E+02
1.0 .1296 160. 15.65 83.33 .0.37E-Q2 0.32E-Q3 0.12E+02
1.0 .1260 172. 16.83 83.33 0.3lE-Q2 0.28E-Q3 0.1lE+02
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DEPTH 38. CM SITE D-2
TIME WATER MM1-POT MI\T~ HYIH;lW) HYD-<XN SP-M:>IS DIFF
(HR.) (<M3/CM3) (CM) (KPA) (CM/(M) (CM/HR) (l/CM) (QoQ/HR)

1.1 .1228 184. 18.06 83.33 0.25E-02 0.24E-03 0.10E+02
1.1 .1197 197. 19.36 83.33 0.2lE-02 0.2IE-03 0.10E+02
1.2 •1170 211. 20.73 83.33 0.18E-02 0.19E-03 0.96E+01
1.2 .1144 226 . 22.18 83.33 0.15E-02 0.16E-03 0.92E+01
1.3 •1120 242 • 23.72 83.33 0.13E-02 0.14E-03 0.88E+01
1.3 •1097 259 • 25.34 83.33 0.lIE-02 0.13E-03 0.85E+01
1.4 •1076 276 • 27.07 83.33 0.92E-03 0.lIE-03 0.82E+01
1.4 .1057 295 • 28.91 83.33 0.78E-03 0.98E-04 0.79E+01
1.5 .1038 315. 30.87 83.33 0.66E-03 0.87E-04 0.76E+01
1.5 •1021 336• 32.96 83.33 0.57E-03 0.77E-04 0.74E+01
1.6 .1004 359. 35.19 83.33 0.48E-03 0.68E-04 0.72E+01
1.6 •0989 383. 37.59 83.33 0.4IE-03 0.60E-04 0.69E+01
1.7 .0974 410. 40.18 83.33 0.35E-03 0.52E-04 0.67E+01
1.7 .0960 438. 42.96 83.33 0.30E-03 0.46E-04 0.65E+01
1.8 •0947 469• 45.96 83.33 0.26E-03 0.40E-04 0.64E+01
1.8 •0934 502• 49.22 83.33 0.22E-03 0.36E-04 0.62E+01
0.1 .1609 98. 9.62 83.33 0.14E-01 0.8IE-03 0.17E+02
0.1 .1579 102. 10.00 83.33 0.12E-01 0.75E-03 0.16E+02
0.1 .1549 106. 10.40 83.33 0.10E-01 0.70E-03 0.15E+02
0.2 .1519 111. 10.84 83.33 0.88E-02 0.65E-03 0.14E+02
0.2 .1489 115. 11.32 83.33 0.76E-02 0.59E-03 0.13E+02
0.2 .1459 121. 11.83 83.33 0.66E-02 0.55E-03 0.12E+02

DEPTH 53. CM SITE D-2
TIME WATER MI\T-POr MI\T-POr HYIH;RAD ~ SP-M)IS DIFF
(HR.) (CM3/CM3) (CM) (KPA) (CM/CM) (CW'HR) (1/Q.1) (QoQ/HR)

0.8 .4230 3. 0.26 0.97 0.23E+01 0.2IE-04 0.lIE+06
0.9 .4221 9. 0.86 0.83 0.74E+01 0.23E-03 0.32E+05
1.1 .4180 19. 1.83 0.80 0.lIE+02 0.53E-03 0.20E+05
1.3 .4107 30. 2.92 0.77 0.lIE+02 0.97E-03 0.12E+05
1.5 .3998 37. 3.64 0.77 0.79E+01 0.25E-02 0.32E+04
1.7 .3801 42. 4.14 0.77 0.63E+01 0.57E-02 0.lIE+04
1.9 .3589 46. 4.52 0.80 0.45E+01 0.55E-02 0.83E+03
2.2 .3432 50. 4.87 0.80 0.28E+01 0.38E-02 0.75E+03
2.4 .3296 53. 5.18 0.83 0.2IE+01 0.6IE-02 0.34E+03
2.7 .3201 54. 5.30 0.87 0.16E+01 0.14E-01 O.12E+03
2.9 .3134 55. 5.38 0.87 0.lIE+01 0.64E-02 0.18E+03
3.2 .3044 56. 5.51 0.85 0.lIE+01 0.67E-02 0.16E+03
3.7 .2938 58. 5.71 0.82 0.10E+01 0.42E-02 O.24E+03
4.2 .2842 60. 5.93 0.83 0.13E+01 0.48E-02 0.26E+03
4.7 .2731 63. 6.13 0.87 0.13E+01 0.62E-02 0.2IE+03
6.2 .2594 65. 6.34 0.92 0.33E+00 0.67E-02 0.49E+02
8.7 .2436 68. 6.64 1.05 0.33E+00 0.44E-02 0.76E+02

12.5 .2277 72. 7.02 1.13 O.lIE+OO 0.38E-02 0.27E+02
17.5 .2161 75. 7.34 1.08 0.60E-01 0.35E-02 0.17E+02
25.0 .2061 79. 7.78 0.88 0.76E-01 0.18E-02 0.42E+02
35.0 .1976 84. 8.24 0.75 0.54E-01 0.2IE-Q2 0.26E+02
45.0 .1919 86. 8.44 0.82 0.38E-Q1 0.38E-Q2 0.10E+02
60.0 .1850 89. 8.71 0.85 0.20E-Q1 0.20E-Q2 0.10E+02
80.0 .1789 93. 9.07 0.83 0.13E-Q1 0.13E-Q2 0.96E+01

100.0 .1749 96. 9.39 0.82 0.90E-Q2 0.12E-02 0.75E+01
120.0 .1725 98. 9.62 0.77 0.43E-Q2 0.83E-03 0.53E+01
150.0 .1701 101. 9.86 0.68 0.22E-Q2 0.l1E-Q2 0.19E+01
180.0 .1671 103. 10.09 0.65 0.72E-Q2 0.16E-Q2 0.44E+01
245.0 .1628 106. 10.41 0.62 0.50E-02 0.12E-Q2 0.40E+01
400.0 .1574 113. 11.05 0.55 0.18E-Q2 0.57E-Q3 0.32E+01
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DEPTH 53. CM (<XNl')
600.0 .1536 119. 11.68 0.48 0.12E-02 0.67E-03 0.17E+01
800.0 .1514 12:3. 12.09 0.40 O.lIE-02 0.4IE-03 0.28E+01

DEPTH 76. CM srm 0-2
TIME: WATER MA,To-POr MM'-POr HYD-GEW> HYD-<X:N SP-M>IS DIFF
(HR) (00/00) (001) (!<PA) (CM/001) (CM/HR) (l/CM) «(}.Q/HR)

0.8 .4159 1- 0.13 0.93 0.24E+01 0.79E-04 0.3IE+05
0.9 .4154 6. 0.61 0.94 0.68E+01 0.75E-04 0.90E+05
1.1 .4131 1S. 1.51 0.87 0.10E+02 0.44E-03 0.23E+05
1.3 .4089 2·L 2.36 0.75 0.12E+02 0.60E-03 0.20E+05
1.5 .4040 31- 3.00 0.70 0.99E+01 0.lIE-02 0.93E+04
1.7 .3928 ~- 3.48 0.69 0.10E+02 0.38E-02 0.27E+04,.
1.9 .3791 40. 3.88 0.69 0.73E+01 0.29E-02 0.25E+04
2.2 .3682 4:3. 4.25 0.70 0.46E+01 0.3OE-02 0.15E+04
2.4 .3581 47. 4.58 0.70 0.36E+01 0.32E-02 0.lIE+04
2.7 .3507 49. 4.77 0.72 0.29E+01 0.6OE-02 0.48E+03
2.9 .3452 50. 4.90 0.75 0.2IE+01 0.33E-02 0.64E+03
3.2 .3360 5:2. 5.12 0.81 0.18E+01 0.49E-02 0.37E+03
3.7 .3220 5S. 5.41 0.89 0.16E+01 0.48E-02 0.33E+03
4.2 .3056 513. 5.69 0.92 0.19E+01 0.74E-02 0.26E+03
4.7 .2867 61- 5.95 0.95 0.20E+01 0.7IE-02 0.28E+03
6.2 .2668 &1. 6.22 0.96 0.49E+00 0.74E-02 0.66E+02
8.7 .2459 67. 6.57 0.93 0.57E+OO 0.50E-02 0.lIE+03

12.5 .2264 T.l. 6.95 0.88 0.22E+OO 0.54E-02 0.4IE+02
17.5 .2133 74. 7.22 0.88 0.12E+00 0.39E-02 0.30E+02
25.0 .2028 77. 7.55 0.90 O.lIE+OO 0.29E-02 0.37E+02
35.0 .1924 80. 7.86 0.87 0.65E-01 0.42E-02 0.15E+02
45.0 .1853 8:2. 8.07 0.85 0.53E-01 0.25E-02 0.2IE+02
60.0 .1791 8S. 8.34 0.83 0.30E-01 0.2IE-02 0.14E+02
80.0 .1730 813. 8.64 0.80 0.2IE-01 0.19E-02 0.lIE+02

100.0 .1684 91- 8.90 0.77 0.15E-01 0.16E-02 0.94E+01
120.0 .1652 9:3. 9.10 0.77 0.75E-02 0.16E-02 0.47E+01
150.0 .1612 9S. 9.28 0.77 0.55E-02 0.28E-02 0.19E+01

*180.0 .1572 97. 9.51 0.79 0.96E-02 0.95E-03 0.10E+02
245.0 .1539 100. 9.83 0.81 O.5IE-02 0.lIE-02 0.48E+01
400.0 .1487 106. 10.40 0.79 0.2IE-02 0.82E-03 0.26E+01
600.0 .1444 11:2. 10.95 0.77 0.lIE-02 0.68E-03 0.16E+01
800.0 .1421 115. 11.30 0.77 0.89E-03 0.61E-03 0.15E+01
DQERIl\G 1-SI'EPD.l\TI\.

1.7 .1590 83. 8.15 83.33 0.68E-02 0.14E-02 0.47E+01
1.8 .1578 84. 8.23 83.33 0.65E-02 0.14E-02 0.46E+01
1.8 .1567 85. 8.31 83.33 0.62E-02 0.14E-02 0.45E+01
1.9 .1556 86. 8.39 83.33 0.59E-02 0.13E-02 0.44E+01
1.9 .1546 86. 8.46 83.33 0.56E-02 0.13E-02 0.43E+01
2.0 .1536 87. 8.54 83.33 0.53E-02 0.13E-02 0.42E+01
2.0 .1526 88. 8.61 83.33 0.5IE-02 0.13E-02 0.4IE+0l
2.1 .1517 89. 8.69 83.33 0.49E-02 0.12E-02 0.40E+01
2.1 .1508 89. 8.76 83.33 0.47E-02 0.12E-02 0.39E+0l
4.2 .1293 11:3. 11.08 83.33 0.14E-02 0.68E-03 0.2IE+0l
8.2 .1142 142. 13.96 83.33 0.43E-03 0.39E-03 0.lIE+01

12.2 .1074 163. 15.98 83.33 0.22E-03 0.28E-03 0.79E+00
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DEPTH 76. 01 (DOERIN;;I-STEP cx:NI'INUED) SITE Ir2
TIME WATER MA.T-PCYl' MM'-PCYl' HYD-GRAD HYD-<XN SP-IDIS DIFF
(HR) (013/013) (01) (KPA) (<J.1/01)(<J.1/HR) (1/01) (Q12/HR)

16.2 .1034 179 . 17.57 83.33 0.14E-03 0.22E-03 0.62E+OO
20.2 .1006 193• 18.91 83.33 0.95E-04 0.18E-03 0.52E+OO
24.2 .0986 205. 20.08 83.33 0.72E-Q4 0.16E-03 0.45E+OO
28.2 .0970 215. 21.11 83.33 0.56E-Q4 0.14E-03 0.40E+OO
32.2 .0958 225. 22.04 83.33 0.46E-04 0.13E-Q3 0.36E+OO
36.2 .0947 233. 22.89 83.33 0.39E-04 0.12E-03 0.33E+00
40.2 .0938 241. 23.67 83.33 0.33E-04 0.lIE-03 0.3IE+OO
44.2 .0931 249. 24.40 83.33 0.29E-04 0.99E-04 0.29E+OO
48.2 .0924 256. 25.08 83.33 0.26E-04 0.92E-04 0.28E+00

122.0 .0869 340. 33.33 83.33 0.96E-05 0.46E-04 0.2IE+OO

DEPTH 107. CM SI'IEIr2
TIME WATER wcr-ror MM'-PCYl' HYD-GRAD HYD-<XN SP-IDIS DIFF
(HR) (013/013) (01) (KPA) (<J.1/01)(<J.1/HR) (1/01) (Q12/HR)

0.2 .4170 3. 0.27 1.40 ******** ******** ********
0.6 .4174 3• 0.32 1.38 ******** ******** ********
0.8 .4175 6. 0.55 1.35 ******** ******** ********
0.9 .4175 8. 0.82 1.22 0.54E+01 0.75E-04 0.72E+05
1.1 .4164 15. 1.47 1.07 0.88E+01 0.3IE-03 0.29E+05
1.3 .4147 21. 2.02 0.99 0.98E+01 0.35E-03 0.28E+05
1.5 .4124 25. 2.44 0.90 0.84E+01 0.73E-03 0.lIE+05
1.7 .4093 28. 2.78 0.83 0.10E+02 0.12E-02 0.90E+04
1.9 .4063 31. 3.04 0.74 0.8IE+01 0.lIE-02 0.77E+04
2.2 .4026 34. 3.33 0.69 0.58E+01 0.14E-02 0.42E+04
2.4 .3853 37. 3.60 0.66 0.68E+01 0.13E-01 0.5IE+03
2.7 .3686 39. 3.77 0.63 0.45E+01 0.27E-02 0.17E+04
2.9 .3658 40. 3.89 0.59 0.37E+01 0.18E-02 0.20E+04
3.2 .3606 42. 4.09 0.54 0.40E+01 0.27E-02 0.15E+04
3.7 .3524 45. 4.41 0.48 0.43E+01 0.24E-02 0.18E+04
4.2 .3414 48. 4.71 0.47 0.58E+01 0.55E-02 0.1IE+04
4.7 .3271 51. 5.01 0.47 0.63E+01 0.43E-02 0.15E+04
6.2 .3096 54• 5.33 0.48 0.15E+01 0.73E-02 0.2IE+03
8.7 .2882 58. 5.66 .0.49 0.16E+01 0.6IE-02 0.27E+03

12.5 .2681 61. 5.99 0.51 0.59E+00 0.64E-02 0.93E+02
17.5 .2539 64. 6.26 0.50 0.33E+00 0.43E-02 0.75E+02
25.0 .2408 67. 6.58 0.48 0.28E+00 0.38E-02 0.74E+02
35.0 .2286 70. 6.87 0.49 0.17E+00 0.53E-02 0.32E+02
45.0 .2205 72. 7.03 0.48 0.13E+00 0.46E-02 0.29E+02
60.0 .2125 74. 7.28 0.48 0.76E-01 0.26E-02 0.30E+02
80.0 .2050 77. 7.56 0.50 0.50E-01 0.3IE-02 0.16E+02

100.0 .1996 79. 7.79 0.50 0.36E-01 0.18E-02 0.20E+02
120.0 .1960 82. 8.01 0.51 0.19E-01 0.16E-02 0.12E+02
150.0 .1899 83. 8.15 0.49 0.20E-01 0.74E-02 0.27E+01
180.0 .1839 85. 8.31 0.43 0.27E-01 0.14E-02 0.19E+02
245.0 .1796 89. 8.73 0.48 0.lIE-01 0.87E-03 0.13E+02
400.0 .1735 96. 9.40 0.55 0.48E-02 0.10E-02 0.47E+01
600.0 .1678 101. 9.91 0.54 0.26E-02 0.13E-02 0.20E+01
800.0 .1626 104. 10.24 0.53 0.24E-02 0.2IE-02 0.12E+01
DOERIN:;1-SI'EPDP.TA

1.3 .1790 91. 8.89 83.33 0.64E-02 0.15E-02 0.43E+01
1.3 .1776 92. 8.98 83.33 0.6IE-02 0.14E-02 0.42E+01
1.4 .1763 92. 9.07 83.33 0.57E-02 0.14E-02 0.4IE+01
1.4 .1751 93. 9.15 83.33 0.54E-02 0.14E-02 0.39E+01
1.5 .1739 94. 9.24 83.33 0.5IE-D2 O.14E-D2 0.38E
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DEPTH 107. 01 (IXERIN:; I-STEP <XNl'INUID) SITE 0-2TIME WA'lER M/\.T-POTMM'-ror HYD-GW> HYIHX.N SP-M)IS DIFF
(HR) (OO/<M3) {O-n (KPA) (<WCM) (<WHR) (1/(1) (OO/HR)1.5 .1728 9S. 9.32 83.33 0.49E~2 0.13E~2 0.37E+011.6 .1717 96. 9.40 83.33 0.47E~2 0.13E~2 0.36E+011.6 .1707 9'7. 9.48 83.33 0.44E~2 0.13E~2 0.35E+01

1.7 .1697 9'7. 9.56 83.33 0.42E~2 0.13E~2 0.34E+01
1.7 .1687 98. 9.63 83.33 0.4IE~2 0.12E~2 0.33E+01
1.8 .1678 99. 9.71 83.33 0.39E~2 0.12E~2 0.32E+011.8 .1669 100. 9.78 83.33 0.37E~2 0.12E~2 0.3IE+01
1.9 .1661 100. 9.85 83.33 0.36E~2 0.12E~2 0.30E+01
1.9 .1652 10l. 9.92 83.33 0.34E~2 0.12E~2 0.30E+01
2.0 .1644 10=~. 9.99 83.33 0.33E~2 0.lIE~2 0.29E+01
2.0 .1636 103. 10.06 83.33 0.32E~2 0.lIE~2 0.28E+01
4.1 .1443 1241. 12.15 83.33 0.lIE~2 0.73E~3 0.15E+01
8.1 .1291 ISO. 14.66 83.33 0.40E~3 0.48E~3 0.82E+OO

12.1 .1216 167. 16.39 83.33 0.22E~3 0.38E~3 0.58E+OO16.1 .1168 181. 17.75 83.33 0.14E~3 0.3IE~3 0.46E+OO
20.1 .1134 193. 18.90 83.33 0.10E~3 0.27E~3 O.38E+OO
24.1 .1108 203. 19.89 83.33 0.8IE~4 0.24E~3 0.33E+OO
28.1 .1087 2J2. 20.78 83.33 0.65E~4 0.22E~3 0.30E+OO
32.1 .1070 220. 21.58 83.33 0.54E~4 0.20E~3 0.27E+OO
36.1 •1055 228• 22.32 83.33 0.46E~4 0.19E~3 0.25E+OO
40.1 .1042 23S. 23.00 83.33 0.40E~ 0.18E~3 0.23E+OO
44.1 .1031 241. 23.64 83.33 0.35E~4 0.17E~3 0.2IE+OO
48.1 .1021 247. 24.23 83.33 0.3IE~4 0.16E~3 0.20E+00

122.0 .0932 32S. 31.85 83.33 0.lIE~4 0.85E~4 0.13E+00
194.0 .0897 37~l. 36.64 83.33 O.76E~5 0.62E~4 O.l2E+OO

DEPl'H 137. 01 SITE 0-2
TIME WATER Ml\T-.P<Jr MM'-POl' HYD-GW> HYIHX.N SP-M)IS DIFF
(HR) (<M3/<M3) {(}II) (KPA) (04101) (<WHR) (1/01) (OO/HR)

0.6 .3952 12 1.22 1.26 ******** ******** ********..
0.8 .3950 141. 1.38 1.24 0.19E+01 0.97E~4 0.19E+05
0.9 .3944 lEi. 1.56 1.19 0.57E+01 0.13E~2 0.44E+04
1.1 .3937 18. 1.77 1.12 0.86E+01 0.23E~3 0.38E+05
1.3 .3925 21.• 2.06 1.04 0.95E+01 0.78E~3 0.12E+05
1.5 .3905 23. 2.29 0.99 0.8IE+01 0.95E~3 0.85E+04
1.7 .3878 26. 2.50 0.98 0.93E+01 0.18E~2 0.52E+04
1.9 .3849 27. 2.66 0.99 0.66E+01 0.17E~2 0.38E+04
2.2 .3814 29. 2.85 0.96 0.47E+01 0.19E~2 0.24E+04
2.4 .3645 3l. 3.02 0.93 0.8IE+01 0.24E~1 0.34E+03
2.7 .3480 32. 3.14 0.92 0.36E+01 0.35E~2 0.10E+04
2.9 .3453 33. 3.22 0.93 0.27E+01 0.23E~2 0.lIE+04
3.2 .3416 34. 3.34 0.92 0.28E+01 0.38E~2 0.73E+03
3.7 .3367 36. 3.49 0.86 0.29E+Ol 0.24E~2 0.12E+04
4.2 .3318 37. 3.65 0.79 0.42E+01 0.38E~2 0.l1E+04
4.7 .3255 39. 3.85 0.73 0.50E+01 0.25E~2 0.20E+04
6.2 .3164 42. 4.11 0.69 0.13E+01 0.45E~2 0.29E+03
8.7 .3021 45-. 4.38 0.64 0.16E+01 0.57E-Q2 0.29E+03

12.5 .2845 47. 4.65 0.59 0.70E+00 0.73E-Q2 0.97E+02
17.5 .2707 SO. 4.90 0.59 0.38E+00 0.38E~2 0.10E+03
25.0 .2566 53. 5.22 0.60 0.3IE+00 0.47E~2 0.67E+02
35.0 .2447 56. 5.53 0.60 O.l7E+OO 0.24E-02 0.73E+02
45.0 .2389 58. 5.71 0.62 O.l4E+OO 0.46E-02 0.30E+02
60.0 .2303 61. 5.96 0.62 0.84E~1 0.30E~2 0.28E+02
80.0 .2218 64. 6.23 0.60 0.58E~1 0.32E~2 0.18E+02

100.0 .2163 66. 6.47 0.61 O.4IE~l 0.17E~2 0.24E+02
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DEPl'H 137. CM (CXNl')
120.0 .2121 68. 6.71 0.62 0.24E-01 0.18E-02 0.13E+02
150.0 .2066 70. 6.88 0.64 0.25E-01 0.6lE-02 0.42E+01
180.0 .2010 72. 7.07 0.72 0.23E-01 0.14E-02 0.16E+02
245.0 .1957 77. 7.54 0.70 0.10E-01 0.10E-02 0.10E+02
400.0 .1883 84. 8.24 0.67 0.56E-02 0.lIE-02 0.50E+01
600.0 .1814 90. 8.80 0.70 0.3IE-02 0.15E-02 0.2IE+01
800.0 .1761 93. 9.15 0.74 0.28£-02 0.16E-02 0.18E+01

rx::ERlNJ1-S'I'E[>DA.TI\

0.5 .2036 86. 8.42 83.33 0.lIE-01 0.9IE-03 0.12E+02
0.5 .1999 90. 8.84 83.33 0.81£-02 0.82E-03 0.1IE+02

DEPl'H 137. 01 SITE 0-2
TIME WATER Ml\T-POl' MM'-ror HYD-GW> HYIHXN SEY{)IS DIFF
(HR) (00/00) (01) (KPA) (0001) (OOHR) (1/01) (Q0f2/HR)

0.6 .1966 94. 9.25 83.33 0.72E-02 0.75E-03 0.96E+01
0.6 .1936 98. 9.65 83.33 0.6lE-02 0.69E-03 0.89E+01
0.7 .1910 102. 10.04 83.33 0.52E-02 0.64E-03 0.82E+01
0.7 •1886 106 . 10.42 83.33 0.45E-02 0.59E-03 0.71£+01
0.8 •1865 110 • 10.79 83.33 0.40E-02 0.55E-03 0.72E+01
0.8 .1845 114. 11.16 83.33 0.35£-02 0.5IE-03 0.68E+01
0.9 .1827 117 • 11.52 83.33 0.3IE-02 0.48E-03 0.64E+01
0.9 .1810 121. 11.87 83.33 0.28E-02 0.45E-03 0.6lE+01
1.0 .1794 125 • 12.22 83.33 0.25E-02 0.43E-03 0.58E+01
1.0 .1779 128. 12.57 83.33 0.22E-02 0.40E-03 0.55E+01
1.1 .1766 132. 12.92 83.33 0.20E-02 0.38E-03 0.53E+Ol
1.1 .1753 135 • 13.26 83.33 0.18E-02 0.36E-03 0.5IE+01
1.2 .1741 139. 13.60 83.33 0.11£-02 0.34E-03 0.48E+01
1.2 •1729 142• 13.93 83.33 0.15E-02 0.33E-03 0.41£+01
1.3 •1718 146• 14.27 83.33 0.14E-02 0.3IE-03 0.45E+01
1.3 .1708 149. 14.60 83.33 0.13E-02 0.30E-03 0.43E+01
1.4 .1698 152. 14.94 83.33 0.12E-02 0.28E-03 0.42E+01
1.4 .1689 156. 15.27 83.33 0.IIE-02 0.21£-03 0.40E+Ol
1.5 .1680 159 . 15.60 83.33 0.10E-02 0.26E-03 0.39E+Ol
1.5 .1671 162 . 15.93 83.33 0.94E-03 0.25E-03 0.38E+01
1.6 •1663 166 . 16.26 83.33 0.88E-03 0.24E-03 0.31£+01
1.6 .1655 169. 16.59 83.33 0.82E-03 0.23E-03 0.36E+Ol
1.7 .1647 173. 16.91 83.33 0.71£-03 0.22E-03 0.35E+01
1.7 •1640 176 • 17.24 83.33 0.72E-03 0.2IE-03 0.34E+01
1.8 .1633 179 . 17.57 83.33 0.61£-03 0.20E-03 0.33E+01
1.8 .1627 183. 17.90 83.33 0.63E-03 0.20E-03 0.32E+01
1.9 .1620 186 . 18.23 83.33 0.59E-03 0.19E-03 0.3IE+01
1.9 .1614 189. 18.56 83.33 0.56E-03 0.18E-03 0.3IE+01
2.0 .1608 193. 18.89 83.33 0.53E-03 0.18E-03 0.30E+01
2.0 .1602 196. 19.22 83.33 0.50E-03 0.11£-03 0.29E+01
2.1 .1596 199. 19.56 83.33 0.41£-03 0.16E-03 0.29E+Ol
4.1 .1454 356. 34.86 83.33 0.78E-04 0.5IE-04 0.15E+01
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SITE E (ULENSERIES)

Site E was loca.ted in an unirrigated wheat field. The location and
description are summarized on Table 1. According to the La Moure
County (ND) Soil Survey Report (USDA, 1971) the Ulen soil series
consists of "somewhat poorly drained, calcareous soils." that occur in
"slight depressions on lake plains." They were "formed in moderately
coarse-textured and eoarse-textured deposits left by glacial melt waters".
Ulen soils are assocllated with Hamar, Maddock, and Hecla soils. The
specific site measured (location Fig. 2) consisted of a toeslope position of
a toposequence, whilch included a Hecla soil (site D) at crest and an
Arveson soil (site F) in the depression.

In-situ measurements and site descriptions were made during late
June and July, 1985.. The measurment period was concurrent with sites
D and F which were located nearby, and also site G which was located
approximately 3.25 lmiles (7 km) northeast of the field location. Soil
samples and soil profile descriptions were collected approximately 4
weeks after hydraulic measurements were completed. Although
measurements were made for more than two weeks, drainage was
approximately complete at 7 days.

Infiltration and soil-water suction profiles during wetting were
measured on this site during irrigation, but at the time of this report have
not yet been analyzed and prepared for presentation
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SITE E, REPLICATION 1
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Table E-l.l. SoUmorphologic data for Site E. replication 1.

Site and location: E-I Ullen.Oakes Aquifer 350 feet south and 465 feet west of the east
quarter comer of Section 9. Township 130 north, Range 59 west, Dickey County, North
Dakota.

Sampled: 08/02/85 by M. D. Sweeney, North Dakota Agricultural Experiment Station.
Fargo, North Dakota.

Soil type and classification: Ulen sandy loam: sandy. frigid Aeric Calciaquoll

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin which have been reworked by wind to some extent.

Drainage: Somewhat poor.

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratoxy texture in parenthesis If different from field texture.

Soil proffie: E-I north side of pit.

Alp 0-7 inches (0-18 cmllblack nOYR2/1) sandy loam (loamy fine sand),dark gray (lOYR
4/1, dxy); weak coarse and medium granular structure;slightly hard, vexy friable,
sl1ghtly sticky and slightly plastic;common vexy fine roots; s11ghteffervescence; abrupt
smooth boundaxy.

A12 7-16 inches (18-41 em) vexy dark grayish brown (lOYR3/2) loamy sand(loamy fine
sand), gray (lOYR5/1, dry); weak coarse prismatic structure; soft, vexy friable, slightly
sticky and nonplastic; Icommon vexy fine roots; slight to strong effervescence with
depth; gradual wavy boundaxy.

Bk 16-22 inches (14-56 em) grayish brown (2.5Y5/2) loamy sand (fine sand), Ught gray
(2.5Y 7/2, dxy);weak V4~XY coarse prismatic structure;soft, vexy friable. slightly sticky
and nonplastic; few velry fine roots; strong to violent effervescence; gradual wavy
boundaxy.

BCk 22-30 inches (56-7l5cm) Ughtbrownish gray (2.56/2) loamy sand (fine sand), Ught
gray (2.5Y 7/2. dxy); w~:akvexy coarse prismaticstructure; soft. vexy friable. slightly
sticky and nonplastic; few vexy fine roots; strong to violent effervescence; gradual wavy
boundaxy.

Clg 30-40 inches (76-102 em) grayish brown (2.5Y5/2) loamy sand (fine sand). light gray
(2.5Y 7/2. dxy) with common fine distinct vexy dark brown (lOYR2/2) mottles; vexy
weak vexy coarse prismatic structure; soft, vexy friable, slightly sticky and nonplastic;
common vexy fine roots; strong effervescence; clear wavy boundaxy.

C2g 40-60 inches (102-1.52em) brown to pale brown (IOYR5.5/3) sand. vexypale brown
(lOYR7/3. dxy) with many medium prominent yellowish red (5YR 4/8) and vexy dark
brown (lOYR2/2) mottles; single grain structure; loose, nonsticky and nonplastic; few
vexy fine roots; slighteffervescence.
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Table E-1.2 urm SERIES SI'lE E-1 msw::1985
Soil parti1e-size, bulk density, and o~ carl:x>n data
and irdioes.

DEPTH PARTICIESIZE ClASSES (MIm:N/PEFCENr)
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 5.5 6.0 6.9 18.5 44.8 14.9 3.3 0.1
23. 6.9 4.8 6.1 20.6 45.8 12.8 2.8 0.1
38. 4.2 4.4 3.5 21.4 54.1 10.9 1.5 0.1
53. 4.6 1.8 3.0 22.3 58.0 8.9 1.1 0.2
76. 4.9 1.5 2.1 19.6 61.9 8.8 1.1 0.1

107. 0.2 3.6 4.5 11.8 36.1 37.6 5.7 0.4
137. 0.2 0.4 2.4 1.0 17.4 74.5 3.9 0.1

DEPTH SAND SILT CLAY HCRIZCN
an % % %

8. 81.6 12.9 5.5 Al 6 6=p
23. 82.2 10.9 6.9 A12 8=g
38. 87.9 7.9 4.2 A12 10=k
53. 90.6 4.8 4.6 BOlO
76. 91.5 3.6 4.9 OCO10

107. 91.7 8.1 0.2 C 1 8
137. 97.0 2.8 0.2 C28

DEI?'lH SA!SI GEAN mEV Z F-INDEX ED ex;
an mn mn g/ee %
8. 6.326 0.1005 4.2 0.0237 0.705 1.32 1.10

23. 7.532 0.0942 4.5 0.0209 0.739 1.60 0.99
38. 11.139 0.1093 3.5 0.0311 0.967 1.57 0.20
53. 18.854 0.1133 3.4 0.0333 1.130 1.53 0.16
76. 25.417 0.1162 3.4 0.0338 1.204 1.55 0.12

107. 11.309 0.1929 2.6 0.0755 0.926 1.61 0.04
137. 34.607 0.3064 1.8 0.1677 1.987 1.54 0.04

DEPTH IDISTURE/Sl.OICN SIa?E GARDNERK-P~ (JAYNE& TYLER)
CM/DAY-KPA CM!HR-BAR

an GDSH BI.ro£N K-SIDPE K-lNT K-SIlFE K-lNT

8. 1.864 2.428 -1.0611 2.3664 -10.61 0.99
23. 1. 736 2.530 -1.0807 2.3809 -10.81 1.00
38. 1.510 4.071 -1.1822 2.5520 -11.82 1.17
53. 1.233 4.902 -1.2368 2.6245 -12.37 1.24
76. 1.097 5.512 -1.2583 2.6535 -12.58 1.27

107. 1.520 4.985 -1.2314 2.6564 -12.31 1.28
137. 1.009 12.339 -1.3390 2.8101 -13.39 1.43
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Table E-1.3 &lil saturation extract water chemlsby data. gravimetric water content
atsaturatlon and at 15bar. pH. texture class. and carbonate clay fraction for site E.
replication 1.

Saturation Extract Soluble Ions
Depth 1Cl. Mg Na K 003 H003 a 504
(em) meq/l
0-15 3.44 2.77 0.65 0.12 3.52 0.20 2.76

15 - 30 2.58 2.93 0.65 0.08 3.76 0.15 2.33
30-46 1.08 2.60 0.59 0.02 2.68 0.11 1049
46 - 61 0.99 2.48 0.65 0.03 2.80 0.14 1.21
61 - 91 0.86 2.49 0.67 0.02 2.56 0.13 1.35
91 - 122 0.90 2.16 0.80 0.03 2.28 0.12 1.49

122 - 152 0.77 1.71 0.42 0.02 1.80 0.15 0.98

Depth ECE SAR· H20 at pH 003 Texture e
Sat. clay class 15bar

(em) mmhos/cm % % g/gx
100

0-15 0.60 0.39 33 7.9 lfs 6.05
15 - 30 0.53 0.39 32 8.0 lfs 6.08
30-46 0.34 0.43 29 8.1 fs 3.80
46 - 61 0.33 0.49 28 8.2 fs 3.32
61 - 91 0.31 0.52 28 8.2 fs 3.09
91 - 122 0.30 0.65 21 7.9 s 2.62

122 - 152 0.23 0.38 23 7.9 s 0.91
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Table E-1.4 ULENSERIES SITE E-1 NDSW::1985
Laboratory soil-water retention data

IAB PRESSURE(CM).AN) WATERCXNl'ENr (VOL.FRACTIal)

DEI?'Il:I(eM)

8. 23. 38. 53.

CM OC/OC SE

10. 0.4182 0.0801 24. 0.3911 0.0535 24. 0.3555 0.0093 24. 0.3655 0.0028
20. 0.4026 0.0717 40. 0.3755 0.0435 40. 0.3351 0.0050 40. 0.3360 0.0007
30. 0.3453 0.0526 50. 0.3255 0.0250 50. 0.3043 0.0025 50. 0.2919 0.0025
40. 0.3106 0.0538 62. 0.2943 0.0189 62. 0.2646 0.0007 62. 0.2405 0.0015
50. 0.2774 0.0579 70. 0.2712 0.0165 70. 0.2436 0.0001 70. 0.2155 0.0015
60. 0.2290 0.0545 82. 0.2458 0.0135 82. 0.2056 0.0015 82. 0.1750 0.0020
70. 0.2177 0.0508 98. 0.2326 0.0181 98. 0.1718 0.0011 98. 0.1471 0.0010
80. 0.1912 0.0501 150. 0.1882 0.0156 150. 0.1299 0.0013 150. 0.1132 0.0010

100. 0.1732 0.0460 340. 0.1540 0.0163 340. 0.1031 0.0011 340. 0.0912 0.0000
120. 0.1589 0.0419 503. 0.1450 0.0169 503. 0.0956 0.0013 503. 0.0853 0.0000
180. 0.1351 0.0380 834. 0.1350 0.0158 834. 0.0904 0.0009 834. 0.0809 0.0000
334. 0.1156 0.0336
534. 0.1058 0.0302
834. 0.0961 0.0267

BD= 1.32 1.60 1.57 1.53
N= 2 2 2 2

DEP1H(CM)

76. 107. 137.

10. 0.3444 0.0020 10. 0.3728 0.0159 24. 0.3223 0.0021
20. 0.3366 0.0019 20. 0.3635 0.0153 40. 0.0914 0.0024
30. 0.3254 0.0014 30. 0.3508 0.0213 50. 0.0702 0.0009
40. 0.3135 0.0024 40. 0.3403 0.0328 62. 0.0577 0.0004
50. 0.3024 0.0029 50. 0.3241 0.0422 70. 0.0541 0.0001
60. 0.2657 0.0004 60. 0.2917 0.0600 82. 0.0497 0.0001
70. 0.2480 0.0001 70. 0.2839 0.0615 98. 0.0453 0.0001
80. 0.2191 0.0006 80. 0.2548 0.0628 150. 0.0402 0.0006

100. 0.1909 0.0009 100. 0.2305 0.0596 340. 0.0336 0.0011
120. 0.1679 0.0003 120. 0.2099 0.0579 503. 0.0322 0.0001
180. 0.1404 0.0001 180. 0.1757 0.0526 834. 0.0351 0.0010
334. 0.1194 0.0009 334. 0.1500 0.0454
534. 0.1076 0.0008 534. 0.1371 0.0403
834. 0.0945 0.0007 834. 0.1329 0.0422

BD= 1.55 1.54 1.54
N= 2 2 2
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Table E-1.5 ULEN SERIES SITE E-1 (ND5¥'C1985)
In-situ K (9,'1') and 0('1') , and laboratory K (0,'1')
dita.

RI<E\RDS PARAME'I.ERS

DEPl'H 8. CM
TIME WATER MM'-roI' MM'-POr HYD-GEW> HYD--<XN ~IS DIFF
(HR) (00/00) (~[) (!<PA) (<wm) (<WHR) (1/CM) (CM2/HR)

0.2 .3787 4:. 0.42 2.07 0.95E-Q1 0.26E-Q3 0.37E+03
0.4 .3756 1..2' 1.22 1.93 O.l4E+OO 0.6OE-Q3 0.24E+03
0.4 .3718 19. 1.82 1.80 O.l7E+OO 0.68E-Q3 0.25E+03
0.7 .3588 32' 3.17 1.60 0.2lE+OO 0.10E-Q2 0.20E+03..
1.2 •3412 49. 4.82 1.37 O.l5E+OO 0.llE-Q2 0.13E+03
1.7 .3290 60. 5.87 1.17 0.14E+00 0.12E-Q2 0.12E+03
2.5 .3161 70. 6.82 0.90 O.l2E+OO 0.15E-Q2 0.84E+02
3.5 .3044 71. 7.54 0.67 0.10E+OO 0.20E-Q2 0.5lE+02
4.5 .2956 80. 7.84 0.57 O.l2E+OO 0.58E-Q2 0.20E+02
5.5 .2907 8~~. 7.99 0.55 0.13E-Q1 0.65E-Q3 0.2lE+02
6.7 .2891 83. 8.17 0.53 0.23E-Q1 0.12E-Q2 0.19E+02

11.2 .2749 89. 8.69 0.48 0.54E-Q1 0.3lE-Q2 0.18E+02
17.5 .2571 94. 9.22 0.50 0.29E-Q1 0.48E-Q2 0.6lE+01
22.5 .2503 96. 9.42 0.57 0.1lE-Q1 0.20E-Q2 0.54E+01
32.5 .2435 100. 9.82 0.57 0.85E-Q2 0.16E-Q2 0.54E+01
45.0 .2364 105. 10.32 0.48 0.75E-Q2 0.12E-Q2 0.63E+01
60.0 .2305 110. 10.77 0.38 0.70E-Q2 0.14E-Q2 0.50E+01
80.0 .2245 114. 11.22 0.30 0.60E-Q2 0.12E-Q2 0.5lE+01

100.0 .2216 118. 11.57 0.25 0.18E-Q2 0.39E-Q3 0.46E+01
120.0 .2204 121. 11.82 0.25 0.18E-Q2 0.59E-Q3 0.3OE+01
145.0 .2174 123. 12.02 0.30 0.40E-Q2 0.24E-Q2 0.17E+01
175.0 .2151 126. 12.32 0.27 0.45E-04 0.12E-Q4 0.38E+01
195.0 .2150 128. 12.54 0.22 0.17E-Q3 0.95E-Q4 0.18E+01
225.0 .2150 128. 12.59 0.27 0.27E-Q4 0.95E-04 0.29E+OO
300.0 .2144 131. 12.82 0.28 0.28E-Q3 0.26E-Q3 0.llE+01
400.0 .2137 135. 13.22 0.22 0.17E-Q3 0.12E-Q3 0.14E+01
550.0 .2119 139. 13.67 0.12 0.10E-Q2 0.6lE-Q3 0.16E+0l

DEPTH 23. m SITE E-1
TIME WATER MM'--POr MM'-POr HYD-GEW> HYD--<XN SP-MJIS DIFF
(HR) (00/00) (0-1) (KPA) (CM/CM) (<WHR) (l/CM) (CM2/HR)

0.2 .3737 1- 0.47 2.13 0.34E+00 0.39E-Q3 0.88E+03" .
0.2 •3714 12. 1.22 2.07 0.27E+00 0.26E-Q3 0.llE+04
0.4 .3690 lB. 1.76 1.93 0.38E+OO 0.5lE-Q3 0.75E+03
0.4 .3662 24. 2.33 1.80 0.48E+OO 0.6lE-03 0.78E+03
0.7 .3556 35. 3.45 1.60 0.59E+00 0.95E-03 0.62E+03
1.2 .3402 52. 5.06 1.37 0.45E+00 0.12E-Q2 0.36E+03
1.7 .3283 61. 5.98 1.17 0.42E+00 0.14E-02 0.30E+03
2.5 .3174 69. 6.73 0.90 0.35E+OO 0.15E-02 0.23E+03
3.5 .3071 74. 7.29 0.67 0.3lE+00 0.27E-Q2 0.12E+03
4.5 •2990 7'7. 7.51 0.57 0.33E+00 0.68E-Q2 0.48E+02
5.5 .2906 78. 7.65 0.55 O.l6E+OO 0.57E-02 0.29E+02
6.7 .2847 80. 7.81 0.53 0.64E-Q1 0.13E-Q2 0.50E+02

11.2 .2703 85. 8.29 0.48 0.17E+00 0.33E-Q2 0.5lE+02
17.5 .2515 90. 8.83 0.50 0.9lE-Q1 0.43E-Q2 0.2lE+02
22.5 .2442 93. 9.09 0.57 0.32E-Q1 0.16E-02 0.2lE+02
32.5 .2372 97. 9.48 0.57 0.26E-Q1 0.18E-02 0.14E+02
45.0 .2299 101. 9.92 0.48 0.22E-D1 0.15E-02 0.15E+02
60.0 .2240 105. 10.29 0.38 0.21E-D1 0.17E-Q2 0.13E+02
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DEPTH 8. 01 (am')
80.0 .2183 109. 10.68 0.30 0.17£~1 0.12E-02 0.14E+02

100.0 .2157 112. 10.99 0.25 0.49E-02 0.30E-03 0.16E+02
120.0 .2149 115. 11.24 0.25 0.49E-02 0.37£-03 0.13E+02
145.0 .2127 117. 11.48 0.30 O.lIE~l 0.14E-02 0.78E+01
175.0 .2103 120. 11.75 0.27 0.12E~2 0.40E-03 0.3IE+01
195.0 .2095 122. 11.94 0.22 0.2IE-02 0.66E-03 0.3IE+01
225.0 .2088 123. 12.03 0.27 0.61E-03 0.97£-03 0.63E+00
300.0 .2067 125. 12.26 0.28 0.14E-02 O.83E~3 0.17£+01
400.0 .2043 129. 12.61 0.22 0.92E-03 0.5IE-03 0.18E+01
550.0 .2021 132. 12.98 0.12 0.29E-02 0.64E-03 0.45E+01
DCERIN:;I-STEP OATh

4.0 .1946 148• 14.47 83.33 0.53E-03 0.46E-03 0.12E+01
8.0 .1797 189• 18.49 83.33 0.20E-03 0.29E-03 0.68E+00

12.0 .1715 222. 21.74 83.33 0.lIE-03 0.2IE-03 0.5IE+00
16.0 .1659 252. 24.66 83.33 0.70E-04 0.17£-03 0.42E+00
20.0 •1617 279 • 27.40 83.33 0.50E~4 0.14E-03 0.37£+00
24.0 .1583 306• 30.03 83.33 0.38E-04 0.1IE-03 0.33E+00
28.0 •1555 333. 32.61 83.33 0.30E~4 0.98E-04 0.30E+00
32.0 .1531 359. 35.16 83.33 0.24E-04 0.85E-04 0.28E+00
36.0 .1511 385. 37.71 83.33 0.20E-04 0.75E-04 0.27£+00
40.0 .1492 411. 40.26 83.33 0.17£-04 0.66E~4 0.25E+00
44.0 .1476 437. 42.84 83.33 0.14E-04 0.59E~4 0.24E+00
48.0 .1461 464• 45.46 83.33 0.12E-04 0.52E-04 0.24E+00
52.0 .1448 491. 48.12 83.33 0.lIE-04 0.47£-04 0.23E+00

\
\

DEPTH 38. 01 SITE E-1
TIME WATER WIT-POI' WIT-roI' HYJH;AAD HYD-<XN SP-+OIS DIFF
(HR) (013/013) (01) (KPA) (Q1/01) (Q1/HR) (1/0.1) (CM2/HR)

0.1 .3722 4. 0.43 1.54 0.47£+00 0.14E-03 0.33E+04
0.2 .3710 16. 1.57 1.41 0.70E+00 0.20E-03 0.34E+04
0.2 .3697 22. 2.14 1.21 0.7IE+OO 0.26E-03 0.28E+04
0.4 .3683 27. 2.69 1.11 0.94E+00 0.28E-03 0.33E+04
0.4 .3668 32. 3.09 1.11 0.lIE+01 0.5IE-03 0.22E+04
0.7 .3593 40. 3.93 0.91 0.16E+01 0.9IE-03 0.17£+04
1.2 .3467 52. 5.13 0.70 0.14E+01 0.14E-02 0.99E+03
1.7 .3354 59. 5.81 0.60 0.14E+01 0.2IE-02 0.65E+03
2.5 .3239 64. 6.31 0.54 0.92E+00 0.25E-02 0.36E+03
3.5 .3123 68. 6.70 0.55 0.64E+00 0.38E-02 0.17£+03
4.5 .3044 70. 6.90 0.62 0.45E+00 0.43E~2 0.10E+03
5.5 .2913 72. 7.07 0.67 0.48E+OO 0.10E-01 0.46E+02
6.7 .2781 74. 7.24 0.70 0.10E+00 0.37£-02 0.28E+02

11.2 .2606 78. 7.67 0.69 0.20E+00 0.4IE-02 0.49E+02
17.5 .2400 83. 8.17 0.60 0.13E+00 0.48E-02 0.28E+02
22.5 .2319 86. 8.43 0.55 0.56E-01 0.16E-02 0.36E+02
32.5 .2242 90. 8.77 0.49 0.52E-01 0.26E-02 0.20E+02
45.0 .2159 93. 9.09 0.40 0.46E-01 0.27E-02 0.17E+02
60.0 .2101 95. 9.35 0.35 0.37£-01 0.19E-02 0.20E+02
80.0 .2050 99. 9.66 0.34 0.25E-01 0.13E-02 0.19E+02

100.0 .2023 101. 9.92 0.32 0.65E-02 0.63E-03 0.10E+02
120.0 .2010 104. 10.14 0.29 0.69E-02 0.52E-03 0.13E+02

*145.0 .1994 106. 10.38 0.23 0.20E-01 0.85E-03 0.24E+02
175.0 .1975 108. 10.58 0.17 0.63E-D2 0.1IE-02 0.57£+01
195.0 .1962 109. 10.69 0.12 0.13E-01 0.13E-02 0.10E+02
225.0 .1948 110. 10.77 0.07 0.89E-D2 0.19E-D2 0.47£+01
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lX)ERIN; 1-SIEP D1\TI\.

1.0 .1332 206. 20.15 83.33 0.42E-Q2 0.3IE-Q3 0.14E+02
1.0 .1277 225. 22.05 83.33 0.34E-Q2 0.26E-Q3 0.13E+02
1.1 .1227 246. 24.09 83.33 0.27E-Q2 0.22E-Q3 0.12E+02
1.1 .1182 268. 26.28 83.33 0.22E-Q2 0.19E-Q3 0.12E+02
1.2 .1140 292. 28.63 83.33 0.18E-Q2 0.16E-Q3 0.lIE+02
1.2 .1101 318. 31.18 83.33 0.15E-Q2 0.14E-Q3 0.lIE+02
1.3 .1065 346. 33.93 83.33 0.12E-Q2 0.12E-Q3 0.lIE+02
1.3 .1032 377. 36.91 83.33 0.10E-Q2 0.10E-Q3 0.10E+02
1.4 .1001 410. 40.16 83.33 0.84E-Q3 0.86E-Q4 0.97E+01
1.4 .0973 446• 43.69 83.33 0.70E-Q3 0.74E-Q4 0.94E+01
1.5 •0946 485. 47.55 83.33 0.58E-Q3 0.63E-Q4 0.9IE+01

DEPTH 53. CM SITE E-1
TIME WATER MM'-POr MA.T-ror HYD-GW) HYIHXN SP-M)IS DIFF
(HR) (CM3/CM3) «lo1:) (I<PA) (<WCM) (<WHR) (l/CM) (CM2/HR)

0.1 .3784 10. 0.96 0.67 0.13E+01 0.64E-Q4 0.20E+05
0.2 .3778 17. 1.65 0.67 0.17E+01 0.19E-Q3 0.87E+04
0.2 .3770 21. 2.05 0.67 0.16E+01 0.19E-Q3 0.8IE+04
0.4 .3763 25. 2.48 0.63 0.19E+01 0.17E-Q3 0.lIE+05
0.4 .3754 29. 2.86 0.60 0.24E+01 0.34E-Q3 0.70E+04
0.7 .3696 36:. 3.57 0.60 0.30E+01 0.87E-Q3 0.34E+04
1.2 .3596 47. 4.58 0.57 0.23E+01 0.13E-Q2 0.18E+04
1.7 .3507 53:. 5.19 0.57 0.19E+01 0.18E-Q2 0.lIE+04
2.5 .3411 57. 5.59 0.50 0.13E+01 0.32E-Q2 0.42E+03
3.5 .3302 60. 5.90 0.38 0.14E+01 0.39E-Q2 0.35E+03
4.5 .3200 64:. 6.22 0.48 0.8IE+00 0.26E-Q2 0.32E+03
5.5 .3070 67. 6.52 0.60 0.10E+01 0.82E-Q2 0.12E+03
6.7 .2916 69. 6.75 0.63 0.28E+OO 0.58E-02 0.47E+02

11.2 .2669 73. 7.18 0.65 0.3IE+OO 0.56E-Q2 0.56E+02
17.5 .2421 78. 7.60 0.63 O.l9E+OO 0.74E-Q2 0.26E+02
22.5 .2320 79. 7.78 0.58 0.78E-Q1 0.3IE-Q2 0.25E+02
32.5 .2231 82. 8.03 0.52 0.72E-Q1 0.38E-Q2 0.19E+02
45.0 .2139 84. 8.26 0.48 0.57E-Q1 0.49E-Q2 0.12E+02
60.0 .2072 8Ei. 8.44 0.43 0.42E-Q1 0.29E-Q2 0.14E+02
80.0 .2010 89. 8.67 0.35 0.34E-Q1 0.22E-Q2 0.15E+02

100.0 .1972 9l. 8.87 0.28 0.13E-Q1 0.15E-Q2 0.86E+01
120.0 .1949 92. 9.06 0.27 0.12E-Q1 0.lIE-Q2 0.lIE+02
145.0 .1916 94. 9.23 0.23 0.28E-Q1 0.30E-Q2 0.92E+01
175.0 .1883 9S. 9.36 0.20 0.10E-Q1 0.2IE-Q2 0.47E+01
195.0 .1866 ~). 9.45 0.22 0.15E-Q1 0.16E-Q2 0.93E+01
225.0 .1850 97. 9.52 0.25 0.48E-Q2 0.28E-Q2 0.17E+01
300.0 .1811 99. 9.67 0.28 0.68E-Q2 0.25E-Q2 0.27E+01
400.0 .1763 100. 9.84 0.27 0.4IE-Q2 0.38E-02 0.lIE+01
550.0 .1727 104. 10.17 0.18 0.45E-Q2 0.62E-Q3 0.73E+01

IX)ER]N; 1-SIEP I>A'IA

4.1 .1599 9~). 9.27 83.33 0.26E-02 0.13E-Q2 0.20E+01
4.2 .1569 97. 9.50 83.33 0.25E-Q2 0.12E-Q2 0.20E+01
4.3 .1539 99. 9.75 83.33 0.24E-Q2 0.12E-Q2 0.2IE+01
4.5 .1509 10:2. 10.01 83.33 0.23E-Q2 0.1IE-Q2 0.2IE+01
4.6 .1479 105. 10.29 83.33 0.2IE-Q2 0.10E-02 0.21E+Ol
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DEPTH 53. <J.1 SITE E-1
TIME WAiER WIT-FOr WIT-roI' fIYD-GW) ~ SP-M>IS DIFF
(HR) (CM3/CM3) (<J.1) (KPA) (Q1/<J.1)(Q1/HR) (1/01) (Q12/HR)

4.8 .1449 108. 10.60 83.33 0.20E-Q2 0.93E-Q3 0.22E+01
4.9 .1419 111. 10.93 83.33 0.19E-Q2 0.86E-Q3 0.22E+01
5.1 .1389 115. 11.28 83.33 0.18E-Q2 0.80E-Q3 0.23E+01
5.2 .1359 119. 11.66 83.33 0.17E-Q2 0.73E-Q3 0.23E+01
5.4 .1329 123. 12.08 83.33 0.16E-Q2 0.67E-Q3 0.23E+01
5.6 .1299 128. 12.54 83.33 0.15E-Q2 0.6lE-Q3 0.24E+01
5.7 .1269 133. 13.05 83.33 0.14E-Q2 0.55E-Q3 0.24E+01
5.9 .1239 139. 13.61 83.33 0.12E-Q2 0.50E-Q3 0.25E+01
6.0 .1209 145. 14.23 83.33 0.llE-Q2 0.45E-Q3 0.25E+01
6.2 .1178 152. 14.95 83.33 0.94E-Q3 0.39E-Q3 0.24E+01
6.2 .1169 155. 15.17 83.33 0.90E-Q3 0.38E-Q3 0.24E+01
6.3 .1161 157. 15.39 83.33 0.86E-Q3 0.37E-Q3 0.23E+01
6.3 .1152 159. 15.62 83.33 0.82E-Q3 0.35E-Q3 0.23E+01
6.4 .1144 162. 15.85 83.33 0.79E-Q3 0.34E-Q3 0.23E+01
6.4 .1136 164. 16.09 83.33 0.75E-Q3 0.33E-Q3 0.23E+01
6.5 .1128 167. 16.33 83.33 0.72E-Q3 0.32E-Q3 0.23E+01
6.5 .1120 169. 16.58 83.33 0.69E-Q3 0.30E-Q3 0.23E+01
6.6 .1113 172. 16.84 83.33 0.66E-Q3 0.29E-Q3 0.22E+01
6.6 .1105 174. 17.10 83.33 0.63E-Q3 0.28E-Q3 0.22E+01
6.7 .1097 177. 17 .37 83.33 0.60E-Q3 0.27E-Q3 0.22E+01
6.7 .1090 180. 17.64 83.33 0.57E-Q3 0.26E-Q3 0.22E+01
6.8 .1083 183. 17.92 83.33 0.54E-Q3 0.25E-Q3 0.22E+01
6.8 .1075 186. 18.21 83.33 0.52E-Q3 0.24E-Q3 0.22E+01
6.9 .1068 189. 18.51 83.33 0.49E-Q3 0.23E-Q3 0.2lE+01
6.9 .1061 192. 18.81 83.33 0.47E-Q3 0.22E-Q3 0.2lE+01
7.0 .1055 195. 19.12 83.33 0.45E-Q3 0.2lE-Q3 0.2lE+01
7.0 .1048 198. 19.44 83.33 0.43E-Q3 0.20E-Q3 0.2lE+01
7.1 .1041 202. 19.77 83.33 0.4lE-Q3 0.20E-Q3 0.2lE+01
7.1 .1034 205. 20.11 83.33 0.39E-Q3 0.19E-Q3 0.2lE+01
7.2 .1028 209. 20.45 83.33 0.37E-Q3 0.18E-Q3 0.2lE+01
7.2 .1022 212. 20.81 83.33 0.35E-Q3 0.17E-Q3 0.20E+01
7.3 .1015 216 . 21.18 83.33 0.33E-Q3 0.16E-Q3 0.20E+01
7.3 .1009 220. 21.56 83.33 0.32E-Q3 0.16E-Q3 0.20E+01
7.4 .1003 224. 21.96 83.33 0.30E-Q3 0.15E-Q3 0.20E+01
7.4 .0997 228 . 22.36 83.33 0.29E-Q3 0.14E-Q3 0.20E+01
7.5 .0991 232. 22.78 83.33 0.27E-Q3 0.14E-Q3 0.20E+01
7.5 .0985 237. 23.21 83.33 0.26E-Q3 0.13E-Q3 0.20E+01
7.6 .0979 241. 23.66 83.33 0.24E-Q3 0.12E-Q3 0.20E+01
7.6 •0973 246 . 24.13 83.33 0.23E-Q3 0.12E-Q3 0.19E+01
7.7 .0968 251. 24.61 83.33 0.22E-Q3 0.llE-03 0.19E+01
7.7 .0962 256. 25.11 83.33 0.2lE-Q3 0.llE-Q3 0.19E+0l
7.8 .0956 261. 25.63 83.33 0.19E-Q3 0.10E-Q3 0.19E+01
7.8 .0951 267. 26.17 83.33 0.18E-Q3 0.97E-Q4 0.19E+01
7.9 .0946 273. 26.73 83.33 0.17E-Q3 0.92E-04 0.19E+01
7.9 .0940 279. 27.32 83.33 0.16E-03 0.87E-04 0.19E+01
8.0 .0935 285. 27.93 83.33 0.15E-Q3 0.82E-Q4 0.19E+01
8.0 .0930 291. 28.57 83.33 0.14E-Q3 O.78E-Q4 0.18E+01
8.1 .0925 298. 29.23 83.33 O.13E-Q3 0.73E-Q4 0.18E+01
8.1 .0920 305. 29.93 83.33 O.13E-03 0.69E-04 0.18E+01
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DEPl'H 76. 01 SITE E-1
TIME WATER W\T--P<Jr MM'~ ~ HYIHXN SP-M:>IS DIFF
(HR) (00/00) (0.1) (KPA) (01/CM) (01/HR) (1/eM) (Q12/HR)

0.1 .3622 10. 0.96 1.14 0.86E+OO 0.13E-Q3 O.68E+04
0.2 .3616 1~1. 1.34 0.94 0.14E+01 0.37E-Q3 0.37E+04
0.2 .3607 lEi. 1.57 0.84 0.15E+01 0.35E-Q3 0.43E+04
0.4 .3598 19. 1.82 0.75 0.18E+01 0.30E-Q3 0.60E+04
0.4 .3590 21. 2.03 0.67 0.24E+01 0.38E-Q3 0.64E+04
0.7 .3554 26 • 2.54 0.55 0.39E+01 0.70E-Q3 0.55E+04
1.2 .3493 ~t. 3.29 0.42 0.39E+01 0.10E-Q2 0.39E+04
1.7 .3447 38. 3.77 0.34 0.39E+01 0.83E-Q3 0.47E+04
2.5 .3413 4~!. 4.07 0.31 0.26E+01 0.19E-Q2 0.14E+04
3.5 .3367 43. 4.26 0.29 0.24E+01 0.3OE-02 0.8IE+03
4.5 .3285 46. 4.54 0.22 0.29E+01 0.26E-Q2 0.lIE+04
5.5 .3202 49. 4.80 0.15 0.55E+01 0.4IE-Q2 0.13E+04
6.7 .3116 50. 4.94 0.09 0.39E+01 0.63E-Q2 0.62E+03

11.2 .2938 ~~. 5.33 0.06 0.49E+Ol 0.39E-Q2 0.l2E+04
17.5 .2751 59. 5.76 0.06 0.3IE+01 0.73E-Q2 0.43E+03
22.5 .2657 60. 5.91 0.06 0.12E+01 0.48E-Q2 0.26E+03
32.5 .2527 ~~. 6.10 0.05 0.13E+01 0.80E-Q2 0.16E+03
45.0 .2419 64. 6.29 0.04 0.82E+OO 0.lIE-Q2 0.73E+03
60.0 .2355 66. 6.46 0.05 0.59E+OO 0.57E-Q2 0.10E+03
80.0 .2264 68. 6.65 0.06 0.32E+OO 0.39E-Q2 0.82E+02

100.0 .2204 70. 6.82 0.07 O.l2E+OO 0.33E-Q2 0.38E+02
120.0 .2159 71.. 6.98 0.06 O.l2E+OO 0.23E-Q2 0.53E+02
145.0 .2100 73. 7.14 0.06 0.20E+OO 0.62E-Q2 0.3IE+02
175.0 .2047 74. 7.26 0.07 O.60E-Q1 0.28E-Q2 0.2IE+02
195.0 .2024 7S. 7.36 0.07 0.98E-Q1 0.17E-Q2 0.59E+02
225.0 .2003 76. 7.44 0.06 0.40E-Q1 0.35E-Q2 0.lIE+02
300.0 .1965 T' 7.58 0.03 0.93E-Q1 0.25E-Q2 0.37E+02j •

400.0 .1921 79. 7.74 0.04 0.47E-Q1 0.32E-Q2 0.15E+02
550.0 .1871 8~~. 8.01 0.03 0.42E-Q1 0.15E-Q2 0.29E+02

DEPl'H 104. 01 SITE E-1
TIME WATER MM'-.P<Jr MM'~ ~ HYIHXN SP-M:>IS DIFF
(HR) (013/013) «(]II) (KPA) (01/01) (01/HR) (1/01) (Q12/HR)

0.2 .2978 r' 1.67 1.28 0.13E+01 0.20E-Q2 0.63E+03j •

0.4 .2960 18. 1.76 1.23 0.14E+01 0.3IE-Q2 0.45E+03
0.4 .2943 19. 1.84 1.21 0.16E+01 0.19E-Q2 0.87E+03
0.7 .2867 ~' 2.11 1.10 0.24E+01 0.30E-Q2 0.80E+03
1.2 .2750 2S. 2.50 0.96 0.2IE+01 0.33E-Q2 0.65E+03
1.7 .2676 28. 2.78 0.89 0.17E+01 0.18E-Q2 0.96E+03
3.5 .2650 34,. 3.34 1.01 0.96E+OO 0.55E-Q2 0.17E+03
4.5 .2532 36. 3.54 1.02 0.88E+OO 0.65E-Q2 0.14E+03
5.5 .2472 37. 3.64 0.95 0.10E+01 0.65E-Q2 0.16E+03
6.7 .2419 38. 3.68 0.92 0.58E+00 0.24E-Q1 0.24E+02

11.2 .2320 40. 3.91 0.84 0.43E+00 0.27E-Q2 0.16E+03
17.5 .2218 43. 4.20 0.75 0.32E+OO 0.63E-Q2 0.50E+02
22.5 .2158 44.. 4.35 0.75 0.13E+00 0.23E-Q2 0.57E+02
32.5 .2047 46. 4.52 0.74 0.13E+00 0.12E-Q1 0.lIE+02
45.0 .1954 48. 4.68 0.73 0.5IE-Q1 0.4IE-03 0.12E+03
60.0 .1901 49. 4.84 0.72 0.62E-Q1 0.65E-Q2 0.95E+01
80.0 .1821 5l. 4.99 0.68 0.4IE-Q1 0.4IE-Q2 0.99E+01

100.0 .1765 52. 5.12 0.65 0.24E-Q1 0.40E-Q2 0.59E+01
120.0 .1725 53. 5.23 0.62 0.19E-Q1 0.3IE-02 0.63E+01
145.0 .1687 55. 5.35 0.60 0.29E-01 0.30E-Q2 0.96E+01
175.0 .1655 56. 5.48 0.60 0.10E-01 0.19E-Q2 0.54E+01
195.0 .1637 57. 5.57 0.59 0.19E-01 0.22E-02 0.85E+01
300.0 .1602 59. 5.74 0.59 0.78E-02 0.33E-02 0.24E+01
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DEPTH 104. m: (<XNl')
400.0 .1561 61. 5.93 0.60 0.49E-D2 0.13E-D2 0.37E+01
550.0 .1518 63. 6.13 0.56 0.40E-D2 0.30E-D2 0.13E+01

IXERIN:; 1-STEP DATI\

1.2 .1299 * * 83.33 0.59E-D3 0.53E-D4 0.lIE+02
1.2 .1255 * * 83.33 0.44E-D3 0.42E-D4 0.lIE+02
1.3 .1214 * * 83.33 0.33E-D3 0.32E-D4 0.10E+02
1.3 .1176 * * 83.33 0.25E-D3 0.25E-D4 0.99E+01

DEPTH 135. m: SITE E-1
TIME WATER MM'-POr WIT-POT liYI)-ffilIDHYD-<XN SP-M)IS DIFF
(HR) (00/00) (CM) (KPA) (CM/CM) (CM/HR> (1/Q.1) (CM2/HR>

0.4 .2542 17 . 1.63 0.77 0.29E+01 0.19E-D1 0.15E+03
0.4 .2523 17 . 1.67 0.77 0.33E+01 0.22E-D2 0.15E+04
0.7 .2426 19. 1.82 0.77 0.47E+01 0.88E-D2 0.54E+03
1.2 .2274 21. 2.02 0.77 0.36E+01 0.64E-D2 0.56E+03
1.7 .2171 22. 2.20 0.76 0.26E+01 0.52E-D2 0.50E+03
3.5 .2059 28. 2.76 0.69 0.22E+01 0.63E-D2 0.35E+03
4.5 .1922 30. 2.96 0.69 0.17E+01 0.8IE-D2 0.2IE+03
5.5 .1864 31. 3.04 0.72 0.15E+01 0.10E-D1 0.14E+03
6.7 .1795 31. 3.08 0.73 0.98E+00 0.35E-D1 0.28E+02

11.2 .1645 33. 3.26 0.75 0.56E+00 0.58E-D2 0.98E+02
17.5 •1502 36. 3.52 0.79 0.37E+00 0.62E-D2 0.60E+02
22.5 .1438 38. 3.70 0.80 0.15E+00 0.18E-D2 0.87E+02
32.5 .1371 40. 3.90 0.83 0.15E+00 0.49E-D2 0.3IE+02
45.0 .1296 42. 4.08 0.85 0.56E-D1 0.35E-D2 0.16E+02
60.0 .1242 43. 4.23 0.85 0.66E-D1 0.37E-D2 0.18E+02
80.0 .1197 45. 4.38 0.87 0.40E-D1 0.24E-D2 0.17E+02

*100.0 .1165 46. 4.49 0.88 0.24E-D1 0.52E-D2 0.46E+01
120.0 .1144 46. 4.52 0.85 0.18E-D1 0.60E-D2 0.30E+01
175.0 .1114 46. 4.54 0.74 0.lIE-D1 0.14E-D2 0.74E+01
195.0 .1100 47. 4.63 0.75 0.2IE-D1 0.19E-D2 0.lIE+02
300.0 .1077 SO. 4.87 0.79 0.78E-D2 0.18E-D2 0.43E+01
400.0 .1047 52. 5.07 0.79 0.45E-D2 0.96E-D3 0.46E+01
550.0 .1024 53. 5.22 0.79 0.37E-D2 0.2IE-D2 0.18E+01

DC:ERJN:; I-STEP DATI\

4.9 .0719 71. 7.00 83.33 0.30E-02 0.10E-D2 0.29E+01
8.9 .0514 105. 10.32 83.33 0.57E-D3 0.35E-D3 0.16E+01

12.9 .0433 139. 13.66 83.33 0.18E-D3 0.16E-D3 0.12E+01
16.9 .0390 177. 17.37 83.33 0.73E-D4 0.8IE-D4 0.90E+OO
20.9 .0363 223. 21.88 83.33 0.32E-D4 0.43E-04 0.75E+OO
24.9 .0344 284. 27.87 83.33 0.14E-D4 0.22E-D4 0.65E+00
28.9 .0331 377. 36.97 83.33 0.56E-D5 0.98E-D5 0.57E+OO
32.9 .0320 558. 54.70 83.33 0.17E-D5 0.33E-DS O.S2E+OO
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SITE E, REPLICATION 2
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Table E-2.1 SoUmorphologic data for Site E. replication 2.

Site and location: E-2 Ulen. Oakes Aquifer 355 feet south and 465 feet west of the east
quarter corner of Section 9. Township 130 north. Range 59 west. Dickey County. North
Dakota.

Sampled: 08/02/85 by M. D. Sweeney. North Dakota Agrtcultural Experiment Station.
Fargo. North Dakota.

So11type and classification: Ulen sandy loam; sandy. frtgid Aertc Calciaquoll

Physiography and parent matertal: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin which have been reworked by wind to some extent.

Drainage: Somewhat poor.

NOTES: Moist colors unless otherwise specified. Piece of pipe burted at 14 inches.
Laboratory texture in parenthesis if different from field texture.

SoUprofile: E-2 south side of pit.

Alp 0-8 inches (0-20 cm) black (lOYR2/1) sandy loam (loamy fine sand). dark gray
(lOYR4/ 1. dry): weak coarse and medium granular structure; slightly hard. very frtable.
slightly sticky and slightly plasUc; common very fine roots; slight effervescence;
abrupt smooth boundary.

A12 8-15 inches (20-38 cm) very dark grayish brown (lOYR3/2) sandy loam (loamy fine
sand). gray (lOYR5/1. dry); weak coarse prtsmatic struc-ture; soft. very frtable. slightly
sticky and slightly plastic: com-mon very fine roots. slight to strong effervescence with
depth; gradual wavy boundary.

Bk 15-23 inches (38-58 em) gray (lOYR5/1) loamy sand (loamy fine sand). light gray
(lOYR6/1. dry); weak very coarse prtsmatic structure; soft. very friable. slightly sticky
and nonplastic; few very fine roots: strong to violent effervescence; gradual wavy
boundary.

BCk 23-40 inches (58-102 cm) light brownish gray (2.5Y6/2) loamy sand (fine sand),
white (lOYR8/1. dry); weak very coarse prtsmatic struc-ture; soft. very frtable. slightly
sticky and nonplastic; few very fine roots; strong to violent effervescence; clear broken
boundary.

Ab 40-47 inches (102-119 cm) dark gray (lOYR4/ 1)sandy loam (fine sandy loam). light
brownish gray (2.5Y 6/2. dry): weak coarse prtsmatic parting to moderate coarse and
medium subangular blocky structure; slightly hard. very frtable. slightly sticky and
slightly plastic; common very fine roots: strong to violent effervescence; clear broken
boundary. This horizon is discontinuous.

Cg 47-60 inches (119-152 cm) brown to pale brown (lOYR5.5/3) sand (loamysand), very
pale brown (lOYR7/3. dry) with many medium prom1-nent yellowish red (5YR4/8) and
very dark brown (lOYR2/2) mottles: single grain structure: loose. nonsticky and
nonplastic; slight effervescence.
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Table E-2.2 ULEN SE1UFS Sl'lEE-2 Wsw:::: 1985
SoU partile-size, bulk density, aOO. organic carl:xm data
ard iOOioos.

DEPTH PARTICIE SIZE CLASSES (MICR:N!PER::ENl')
an

2. 20. 50. 100. 250. 500. 1000. 2000.

8. 4.0 7.5 5.7 18.5 46.6 14.4 3.2 0.1
23. 1.3 7.0 5.5 18.4 50.6 14.4 2.8 0.1
38. 10.1 0.0 3.9 21.1 53.3 9.9 1.6 0.1
53. 6.1 2.9 3.8 20.1 55.5 10.0 1.6 0.0
76. 5.7 2.6 1.2 19.8 64.1 5.8 0.9 0.0

107. 6.0 5.1 4.4 10.7 38.8 25.2 8.5 1.2
107. 13.6 11.9 1.9 4.0 41.3 24.6 2.5 0.2
137. 4.2 5.1 4.3 2.1 28.1 49.5 6.1 0.4
167. 0.6 0.7 1.9 0.7 20.3 71.4 4.1 0.3

DEPTH Sl-\ND SILT CI.AY H<lUZCN
an % % %

8. 82.8 13.2 4.0 A16 6=p
23. 86.2 12.5 1.3 A12 8=g
38. 86.0 3.9 10.1 A12 9=b
53. 87.2 6.7 6.1 B 10 10=k
76. 90.5 3.8 5.7 OC 10

107. 84.5 9.5 6.0 A 9
107. 72.6 13.8 13.6 A 9
137. 86.4 9.4 4.2 C 8
167. 96.8 2.6 0.6 C 8

DEP'lH SA!SI Q£l\N <DEV Z F-INDEX II) OC
an mn mn glee %

3. 6.273 0.1057 3.9 0.0274 0.744 1.55 0.87
9. 6.904 0.1228 3.0 0.0415 0.878 1.65 0.37

15. 22.051 0.0902 5.0 0.0180 0.942 1.58 0.21
21. 13.015 0.1033 4.0 0.0260 0.967 1.53 0.17
30. 23.842 0.1064 3.7 0.0289 1.212 1.59 0.10
42. 8.884 0.1337 4.9 0.0276 0.666 1.60 0.10
42. 5.261 0.0735 7.5 0.0098 0.607 1.42 0.31
54. 9.170 0.1809 4.2 0.0428 0.941 1.55 0.06
66. 37.231 0.2954 2.0 0.1447 1.856 1.56 0.06

DEPTH MJISTlJRE/SlOICN SL<l?E GARDNER K-PARPM:TERS (JAYNE & TYlER)
Q1/I)AY-KPA Cl1!HR-BAR

an CDSH BWEMEN K-SI.a?E K-INT K-SI.a?E K-INT

3. 1.877 :2.599 -1.0760 2.4012 -10.76 1.02
9. 1.820 3.373 -1.1294 2.5027 -11.29 1.12

15. 1.105 3.944 -1.1794 2.4940 -11.79 1.11
21. 1.410 4.185 -1.1786 2.5288 -11.79 1.15
30. 1.117 5.737 -1.2445 2.6274 -12.44 1.25
42. 1.634 3.306 -1.1218 2.4476 -11.22 1.07
42. 1.947 2.702 -0.9295 2.1054 -9.29 0.73
54. 1.625 4.796 -1.1476 2.4998 -11.48 1.12
66. 0.980 10.457 -1.3388 2.8072 -13.39 1.43
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Table E-2.3 SoU saturation extract water chemistry data. gravimetric water content
at saturation and at 15 bar. pH. texture class. and carbonate clay fraction for site E.
replication 2

Saturation Extract Soluble Ions
Depth ca Mg Na K C03 HC03 C1 S04
(em) meqfl
0-15 2.45 3.59 0.69 0.10 3.72 0.20 2.91

15 - 30 1.42 2.33 0.63 0.03 2.76 0.13 1.52
30 - 46 0.86 3.02 0.71 0.01 3.20 0.12 1.28
46 - 61 0.64 2.82 0.69 0.02 3.16 0.13 0.89
61-91 0.77 2.69 0.71 0.01 2.76 0.12 1.31

..91 - 122 1.08 2.68 0.92 0.00 3.20 0.15 1.33

..91 - 122 0.86 2.20 2.29 0.00 3.84 0.20 1.31
122 - 152 0.64 1.60 2.25 0.00 2.92 0.16 1.41
152 - 182 0.77 1.14 1.45 0.03 2.20 0.16 1.04

Depth ECE SAR H20 at pH cas Texture 9
Sat. clay class 15 bar

(em) mmhosfcm % % gfgx
100

0- 15 0.61 0.40 30 8.0 lfs 5.65
15 - 30 0.35 0.46 30 8.1 lfs 4.47
30 - 46 0.37 0.51 30 8.1 Ifs 4.57
46 - 61 0.36 0.53 29 8.2 Ifs 4.39
61 - 91 0.30 0.54 29 8.2 fs 3.51
91 - 122 0.38 0.67 28 8.2 Is 5.50
91 - 122 0.48 1.85 40 8.2 fsl 13.21

122 - 152 0.38 2.12 27 8.2 Is 6.66
152 - 182 0.28 1.48 21 8.0 s 1.12
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Table E-2.4 ULEN SERIES SITE E-2 ND~:85
Laboratory soil ;.later retention data

IAB PRESSURE (CM) AND WATER <XNI'ENI' (\IOL.FR/lCl'I(}.I)

DEPTH (CM)
8. 23. 38. 107.

CM a:;/a:; SE

24. 0.3482 0.0069 10. 0.4225 0.0194 24. 0.3637 0.0032 24. 0.4755 0.0060
40. 0.3438 0.0089 20. 0.4170 0.0185 40. 0.3364 0.0002 40. 0.4365 0.0062
SO. 0.3395 0.0130 30. 0.3893 0.0144 50. 0.3046 0.0007 SO. 0.4183 0.0053
62. 0.3237 0.0141 40. 0.3707 0.0074 62. 0.2713 0.0005 62. 0.4053 0.0046
70. 0.3116 0.0137 SO. 0.3S01 0.0041 70. 0.2493 0.0001 70. 0.4001 0.0045
82. 0.2790 0.0121 60. 0.3076 0.0003 82. 0.2197 0.0009 82. 0.3915 0.0057
98. 0.2577 0.0104 70. 0.2943 0.0004 98. 0.1962 0.0005 98. 0.3863 0.0056

150. 0.2183 0.0091 80. 0.2701 0.0011 150. 0.1599 0.0007 ISO. 0.3724 0.0054
340. 0.1813 0.0095 100. 0.2459 0.0018 340. 0.1288 0.0003 340. 0.3490 0.0058
S03. 0.1684 0.0086 120. 0.2211 0.0008 503. 0.1220 0.0020 503. 0.3352 0.0056
834. 0.1578 0.0093 180. 0.1877 0.0002 834. 0.1129 0.0009 834. 0.3222 0.0049
334. 0.1619 0.0005
534. 0.1440 0.0009
834. 0.1308 0.0001

BD= 1.55 1.65 1.58 1.60
N= 2 2 2 2

DEP'IH (CM)

107. 107. 137. 168.

24. 0.2938 0.0185 10. 0.3994 0.0019 24. 0.3255 0.0009 24. 0.3534 0.0034
40. 0.2654 0.0168 20. 0.3949 0.0019 40. 0.2254 0.0161 40. 0.1073 0.0042
50. 0.2380 0.0185 30. 0.3775 0.0002 50. 0.1932 0.0196 50. 0.0808 0.0013
62. 0.2160 0.0195 40. 0.3548 0.0020 62. 0.1768 0.0211 62. 0.0702 0.0012
70. 0.2050 0.0200 50. 0.3322 0.0021 70. 0.1689 0.0206 70. 0.0650 0.0017
82. 0.1907 0.0218 60. 0.2688 0.0023 82. 0.1632 0.0206 82. 0.0604 0.0016
98. 0.1862 0.0260 70. 0.2446 0.0034 98. 0.1568 0.0210 98. 0.0559 0.0027

150. 0.1646 0.0227 80. 0.2023 0.0036 150. 0.1460 0.0205 150. 0.0484 0.0026
340. 0.1459 0.0214 100. 0.1683 0.0042 340. 0.1296 0.0190 340. 0.0393 0.0014
503. 0.1382 0.0206 120. 0.1412 0.0022 S03. 0.1217 0.0184 503. 0.0370 0.0020
834. 0.1297 0.0182 180. 0.1163 0.0017 834. 0.1160 0.0195 834. 0.0363 0.0014
334. 0.1004 0.0013
534. 0.0929 0.0002
834. '0.0868 0.0002

BD= 1.51 1.60 1.55 1.56
N= 2 2 2 2
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Table E-2.5 ULEN SERIES STIE E-2 (NDSW::: 1985)
In-situ K (9,'l') and e (111) , and laborato:ry K(9,'l')

d3.ta.
RIClWIDS PARAME'IERS

DEPl'H 8. 01
TIME WATER MM'-POI' MAT-POl' ~ HYD-<XN SP-MJIS DIFF
(HR.) (013/013) (01) (KPA) (01/01) (01/HR) (1/01) (CM2/HR)

0.1 •4167 O • 0.02 1.07 0.76E+00 0.76E-03 0.10E+04
0.2 .4061 11. 1.07 0.97 0.83E+00 0.15E-02 0.55E+03
0.2 .3982 19. 1.82 1.00 0.40E+00 0.66E-03 0.61£+03
0.4 .3917 25. 2.47 1.00 0.59E+00 0.16E-02 0.38E+03
0.4 •3841 30. 2.97 1.00 0.55E+00 0.14£-02 0.38E+03
0.6 •3726 39• 3.87 0.90 0.45E+00 0.12E-02 0.37E+03
0.9 .3603 49. 4.77 0.83 0.39E+00 0.17E-02 0.23E+03
1.2 .3477 58• 5.67 0.77 0.33E+00 0.13E-02 0.26E+03
1.7 .3332 68. 6.62 0.70 0.27E+00 0.21£-02 0.13E+03
2.5 .3201 74. 7.22 0.73 0.14E+00 0.23E-02 0.62E+02
3.5 .3110 78. 7.67 0.73 0.46E-01 0.15E-02 0.31£+02
4.5 .3068 82. 8.02 0.77 0.39E-01 0.98E-03 0.40E+02
5.5 .3010 84. 8.27 0.82 0.73E-01 0.78E-02 0.93E+01
6.7 .2908 86. 8.47 0.82 0.78E-01 0.42E-02 0.19E+02

11.2 .2729 91. 8.97 0.83 0.28E-ol 0.33E-02 0.85E+Ol
17.5 .2590 98. 9.57 0.80 0.91£-02 0.96E-03 0.95E+Ol
22.5 .2545 102. 10.02 0.73 0.89E-02 0.11£-02 0.83E+01
32.5 .2473 108. 10.57 0.67 0.76E-02 0.14£-02 0.53E+01
45.0 .2395 113• 11.07 0.58 0.74£-02· 0.19E-02 0.39E+01

* 60.0 .2326 117. 11.47 0.53 0.57E-02 0.16E-02 0.36E+01
80.0 .2255 122 . 11.92 0.48 0.48E-02 0.15E-02 0.31£+01

100.0 .2208 126 . 12.32 0.43 0.29E-02 0.83E-03 0.35E+Ol
120.0 .2177 129. 12.62 0.43 0.25E-02 0.14£-02 O.l8E+Ol
175.0 .2140 135. 13.19 0.38 0.31£-04 0.14£-04 0.23E+01
195.0 .2140 137. 13.42 0.23 0.15E-03 0.47E-04 0.33E+01
210.0 .2139 138 . 13.49 0.25 0.72E-04 0.95E-04 0.76E+00
230.0 .2138 139 . 13.59 0.27 0.34E-03 0.16E-03 0.21£+01
245.0 •2135 140 . 13.69 0.28 0.63E-03 0.47E-03 0.13E+01
275.0 .2113 141. 13.87 0.32 0.20E-02 0.14£-02 0.14£+01
325.0 .2087 144. 14.11 0.32 0.45E-03 0.47E-03 0.96E+00
400.0 .2078 147. 14.44 0.27 0.27E-03 0.21£-03 0.13E+01
550.0 .2026 152. 14.94 0.28 0.13E-02 0.17E-02 0.74£+00
750.0 .1970 158 . 15.51 0.27 0.24E-03 0.28E-03 0.86E+00
875.0 .1961 162 . 15.89 0.18 0.20E-03 0.16E-03 0.12E+01

IX:ERJ:N:; I-STEP DATA

0.2 .1911 265. 26.02 83.33 0.43E-02 0.16E-03 0.26E+02
0.2 .1823 330. 32.38 83.33 0.24E-02 0.11£-03 0.21E+02
0.3 .1756 402. 39.40 83.33 0.14E-02 0.79E-04 0.18E+02
0.3 .1702 482. 47.26 83.33 0.91£-03 0.58E-04 0.16E+02

DEPTH 23. CM SITE E-2
TIME WATER MA.T-POI'MAT-Pal' HYD-GRA.D HYD-<XN SP-MJIS DIFF
(HR.) (013/013) (CM) (KPA) (01/CM) (OOHR.) (l/CM) (CM2/HR.)

0.1 .4115 l. 0.07 1.07 0.23E+01 0.91£-03 0.25E+04
0.2 .4008 10. 0.97 0.97 0.25E+01 0.14£-02 0.18E+04
0.2 .3923 18. 1.78 1.00 0.13E+01 0.81£-03 0.16E+04
0.4 .3853 25. 2.46 1.00 0.18E+01 0.15E-02 0.12E+04
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DEPTH 23. CM (<XNI')
0.4 .3785 30. 2.96 1.00 0.16E+01 0.12E-Q2 0.13E+04
0.6 .3681 38. 3.75 0.90 0.13E+01 0.13E-Q2 0.10E+04
0.9 .3568 47. 4.63 0.83 0.12E+01 0.15E-Q2 0.79E+03
1.2 .3449 56. 5.46 0.77 0.97E+OO 0.14E-Q2 0.72E+03
1.7 .3317 65. 6.38 0.70 0.78E+00 0.17E-Q2 0.46E+03
2.5 .3206 72. 7.01 0.73 0.400+00 0.19E-Q2 0.2IE+03
3.5 .3119 76. 7.46 0.73 O.l5E+OO 0.20E-Q2 0.78E+02
4.5 .3043 80. 7.84 0.77 0.17E+00 0.2IE-Q2 0.82E+02
5.5 .2966 83. 8.13 0.82 0.20E+OO 0.47E-Q2 0.43E+02
6.7 .2887 85. 8.33 0.82 0.22E+OO 0.36E-Q2 0.60E+02

11.2 .2720 90. 8.83 0.83 0.85E-Q1 0.3IE-Q2 0.27E+02
17.5 .2575 96. 9.41 0.80 0.29E-Q1 0.14E-Q2 0.2IE+02
22.5 *.2516 100. 9.81 0.73 0.3IE-Q1 0.15E-Q2 0.200+02
32.5 .2430 105. 10.31 0.67 0.24E-Q1 0.18E-Q2 0.13E+02
45.0 .2347 110. 10.75 0.58 0.22E-Q1 0.2IE-Q2 0.lIE+02
60.0 .2280 113. 11.11 0.53 0.17E-Q1 0.17E-Q2 0.98E+01
80.0 .2222 118. 11.52 0.48 0.13E-Q1 0.10E-Q2 0.13E+02

100.0 .2189 121. 11.88 0.43 0.83E-Q2 0.8IE-Q3 0.10E+02
120.0 .2164 124. 12.18 0.43 0.69E-Q2 0.85E-Q3 0.8IE+01
195.0 .2112 131. 12.83 0.23 0.12E-Q2 0.26E-Q3 0.45E+01
210.0 .2110 132. 12.92 0.25 0.54E-Q3 0.35E-Q3 0.16E+01
230.0 .2106 133. 13.03 0.27 0.14E-Q2 0.3IE-Q3 0.43E+01
245.0 .2102 134. 13.14 0.28 0.19E-Q2 0.32E-Q3 0.60E+01
275.0 .2088 136. 13.34 0.32 0.54E-Q2 0.84E-Q3 0.65E+01
325.0 .2070 139. 13.59 0.32 0.13E-Q2 0.47E-Q3 0.28E+01
400.0 .2056 142. 13.88 0.27 0.lIE-Q2 0.47E-Q3 0.23E+01
550.0 .2008 147. 14.39 0.28 0.36E-Q2 0.12E-02 0.29E+01
750.0 .1960 153. 14.95 0.27 0.72E-Q3 0.35E-Q3 0.20E+01
875.0 .1949 156. 15.26 0.18 0.69E-Q3 0.28E-Q3 0.24E+01

DCERIN; I-STEP DATI\.

0.0 .1760 235 . 23.02 83.33 0.10E-Q1 0.24E-Q3 0.43E+02
0.0 •1730 248 . 24.32 83.33 0.9IE-Q2 0.22E-Q3 0.42E+02
0.0 .1700 263 . 25.75 83.33 0.8IE-Q2 0.20E-Q3 0.4IE+02
0.0 .1670 279 . 27.34 83.33 0.72E-Q2 0.18E-Q3 0.4IE+02
0.1 .1640 297. 29.11 83.33 0.63E-Q2 0.16E-Q3 0.4IE+02
0.1 .1610 317 • 31.11 83.33 0.56E-Q2 0.14E-Q3 0.40E+02
0.1 .1580 340 • 33.38 83.33 0.49E-Q2 0.12E-Q3 0.40E+02
0.1 .1550 367. 35.96 83.33 0.42E-Q2 0.lIE-Q3 0.40E+02
0.1 .1520 397 . 38.93 83.33 0.36E-Q2 0.92E-Q4 0.40E+02
0.1 .1490 432 . 42.37 83.33 0.3IE-02 0.79E-Q4 0.39E+02
0.1 .1460 473 • 46.41 83.33 0.26E-02 0.67E-Q4 0.39E+02

DEPTH 38. CM SITE E-2
TIME WATER M1\T-POI' MAT-PaI' HYD-GIW) HYD~ SP-M:>IS DIFF
(HR) (00/00) (~[) (KPA) (0001) (OOHR) (l/CM) (OO/FIR)

0.1 .3920 5. 0.48 1.48 0.26E+01 0.92E-Q3 0.28E+04
0.2 .3851 II. 1.11 1.21 0.3lE+01 0.1lE-Q2 0.28E+04
0.2 .3791 18. 1.77 0.97 0.23E+0l 0.83E-Q3 0.27E+04
0.4 .3741 24. 2.34 0.84 0.32E+01 0.10E-02 0.3IE+04
0.4 .3696 28. 2.79 0.77 0.3lE+01 0.97E-Q3 0.32E+04
0.6 .3628 35. 3.46 0.70 0.25E+01 0.96E-Q3 0.26E+04
0.9 .3552 43. 4.24 0.65 0.23E+01 0.llE-Q2 0.22E+04
1.2 .3469 51. 5.03 0.65 0.17E+01 0.10E-02 O.17E+04
1.7 .3374 60. 5.88 0.64 0.13E+01 0.13E-Q2 0.10E+04
2.5 .3290 66. 6.48 0.57 0.78E+00 0.15E-Q2 0.5lE+03
3.5 .3219 7I. 6.96 0.60 0.33E+00 0.14E-Q2 0.23E+03
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DEPTH 38. CM (CXNI')
4.5 .3115 76. 7.41 0.67 0.48E+00 0.30E-02 0.16E+03
5.5 .3001 79. 7.73 0.65 0.4lE+00 0.6lE-02 0.67E+02

11.2 .2771 86. 8.41 0.60 0.23E+00 0.59E-02 0.39E+02
17.5 .2530 9I. 8.91 0.54 0.79E-01 0.24E-02 0.33E+02
22.5 .2459 94. 9.24 0.50 0.85E-01 0.20E-02 0.42E+02
32.5 .2370 98. 9.63 0.44 0.6lE-01 0.24E-02 0.26E+02
45.0 .2288 102. 9.97 0.39 0.56E-01 0.25E-02 0.22E+02
60.0 .2222 105. 10.28 0.37 0.4lE-01 0.19E-02 0.2lE+02
80.0 .2166 108. 10.62 0.32 0.28E-01 0.13E-02 0.22E+02

100.0 .2131 11I. 10.85 0.20 0.30E-01 0.18E-02 0.17E+02
120.0 .2107 113. 11.05 0.07 0.63E-01 0.59E-03 0.llE+03

DEPTH 46. CM
195.0 .2048 116. 11.40 0.44 0.35E-02 0.94E-03 0.37E+01
210.0 .2042 117. 11.48 0.43 0.14E-02 0.63E-03 0.22E+01
230.0 .2037 118. 11.57 0.41 0.24E-02 0.47E-03 0.5lE+01
245.0 .2031 119. 11.67 0.39 0.4lE-02 0.79E-03 0.52E+01
275.0 .2023 121. 11.83 0.35 0.70E-02 0.43E-03 0.16E+02
325.0 .2013 123. 12.03 0.32 0.25E-02 0.55E-03 0.45E+01
400.0 .1990 125. 12.26 0.31 0.33E-02 0.12E-02 0.28E+01
550.0 .1935 130. 12.75 0.28 0.66E-02 0.llE-02 0.58E+01
750.0 .1889 136. 13.33 0.30 0.13E-02 0.38E-03 0.36E+01

DCERIN:;1-STEPDATA.
0.5 .1758 130. 12.76 83.33 0.10E-01 0.55E-03 0.18E+02
0.5 .1664 150. 14.68 83.33 0.69E-02 0.42E-03 0.17E+02
0.6 .1584 172. 16.84 83.33 0.49E-02 0.32E-03 0.15E+02
0.6 •1514 197. 19.28 83.33 0.34E-02 0.25E-03 0.14E+02
0.7 .1452 225. 22.07 83.33 0.25E-02 0.19E-03 0.13E+02
0.7 .1397 258. 25.29 83.33 0.18E-02 0.15E-03 0.12E+02
0.8 .1348 296. 29.05 83.33 0.13E-02 0.llE-03 0.llE+02
0.8 .1304 342. 33.50 83.33 0.90E-03 0.85E-04 0.llE+02
0.9 .1264 396. 38.84 83.33 0.64E-03 0.64E-04 0.10E+02

DEPTH 53. CM SITE E-2
TIME WATER MAT-FOr MAT-POI' H'f!H;RADHYD-aN SP-MJIS DIFF
(HR) (CM3/CM3)(CM) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.1 .3860 6. 0.64 0.83 0.56E+01 0.56E-03 0.99E+04
0.2 .3831 12. 1.15 0.80 0.55E+01 0.65E-03 0.85E+04
0.2 .3808 16. 1.60 0.80 0.35E+01 0.41E-03 0.84E+04
0.4 .3789 21. 2.04 0.77 0.4lE+01 0.5lE-03 0.8lE+04
0.4 .3766 24. 2.39 0.70 0.42E+01 0.8lE-03 0.52E+04
0.6 .3725 28. 2.77 0.38 0.56E+01 0.llE-02 0.49E+04
0.9 .3681 35. 3.43 0.33 0.56E+01 0.37E-03 0.15E+05
1.2 .3631 44. 4.35 0.45 0.3IE+01 0.76E-03 0.4lE+04
1.7 .3567 52. 5.06 0.28 0.38E+01 0.12E-02 0.3lE+04
2.5 .3501 57. 5.54 0.20 0.28E+01 0.15E-02 0.19E+04
3.5 .3426 61. 6.00 0.15 0.20E+01 0.17E-02 0.12E+04
4.5 .3300 67. 6.54 0.20 0.28E+01 0.28E-02 0.10E+04
5.5 .3179 71. 6.93 0.30 0.13E+01 0.49E-02 0.26E+03

11.2 .2908 78. 7.68 0.43 0.52E+00 0.64E-02 0.82E+02
17.5 .2586 84. 8.23 0.55 0.14E+00 0.52E-02 0.28E+02
22.5 .2463 87. 8.53 0.55 0.12E+00 0.29E-02 0.42E+02
32.5 .2370 90. 8.84 0.50 0.75E-01 0.31E-02 0.25E+02
45.0 .2282 93. 9.12 0.47 0.67E-01 0.34E-02 0.20E+02
60.0 .2203 96. 9.43 0.48 0.44E-01 0.2lE-02 0.2lE+02
80.0 .2127 100. 9.78 0.55 0.23E-01 0.22E-02 0.10E+02

100.0 .2075 102. 10.02 0.67 0.14E-01 0.21E-02 0.64E+01
120.0 .2044 104. 10.20 0.77 0.70E-02 0.13E-02 0.56E+01
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DEPTH 76. <M SITE E-2
TIME WATER W\T....:rorW\T-POr HYD-GRAD flYI)-{XN SP-M)IS DIFF
(HR) (<M3/<M3) (Q.:l) (KPA) (<M/Q.:l)(<M/HR) (l/<M) (Q.:l2/HR)

0.1 .3724 4. 0.35 0.89 0.57E+01 0.38E-03 0.15E+05
0.2 .3711 7. 0.69 0.82 0.58E+01 0.38E-03 0.15E+05
0.2 .3701 11. 1.07 0.77 0.39E+01 0.14E-03 0.29E+05
0.4 .3695 14. 1.40 0.72 0.48E+01 0.32E-03 0.15E+05
0.4 .3685 17. 1.65 0.69 0.48E+01 0.43E-03 0.lIE+05
0.6 •3666 20 • 1.93 0.75 0.33E+01 0.10E-02 0.3IE+04
0.9 •3646 24 . 2.39 0.65 0.32E+01 0.15E-03 0.22E+05
1.2 .3623 31. 3.04 0.45 0.35E+01 0.53E-03 0.67E+04
1.7 .3592 36. 3.57 0.41 0.30E+01 O.75E-03 0.4IE+04
2.5 •3560 40• 3.92 0.37 0.18E+01 0.10E-02 0.18E+04
3.5 .3503 44• 4.28 0.33 0.15E+01 0.2IE-02 0.72E+03
4.5 •3405 49. 4.76 0.27 0.33E+01 0.20E-02 0.17E+04
5.5 .3336 52• 5.13 0.22 0.22E+01 0.15E-02 0.14E+04
6.7 .3296 54. 5.32 0.18 0.15E+01 0.23E-02 0.64E+03

11.2 •3157 59• 5.80 0.12 0.27E+01 0.30E-02 0.92E+03
17.5 •2974 65• 6.34 0.06 0.25E+01 0.44E-02 0.58E+03
22.5 .2870 68. 6.62 0.04 0.23E+01 0.30E-02 0.78E+03
32.5 .2782 70. 6.86 0.02 0.32E+01 0.43E-02 0.74E+03

175.0 .2434 91. 8.92 0.05 0.56E-02 O.24E-03 0.23E+02
195.0 .2427 93:. 9.11 0.07 0.55E-01 0.14E-02 0.39E+02
210.0 .2417 94. 9.20 0.09 0.20E-01 0.96E-03 0.2IE+02
230.0 .2405 95.. 9.32 0.12 0.20E-01 0.12E-02 0.17E+02
245.0 .2393 96. 9.39 0.12 0.37E-01 0.24E-02 0.15E+02

*400.0 .2322 103. 10.08 0.24 0.87E-02 0.13E-02 0.68E+01
550.0 .2268 107. 10.49 0.22 0.14E-01 0.13E-02 0.lIE+02
750.0 .2215 113. 11.03 0.18 0.47E-02 0.68E-03 0.68E+01

DEPTH 104. <M SITE E-2
TIME WATER W\T-.F(J!'W\T-POr HYD-GRAD flYI)-{XN SP-M)IS DIFF
(HR) (<M3/<M3) «(}II) (KPA) (<M/Qil) (<M/HR> (1/<M) (Q.:l2/HR)

0.1 .3331 7. 0.67 1.70 0.3IE+01 0.46E-06 0.67E+07
0.2 .3328 10. 0.98 1.62 0.3IE+01 0.3IE-03 0.10E+05
0.2 .3321 13. 1.28 1.51 0.2IE+01 0.6IE-03 0.35E+04
0.4 .3298 1~' 1.63 1.36 0.29E+0l 0.32E-02 0.93E+03j •

0.6 .3259 19. 1.87 1.24 0.22E+01 0.13E-02 0.17E+04
0.9 .3230 22. 2.12 1.14 0.20E+01 0.12E-02 0.17E+04
1.2 .3208 2S. 2.44 1.08 0.16E+01 0.56E-03 0.29E+04
1.7 .3184 29. 2.88 1.07 0.13E+01 0.52E-03 0.25E+04
2.5 .3160 33. 3.23 1.11 0.68E+00 0.90E-03 0.76E+03
3.5 .3134 36. 3.50 1.08 0.59E+OO 0.lIE-02 0.56E+03
4.5 .3111 39. 3.80 1.00 0.lIE+01 0.66E-03 0.16E+04
5.5 .3092 41. 4.07 0.97 0.53E+00 0.98E-03 0.54E+03
6.7 .3073 43. 4.21 0.97 0.36E+00 0.14E-02 0.25E+03

11.2 .3008 46. 4.55 0.92 0.4IE+00 0.2IE-02 0.19E+03
17.5 .2936 50. 4.91 0.85 0.23E+00 0.16E-02 0.14E+03
22.5 .2896 52. 5.12 0.82 0.16E+00 0.22E-02 0.72E+02
32.5 .2825 54. 5.34 0.83 0.88E-01 0.44E-02 0.20E+02
45.0 .2747 57. 5.55 0.84 0.76E-01 0.28E-02 0.27E+02
60.0 .2679 59. 5.81 0.79 0.55E-01 0.25E-02 0.22E+02
80.0 .2610 62. 6.12 0.72 0.38E-01 0.18E-02 0.2IE+02

100.0 .2566 6S. 6.39 0.68 0.27E-01 0.13E-02 0.20E+02
120.0 .2535 68. 6.63 0.67 0.18E-01 0.13E-02 0.14E+02
195.0 .2522 73. 7.19 0.51 0.llE-01 0.68E-03 0.15E+02
210.0 .2514 74. 7.30 0.50 0.7lE-02 0.80E-03 0.88E+0l
230.0 .2502 76. 7.42 0.48 0.84E-02 0.12E-02 0.70E+01
245.0 .2491 77. 7.51 0.49 0.15E-0l 0.13E-02 0.12E+02
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DEPTH 104. 01 (CXliIT)
275.0 .1767 79. 7.75 0.43 0.29E+OO 0.34E-01 0.87E+0l
400.0 .2423 83. 8.12 0.31 0.94E-02 0.12E-02 0.77E+01
550.0 .2387 86. 8.38 0.23 0.17E-01 0.13E-02 0.12E+02
750.0 .2342 89. 8.73 0.14 0.96E-02 0.12E-02 0.83E+01
I:XERIN;1-STEP DA'ffi

0.0 .1613 111. 10.85 83.33 0.72E-02 0.10E-02 0.69E+01
0.0 .1583 114. 11.15 83.33 0.67E-02 0.96E-03 0.69E+01
0.1 .1553 117. 11.47 83.33 0.62E-02 0.90E-03 0.69E+01
0.1 .1523 120. 11.80 83.33 0.58E-02 0.84E-03 0.69E+01
0.2 .1493 124. 12.17 83.33 0.53E-02 0.78E-03 0.69E+01
0.2 .1463 128. 12.56 83.33 0.49E-02 0.72E-03 0.69E+01
0.3 .1433 132. 12.99 83.33 0.46E-02 0.66E-03 0.69E+01
0.3 .1403 137. 13.45 83.33 0.42E-02 0.6lE-03 0.69E+01
0.4 .1373 142. 13.96 83.33 0.38E-02 0.56E-03 0.69E+01
0.4 .1343 148. 14.51 83.33 0.35E-02 0.50E-03 0.69E+01
0.5 .1313 154. 15.12 83.33 0.32E-02 0.46E-03 0.70E+01
0.5 .1283 161. 15.80 83.33 0.29E-02 0.4lE-03 0.70E+01
0.6 .1253 169. 16.57 83.33 0.26E-02 0.36E-03 0.7lE+01
0.6 .1223 178. 17.42 83.33 0.23E-02 0.32E-03 0.7lE+01
0.7 .1193 188. 18.40 83.33 0.20E-02 0.28E-03 0.72E+01
0.8 .1163 199. 19.52 83.33 0.18E-02 0.24E-03 0.73E+01
0.8 .1133 212. 20.83 83.33 0.15E-02 0.2lE-03 0.73E+01
0.9 .1103 228. 22.37 83.33 0.13E-02 0.17E-03 0.74E+01
0.9 .1073 247. 24.23 83.33 0.1lE-02 0.14E-03 0.75E+01
1.0 .1043 271. 26.53 83.33 0.88E-03 0.llE-03 0.77E+01
1.1 .1013 300. 29.44 83.33 0.69E-03 0.89E-04 0.78E+01
1.1 .0983 340. 33.29 83.33 0.52E-03 0.66E-04 0.79E+01
1.2 .0953 394. 38.66 83.33 0.37E-03 0.45E-04 0.8lE+01
1.3 .0923 478. 46.83 83.33 0.23E-03 0.28E-04 0.83E+01

DEPTH 135. 01 WITE E-2
TIME WATER MAT-POT MAT-ror HYD--GRAD HYD-<XN SP-M)IS DIFF
(HR) (013/013) (CM) (KPA) (01/CM) (01/HR) (1/CM) (oo/ER)

0.2 .2814 24. 2.39 1.19 0.3lE+0l 0.54E-02 0.58E+03
0.4 .2799 25. 2.42 1.20 0.31E+01 0.27E-02 0.lIE+04
0.4 .2770 25. 2.46 1.20 0.44E+01 0.97E-02 0.46E+03
0.6 .2709 26. 2.54 1.20 0.28E+01 0.72E-02 0.38E+03
0.9 .2655 27. 2.64 1.20 0.22E+01 0.36E-02 0.62E+03
1.2 .2600 29. 2.84 1.17 0.18E+01 0.25E-02 0.73E+03
1.7 .2535 32. 3.16 1.11 0.15E+01 0.18E-02 0.84E+03
2.5 .2463 35. 3.47 1.05 0.90E+00 0.31E-02 0.29E+03
3.5 .2396 37. 3.65 1.02 0.73E+00 0.65E-02 0.lIE+03
4.5 .2363 39. 3.79 0.99 0.12E+01 0.89E-03 0.13E+04
5.5 .2332 40. 3.94 0.95 0.65E+00 0.45E-02 0.14E+03
6.7 .2284 41. 4.03 0.91 0.47E+00 0.57E-02 0.82E+02

11.2 .2177 43. 4.21 0.86 0.51E+00 0.57E-02 0.89E+02
17.5 .2071 45. 4.43 0.83 0.27E+00 0.32E-02 0.86E+02
22.5 .2025 47. 4.58 0.82 0.19E+00 0.30E-02 0.64E+02
32.5 .1953 49. 4.76 0.80 0.12E+00 0.44E-02 0.27E+02
45.0 .1880 50. 4.93 0.77 0.10E+00 0.36E-02 0.29E+02
60.0 .1831 52. 5.09 0.74 0.72E-Ol O.26E-02 0.28E+02
80.0 .1785 54. 5.28 0.72 0.48E-01 0.23E-02 0.21E+02

100.0 .1752 55. 5.43 0.69 0.33E-0l 0.17E-02 0.19E+02
120.0 .1726 57. 5.59 0.65 0.25E-01 0.15E-02 0.17E+02
195.0 .1713 60. 5.92 0.62 0.12E-0l 0.14E-02 0.89E+0l
210.0 .1702 61. 6.00 0.62 0.87E-02 0.12E-02 0.73E+0l
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DEPTH 135. CM (<:nn')
230.0 .1693 62. 6.09 0.61 0.86E-Q2 0.63E-Q3 0.13E+02
245.0 .1689 63. 6.15 0.59 0.16E-Q1 0.76E-Q3 0.2IE+02
275.0 .1677 64. 6.29 0.57 0.29E+OO 0.90E-Q3 0.32E+03
400.0 .1648 66. 6.50 0.56 0.62E-Q2 0.10E-Q2 0.59E+01
550.0 .1626 69. 6.72 0.59 0.75E-Q2 0.10E-Q2 0.73E+01
750.0 .1599 71. 6.97 0.59 0.3IE-Q2 0.lIE-Q2 0.29E+01
[)(ERIN';l-Sl'EI?D1m\.

0.6 .1579 126. 12.37 83.33 0.40E-Q2 0.37E-Q3 0.lIE+02
0.6 .1539 1313. 13.54 83.33 0.3IE-Q2 0.3IE-Q3 0.99E+01
0.7 .1502 15l. 14.78 83.33 0.25E-Q2 0.27E-Q3 0.92E+01
0.7 .1469 1G-L 16.09 83.33 0.20E-Q2 0.23E-Q3 0.86E+01
0.8 .1439 1713- 17.47 83.33 0.16E-Q2 0.20E-Q3 0.8IE+01
0.8 .1412 193. 18.94 83.33 0.13E-Q2 0.17E-Q3 0.76E+01
0.9 .1387 209. 20.50 83.33 0.lIE-Q2 0.15E-Q3 0.72E+01
0.9 .1364 226. 22.17 83.33 0.87E-Q3 0.13E-Q3 0.68E+01
1.0 .1342 244. 23.96 83.33 0.72E-Q3 0.lIE-Q3 0.65E+01
1.0 .1322 2G-L 25.88 83.33 0.59E-Q3 0.96E-Q4 0.62E+01
1.1 .1303 285. 27.94 83.33 0.49E-Q3 0.83E-Q4 0.59E+01
1.1 .1286 3013. 30.17 83.33 0.4IE-Q3 0.72E-Q4 0.57E+01
1.2 .1269 332. 32.58 83.33 0.34E-Q3 0.63E-Q4 0.54E+01
1.2 .1254 359. 35.20 83.33 0.28E-Q3 0.54E-Q4 0.52E+01
1.3 .1239 3813. 38.05 83.33 0.24E-Q3 0.47E-Q4 0.50E+01
1.3 .1225 420. 41.16 83.33 0.20E-Q3 0.4IE-Q4 0.49E+0l
1.4 .1212 455. 44.58 83.33 0.17E-Q3 0.35E-Q4 0.47E+01
1.4 .1199 493. 48.35 83.33 0.14E-Q3 0.30E-Q4 0.45E+01

DEPTH 168. CM SITE E-2
TIME WATER MM'--POI' MM'-roI' ~ HYD-CCN SP-M)IS DIFF
(HR) (CM3/CM3) (01) (!<PA) (CM/0-1) (CM/HR) (l/CM) (Q12/HR)

0.6 .2569 31). 2.91 1.00 0.40E+01 0.13E-01 0.32E+03
0.9 .2533 30. 2.95 0.95 0.34E+01 0.63E-Q2 0.53E+03
1.2 .2489 3l. 3.01 0.90 0.29E+Ol 0.68E-02 0.42E+03
1.7 .2416 32. 3.11 0.83 0.25E+Ol 0.76E-Q2 0.33E+03
2.5 .2306 33. 3.28 0.82 O.I6E+Ol 0.55E-Q2 0.29E+03
3.5 .2189 36. 3.55 0.91 O.l1E+Ol 0.36E-Q2 0.30E+03
4.5 .2112 39. 3.86 1.07 O.I2E+Ol 0.16E-Q2 0.76E+03
5.5 .2058 42. 4.10 1.17 0.66E+00 0.43E-Q2 0.15E+03
6.7 .1996 43. 4.20 1.22 0.46E+00 0.78E-02 0.58E+02

11.2 .1894 45. 4.39 1.29 0.39E+00 0.43E-Q2 0.9IE+02
17.5 .1721 47. 4.60 1.32 0.23E+OO O.I7E-Ql 0.14E+02
22.5 .1586 413. 4.74 1.33 O.I4E+OO 0.38E-Q2 0.38E+02
32.5 .1500 50. 4.91 1.35 0.87E-Q1 0.58E-Q2 0.15E+02
45.0 .1419 52. 5.05 1.36 0.69E-Ql 0.60E-Q2 0.l1E+02
60.0 .1382 53. 5.17 1.35 0.45E-Ql 0.19E-Q2 0.24E+02
80.0 .1351 54. 5.29 1.33 0.3IE-0l 0.33E-02 0.92E+Ol

100.0 .1321 55. 5.38 1.32 0.20E-Ql 0.35E-Q2 0.58E+01
120.0 .1294 56. 5.46 1.31 O.I6E-Ol 0.38E-Q2 0.42E+Ol
195.0 .1245 56. 5.47 1.12 0.43E-Q2 0.95E-Q3 0.45E+01
230.0 .1244 52. 5.12 0.79 0.7IE-Q2 0.12E-05 0.60E+04
245.0 .1241 53. 5.19 0.81 0.14E-Ql 0.77E-03 0.18E+02
275.0 .1220 55. 5.34 0.85 0.20E+00 0.16E-02 0.12E+03
400.0 .1173 57. 5.63 0.90 0.44E-Q2 0.64E-03 0.69E+0l
550.0 .1150 61- 6.01 0.98 0.50E-Q2 0.58E-Q3 0.87E+0l
750.0 .1125 65. 6.40 1.07 O.20E-02 O.79E-Q3 O.25E+01
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DEPTIl 198. CM SITE E-2
TIME WATER MP.T-POT MP.T-POr frfIH;RAD HYIHXN SP-M:>IS DIFF
(HR.) (CM3/CM3) (CM) (KPA) (Cl1/CM) (Cl1/HR.) (1/01) (CM2/HR)

0.6 .2675 26. 2.53 0.76 0.58E+0l 0.2lE-Q1 0.27E+03
0.9 .2656 26. 2.56 0.79 0.44E+01 0.32E-Q2 0.14E+04
1.2 .2630 27. 2.61 0.83 0.35E+01 0.90E-Q2 0.38E+03
1.7 .2576 27. 2.67 0.87 0.29E+01 0.llE-Q1 0.26E+03
2.5 .2479 29 . 2.82 0.87 0.20E+01 0.52E-Q2 0.38E+03
3.5 .2360 32. 3.13 0.82 0.16E+01 0.28E-02 0.57E+03
4.5 .2271 36. 3.49 0.70 0.2lE+01 0.19E-Q2 0.1lE+04
5.5 .2224 38. 3.77 0.62 0.15E+01 0.13E-Q2 0.12E+04
6.7 .2182 40• 3.95 0.62 0.llE+01 0.45E-Q2 0.24E+03

11.2 •2066 42. 4.12 0.54 0.10E+01 0.70E-Q2 0.15E+03
17.5 .1856 44. 4.31 0.49 0.9lE+OO 0.16E-Q1 0.55E+02
22.5 .1694 45. 4.45 0.48 0.48E+OO 0.62E-Q2 0.76E+02
32.5 .1578 47. 4.57 0.44 0.33E+OO 0.10E-Q1 0.32E+02
45.0 .1473 48. 4.70 0.43 0.26E+00 0.55E-Q2 0.47E+02
60.0 .1424 49. 4.80 0.43 0.16E+00 0.45E-Q2 0.34E+02
80.0 .1381 SO. 4.88 0.42 O.llE+OO 0.54E-Q2 0.2lE+02

100.0 .1345 51. 4.98 0.43 0.74E-Q1 0.3lE-02 0.24E+02
120.0 •1313 52. 5.06 0.44 0.58E-Q1 0.67E-Q2 0.87E+01
230.0 .1308 47. 4.63 0.88 0.69E-Q2 0.64E-Q3 0.1lE+02
245.0 .1302 48. 4.70 0.86 0.15E-Q1 0.95E-Q3 0.16E+02
275.0 .1276 49. 4.84 0.82 0.2lE+00 0.23E-02 0.9lE+02
400.0 .1224 52. 5.11 0.75 0.60E-Q2 0.77E-Q3 0.79E+01
550.0 .1197 55• 5.43 0.64 0.85E-Q2 0.85E-03 0.10E+02
750.0 .1163 59. 5.79 0.54 0.48E-Q2 0.96E-Q3 0.50E+0l
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SITE F (ARVE50NSERIES)

Site F was located in a nonirrigated wheat field. The location and
description are summarized on Table 1. According to the La Moure
County (ND) Soil Survey Report (USDA. 1971) the Arveson soil series
consists of "poorly drained and very poorly drained. calcareous soils on
sandy uplands". They were "formed In moderately coarse-textured and
coarse-textured deposits left by glacial melt water ". Arveson soils are
associated with Harnar. Maddock. and Ulen soils. The specific site
measured (location Flg. 2) was located In a depression at the base of a
lengthy toposequence:, which Included a Hecla soil (site D) at crest and a
Ulen solI (site E) at the toeslope.

In-situ measurements and site descriptions were made during late
June and July, 1985. The measurment period was concurrent with sites
D and E which were located nearby. and also site G which was located
approximately 3.25 mlles (7 km) northeast of the field location. Soil
samples and solI profile descriptions were collected approximately 4
weeks after hydraulic measurements were completed. Although
measurements were made for more than two weeks. drainage was
approximately complde at 7 days.

Infiltration and soil-water suction profiles during wetting were
measured on this site during irrigation. but at the time of this report have
not yet been analyzed and prepared for presentation.

Measurements were possible, despite the poorly drained
classification, because of recently-installed tile drains within a few feet of
the measurement site, which maintained reasonably deep water table
conditions. Water was at approximately 5.5 to 6 feet below land surface.

The topsoil contained much organic matter from erosion and long-
term development under waterlogged conditions, and also contained a
highly compacted plow pan, which resulted in small hydraulic gradients
near the surface. Surface K(8,'I') measurements were considered to be
unreliable and were discarded. UnderlYing layers are considered to be
most accurate in slightly drier water content ranges, where the overlYing
plow pan would not be saturated.
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SITE F, REPLICATION 1
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Table F-1.1. Soil morphologic data for Site F. replication 1.

Site and Location: F-l Arveson, Oakes Aquifer520 feet south and 470 feet west of the
east quarter corner of Section 9. Township 130 north. Range 59 west. Dickey County.
North Dakota.

Sampled: 08/02/85 by M. D. Sweeney. North Dakota Agricultural Experiment Station.
Fargo. North Dakota.

Soil type and classification: Arveson sandy loam: coarse-loamy. frigid Typic
Calciaquoll

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin which have been reworked by wind to some extent.

Drainage: Poor.

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratoxy texture in parenthesis if different from field texture.

Soil profile: F-I north side of pit.

Ap 0-7 inches (0-18 cm) black (lOYR2/1) sandy loam (finesandy loam). dark gray (lOYR
4/1. dxy):moderate coarse and medium granular struc- ture: soft. vexyfriable. slightly
sticky and slightly plastic: many vexyfine roots. strong to violent effervescence: abrupt
smooth boundaxy.

Ak 7-12 inches (18-30 cm) black (lOYR2/1) sandy loam (fine sandy loam). dark gray
(lOYR4/1. dxy): moderate coarse prismatic parting to moderate medium and fine
subangular blocky structure: soft. vexy friable. slightly sticky and slightly plastic:
many vexyfine roots: violent effervescence: clear smooth boundaxy.

Bk 12-23 inches (30-f>8em) gray (2.5Y5/0) sandy loam (fine sandy loam). light gray
(2.5Y 7/0. dxy): moderate coarse prismatic parting to moderate medium and fine
subangular blocky stnlcture: soft. vexy friable. slightly sticky and slightly plastic:
many vexyfine roots: vi,olenteffervescence: clear smooth boundaxy.

CI 23-40 inches (58-102 cm) pale olive(5Y6/3) sand (finesand). light gray (5Y7/2. dxy)
with common manganese pellets at 34 inches and discontinuous organic staining on
prism faces: vexy weak vexy coarse prismatic structure: soft. vexy friable to loose.
nonsUcky and nonplastic: few vexy fine roots: vexy slight effervescence: clear wavy
boundaxy.

C2g 40-55 inches (102··140cm) pale olive(5Y6/3) sand (finesand). white (5Y8/2. dxy)
with many medium prominent brown and strong brown (7.5YR 4/4 and 5/6) and
common medium prominent vexy dark brown (lOYR2/2) mottles and discontinuous
organic staining on prism faces: vexyweak very coarse prismatic structure: vexy friable
to loose. nonsticky and nonplastic: clear smooth boundaxy.

C3 55-64 inches (140-163 cm) dark gray and vexydark gray (lOYR4/1 and 3/1) sandy
loam (fine sand). gray (lOYR6/1 and 5/1. dry): massive: soft. soft very friable. slightly
sticky and slightly plastic.
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Table F-1.2 ARVE3:N SERIES SI'lEF-1 NDSW::1985
Soil particle-size, b.1lk density, ard organic carl::x:ndata
am 1n:iioas.

DEPTH PARTICIE SIZE CIASSES (MIorn/P~)
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 11.5 9.3 10.3 17.2 34.0 15.2 2.4 0.1
23. 12.9 9.6 8.4 15.7 33.3 16.5 3.4 0.1
38. 20.0 10.5 5.9 14.5 35.7 11.5 1.8 0.0
53. 14.2 2.2 5.8 16.6 47.2 12.2 1.8 0.0
76. 6.4 1.8 2.8 20.2 50.2 15.4 2.9 0.1

107. 2.8 2.2 3.0 2.6 60.7 28.1 0.4 0.1
137. 3.9 4.7 4.0 2.5 51.6 32.8 0.5 0.0
167. 1.7 2.6 2.4 3.0 51.3 37.7 1.3 0.0

DEPTH SAND SILT CI..M HCRIZCN
an % % %

8. 68.9 19.6 11.5 A 6 6=p
23. 69.1 18.0 12.9 A 10 8=g38. 63.6 16.4 20.0 B 10 10=k
53. 77.8 8.0 14.2 B 10
76. 89.0 4.6 6.4 C 1

107. 92.0 5.2 2.8 C28
137. 87.4 8.7 3.9 C 2 8
167. 93.3 5.0 1.7 C3

DEPTH SA/SI GEAN CDEV Z F-INDEX ED ex;
an mn nul glee %

8. 3.515 0.0637 6.1 0.0104 0.468 1.36 2.49
23. 3.833 0.0630 6.7 0.0094 0.446 1.44 2.03
38. 3.872 0.0421 8.3 0.0051 0.412 1.52 0.75
53. 9.725 0.0705 6.5 0.0108 0.685 1.62 0.23
76. 19.304 0.1137 4.2 0.0273 0.942 1.72 0.04

107. 17.673 0.1661 3.0 0.0559 1.472 1.55 0.04
137. 10.046 0.1492 3.7 0.0405 1.108 1.41 0.04
167. 18.660 0.1900 2.7 0.0708 1.353 1.43 0.04

DEPTH MJISTURE/ro::rrrn SI.CPE GARDNER K-PARl\ME'IERS(JAYNE & TYIER)
CWDAY-KPA OJ!HR-BAR

an GlOSH B1DEMEN K-SllFE K-INT K-SIDPE K-INT
8. 2.303 1.881 -0.8411 1.9981 -8.41 0.62

23. 2.216 1.903 -0.8526 2.0010 -8.53 0.62
38. 2.145 2.049 -0.7857 1.8415 -7.86 0.46
53. 1.506 3.038 -1.0388 2.2562 -10.39 0.88
76. 1.207 5.075 -1.2142 2.5752 -12.14 1.19

107. 1.276 8.397 -1.2538 2.6651 -12.54 1.28
137. 1.571 6.036 -1.1688 2.5346 -11.69 1.15
167. 1.257 7.584 -1.2747 2.7057 -12.75 1.33
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TableF-l.3 SoUsaturation extract water chemistIy data, gravimetric water content
at saturation and at 15bar, pH, texture class, and carbonate clay fraction for site F,
replication 1.

Saturation Extract Soluble Ions
Depth Ol. Mg Na K 003 H003 Cl 504
(em) meq/l
0-15 3.01 5.35 1.11 0.30 5.12 0.30 4.36

15 - 30 2.71 5.12 1.16 0.32 5.48 0.25 3.58
30-46 1.16 2.31 2.33 0.03 3.68 0.25 1.90
46 - 61 0.60 0.87 5.48 0.01 4.30 0.25 2.21
61 - 91 0.43 0.59 4.73 0.02 3.58 0.20 1.75

..91 - 122 0.56 0.34 3.57 0.05 3.02 0.25 1.25
122 - 152 0.99 0.24 2.77 0.06 2.44 0.15 1.47
152 - 182 1.08 0.64 1.60 0.09 1.88 0.15 1.37

Depth ECE SAR H20 at pH 003 Texture e
Sat clay class 15bar

(em) mmhos/cm % % g/gx
100

0- 15 0.78 0.54 47 8.1 fsl 10.93
15 - 30 0.79 0.58 42 8.1 3.0 fsl 10.07
30 - 46 0.46 1.77 36 8.2 14.3 fsl 9.33
46 - 61 0.55 6.40 29 8.5 7.0 fsl 5.35
61 - 91 0.48 6.62 25 8.6 fs 3.70

..91 - 122 0.36 5.33 22 8.2 fs 2.86
122 - 152 0.33 3.54 25 8.0 fs 5.80
152 - 182 0.30 1.72 25 7.8 fs 3.42
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Table F-1.4 ~SERIES SITE F-1 IDSW::::1985
Laboratory soil-water retention data

IAB PRESSURE(01) ANDWATERCXNI'ENl' ooL. FRACTICN)

DEPTH(01)

8. 23. 38. 53.

01 a:./a:. SE

24. 0.5381 0.0541 24. 0.4101 0.0653 10. 0.4352 0.0384 10. 0.3327 0.0006
40. 0.4970 0.0228 40. 0.3870 0.0518 20. 0.4293 0.0394 20. 0.3259 0.0004
SO. 0.4666 0.0088 SO. 0.3732 0.0466 30. 0.4025 0.0330 30. 0.2981 0.0019
62. 0.4376 0.0001 62. 0.3573 0.0429 40. 0.3458 0.0053 40. 0.2818 0.0037
70. 0.4140 0.0051 70. 0.3507 0.0419 50. 0.3205 0.0022 SO. 0.2696 0.0046
82. 0.3926 0.0085 82. 0.3396 0.0405 60. 0.2997 0.0023 60. 0.2458 0.0050
98. 0.3697 0.0078 98. 0.3291 0.0387 70. 0.2952 0.0023 70. 0.2357 0.0045

150. 0.3231 0.0058 150. 0.3038 0.0347 80. 0.2826 0.0029 80. 0.2200 0.0030
340. 0.2706 0.0058 340. 0.2679 0.0325 100. 0.2730 0.0035 100. 0.2024 0.0029
503. 0.2529 0.0056 S03. 0.2532 0.0314 120. 0.2633 0.0031 120. 0.1854 0.0004
835. 0.2411 0.0097 835. 0.2426 0.0332 180. 0.2411 0.0032 180. 0.1623 0.0026
334. 0.2196 0.0028 334. 0.1446 0.0036
554. 0.2070 0.0024 554. 0.1378 0.0037
834. 0.1951 0.0035 834. 0.1235 0.0033

BD= 1.36 1.44 1.52 1.62N= 2 2 2 2

DEPTH(01)

76. 107. 137. 168.

10. 0.4211 0.0012 10. 0.3799 0.0052 10. 0.4204 0.0011 24. 0.3709 0.0024
20. 0.4141 0.0005 20. 0.3749 0.0046 20. 0.4100 0.0001 40. 0.2439 0.0002
30. 0.4009 0.0011 30. 0.3416 0.0046 30. 0.3842 0.0020 50. 0.1548 0.0148
40. 0.3782 0.0028 40. 0.2516 0.0039 40. 0.2695 0.0006 62. 0.1320 0.0158
SO. 0.3525 0.0034 50. 0.2089 0.0027 50. 0.2363 0.0007 70. 0.1206 0.0157
60. 0.2573 0.0059 60. 0.1594 0.0003 60. 0.2061 0.0003 82. 0.1106 0.0157
70. 0.2246 0.0049 70. 0.1495 0.0005 70. 0.2002 0.0004 98. 0.1063 0.0157
80. 0.1809 0.0017 80. 0.1381 0.0096 80. 0.1929 0.0005 150. 0.0935 0.0147

100. 0.1450 0.0029 100. 0.1296 0.0007 100. 0.1848 0.0011 340. 0.0828 0.0132
120. 0.1256 0.0013 120. 0.1225 0.0008 120. 0.1774 0.0012 503. 0.0785 0.0122
180. 0.1045 0.0008 180. 0.1112 0.0010 180. 0.1671 0.0013 835. 0.0756 0.0112
334. 0.0905 0.0008 334. 0.1020 0.0006 334. 0.1545 0.0020
554. 0.0827 0.0009 554. 0.0971 0.0002 554. 0.1457 0.0022
834. 0.0796 0.0013 834. 0.0879 0.0002 834. 0.1413 0.0001

BD= 1.72 1.55 1.41 1.43
N= 2 2 2 2
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Table F-1.5 ~rn SERIES SI'lEF-1 (ND5W: 1985)
In-situ K (9,'If) and 9 ('If) , and laboratory K (9,'If)
cata.

RICHARDS PARAMETER
DEPTH 38. CM
TIME WATER MlIT-I?OI'MAT-roI' HYD-GW> HYIH:nl SP-+OIS DIFF
(HR) (00/00) (Gl) (KPA) (CM/CM) (CM/HR) (1/01) (QoQ/HR>

0.2 .3761 1. 0.14 1.21 O.l2E+OO 0.38E-03 0.3IE+03
0.7 .3752 4. 0.40 1.23 O.l3E+OO 0.14E-03 0.94E+03
1.5 .3738 17. 1.63 1.23 O.l6E+OO 0.96E-04 0.16E+04
2.5 .3711 34. 3.31 1.15 0.22E+OO 0.34E-03 0.65E+03
3.5 •3675 42. 4.13 0.99 0.27E+OO 0.7IE-03 0.37E+03
4.5 .3637 47. 4.56 0.78 0.46E+OO 0.lIE-02 0.42E+03
7.5 .3541 51. 5.03 0.62 O.22E+OO 0.26E-02 0.83E+02

15.0 .3440 58. 5.71 0.57 0.74E-01 0.62E-03 0.12E+03
30.0 .3369 68. 6.67 0.54 0.35E-01 0.80E-03 0.43E+02
50.0 .3294 77. 7.55 0.40 0.27E-01 0.99E-03 0.27E+02
70.0 .3247 82 . 8.03 0.26 0.29E-01 0.93E-03 0.3IE+02
90.0 .3214 85. 8.37 0.21 0.26E-01 0.lIE-Q2 0.24E+02

110.0 .3189 88. 8.62 0.18 0.16E-01 0.87E-03 0.19E+02
130.0 .3177 90. 8.82 0.18 0.54E-02 0.28E-03 0.19E+02
150.0 .3172 92. 8.97 0.18 0.54E-02 0.39E-03 0.14E+02
175.0 .3155 94. 9.17 0.18 0.22E-ol. 0.lIE-02 0.2IE+02
245.0 .3129 97. 9.55 0.10 0.13E-01 0.44E-03 0.30E+02
400.0 •3090 103 • 10.06 0.05 0.2IE-01 0.lIE-02 0.19E+02
575.0 •3044 108 . 10.59 0.14 0.74E-02 0.70E-03 0.llE+02
775.0 .3003 114. 11.16 0.16 0.38E-02 0.73E-03 0.52E+01

DEPTH 53. CM
TIME WATER MAT--POI'MAT-roI' HYD-GW> HYIH:nl SP-+OIS DIFF
(HR) (CM3/CM3) (Qil) (KPA) (CM/CM) (CM/HR) (l/CM) (QoQ/HR>

0.2 .3407 6. 0.64 1.77 0.95E-01 0.38E-03 0.25E+03
0.7 .3400 11. 1.12 1.75 O.lIE+OO 0.69E-04 0.16E+04
1.5 .3390 23. 2.28 1.55 0.14E+00 0.95E-04 0.15E+04
2.5 .3370 37. 3.65 1.27 0.24E+00 0.30E-03 0.78E+03
3.5 .3347 43. 4.22 1.14 0.27E+00 0.82E-03 0.33E+03
4.5 .3312 46. 4.49 1.12 0.38E+00 0.19E-02 0.20E+03
7.5 .3245 50. 4.88 1.19 0.15E+00 0.16E-02 0.92E+02

15.0 .3133 56. 5.50 1.16 0.49E-01 0.20E-02 0.25E+02
30.0 .3000 64. 6.32 0.99 0.28E-ol 0.14E-02 0.20E+02
50.0 .2897 7l. 6.96 0.82 0.19E-01 0.26E-02 0.75E+01
70.0 .2833 74. 7.23 0.68 0.16E-01 0.20E-02 0.78E+01
90.0 .2787 76. 7.46 0.58 0.14E-01 0.20E-02 0.68E+01

110.0 .2752 7a. 7.65 0.54 0.87E-02 0.14E-02 0.60E+01
130.0 .2730 80. 7.83 0.51 0.33E-02 0.9eE-03 0.35E+01
150.0 .2718 8l. 7.98 0.51 0.30E-02 O.64E-03 0.46E+01
245.0 .2690 87. 8.49 0.49 0.36E-02 0.14E-02 0.26E+01
400.0 .2621 9l. 8.96 0.49 0.3IE-02 0.15E-02 0.21E+01

DEPTH 76. CM SITE F-1
TIME WATER MAT--POI'MAT-roI' HYD-GW> HYD-<XN SP-+OIS DIFF
(HR) (CM3/CM3) (Q1) (KPA) (CM/01) (CM/HR) (1/CM) (Qv12/HR)

0.2 .2948 23. 2.30 1.77 0.16E+00 0.3IE-D2 0.52E+02
0.7 .2904 27. 2.63 1.64 0.22E+OO O.14E-02 0.16E+03
1.5 .2849 33. 3.28 1.33 O.23E+OO O.79E-03 O.30E+03
2.5 .2797 40. 3.91 1.03 0.38E+OO O.lIE-02 0.34E+03
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DEPTH 76. CM (CX:Nl')
3.5 .2759 43. 4.23 0.94 0.39E+00 0.14E-02 0.21£+03
4.5 .2718 45. 4.45 0.92 0.59E+00 0.21£-02 0.28E+03
7.5 .2640 49. 4.77 0.83 0.26E+00 0.26E-02 0.10E+03

15.0 .2518 53. 5.17 0.71 0.12E+00 0.33E-02 0.38E+02
30.0 .2382 58. 5.67 0.58 0.73E-01 0.22E-02 0.33E+02
50.0 .2275 62. 6.08 0.52 0.48E-01 0.36E-02 0.13E+02
70.0 .2208 64. 6.28 0.54 0.31£-01 0.31£-02 0.10E+02
90.0 .2160 66. 6.46 0.55 0.23E-01 0.23E-02 0.99E+01

110.0 .2124 68. 6.65 0.56 0.14E-01 0.15E-02 0.94E+01
130.0 .2097 70. 6.82 0.57 0.70E-02 0.18E-02 0.38E+01
150.0 .2077 71• 6.99 0.59 0.53E-02 0.75E-03 0.70E+01
175.0 •2073 71. 6.92 0.42 0.91£-02 0.32E-03 0.31£+02
245.0 .2047 71. 7.00 0.29 0.10£-01 0.12E-02 0.83E+01
400.0 .1979 77. 7.58 0.35 0.69E-02 0.12E-02 0.51£+01
575.0 .1915 82. 8.04 0.32 0.73E-02 0.11£-02 0.42E+01

DEPTH 106. Q.1 SITE F-1
TIME WATER M1-\T-POT MIIT-i'OT HYD-QW) HYD-<XN SP-K>IS DIFF
(HR) (Q.13/00) (Q.1) (KPA) (Q1/Q.1) (Q1/HR) (1/Q.1) (Q.Q/HR)

0.2 .2734 36. 3.48 0.86 0.58E+00 0.11£-01 0.53E+02
0.7 .2685 36. 3.53 0.86 0.83E+00 0.92E-02 0.90E+02
1.5 .2623 37. 3.61 0.86 0.58E+00 0.64E-02 0.89E+02
2.5 .2557 38. 3.72 0.85 0.61£+00 0.53E-02 0.13E+03
3.5 .2494 40. 3.88 0.84 0.60E+00 0.30E-02 0.20E+03
4.5 .2423 42. 4.08 0.84 0.89E+00 0.40E-02 0.22E+03
7.5 .2305 44. 4.31 0.86 0.35E+00 0.63E-02 0.55E+02

15.0 .2147 47. 4.62 0.91 0.15E+00 0.42E-02 0.35E+02
30.0 .2011 51. 5.03 0.96 0.63E-01 0.21£-02 0.24E+02
50.0 .1917 55. 5.37 0.97 0.38E-01 0.30E-02 0.13E+02
70.0 .1851 57. 5.59 0.97 0.26E-01 0.28E-02 0.92E+01
90.0 .1804 59. 5.80 0.98 0.19E-01 0.11£-02 0.11£+02

110.0 .1768 61. 6.02 0.99 0.13E-01 0.11£-02 0.80E+01
130.0 .1740 63. 6.21 0.99 0.71£-02 0.13E-02 0.58E+01
150.0 .1720 65. 6.42 1.00 0.56E-02 0.68E-03 0.83E+01
175.0 .1714 65. 6.38 1.17 0.29E-02 0.16E-03 0.19E+02
245.0 .1700 65. 6.40 1.25 0.34E-02 0.95E-03 0.36E+01
400.0 .1659 70. 6.88 1.14 0.29E-02 0.79E-03 0.31£+01
575.0 .1618 77. 7.51 1.28 0.25E-02 0.53E-03 0.48E+01
775.0 .1584 83. 8.10 1.50 0.28E-02 0.60E-03 0.46E+01

DCERIN:; I-STEP DATA
4.2 •1809 65• 6.34 83.33 0.21£-02 0.19E-02 0.11£+01
8.2 .1611 77. 7.60 83.33 0.78E-03 0.13E-02 0.62E+00

12.2 .1503 87. 8.56 83.33 0.43E-03 0.96E-03 0.45E+00
16.2 .1431 96. 9.37 83.33 0.28E-03 0.78E-03 0.36E+00
20.2 .1377 103. 10.11 83.33 0.20E-03 0.66E-03 0.30E+00
24.2 .'1335 110. 10.80 83.33 0.15E-03 0.56E-03 0.21£+00
28.2 .1300 117. 11.45 83.33 0.12E-03 0.49E-03 0.24E+00
32.2 .1270 123. 12.07 83.33 0.95E-04 0.44E-03 0.22E+00
36.2 .1245 129. 12.67 83.33 0.78E-04 0.39E-03 0.20E+00
40.2 .1222 135 . 13.26 83.33 0.66E-04 0.35E-03 0.19E+00
44.2 .1202 141. 13.85 83.33 0.56E-04 0.32E-03 0.18E+00
48.2 .1185 147. 14.42 83.33 0.48E-04 0.29E-03 0.11£+00
52.2 .1168 153. 14.99 83.33 0.42E-04 0.21£-03 0.16E+00

122.0 .1008 264. 25.84 83.33 0.81£-05 0.71£-04 O.l1E+OO
194.0 .0931 447. 43.81 83.33 0.23E-05 0.23E-04 0.10E+00
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DEPI'H 137. CM SITE F-1
TIME WMER MlIT-ror M1IT-POr HYD-GRAD IIYD-<X:N SP-+OIS DIFF
(HR) (00/00) (CN) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.2 .3210 36:. 3.51 1.16 0.56E+00 0.16E-Q2 0.34E+03
0.7 •3198 31'• 3.58 1.18 0.79E+OO 0.16E-Q2 0.48E+03
1.5 •3176 38• 3.71 1.22 0.52E+OO 0.16E-Q2 0.33E+03
2.5 •3134 4Ct. 3.90 1.29 0.58E+OO 0.26E-Q2 0.23E+03
3.5 .3074 42' 4.12 1.34 0.52E+OO 0.27E-Q2 0.19E+03..
4.5 •2984 4S. 4.37 1.38 0.75E+OO 0.44E-Q2 0.17E+03
7.5 .2843 48. 4.66 1.41 0.28E+OO 0.49E-Q2 0.57E+02

*15.0 .2662 52:. 5.06 1.41 0.13E+00 0.42E-Q2 0.3lE+02
30.0 .2504 51'. 5.55 1.42 0.56E-Q1 0.24E-Q2 0.23E+02
50.0 .2397 60. 5.88 1.40 0.35E-Q1 0.68E-Q2 0.5lE+01
70.0 .2321 61.. 6.01 1.33 0.26E-Q1 0.66E-Q2 0.39E+01
90.0 .2266 63. 6.13 1.25 0.20E-Q1 0.34E-Q2 0.58E+01

110.0 .2227 &ll. 6.25 1.17 0.16E-Q1 0.36E-Q2 0.43E+01
130.0 .2193 ~i. 6.35 1.11 0.llE-Q1 0.3lE-Q2 0.34E+01
150.0 .2171 66. 6.46 1.03 0.78E-Q2 0.11E-Q2 0.68E+01
245.0 .2147 ()"l. 6.57 0.85 0.59E-Q2 0.95E-Q3 0.62E+01
400.0 .2111 70. 6.87 0.85 0.48E-Q2 0.13E-Q2 0.37E+01
575.0 .2064 7S. 7.40 0.65 0.62E-Q2 0.6lE-Q3 0.10E+02
775.0 .2024 82. 8.00 0.42 0.llE-Q1 0.69E-Q3 0.16E+02

IXERIN3 1-STEP DJl@

0.4 .2484 55. 5.39 83.33 0.62E-Q1 0.26E-Q2 0.23E+02
0.4 .2364 60. 5.88 83.33 0.45E-Q1 0.22E-Q2 0.2lE+02
0.5 .2265 65. 6.38 83.33 0.33E-Q1 0.18E-Q2 0.19E+02
0.5 .2180 70. 6.89 83.33 0.25E-Q1 0.15E-Q2 0.17E+02
0.6 .2108 76. 7.40 83.33 0.20E-Q1 0.13E-Q2 0.16E+02
0.6 .2044 8l. 7.94 83.33 0.15E-Q1 0.llE-Q2 0.14E+02
0.7 .1988 87. 8.49 83.33 0.12E-Q1 0.92E-Q3 0.13E+02
0.7 .1939 9~~. 9.06 83.33 0.98E-Q2 0.79E-Q3 0.12E+02
0.8 .1894 98. 9.65 83.33 0.79E-Q2 0.68E-Q3 0.12E+02
0.8 .1854 105. 10.28 83.33 0.65E-Q2 0.59E-Q3 0.llE+02
0.9 .1817 11~~. 10.93 83.33 0.53E-Q2 0.5lE-Q3 0.10E+02
0.9 .1784 119. 11.62 83.33 0.43E-Q2 0.44E-Q3 0.98E+01
1.0 .1753 126. 12.35 83.33 0.36E-Q2 0.38E-Q3 0.93E+01
1.0 .1725 134. 13.13 83.33 0.30E-Q2 0.33E-Q3 0.89E+01
1.1 .1698 142. 13.96 83.33 0.25E-Q2 0.29E-Q3 0.85E+01
1.1 .1674 151. 14.85 83.33 0.20E-Q2 0.25E-Q3 0.8lE+01
1.2 .1651 16l. 15.81 83.33 0.17E-Q2 0.22E-Q3 0.78E+01
1.2 .1630 In. 16.84 83.33 0.14E-Q2 0.19E-Q3 0.75E+01
1.3 .1610 183. 17 .97 83.33 0.12E-Q2 0.16E-Q3 0.72E+01
1.3 .1592 196. 19.21 83.33 0.95E-Q3 0.14E-Q3 0.70E+01
1.4 .1574 210. 20.57 83.33 0.79E-Q3 0.12E-Q3 0.67E+01
1.4 .1558 225. 22.08 83.33 0.64E-Q3 0.99E-Q4 0.65E+01
1.5 .1542 242. 23.77 83.33 O.52E-Q3 0.83E-Q4 O.63E+01
1.5 .1527 262. 25.69 83.33 0.42E-Q3 O.70E-Q4 0.6lE+01
1.6 .1513 284. 27.87 83.33 0.34E-Q3 0.58E-04 O.59E+01
1.6 .1499 310. 30.40 83.33 0.27E-Q3 0.47E-04 0.57E+01
1.7 .1487 340. 33.37 83.33 O.2lE-Q3 O.38E-Q4 O.56E+01
1.7 .1474 37'7. 36.92 83.33 O.16E-Q3 O.30E-Q4 O.54E+01
1.8 .1463 421. 41.27 83.33 O.12E-Q3 O.23E-Q4 O.53E+01
1.8 .1452 47'7. 46.74 83.33 O.88E-Q4 0.17E-04 O.5lE+01
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DEPl'H 167. CM SITE F-1
TIME WATER M1IT-POr M1IT-POT ~ HYD-<XN SP-MJIS DIFF
(HR) (CM3/CM3) (CM) (KPA) (CM/Q1) (CM/HR) (l/CM) (Q12/HR)

0.2 .3272 45. 4.36 1.43 0.50E+OO 0.l1E-Q2 0.44E+03
0.7 .3265 45. 4.42 1.40 0.71E+OO 0.16E-Q2 0.45E+03
1.5 .3250 46. 4.55 1.34 0.54E+OO 0.13E-Q2 0.43E+03
2.5 •3217 48• 4.73 1.26 0.71E+OO 0.25E-Q2 0.28E+03
3.5 .3161 SO. 4.91 1.17 0.77E+OO 0.43E-Q2 0.18E+03
4.5 .3075 52• 5.07 1.08 0.13E+01 0.62E-Q2 0.20E+03
7.5 .2936 54. 5.27 0.98 0.51E+OO 0.77E-Q2 0.67E+02

15.0 .2739 56. 5.48 0.86 0.29E+OO 0.11E-Q1 0.27E+02
30.0 .2558 58. 5.72 0.70 0.14E+OO 0.46E-Q2 0.31E+02
50.0 .2441 60. 5.87 0.60 0.10E+OO O.l7E+OO 0.62E+00
70.0 .2360 60• 5.88 0.60 0.74E-Q1 0.66E-Q1 0.11E+01
90.0 .2301 60. 5.90 0.62 0.51E-Q1 0.19E-Q1 0.28E+01

110.0 .2259 60. 5.92 0.63 0.38E-Q1 0.16E-Q1 0.24E+01
130.0 .2224 61. 5.95 0.65 0.25E-Q1 0.13E-Q1 0.20E+01
150.0 .2202 61. 5.97 0.66 0.15E-Q1 0.32E-Q1 0.49E+00
245.0 .2165 61. 5.99 0.76 0.75E-Q2 0.28E-Q2 0.27E+01
400.0 .2113 62. 6.10 0.65 0.77E-Q2 0.55E-Q2 0.14E+01
775.0 .1996 66. 6.46 0.54 0.95E-Q2 0.73E-Q3 0.13E+
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SITE F, REPLICATION 2
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Table F-2.1. Soil morphologic data for Site F, replication 2.

Site and location: F-2 Arveson, Oakes Aquifer 525 feet south and 470 feet west of the
east quarter comer of Section 9, Township 130 north, Range 59 west, Dickey County,
North Dakota.

Sampled: 08/02/85 by M. D. Sweeney, North Dakota Agricultural Experiment Station,
Fargo, North Dakota.

Soil type and classlfiation: Arveson sandy loam: coarse-loamy, frigid Typic
Calciaquoll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin which have been reworked by wind to some extent.

Drainage: Poor.

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratory texture in parenthesis if different from field texture.

Soil profile: F-2 south side of pit.

Ap 0-7 inches (0-18 cm) black OOYR211) sandy loam (fine sandy loam), dark gray OOYR
41 I, dry): moderate coarse and medium granular struc- ture: soft, very friable, slightly
sticky and slightly plastic: many very fine roots: strong to violent effervescence: abrupt
smooth boundary.

Ak 7-12 inches (18-30 em) black (2.5Y2/0) sandy loam (fine sandy loam), gray (2.5Y
5/0, dry): moderate coarse prismatic parting to moderate medium and fine sub angular
blocky structure: soft, very friable, slightly sticky and slightly plastic: many very fine
roots: violent effeIVescence: clear smooth boundary.

Bk 12-24 inches (30-76 em) gray (5Y5/1) sandy loam (sandy clay loam), light gray (2.5Y
7/0, dry): moderate coarse prismatic parting to moderate medium and fine subangular
block structure: soft, very friable, slightly sticky and slightly plastic: many very fine
roots; violent effeIVescence; clear smooth boundary.

Cl 24-40 inches (76-102 em) pale olive (5Y6/3) sand Ooamyfine sand), pale yellow (5Y
7/3, dry) with discontinuous organic staining on prism faces: very weak very coarse
prismatic structure: soft, very friable, nonsticky and non plastic: few very fine roots;
very slight effeIVescence, gradual wavy boundary.

C2 40-56 inches (102-142 em) light olivegray (5Y6/2) sand (finesand), white (5Y8/2,
dry) with few medium prominent strong brown (7.5YR5/6) mottles: single grained:
loose, nonsticky and nonplastic: clear smooth boundary.

C3 56-64 inches (l42-163 em) dark gray and very dark gray (lOYR41 1 and 3/1) sandy
loam (fine sand). gray (lOYR611 and 5/ I, dry); massive; soft. very friable, slightly sticky
and slightly plastic.
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Table F-2.2 ARVE9::NSERIES SI'lE F-2 NDSC:1985
SClil partic1e-size, b.1lk density, arx1 Ol:ganiC cart:x:n data
ard irdioes.

DEI?'lH PARTICIESIZE CIASSES (MIm:N/PEFaNr)
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 13.0 10.8 7.7 16.9 34.2 14.7 2.6 0.2
23. 14.5 8.1 8.1 16.9 35.2 14.3 2.5 0.3
38. 22.8 5.5 7.8 14.5 36.5 10.9 1.7 0.2
53. 9.0 6.2 6.2 17.8 48.3 10.7 1.8 0.0
76. 6.4 6.2 2.5 18.8 47.1 14.8 3.7 0.5

107. 2.8 3.3 4.0 3.1 61.0 25.6 0.3 0.0
137. 3.5 3.3 4.6 2.5 55.1 30.5 0.5 0.0

DEI?'lH SAID Sn.T CIAY
an % % %

8. 68.5 18.5 13.0 A 6 6=p
23. 69.3 16.2 14.5 A 10 10=k
38. 63.9 13.3 22.8 B 10
53. 78.6 12.4 9.0 B 10
76. 84.9 8.7 6.4 B 10

107. 89.9 7.3 2.8 C1
137. 88.6 7.9 3.5 C2

DEPTH SA!SI GEAN mEV Z F-INDEX ill OC
an ran ran glee %

8. 3.708 0.0591 6.6 0.0089 0.450 1.28 2.55
23. 4.272 0.0587 7.0 0.0084 0.464 1.54 2.49
38. 4.797 0.0405 8.9 0.0045 0.430 1.63 0.75
53. 6.339 0.0803 5.1 0.0157 0.697 1.70 0.20
76. 9.759 0.1036 4.5 0.0228 0.778 1.72 0.08

107. 12.329 0.1538 3.1 0.0501 1.340 1.57 0.08
137. 11.215 0.1540 3.4 0.0454 1.210 1.46 0.08

DEI?'lH MJISTURE/SOICN SUl?E GAIDNER K-PARl\METERS(JAYNE& TIlER)
(M/DAY-KPA O1!HR-BAR

an GDSH BID!M:N K-SI.O?E K-rnT K-SWPE K-INT

8. 2.245 1.860 -0.8439 1.9894 -8.44 0.61
23. 2.110 1.877 -0.8667 2.0068 -8.67 0.63
38. 1.924 2.081 -0.8094 1.8502 -8.09 0.47
53. 1.842 3.132 -1.0223 2.2794 -10.22 0.90
76. 1.574 3.860 -1.1338 2.4621 -11.34 1.08

107. 1.460 6.671 -1.2140 2.6100 -12.14 1.23
137. 1.510 5.952 -1.1906 2.5694 -11.91 1.19
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Table F-2.3 Soll saturation extract water chemistJy data. gravimetric water content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site F.
replication 2

Saturation Extract Soluble Ions
Depth Cl Mg Na K C03 HC03 a 504
(cm) meqfl
0- 15 3.66 6.75 1.11 1.74 5.36 0.45 7.45

15 - 30 2.58 3.74 1.26 0.26 5.92 0.30 1.62
30-46 0.86 2.40 2.54 0.06 3.92 0.20 1.75
46 - 61 0.56 0.67 4.96 0.01 0.16 4.00 0.20 1.83
61 - 91 0.43 0.47 4.58 0.01 0.16 3.28 0.18 1.87

..91 - 122 0.86 0.36 3.19 0.07 3.28 0.18 1.03
122 - 152 0.86 0.36 2.35 0.09 2.36 0.15 1.16

Depth ECE SAR H20 at pH C03 Texture 9
Sat clay class 15bar

(cm) mmhosfcm % % g/gx
100

0- 15 1.17 0.49 44 7.9 3.5 fsl 10.92
15 - 30 0.66 0.71 43 8.2 3.5 fsl 11.10
30-46 0.51 1.99 37 8.2 15.0 scl 9.05
46 - 61 0.53 6.34 30 8.5 5.0 Ifs 5.28
61 - 91 0.46 6.83 27 8.5 3.3 lfs 4.14

..91 - 122 0.39 4.08 22 8.2 fs 4.21
122 - 152 0.30 3.01 30 8.0 fs 4.74
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Table F-2.4 ~SERIES SITE F-2 WSOC:1985
Laboratory soil-water retention data

lAB PRESSURE (CM) AND WATER CXNl'ENl' OOL. FRACTICN)

DEP'IH (CM)

8. 23. 38. 53.

CM a:;/a:; SE

24. 0.4017 0.0079 10. 0.3587 ****** 10. 0.3716 0.0030 10. 0.4508 0.0126
40. 0.4052 0.0065 20. 0.3587 ****** 20. 0.3672 0.0021 20. 0.4391 0.0100
SO. 0.4007 0.0053 31. 0.3491 ****** 31. 0.3313 0.0022 31. 0.4243 0.0097
62. 0.3942 0.0044 40. 0.3477 ****** 40. 0.3086 0.0011 40. 0.3888 0.0107
70. 0.3847 0.0034 SO. 0.3395 ****** SO. 0.2932 0.0008 SO. 0.3598 0.0095
82. 0.3739 0.0033 60. 0.3258 ****** 60. 0.2712 0.0002 60. 0.2886 0.0056
98. 0.3630 0.0022 70. 0.3217 ****** 70. 0.2632 0.0002 70. 0.2620 0.0027

ISO. 0.3268 0.0003 80. 0.3121 ****** 80. 0.2500 0.0001 80. 0.2281 0.0014
340. 0.2780 0.0017 100. 0.3053 ****** 100. 0.2368 0.0003 100. 0.1875 0.0012
S03. 0.2636 0.00120 120. 0.2957 ****** 120. 0.2243 0.0000 120. 0.1643 0.0017
834. 0.2487 0.00137 180. 0.2697 ****** 180. 0.2045 0.0009 180. 0.1379 0.0023
334. 0.2396 ***111·** 334. 0.1876 0.0007 334. 0.1180 0.0027
534. 0.2231 ***111·** 534. 0.1774 0.0009 534. 0.1081 0.0029
834. 0.2012 ***oj.** 834. 0.1656 0.0011 834. 0.1015 0.0031

BD= 1.28 1.54 1.63 1.70
N= 2 1 2 2

DEP'lH (CM)

76. 107. 137.
24. 0.3345 0.0045 24. 0.3728 0.0059 24. 0.4139 0.0672
40. 0.3129 0.0044 40. 0.3190 0.0006 40. 0.2987 0.0869
SO. 0.2868 0.0065 50. 0.1956 0.0199 SO. 0.1833 0.0918
62. 0.2552 0.0091 62. 0.1638 0.0224 62. 0.1555 0.0929
70. 0.2398 0.0101 70. 0.1488 0.0226 70. 0.1416 0.0928
82. 0.2159 0.0117 82. 0.1367 0.0228 82. 0.1303 0.0921
98. 0.1959 0.0127 98. 0.1299 0.0223 98. 0.1225 0.0915

150. 0.1658 0.0131 150. 0.1164 0.0214 ISO. 0.1077 0.0908
340. 0.1419 0.0103 340. 0.1029 0.0184 340. 0.0903 0.0895
503. 0.1319 0.0097 503. 0.0991 0.0179 503. 0.0825 0.0888
834. 0.1265 0.0081 834. 0.0946 0.0158 834. 0.1626 0.0248

BD= 1.72 1.57 1.57
N= 2 2 2
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Table F-2.5 A.RVES::NSERIES SI'IEF-2 (ND9'C 1985)
In-situ K (9,'1') and 9 (V) I and laboratory K (9,11')
d3.ta.

RIOWIDS PARAME'IERS

DEPTH 7. 01
TIME WATER MA.T-POI'W\T-roI' flYD-{;RADHYD-CCN SP~IS DIFF
(HR) (013/013) (01) (KPA) (CM/CM) (CM/HR) (1/01) (G12/HR)

0.7 .4664 3. 0.29 2.14 0.78E~2 0.16E~3 0.49E+02
1.5 .4630 14. 1.39 2.41 0.17E~1 0.37E~3 0.47E+02
2.5 .4575 27. 2.64 2.45 0.17E~1 0.55E~3 0.3IE+02
3.5 .4492 36. 3.54 2.18 0.38E~1 0.14E~2 0.28E+02
4.5 .4355 45. 4.39 1.84 0.67E~1 0.18E~2 0.37E+02
7.5 .4181 56. 5.49 1.53 0.18E~1 0.14E~2 0.13E+02

15.0 .3995 71. 6.94 1.09 0.13E~1 0.lIE~2 0.lIE+02
25.0 .3826 84. 8.19 0.65 0.18E~1 0.17E~2 0.10E+02
40.0 .3702 95. 9.29 0.34 0.10E~1 0.7IE~3 0.14E+02
60.0 .3628 105. 10.31 0.12 0.18E~1 0.75E~3 0.24E+02

DOERIN::;1-SI'EPDATA
0.1 •2868 332• 32.53 83.33 0.45E~2 0.17E-03 0.27E+02
0.2 •2795 380. 37.24 83.33 0.28E~2 0.14E~3 0.20E+02
0.2 •2743 419. 41.07 83.33 0.19E~2 0.13E~3 0.15E+02
0.3 •2703 452• 44.34 83.33 0.15E~2 0.lIE~3 0.13E+02
0.3 .2670 482. 47.22 83.33 0.12E~2 0.llE~3 0.llE+02

DEPTH 38. 01
TIME WATER W\T-POI' W\T-roI' flYD-{;RADHYD-CCN SP~IS DIFF
(HR) (013/013) (01) (KPA) (CM/01) (<WHR) (1/01) (G12/HR)

0.2 .3710 15. 1.42 1.21 0.74E~1 0.32E~3 0.23E+03
0.7 .3704 20. 1.96 1.07 0.60E~1 0.65E~4 0.93E+03
1.5 .3693 33. 3.23 0.83 0.18E+00 0.93E~4 0.19E+04
2.5 .3674 46. 4.52 0.72 0.22E+00 0.30E~3 0.73E+03
3.5 .3645 52. 5.05 0.73 0.4lE+00 0.l4E~2 0.29E+03
4.5 .3598 55• 5.37 0.70 0.65E+00 0.15E-02 0.45E+03
7.5 .3527 60. 5.90 0.56 0.20E+00 0.12E~2 0.16E+03

15.0 .3435 68. 6.63 0.48 0.12E+00 0.13E~2 0.95E+02
25.0 .3343 74. 7.26 0.49 0.95E-0l 0.20E-02 0.48E+02
40.0 .3273 80. 7.81 0.38 0.38E~1 0.78E-Q3 0.48E+02
60.0 .3226 86. 8.39 0.24 0.38E-Q1 0.83E~3 0.46E+02
80.0 .3193 90. 8.79 0.18 0.38E-Q1 0.83E-Q3 0.45E+02

100.0 .3167 93. 9.09 0.14 0.29E~1 0.90E-03 0.33E+02
120.0 .3149 95. 9.33 0.13 0.16E~1 0.6lE-03 0.26E+02
140.0 .3135 97. 9.53 0.10 0.24E~1 0.74E-03 0.32E+02
170.0 .3112 100. 9.83 0.13 O.13E~l 0.80E-Q3 0.16E+02

*245.0 .3085 105. 10.28 0.10 0.13E~1 0.44E-Q3 0.31E+02
375.0 .3061 109. 10.69 0.02 O.73E~1 0.83E-03 0.89E+02

DEPTH 53. 01 SI'IEF-2
TIME WATER W\T-POI' MAT-Par HYD~ HYD~ SP~IS DIFF(HR) (013/013) (01) (KPA) (<W01) (<WHR) (1/01) (Q.12/HR)

0.2 .3407 20. 1.95 1.53 0.7lE-01 0.42E-Q3 O.17E+030.7 .3401 24. 2.33 1.41 0.60E-01 O.10E~3 O.59E+031.5 .3386 33. 3.25 1.16 0.15E+OO O.18E-03 O.84E+032.5 .3361 44. 4.29 0.97 0.20E+OO O.38E-Q3 0.53E+03
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DEPTH 53. CM SITE F-2
3.5 .3326 49. 4.79 0.92 0.39E+OO 0.17E-Q2 0.23E+03
4.5 .3277 52. 5.05 0.87 0.63E+00 0.2lE-Q2 0.30E+03
7.5 .3204 56. 5.44 0.83 0.16E+00 0.17E-Q2 0.97E+02

15.0 .3100 62. 6.04 0.73 O.lOE+OO 0.18E-Q2 0.57E+02
25.0 .2983 67. 6.58 0.61 0.10E+OO 0.29E-Q2 0.36E+02
40.0 .2882 71. 7.00 0.54 0.36E-Q1 0.19E-Q2 0.19E+02
60.0 .2804 76. 7.43 0.48 0.28E-Q1 0.17E-Q2 0.16E+02

*80.0 .2744 79. 7.75 0.44 0.22E-Q1 0.20E-Q2 0.11E+02
100.0 .2703 a;~. 8.00 0.41 0.16E-Q1 0.12E-Q2 0.12E+02
120.0 .2677 84. 8.20 0.37 0.88E-Q2 0.14E-Q2 0.6lE+01
140.0 .2656 85. 8.36 0.36 0.10E-Q1 0.llE-Q2 0.92E+01
245.0 .2609 9:3. 9.07 0.31 0.68E-Q2 0.2lE-Q2 0.33E+01
375.0 .2542 9'7. 9.47 0.37 0.4lE-Q2 0.12E-Q2 0.33E+01
525.0 .2495 10l. 9.92 0.38 0.39E-Q2 0.92E-Q3 0.42E+01

IXERIN:; 1-SI'EPDl\'rn.
0.9 .1752 106. 10.38 83.33 0.7lE-Q2 0.78E-Q3 0.9lE+01
1.0 •1723 110• 10.76 83.33 0.63E-Q2 0.73E-Q3 0.86E+01
1.0 .1696 114. 11.13 83.33 0.56E-Q2 0.68E-Q3 0.82E+01
1.1 .1671 117. 11.51 83.33 0.50E-Q2 0.64E-Q3 0.79E+01
1.1 .1648 12l. 11.88 83.33 0.45E-Q2 0.60E-Q3 0.75E+01
1.2 .1626 125. 12.24 83.33 0.4lE-Q2 0.56E-Q3 0.72E+01
1.2 •1606 129• 12.61 83.33 0.37E-Q2 0.53E-Q3 0.70E+01
1.3 .1586 132. 12.97 83.33 0.34E-Q2 0.50E-Q3 0.67E+01
1.3 .1568 136. 13.33 83.33 0.3lE-Q2 0.48E-Q3 0.65E+01
1.4 •1551 140• 13.69 83.33 0.28E-Q2 0.45E-Q3 0.62E+01
1.4 •1535 14:3• 14.05 83.33 0.26E-Q2 0.43E-Q3 0.60E+01
1.5 .1520 147. 14.41 83.33 0.24E-Q2 0.4lE-Q3 0.58E+01
1.5 .1506 151. 14.76 83.33 0.22E-Q2 0.39E-Q3 0.57E+01
1.6 .1492 15<1- 15.12 83.33 0.20E-Q2 0.37E-Q3 0.55E+01
1.6 .1479 1513- 15.47 83.33 0.19E-Q2 0.36E-Q3 0.53E+01
1.7 .1466 16l. 15.82 83.33 0.18E-Q2 0.34E-Q3 0.52E+01

DEPTH 53. CM SITE F-2
TIME WA'IER W\T--POr W\T-ror flYI}-ffi1.\I)HYD-<XN SP-M)IS DIFF
(HR) (00/00) (01) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

1.7 .1454 165. 16.17 83.33 0.16E-Q2 0.33E-Q3 0.50E+01
1.8 .1443 169. 16.53 83.33 0.15E-Q2 0.3lE-Q3 0.49E+01
1.8 .1432 172. 16.88 83.33 0.14E-Q2 0.30E-Q3 0.48E+01
1.9 .1422 176. 17.23 83.33 0.13E-Q2 0.29E-Q3 0.47E+01
1.9 .1411 179. 17.58 83.33 0.13E-Q2 0.28E-Q3 0.45E+01
2.0 .1402 18:3. 17.93 83.33 0.12E-Q2 0.27E-Q3 0.44E+01
2.0 .1392 186. 18.28 83.33 0.llE-Q2 0.26E-Q3 0.43E+01
2.1 .1384 190. 18.63 83.33 0.10E-Q2 0.25E-Q3 0.42E+01
2.1 .1375 19,1. 18.98 83.33 0.98E-Q3 0.24E-Q3 0.4lE+01
2.2 .1367 197. 19.33 83.33 0.93E-03 0.23E-Q3 0.4lE+01
2.2 .1359 201. 19.68 83.33 0.88E-Q3 0.22E-Q3 0.40E+01
2.3 .1351 204. 20.03 83.33 0.83E-Q3 0.2lE-03 0.39E+01
2.3 .1343 208. 20.38 83.33 0.79E-Q3 0.2lE-Q3 0.38E+01
2.4 .1336 211. 20.73 83.33 0.75E-Q3 0.20E-Q3 0.37E+01
2.4 .1329 215. 21.08 83.33 0.7lE-Q3 0.19E-Q3 0.37E+01
2.5 .1322 219. 21.43 83.33 0.67E-Q3 0.19E-Q3 0.36E+01
2.5 .1315 222. 21.78 83.33 0.64E-03 0.18E-Q3 0.35E+01
2.6 .1309 226. 22.14 83.33 0.6lE-Q3 0.18E-Q3 0.35E+01
2.6 .1303 229. 22.49 83.33 0.58E-Q3 0.17E-Q3 0.34E+01
2.7 .1297 233. 22.84 83.33 0.55E-Q3 0.16E-Q3 0.34E+01
2.7 .1291 23'7. 23.20 83.33 0.53E-Q3 0.16E-Q3 0.33E+01
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DEPTH 53. CM (am')
2.8 .1285 240 . 23.55 83.33 0.50E-03 0.16E-03 0.32E+01
2.8 •1280 244. 23.91 83.33 0.48E-03 0.15E-03 0.32E+01
2.9 •1274 248 . 24.26 83.33 0.46E-03 0.15E-03 0.3IE+01
4.9 .1131 408. 39.97 83.33 0.lIE-03 0.55E-04 0.19E+01

DEPTH 76. CM
TIME WATER MZ\.T-POI'Mi\T-roI'HYJHiEW) HYD--<XN SP-M)IS DITF
(HR) (00/00) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.2 .3029 25. 2.47 1.06 0.12E+00 0.33E-03 0.36E+03
0.7 .3027 27. 2.65 0.99 0.10E+00 0.8IE-04 0.13E+04
1.5 .3010 31. 3.07 0.78 0.3IE+00 0.53E-03 0.58E+03
2.5 .2971 36. 3.57 0.56 0.50E+OO 0.10E-02 0.49E+03
3.5 .2913 40. 3.91 0.49 0.10E+01 0.28E-02 0.36E+03
4.5 .2837 43. 4.18 0.52 0.14E+01 0.30E-02 0.46E+03
7.5 .2739 46. 4.53 0.50 0.37E+00 0.27E-D2 0.14E+03

15.0 .2615 51. 5.00 0.47 0.22E+OO 0.26E-02 0.85E+02
40.0 .2468 59. 5.74 0.41 0.12E+00 0.87E-02 0.14E+02
60.0 .2256 62. 6.12 0.41 0.53E-01 0.22E-02 0.24E+02
80.0 .2188 66. 6.44 0.42 0.38E-01 0.22E-02 0.18E+02

100.0 .2143 68. 6.69 0.43 0.23E-01 0.14E-02 0.17E+02
120.0 .2117 71. 6.91 0.46 0.12E-01 0.lIE-02 0.12E+02
140.0 .2099 72. 7.10 0.48 0.lIE-01 0.8IE-03 0.14E+02
245.0 .2048 79. 7.75 0.47 0.86E-02 0.19E-02 0.47E+01
375.0 .1976 84. 8.22 0.48 0.47E-02 0.12E-02 0.39E+01
525.0 .1925 88. 8.64 0.46 0.50E-02 0.12E-02 0.4IE+01
750.0 .1879 93. 9.11 0.41 0.62E-03 0.76E-03 0.8IE+00

DEPTH 106. CM SITE F-2
TIME WATER Ml\T-POI'Mi\T-roI'HYD-GRAD HYD-<XN SP-M)IS DITF
(HR) (00/00) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.2 .2784 29. 2.85 1.20 0.12E+00 0.48E-03 0.24E+03
0.7 .2780 30. 2.92 1.19 O.lIE+OO 0.80E-03 0.13E+03
1.5 .2754 31. 3.04 1.18 0.30E+00 0.26E-02 0.12E+03
2.5 .2691 33. 3.24 1.18 0.4IE+00 0.36E-02 0.IIE+03
3.5 .2595 36. 3.49 1.18 0.66E+00 0.40E-02 0.16E+03
4.5 .2478 39. 3.79 1.18 0.87E+00 0.38E-02 0.23E+03
7.5 .2317 42. 4.14 1.19 0.23E+00 0.53E-02 0.44E+02

15.0 .2178 46. 4.55 1.18 O.lIE+OO 0.17E-02 0.66E+02
40.0 .2067 53. 5.15 1.14 0.89E-01 0.90E-02 0.98E+01
60.0 .1870 56. 5.50 1.13 0.28E-01 0.17E-02 0.16E+02
80.0 .1820 59. 5.79 1.10 0.2IE-01 0.17E-02 0.13E+02

100.0 .1786 62. 6.03 1.08 0.13E-01 0.12E-02 0.lIE+02
120.0 .1765 64. 6.25 1.06 0.81E-02 0.74E-03 0.lIE+02
140.0 .1752 66. 6.44 1.04 0.69E-02 0.63E-03 0.lIE+02
170.0 .1730 67. 6.58 0.98 0.29E-02 0.25E-02 0.12E+0l
245.0 .1685 70. 6.90 0.93 0.66E-02 0.l1E-02 0.6IE+01
375.0 .1635 75. 7.39 0.94 0.34E-02 0.10E-02 0.34E+Ol
525.0 .1596 80. 7.87 1.00 0.32E-02 0.63E-03 0.50E+0l
750.0 .1564 86. 8.40 1.08 0.56E-03 0.59E-03 0.95E+00
!)()ERJN; 1-SI'EPDATA

4.5 .1506 90. 8.87 83.33 0.15E-02 0.10E-02 0.15E+01
8.5 .1309 117. 11.49 83.33 0.43E-03 0.52E-03 0.83E+00

12.5 .1212 141. 13.82 83.33 0.19E-03 0.32E-03 0.58E+00
16.5 .1150 164 . 16.10 83.33 0.99E-04 0.22E-03 0.46E+00
20.5 .1106 188. 18.47 83.33 0.57E-04 0.15E-03 0.38E+00
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DOERIN:;1-SI'EPOATh (CXNl')
24.5 .1073 214. 21.02 83.33 0.35E-Q4 0.l1E-Q3 0.33E+OO28.5 .1047 243. 23.86 83.33 0.22E-Q4 0.77E-Q4 0.29E+0032.5 •1025 277 . 27.11 83.33 0.14E-Q4 0.55E-Q4 0.26E+OO36.5 .1007 316. 30.96 83.33 0.92E-Q5 0.39E-Q4 0.23E+0040.5 .0991 364. 35.69 83.33 0.58E-Q5 0.27E-Q4 0.22E+OO44.5 .0977 426. 41.78 83.33 0.36E-Q5 0.18E-Q4 0.20E+OO

DEPTH 136. CM SITE F-2
TIME WA'IER MAT-Par MA.T-POr H:YIH;lW) HYIHnl SP-fwOIS DIFF
(HR.) (00/00) (a~ (KPA) (Q1/CM) (Q1/HR) (l/CM) (<M2/HR)0.2 .3442 30. 2.97 0.86 O.l9E+OO 0.13E-Q2 0.15E+030.7 .3432 31. 3.02 0.86 0.2IE+OO 0.26E-Q2 0.83E+021.5 .3403 32. 3.11 0.85 0.58E+00 0.36E-Q2 0.16E+032.5 .3344 33. 3.27 0.83 0.86E+00 0.37E-Q2 0.23E+033.5 .3289 35. 3.48 0.80 0.12E+01 0.16E-Q2 0.78E+034.5 .3179 38. 3.76 0.79 0.19E+01 0.53E-Q2 0.36E+037.5 .2982 4:2. 4.12 0.78 O.SIE+OO 0.56E-Q2 0.92E+0215.0 .2828 4'7. 4.57 0.82 0.20E+00 0.19E-Q2 0.lIE+0325.0 .2715 50. 4.93 0.87 0.35E-Q1 0.74E-Q2 0.47E+0140.0 .2605 53. 5.20 0.88 0.15E+00 0.26E-Q2 0.58E+0280.0 .2875 59. 5.80 0.90 0.97E-Q1 0.33E-Q1 0.29E+01100.0 .2444 61. 6.02 0.91 0.20E-Q1 0.16E-Q2 0.13E+02120.0 .2417 63. 6.21 0.91 0.13E-Q1 0.12E-Q2 0.10E+02140.0 .2398 65. 6.36 0.91 0.10E-Q1 0.14E-Q2 0.75E+01170.0 .2383 66. 6.43 0.91 0.50E-Q2 0.12E-Q1 0.42E+00245.0 .2347 68. 6.65 0.90 0.86E-Q2 0.14E-Q2 0.64E+01375.0 .2292 n. 7.09 0.86 0.48E-Q2 0.lIE-Q2 0.42E+01525.0 .2248 77. 7.57 0.79 0.49E-Q2 0.77E-Q3 0.64E+01750.0 .2212 82. 8.05 0.68 0.14E-Q2 0.7IE-Q3 0.19E+Ol

DEPTH 167. CM
TIME WATER MA.T--ParMA.T-POr H:YIH;lW) HYD-<XN SP-fwOIS DIFF(HR) (00/00) (CN) (KPA) (Q1/CM) (Q1/HR) (I/CM) (<M2/HR)0.2 .3487 28. 2.77 0.99 0.27E+00 O.I2E-Ql 0.22E+020.7 .3468 28. 2.79 0.98 0.27E+00 0.64E-Q2 0.42E+02

1.5 .3468 29. 2.83 0.95 0.56E+00 -.2IE-Q2 -.26E+032.5 .3451 30. 2.91 0.92 0.97E+00 0.48E-Q2 0.20E+03
3.5 .3419 31. 3.03 0.89 O.l2E+Ol 0.98E-Q3 0.12E+04
4.5 .3327 33. 3.25 0.86 0.24E+01 0.57E-Q2 0.4IE+037.5 .3162 3-' 3.59 0.85 0.60E+00 0.43E-Q2 0.14E+03J •

15.0 .2992 42. 4.08 0.85 0.24E+00 0.29E-Q2 0.84E+0225.0 .2826 46. 4.50 0.84 0.87E-Q1 0.76E-02 0.1IE+0240.0 .2695 49. 4.76 0.84 0.18E+00 0.33E-02 0.54E+02
60.0 .3002 52:. 5.06 0.82 -.26E+10 -.26E-Q1 0.10E+12
80.0 .2946 54. 5.31 0.79 0.27E+00 0.37E-01 0.73E+Ol100.0 .2516 56. 5.51 0.76 0.30E-Q1 0.17E-Q2 0.18E+02

120.0 .2493 58. 5.66 0.74 0.19E-Q1 0.14E-Q2 0.14E+02140.0 .2477 59. 5.77 0.72 0.16E-Q1 0.15E-02 0.1IE+02170.0 .2451 58. 5.69 0.63 0.10E-Q1 -.17E-02 -.60E+01245.0 .2414 59. 5.77 0.56 0.16E-Q1 0.92E-03 0.18E+02375.0 .2363 63. 6.16 0.55 0.96E-Q2 0.17E-Q2 0.56E+01525.0 .2322 67. 6.56 0.57 0.78E-02 0.4IE-Q3 0.19E+02750.0 .2285 72. 7.06 0.67 0.2IE-Q2 0.10E-02 0.20E+01
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SITE G (HEIMDALSERIES)

Site G was located on an elevated knob in a nonirrigated corn field.
The location and description are summarized on Table 1 and illustrated
on Fig. 2. In-situ measurements and site descriptions were made during
late June and July, 1985. The measurment period was concurrent with
sites D, E and F which were approximately 3.25 miles (7 kIn) southwest
of the field location. Soil samples and soil profile descriptions were
collected approximately 4 weeks after hydraulic measurements were
completed.

The Heimdal series "consists of deep, nearly level to steep, well-
drained soils that formed in medium-textured glacial till." Soils of the
Heimdal series are found on "glacial till plains and sand-mantled till
plains" (USDA 1977). The field in which this site was situated was
mapped as Barnes-Svea series. The Barnes soil is similar to the Heimdal,
except that it is of overall fmer texture.

Infiltration and soil-water and suction profiles during wetting were
measured on this site during irrigation, but at the time of this report have
not yet been analyzed and prepared for presentation.
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SITE G, REPLICATION 1
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Table G-1.1. Soil morphologic data for Site G. replication 1.

Site and location: G-l Heimdal. Oakes Aquifer 300 feet south and 100 feet east of the
west quarter corner of Section 25, Township 131 north, Range 59 west. Dickey County,
North Dakota.

Sampled: 08/01/85 by M. D. Sweeney. North Dakota Agricultural Experiment Station,
Fargo. North Dakota.

Soil type and classification: Heimdalloam: coarse-loamy. mixed Udic Haploboroll.

Physiography and parent material: Glacial till ground moraine.

Drainage: Well.

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratory texture in parenthesis if different from field texture.

Soil profile: G-l north side of pit.

Alp 0-6 inches (0-15 em) black (lOYR2/1) loam, dark gray (lOYR4/1. dry): mdoerate
coarse and medium granular structure: slightly hard, friable, slightly sticky and
slightly plastic: very few coarse fragments to 30 mm diameter: common very fine roots:
abrupt smooth boundary.

A12 6-11 inches (15-28 em) black (lOYR2/!) loam, dark gray (lOYR4/1. dry): moderate
medium prismatic parting to moderate fine subangular blocky structure: slightly hard,
friable, slightly sticky and slightly plastic; very few coarse fragments to 10 mm
diameter: common very fine roots: clear smooth boundary.

Bw 11-16 inches (28-41 em) dark grayish brown (2.5Y4/2) loam. light brownish gray
(2.5Y 6/2, dry): moderate coarse prismatic parting to moderate medium and fine
subangular blocky structure: slightly hard. friable, slightly sticky and slightly plastic:
very few coarse fragments to 40 mm diameter: common very fine roots: clear wavy
boundary.

BCk 16-32 inches (41-81 em) light yellowish brown (2.5Y6/4) loam. pale yellow (2.5Y
8/4, dry): moderate coarse prismatic parting to moderate medium and fine subangular
blocky structure: slightly hard. friable, slightly sticky and slightly plastic: very few
coarse fragments to 25 rom diameter: common very fine roots; black (lOYR2/1)
crotovina at 8 inches (79 em]: violent effervescence: abrupt to gradual wavy boundary
with a discontinuous pebble line up to 3 inches thick.

Cl 32-46 inches (81-117 em) light yellowish brown 2.5Y 6/4) loam, pale yellow (2.5Y
8/4, dry): weak coarse prismatic parting to weak to moderate fine platy structure:
slightly hard. friable. slightly sticky and slightly plastic: very few coarse fragments to
20 mm diameter; fewvery fine roots; strong effervescence:gradual wavy boundary.

C2 46-60 inches (117-152 em) light yellowishbrown (2.5Y6/4) loam, pale yellow (2.5Y
8/4, dry) with few medium prominent yellowish red (5YR5/6) mottles; weak coarse
prismatic parting to moderate to strong fine platy structure: slightly hard. friable:
slightly sticky and slightly plastic: very few coarse fragments to 20 mm diameter;
strong effeIVescence.
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Table G-1.2 HElM)ALSERIES SI'lE G-1 NDsw:::1985
Soil particle-size, b.1lk density, ani organic carl:xln data
and irxiioes.

DEPTH PARl'ICIE SIZE CIASSES (MICXN/PERCENl')
an 2. 20 .. 50. 100. 250. 500. 1000. 2000.

8. 16.5 19.3 16.3 14.3 18.7 11.2 3.6 0.1
23. 16.2 19.7 16.4 14.3 18.2 11.4 3.6 0.1
38. 16.3 21.0 18.5 13.0 17.2 10.8 2.9 0.3
53. 14.2 29.8 18.8 11.8 13.3 8.2 4.0 0.0
76. 13.1 26.1 15.2 14.3 17.9 9.7 3.6 0.1

107. 8.7 26.6 19.0 15.2 17.1 9.0 4.4 0.0
138. 7.9 25.0 22.2 13.9 17.3 9.7 4.0 0.0

DEPTH SAND SILT ClAY H<lUZCN
an % % %

8. 47.9 35.6 16.5 A 1 6 6=p
23. 47.7 36.1 16.2 A12 7=w
38. 44.2 39.5 16.3 B 7 1O=k
53. 37.2 48.6 14.2 OC 10
76. 45.6 41.3 13.1 OC 10

107. 45.7 45.6 8.7 C 1 0
138. 44.9 47.2 7.9 C 2 0

DEP'lH SA!SI GEAN G)E,V Z F-INDEX ID OC
an ran mn g/ee %

8. 1.346 0.0343 7.2 0.0048 0.304 1.41 1.74
23. 1.319 0.0345 7.2 0.0048 0.306 1.40 1.68
38. 1.119 0.0320 7.0 0.0046 0.308 1.44 0.75
53. 0.767 0.0278 6.3 0.0044 0.332 1.32 0.58
76. 1.104 0.0341 6.4 0.0053 0.332 1.39 0.12

107. 1.002 0.0395 5.5 0.0072 0.396 1.50 0.12
138. 0.951 0.0414 5.3 0.0079 0.417 1.47 0.04

DEPTH IDIS'l'URE/SOCTICNSUPE GARDNER K-PJ\R1.\METERS(JAYNE & TYlER)
Q1/DAY-KPA CM!HR-BAR

an GDSH BI~ K-SUPE K-INT K-SIa?E K-mr

8. 3.325 1.772 -0.4463 1.3891 -4.46 0.01
23. 3.353 1.777 -0.4390 1.3804 -4.39 0.00
38. 3.577 1.872 -0.3700 1.2818 -3.70 -0.10
53. 4.160 1.945 -0.2160 1.0817 -2.16 -0.30
76. 3.612 :2.148 -0.3782 1.3224 -3.78 -0.06

107. 3.764 :2.335 -0.3525 1.3253 -3.53 -0.05
137. 3.842 :2.602 -0.3312 1.3021 -3.31 -0.08
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Table G-1.3 Son saturation extract water chemlstIy data. gravimetricwater content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site G.
replication 1.

Saturation Extract Soluble Ions
Depth Ci Mg Na K C03 HC03 Cl 504
(em) meqfl
0-15 5.03 1.78 0.67 0.38 3.48 0.25 4.14

15 - 30 3.87 1.64 0.44 0.20 3.12 0.15 2.88
30 - 46 3.57 1.41 0.27 0.10 3.16 0.15 2.04
46 - 61 3.23 1.88 0.21 0.07 3.00 0.15 2.23
61-91 2.37 2.53 0.19 0.05 3.04 0.20 1.89

..91 - 122 0.86 4.24 0.90 0.03 3.20 0.20 2.63
122 - 152 0.64 3.84 1.64 0.03 3.28 0.30 2.58

D4.24epth ECE 5AR H20 at pH C03 Texture e
Sat clay class 15 bar

(cm3.00) mmhosfcm % % gfgx
100

0- 15 0.67 0.36 43 7.7 10.41
15 - 30 0.53 0.27 42 7.8 8.94
30 - 46 0.45 0.17 42 7.8 10.05
46 - 61 0.44 0.13 41 7.9 3.3 8.32
61 - 91 0.39 0.12 37 8.0 2.5 7.67

..91 - 122 0.48 0.57 35 8.2 7.34
122 - 152 0.50 1.09 35 8.2 7.54
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Table G-1.4 HEJM)AL SERIES SI'IE G-1 IDSW::1985
Lalxlratory soil~ater retention data

lAB PRESSURE (CM) Nil WATER <XNl'ENT (\OL. FRACTI<N)

DEP'lli (CM)

8. 23. 38. 53.

CM cr::;/cr::; SE

10. 0.5531 0.0399 10. 0.5280 0.0006 10. 0.4900 0.0013 24. 0.4271 0.0045
20. 0.5402 0.0359 20. 0.5161 0.0022 20. 0.4726 0.0009 40. 0.3989 0.0010
40. 0.4832 0.0096 40. 0.4582 0.0051 40. 0.4370 0.0047 SO. 0.3834 0.0003
60. 0.4538 0.0004 60. 0.4241 0.0034 60. 0.4163 0.0058 62. 0.3760 0.0002
80. 0.4191 0.00>1 80. 0.3924 0.0035 80. 0.3948 0.0063 70. 0.3693 0.0004

100. 0.4036 0.0007 100. 0.3791 0.0028 100. 0.3849 0.0065 82. 0.3612 0.0010
120. 0.3844 0.0015 120. 0.3615 0.0029 120. 0.3726 0.0051 98. 0.3553 0.0011
180. 0.3497 0.0017 180. 0.3290 0.0024 180. 0.3420 0.0064 150. 0.3272 0.0015
334. 0.3104 o.oo:n 334. 0.2932 0.0009 334. 0.3065 0.0078 334. 0.2851 0.0025
534. 0.2894 0.00:35 534. 0.2740 0.0001 534. 0.3189 0.0069 534. 0.2666 0.0023
834. 0.2702 0.00:30 834. 0.2593 0.0043 834. 0.2652 0.0088 834. 0.2459 0.0025

00= 1.41 1.40 1.63 1.32
N= 2 2 2 2

DEP'lll (CM)

76. 107. 137.

10. 0.4046 0.0143 10. 0.4362 0.0111 10. 0.3253 0.0032
20. 0.3902 0.01:27 20. 0.4179 0.0067 20. 0.3154 0.0005
40. 0.3621 0.0101 40. 0.3859 0.0056 40. 0.2919 0.0030
60. 0.3429 0.0100 60. 0.3691 0.0055 60. 0.2771 0.0031
80. 0.3333 0.ooB9 80. 0.3515 0.0049 80. 0.2703 0.0035

100. 0.3190 0.00B3 100. 0.3470 0.0049 100. 0.2604 0.0036
120. 0.3094 0.0082 120. 0.3409 0.0092 120. 0.2549 0.0040
180. 0.2902 0.0081 180. 0.3203 0.0086 180. 0.2431 0.0036
334. 0.2601 0.0069 334. 0.2852 0.0052 334. 0.2265 0.0032
534. 0.2423 0.0087 534. 0.2616 0.0025 534. 0.2098 0.0037
834. 0.2232 0.0085 834. 0.2410 0.0019 834. 0.1888 0.0012

00= 1.36 1.57 1.28
N= 2 2 2
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Table 0-1.5 HEIM:lM.SERIES SI'lEG-1 (NDSt'C1985)
In-situ K(O,'1') and 0('1') , and laborato:ry K (0, '1')
data.

RIOIARDS PAAAME'lERS

DEPI'H 8. CM
TIME WATER MlIT-POl'MlIT-POT HYD-GR1ID HYD-<XN SP-M)IS DIFF
(HR) (00/00) (CM) (KPA) «(M/CM) «(M/HR) (l/CM) (CM2/HR)

1.2 .4785 1. 0.10 0.07 0.14E+01 0.96E-03 0.15E+04
1.7 .4726 8. 0.75 0.05 0.17E+01 0.87E-03 0.20E+04
2.2 .4650 13. 1.27 0.05 0.29E+01 0.24E-02 0.12E+04
2.7 .4558 17. 1.69 0.08 0.16E+01 0.20E-02 0.82E+03
3.2 .4478 21. 2.07 0.15 0.72E+00 0.24E-02 0.30E+03
3.7 .4426 24. 2.37 0.22 0.23E+OO 0.lIE-02 0.2IE+03
4.2 .4388 28. 2.72 0.22 0.3IE+00 0.lIE-02 0.28E+03
4.7 .4361 32. 3.14 0.17 0.99E-01 0.24E-03 0.4IE+03
6.2 .4290 38. 3.77 0.12 0.34E+OO 0.16E-02 0.2IE+03
8.7 .4180 47. 4.59 0.15 0.18E+00 0.lIE-02 0.17E+03

12.5 .4085 56. 5.47 0.20 0.76E-01 0.lIE-02 0.68E+02
17.5 .3969 64. 6.32 0.23 0.85E-01 0.16E-02 0.52E+02
25.0 .3852 77. 7.52 0.33 0.24E-01 0.65E-03 0.36E+02
35.0 .3736 88. 8.67 0.43 0.22E-01 0.18E-02 0.12E+02
45.0 .3634 96. 9.42 0.53 0.lIE-01 0.95E-03 0.lIE+02
55.0 .3557 104. 10.19 0.62 0.93E-02 0.10E-02 0.92E+01
70.0 .3464 115. 11.24 0.68 0.6IE-02 0.82E-03 0.75E+01
90.0 .3367 127. 12.47 0.80 0.40E-02 0.77E-03 0.52E+01

110.0 .3287 137. 13.44 0.88 0.32E-02 0.87E-03 0.37E+0l
130.0 .3223 144. 14.14 0.95 0.22E-02 0.99E-03 0.22E+01
165.0 .3103 154. 15.11 1.20 0.24E-02 0.13E-02 0.18E+01
195.0 .2988 166. 16.24 1.38 0.24E-D2 0.52E-03 0.47E+01
225.0 .2946 175. 17.14 1.38 0.43E-03 0.4IE-03 0.10E+01
275.0 .2922 186. 18.26 1.42 0.10E-03 0.75E-D4 0.14E+01
325.0 .2888 199. 19.46 1.55 0.57E-03 0.53E-03 0.lIE+01
375.0 .2840 210. 20.56 1.70 0.35E-03 0.35E-03 0.98E+00
450.0 .2794 225. 22.06 1.77 0.23E-03 0.28E-03 0.82E+OO
550.0 .2753 243. 23.86 1.83 0.12E-03 0.17E-03 0.70E+OO
650.0 .2724 260. 25.51 1.93 0.lIE-03 0.18E-03 0.63E+00
750.0 .2645 276. 27.01 2.07 0.48E-03 0.92E-03 0.5IE+00

DEPTH 23. CM SITE G-1
TIME WATER MlIT-FOr MlIT-POT HYD-GR1ID HYD-<XN SP-M)IS DIFF
(HR) (00/00) (CM) (KPA) «(M/CM) «(M/HR) (l/CM) (CM2/HR)

1.7 .4444 O. 0.03 0.05 0.45E+01 0.54E-03 0.83E+04
2.2 .4398 6. 0.56 0.05 0.76E+01 0.14E-Q2 0.55E+04
2.7 .4321 6. 0.58 0.08 0.50E+01 0.20E-02 0.25E+04
3.2 .4250 13. 1.25 0.15 0.19E+01 0.13E-D2 0.15E+04
3.7 .4213 17. 1.67 0.22 0.63E+00 0.75E-03 0.85E+03
4.2 .4186 21. 2.04 0.22 0.82E+00 0.79E-Q3 0.10E+04
4.7 .4166 25. 2.43 0.17 0.30E+00 0.27E-03 0.l1E+04
6.2 .4126 31. 3.01 0.12 0.86E+00 0.90E-Q3 0.95E+03
8.7 .4067 40. 3.87 0.15 0.46E+00 0.50E-03 0.92E+03

12.5 .4013 49. 4.81 0.20 0.20E+00 0.69E-Q3 0.29E+03
17.5 .3941 58. 5.70 0.23 0.22E+00 0.95E-03 0.23E+03
25.0 .3866 71. 6.95 0.33 0.63E-01 0.4IE-Q3 O.15E+03
35.0 .3785 84. 8.22 0.43 0.6IE-01 0.12E-Q2 0.50E+02
45.0 .3704 92. 9.05 0.53 0.32E-01 0.77E-Q3 0.41E+02
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DEPTH 23. Q1 (CXNI')
55.0 .3636 101. 9.89 0.62 0.27E-01 0.85E-03 0.32E+02
70.0 .3554 112. 10.98 0.68 0.18E-01 0.69E-03 0.26E+02
90.0 .3468 126. 12.30 0.80 0.12E-01 0.6lE-03 0.19E+02

110.0 .3396 136. 13.35 0.88 0.9SE-02 0.83E-03 0.12E+02
130.0 .3342 144. 14.10 0.95 0.57E-02 0.55E-03 0.10E+02
165.0 .3245 156. 15.24 1.20 0.68E-02 0.94E-03 0.72E+01
195.0 .3147 169. 16.52 1.38 0.67E-02 0.42E-03 0.16E+02
225.0 .3115 178. 17.42 1.38 0.12E-02 0.30E-03 0.39E+01
275.0 .3092 189. 18.56 1.42 0.39E-03 0.13E-03 0.30E+01
325.0 .3064 203. 19.86 1.55 0.1SE-02 0.3lE-03 0.50E+01
375.0 .3031 215. 21.07 1.70 0.93E-03 0.23E-03 0.40E+01
450.0 .2995 231. 22.61 1.77 0.66E-03 0.24E-03 0.28E+01
550.0 .2955 250. 24.46 1.83 0.38E-03 0.19E-03 0.20E+01
650.0 .2923 267. 26.19 1.93 0.34E-03 0.17E-03 0.20E+01
750.0 .2870 284. 27.79 2.07 0.12E-02 0.5lE-03 0.24E+01

DEPTH 38. Q1 SlTEG-1
TIME WATER MM'-POT MM'-POT HYD-GRAD HYD-<XN SP~IS DIFF
(HR) (00/00) (OM) (KPA) (Q1/CM) (Q1/HR) (1/Q1) (CM2/HR)

3.2 .4146 1. 0.06 0.02 0.24E+02 0.5OE-03 0.48E+05
3.7 .4125 5. 0.46 0.02 0.12E+02 0.57E-03 0.22E+05
4.2 .4105 9. 0.86 0.08 0.30E+01 0.44E-03 0.69E+04
4.7 .4085 11. 1.12 0.22 0.4SE+00 0.45E-03 0.10E+04
6.2 .4064 19. 1.82 0.32 0.40E+00 0.27E-03 0.15E+04
8.7 .4042 28. 2.73 0.34 0.27E+00 0.23E-03 0.12E+04

12.5 .4013 40. 3.96 0.70 0.78E-D1 0.25E-03 0.32E+03
17.5 .3974 51. 4.99 0.77 0.92E-01 0.93E-03 0.99E+02
25.0 .3927 59. 5.83 0.17 0.18E+OO 0.39E-03 0.47E+03
35.0 .3865 73. 7.18 0.23 O.l7E+OO 0.54E-03 0.3lE+03
45.0 .3794 86. 8.39 0.59 0.47E-01 0.7lE-03 0.65E+02
55.0 .3732 95. 9.29 0.59 0.44E-01 0.65E-03 0.67E+02
70.0 .3659 106. 10.42 0.57 0.34E-01 0.63E-03 0.54E+02
90.0 .3581 121. 11.87 0.64 0.23E-01 0.44E-03 0.52E+02

110.0 .3518 133. 13.06 0.74 0.18E-01 0.70E-03 0.26E+02
130.0 .3474 141. 13.85 0.72 0.llE-01 0.37E-03 0.29E+02
165.0 .3414 155. 15.23 0.81 0.lSE-01 0.44E-03 0.34E+02
195.0 .3362 171. 16.74 0.91 0.14E-01 0.12E-03 0.llE+03
225.0 .3353 180. 17.67 0.96 0.23E-02 0.69E-04 0.33E+02
275.0 .3346 193. 18.92 1.06 0.88E-03 0.52E-04 0.17E+02
325.0 .3325 207. 20.32 1.06 0.33E-02 0.25E-03 0.13E+02
375.0 .3266 221. 21.62 1.02 0.32E-02 0.67E-03 0.47E+01
450.0 .3203 237. 23.26 1.09 0.17E-02 0.2lE-03 0.79E+01
550.0 .3161 257. 25.22 1.17 0.llE-02 0.2lE-03 0.50E+01
650.0 .3132 276. 27.05 1.21 0.86E-03 0.llE-03 0.78E+01
750.0 .3115 294. 28.80 1.27 0.26E-02 0.86E-04 0.30E+02

DEPTH 53. Q1
TIME WATER MP.T'--POr MM'-POT HYD-GRAD HYD-<XN SP~IS DIFF
(HR) (00/00) (eM) (KPA) (Q1/CM) (Q1/HR) (1/Q1) (CM2/HR)

4.7 .4383 2. 0.17 0.25 0.70E+OO 0.48E-Q3 0.15E+04
6.2 .4345 9. 0.88 0.27 0.56E+00 0.58E-D3 0.96E+03
8.7 .4290 17. 1.62 0.30 0.39E+OO 0.59E-Q3 0.65E+03

12.5 .4224 30. 2.93 0.03 0.2lE+01 0.45E-Q3 0.47E+04
17.5 .4148 41. 4.05 0.07 0.14E+01 0.17E-Q2 0.82E+03
25.0 .4063 51. 5.04 0.77 0.54E-D1 0.60E-03 0.89E+02
35.0 .3973 66. 6.48 0.80 0.65E-01 0.65E-D3 0.99E+02
45.0 .3890 78. 7.69 0.48 0.80E-D1 0.77E-Q3 0.10E+03
55.0 .3826 88. 8.60 0.48 0.70E-Q1 0.63E-D3 0.llE+03
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DEPTH 53. 01 (<XNr)
70.0 .3755 99. 9.72 0.50 0.53E-01 0.62E-03 0.85E+02
90.0 •3682 114. 11.17 0.43 0.44E-01 0.39E-03 0.1IE+03

110.0 •3635 127• 12.41 0.40 0.44E-01 0.38E-03 0.1IE+03
130.0 •3605 136• 13.33 0.58 0.16E-01 0.28E-03 0.59E+02
165.0 .3548 151. 14.76 0.57 0.26E-01 0.43E-03 0.60E+02
195.0 •3502 166• 16.29 0.50 0.27E-01 0.36E-06 0.74E+05
225.0 .3501 177. 17.32 0.58 0.40E-02 O.22E-04 0.18E+03
275.0 .3486 190. 18.63 0.57 0.26E-02 0.19E-03 0.14E+02
325.0 •3445 205• 20.05 0.58 0.83E-02 0.38E-03 0.22E+02
375.0 •3374 218. 21.36 0.63 0.92E-02 0.72E-03 0.13E+02
450.0 •3302 235• 23.03 0.62 0.42E-02 0.26E-03 0.16E+02
550.0 •3255 256. 25.05 0.60 0.3IE-02 0.2lE-03 0.15E+02
650.0 •3227 275• 26.90 0.60 0.22E-02 0.96E-04 0.23E+02

DEPTH 76. 01 SITEG-1
TIME WATER MM'-FOr MAT-ror liYD--ffiADHYD-<XN SP-M)IS DIFF
(HR) (00/00) (01) (KPA) (01/01) (01/HR) (1/01) (CM2/HR)

8.7 .4267 1. 0.10 0.21 0.12E+01 0.17E-02 0.73E+03
12.5 .4202 13. 1.26 0.25 0.25E+OO ******** ********
17.5 .4187 21. 2.01 0.29 0.45E+00 0.87E-03 0.5IE+03
25.0 .4095 38. 3.68 0.36 0.17E+OO 0.42E-03 0.40E+03
35.0 .4006 55. 5.44 0.43 0.17E+OO 0.92E-03 0.18E+03
45.0 .3928 66. 6.43 0.44 0.12E+OO 0.67E-03 0.18E+03
55.0 .3869 75. 7.35 0.45 0.10E+OO 0.64E-03 0.16E+03
70.0 .3801 87. 8.54 0.49 0.74E-01 0.52E-03 0.14E+03
90.0 .3734 102. 9.96 0.49 0.52E-01 0.43E-03 0.12E+03

110.0 .3691 113. 11.12 0.45 0.47E-01 0.32E-03 0.15E+03
130.0 .3662 123. 12.07 0.39 0.32E-01 0.30E-03 0.1IE+03
165.0 .3598 138. 13.49 0.39 0.50E-01 0.50E-03 0.10E+03
195.0 .3544 154. 15.05 0.44 0.33E-01 0.76E-04 0.44E+03
225.0 .3535 165. 16.18 0.45 0.59E-02 0.8IE-04 0.74E+02
275.0 .3497 179. 17.53 0.49 0.80E-02 0.45E-03 0.18E+02
325.0 .3432 194. 18.97 0.49 0.15E-01 0.46E-03 0.34E+02
375.0 .3378 207. 20.30 0.48 0.18E-01 0.35E-03 0.5IE+02
450.0 .3325 224. 21.95 0.48 0.84E-02 0.30E-03 0.28E+02
550.0 .3274 245. 23.99 0.49 0.55E-02 0.19E-03 0.29E+02
650.0 .3244 264. 25.85 0.50 0.35E-02 0.12E-03 0.29E+02
750.0 .3220 282. 27.61 0.50 0.77E-02 0.14E-03 0.53E+02

DEPTH 107. 01
TIME WATER MAT-FOr MAT-par HYD-GRAD HYD-<XN SP-M)IS DIFF
(HR) (00/00) (01) (KPA) (01/CM) (01/HR) (1/01) (CM2/HR)

17.5 .4009 6. 0.57 0.49 0.35E+00 0.33E-03 0.10E+04
25.0 .3970 17. 1.64 0.48 0.17E+00 0.18E-03 0.97E+03
35.0 .3913 38. 3.74 0.46 0.21E+00 0.74E-03 0.29E+03
45.0 .3854 48. 4.74 0.44 0.16E+00 0.45E-03 0.35E+03
55.0 .3813 58. 5.64 0.42 O.l4E+OO 0.49E-03 0.30E+03
70.0 .3763 70. 6.85 0.40 0.12E+00 0.37E-03 0.31E+03
90.0 .3705 85. 8.33 0.43 0.77E-01 0.43E-03 0.18E+03

110.0 .3650 100. 9.75 0.64 0.44E-01 0.36E-03 0.12E+03
130.0 .3599 111. 10.89 0.80 0.22E-01 0.69E-03 0.33E+02
165.0 .3560 123. 12.08 0.65 0.36E-01 0.11£-03 0.21E+03
195.0 .3555 137. 13.47 0.50 0.25E-01 ******** ********
225.0 .3559 149. 14.63 0.51 0.66E-02 0.96E-04 0.69E+02
275.0 .3461 164. 16.08 0.54 0.21E-01 0.12E-02 0.18E+02
325.0 .3336 179. 17.57 0.57 0.20E-01 0.48E-03 0.43E+02
375.0 .3278 193. 18.88 0.57 0.20E-01 0.39E-03 0.50E+02
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DEPTH 107. 04 (OM')
450.0 .3224 209. 20.50 0.54 0.11E~1 0.30E~3 0.37E+02
550.0 .3116 229. 22.49 0.50 0.11E~1 0.81E-Q3 0.14E+02
650.0 .3028 248. 24.33 0.48 0.52E-Q2 0.12E-Q3 0.42E+02
750.0 .3004 266 26.04 0.45 0.10E-01 0.16E-Q3 0.64E+O

DEPTH 137. 04 SITE G-1
TIME WA'lm ~I?OI' MM'~ HYIH;RAD HYD-<X:N SEY1JIS DIFF
(HR) (CM3/CM3) (Q1) (KPA) (CM/Q1) (CM/HR) (1/04) (Q12/HR)

25.0 .3881 3. 0.31 0.23 0.36E+OO ******** ********
35.0 .3861 17. 1.70 0.34 0.34E+00 0.58E~3 0.59E+03
45.0 .3815 29. 2.84 0.35 0.23E+OO 0.34E~3 0.67E+03
55.0 .3796 38. 3.76 0.36 O.l9E+OO 0.94E-Q4 0.20E+04
70.0 .3788 51. 4.99 0.39 O.l3E+OO 0.46E-Q4 0.29E+04
90.0 .3765 67. 6.60 0.43 0.96E-01 0.27E~3 0.35E+03

110.0 .3717 83. 8.09 0.29 O.l3E+OO 0.37E~3 0.33E+03
130.0 .3664 94. 9.26 0.16 O.l6E+OO 0.63E-Q3 0.25E+03
165.0 .3626 107. 10.52 0.33 0.75E-Q1 0.17E-Q3 0.44E+03
195.0 .3627 122. 11.95 0.48 0.92E-Q2 ******** ********
225.0 .3639 133. 13.06 0.44 0.92E-Q2 0.80E~4 0.12E+03
275.0 .3556 148. 14.47 0.39 0.55E-Q1 0.99E-Q3 0.56E+02
325.0 .3455 162. 15.91 0.33 0.45E-Q1 0.35E-Q3 0.13E+03
375.0 .3414 176. 17.22 0.33 0.41E-Q1 0.29E-Q3 0.14E+03
450.0 .3368 192. 18.83 0.35 0.22E-Q1 0.28E-Q3 0.78E+02
550.0 .3266 211. 20.72 0.33 0.31E-01 0.82E-Q3 0.38E+02
650.0 .3179 229. 22.48 0.29 0.11E~1 0.15E~3 0.74E+02
750.0 .3158 246. 24.09 0.25 0.21E-Q1 0.11E-Q3 0.19E+03

DEPTH 168. 04
TIME WA'lm MM'-POr MM'~ HYD-rnAD HYD-<X:N SP-M)IS DIFF
(HR) (CM3/CM3) (CN) (KPA) (CM/Q1) (CM/HR) (1/04) (Q12/HR)

45.0 .3821 12:. 1.16 0.57 0.16E+00 0.55E~3 0.30E+03
55.0 .3801 2l. 2.08 0.53 O.l3E+OO ******** ********
70.0 .3827 33. 3.22 0.45 0.11E+00 ******** ********
90.0 .3834 49. 4.76 0.37 0.13E+00 0.23E-Q3 0.55E+03

110.0 .3800 6l. 6.02 0.33 0.13E+00 0.32E~3 0.42E+03
130.0 .3770 7l. 7.00 0.33 0.93E-01 0.30E~3 0.31E+03
165.0 .3758 81'. 8.56 0.38 0.68E-01 0.84E-Q5 0.82E+04
225.0 .3759 119. 11.65 0.61 0.74E~2 0.42E-Q4 0.18E+03
275.0 .3752 132:. 12.92 0.56 0.48E-Q1 0.78E~4 0.62E+03
325.0 .3731 144:. 14.14 0.47 0.37E-01 0.28E-Q3 0.13E+03
375.0 .3703 156. 15.28 0.37 0.43E-01 0.21E-Q3 0.20E+03
450.0 .3661 169. 16.55 0.13 0.71E-Q1 0.42E-Q3 0.17E+03

DEPTH 198. Q1 SITEG-1
TIME WA'lm MM'-.PQT MM'~ HYIH;RAD HYD-<X:N SP-M)IS DIFF
(HR) (CM3/CM3) (CN) (KPA) (CM/Q1) (CM/HR). (1/04) (Q12/HR)

55.0 .3856 C· 0.46 0.28 0.24E+00 0.33E-Q4 0.72E+04~).

70.0 .3848 17. 1.63 0.35 0.13E+00 0.84E-Q4 0.16E+04
90.0 .3828 29. 2.84 0.41 O.l2E+OO 0.20E-Q3 0.63E+03

110.0 .3815 43. 4.21 0.47 0.99E-01 0.88E-Q7 0.11E+07
130.0 .3823 54. 5.28 0.51 0.61E-01 ******** ********
165.0 .3854 70. 6.82 0.46 0.54E-01 ******** ********
195.0 .3875 89. 8.73 0.35 ******** 0.42E-04 ********
225.0 .3868 101. 9.94 0.28 0.18E-01 0.66E-Q4 0.27E+03
275.0 .3861 113. 11.07 0.23 O.l2E+OO 0.72E-Q4 0.17E+04
325.0 .3846 123. 12.08 0.18 0.10E+00 0.22E-Q3 0.47E+03
375.0 .3827 133. 13.06 0.17 0.10E+00 0.18E-03 0.56E+03
450.0 .3783 142. 13.88 0.08 0.14E+00 0.l1E-02 0.13E+03

191



DEPTH 229. 01
TIME WATER WIT-FOr MI\T-POI' HYD-GW) HYD-<XN SP-M)IS DIFF(HR) (CM3/CM3) (01) (KPA) (01/01) (01/HR) (1/01) (QoQ/HR)

55.0 .3854 4. 0.41 1.69 0.4IE-01 0.67E-04 0.60E+0370.0 .3845 16. 1.52 1.58 0.3IE-01 0.90E-04 0.34E+0390.0 .3843 28. 2.70 1.46 0.36E-01 ******** ********110.0 .3852 41. 3.99 1.36 0.34E-01 ******** ********130.0 •3869 51. 5.00 1.28 0.22E-01 ******** ********165.0 .3891 66. 6.49 1.30 0.18E-01 ******** ********195.0 .3907 76. 7.49 0.81 ******** ******** ********225.0 .3915 86. 8.40 0.74 0.69E-02 ******** ********275.0 .3908 105. 10.25 1.19 0.24E-01 0.19E-03 0.12E+03
325.0 .3892 114. 11.16 1.16 0.17E-01 0.15E-03 0.lIE+03375.0 .3879 123. 12.02 1.10 0.16E-01 0.15E-03 0.IIE+03450.0 .3849 132. 12.92 1.23 0.lIE-01 0.50E-03 0.2IE+02
550.0 .3829 145. 14.16 1.31 0.lIE-01 ******** ********650.0 .3830 160. 15.69 1.15 0.38E-02 0.18E-04 0.2IE+03750.0 .3808 173. 16.99 0.98 0.83E-02 0.35E-03 0.24E+02
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SITE G, REPLICATION 2
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Table G-2.1. Soil morphologic data for Site G. replication 2.

Site and location: G-2 Heimdal. Oakes Aquifer 305 feet south and 100 feet east of the
west quarter comer of Section 25. Township 131 north. Range 59 west. Dickey County.
North Dakota.

Sampled: 08/01/85 by M. D. Sweeney. North Dakota Agricultural Experiment Station.
Fargo. North Dakota.

Soil type and classification: Heimdalloam; coarse-loamy. mixed Udic Haploboroll.

Physiography and parent material: Glacial t111ground moraine.

Drainage: Well.

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratory texture in parenthesis if dUTerentfrom field texture.

Soil proffie: G-2 south side of pit.

Alp 0-6 inches (0-15 em) black nOYR2/1) loam. dark gray nOYR4/1. dry); moderate
coarse and medium granular structure; slightly hard to hard. friable. slightly sticky
and slightly plastic: few coarse fragments to 30 mm diameter: common very fine roots;
abrupt smooth boundary.

A12 6-11 inches(15-28 em) blacknOYR2/1l loam. darkgraynOYR4/l. dry); moderate
coarse prismatic parting to moderte medium subangular blocky structure; slightly
hard. friable. slightly sticky and slightly plastic; very few coarse fragments to 10 mm
diameter; common very fine roots; clear smooth boundary.

Bw 11-16 inches (28-41 em) dark grayish brown (2.5Y4/2) loam. light brownish gray
(2.5Y6/2. dry); moderate coarse prismatic parting to moderate medium and fine
subangular block structure; slightly hard. friable. slightly sticky and slightly plastic;
very few coarse fragments to 10 mm diameter: common very fine roots: clear wavy boun
dary.

BCk 16-34 inches (41-86 em) light yellowish brown (2.5Y6/4) loam. pale yellow (2.5Y
8/4. dry): moderate coarse prismatic parting to moderate medium and fine subangular
block structure: slightly hard. friable. slightly sticky and slightly plastic: very few
coarse fragments to 10 mm diameter; common very fine roots; violent effervescence;
gradual wavy boundary.

CI 34-41 inches (86-104 em) light yellowish brown (2.5Y6/4) loam. pale yellow (2.5Y
8/4 and 7/4. dry); weak coarse prismatic parting to moderate fine platy structure:
slightly hard. friable. slightly sticky and slightly plastic: very few coarse fragments to
20 mm diameter; few very fine roots: strong effeIVescence: gradual wavy boundary.

C2 41-60 inches (104-152 em) light yellowish brown (2.5Y6/4) loam. pale yellow (2.5Y
8/4. dry) with few medium prominent yellowish red (5YR5/6) mottles; weak coarse
prismatic parting to moderate to strong fine platy structure; slighty hard. friable.
slightly sticky and slightly plastic; very few coarse fragments to 15 mm diameter;
strong effeIVescence.
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Table G-2.2 HEJM)ALSERIES STIE G-2 NJ:>SW::1985
Soil particle-size, bJlk density, am oJ:galli.c carl:x:n data
and jnji~.

DEI?TH PARl'ICIE SIZE CUSSES (MI<XN!PEPCENl')
an 2. 20" 50. 100. 250. 500. 1000. 2000.

8. 14.1 19.3 20.0 15.2 18.2 10.4 2.7 0.1
23. 17.1 19.1 18.8 14.2 17.5 10.2 3.0 0.1
38. 19.2 19.8 . ·19.3 12.8 16.5 9.2 3.2 0.0
53. 12.0 31.3 19.5 12.3 13.7 7.9 3.2 0.1
76. 9.8 31.3 16.0 12.2 18.7 9.3 2.7 0.0

107. 8.7 25.0 21.0 14.1 17.4 9.6 4.3 0.0
137. 10.5 24.3 21.4 14.9 16.8 8.5 3.6 0.0

DEI?TH SAND Sn..T ClAY HClUZCN
an % % %

8. 46.6 39.3 14.1 A 1 6 6=p
23. 45.0 37.9 17.1 A12 7=w
38. 41.7 39.1 19.2 B 7 10=k
53. 37.2 50.8 12.0 Ie 10
76. 43.9 47.3 9.8 Ie 10

107. 45.3 46.0 8.7 C10
137. 43.8 45.7 10.5 C 2 0

DEP'lll SA!SI GEAN roEV Z F-lNDEX ED ex:
an nm nm g/oc %

8. 1.186 0.0356 6.4 0.0056 0.343 1.37 1.86
23. 1.187 0.0316 7.0 0.0045 0.309 1.39 1.74
38. 1.066 0.0277 7.3 0.0038 0.290 1.46 0.87
53. 0.732 0.0291 5.8 0.0050 0.365 1.38 0.55
76. 0.738 0.0397 6.8 0.0059 0.388 1.36 0.27

107. 0.987 0.0405 5.5 0.0074 0.399 1.51 0.12
137. 0.958 0.0365 5.6 0.0065 0.381 1.28 0.08

DEPTH M:>ISTURE/S'{Cl'ICNSIa?E GARDNER K-PARN£I'ERS (JAYNE& TYlER)
Of/DAY-KPA CM!HR-BAR

an GDSH 13I1)EMN K-SllPE K-INl' K-SIDPE K-lNT

8. 3.508 l.807 -0.4048 1.3514 -4.05 -0.03
23. 3.490 1.777 -0.3912 1.3050 -3.91 -0.08
38. 3.628 1.827 -0.3375 1.2093 -3.37 -0.17
53. 4.245 :2.015 -0.2008 1.0788 -2.01 -0.30
76. 4.236 2.176 -0.1906 1.0121 -1.91 -0.37

107. 3.787 2.343 -0.3458 1.3166 -3.46 -0.06
137. 3.826 2.354 -0.3253 1.2702 -3.25 -0.11
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Table G-2.3 Soil saturation extract water chemistry'data, gravimetric water content
at saturation and at 15bar, pH, texture class, and carbonate clay fraction for site G.
replication 2

Saturation Extract Soluble Ions
Depth ca Mg Na K C03 HC03 Cl 504
(em) meq/l
0- 15 6.02 2.14 0.78 0.38 3.56 0.20 5.56

15 - 30 3.66 2.87 0.57 0.24 4.24 0.15 2.95
30 - 46 3.44 1.46 0.32 0.07 3.00 0.12 2.16
46 - 61 3.23 1.67 0.25 0.07 2.64 0.23 2.35
61 - 91 1.72 3.38 0.57 0.02 3.28 0.20 2.21

..91 - 122 0.86 3.83 1.22 0.03 3.28 0.20 2.46
122 - 152 0.64 4.25 1.91 0.03 3.20 0.30 3.34

Depth ECE SAR H20 at pH C03 Texture 9
Sat. clay class 15bar

(em) mmhos/cm % % gig x
100

0- 15 0.79 0.38 43 7.8 I 10.34
15 - 30 0.60 0.31 45 7.8 I 10.69
30-46 0.44 0.20 46 7.8 I 10.26
46 - 61 0.44 0.16 41 7.9 sll 8.33
61 - 91 0.46 0.36 39 8.1 2.0 I 8.15

..91 - 122 0.49 0.80 36 8.2 I 7.67
122 - 152 0.61 1.22 36 8.2 I 8.10

196



Table G-2.4 HElM)Il.1 I.a\M SITE G-2 N)~:1985
Lalx>ratory soil-water retention data

IAB PRESSURE (CM) AND WATER CCNl'ENl'(\QL. FRACTICN)

DEPTH (CM)
8. 23. 38. 76.

CM Cf:-/Cf:- SE

10. 0.5073 0.0061 10. 0.5116 0.0009 10. 0.4697 0.0124 10. 0.4359 0.0154
20. 0.4840 0.0076 20. 0.5062 0.0017 20. 0.4542 0.0088 20. 0.4167 0.0109
40. 0.4350 0.0145 40. 0.4707 0.0128 40. 0.4135 0.0020 40. 0.3832 0.0094
60. 0.4125 0.0154 60. 0.4353 0.0145 60. 0.3905 0.0007 60. 0.3640 0.0089
80. 0.3835 0.0140 80. 0.4038 0.0146 80. 0.3698 0.0039 80. 0.3540 0.0090

100. 0.3698 0.0121 100. 0.3911 0.0142 100. 0.3613 0.0046 100. 0.3391 0.0085
120. 0.3545 0.0103 120. 0.3722 .0.0136 120. 0.3483 0.0065 120. 0.3298 0.0090
180. 0.3246 0.0071 180. 0.3389 0.0103 180. 0.3207 0.0083 180. 0.3099 0.0090
334. 0.2907 0.0034 334. 0.3064 0.0087 334. 0.2894 0.0106 334. 0.2842 0.0091
534. 0.2746 0.0021 534. 0.2796 0.0078 534. 0.2733 0.0126 534. 0.2685 0.0101
834. 0.2569 0.0008 834. 0.2583 0.0077 834. 0.2551 0.0087 834. 0.2472 0.0101

00= 1.37 1.40 1.46 1.36
N= 2 2 2 2

DEPTH (CM)

107. 130.
24. 0.3734 0.0001 24. 0.3156 0.0021
40. 0.3602 0.0005 40. 0.3044 0.0006
50. 0.3504 0.0015 50. 0.2970 0.0007
62. 0.3449 0.0015 62. 0.2920 0.0016
70. 0.3400 0.0020 70. 0.2878 0.0004
82. 0.3337 0.0024 82. 0.2866 0.0031
98. 0.3282 0.0024 98. 0.2785 0.0001

150. 0.3094 0.0038 150. 0.2625 0.0006
334. 0.2738 0.0042 334. 0.2373 0.0016
503. 0.2550 0.0037 503. 0.2231 0.0019
834. 0.2376 0.0002 834. 0.2034 0.0025

BD= 1.51 1.28
N= 2 2 0
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Table G-2.5 HEIMllU..SERIES S1'IE G-2 (ND~ 1985)
In-situ K(6, 'l1) and. 6 ('l1) , and. laboratory K(6, 'l1)
data.

RIOWIDS PAAAME'lERS

DEPTH 8. 01
TIME WATER wcr-POr Mi\T-POr HYIH:;(W) HYD-<XN SP-MJIS DIFF
(RR) (CM.3/CM.3) (CM) (KPA) «(M/CM) «(M/HR) (1/01) (CM2/HR)

0.2 .4914 1. 0.07 0.10 ******** ******** ********
0.7 .4914 5. O.SO 0.15 0.12E+00 0.21£-03 0.56E+03
1.2 .4839 12. 1.20 0.15 0.14E+01 0.16E-02 0.86E+03
1.7 .4729 21. 2.07 0.07 0.19E+01 0.94E-03 0.21£+04
2.2 .4667 28. 2.77 0.00 ******** 0.78E-03 ********
2.7 .4628 33. 3.22 0.04 0.14E+01 0.98E-03 0.14E+04
3.5 .4528 39. 3.82 0.09 0.13E+01 0.20E-02 0.65E+03
4.2 .4423 46. 4.47 0.13 0.56E+00 0.98E-03 0.51£+03
4.7 .4377 51. 5.02 0.18 0.36E+00 0.73E-03 0.50E+03
6.2 .4320 58. 5.67 0.23 0.92E-01 0.10E-02 0.91£+02
8.7 .4218 67. 6.52 0.28 0.14E+00 0.13E-02 0.11£+03

12.5 .4082 76. 7.42 0.40 0.52E-01 0.11£-02 0.30E+02
17.5 .3958 84. 8.27 0.50 0.33E-01 0.12E-02 0.21£+02
25.0 .3865 98. 9.57 0.58 0.10E-01 0.46E-03 0.22E+02
35.0 .3759 110. 10.82 0.70 0.15E-01 0.11£-02 0.81£+01
45.0 .3596 119. 11.62 0.77 0.19E-01 0.24E-02 0.79E+01
55.0 .3437 126 . 12.37 0.87 0.11£-01 0.18E-02 0.61£+01
70.0 .3339 137. 13.42 1.00 0.26E-02 0.50E-03 0.53E+01
90.0 .3282 ISO. 14.71 1.10 0.15E-02 0.31£-03 0.41£+01

110.0 .3247 160. 15.71 1.18 0.79E-03 0.31£-03 0.26E+01
130.0 .3196 166. 16.31 1.28 0.23E-02 0.20E-02 0.12E+01
165.0 .3144 177. 17.31 1.50 0.25E-03 0.15E-03 0.16E+01
195.0 .3102 189. 18.54 1.70 0.26E-02 0.69E-03 0.38E+01
225.0 .3024 199. 19.46 1.78 0.83E-03 0.98E-03 0.85E+00
275.0 .2927 209. 20.49 1.88 0.78E-03 0.92E-03 0.85E+00325.0 .2869 221. 21.61 2.00 0.15E-03 0.16E-03 0.91£+00
375.0 .2854 233. 22.81 2.07 0.71£-04 0.81£-04 0.88E+00
450.0 .2835 2SO. 24.49 2.08 0.11£-03 0.13E-03 0.78E+00
550.0 .2816 270. 26.48 2.12 0.35E-04 0.52E-04 0.66E+00
650.0 .2787 289. 28.31 2.13 0.11£-03 0.21£-03 0.64E+00
750.0 .2686 307. 30.06 2.13 0.55E-03 0.90E-03 0.61£+00

DEPTH 23. CM SITEG-2
TIME WATER Mi\T-POI' Mi\T-POr HYIH:;(W) HYD-<XN SP-MJIS DIFF(RR) (CM.3/CM.3) (CM) (KPA) «(M/CM) «(M/RR) (1/01) (G12/HR)0.7 .4526 -1. -0.14 0.15 ******** ******** 0.22E+041.2 .4488 6. 0.56 0.15 0.34E+01 0.80E-03 0.43E+041.7 .4435 11. 1.07 0.07 0.48E+01 0.53E-03 0.92E+042.2 .4404 19. 1.85 0.00 ******** ******** ********2.7 .4384 24. 2.38 0.04 0.34E+01 0.43E-03 0.81E+043.5 .4334 31. 3.03 0.09 0.33E+01 0.99E-03 0.33E+044.2 .4266 38. 3.75 0.13 0.18E+01 0.10E-02 0.11£+044.7 .4216 44. 4.35 0.18 0.11£+01 0.69E-03 0.16E+046.2 .4169 51. 5.05 0.23 0.25E+00 0.68E-03 0.31£+038.7 .4106 61. 5.93 0.28 0.31£+00 0.73E-03 0.50E+0312.5 .4029 71. 6.94 0.40 0.13E+00 0.83E-03 0.16E+0317.5 .3947 80. 7.87 0.50 0.93E-01 0.96E-03 0.91£+0225.0 .3865 94. 9.20 0.58 0.30E-01 0.43E-03 0.71E+0235.0 .3751 108. 10.58 0.70 0.45E-01 0.18E-02 0.26E+02
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DEPTH 23. CM (<XNl')
45.0 .3621 117. 11.43 0.77 0.49E-01 0.13E-02 0.38E+02
55.0 .3529 125. 12.26 0.87 0.28E-01 0.9lE-03 0.3lE+02
70.0 .3465 137. 13.39 1.00 0.74E-02 0.37E-03 0.20E+02
90.0 .3415 151. 14.78 1.10 0.46E-02 0.36E-03 0.13E+02

110.0 .3377 162. 15.85 1.18 0.26E-02 0.34E-03 0.75E+01
130.0 .3335 169. 16.52 1.28 0.63E-02 0.llE-02 0.55E+01
165.0 .3284 180. 17.66 1.50 0.98E-03 0.26E-03 0.38E+01
195.0 .3244 194. 19.05 1.70 0.67E-02 0.35E-03 0.19E+02
225.0 .3193 204. 20.03 1.78 0.23E-02 0.66E-03 0.34E+01
275.0 .3239 216. 21.13 1.88 0.24E-03 ******** ********
325.0 .3306 228. 22.34 2.00 0.53E-03 0.23E-03 0.23E+01
375.0 .3282 241. 23.59 2.07 0.27E-03 0.15E-03 0.19E+01
450.0 .3261 258. 25.26 2.08 0.30E-03 0.1lE-03 0.27E+01
550.0 .3244 279. 27.29 2.12 0.llE-03 0.53E-04 0.20E+01
650.0 .3220 297. 29.13' 2.13 0.48E-03 0.20E-03 0.23E+01
750.0 .3150 315. 30.88 2.13 0.15E-02 0.62E-03 0.24E+01

DEPTH 38. CM SITEG-2
TIME WATER wcr'-'POI'wcr'-ror HYIH:;RAD HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (~l) (KPA) (CM/CM) (CM/HR> (l/CM) (Qo12/HR>

1.7 .4370 2:. 0.23 0.40 0.19E+01 0.37E-02 0.53E+03
2.2 .4240 6. 0.62 0.44 0.43E+OO 0.94E-04 0.46E+04
2.7 .4236 13:. 1.29 0.46 0.40E+00 0.58E-04 0.69E+04
3.5 .4226 20. 1.97 0.46 0.82E+OO 0.19E-03 0.42E+04
4.2 .4197 28. 2.70 0.44 0.89E+00 0.78E-03 0.llE+04
4.7 .4154 34. 3.29 0.39 0.85E+OO 0.68E-03 0.12E+04
6.2 .4115 41. 4.01 0.39 0.22E+OO 0.42E-03 0.52E+03
8.7 .4081 51. 4.96 0.42 0.33E+OO 0.32E-03 0.10E+04

12.5 .4039 62. 6.05 0.42 0.18E+00 0.47E-03 0.38E+03
17.5 .3979 72. 7.08 0.45 0.15E+00 0.70E-03 0.22E+03
25.0 .3905 8~r 8.52 0.52 0.57E-01 0.4lE-03 0.14E+03j.

35.0 .3804 102~. 10.01 0.54 0.97E-01 0.13E-02 0.72E+02
45.0 .3719 111. 10.91 0.54 0.93E-01 0.54E-03 0.17E+03
55.0 .3677 121.. 11.82 0.55 0.59E-01 0.39E-03 0.15E+03
70.0 .3628 133. 13.05 0.55 0.2lE-ol 0.39E-03 0.55E+02
90.0 .3573 148. 14.53 0.57 0.15E-01 0.38E-03 0.4lE+02

110.0 .3527 160. 15.70 0.62 0.92E-02 0.4lE-03 0.22E+02
130.0 .3492 168. 16.45 0.62 0.18E-01 0.57E-03 0.32E+02
165.0 .3440 181. 17.73 0.60 0.55E-02 0.35E-03 0.16E+02
325.0 .3540 233. 22.87 0.69 0.34E-02 0.38E-03 0.88E+01
375.0 .3500 247. 24.18 0.70 0.18E-02 0.22E-03 0.80E+01
450.0 .3471 264. 25.89 0.74 0.14E-02 0.14E-03 0.10E+02
550.0 .3442 285. 27.95 0.74 0.69E-03 0.14E-03 0.48E+0l
650.0 .3410 304. 29.80 0.74 0.2lE-02 0.2lE-03 0.10E+02
750.0 .3365 322. 31.55 0.74 0.59E-02 0.3lE-03 0.19E+02

[)()ER]N;1-SI'EPDA'l7\

1.3 .3395 * 13.38 83.33 0.16E-02 0.48E-03 0.34E+01
1.4 .3386 * 13.58 83.33 0.16E-02 0.47E-03 0.33E+01
1.4 .3377 * 13.77 83.33 0.15E-02 0.46E-03 O.32E+01
1.5 .3368 * 13.96 83.33 O.14E-02 0.45E-03 O.3lE+01
1.5 .3360 * 14.14 83.33 0.13E-02 0.44E-03 0.30E+01
1.6 .3352 * 14.32 83.33 0.13E-02 O.44E-03 0.29E+01
1.6 .3344 * 14.49 83.33 0.12E-02 0.43E-03 0.29E+01
1.7 .3336 * 14.67 83.33 0.12E-02 0.42E-03 O.28E+01
1.7 .3329 * 14.84 83.33 0.1lE-02 0.42E-03 0.27E+0l
1.8 .3322 * 15.00 83.33 0.llE-G2 0.41E-03 O.27E+0l
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DQERIN; 1-SI'EPDA'm (<XNr)
1.8 .3315 * 15.17 83.33 0.10E-02 0.40E-03 0.26E+01
1.9 .3309 * 15.33 83.33 0.10E-02 0.40E-03 0.25E+01
1.9 .3302 * 15.48 83.33 0.97E-03 0.39E-03 0.25E+01

DEPTH 38. CM (DC>ERJN;l-SlEP CXNI'INUED) SITE G-2
TIME WATER MA.T-FOr WIT-POr HYD-QW) HYD-<XN SP-M)IS DITF
(HR) (CM3/CM3) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

2.0 .3296 * 15.64 83.33 0.94E-03 0.39E-03 0.24E+01
2.0 .3290 * 15.79 83.33 0.90E-03 0.38E-03 0.24E+01
2.1 .3285 * 15.94 83.33 0.87E-03 0.38E-03 0.23E+01
2.1 .3279 * 16.09 83.33 0.85E-03 0.37E-03 0.23E+01
2.2 .3273 * 16.24 83.33 0.82E-03 0.37E-03 0.22E+01
2.2 .3268 * 16.38 83.33 0.79E-03 0.36E-Q3 0.22E+01
2.3 .3263 * 16.52 83.33 0.77E-Q3 0.36E-Q3 0.22E+01
4.3 .3121 * 21.18 83.33 0.32E-03 0.25E-03 0.13E+01
8.3 .2992 * 27.21 83.33 0.14E-Q3 0.18E-Q3 0.77E+00

12.3 .2921 * 31.60 83.33 0.84E-Q4 0.14E-03 0.59E+00
16.3 .2873 * 35.15 83.33 0.60E-Q4 0.12E-Q3 0.49E+OO
20.3 .2837 * 38.19 83.33 0.47E-04 0.lIE-03 0.43E+00
24.3 .2808 * 40.86 83.33 0.39E-04 0.99E-04 0.39E+00
28.3 .2785 * 43.27 83.33 0.33E-04 0.92E-Q4 0.36E+00
32.3 .2765 * 45.48 83.33 0.29E-04 0.86E-Q4 0.34E+00
36.3 .2748 * 47.51 83.33 0.26E-04 0.80E-04 0.33E+00

DEPTH 53. CM SITEG-2
TIME WATER WIT-FOr WIT-POr HYD-QW) HYD-<X:N SP-M)IS DITF
(HR) (00/00) (CM) (KPA) (CM/CM) (CM/HR) (1/01) (CM2/HR)

3.5 .4418 6. 0.57 ***** ******** ******** ********
4.2 .4405 13. 1.25 ***** ******** 0.30E-Q3 ********
4.7 .4380 15. 1.51 ***** ******** 0.45E-Q3 ********
6.2 .4348 26. 2.51 ***** ******** 0.35E-Q3 ********
8.7 .4307 38. 3.71 0.03 0.49E+Ol 0.36E-Q3 0.14E+05

12.5 .4254 52. 5.07 0.32 0.29E+00 0.48E-Q3 0.59E+03
17.5 .4180 64. 6.25 0.45 0.2IE+OO 0.82E-Q3 0.25E+03
25.0 .4098 79. 7.75 0.47 0.90E-Q1 0.38E-Q3 0.23E+03
35.0 .4022 95. 9.28 0.50 0.13E+00 0.77E-Q3 0.17E+03
45.0 .3954 104. 10.20 0.52 0.1IE+00 0.72E-Q3 0.16E+03
55.0 .3898 113. 11.08 0.47 0.84E-01 0.55E-Q3 0.15E+03
70.0 .3833 126. 12.31 0.45 0.38E-01 0.5IE-Q3 0.75E+02
90.0 .3769 140. 13.76 0.42 0.30E-01 0.37E-03 0.82E+02

110.0 .3724 152. 14.91 0.33 0.26E-ol 0.43E-Q3 0.6IE+02
130.0 .3692 160. 15.68 0.35 0.38E-Ol 0.40E-Q3 0.96E+02
165.0 .3644 174. 17.01 0.43 0.13E-01 0.34E-03 0.37E+02
195.0 .2730 190. 18.64 0.43 0.96E+00 O.I7E-Ql 0.57E+02
325.0 .3495 227 . 22.23 0.47 0.82E-02 0.33E-03 0.24E+02
375.0 .3459 241. 23.58 0.50 0.42E-02 0.20E-03 0.2IE+02
450.0 .3428 259. 25.34 0.53 0.29E-02 0.16E-Q3 0.18E+02
550.0 .3390 280. 27.43 0.57 0.18E-02 0.20E-03 0.88E+01
650.0 .3349 299. 29.33 0.63 0.35E-02 0.23E-03 0.15E+02

DEPI'H 76. 01
TIME WATER WIT-FOr MA.T-ror HYD-{;RA[)HYD-<X:N SP-M)IS DITF
(HR) (00/00) (CM) (KPA) (CM/CM) (CM/HR) (1/01) (CM2/HR)

6.2 .4220 8. 0.76 0.29 0.44E+00 0.20E-03 0.22E+04
8.7 .4195 12. 1.21 0.23 0.83E+00 0.20E-03 0.42E+04

12.5 .4166 32. 3.10 0.18 0.59E+00 0.22E-03 0.27E+04
17.5 .4117 45. 4.46 0.18 0.69E+00 0.58E-03 0.12E+04
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DEPTH 76. CM (CCNl')
25.0 .4051 63. 6.16 0.29 0.20E+OO 0.29E-D3 0.69E+03
35.0 .3991 81. 7.94 0.39 0.2IE+OO 0.5OE-D3 0.42E+03
45.0 .3931 91. 8.89 0.39 O.l9E+OO 0.82E-D3 0.23E+03
55.0 .3878 99. 9.72 0.38 O.l3E+OO 0.47E-D3 0.27E+03
70.0 .3825 111. 10.89 0.35 0.72E-D1 0.43E-D3 0.17E+03
90.0 .3773 126. 12.34 0.36 0.48E-D1 0.27E-D3 0.17E+03

110.0 .3741 138. 13.52 0.42 0.30E-D1 0.28E-D3 0.lIE+03
130.0 .3721 147. 14.37 0.46 0.32E-D1 0.15E-D3 0.2IE+03
165.0 .3688 161. 15.80 0.49 0.17E-D1 0.25E-D3 0.69E+02
195.0 .3656 178. 17.49 0.52 0.lIE+01 0.73E-D4 0.14E+05
325.0 .3523 215. 21.10 0.51 0.lIE-D1 0.34E-D3 0.34E+02
375.0 .3484 229. 22.41 0.47 0.75E-D2 0.25E-D3 0.30E+02
450.0 .3449 246. 24.14 0.44 0.55E-D2 0.17E-D3 0.32E+02
550.0 .3409 268. 26.25 0.44 0.45E-D2 0.2IE-D3 0.2IE+02

DEPTH 107. CM SITE G-2
TIME WATER MM'-:!?Ol'~-ror HYD-QW) HYD-<x:N SP-MJIS DIFF
(HR) (00/00) (CM) (KPA) (0001) (OOHR) (l/CM) (CM2/HR)

8.7 .3999 7. 0.67 0.88 0.25E+00 ******** ********
12.5 .3983 13. 1.28 0.38 0.32E+OO 0.14E-D3 0.24E+04
17.5 .3961 24. 2.32 0.42 0.37E+OO 0.2IE-D3 0.18E+04
25.0 .3926 43. 4.17 0.43 O.l7E+OO 0.18E-D3 0.97E+03
35.0 .3886 62. 6.12 0.40 0.24E+OO 0.36E-D3 0.65E+03
45.0 .3834 72. 7.05 0.38 0.24E+OO 0.79E-D3 0.3IE+03
55.0 .3778 81. 7.89 0.40 0.15E+OO 0.55E-D3 0.28E+03
70.0 .3715 92. 9.05 0.42 0.88E-D1 0.53E-D3 0.17E+03
90.0 .3663 107. 10.52 0.42 0.52E-D1 0.17E-D3 0.3IE+03

110.0 .3639 120. 11.73 0.38 0.43E-D1 0.24E-D3 0.18E+03
130.0 .3620 129. 12.64 0.38 0.44E-D1 0.17E-D3 0.26E+03
165.0 .3593 144. 14.12 0.40 0.28E-D1 0.18E-D3 0.16E+03
195.0 .3570 162. 15.84 0.38 0.14E+01 0.48E-D4 0.30E+05
325.0 .3473 199. 19.52 0.43 0.20E-D1 0.34E-D3 0.59E+02
375.0 .3431 212. 20.82 0.47 0.12E-D1 0.3IE-D3 0.39E+02
450.0 .3392 229. 22.46 0.43 0.82E-D2 0.19E-D3 0.43E+02
550.0 .3351 250. 24.46 0.37 0.89E-D2 0.22E-D3 0.40E+02

DEPTH 137. CM
TIME WATER Ml\T-POr ~-ror HYD-QW) HYD-<x:N SP-MJIS DIFF
(HR) (00/00) (01) (KPA) (0001) (OOHR) (l/CM) (CM2/HR)

17.5 .4175 4. 0.44 0.15 0.lIE+01 0.13E-03 0.88E+04
25.0 .4149 25. 2.43 0.21 0.4IE+00 0.13E-D3 0.33E+04
35.0 .4121 41. 3.98 0.24 0.43E+OO 0.24E-D3 0.18E+04
45.0 .4095 51. 5.00 0.28 0.38E+00 0.30E-03 0.13E+04
55.0 .4069 63. 6.18 0.48 0.15E+00 0.17E-D3 0.86E+03
70.0 .4032 76. 7.41 0.48 0.99E-D1 0.48E-D3 0.2IE+03
90.0 .3990 88. 8.60 0.32 0.81E-D1 0.24E-D3 0.34E+03

110.0 .3961 100. 9.84 0.36 0.57E-D1 0.24E-D3 0.24E+03
130.0 .3938 110. 10.81 0.40 0.48E-D1 0.25E-D3 0.20E+03
165.0 .3904 126. 12.36 0.43 0.33E-D1 0.20E-D3 0.16E+03
195.0 .3878 144. 14.13 0.47 0.12E+01 0.47E-D4 0.25E+05
275.0 .3861 169. 16.53 0.50 0.19E-D2 0.18E-D3 0.11E+02
325.0 .3838 182. 17.88 0.47 0.23E-D1 0.17E-03 0.14E+03
375.0 .3813 196. 19.18 0.43 0.18E-D1 0.24E-D3 0.75E+02
450.0 .3783 212. 20.77 0.43 0.11E-D1 0.15E-D3 0.69E+02
550.0 .3751 23l. 22.65 0.42 0.11E-D1 0.19E-03 0.55E+02
650.0 .3716 248. 24.34 0.39 0.15E-ol 0.22E-03 0.66E+02
750.0 .3674 264. 25.91 0.38 0.24E-ol 0.32E-03 0.75E+02
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SITE H (STIRUMSERIES)

Site H was located in a broad. nearly depressional area in a fallow
field. The location and description are summarized on Table 1 and on
Fig. 2. In-situ measurements and site descriptions were made during
August and October. 1985. Because of slow infiltration rate, several days
were required to fully wet the soil profile.

The Stirum series consists of "poorly drained to very poorly
drained alkali soils on lake plains. These soils occur as nearly level areas
or as slight depressions. They are formed in moderately coarse textured
and coarse textured deposits left by glacial melt water." (USDA,1971).

Infiltration and soil-water content and suction profiles during
wetting were made on this site during irrigation. but at the time of this
report have not yet been analyzed and prepared for presentation.

As with site F, drainage measurements were possible on Site H
because the field had recently been tiled in connection with a 5.000-acre
test plot for the Oakes Irrigation Tract of the Garrison Irrigation Project.
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SITE H, REPLICATION 1
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Table H-I.1. Soll morphologic data for Site H, replication 1.

Site and location: H-I Stlrum, Oakes Aquifer 950 feet south and 360 feet west of the
east quarter comer of Section 29, Township 130 north. Range 59 west. Dickey County,
North Dakota.

Sampled: 10/23/85 by M. D. Sweeney, North Dakota Agricultural Experiment Station,
Fargo, North Dakota.

Soll type and classification: Stlrum sandy loam: coarse-loamy, mixed. frigid. Typic
Natraquoll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin which have been reworked by wind to some extent.

Drainage: Poor (drain for 5,000 acre Oakes test area 200 feet to the north).

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratory texture in parentheis if different from field texture.

Soil profile: H-1north side of pit.

Ap 0-6 inches (0-15 em) very dark gray (lOYR3/ 1)sandy loam (fine sandy loam), gray
(lOYR5/1, dry): moderate medium granular structure: slightly hard. very friable, slighty
sticky and slightly plastic; common very fine roots: strong effervescence; abrupt
smooth boundary.

Bt 6-8 inches (15-20 cm) very dark gray (lOYR3/ 1)sandy loam (fine sandy loam), dark
gray (lOYR4/1, dry): strong coarse and medium angular blocky structure: slightly hard,
very friable, slightly sticky and slightly plastic: few very fine roots: strong efferves-
cence: abrupt smooth boundary.

Btkl 8-15 inches (20-38 cm) gray (lOYR5/1) sandy loam (sandy clay loam). light gray
(lOYR6/ I, dry) with continuous thin clay films. dark gray (lOYR4/ 1)organic stains and
bleached sand grains on prism faces: moderate coarse prismatic parting to moderate
coarse subangular blocky and moderate coarse platy structure: slightly hard, very
friable, slightly sticky and slightly plastic: few very fine roots: violent effervescence:
clear wavy boundary.

Btk2 15-20 inches (38-51 cm) gray (5Y5/1) sandy loam (sandy clay loam). light gray
(2.5Y7/0, dry) with continuous thin clay rums, dark gray (lOYR4/1) organic stains and
bleached sand grains on prism faces: moderate coarse prismatic parting to moderate
coarse and medium subangular blocky and weak coarse platy structure: slightly hard.
very friable. slightly sticky and slightly plastic: few very fine roots: violent
effervescence; clear wavy boundary.

BC 20-29 inches (51-74 cm) olive (5Y5/3) loamy sand (fine sandy loam), pale olive (5Y
6/3. dry) with many thin clay films and gray (5Y 5/1) organic stains on prism faces;
weak coarse prismatic parting to weak subangular blocky and weak platy structure;
soft, very friable. slightly sticky and nonplastic; few very fine roots; strong
effelVescence;abrupt discontinuous boundary.

2Ab 29-33 (74-84 cm) dark gray (lOYR4/1) sandy loam (fine sandy loam), gray (lOYR
5/1. dry): weak coarse prismatic parting to weak coarse and medium subangular blocky
structure; soft. very friable, slightly sticky and slightly plastic; strong effervescence;
abrupt discontinuous boundary.
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C2 33-60 Inches (84-1!52em) Ughtgray to gray (5Y6/1) and strong brown (7.5YR 5/6)
sand. with few medium distinct dark reddish brown (5YR2/2) mottles; single grained:
loose. nonstlcky and nonplastlc; slight effervescence.
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Table H-1.2 STIlU1 SERIES SITE H-1 IDSW:::1985
Soil particle-size, billc density, am organic carl:x:n data
am iIxiioos.

DEPTH PARl'ICIE SIZE CIASSES (MICR:N/Pm::mI')
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 15.3 7.9 11.6 28.2 29.8 5.9 1.0 0.2
23. 15.1 5.6 11.4 29.9 29.9 6.4 1.4 0.2
38. 22.7 5.9 8.9 30.0 26.4 4.9 1.2 0.1
53. 10.5 3.3 9.9 32.8 35.6 6.3 1.5 0.1
69. 8.3 7.7 8.6 17.2 33.3 19.7 4.5 0.7
84. 8.2 4.7 10.8 11.7 30.6 26.5 5.9 1.6
99. 3.9 1.8 4.9 3.9 27.9 43.4 13.5 0.7

114. 0.6 0.4 3.6 1.2 18.7 43.3 32.0 0.3
137. 1.7 2.2 2.1 0.7 11.3 52.9 28.8 0.4

DEPTH SAND SILT CJ..AY HClUZCN
an % % %

8. 65.2 19.5 15.3 A 6 6=p
23. 67.9 17.0 15.1 B 11 9=b
38. 62.5 14.8 22.7 B 1 10 11 10=k
53. 76.3 13.2 10.5 OC 11=t
69. 75.4 16.3 8.3 OC
84. 76.3 15.5 8.2 2A 9
99. 89.4 6.7 3.9 2C 9

114. 95.4 4.0 0.6 2C
137. 94.0 4.3 1.7 2C

DEP'lH SA/SI GEAN mE.V Z F-INDEX ID a::
an mn rrm glee %

8. 3.338 0.0445 6.3 0.0071 0.518 1.27 2.30
23. 3.988 0.0479 6.3 0.0076 0.567 1.74 0.94
38. 4.230 0.0327 7.7 0.0042 0.498 1.70 0.27
53. 5.780 0.0645 5.0 0.0128 0.748 1.70 0.27
69. 4.626 0.0873 5.5 0.0159 0.519 1.67 0.07
84. 4.923 0.1057 5.7 0.0186 0.535 1.62 0.13
99. 13.343 0.2093 3.9 0.0533 0.885 1.69 0.13

114. 23.875 0.3490 2.4 0.1463 1.179 1.59 0.07
137. 21.884 0.3321 3.0 0.1109 1.350 1.53 0.07

DEPTH IDIS'J.'URE/SOCTIO'1 SI.a?E GARDNER K-PAAAMETERS (JAYNE & TYLER)
Gf/DAY-KPA G1!HR-BAR

an CH>SH BWEMEN K-SIa?E K-INr K-SIDPE K-lNI'

8. 2.323 1.945 -0.7886 1.8879 -7.89 0.51
23. 2.164 2.260 -0.8421 1.9662 -8.42 0.59
38. 2.035 2.453 -0.7832 1.8154 -7.83 0.44
53. 1.900 3.159 -0.9850 2.2127 -9.85 0.83
69. 2.087 2.863 -0.9529 2.1866 -9.53 0.81
84. 2.038 2.753 -0.9706 2.2127 -9.71 0.83
99. 1.411 4.037 -1.2094 2.5926 -12.09 1.21

114. 1.153 5.921 -1.3118 2.7695 -13.12 1.39
137. 1.185 6.890 -1.2903 2.7289 -12.90 1.35
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Table H-1.3 SoUsaturation extract water chemistry data. gravimetric water content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site H.
replication 1.

Saturation Extract Soluble Ions
Depth Cl Mg Na K 003 Hoo3 Cl 504
(cm) meqfl
0- 15 :3.68 4.04 1.09 0.76 4.84 0.23 4.50

15 - 30 0.76 1.64 5.21 0.12 0.24 4.20 0.32 2.97
30-46 0.55 0.93 4.56 0.07 0.24 3.76 0.10 2.01
46 - 61 0.42 0.98 6.22 0.06 0.32 4.84 0.20 2.32
61 - 76 0.42 0.58 5.84 0.07 4.08 0.20 2.63
76 - 91 0.63 0.37 5.31 0.08 0.08 3.80 0.10 2.41
91- 107 0.76 0.44 4.79 0.09 3.28 0.20 2.60

107 - 122 0.63 0.25 4.18 0.08 3.32 0.12 1.70
122 - 152 0.51 0.49 4.20 0.11 3.30 0.14 1.87

Depth ECE 8AR H20 at pH C03 Texture 9
Sat clay class 15 bar

(cm) mmhosfcm % % g/gx
100

0- 15 0.70 0.6 42 8.2 Csi 7.49
15 - 30 0.66 4.8 40 8.6 3.4 fsl 6.97
30-46 0.48 5.3 38 8.6 scl; 7.48
46 - 61 0.67 7.4 36 8.6 3.8 Csl 4.86
61 - 76 0.51 8.3 33 8.1 fsl; 4.97
76 - 91 0.57 7.5 31 8.5 fsl 4.94
91- 107 0.51 6.2 26 8.2 5 4.13

107 - 122 0.40 6.3 19 8.2 5 2.04
122 - 152 0.43 5.9 24 8.2 5 2.49
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Table H-1.4 SfIRU1 SERIES STIE H-1 ND5W::1985
Laboratory soll-water retention data

LAB PRESSURE (eM) AID WI\'IER CXNIENr (\AJL.FRlCTIOO)

DEPTH (CM)
8. 23. 38. 53.

CM OC/OC SE

14. 0.5288 0.0156 14. 0.3757 0.0044 14. 0.3615 0.0062 14. 0.3412 0.0015
20. 0.5187 0.0181 20. 0.3606 0.0027 20. 0.3608 0.0057 20. 0.3412 0.0015
30. 0.4875 0.0089 30. 0.3593 0.0002 30. 0.3540 0.0086 30. 0.3426 0.0015
40. 0.4605 0.0060 40. 0.3606 0.0018 40. 0.3464 0.0081 40. 0.3382 0.0006
60. 0.3793 0.0054 60. 0.3425 0.0050 60. 0.3293 0.0027 60. 0.3251 0.0004
80. 0.3225 0.0027 80. 0.3252 0.0049 80. 0.3053 0.0050 80. 0.2944 0.0011

100. 0.2971 0.0002 100. 0.3135 0.0046 100. 0.2848 0.0069 100. 0.2652 0.0029
120. 0.2757 0.0013 120. 0.3032 0.0043 120. 0.2711 0.0068 120. 0.2455 0.0032
160. 0.2505 0.0020 160. 0.2859 0.0042 160. 0.2520 0.0068 160. 0.2148 0.0030
238. 0.2268 0.0027 238. 0.2645 0.0041 238. 0.2308 0.0081 238. 0.1922 0.0043
340. 0.2142 0.0019 340. 0.2555 0.0038 340. 0.2225 0.0081 340. 0.1878 0.0063
544. 0.2016 0.0023 544. 0.2396 0.0036 544. 0.2157 0.0061 544. 0.1784 0.0068
850. 0.1868 0.0012 850. 0.2266 0.0005 850. 0.1958 0.0065 850. 0.1579 0.0056

BD= 1.27 1. 74 1. 70 1. 70
N= 2 2 2 2

DEPTH (CM)

69. 84. 99. 114.

14. 0.3281 0.0085 10. 0.2935 0.0021 10. 0.3239 0.0135 14. 0.4707 0.0198
20. 0.3159 0.0089 20. 0.2855 0.0011 20. 0.3203 0.0161 20. 0.4661 0.0211
30. 0.3123 0.0114 40. 0.2734 0.0008 40. 0.2888 0.0082 30. 0.4581 0.0218
40. 0.3095 0.0134 60. 0.2478 0.0047 60. 0.2450 0.0090 40. 0.3660 0.0114
60. 0.2809 0.0183 80. 0.2129 0.0076 80. 0.2143 0.0088 60. 0.2199 0.0224
80. 0.2528 0.0124 100. 0.2122 0.0081 100. 0.2135 0.0083 80. 0.2000 0.0146

100. 0.2348 0.0097 120. 0.2122 0.0081 120. 0.2135 0.0083 100. 0.1946 0.0144
120. 0.2226 0.0091 180. 0.1867 0.0072 180. 0.1953 0.0129 120. 0.1940 0.0148
160. 0.2046 0.0074 334. 0.1565 0.0068 334. 0.1719 0.0148 160. 0.1866 0.0141
238. 0.1881 0.0078 530. 0.1504 0.0082 530. 0.1580 0.0153 238. 0.1831 0.0126
340. 0.1788 0.0062 834. 0.1336 0.0030 834. 0.1434 0.0131 340. 0.1825 0.0130
544. 0.1716 0.0061 544. 0.1785 0.0138
850. 0.1551 0.0055 850. 0.1740 0.0151

BD= 1.67 1.62 1.69 1.59
N= 2 2 2 2

DEPTH (CM)

137.

14. 0.6463 0.1439
20. 0.4491 0.0608
30. 0.3840 0.0575
40. 0.2290 0.0702
60. 0.1749 0.0687
80. 0.1659 0.0671

100. 0.1594 0.0638
120. 0.1543 0.0626
160. 0.1469 0.0599
238. 0.1384 0.0563
340. 0.1339 0.0531
544. 0.1255 0.0496
850. 0.1159 0.0452

BD= 1.53
N= 2
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Table H-1.5 HAMAJRSERIES SITE H -1 (N[>5W: 1984)
In-situ K(9,'lf) and ~'lI>, and laboratory K(9,'lf)
d3.ta.

STIRlM SERIES SITE H-1 (IDSC 1985)

RI<E\RDS PARAMETEHS

DEPI'H 8. CM
TIME WATER MI\T--POl' MI\T-ror HYIH;lW) HYD-<XN SP-M)IS DIFF
(RR) (00/00) (Q~) (KPA) (CM/CM) (CM/HR> (l/CM) (Q.Q/HR>

3.5 .4027 O. 0.00 2.15 0.24E-Q1 0.72E-Q3 0.34E+02
4.5 .3961 9. 0.85 2.38 0.20E-Q1 0.84E-Q3 0.24E+02
6.2 .3914 10. 1.72 2.55 0.37E-Q2 0.3IE-Q3 0.12E+02
8.7 .3878 27. 2.62 2.48 0.5IE-Q2 0.52E-Q3 0.98E+01

12.5 .3841 34. 3.37 2.42 0.20E-Q2 0.44E-Q3 0.44E+01
17.5 .3803 4l. 4.02 2.32 0.30E-Q2 0.77E-Q3 0.39E+01
22.5 .3761 47. 4.62 2.20 0.25E-Q2 0.6OE-Q3 0.4IE+01
27.5 •3720 53 • 5.17 2.08 0.34E-Q2 0.92E-Q3 0.36E+01
35.0 .3649 57 • 5.62 2.00 0.37E-Q2 0.24E-Q2 O.l5E+Ol
45.0 •3565 61. 6.02 1.92 0.28E-Q2 0.18E-Q2 0.16E+01
80.0 .3427 n. 7.09 1.73 0.12E-Q2 0.10E-Q2 0.12E+01

100.0 .3374 77• 7.59 1.62 0.12E-Q2 0.lIE-Q2 0.lIE+01
120.0 •3334 82. 8.02 1.53 0.74E-Q3 0.75E-Q3 0.99E+00
140.0 .3302 86. 8.42 1.45 0.9IE-Q3 0.87E-Q3 0.10E+Ol
160.0 .3275 89. 8.77 1.37 0.55E-Q3 0.66E-Q3 0.83E+00
210.0 .3196 96. 9.39 1.22 0.lIE-Q2 0.15E-Q2 0.74E+00
300.0 .3117 105. 10.29 0.93 0.16E-Q3 0.23E-Q3 0.69E+00
400.0 .3097 112. 11.02 0.68 0.22E-Q3 0.33E-Q3 0.67E+00
500.0 .3080 117. 11.47 0.63 0.18E-Q3 0.49E-Q3 0.36E+00
625.0 .3034 121. 11.82 0.65 0.6lE-Q3 0.20E-Q2 0.3IE+00
800.0 .2983 127. 12.42 0.48 0.19E-Q3 0.30E-Q3 0.63E+00

1000.0 .2961 133. 13.02 0.33 0.22E-Q3 0.49E-Q3 0.46E+00

DEPI'H 23. CM
TIME WATER MI\T--POl' MI\T-ror HYIH;lW) HYD-<XN SP-M)IS DIFF
(RR) (00/00) (0-1) (KPA) (CM/CM) (CM/HR> (l/CM) (Q.Q/RR)

2.5 .3918 O. 0.02 2.13 0.49E-Q1 0.45E-Q3 0.lIE+03
3.5 .3879 9. 0.86 2.15 0.65E-Q1 0.48E-Q3 0.13E+03
4.5 .3834 1~5. 1.47 2.38 0.53E-Q1 0.39E-Q3 0.14E+03
6.2 .3799 26. 2.57 2.55 0.lIE-Q1 0.3IE-Q3 0.35E+02
8.7 .3770 36. 3.54 2.48 0.14E-Q1 0.40E-Q3 0.35E+02

12.5 .3740 4·1- 4.29 2.42 0.57E-Q2 0.45E-Q3 0.13E+02
17.5 .3707 50. 4.90 2.32 0.86E-Q2 0.73E-Q3 0.12E+02
22.5 .3676 55. 5.44 2.20 0.66E-Q2 0.46E-03 0.14E+02
27.5 .3649 60. 5.92 2.08 0.90E-Q2 0.72E-03 0.12E+02
35.0 .3607 65. 6.32 2.00 0.94E-Q2 0.15E-Q2 0.62E+01
45.0 .3559 613. 6.67 1.92 0.73E-Q2 0.13E-Q2 0.55E+01
80.0 .3477 713. 7.62 1.73 0.32E-Q2 0.78E-Q3 0.4IE+01

100.0 .3446 82. 8.04 1.62 0.30E-02 0.73E-Q3 0.4IE+01
120.0 .3423 86. 8.41 1.53 o .19E-Q2 . O.50E-Q3 0.38E+01
140.0 .3405 89. 8.75 1.45 0.23E-Q2 0.57E-03 0.40E+01
160.0 .3390 9:2. 9.04 1.37 0.14E-Q2 0.45E-Q3 0.32E+01
210.0 .3335 9'7. 9.54 1.22 0.29E-02 0.13E-Q2 0.23E+01
300.0 .3291 104. 10.24 0.93 0.24E-Q3 ******** ********
400.0 .3293 110. 10.77 0.68 0.49E-Q3 0.10E-Q3 0.49E+01
500.0 .3266 114. 11.19 0.63 0.96E-Q3 0.14E-Q2 0.67E+00
625.0 .3209 11:8• 11.55 0.65 0.17E-Q2 0.17E-Q2 0.10E+01
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DEPTH 23. CM (CXNr)
800.0 .3172 123. 12.02 0.48 0.46E-Q3 0.17E-Q3 0.27E+01

1000.0 .3161 128. 12.50 0.33 0.58E-Q3 0.3lE-Q3 0.19E+01

DEPTH 38. CM SITE H-1
TIME WATER MP.T-POr M2IT-roI'flYD-GW) HYD-<XN S1?~IS DIFF
(HR) (00/00) (eM) (KPA) (Qvt/CM) (Qvt/HR) (1/eM) (Q12/HR)

0.5 .3602 5. 0.48 3.24 0.33E-Q1 0.23E-Q3 0.14E+03
1.5 .3594 11. 1.12 3.25 0.43E-Q1 0.34E-Q3 0.13E+03
2.5 .3585 18. 1.79 3.12 0.43E-Q1 0.15E-Q3 0.28E+03
3.5 .3574 28. 2.70 2.82 0.67E-Q1 0.20E-Q3 0.33E+03
4.5 .3556 39. 3.78 2.43 0.72E-Q1 0.19E-Q3 0.38E+03
6.2 .3538 48. 4.75 2.05 0.20E-Q1 0.25E-Q3 0.79E+02
8.7 .3523 55. 5.36 1.74 0.28E-Q1 0.28E-Q3 0.10E+03

12.5 .3506 60. 5.85 1.49 0.14E-Q1 0.47E-Q3 0.29E+02
17.5 .3487 64. 6.23 1.33 0.22E-Q1 0.54E-Q3 0.4lE+02
22.5 .3471 67. 6.57 1.21 0.16E-Q1 0.42E-Q3 0.39E+02
27.5 .3455 70. 6.85 1.07 0.25E-Q1 0.80E-Q3 0.3lE+02
35.0 .3437 72. 7.02 0.87 0.28E-Q1 0.15E-Q2 0.18E+02
45.0 .3417 74. 7.24 0.81 0.24E-Q1 0.7lE-Q3 0.34E+02
80.0 .3353 81. 7.98 0.72 0.llE-Q1 0.76E-Q3 0.14E+02

100.0 .3332 84. 8.28 0.69 0.95E-Q2 0.63E-Q3 0.15E+02
120.0 .3317 87. 8.57 0.67 0.6lE-Q2 0.4lE-Q3 0.15E+02
140.0 .3308 90. 8.83 0.65 0.66E-02 0.27E-Q3 0.24E+02
160.0 .3303 92. 9.04 0.64 0.39E-Q2 0.19E-Q3 0.2lE+02
210.0 .3271 96. 9.39 0.57 0.89E-Q2 0.l2E-Q2 0.75E+0l
400.0 .3245 103. 10.07 0.39 0.llE-Q2 0.35E-Q3 0.33E+01
500.0 .3211 106. 10.37 0.29 0.50E-Q2 0.18E-02 0.28E+01
625.0 .3158 109. 10.68 0.20 0.84E-Q2 0.16E-Q2 0.5lE+01
DCERIN:; 1-SI'EPDA'ffi

0.9 .2933 60. 5.90 83.33 0.3lE-Q2 0.70E-Q3 . 0.45E+01
1.0 .2925 61. 6.01 83.33 0.29E-02 0.68E-03 0.43E+01
1.0 .2918 62. 6.11 83.33 0.28E-Q2 0.67E-03 0.4lE+01
1.1 .2911 63. 6.21 83.33 0.26E-Q2 0.66E-03 0.40E+01
1.1 .2905 64. 6.31 83.33 0.25E-Q2 0.65E-03 0.38E+01
1.2 .2898 65. 6.41 83.33 0.24E-Q2 0.64E-03 0.37E+01
1.2 .2892 66. 6.50 83.33 0.23E-D2 0.63E-D3 0.36E+01
1.3 .2887 67. 6.59 83.33 0.22E-D2 0.62E-D3 O.35E+01
1.3 .2881 68. 6.68 83.33 0.2lE-Q2 0.6lE-D3 0.34E+01
1.4 .2876 69. 6.77 83.33 0.20E-02 0.60E-D3 0.33E+01
1.4 .2871 70. 6.85 83.33 0.19E-Q2 O.59E-D3 0.32E+01
1.5 .2866 71. 6.93 83.33 0.18E-Q2 O.58E-D3 0.3lE+0l
1.5 .2861 72. 7.01 83.33 0.18E-02 0.57E-D3 0.3lE+01
1.6 .2856 72. 7.09 83.33 0.17E-Q2 0.57E-03 0.30E+01
1.6 .2852 73. 7.17 83.33 0.16E-D2 0.56E-D3 0.29E+01
1.7 .2848 74. 7.24 83.33 0.16E-Q2 0.55E-D3 O.29E+01
1.7 .2844 75. 7.32 83.33 0.15E-02 0.55E-03 0.28E+0l
1.8 .2840 75. 7.39 83.33 0.15E-Q2 0.54E-03 0.27E+01
1.8 .2836 76. 7.46 83.33 0.14E-Q2 0.53E-D3 0.27E+0l
1.9 .2832 77. 7.53 83.33 0.14E-Q2 0.53E-D3 0.26E+01
1.9 .2828 78. 7.60 83.33 0.14E-Q2 0.52E-Q3 0.26E+01
2.0 .2825 78. 7.67 83.33 O.13E-Q2 0.52E-Q3 O.25E+01
2.0 .2821 79. 7.73 83.33 0.13E-02 0.5lE-03 0.25E+0l
2.1 .2818 80. 7.80 83.33 0.12E-02 0.51E-Q3 0.24E+0l
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DEPTH 38. CM SITEH-1
TIME WATER MM'-·POr MM'-POr HYJX;EW) HYD-<:cN SP-M:lIS DIFF
(HR) (CM3/CM3) «(}IO (!<PA) (01/01) (01/HR) (1/01) (CM2/HR)

2.1 .2815 80. 7.86 83.33 0.12E-02 0.5OE-03 0.24E+01
2.2 .2811 8l. 7.93 83.33 0.12E-02 0.5OE-03 0.24E+01
2.2 .2808 8l. 7.99 83.33 0.12E-02 0.49E-03 0.23E+01
2.3 .2805 8~~. 8.05 83.33 0.11£-02 0.49E-03 0.23E+01
2.3 .2802 83. 8.11 83.33 0.11£-02 0.49E-03 0.23E+01
2.4 .2799 83. 8.17 83.33 0.11£-02 0.48E-03 0.22E+01
2.4 .2796 8~1. 8.23 83.33 0.10£-02 0.48E-03 0.22E+01
2.5 .2793 8S. 8.29 83.33 0.10E-02 0.41£-03 0.22E+01
2.5 .2791 8S. 8.34 83.33 0.10E-02 0.41£-03 0.21£+01
2.6 .2788 86. 8.40 83.33 0.98E-03 0.41£-03 0.21£+01
2.6 .2785 86. 8.46 83.33 0.96E-03 0.46E-03 0.21£+01
2.7 .2783 87. 8.51 83.33 0.94E-03 0.46E-03 0.21£+01
2.7 .2780 87. 8.56 83.33 0.92E-03 0.46E-03 0.20E+01
2.8 .2718 88. 8.62 83.33 0.91£-03 0.45E-03 0.20E+01
2.8 .2715 88. 8.67 83.33 0.89E-03 0.45E-03 0.20E+01
2.9 .2713 89. 8.72 83.33 0.81£-03 0.45E-03 0.20E+01
4.9 .•2700 107. 10.49 83.33 0.50E-03 0.36E-03 0.14E+01
8.9 .2623 131. 12.86 83.33 0.29E-03 0.29E-03 0.10E+01

12.9 .2576 149. 14.60 83.33 0.22E-03 0.25E-03 0.90E+00
16.9 .2542 163. 16.01 83.33 0.19E-03 0.22E-03 0.81£+00
20.9 .2515 176. 17.21 83.33 0.18E-03 0.21£-03 0.88E+00
24.9 .2494 186. 18.27 83.33 0.18E-03 0.19E-03 0.94E+00
28.9 .2476 196. 19.22 83.33 0.19E-03 0.18E-03 0.11£+01
32.9 .2460 205. 20.09 83.33 0.22E-03 0.11£-03 0.13E+01
36.9 .2446 213. 20.89 83.33 0.21£-03 0.16E-03 0.11£+01
40.9 .2434 221. 21.64 83.33 0.42E-03 0.16E-03 0.26E+01
44.9 .2423 228. 22.34 83.33 0.12E-02 0.15E-03 0.76E+01

DEPTH 53. 01 SITE H-1
TIME WATER MM'--POr MM'-POr HYD-GRAD HYD-<:cN SP-M:lIS DIFF
(HR) (CM3/CM3) (CN) (!<PA) (01/01) (01/HR) (1/01) (CM2/HR)

0.5 .3432 33. 3.26 0.75 0.15E+00 0.29E-03 0.53E+03
1.5 .3427 3~;. 3.44 0.63 0.24E+00 0.25E-03 0.96E+03
2.5 .3422 37. 3.67 0.55 0.26E+00 0.18E-03 0.14E+04
3.5 .3417 4l. 4.03 0.50 0.41£+00 0.11£-03 0.31£+04
4.5 .3404 47. 4.57 0.40 0.51£+00 0.31£-03 0.11£+04
6.2 .3392 52. 5.09 0.35 0.13E+00 0.13E-03 0.10E+04
8.7 .3384 5~). 5.41 0.32 0.18E+00 0.36E-03 0.49E+03

12.5 .3374 58. 5.66 0.28 0.88E-01 0.44E-03 0.20E+03
17.5 .3364 60. 5.89 0.25 0.13E+00 0.44E-03 0.30E+03
22.5 .3352 62. 6.10 0.20 0.12E+00 0.75E-03 0.16E+03
27.5 .3332 6·L 6.29 0.22 0.15E+00 0.14E-02 0.11£+03
45.0 .3285 67. 6.54 0.28 0.83E-01 0.92E-03 0.90E+02
80.0 .3197 73. 7.12 0.17 0.61£-01 0.12E-02 0.50E+02

100.0 .3166 76. 7.40 0.17 0.49E-01 0.98E-03 0.50E+02
120.0 .3145 78. 7.65 0.13 0.39E-01 0.69E-03 0.51£+02
140.0 .3132 80. 7.87 0.10 0.49E-01 0.49E-03 0.10E+03
160.0 .3118 82. 8.07 0.10 0.33E-01 0.86E-03 0.38E+02
210.0 .3062 85. 8.35 0.07 0.98E-01 0.26E-02 0.31£+02
500.0 .2965 93. 9.14 0.08 0.21£-01 0.20E-02 0.13E+02
625.0 .2910 96. 9.39 0.08 0.21£-01 0.24E-02 0.11£+02
800.0 .2874 913. 9.63 0.10 0.39E-02 0.71£-03 0.50E+01

1000.0 .2853 10l. 9.89 0.12 0.31£-02 0.79E-03 0.41£+01
53-<J.1(CCNI'.NEXT PAGE)
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DOERIN:; I-STEP DATA (53 Q.1)

6.2 .2816 84. 8.28 83.33 0.73E-03 0.13E-02 0.55E+00
6.3 .2814 85. 8.29 83.33 0.73E-03 0.13E-02 0.55E+00
6.3 .2812 85. 8.31 83.33 0.72E-03 0.13E-02 0.55E+00
6.4 .2809 85. 8.33 83.33 0.71E-03 0.13E-02 0.54E+00
6.4 .2807 85. 8.34 83.33 0.70E-03 0.13E-02 0.54E+00
6.5 .2805 85. 8.36 83.33 0.70E-03 0.13E-02 0.54E+00
6.5 .2803 85. 8.38 83.33 0.69E-03 0.13E-02 0.53E+OO
6.6 .2801 86. 8.39 83.33 0.68E-03 0.13E-02 0.53E+00
6.6 .2798 86. 8.41 83.33 0.68E-03 0.13E-02 0.53E+OO
6.7 .2796 86. 8.43 83.33 0.67E-03 0.13E-02 0.52E+00
6.7 .2794 86. 8.44 83.33 0.66E-03 0.13E-02 0.52E+00
6.8 .2792 86. 8.46 83.33 0.66E-03 0.13E-02 0.52E+00
6.8 .2790 86. 8.48 83.33 0.65E-03 0.13E-02 0.51E+00
6.9 .2788 87. 8.49 83.33 0.64E-03 0.13E-02 0.51E+00
6.9 .2786 87. 8.51 83.33 0.64E-03 0.13E-02 0.51E+00

DEPTH 53. CM SI'IEH-1
TIME WATER M1IT-POT t-M'-ror HYD-GRAD HYD-CCN SP-M)IS DIFF
(HR.) (CM3/CM3) (CM) (KPA) (CM/CM) (CM/HR) (l/eM) (CM2/HR)

7.0 .2784 87. 8.52 83.33 0.63E-03 O.13E-02 0.50E+OO
7.0 .2782 87. 8.54 83.33 0.63E-03 0.13E-02 0.50E+00
7.1 .2780 87. 8.56 83.33 0.62E-03 0.12E-02 O.50E+00
7.1 .2778 87. 8.57 83.33 0.61E-03 0.12E-02 0.49E+00
7.2 .2776 88. 8.59 83.33 0.61E-03 0.12E-02 0.49E+OO
7.2 .2774 88. 8.60 83.33 0.60E-03 0.12E-02 0.49E+00
7.3 .2772 88. 8.62 83.33 0.60E-03 0.12E-02 0.48E+00
7.3 .2770 88. 8.63 83.33 0.59E-03 0.12E-02 0.48E+00
7.4 .2768 88. 8.65 83.33 0.59E-03 0.12E-02 0.48E+00
7.4 .2766 88. 8.66 83.33 0.58E-03 0.12E-02 O.48E+00
7.5 .2764 89. 8.68 83.33 0.58E-03 0.12E-02 0.47E+00
7.5 .2762 89. 8.70 83.33 0.57E-03 0.12E-02 0.47E+00
7.6 .2760 89. 8.71 83.33 0.57E-03 0.12E-02 0.47E+00
7.6 .2758 89. 8.73 83.33 0.56E-03 0.12E-02 0.47E+00
7.7 .2757 89. 8.74 83.33 0.56E-03 0.12E-02 0.46E+00
7.7 .2755 89. 8.76 83.33 0.55E-03 0.12E-02 0.46E+00
7.8 .2753 89. 8.77 83.33 0.55E-03 0.12E-02 0.46E+00
7.8 .2751 90. 8.79 83.33 0.54E-03 0.12E-02 0.45E+00
7.9 .2749 90. 8.80 83.33 0.54E-03 0.12E-02 0.45E+00
7.9 .2748 90. 8.81 83.33 0.53E-03 0.12E-02 O.45E+00
8.0 .2746 90. 8.83 83.33 0.53E-03 0.12E-02 0.45E+00
8.0 .2744 90. 8.84 83.33 0.52E-03 0.12E-02 0.45E+00
8.1 .2742 90. 8.86 83.33 0.52E-03 0.12E-02 0.44E+00

10.1 .2680 96. 9.41 83.33 0.39E-03 0.11E-02 0.36E+00
14.1 .2590 105. 10.31 83.33 0.25E-Q3 0.90E-Q3 0.28E+00
18.1 .2525 113. 11.07 83.33 0.18E-Q3 0.79E-Q3 0.22E+00
22.1 .2474 120. 11.73 83.33 0.14E-Q3 0.72E-Q3 0.19E+00
26.1 .2432 126. 12.32 83.33 0.l1E-Q3 0.66E-03 0.17E+00
30.1 .2397 131. 12.87 83.33 0.91E-04 0.61E-03 0.15E+00
34.1 .2366 136. 13.37 83.33 0.77E-04 0.57E-03 0.13E+00
38.1 .2340 141. 13.84 83.33 0.66E-Q4 0.54E-Q3 0.12E+00
42.1 .2316 146. 14.29 83.33 0.58E-Q4 0.5IE-Q3 O.lIE+OO
46.1 .2295 150. 14.71 83.33 0.51E-Q4 0.48E-Q3 O.lIE+OO
50.1 .2275 154. 15.11 83.33 0.46E-04 0.46E-03 0.10E+00
54.1 .2258 158. 15.50 83.33 0.4IE-Q4 O.44E-03 O.94E-0l
58.1 .2241 162. 15.87 83.33 0.38E-Q4 0.42E-Q3 0.89E-0l

122.0 .2078 211. 20.65 83.33 0.14E-Q4 0.27E-Q3 0.53E-Q1
194.0 .1981 253. 24.81 83.33 0.76E-Q5 0.19E-OJ 0.40E-0l
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DEPTH 53. 001 (am)
266.0 .1919 290. 28.39 83.33 0.51E-Q5 0.15E-Q3 0.33E-Q1
338.0 .1872 323. 31.67 83.33 0.38E-Q5 0.13E-Q3 0.30E-Q1
410.0 .1836 354. 34.15 83.33 0.30E-Q5 0.11E-Q3 0.28E-Q1
482.0 .1806 38S. 31.11 83.33 0.25E-Q5 0.93E-Q4 0.21E-Q1
554.0 .1180 41~1. 40.58 83.33 0.21E-Q5 0.82E-Q4 0.26E-Q1
626.0 .1158 443. 43.39 83.33 0.19E-Q5 0.13E-Q4 0.26E-Q1

DEPTH 69. CM SITEH-1
TIME WATER w.T--POl' M1IT-roI' fM>-GW) HYD-<X:N SP~IS DIFF
(HR) (Qo13/oo) (01) (KPA) (Qo1/CM) (Qo1/HR) (1/001) (OO/HR)

0.5 .3612 2H. 2.15 0.59 0.21E+00 0.68E-Q3 0.30E+03
1.5 .3601 29. 2.83 0.55 0.29E+OO 0.68E-Q3 0.43E+03
2.5 .3600 30. 2.96 0.50 0.31E+OO 0.38E-Q3 0.80E+03
3.5 .3590 33. 3.21 0.42 0.52E+00 0.39E-Q3 0.13E+04
4.5 .3512 Yl. 3.60 0.32 0.15E+00 0.48E-Q3 0.16E+04
6.2 .3552 41- 4.04 0.21 0.20E+OO 0.45E-Q3 0.45E+03
8.1 .3501 4S. 4.36 0.29 0.30E+OO 0.31E-Q2 0.80E+02

12.5 .3482 47. 4.58 0.21 0.13E-Q1 ******** ********
11.5 .3498 4H. 4.72 0.20 O.l9E+OO 0.15E-Q2 0.12E+03
22.5 .3482 50. 4.85 0.15 O.l9E+OO 0.86E-Q3 0.22E+03
21.5 .3465 51- 5.03 0.12 0.34E+00 0.11E-Q2 0.30E+03
35.0 .3446 53. 5.19 0.13 0.22E+00 0.12E-Q2 0.19E+03
45.0 .3421 5S. 5.39 0.18 0.15E+00 0.89E-Q3 0.11E+03
80.0 .3375 60. 5.93 0.23 0.54E-Q1 0.99E-Q3 0.54E+02

100.0 .3353 63. 6.19 0.22 0.44E-Q1 0.66E-Q3 0.61E+02
120.0 .3338 6S. 6.38 0.11 0.38E-Q1 0.10E-Q2 0.38E+02

* 140.0 .3325 6"l. 6.52 0.10 0.56E-Q1 0.66E-Q3 0.85E+02
160.0 .3310 6H. 6.70 0.07 0.70E-Q1 0.99E-Q3 0.71E+02
210.0 .3255 71- 6.92 0.03 0.25E+OO 0.35E-Q2 0.71E+02

DCERJN; 1-SI'EP DA'm.
6.7 .2799 61- 5.94 83.33 0.95E-Q3 0.16E-02 0.59E+00

10.7 .2652 71. 6.96 83.33 0.50E-Q3 0.12E-Q2 0.40E+00
14.7 .2557 79. 7.78 83.33 0.32E-Q3 0.10E-Q2 0.31E+00
18.7 .2488 87. 8.49 83.33 0.23E-Q3 0.89E-Q3 0.26E+00
22.7 .2433 93. 9.13 83.33 0.11E-Q3 0.79E-Q3 0.22E+00
26.7 .2388 99. 9.11 83.33 0.14E-Q3 0.72E-Q3 0.19E+00
30.7 .2350 10~;. 10.26 83.33 0.11E-Q3 0.66E-Q3 0.18E+00
34.7 .2317 110. 10.77 83.33 0.91E-Q4 0.6lE-Q3 0.16E+00
38.7 .2288 11~;. 11.25 83.33 0.83E-Q4 0.56E-Q3 0.15E+00
42.7 .2263 119. 11.11 83.33 0.73E-Q4 0.53E-Q3 0.14E+00
46.7 .2240 124. 12.16 83.33 0.64E-04 0.50E-Q3 0.13E+00
50.7 .2218 128. 12.59 83.33 0.51E-Q4 0.41E-Q3 0.12E+00

122.0 .2006 192. 18.81 83.33 0.11E-Q4 0.24E-Q3 0.71E-Q1
194.0 .1902 245. 23.97 83.33 0.94E-Q5 0.16E-Q3 0.58E-01
266.0 .1834 293. 28.73 83.33 0.64E-Q5 0.12E-03 0.53E-Q1
338.0 .1785 340. 33.31 83.33 0.50E-Q5 0.94E-Q4 0.53E-Q1

DEPTH 84. CM SITE H-1
TIME WATER M1IT--POl' MA.T-roI' HY'f)-GW) HYD-<X:N SP~IS DIFF
(HR) (00/00) (CN) (KPA) «(}.1/CM) «(}.1/HR) (1/001) (OO/HR.)

0.5 .3245 20. 1.93 0.36 0.36E+OO 0.11E-Q2 0.22E+03
1.5 .3240 20. 1.96 0.34 0.50E+00 0.11E-02 0.45E+03
2.5 .3231 2l. 2.04 0.32 0.53E+00 0.99E-03 0.54E+03
3.5 .3210 23. 2.22 0.29 0.81E+00 0.13E-02 0.61E+03
4.5 .3173 25. 2.50 0.23 0.12E+01 0.13E-02 0.93E+03
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DEPI'H 84. CN (CXNr)
6.2 .3131 29. 2.82 0.13 0.53E+00 0.12E-02 0.43E+03
8.7 .3064 32. 3.10 0.08 0.17E+01 0.36E-02 0.47E+03

17.5 .3037 36. 3.50 0.18 0.24E+00 0.20E-02 0.12E+03
22.5 .3013 37. 3.66 0.25 0.14E+00 0.12E-02 0.llE+03
27.5 .2994 39. 3.83 0.27 O.l7E+OO 0.llE-02 0.15E+03
35.0 .2977 41. 3.99 0.25 0.13E+00 0.98E-03 0.13E+03
45.0 .2959 42. 4.16 0.18 0.16E+00 0.llE-02 0.15E+03
80.0 .2761 48. 4.70 0.13 O.llE+oo 0.77E-03 0.14E+03

100.0 .2737 51. 4.95 0.13 0.83E-01 0.13E-02 0.66E+02
120.0 .2721 52. 5.10 0.13 0.54E-01 0.64E-03 0.85E+02
140.0 .2711 53. 5.20 0.13 0.49E-01 0.13E-Q2 0.37E+02
160.0 .2698 54. 5.33 0.10 0.59E-01 0.89E-03 0.67E+02
210.0 .2658 56. 5.53 0.10 0.10E+00 0.26E-02 0.39E+02

*300.0 .2622 58. 5.72 0.18 0.29E-02 0.58E-03 0.50E+01
500.0 .2622 64. 6.27 0.08 0.46E-01 0.10E-02 0.44E+02
625.0 .2567 67. 6.53 0.09 0.42E-01 0.34E-02 0.12E+02

DEPI'H 99. CN SITE H-1
TIME WATER MAT-POl' MAT-POl' HYD-GRAD H'tIHXN SP4DIS DIFF
(HR) (CN3/oo) (CN) (KPA) (CN/CN) (CN/HR) (l/CN) (CN2/HR)

0.5 .2420 16. 1.55 1.06 0.13E+00 0.87E-03 0.15E+03
1.5 .2414 16. 1.60 1.10 0.16E+00 0.16E-02 0.10E+03
2.5 .2403 17. 1.66 1.08 0.17E+00 0.19E-02 0.92E+02
3.5 .2378 18. 1.76 1.02 0.29E+00 0.29E-02 0.10E+03
4.5 .2334 19. 1.91 0.88 0.4lE+00 0.30E-02 0.14E+03
6.2 .2280 21. 2.09 0.80 0.12E+00 0.27E-02 0.45E+02
8.7 .2228 24. 2.31 0.77 0.24E+00 0.20E-02 0.12E+03

12.5 .2183 26. 2.54 0.73 0.12E-01 0.20E-02 0.57E+01
17.5 .2147 28. 2.74 0.73 0.7lE-01 0.17E-02 0.43E+02
22.5 .2115 30. 2.91 0.69 0.6lE-01 0.22E-02 0.28E+02
27.5 .2087 31. 3.02 0.61 0.85E-01 0.26E-02 0.32E+02
35.0 .2066 32. 3.11 0.54 0.65E-01 0.20E-02 0.33E+02
45.0 .2045 32. 3.18 0.48 0.70E-01 0.34E-02 0.2lE+02
80.0 .1782 37. 3.65 0.72 0.24E-01 0.17E-02 0.14E+02

100.0 .1749 38. 3.77 0.64 0.24E-Ql 0.40E-02 0.60E+01
140.0 .1726 40. 3.88 0.56 0.14E-01 0.25E-02 0.58E+01
160.0 .1712 40. 3.92 0.52 0.15E-01 0.29E-02 0.50E+01
210.0 .1665 42. 4.13 0.53 0.22E-01 0.2lE-02 0.llE+02
300.0 .1619 45. 4.40 0.54 0.15E-02 0.llE-02 0.14E+0l
500.0 .1586 48. 4.67 0.42 0.10E-01 0.13E-02 0.82E+01
625.0 .1568 49. 4.83 0.35 O.l3E-Ql 0.87E-03 0.15E+02

DEPI'H 114. CN
TIME WATER MA.T-POl'MA.T-POr HYD-GRAD HYD--<XN SP4DIS DIFF
(HR) (00/00) (CN) (KPA) (CN/CN) (CN/HR) (1/CN) (OO/HR)

0.5 .2004 23. 2.25 2.05 0.69E-01 0.64E-03 0.l1E+03
1.5 .1998 24. 2.30 2.01 0.94E-01 0.24E-02 0.40E+02
2.5 .1990 24. 2.34 1.97 0.1lE+00 0.47E-02 0.22E+02
3.5 .1975 24. 2.37 1.94 0.18E+00 0.7lE-02 0.25E+02
4.5 .1946 25. 2.41 1.92 0.23E+00 0.10E-01 0.22E+02
6.2 .1903 25. 2.49 1.84 0.71E-01 0.55E-02 0.13E+02
8.7 .1852 27. 2.62 1.70 0.13E+00 0.47E-02 0.27E+02

12.5 .1799 28. 2.74 1.57 0.15E-0l 0.54E-02 0.27E+0l
17.5 .1750 29. 2.86 1.45 0.44E-Ql 0.38E-02 0.l1E+02
22.5 .1714 30• 2.94 1.36 0.38E-0l 0.74E-02 0.52E+01
27.5 .1684 30. 2.98 1.33 0.45E-01 0.13E-Q1 0.34E+01
35.0 .1659 31. 3.00 1.31 0.29E-Q1 0.95E-Q2 0.31E+01
45.0 .1637 31. 3.03 1.29 O.29E-0l 0.84E-Q2 0.34E+0l
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SITE H, REPLICATION 2
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Table H-2.1. SoUmorphologic data for Site H, replication 2

Site and location: H-2 Stlrum, Oakes Aquifer 955 feet south and 360 feet west of the
east quarter corner of Section 29, Township 130 north, Range 59 west. Dickey County,
North Dakota.

Sampled: 10/23/85 by M. D. Sweeney, North Dakota Agricultural Experiment Station,
Fargo, North nakota.

SoUtype and classification: Stirum sandy loam; coarse-loamy, mixed, frigid Typic
Natraquoll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin which have been reworked by wind to some extent.

Drainage: Poor (drain for 5,000 acres Oakes test are 200 feet to the north).

N01ES; Moist colors otherwise specified. piece of pipe buried at 14 inches. Laboratory
texture in parenthesis if different from field texture.

SoUproffie: H-2 south side of pit.

Ap 0-6 inches (0-15 em) very dark gray (lOYR3/1)sandy loam (fmesandy loam), gray
(lOYR5/1, dry); moderate medium granular structure; slightly hard, very friable,
slightly sticky and slightly plastic; common very fine roots; strong effervescence;
abrupt smooth boundary.

Bt 6-9 inches (15-23 em) very dark gray (lOYR3/1) sandy loam (finesandy loam), dark
gray (lOYR4/1, dry); strong coarse and medium angular blocky structure; slightly hard.
very friable. slightly sticky and slightly plastic; fewvery fine roots; strong effervescen-
ce; abrupt smooth boundary.

Btkl 9-12 inches (23-30 em)gray (lOYR5/1) sandy loam (fine sandy loam), light gray
(lOYR6/ I, dry) with continuous thin clay films. dark gray (lOYR4/ 1)organic stains and
bleached and grains on prism faces; moderate coarse prismatic parting to moderate
coarse sub angular blocky and moderate coarse platy structure: slightly hard. very
friable. slightly sticky and slightly plastic; few very fine roots, violent effervescence;
clear wavy boundary.

Btk2 12-17 inches (30-43 cm) light brownish gray (2.5Y6/2) sandy loam (sandy clay
loam). light gray (2.5Y7/2. dry) with continuous thin clay ffims. gray (lOYR5/1) organic
stains and bleached sand grains on prism faces: moderate coarse prismatlc parting to
moderate coarse and medium sub angular blocky and weak coarse platy structure;
slightly hard. very friable: slightly sticky and slightly plastic; few very fine roots;
violent effervescence; clear wavy boundary.

B17-23 inches (43-58 em) light olivegray (5Y6/2) loamy sand (fine sandy loam). light
gray (5Y7/2, dry) with many thin clay fUmsand gray (5Y5/1) organic stains on prism
faces; weak coarse prismatic parting to weak medium subangular blocky and weak
platy structure; soft, very friable, slightly sticky and nonplastic; few very fine roots;
strong effervescence; clear wavy boundary.

Be 23-32 inches (58-81 cm) light brownish gray (2.5Y 6/2) and brownish yellow(lOYR
6/6) loamy sand (fine sandy loam). light gray (2.5Y7/2, dry) and yellow(lOYR7/6, dry)
with few medium prominent dark red- dish brown (5YR2/2) mottles and many thin
clay ffims and gray (5Y 5/1) organic stains on prism faces; moderate coarse prismatic
parting to moderate coarse subangular blocky structure; soft. very friable. slightly
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sticky and nonplasUc: slight effervescence with few white lime masses: clear wavy
boundary.

C32-60 inches (81-152 an) light gray to gray (SY6/ 1) and strong brown (7.5YR 5/6) sand.
with few medium distinct dark reddish brown (5YR 2/2) mottles: single grained; loose.
nonsticky and nonplasUc; slight effervescence.
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Table H-2.2 srllUofSERIES SITE H-2 ~:1985
Soil particle-size, b.1lk density, am Ol:ganic carlxl11data
am iroioos.

DEPTH PARTICIE SIZE CIl\SSES (MICKN/PERCENr)
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 13.1 8.7 11.5 29.0 30.8 5.8 0.9 0.1
23. 18.7 9.6 10.2 27.7 27.8 5.1 0.8 0.1
38. 21.3 7.8 7.4 29.6 28.1 4.7 1.0 0.1
54. 15.3 0.4 5.7 35.0 39.5 3.5 0.6 0.1
68. 12.7 9.2 6.4 30.1 36.4 3.8 1.1 0.4
84. 6.8 4.4 8.0 12.4 37.4 27.6 2.6 0.7
99. 10.6 17.8 16.8 9.8 17.3 20.6 5.6 1.4

107. 0.6 1.5 2.7 1.5 16.7 38.1 37.8 1.0
137. 0.2 1.4 2.7 0.6 8.5 44.7 40.6 1.3

DEPTH SAND SILT CI.M H<RIZCN
an % % %

8. 66.7 20.2 13.1 A 6 6=p
23. 61.5 19.8 18.7 B 11 10=k
38. 63.5 15.2 21.3 B 2 10 11 11=t
54. 78.6 6.1 15.3 OC1
68. 71.7 15.6 12.7 0C2
84. 80.8 12.4 6.8 C
99. 54.8 34.6 10.6 C

107. 95.2 4.2 0.6 C
137. 95.7 4.1 0.2 C

DEPTH SA!SI GElIN mE..V Z F-INDEX ID CC
an nm· nm glee %

8. 3.297 0.0483 5.8 0.0084 0.547 1.29 2.10
23. 3.106 0.0361 6.9 0.0052 0.466 1.72 1.10
38. 4.178 0.0342 7.5 0.0045 0.501 1.66 0.60
54. 12.902 0.0552 6.0 0.0092 0.872 1.66 0.07
68. 4.603 0.0518 5.7 0.0090 0.628 1.70 0.27
84. 6.508 0.1125 4.9 0.0231 0.644 1.74 0.13
99. 1.581 0.0569 6.9 0.0082 0.359 1.53 0.40

107. 22.643 0.3650 2.6 0.1424 1.082 1.61 0.07
137. 23.341 0.4143 2.3 0.1826 1.396 1.57 0.00

DEPTH MHSTURE/socrICN SUPE GARDNER K-PARllMETERS (JAYNE & TYLER)
CWDAY-KPA O1!HR-BAR

an GDSH BIDEMEN K-SI!PE K-INT K-SIOPE K-INT
8. 2.351 1.997 -0.8051 1.9314 -8.05 0.55

23. 2.363 2.059 -0.7363 1.7835 -7.36 0.40
38. 2.063 2.263 -0.7932 1.8415 -7.93 0.46
54. 1.319 4.358 -1.0634 2.2823 -10.63 0.90
68. 2.062 2.808 -0.9069 2.0822 -9.07 0.70
84. 1.837 3.123 -1.0517 2.3403 -10.52 0.96
99. 3.150 2.049 -0.5478 1.5863 -5.48 0.21

107. 1.176 5.401 -1.3049 2.7579 -13.05 1.38
137. 1.165 3.759 -1.3140 2.7753 -13.14 1.40
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Table H-2.3 Soil saturation extract water chemistry data. gravimetricwater content
at saturation nnd at 15bar. pH. texture class. and carbonate clay fraction for site H.
replication 2

Saturation Extract Soluble Ions
Depth 01 Mg Na K C03 HC03 CJ 504
(em) meq/I
0- 15 ~t75 2.45 1.18 0.37 3.52 0.15 3.08

15 - 30 0.93 1.47 5.19 0.21 0.16 5.44 0.10 2.10
30 - 46 0.97 1.15 3.70 0.21 4.20 0.12 1.71
46 - 61 0.63 1.25 2.84 0.08 2.96 0.09 1.75
61 - 76 0.38 0.54 4.62 0.07 3.56 0.14 1.91
76 - 91 0.38 0.38 4.37 0.59 0.08 3.40 0.75 1.49
91- 107 0.34 0.94 5.04 0.09 0.16 3.52 0.15 2.58

107 - 122 0.76 0.44 3.78 0.10 0.16 3.84 0.08 1.00
122 - 152 0.68 0.72 3.44 0.09 2.96 0.17 1.80

04.24epth ECE SAR H20 at pH C03 Texture e
Sat clay class 15bar

(cm3.00) mmhos/cm % % g/gx
100

0- 15 0.57 0.7 40 8.1 fsl 7.73
15 - 30 0.62 4.7 42 8.4 fsl 8.49
30 - 46 0.46 3.6 38 8.0 cl 7.20
46 - 61 0.36 2.9 34 8.2 fsl 4.14
61 - 76 0.44 6.8 35 8.2 fsl 5.76
76 - 91 0.44 7.1 34 8.5 Is 4.13
91- 107 0.57 6.3 38 8.4 fsl 8.24

107 - 122 0.43 4.9 23 8.5 cs 2.25
122 - 152 0.40 4.1 25 8.2 cs 2.56
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Table H-2.4 STIRlM SERIES SITE H-2 ID~:1985
LalxlI:atory soil ;rater retention data

IAB PRESSURE(CM) AND WA:ffiR CCNl'ENl'(\QL. FRl\CTICN)
DEP'IH (CM)

23. 38. 53. 69.

CM a:./a:. SE

14. 0.4070 0.0276 10. 0.3641 0.0014 14. 0.3859 0.0114 14. 0.4028 0.0126
20. 0.3858 0.0262 20. 0.3569 0.0015 20. 0.3660 0.0123 20. 0.4021 0.0131
30. 0.3879 0.0267 40. 0.3497 0.0015 30. 0.3612 0.0127 30. 0.3978 0.0121
40. 0.3828 0.0272 60. 0.3367 0.0026 40. 0.3604 0.0112 40. 0.3891 0.0080
60. 0.3631 0.0248 80. 0.3222 0.0006 60. 0.3242 0.0053 60. 0.3725 0.0085
80. 0.3522 0.0233 100. 0.3215 0.0001 80. 0.2861 0.0018 80. 0.3249 0.0146

100. 0.3441 0.0229 120. 0.3237 0.0016 100. 0.2439 0.0019 100. 0.2816 0.0217
120. 0.3368 0.0229 180. 0.3006 0.0024 120. 0.2114 0.0033 120. 0.2563 0.0212
160. 0.3259 0.0214 334. 0.2659 0.0032 160. 0.1715 0.0015 160. 0.2209 0.0227
238. 0.3098 0.0216 534. 0.2500 0.0032 238. 0.1453 0.0022 238. 0.1913 0.0221
340. 0.3010 0.0206 834. 0.2356 0.0031 340. 0.1370 0.0034 340. 0.1848 0.0196
544. 0.2886 0.0191 544. 0.1301 0.0036 544. 0.1747 0.0165
850. 0.2703 0.0177 850. 0.1212 0.0024 850. 0.1545 0.0144

00= 1.72 1.66 1.66 1.70
N= 2 2 2 2

DEPTH (CM)

84. 99. 114. 137.

10. 0.3904 0.0449 10. 0.4082 0.0151 14. 0.4123 0.0138 10. 0.6029 0.0070
20. 0.3738 0.0424 20. 0.3915 0.0174 20. 0.3497 0.0109 20. 0.5910 0.0058
40. 0.3496 0.0345 40. 0.3605 0.0117 30. 0.2928 0.0219 40. 0.5613 0.0016
60. 0.3261 0.0333 60. 0.3348 0.0076 40. 0.1811 0.0102 60. 0.5443 0.0005
80. 0.3009 0.0381 80. 0.3165 0.0078 60. 0.1031 0.0033 80. 0.5375 0.0005

100. 0.2993 0.0380 100. 0.3158 0.0083 80. 0.0938 0.0023 100. 0.5282 0.0013
120. 0.2981 0.0412 120. 0.3194 0.0078 100. 0.0898 0.0029 120. 0.5222 0.0019
180. 0.2784 0.0397 180. 0.2997 0.0080 120. 0.0867 0.0029 180. 0.5087 0.0030
334. 0.2489 0.0404 334. 0.2755 0.0070 160. 0.0812 0.0024 334. 0.4883 0.0030
534. 0.2361 0.0375 534. 0.2615 0.0052 238. 0.0774 0.0019 534. 0.4653 0.0011
834. 0.2198 0.0383 834. 0.2475 0.0034 340. 0.0774 0.0019 834. 0.4382 0.0011
544. 0.0742 0.0031
850. 0.0672 0.0015

00= 1.74 1.53 1.61 1.57
N= 2 2 2 2

DEPTH (CM)

137.

10. 0.3857 0.0051
20. 0.3148 0.0029
40. 0.2040 0.0005
60. 0.0889 0.0014
80. 0.0821 0.0018

100. 0.0723 0.0012
120. 0.0701 0.0017
180. 0.0671 0.0016
334. 0.0648 0.0010
534. 0.0618 0.0010
834 •. 0.0573 0.0009

00= 1.57
N= 2
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Table H-2.5 I~R SERIES SI'IEH - 2 (ID~ 1984)
In-s:ltu K (9,'1') and ~'I'> , and laboratory K (9,'1')
cBta.

RIOiARDS PAlW£'IERS
DEPl'H 8. CM
TIME: WATER MM'-POr MA.T-RJI' HYD-QW) HYD-<XN SP-M:>IS DIFF
(HR) (00/00 ) (CM~ (I<PA) (<WQ.l) (<WHR) (1/CM) (OO/HR)

4.5 .4119 5. 0.52 2.85 0.17E-01 0.1IE-02 0.16E+02
6.2 •4061 12 • 1.22 3.15 0.5IE-02 0.66E-03 0.77E+01
8.7 .4000 20. 1.97 3.13 0.66E-02 0.97E-03 0.68E+01

12.5 •3924 27 • 2.62 3.13 0.40E-02 0.14E-02 0.29E+01
17.5 •3841 32 . 3.17 3.10 0.4IE-02 0.17E-02 0.25E+01
22.5 .3769 37. 3.67 3.03 0.3IE-02 0.12E-02 0.25E+01
27.5 .3710 42. 4.14 2.95 0.29E-02 0.13E-02 0.23E+01
40.0 .3636 48. 4.74 2.83 0.12E-02 0.12E-02 0.10E+01
60.0 .3555 56. 5.47 2.68 0.10E-02 0.10E-02 0.99E+00
80.0 .3487 62. 6.07 2.55 0.97E-03 0.13E-02 0.75E+OO

100.0 .3427 67. 6.57 2.43 0.86E-03 0.1IE-02 0.78E+00
120.0 .3374 72. 7.02 2.32 0.82E-03 0.12E-02 0.66E+OO
140.0 .3327 76:. 7.42 2.22 0.77E-03 0.1IE-02 0.69E+00
160.0 .3282 79. 7.77 2.15 0.79E-03 0.15E-02 0.53E+00
210.0 .3191 850. 8.34 2.05 0.64E-03 0.16E-02 0.39E+00
300.0 .3063 93. 9.07 1.95 0.46E-03 0.20E-02 0.23E+00
400.0 .2983 99. 9.67 1.85 0.18E-03 0.73E-03 0.25E+00
525.0 .2949 107'. 10.44 1.55 0.79E-04 0.26E-03 0.3IE+00
750.0 .2924 116. 11.37 1.15 0.53E-04 0.27E-03 0.20E+00

1050.0 •2900 1250. 12.27 0.78 0.78E-04 0.27E-03 0.29E+00

DEPTH 23. CM
TIME WATER MP.'!'-·POrMro'-RJI' llYD-GRAD HYD-<XN SP-M:>IS DIFF
(HR) (CM3/CM3) (Qll) (I<PA) (<WCM) (CM/HR) (1/CM) (OO/HR)

3.5/ .3907 8. 0.78 2.55 0.30E-01 0.22E-03 0.13E+03
4.5 .3869 12:. 1.17 2.85 0.47E-01 0.46E-03 0.10E+03
6.2 .3827 23. 2.26 3.15 0.13E-01 0.44E-03 0.3IE+02
8.7 .3788 32' 3.16 3.13 0.18E-01 0.63E-03 0.28E+02

12.5 .3738 40. 3.89 3.13 0.1IE-01 0.9IE-03 0.12E+02
17.5 .3685 46. 4.47 3.10 0.lIE-01 0.lIE-02 0.93E+01
22.5 .3639 5l. 4.96 3.03 0.83E-02 0.9IE-03 0.9IE+01
27.5 .3602 5S. 5.41 2.95 0.75E-02 0.88E-03 0.85E+01
40.0 .3556 6l. 5.95 2.83 0.32E-02 0.9OE-03 0.36E+01
60.0 .3505 6"l. 6.60 2.68 0.27E-02 0.79E-03 0.34E+01
80.0 .3462 73. 7.13 2.55 0.26E-02 0.95E-03 0.27E+01

100.0 .3424 Tl. 7.56 2.43 0.23E-02 0.88E-03 0.26E+01
120.0 .3390 81. 7.94 2.32 0.22E-02 0.10E-02 0.22E+01
140.0 .3362 84. 8.28 2.22 0.20E-02 0.77E-03 0.26E+01
160.0 .3337 8H. 8.59 2.15 0.20E-02 0.90E-03 0.22E+01
210.0 .3276 93. 9.09 2.05 0.17E-02 0.13E-02 0.13E+01
300.0 .3193 99. 9.75 1.95 0.12E-02 0.12E-02 0.97E+00
400.0 .3139 10~j. 10.28 1.85 0.5IE-03 0.77E-03 0.66E+00
525.0 .3107 111. 10.84 1.55 0.25E-03 0.43E-03 0.57E+00
750.0 .3077 117. 11.47 1.15 0.18E-03 0.5IE-03 0.35E+OO

1050.0 .3047 123. 12.10 0.78 0.25E-03 0.47E-03 0.54E+00
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DEPTH 38. CM SI'IEH-2
TIME WATER ~ror MM'-roI' HYD-GRAD HYlHXN SP-M)IS DIFF
(HR) (CM3/CM3) (eM) (KPA) (CM/CM) (CM/HR) (l/CM) (Q12/HR)

1.5 .3551 12. 1.16 2.30 0.83E-02 0.72E-04 0.llE+03
2.5 .3547 15. 1.46 2.16 0.26£-01 0.52E-04 0.49E+03
3.5 .3538 25. 2.46 1.90 0.57E-01 0.16£-03 0.35E+03
4.5 .3516 37. 3.62 1.56 0.12E+OO 0.22E-03 0.57E+03
6.2 .3495 48. 4.69 1.36 0.42E-01 0.2lE-03 0.20E+03
8.7 .3476 54. 5.34 1.24 0.6lE-01 0.4lE-03 0.15E+03

12.5 .3451 60. 5.84 1.04 0.44E-01 0.61E-03 0.72E+02
17.5 .3423 64. 6.25 0.91 0.50E-01 0.79E-03 0.63E+02
22.5 .3393 67. 6.58 0.82 0.44E-01 0.10E-02 0.44E+02
27.5 .3362 70. 6.87 0.74 0.43E-01 0.12E-02 0.36£+02
40.0 .3321 74. 7.21 0.64 0.2lE-01 0.12E-02 0.18E+02
60.0 .3277 78. 7.61 0.50 0.20E-01 0.llE-02 0.19E+02
80.0 .3246 81. 7.97 0.45 0.20E-01 0.66£-03 0.30E+02

100.0 .3224 85. 8.31 0.47 0.16£-01 0.66£-03 0.25E+02
120.0 .3207 88. 8.60 0.49 0.14E-01 0.54E-03 0.26£+02
140.0 .3196 90. 8.86 0.50 0.llE-01 0.29E-03 0.38E+02
160.0 .3182 93. 9.10 0.49 0.12E-0l 0.87E-03 0.14E+02
210.0 .3142 96. 9.45 0.39 0.13E-01 0.13E-02 0.10E+02
300.0 .3087 101. 9.92 0.25 0.13E-01 0.10E-02 0.13E+02
400.0 .3043 105. 10.31 0.18 0.83E-02 0.12E-02 0.69E+01
525.0 .3008 108. 10.60 0.13 0.5lE-02 0.13E-02 0.40E+01
750.0 .2974 111. 10.90 0.10 0.38E-02 0.10E-02 0.36£+01

1050.0 .2942 115. 11.30 0.17 0.20E-02 0.60E-03 0.34E+01
DCERIN:;1-SI'EPDA'IA

0.9 .2763 265. 26.03 83.33 0.54E-03 0.14E-03 0.39E+01
1.0 .2753 273. 26.72 83.33 0.50E-03 0.13E-03 0.38E+01
1.0 .2744 279. 27.40 83.33 0.47E-03 0.13E-03 0.36£+01
1.1 .2736 286. 28.06 83.33 0.44E-03 0.13E-03 0.35E+01
1.1 .2727 293. 28.70 83.33 0.4lE-03 0.12E-03 0.33E+01
1.2 .2719 299. 29.33 83.33 0.39E-03 0.12E-03 0.32E+01
1.2 .2712 306. 29.95 83.33 0.37E-03 0.12E-03 0.3lE+01
1.3 .2705 312. 30.56 83.33 0.35E-03 0.12E-03 0.30E+01
1.3 .2698 318. 31.15 83.33 0.33E-03 0.llE-03 0.29E+01
1.4 .2691 324. 31.74 83.33 0.32E-03 O.llE-03 0.29E+01
1.4 .2685 330. 32.31 83.33 0.30E-03 0.llE-03 0.28E+01
1.5 .2679 335• 32.87 83.33 0.29E-03 0.llE-03 0.27E+01
1.5 .2673 341. 33.43 83.33 0.27E-03 0.10E-03 0.26£+01
1.6 .2667 347. 33.97 83.33 0.26£-03 O.10E-03 0.26£+01
1.6 .2661 352. 34.51 83.33 0.25E-03 O.10E-03 0.25E+01
1.7 .2656 357. 35.04 83.33 0.24E-03 0.99E-04 0.24E+01
1.7 .2651 363. 35.56 83.33 0.23E-03 0.97E-04 0.24E+01
1.8 .2646 368. 36.08 83.33 0.22E-03 0.96£-04 0.23E+01
1.9 .2636 378. 37.08 83.33 0.21E-03 O.93E-04 O.22E+01
2.1 .2614 403. 39.49 83.33 O.18E-03 0.86£-04 O.20E+0l
2.2 .2606 412. 40.42 83.33 0.17E-03 0.84E-04 O.20E+01
2.3 .2598 421. 41.32 83.33 0.16£-03 0.82E-04 0.19E+01
2.4 .2591 431. 42.21 83.33 0.15E-03 0.80E-04 0.18E+01
2.5 .2584 439. 43.07 83.33 0.14E-03 0.78E-04 0.18E+01
2.6 .2577 448. 43.92 83.33 0.13E-03 0.76£-04 0.17E+01
2.7 .2571 457. 44.76 83.33 0.13E-03 0.75E-04 0.17E+0l
2.8 .2565 465. 45.58 83.33 0.12E-03 0.73E-04 0.16£+01
2.9 .2562 469. 45.98 83.33 0.12E-03 0.73E-04 0.16£+01
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DEPTH 53. 01 SITE B-2
TIME WATER MA.T--POrMA.T-POr HYD-GRAD HYIHXN SP~IS DIFF
(HR) (00/00) (Qo1) (KPA) (01/01) (01/HR) (1/(M) (Q12/HR)

1.5 .3469 1'7. 1.65 0.45 0.53E-Q1 0.53E-Q4 0.100+04
2.5 •3466 2:2• 2.16 0.42 O.l5E+OO 0.72E-Q4 0.2IE+Q4
3.5 .3457 28. 2.76 0.38 0.34E+OO 0.22E-Q3 0.15E+04
4.5 •3438 36 . 3.55 0.32 0.73E+OO 0.24E-Q3 O.30E+04
6.2 .3419 44. 4.33 0.20 0.33E+OO 0.25E-Q3 0.13E+04
8.7 .3400 49. 4.83 0.13 O.67E+OO 0.56E-Q3 0.12E+04

12.5 •3374 5:3• 5.19 0.13 0.4IE+OO 0.10E-Q2 0.4IE+03
17.5 .3343 56. 5.49 0.13 0.4IE+OO 0.lIE-Q2 0.38E+03
22.5 .3313 59. 5.78 0.15 0.30E+OO 0.99E-Q3 0.300+03
27.5 .3283 61. 6.02 0.17 0.25E+OO 0.16E-Q2 0.15E+03
40.0 .3242 64. 6.31 0.18 0.95E-Q1 0.14E-Q2 0.69E+02
60.0 .3196 68. 6.64 0.22 0.6lE-Q1 0.14E-Q2 0.42E+02
80.0 .3159 71. 6.95 0.20 0.56E-Q1 0.98E-Q3 0.57E+02

100.0 .3130 74. 7.26 0.15 0.62E-Q1 0.89E-Q3 O.69E+02

DEPTH 69. 01 SITE B-2
TIME WATER MA.T·-POrMA.T-POr HYD--GAAD HYIHXN SP~IS DIFF
(HR) (00/00) (0-1) (KPA) (01/01) (01/HR) (1/01) (Q12/HR)

0.5 .3424 9. 0.87 1.01 ******** ******** ********
1.5 .3425 1:2. 1.14 0.81 ******** ******** ********
2.5 .3438 15. 1.46 0.62 ******** ******** ********
3.5 .3448 19. 1.89 0.45 0.34E+00 0.24E-Q3 0.14E+04
4.5 .3424 26. 2.50 0.30 0.9IE+OO 0.47E-Q3 0.20E+04
6.2 .3394 3:2. 3.13 0.22 0.36E+OO 0.53E-Q3 0.69E+03
8.7 .3370 36. 3.57 0.18 0.56E+OO 0.60E-Q3 0.93E+03

12.5 .3348 40. 3.91 0.17 0.38E+OO 0.75E-Q3 0.50E+03
17.5 .3328 4:3. 4.21 0.17 0.37E+00 0.58E-Q3 0.63E+03
22.5 .3313 46. 4.50 0.15 0.34E+OO 0.45E-Q3 0.75E+03
27.5 .3302 413. 4.74 0.13 0.36E+OO 0.50E-Q3 0.71E+03
40.0 .3286 51. 5.02 0.12 0.17E+00 0.59E-Q3 0.29E+03
60.0 .3262 55. 5.38 0.12 O.l3E+OO 0.76E-Q3 0.17E+03
80.0 .3236 513. 5.68 0.12 0.12E+00 0.99E-Q3 0.12E+03

100.0 .3214 6L 5.94 0.10 O.lIE+OO 0.69E-Q3 0.16E+03
120.0 .3193 6:3. 6.16 0.12 0.84E-D1 0.14E-Q2 0.59E+02
140.0 .3171 6:5. 6.32 0.10 0.79E-D1 0.13E-Q2 0.60E+02
160.0 .3148 66. 6.49 0.07 0.15E+00 0.14E-D2 0.lIE+03
210.0 .3122 69. 6.81 0.12 0.57E-D1 0.58E-03 0.10E+03
300.0 .3068 74. 7.21 0.15 0.38E-D1 0.22E-Q2 0.17E+02
400.0 .3007 77. 7.53 0.10 0.27E-D1 0.16E-Q2 0.17E+02
525.0 .2963 79. 7.78 0.10 0.17E-Q1 0.19E-Q2 0.86E+01
750.0 .2931 8:2. 8.05 0.10 0.62E-Q2 0.57E-Q3 0.lIE+02

1050.0 .2917 86. 8.45 0.03 0.15E-D1 0.19E-D3 0.76E+02

[)()ERIN;1-SI'EPDA'I7I.

1.7 .2797 103. 10.06 83.33 0.32E-02 0.13E-Q2 0.25E+01
1.8 .2790 103 . 10.11 83.33 0.3IE-D2 0.13E-D2 0.24E+01
1.8 .2783 104 . 10.17 83.33 0.30E-D2 0.13E-Q2 0.24E+01
1.9 .2777 104 . 10.22 83.33 0.29E-D2 0.13E-Q2 0.23E+01
1.9 •2771 105 . 10.26 83.33 0.29E-D2 0.13E-Q2 0.23E+01
2.0 .2764 105 . 10.31 83.33 0.28E-D2 0.12E-Q2 0.22E+01
2.0 .2758 106. 10.36 83.33 0.27E-D2 0.12E-Q2 0.22E+01
2.1 .2753 106. 10.41 83.33 0.26E-D2 0.12E-Q2 0.22E+01
2.1 .2747 107 . 10.45 83.33 0.26E-D2 0.12E-Q2 0.2IE+01
2.2 .2741 107 . 10.50 83.33 0.25E-D2 0.12E-Q2 0.21E+Ol
2.2 .2736 108 . 10.54 83.33 O.24E-D2 O.12E-02 O.20E+Ol
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DOERJ:N:;1-SI'EPDATI\. (aNr)
2.3 .2731 108. 10.59 83.33 0.24E-Q2 0.12E-Q2 0.20E+01
2.3 .2726 108. 10.63 83.33 0.23E-Q2 0.12E-Q2 0.20E+01
2.4 .2721 109. 10.67 83.33 0.23E-Q2 0.12E-Q2 0.19E+01
2.4 .2716 109. 10.71 83.33 0.22E-Q2 0.12E-Q2 0.19E+01
2.5 .2711 110. 10.75 83.33 0.22E-Q2 0.llE-Q2 0.19E+01
2.9 .2676 113. 11.06 83.33 0.18E-Q2 0.llE-Q2 0.17E+01
3.0 .2668 114. 11.13 83.33 0.18E-Q2 0.llE-Q2 0.16E+01
3.1 .2660 114. 11.20 83.33 0.17E-Q2 0.llE-Q2 0.16E+01

49.2 .2090 212. 20.80 83.33 0.15E-Q3 0.32E-Q3 0.46E+00
53.2 .2076 217. 21.24 83.33 0.15E-Q3 0.3lE-Q3 0.48E+00

DEPTH 84. 01 SITE H-2
TIME WATER MAT-FOr MAT-POr HYD--Q"W) HYD-<XN SP-IDIS DIFF
(HR) (00/00) (01) (KPA) (<J.1/01)(<J.1/HR) (1/CM) (CM2/HR)

0.5 .3348 7. 0.65 0.72 ******** ******** ********
1.5 .3347 8. 0.76 0.70 ******** ******** ********
2.5 .3355 10. 0.95 0.69 ******** ******** ********
3.5 .3362 13. 1.23 0.64 0.27E+00 0.43E-Q3 0.64E+03
4.5 .3336 17. 1.68 0.55 0.60E+00 0.65E-Q3 0.92E+03
6.2 .3305 22. 2.17 0.47 0.20E+00 0.62E-Q3 0.32E+03
8.7 .3281 26. 2.53 0.40 0.29E+00 0.74E-Q3 0.39E+03

12.5 .3259 29. 2.83 0.37 0.19E+00 0.74E-Q3 0.25E+03
17.5 .3239 32. 3.12 0.35 0.19E+00 0.63E-Q3 0.30E+03
22.5 .3216 34. 3.37 0.32 0.18E+00 0.13E-Q2 0.14E+03
27.5 .3190 37. 3.59 0.31 0.17E+00 0.10E-Q2 0.16E+03
40.0 .3160 39. 3.86 0.31 0.72E-Q1 0.llE-02 0.65E+02
60.0 .3127 43. 4.19 0.29 0.62E-Q1 0.9lE-03 0.68E+02
80.0 .3101 46. 4.50 0.29 0.54E-Q1 0.80E-Q3 0.68E+02

100.0 .3084 48. 4.75 0.29 0.42E-Q1 0.54E-Q3 0.78E+02
120.0 .3071 51. 4.96 0.27 0.42E-Q1 0.74E-Q3 0.57E+02
140.0 .3058 52. 5.14 0.30 0.30E-Q1 0.73E-Q3 0.41E+02
160.0 .3045 54. 5.29 0.30 0.39E-Q1 0.10E-Q2 0.39E+02
210.0 .3021 57. 5.57 0.22 0.33E-Q1 0.77E-03 0.44E+02
300.0 .2976 60. 5.92 0.12 0.58E-Q1 0.2lE-02 0.27E+02
400.0 .2939 63. 6.15 0.07 0.47E-Q1 0.73E-Q3 0.64E+02
525.0 .2935 65. 6.42 0.08 0.23E-Q1 -.22E-Q3 -.10E+03
750.0 .2938 69. 6.72 0.12 0.57E-Q2 0.90E-04 0.64E+02

1050.0 .2928 72. 7.03 0.07 0.84E-02 0.48E-03 0.17E+02

DEPTH 99. CM
TIME WATER MAT-FOr MA.T-POr HYD--Q"W) HYD-<XN SP-IDIS DIFF
(HR) (00/00) (CM) (KPA) (<J.1/CM)(<J.1/HR) (l/CM) (CM2/HR)

0.5 .2852 10. 0.96 1.98 ******** ******** ********
1.5 .2850 11. 1.05 1.91 ******** ******** ********
2.5 .2844 12. 1.20 1.80 ******** ******** ********
3.5 .2821 14. 1.41 1.67 0.13E+00 0.19E-02 0.67E+02
4.5 .2784 18. 1.72 1.50 0.26E+00 0.10E-02 0.25E+03
6.2 .2756 21. 2.06 1.35 0.80E-Q1 0.70E-Q3 0.llE+03
8.7 .2733 24. 2.32 1.28 0.10E+00 0.12E-Q2 0.87E+02

12.5 .2708 26. 2.58 1.26 0.61E-Q1 0.82E-Q3 0.74E+02
17.5 .2671 29. 2.85 1.25 0.62E-Q1 0.22E-Q2 0.28E+02
22.5 .2626 31. 3.06 1.23 0.55E-Q1 0.20E-Q2 0.28E+02
27.5 .2590 33. 3.25 1.19 0.51E-Q1 0.20E-02 0.26E+02
40.0 .2546 36. 3.49 1.14 0.23E-Q1 0.18E-02 0.13E+02
60.0 .2501 38. 3.77 1.09 0.18E-Q1 0.13E-Q2 0.14E+02
80.0 .2471 41. 3.99 1.00 0.17E-Q1 0.13E-Q2 0.14E+02

100.0 .2449 43. 4.17 0.90 0.15E-Q1 0.13E-02 0.12E+02
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DEPTH 99. 01 (CCNr)
120.0 .2433 44. 4.32 0.83 0.15E-0l 0.79E-03 0.19E+02
140.0 .2422 45. 4.46 0.75 0.13E-01 0.86E-03 0.15E+02
160.0 .2413 46. 4.55 0.67 0.19E-01 0.12E-02 0.15E+02
210.0 .2382 48. 4.73 0.62 0.13E-01 0.17E-02 0.75E+01
300.0 .2335 50. 4.95 0.55 0.14E-01 0.30E-02 0.46E+01
400.0 .2318 52. 5.08 0.47 0.70E-02 ******** ********
525.0 .2322 54. 5.29 0.38 0.48E-02 ******** ********
750.0 .2327 57. 5.55 0.30 0.22E-02 ******** ********

1050.0 .2320 59. 5.78 0.25 0.26E-02 0.85E-03 0.3IE+01

DEPTH 114. 01 SI'IEB-2
TIME WATER MM'-POl' MM'-POT HYIH:;RAD HYD-<X:N SP-MJIS DIFF
(HR) (00/00) (~l) (KPA) (CM/CM) (CM/HR) (1/01) (CM2/HR)

3.5 .2148 19. 1.83 0.79 0.34E+OO 0.50E-02 0.69E+02
4.5 .2110 20. 1.94 0.74 O.60E+OO 0.27E-02 0.23E+03
6.2 .2076 21. 2.07 0.65 0.19E+OO 0.2IE-02 0.89E+02
8.7 .2046 23. 2.25 0.62 0.24E+OO 0.16E-02 0.15E+03

12.5 .2011 250. 2.48 0.61 0.14E+00 0.13E-02 0.10E+03
17.5 .1964 27. 2.69 0.56 O.l7E+OO 0.34E-02 0.5OE+02
22.5 .1915 29. 2.87 0.52 0.15E+OO 0.22E-02 0.69E+02
27.5 .1882 3l. 3.02 0.52 O.l3E+OO 0.22E-02 0.62E+02
40.0 .1839 33. 3.20 0.51 0.60E-01 0.23E-02 0.26E+02
60.0 .1794 350. 3.42 0.48 0.47E-01 0.17E-02 0.29E+02
80.0 .1766 37. 3.59 0.49 0.39E-01 0.18E-02 0.22E+02

100.0 •1744 38. 3.71 0.50 0.29E-01 0.19E-02 0.15E+02
120.0 .1729 39. 3.80 0.49 0.27E-01 0.16E-02 0.17E+02
140.0 .1719 40. 3.89 0.50 0.2IE-01 0.83E-03 0.26E+02
160.0 .1711 40. 3.93 0.51 0.25E-01 ******** ********
210.0 .1679 41. 3.98 0.40 0.23E-01 0.39E-02 0.60E+01
300.0 .1645 42. 4.09 0.32 0.24E-01 0.15E-02 0.17E+02
400.0 .1634 43. 4.17 0.34 0.99E-02 0.12E-02 0.83E+01
525.0 .1678 4-4:. 4.31 0.32 0.4IE-02 ******** ********
750.0 .1661 46. 4.48 0.29 0.35E-02 0.77E-02 0.45E+00

1050.0 .1582 48. 4.67 0.27 0.28E-02 0.lIE-02 0.26E+01

DEPTH 130. 01
TIME WATER MM'--POl' MM'-POT IlYD-GW) HYD-<X:N SP-M)IS DIFF
(HR) (00/00) «(N) (KPA) (CM/01) (CM/HR) (1/01) (CM2/HR)

4.5 .2002 20. 1.95 1.27 0.39E+00 0.52E-02 0.76E+02
6.2 .1976 20. 1.99 1.22 O.lIE+OO 0.12E-01 0.95E+01
8.7 .1949 21. 2.07 1.12 0.15E+OO 0.24E-02 0.64E+02

12.5 .1911 22. 2.19 0.97 0.10E+00 0.47E-02 0.2IE+02
17.5 .1873 23. 2.27 0.86 0.13E+00 0.36E-02 0.35E+02
22.5 .1845 24. 2.36 0.77 O.l2E+OO 0.29E-02 0.40E+02
27.5 .1822 2~j. 2.44 0.69 O.lIE+OO 0.22E-02 0.5IE+02
40.0 .1795 26. 2.53 0.59 0.57E-ol 0.3IE-02 0.19E+02
60.0 .1766 2"' 2.64 0.48 0.5IE-01 0.19E-02 0.27E+02I.

80.0 .1747 28. 2.74 0.39 0.52E-ol 0.16E-02 0.33E+02
100.0 .1735 29. 2.81 0.33 0.48E-01 0.16E-02 0.3IE+02
120.0 .1728 29. 2.85 0.29 0.48E-01 0.16E-02 O.31E+02
140.0 .1724 29. 2.89 0.22 0.50E-01 0.34E-03 0.15E+03
160.0 .1722 30. 2.91 0.19 0.72E-01 ******** ********
210.0 .1700 30. 2.96 0.27 0.38E-01 0.43E-02 0.89E+01
300.0 .1669 31- 3.06 0.31 0.26E-01 0.27E-02 0.95E+Ol
400.0 .1650 32. 3.12 0.28 O.I3E-ol 0.25E-02 0.50E+Ol
525.0 .1684 33. 3.21 0.23 0.15E-02 ******** ********
750.0 .1653 34. 3.31 0.18 0.94E-02 0.12E-01 0.79E+OO

1050.0 .1569 35. 3.43 0.12 0.74E-02 0.15E-02 0.48E+
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SITE I (ECKMANSERIES)

Site I was located in the noniITigated comer of a center-pivot
iITigated cornfield The location and description are summarized on
Table 1 and on Fig. 2. In-situ measurements and site descriptions
were made during late August through October, 1985.

The Eckman series consists of "deep, well-drained soils on
uplands" and on "alluvialfans and foot slopes in the James RiverValley
and on lake plains. These soils are nearly level, undulating, and
sloping. They formed in medium-textured deposits left by glacial melt
water. " (USDA,1971)

Infiltration and soil-water and suction profiles during wetting
were measured on this site during irrigation, but at the time of this
report have not yet been analyzed and prepared for presentation.

This soil profile was irrigated for about 2 days. Although the
initial infiltration rate was substantial (at about 28 cm/h),· it declined
quickly, and was almost immeasurably small at 38 hours. This soil
seemed to reach a state in which further infiltration ceased. Reasons
for the final slow infiltration in this soil are unclear, but may have been
due to dispersion of silts caused by the high SAR of the Eckman
subsoil.
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SITE I, REPLICATION 1
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Table 1-1.1. Soil morphologic data for Site I. replication 1

Site and location: 1-1Eckman. Oakes Aquifer 125 feet south and 175 feet east of the
northwest comer of Section 25. Township 129 north. Range 60 west. Dickey County.
North Dakota.

Sampled: 10/23/85 by M. D. Sweeney. North Dakota Agricultural Experiment Station.
Fargo. North Dakota.

Soil type and classification: Eckman silt loam; coarse-silty. mixed Udic Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin.

Drainage: Well

Notes: Moist colors unless otheIWisespecified. Piece of pipe buried at 14 inches.
laboratory texture in parenthesis if different from field texture.

Soil profile: 1-1east side of pit.

Ap 0-6 inches (0-15 em) black (lOYR2/1) silt loam. dark gray (lOYR4/1. dry): moderate
medium granular structure: slightly hard. friable. slightly sUcky and slightly plastic;
common very fine roots: abrupt smooth boundary.

Bw 6-12 inches (I5-30 em) very dar kgrayish brown (lOYR3/2) sUt loam (loam). grayish
brown (lOYR5/2. dry); moderate coarse and medium prismatic parting to moderate
coarse and medium subangular blocky structure; common very fine roots; clear smooth
boundary.

BCk 12-21 inches (30-53 em) light yellowishbrown to pale yellow (2.5Y 6.5/4) silt loam
(silty clay loam). white (2.5Y 8/2. dry); weak coarse prismatic parting to moderate
coarse and medium subangular blocky structure; slightly hard. friable. slightly sticky
and slightly plastic; few very fine roots; very dark gray (lOYR3/1) crotovina: violent
effervescence; few salt crystals; clear smooth boundary.

BCsa 21-32 inches (53-81 em) light yellowishbrown (2.5 6/4) silt loam. pale yellow
(2.5Y 8/4. dry); weak coarse prismatic parting to weak coarse and medium sub angular
blocky structure; slightly hard. friable. slightly sticky and slightly plastic; few very
fine roots; strong effervescence with few large irregularly shaped lime concretions;
common salt crystals; clear wavy boundary.

C132-52 inches (81-132 em) light olivebrown (2.5Y 5/4) very fine sandy loam (silt l. pale
yellow (2.5Y 8/4. dry) with common medium distinct light gray to gray (5Y 6/1) and
common large distinct strong brown (7.5YR5/8) mottles and dark reddish brown (5YR
3/3) root channels; moderate medium and fine platy structure; soft. very friable.
slightly sticky and slightly plastic; fewvery fine roots; strong to slight effervescence.
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Table 1-1.2 EOMAN SElUFS SITE 1-1 N)51C:1985
SoU particle-size, b.1lk density, aoclorganic carlxn data
ard indiOOS.

DEPTH PARTIClE SIZE CU\SSES (MICR:N/PERQN1')
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 16.3 23.7 27.0 20.9 8.8 2.6 0.5 0.1
23. 14.6 19.3 29.7 26.2 8.0 1.8 0.3 0.0
38. 32.1 36.0 22.0 6.6 2.5 0.7 0.1 0.0
53. 23.0 47.2 22.9 4.3 1.7 0.6 0.2 0.1
68. 13.6 45.8 24.8 9.0 4.6 1.5 0.3 0.2
84. 14.8 60.9 22.5 0.8 0.6 0.3 0.1 0.0
99. 12.5 67.8 18.0 0.4 0.3 0.3 0.4 0.3

114. 6.5 48.7 43.3 0.8 0.3 0.1 0.1 0.1
137. 5.1 61.6 30.6 0.7 0.9 0.3 0.2 0.5

DEPTH SAN) SILT CIAY HCR[ZCNS
an % % %

8. 33.0 50.7 16.3 A 6 6=p
23. 36.4 49.0 14.6 B 7 7=w
38. 9.9 58.0 32.1 OC 10 1O=k
53. 6.9 70.1 23.0 OC 12 12=sa
68. 15.8 70.6 13.6 OC 12
84. 1.8 83.4 14.8 C
99. 1.7 85.8 12.5 C

114. 1.5 92.0 6.5 C
137. 2.7 92.2 5.1 C

DEP'TIl SA!SI GlEAN G:>E.V Z F-INDEX ID ex:
an rrm rrm g/a::. %

8. 0.649 0.0219 5.2 0.0042 0.402 1.66 3.00
23. 0.741 0.0244 4.8 0.0051 0.484 1.48 1.50
38. 0.171 0.0082 5.0 0.0016 0.283 1.35 0.94
53. 0.098 0.0097 4.2 0.0023 0.393 1.44 0.60
68. 0.221 0.0155 4.1 0.0038 0.468 1.40 0.40
84. 0.022 0.0105 3.1 0.0034 0.582 1.37 0.13
99. 0.020 0.0106 3.0 0.0036 0.671 1.37 0.34

114. 0.015 0.0162 2.6 0.0062 0.778 1.35 0.13
137. 0.028 0.0151 2.6 0.0058 0.859 1.33 0.20

DEPTH MJISTURE/socrICN SlOPE GARDNER K-PAR.¥ETERS (JAYNE & TYIER)
G1!DAY-KPA Q1/HR-BAR

an GK>SH BIDEMEN' K-Sr.a>E K-INl' K-SIOPE K-INT

8. 4.435 1.790 -0.1412 0.9541 -1.41 -0.43
23. 4.217 2.014 -0.1995 1.0527 -2.00 -0.33
38. 7.495 1.808 0.2268 0.2871 2.27 -1.09
53. 9.379 2.053 0.3450 0.2001 3.45 -1.18
68. 6.800 2.288 0.2264 0.4524 2.26 -0.93
84. 17 .096 2.908 0.5002 0.0522 5.00 -1.33

107. 17.668 2.840 0.5167 0.0493 5.17 -1.33
114. 19.528 3.615 0.5600 0.0406 5.60 -1.34
137. 15.295 3.679 0.5445 0.0754 5.44 -1.30
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Table 1-1.3 So11saturation extract water chemistry data. gravimetric water content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site I.
replication 1.

Saturation Extract Soluble Ions
Depth 01 Mg Na K C03 HC03 Cl S04
(em) meq/I
0- 15 17.77 8.07 3.42 0.91 3.72 0.64 25.81

15 - 30 22.63 13.53 7.20 0.29 1.00 0.76 41.89
30-46 25.17 30.03 16.30 0.20 1.76 1.00 68.94
46 - 61 23.27 43.54 27.10 0.22 1.60 1.10 91.42
61 - 76 22.21 62.35 34.00 0.43 1.20 2.90 114.89
76 - 91 13.11 56.09 49.98 0.40 1.44 3.70 114.44
91- 107 10.36 63.64 24.15 0.43 1.44 4.80 92.34

107 - 122 14.81 82.55 71.19 0.40 1.12 3.30 164.53
122 - 152 20.09 95.11 71.61 0.59 1.12 6.50 179.78

Depth ECE SAR H20 at pH C03 Texture e
Sat. clay class 15 bar

(em) mmhos/cm % % g/gx
100

0- 15 2.15 1.0 48 7.9 stI 10.42
15 - 30 2.94 1.7 45 7.8 I 8.37
30-46 4.41 3.1 46 7.8 sid 9.35
46 - 61 5.99 4.7 50 7.9 sll 10.43
61 - 76 8.37 5.2 45 7.9 sll 9.88
76 - 91 7.58 8.5 57 7.9 sll 10.92
91- 107 8.71 4.0 54 7.9 sll 10.27

107 - 122 9.05 10.2 47 7.9 sl 7.50
122 - 152 9.95 9.4 51 7.9 sl 9.70

• There should be some C03 clay In this profile. Records indicate none. however.
Reasons for nondetectlon are not clear. There Is no sample left for a second
determination. (M.D. Sweeney)
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Table 1-1.4 SITE I-I EI:I<MI\NroIL 1985 ND5W:
Laboratory soll-water retention data

lAB PRESSURE (CM)AND WATER<XN1'ENT l\AJL. FRACTICN)

DEP'lH (CM)

8. 23. 38. 58.

CM a:;ja:; SE

14. 0.4650 0.0202 14. 0.4457 0.0241 14. 0.4382 0.0077 10. 0.5081 0.0121
20. 0.4685 0.0216 20. 0.4458 0.0251 20. 0.4313 0.0048 20. 0.5152 0.0139
30. 0.4676 0.0210 30. 0.4391 0.0231 30. 0.4184 0.0019 30. 0.4960 0.0046
40. 0.4692 0.0211 40. 0.4317 0.0217 40. 0.4062 0.0005 40. 0.4944 0.0034
60. 0.4655 0.0185 60. 0.4127 0.0184 60. 0.3904 0.0004 60. 0.4857 0.0004
80. 0.4567 0.0143 80. 0.3982 0.0175 80. 0.3700 0.0014 80. 0.4614 0.0042

100. 0.4506 0.0120 100. 0.3860 0.0172 100. 0.3579 0.0017 100. 0.4590 0.0048
120. 0.4428 0.0096 120. 0.3752 0.0170 120. 0.3474 0.0009 120. 0.4496 0.0062
160. 0.4292 0.0061 160. 0.3541 0.0151 160. 0.3315 0.0018 180. 0.4240 0.0075
238. 0.4083 0.0025 238. 0.3246 0.0138 238. 0.3120 0.0012 334. 0.4023 0.0082
340. 0.3925 0.0006 340. 0.3030 0.0134 340. 0.2984 0.0015 534. 0.3767 0.0085
544. 0.3753 0.0004 544. 0.2868 0.0159 544. 0.2848 0.0018 834. 0.3257 0.0057
850. 0.3517 0.0007 850. 0.2584 0.0125 850. 0.2712 0.0032

130= 1.66 1.48 1.35 1.44
N= 2 2 2 2

DEP'lH (CM)

69. 84. 99. 114.

14. 0.5270 0.0030 14. 0.6026 0.0406 14. 0.6148 0.0073 10. 0.5558 0.0058
20. 0.5233 0.0023 20. 0.5982 0.0396 20. 0.6091 0.0089 20. 0.5630 0.0014
30. 0.5124 0.0023 30. 0.5955 0.0388 30. 0.6007 0.0075 30. 0.5465 0.0027
40. 0.5065 0.0010 40. 0.5718 0.0340 40. 0.5702 0.0094 40. 0.5434 0.0027
60. 0.4948 0.0006 60. 0.5547 0.0338 60. 0.5401 0.0050 60. 0.5387 0.0017
80. 0.4782 0.0001 80. 0.5384 0.0332 80. 0.5185 0.0032 80. 0.5240 0.0002

100. 0.4695 0.0008 100. 0.5279 0.0312 100. 0.5035 0.0015 100. 0.5224 0.0003
120. 0.4580 0.0012 120. 0.5200 0.0300 120. 0.4943 0.0007 120. 0.5170 0.0002
160. 0.4406 0.0014 160. 0.5062 0.0289 160. 0.4735 0.0006 180. 0.5013 0.0011
238. 0.4161 0.0023 238. 0.4863 0.0267 238. 0.4494 0.0031 334. 0.4850 0.0008
340. 0.3958 0.0024 340. 0.4708 0.0255 340. 0.4328 0.0036 534. 0.4481 0.0085
544. 0.3738 0.0007 544. 0.4445 0.0265 544. 0.4141 0.0112 834. 0.3272 0.0108
850. 0.3612 0.0039 850. 0.4171 0.0256 850. 0.3739 0.0048

130= 1.40 1.37 1.37 1.35
N= 2 2 2 2

DEP'lH (CM)

137.

14. 0.5159 0.0122
20. 0.5107 0.0106
30. 0.5047 0.0096
40. 0.5032 0.0085
60. 0.4965 0.0080
80. 0.4920 0.0070

100. 0.4882 0.0065
120. 0.4838 0.0054
160. 0.4778 0.0055
238. 0.4688 0.0055
340. 0.4590 0.0040
544. 0.4418 0.0046
850. 0.4147 0.0058

130= 1.33
N= 2
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Table 1-1.5 ED<MAN IDAM SITE I-I NDS'l:::1985
In-situ K (e,,,,)and e(",), and laborato.ry K (a.",)
dita.

RI01ARDS PARl\ME1ERS
DEPI'H 8. Q.t
TIME WATER M1\T-POI'w.T-POI' HYD-GRAD HYD-CCN SP-M)IS DIFF
(HR) (00/00) (Q.t) (KPA) (CWQ.t) (CWHR) (l/Q.t) (<M2/HR)

2.1 .3883 15. 1.44 -1.54 0.17E-01 -.2IE-Q2 0.80E+01
2.4 .3875 15. 1.50 -1.52 0.13E-01 -.10E-Q2 O.13E+02
2.7 .3869 16. 1.59 -1.49 O.97E-02 -.48E-Q3 0.20E+02
3.0 .3863 17. 1.70 -1.45 0.13E-01 -.59E-03 0.22E+02
4.0 •3835 22 • 2.20 -1.30 0.14E-01 -.4IE-03 0.35E+02
4.6 .3818 26. 2.56 -1.17 0.22E-01 -.50E-Q3 0.44E+02
7.0 .3798 34. 3.38 -0.89 0.30E-02 -.13E-Q3 0.23E+02

11.1 .3782 45. 4.41 -0.69 0.48E-02 -.19E-Q3 0.26E+02
31.3 .3757 68. 6.70 -0.43 0.23E-02 -.17E-Q3 O.14E+02
35.4 .3753 71. 6.94 -0.40 0.17E-02 -.2IE-Q3 0.80E+01
43.5 .3744 74. 7.24 -0.43 0.27E-02 -.4IE-Q3 0.66E+01
47.5 .3737 76 . 7.41 -0.45 0.28E-02 -.37E-Q3 0.75E+01
55.6 .3725 80. 7.79 -0.50 0.2IE-02 -.27E-Q3 0.79E+01
59.6 .3719 82. 8.00 -0.51 0.19E-02 -.24E-Q3 O.77E+01
67.7 .3710 86. 8.41 -0.53 0.16E-02 -.23E-Q3 0.70E+01
71.8 .3705 88. 8.60 -0.54 0.14E-Q2 -.23E-Q3 0.62E+01
79.9 .3698 91. 8.93 -0.57 0.14E-02 -.27E-Q3 O.50E+01

132.9 .3633 112 . 10.98 -0.67 0.14E-02 -.32E-Q3 0.43E+01
150.0 .3609 118. 11.61 -0.67 0.18E-02 -.44E-03 0.4IE+01
167.1 .3581 125. 12.21 -0.67 0.18E-02 -.49E-03 0.38E+01
287.2 .3576 153. 15.00 -0.36 0.15E-02 -.42E-03 0.36E+01
304.3 .3558 156. 15.27 -0.34 0.32E-02 -.93E-Q3 0.34E+01
321.5 .3530 158. 15.52 -0.33 0.42E-02 -.13E-Q2 0.3IE+01
338.5 .3501 161. 15.75 -0.33 0.36E-02 -.1lE-02 0.32E+01
372.8 .3469 166. 16.28 -0.33 0.75E-03 -.19E-03 0.39E+01
407.2 .3462 172. 16.81 -0.36 0.44E-03 -.15E-03 0.30E+01
424.3 .3458 174. 17.04 -0.41 0.55E-03 -.23E-03 0.24E+01

DEPI'H 23. Q.t
TIME WATER MA.T-POI'MlIT-POI' HYD-GRAD HYD-aN SP-M)IS DIFF
(HR) (00/00) (01) (KPA) (CM/01) (CWHR) (1/01) (G12/HR)

2.4 .4075 19. 1.84 -1.51 0.36E-ol -.9lE-03 0.40E+02
3.0 .4066 20. 2.00 -1.44 0.37E-01 -.72E-03 0.5IE+02
3.5 .4053 22. 2.16 -1.34 0.44E-01 -.73E-03 0.6lE+02
4.0 .4040 25. 2.41 -1.29 0.45E-0l -.52E-03 0.86E+02
4.6 .4023 27. 2.67 -1.16 0.68E-01 -.78E-03 0.87E+02
7.0 .3994 33. 3.26 -0.89 0.13E-01 -.35E-03 0.37E+02

11.1 .3963 42. 4.14 -0.68 0.19E-01 -.38E-03 0.49E+02
27.3 .3927 60. 5.92 -0.48 0.12E-01 -.35E-03 0.34E+02
31.3 .3914 64. 6.25 -0.42 0.96E-02 -.4IE-03 0.23E+02
39.4 .3895 68. 6.63 -0.40 0.79E-02 -.58E-03 0.14E+02
47.5 .3877 71. 6.98 -0.45 0.96E-02 -.49E-03 0.19E+02
51.5 .3867 73. 7.19 -0.47 0.9IE-02 -.46E-03 0.20E+02
59.6 .3849 78. 7.62 -0.51 0.70E-02 -.39E-03 0.18E+02
67.7 .3833 82. 8.05 -0.53 0.60E-02 -.38E-03 0.16E+02
75.8 .3819 86. 8.43 -0.55 0.47E-02 -.37E-Q3 0.13E+02
83.9 .3806 89. 8.77 -0.58 0.48E-02 -.40E-03 0.12E+02

115.7 .3745 103. 10.05 -0.64 0.53E-02 -.50E-Q3 0.lIE+02
132.9 .3713 109. 10.72 -0.66 0.48E-02 -.47E-Q3 0.10E+02
150.0 .3681 116. 11.35 -0.67 0.59E-02 -.54E-03 O.11E+02
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167.1 .3648 122. 11.95 -0.67 0.58E-02 -.55E-03 0.lIE+02
DEPTH 23. 01 (CXNI')

287.2 .3607 148. 14.51 -0.36 0.49E-02 -.58E-03 0.84E+01
304.3 .3592 15l. 14.77 -0.33 0.85E-02 -.6IE-03 0.14E+02
321.5 .3575 153:. 15.01 -0.33 O.lIE~l -.78E-03 0.14E+02
355.7 .3522 158. 15.50 -0.33 0.9IE~2 -.14E~2 0.63E+01
390.0 .3452 164 . 16.05 -0.33 0.4IE~2 -.89E-03 0.46E+01
424.3 .3453 169. 16.59 -0.40 -.53E+10 0.85E~3 0.63E+13

DEPTH 38. 01
TIME WATER WIT-·FOr M1\T-POr flYI)-{;RlIDHYD-<XN SP-M)IS DIFF
(HR) (00/00) «(}IO (KPA) (0001) (OOHR) (1/01) (CM2/HR)

11.1 .4152 33. 3.19 -0.14 0.27E+OO -.12E~2 0.22E+03
27.3 .4070 50. 4.91 -0.20 0.69E~1 -.77E~3 0.89E+02
31.3 .4041 53. 5.24 -0.24 0.49E~1 -.lIE~2 0.43E+02
35.4 .4013 56. 5.46 -0.26 0.37E-01 -.15E~2 0.24E+02
39.4 .3988 5~' 5.63 -0.27 0.34E-01 -.14E-02 0.24E+02j.

43.5 .3967 59. 5.81 -0.27 0.35E~1 -.97E~3 0.37E+02
47.5 .3949 61. 6.02 -0.27 0.35E~1 -.82E~3 0.42E+02
51.5 .3931 64. 6.23 -0.26 0.36E~1 -.8IE-03 0.44E+02
55.6 .3915 66. 6.44 -0.23 0.36E-01 -.77E-03 0.47E+02
59.6 .3899 68. 6.64 -0.20 0.40E-01 -.78E-03 0.52E+02
63.7 .3884 70. 6.84 -0.17 0.44E-01 -.7IE~3 0.62E+02
67.7 .3870 72. 7.04 -0.14 O.50E~l -.70E-03 0.7IE+02
71.8 .3857 74. 7.23 -0.13 0.50E-01 -.64E-03 0.78E+02
75.8 .3845 76. 7.43 -0.14 0.43E-01 -.60E~3 0.73E+02
79.9 .3834 78. 7.62 -0.16 0.39E-01 -.56E-03 0.70E+02
83.9 .3823 80. 7.82 -0.17 0.34E-01 -.54E-03 0.63E+02

115.7 .3750 94. 9.18 -0.21 0.3IE~1 -.5IE~3 0.62E+02
132.9 .3715 101. 9.90 -0.26 0.23E~1 -.48E~3 0.49E+02
150.0 .3683 10El. 10.59 -0.32 0.2IE-01 -.44E-03 0.48E+02
167.1 .3658 114. 11.20 -0.34 0.18E-01 -.38E~3 0.49E+02
184.3 .3639 120. 11.73 -0.36 0.81E~2 -.34E-03 0.24E+02
270.0 .3562 138. 13.48 -0.57 0.34E~2 -.83E-03 0.4IE+0l
287.2 .3544 140. 13.69 -0.54 0.59E-02 -.82E~3 0.7IE+01
304.3 .3530 142. 13.89 -0.49 0.8IE-02 -.55E-03 0.15E+02
321.5 .3519 144. 14.09 -0.45 0.l1E-01 -.5IE-03 0.2IE+02
338.5 .3504 146. 14.31 -0.42 0.13E-01 -.86E-03 0.16E+02
355.7 .3477 149. 14.55 -0.41 0.15E-01 -.13E~2 0.12E+02
372.8 .3439 15l. 14.83 -0.42 0.14E-01 -.14E-02 0.97E+01
390.0 .3404 154. 15.13 -0.45 0.82E-02 -.90E-03 0.90E+01

DEPl'H 53. 01
TIME WATER WIT--FOr MA.T-FOr HYD--GRAD HYD--<Xl:>1SP-MJIS DIFF
(HR) (00/G13) (01) (KPA) (OO(M) (OOHR) (1/01) (CM2/HR)

3.8 .4455 3. 0.28 -0.37 0.3IE+00 -.16E-02 0.20E+03
4.0 .4440 4. 0.40 -0.33 0.48E+00 -.18E-02 0.26E+03
4.3 .4423 ," 0.52 -0.32 0.6IE+00 -.2IE-02 0.29E+03.).

4.6 .4407 6. 0.63 -0.33 0.63E+00 -.22E-02 0.29E+03
4.9 .4392 7. 0.73 -0.36 0.53E+00 -.22E-02 0.25E+03
7.0 .4345 11. 1.08 -0.28 0.23E+00 -.l1E-02 0.21E+03

11.1 .4261 19. 1.87 -0.17 0.43E+00 -.1IE-02 0.39E+03
27.3 .4202 38. 3.71 -0.21 O.l1E+OO -.55E-Q3 0.2IE+03
31.3 .4179 4l. 4.06 -0.20 O.l1E+OO -.85E-03 0.13E+03
35.4 .4157 44. 4.30 -0.20 0.93E-0l -.12E-02 0.79E+02
39.4 .4137 46. 4.47 -0.20 0.84E-01 -.llE-Q2 0.75E+02
43.5 .4121 47. 4.65 -0.20 0.79E-Q1 -.69E-03 0.l1E+03
47.5 .4108 50. 4.86 -0.20 0.77E-Q1 -.58E-Q3 0.13E+03
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51.5 .4096 52• 5.07 -0.20 0.73E-Q1 -.6IE-Q3 0.12E+03
DEPI'H 53. 01 (CCNr)

55.6 .4083 54. 5.27 -0.22 0.63E-Q1 -.6IE-Q3 0.10E+03
63.7 •4059 58. 5.66 -0.25 0.49E-Q1 -.63E-Q3 0.77E+02
71.8 .4036 62. 6.04 -0.27 0.4IE-Q1 -.58E-Q3 0.7IE+02
79.9 •4014 66• 6.42 -0.24 0.42E-Q1 -.5IE-Q3 0.83E+02
83.9 .4005 68• 6.62 -0.22 0.44E-Q1 -.50E-Q3 0.89E+02

115.7 .3941 82. 8.01 -0.22 0.42E-Q1 -.37E-Q3 .0.UE+03
150.0 .3894 96. 9.43 -0.14 0.63E-Q1 -.27E-03 0.23E+03
167.1 .3880 103. 10.05 -0.13 0.57E-Q1 -.17E-Q3 0.34E+03
201.4 .3853 113. 11.10 -0.14 0.13E-Q1 -.36E-Q3 0.37E+02
235.7 .3817 122. 11.92 -0.12 0.67E-Q2 -.55E-Q3 0.12E+02
252.9 .3799 125. 12.21 -0.09 0.24E-Q1 -.69E-Q3 0.34E+02
270.0 .3782 127. 12.43 -0.05 0.65E-Q1 -.90E-Q3 0.73E+02

DEPI'H 69. 01
TIME WATER W\T-POI' M1\T-roI'HYD--GRAD HYD-<XN SP-IDIS DIFF
(HR) (013/013) (01) (KPA) (CMlCM) (CM/HR) (1/01) (CM2/HR)

7.0 .4497 2. 0.20 -0.30 0.29E+00 -.49E-Q3 0.59E+03
11.1 .4474 7. 0.65 -0.40 0.23E+OO -.13E-Q3 0.17E+04
27.3 .4456 26. 2.57 -0.28 0.10E+OO -.98E-Q4 O.lIE+04
31.3 .4452 30. 2.91 -0.27 0.10E+00 -.14E-Q3 O.69E+03
35.4 .4448 32. 3.17 -0.29 O.80E-Q1 -.2IE-Q3 0.37E+03
43.5 .4440 37. 3.58 -0.36 0.52E-Q1 -.15E-Q3 O.35E+03
51.5 .4436 41. 4.05 -0.42 0.4IE-01 0.13E-Q4 -.3IE+04
59.6 .4440 46. 4.52 -0.47 0.33E-01 0.65E-04 -.5IE+03
67.7 .4439 51. 4.96 -0.53 0.28E-01 -.16E-03 0.18E+03
75.8 .4422 55. 5.35 -0.54 0.27E-Q1 -.67E-03 O.40E+02
83.9 .4395 58. 5.70 -0.53 0.27E-Q1 -.84E-Q3 0.32E+02

115.7 .4330 71. 6.99 -0.41 0.28E-Q1 -.35E-03 0.82E+02
132.9 .4306 78. 7.67 -0.39 0.28E-Q1 -.37E-Q3 0.75E+02
167.1 .4260 90. 8.87 -0.28 O.32E-Q1 -.37E-03 0.87E+02
201.4 .4234 100. 9.82 -0.15 0.19E-01 -.17E-03 0.11E+03
235.7 .4220 108. 10.56 -0.07 0.28E-01 -.25E-03 0.11E+03
270.0 .4195 113. 11.07 -0.13 0.39E-01 -.84E-03 0.46E+02
304.3 .4163 117. 11.44 -0.24 0.26E-01 -.80E-03 0.33E+02
338.5 .4142 121. 11.82 -0.27 0.29E-01 -.35E-Q3 0.83E+02
355.7 .4135 123. 12.06 -0.27 0.33E-Q1 -.25E-03 0.13E+03
372.8 .4129 126. 12.35 -0.27 0.3lE-Q1 -.18E-03 0.17E+03
390.0 .4123 129. 12.67 -0.27 0.21E-Q1 -.15E-03 0.14E+03
407.2 .4119 133. 13.01 -0.27 0.39E-Q2 -.12E-Q3 0.33E+02
424.3 .4115 136. 13.35 -0.27 -.80E+10 -.99E-Q4 -.8lE+14
441.5 .4112 140. 13.70 -0.27 -.80E+10 -.10E-Q3 -.79E+14

DEPI'H 91. CM
TIME WATER M1\T-POI'Mi\.T-POrHYD-GRAD HYD-<XN SP-IDIS DIFF
(HR) (013/013) (01) (KPA) (CM/G1) (CM/HR) (1/01) (CM2/HR)

27.3 .4651 7. 0.66 -0.04 0.75E+00 -.15E-03 0.50E+04
31.3 .4646 10. 0.98 -0.04 0.80E+00 -.14E-03 0.57E+04
35.4 .4641 13. 1.26 -0.05 0.54E+00 -.20E-03 0.27E+04
39.4 .4636 15. 1.51 -0.06 0.38E+00 -.27E-03 0.14E+04
43.5 .4629 11. 1.04 -0.07 0.31E+00 -.27E-03 0.l1E+04
47.5 .4623 14. 1.42 -0.07 0.29E+00 -.23E-03 0.12E+04
51.5 .4619 18. 1.73 -0.06 0.29E+00 -.10E-03 0.28E+04
55.6 .4618 21. 2.03 -0.05 0.28E+00 0.90E-Q5 -.31E+05
59.6 .4618 24. 2.31 -0.05 0.33E+00 0.2IE-04 -.15E+05
63.7 .4618 26. 2.57 -0.04 0.41E+00 -.26E-04 0.16E+05
67.7 .4616 29. 2.82 -0.03 0.50E+00 -.l5E-03 0.33E+04
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71.8 .4610 3l. 3.06 -0.04 0.55E+OO -.4IE-03 0.14E+04
DEPTH 91. 01 (<XNl')

75.8 •4600 33• 3.28 -0.04 0.52E+00 -.58E-03 0.89E+03
79.9 .4588 36. 3.49 -0.05 0.46E+00 -.72E-03 0.64E+03
83.9 .4575 38. 3.69 -0.06 0.36E+OO -.74E-03 0.49E+03

115.7 •4523 52:• 5.08 -0.12 O.l2E+OO -.30E-03 0.40E+03
150.0 •4480 64• 6.31 -0.09 O.I6E+OO -.43E-03 0.38E+03
167.1 •4457 701• 6.87 -0.10 O.I2E+OO -.43E-03 0.28E+03
184.3 •4441 750• 7.37 -0.12 0.59E-01 -.24E-03 0.25E+03
201.4 •4433 80• 7.81 -0.13 0.28E-ol -.95E-04 0.30E+03
218.6 .4431 84. 8.19 -0.14 O.l6E-ol -.39E-04 0.4IE+03
235.7 .4428 87• 8.51 -0.14 0.19E-01 -.13E-03 0.15E+03
252.9 .4421 90• 8.78 -0.13 0.39E-01 -.43E-03 0.9IE+02
270.0 •4408 92:• 9.00 -0.10 0.69E-01 -.77E-03 0.90E+02
287.2 •4391 94• 9.20 -0.08 0.10E+OO -.90E-03 0.lIE+03
304.3 •4376 96• 9.39 -0.07 O.l2E+OO -.70E-03 0.17E+03
321.5 .4365 98. 9.59 -0.07 O.IIE+OO -.44E-03 0.26E+03
338.5 •4356 100 . 9.83 -0.09 0.99E-01 -.30E-03 0.33E+03
355.7 •4349 103. 10.10 -0.11 0.93E-01 -.24E-03 0.39E+03
372.8 .4342 106. 10.42 -0.12 0.78E"':01-.22E-03 0.36E+03
390.0 •4335 110 . 10.76 -0.13 0.50E-01 -.19E-03 0.26E+03

DEPI'H 114. 01
TIME WATER M/IT-·PCJrM/IT-POl'HYD-GRAD HYD-<XN SP-M)IS DIFF
(HR) (00/00) «(1.:1) (!<PA) (Q1/01) (Q1/HR) (1/01) (G12/HR)

51.5 .4757 2. 0.20 -0.14 0.14E+00 -.22E-03 0.64E+03
59.6 .4748 7. 0.65 -0.14 O.lIE+OO -.18E-03 0.59E+03
63.7 .4745 5. 0.54 -0.13 0.12E+00 -.18E-03 0.68E+03
67.7 .4741 8. 0.82 -0.11 O.17E+OO -.15E-03 0.lIE+04
71.8 .4738 11. 1.07 -0.09 0.25E+00 -.17E-03 0.15E+04
75.8 .4735 13. 1.30 -0.09 0.29E+00 -.14E-03 0.2IE+04
79.9 .4732 1~,. 1.52 -0.08 0.33E+00 -.14E-03 0.23E+04
83.9 .4729 18. 1.73 -0.08 0.34E+OO -.15E-03 0.22E+04

115.7 .4711 32. 3.10 -0.01 0.12E+01 -.13E-03 0.9IE+04
132.9 .4702 38. 3.74 -0.04 0.40E+00 -.14E-03 0.28E+04
150.0 .4692 44. 4.34 -0.07 0.25E+00 -.23E-03 0.lIE+04
167.1 .4680 SO. 4.90 -0.07 0.21E+00 -.19E-03 0.lIE+04
184.3 .4676 55. 5.41 -0.05 0.15E+00 0.20E-04 -.76E+04
201.4 .4678 60. 5.85 -0.03 O.13E+OO 0.70E-04 -.18E+04
218.6 .4676 64. 6.22 -0.01 0.27E+00 -.19E-03 0.14E+04
235.7 .4659 61'. 6.54 0.00 0.17E+05 -.95E-03 0.18E+08
252.9 .4618 69. 6.79 -0.01 0.84E+00 -.25E-02 0.34E+03
270.0 .4554 71. 7.00 -0.03 0.35E+00 -.38E-02 0.92E+02
304.3 .4437 75. 7.37 -0.06 0.17E+00 -.19E-02 0.88E+02
321.5 .4417 77. 7.56 -0.04 0.21E+00 -.33E-03 0.65E+03

DEPI'H 137. 01
TIME WATER M/IT-·PCJrMP.T-POr HYD-GRAD HYD-<X.N SP-M)IS DIFF
(HR) (00/00) (CN) (!<PA) (Q1/01) (Q1/HR) (1/01) (G12/HR)
115.7 .5082 12:. 1.19 -0.14 0.19E-01 0.24E-02 -.82E+01
132.9 .5120 12:. 1.22 -0.16 0.15E+00 -.13E-02 0.12E+03
150.0 .5033 22:. 2.12 -0.18 0.14E+00 -.15E-02 0.93E+02
167.1 .5002 29. 2.80 -0.20 0.60E-01 0.57E-03 -.l1E+03
184.3 .5025 34. 3.33 -0.19 0.32E-01 0.38E-03 -.86E+02
201.4 .5032 38. 3.74 -0.17 0.23E-01 -.81E-04 0.29E+03
218.6 .5014 4l. 4.06 -0.15 0.41E-01 -.12E-02 0.35E+02
235.7 .4966 44. 4.32 -0.12 0.92E-01 -.25E-02 0.36E+02
252.9 .4888 46. 4.55 -0.10 0.20E+OO -.42E-02 O.46E+02
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270.0 .4789 49. 4.77 -0.09 .0.26E+00 -.50E-Q2 0.52E+02
DEPI'H 137. CN

287.2 .4693 51. 4.99 -0.09 0.25E+OO -.44E-Q2 0.57E+02
304.3 .4627 53. 5.19 -0.10 O.l6E+OO -.24E-Q2 0.66E+02
321.5 .4600 55. 5.38 -0.11 0.98E-Q1 -.46E-Q3 0.2IE+03
338.5 .4599 57. 5.60 -0.11 0.82E-Q1 0.26E-Q3 -.3IE+03
355.7 .4603 60. 5.85 -0.10 O.lIE+OO 0.75E-Q4 -.14E+04
372.8 .4602 63. 6.16 -0.08 O.l3E+OO -.12E-Q3 0.lIE+04
390.0 .4597 66. 6.50 -0.07 O.lIE+OO -.15E-Q3 0.76E+03
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SITE I, REPLICATION 2
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Table 1-2.1. SolI morphologic data for Site I. replication 2

Site and location: 1-2 Eclanan, Oakes Aquifer 125 feet south and 170 feet east of the
northwest corner of Section 25. Township 129 north, Range 60 west, Dickey County,
North Dakota.

Sampled: 10/23/85 by M. D. Sweeney, North Dakota Agricultural Experiment Station,
Fargo, North Dakota.

SolI type and classification: Eclm1an slIt loam: coarse-sUty, mixed Udic Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin.

Drainage: Well.

NOTES: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratory texture in parenthesis if different from field texture.

SoUproille: 1-2west side of pit.

Ap 0-6 inches (0-15 cm) black (lOYR2/1) sUt loam (loam), dark gray (lOYR4/1, dry):
moderate medium granular structure: slightly hard, friable, slightly sticky and slightly
plastic: common very fine roots: abrupt smooth boundary.

Bw 6-12 inches (15-30 cm)very dark grayish brown (lOYR3/2)sUt loam (loam),grayish
brown (lOYR5/2, dry): moderate coarse and medium prismatic parting to moderate
coarse and medium subangular blocky structure: common very fine roots: clear smooth
boundary.

BCk 12-20 inches (30-51 em) light yellowishbrown to pale yellow(2.5Y6.5/4) sUt loam
(sUty clay loam), white (2.5Y 8/2, dry): weak coarse prismatic parting to moderate
coarse and medium subangular blocky structure: slightly hard, friable. slightly sticky
and slightly plastic: few very fine roots: violent effervescence: few salt crystals: clear
smooth boundary.

BCsa 20-31 inches (51-79 cm) light yellowish brown (2.5Y 6/4) silt loam, pale yellow
(2.5Y8/4. dry): weak coarse prismatic parting to weak coarse and medium subangular
blocky structure: slightly hard, friable, slightly sticky and slightly plastic: few very
fine roots: strong effervescence with few large irregularly shaped lime concretions:
common salt crystals: clear wavy boundary.

C1 31-52 inches (79-132 cm) light yellowishbrown (2.5Y6/4) very fine sandy loam (sUt
loam). pale yellow (2.5Y 8/4. dry) with common medium distinct light gray to gray (5Y
6/1) and common large distinct strong brown (7.5YR 5/8) mottles and dark reddish
brown (5YR3/3) root channels: moderate medium and fine platy structure: soft, very
friable. slightly sticky and slightly plastic: few very fine roots: strong to slight
effervescence
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Table 1-2.2 EX::~ SERIES SITE 1-2 ID5lC:1985
Soil particle-size, b..1lk density, am o~ caz:bcn data
and in:llOOS.

DEPTH PARTICIE SIZE ClASSES (MICXN/PERDlI')
an 2. 20. SO. 100. 250. 500. 1000. 2000.

8. 17.8 22.6 26.0 21.9 8.7 2.4 0.4 0.1
23. 15.4 20.1 26.6 28.2 7.7 1.8 0.3 0.0
38. 32.6 36.8 21.1 6.2 2.4 0.7 0.1 0.1
54. 22.0 48.8 22.3 4.1 1.9 0.7 0.2 0.0
68. 13.1 52.8 30.2 2.1 1.2 0.4 0.1 0.1
84. 17.8 58.6 22.0 0.7 0.5 0.2 0.1 0.0
99. 16.3 67.4 14.4 0.3 0.3 0.3 0.4 0.5

114. 6.1 47.4 44.6 1.2 0.4 0.1 0.1 0.0
137. 14.9 64.1 20.2 0.3 0.2 0.1 0.1 0.1

DEPTH SAND SILT CIAY HCRIZCN
an % % %

8. 33.6 48.6 17.8 A 0 6 6=p23. 37.9 46.7 15.4 B07 7-.:
38. 9.5 57.9 32.6 OCO 10 1O=k
54. 6.9 71.1 22.0 OCO 12 12=sa
68. 3.9 83.0 13.1 OCO 12
84. 1.6 80.6 17.8 COO
99. 1.9 81.8 16.3 COO

114. 1.9 92.0 6.1 COO
137. 0.8 84.3 14.9 COO

DEP'lH SA/SI GEAN mEV Z F-INDEX ED a::
an mn mn g/o::; %

8. 0.689 0.0210 5.4 0.0039 0.391 1.58 2.80
23. 0.814 0.0236 4.9 0.0048 0.466 1.46 1.60
38. 0.164 0.0080 5.0 0.0016 0.280 1.25 1.10
54. 0.097 0.0099 4.1 0.0024 0.407 1.42 0.67
68. 0.047 0.0126 3.3 0.0038 0.570 1.35 0.40
84. 0.019 0.0097 3.3 0.0029 0.526 1.35 0.34
99. 0.022 0.0094 3.3 0.0029 0.603 1.35 0.27

114. 0.020 0.0167 2.6 0.0065 0.791 1.31 0.13
137. 0.009 0.0100 3.0 0.0033 0.605 1.38 0.34

DEPTH M)ISTURE/SOICN SUFE GARDNER K-PAR1\METERS (JAYNE & 1'YUR)
G1!DAY-KPA CM!HR-BAR

an GOSH BIDEMEN' K-SIa?E K-INT K-SWPE K-lliT
8. 4.323 1.793 -0.1628 0.9715 -1.63 -0.41

23. 4.061 1.977 -0.2378 1.1020 -2.38 -0.28
38. 7.616 1.788 0.2318 0.2755 2.32 -1.10
54. 9.433 2.060 0.3513 0.2001 3.51 -1.18
68. 12.579 2:.526 0.4683 0.1131 4.68 -1.27
84. 18.125 2.464 0.4868 0.0435 4.87 -1.34
99. 16.972 2:.736 0.4901 0.0522 4.90 -1.33

114. 17.690 3.668 0.5544 0.0522 5.54 -1.33
137. 23.531 2.664 0.5199 0.0232 5.20 -1.36
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Table 1-2.3 SoUsaturation extract water chemlsby data. gravimetricwater content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site I.
replication 2

Saturation Extract Soluble Ions
Depth ca Mg Na K C03 HC03 Cl S04
(cm) meq/I
0- 15 6.77 2.83 1.64 0.72 2.72 0.30 8.94

15 - 30 6.13 2.87 1.39 0.21 1.16 0.20 9.24
30 - 46 7.83 3.97 1.58 0.08 1.32 0.18 11.96
46 - 61 27.71 15.09 3.53 0.11 1.00 0.12 45.32
61 - 76 20.52 27.88 15.30 0.25 1.60 0.30 62.05
76 - 91 4.86 22.98 30.10 0.28 1.92 0.70 55.60
91- 107 6.35 34.86 31.10 0.31 1.76 2.46 68.39

107 - 122 10.15 65.45 65.73 0.32 1.32 4.94 135.39
122 - 152 18.40 78.00 64.68 0.46 1.28 5.30 154.96

Depth ECE SAR H20 at pH C03 Texture 9
Sat clay class 15bar

(cm) mmhos/cm % % g/gx
100

0- 15 0.94 0.7 47 8.2 1 9.37
15 - 30 0.85 0.7 43 7.8 I 8.68
30 - 46 1.13 0.6 45 7.9 15.9 sid 8.94
46 - 61 2.83 0.8 48 7.7 7.4 sll 9.86
61 - 76 4.07 3.1 53 7.9 sll 10.39
76 - 91 4.41 8.1 55 8.0 sll 11.17
91- 107 5.77 6.9 64 8.0 sll 12.52

107 - 122 9.05 10.7 49 7.9 sl 7.85
122 - 152 9.72 9.3 57 7.9 sl1 11.85
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Table I-2.4 SIn: I-2 ro<Ml\NSERIES 1985 ID~
laboratory soil-water mtention data

lAB PRESSURE (01) AND WATER <XNI'FNl' (VOL. FRACTICN)

DEP1H (01)

8. 23. 38. 53.

01 CX;/CX; SE
14. 0.4370 0.00157 10. 0.4148 0.0003 10. 0.4341 0.0008 10. 0.5193 0.0344
20. 0.4370 0.00157 20. 0.4191 0.0003 20. 0.4398 0.0017 20. 0.5180 0.0379
30. 0.4354 0.00157 30. 0.4061 0.0006 30. 0.3912 0.0034 30. 0.4676 0.0256
40. 0.4346 0.00162 40. 0.4046 0.0006 40. 0.3876 0.0029 40. 0.4641 0.0243
60. 0.4289 0.00:57 60. 0.3974 0.0005 60. 0.3726 0.0026 60. 0.4489 0.0225
80. 0.4200 0.00,42 80. 0.3734 0.0003 80. 0.3425 0.0030 80. 0.4142 0.0168

100. 0.4135 0.0032 100. 0.3720 0.0003 100. 0.3397 0.0031 100. 0.4116 0.0161
120. 0.4070 0.00:22 120. 0.3647 0.0004 120. 0.3304 0.0037 120. 0.4023 0.0151
160. 0.3939 0.0014 180. 2.4811 1.5146 180. 0.3054 0.0015 180. 0.3778 0.0111
238. 0.3775 0.0006 334. 0.3168 0.0020 334. 0.2889 0.0022 334. 0.3575 0.0090
340. 0.3669 0.00103 534. 0.2922 0.0023 534. 0.2725 0.0019 534. 0.3364 0.0063
544. 0.3522 0.0007 834. 0.2371 0.0019 834. 0.2388 0.0019 834. 0.2942 0.0010
850. 0.3358 0.0011

BD= 1.58 1.46 1.25 1.42
N= 2 2 2 2

DEP1H (01)

68. 83. 99. 114.

10. 0.4994 0.0142 10. 0.5487 0.0160 10. 0.5733 0.0176 10. 0.5204 0.0063
20. 0.5063 0.0127 20. 0.5611 0.0159 20. 0.5814 0.0188 20. 0.5204 0.0063
30. 0.4832 0.0121 30. 0.5277 0.0166 30. 0.5558 0.0186 30. 0.5107 0.0079
40. ****** ****** 40. 0.5269 0.0161 40. 0.5550 0.0192 40. 0.5107 0.0079
60. 0.4671 0.0121 60. 0.5106 0.0167 60. 0.5438 0.0213 60. 0.5055 0.0085
80. 0.4417 0.0119 80. 0.4912 0.0173 80. 0.5255 0.0229 80. 0.4959 0.0101

100. 0.4393 0.0113 100. 0.4897 0.0173 100. 0.5247 0.0235 100. 0.4951 0.0096
120. 0.4309 0.0116 120. 0.4850 0.0173 120. 0.5191 0.0240 120. 0.4921 0.0106
180. 0.4110 0.0132 180. 0.4648 0.0163 180. 0.5023 0.0233 180. 0.4788 0.0107
334. 0.3879 0.0114 334. 0.4447 0.0153 334. 0.4807 0.0214 334. 0.4624 0.0139
534. 0.3640 0.0102 534. 0.4229 0.0143 534. 0.4591 0.0184 534. 0.4319 0.0199
834. 0.3007 0.0051 834. 0.3740 0.0161 834. 0.4062 0.0123 834. 0.3458 0.0203

BD= 1.35 1.35 1.35 1.31
N= 2 2 2 2

DEP1H (01)

137.

14. 0.6904 0.0381
20. 0.6865 0.0373
30. 0.6842 0.0367
40. 0.6713 0.0388
60. 0.6643 0.0297
80. 0.6507 0.0312

100. 0.6397 0.0285
120. 0.6329 0.0298
160. 0.6267 0.0295
238. 0.6091 0.0292
340. 0.6001 0.0309
544. 0.5791 0.0364
850. 0.5418 0.0232

BD= 1.38
N= 2
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Table 1-2.5 :EX::KMAN LOAM SITE 1-2 (SCHUHAN) CLINE)
In-situ K(O,'l') and O('l') , and laboratory K(O,'l')
data.

RIOIARDSPARAME'IERS

DEPl'H 8. 01
TIME WATER M/\T-POTwcr-POr ~ H'fI)-(XN SP-+DIS DIFF
(HR) (a.o/a.o) (eM) (KPA) (CMlO1) (CWHR) (1/01) (Q.Q/HR)

1.5 .3883 2. 0.24 -1.49 0.58E-02 -.77E-03 0.76E+01
1.9 .3879 3. 0.30 -1.48 0.59E-02 -.62E-03 0.95E+01
2.3 .3874 4. 0.38 -1.47 0.8IE-02 -.69E-03 0.12E+02
2.6 .3868 5. 0.47 -1.46 0.82E-02 -.59E-03 0.14E+02
3.0 .3862 6. 0.57 -1.44 0.90E-02 -.58E-03 0.15E+02
3.4 .3856 7. 0.69 -1.42 0.76E-02 -.4IE-03 0.19E+02
3.7 .3851 9. 0.84 -1.40 0.85E-02 -.34E-03 0.25E+02
4.1 .3845 11. 1.03 -1.36 0.95E-02 -.27E-03 0.35E+02
4.5 .3839 13. 1.28 -1.32 0.90E-02 -.22E-03 0.42E+02
4.8 .3833 16. 1.54 -1.27 0.85E-02 -.20E-03 0.43E+02
7.0 .3820 25. 2.48 -1.10 0.38E-02 -.14E-03 0.28E+02

n.1 .3805 39. 3.81 -0.89 0.16E-02 -.74E-04 0.22E+02
15.1 .3798 47. 4.64 -0.74 0.13E-02 -.82E-04 0.16E+02
19.2 .3792 54. 5.28 -0.63 0.23E-02 -.12E-03 0.19E+02
23.2 .3786 60. 5.87 -0.56 0.14E-02 -.75E-04 0.18E+02
27.3 .3780 65. 6.40 -0.41 0.37E-02 -.17E-03 0.22E+02
31.3 .3772 70. 6.82 -0.26 0.48E-02 -.19E-03 O.25E+02
39.4 .3764 74. 7.29 -0.38 O.13E-02 -.15E-03 O.85E+01
47.5 .3760 78. 7.65 -0.45 O.87E-03 -.lIE-03 O.80E+01
55.6 .3756 82. 8.02 -0.42 0.93E-03 -.nE-03 0.8IE+01
63.7 .3750 86. 8.40 -0.38 0.20E-02 -.20E-Q3 0.10E+02
71.8 .3742 90. 8.80 -0.33 0.2IE-02 -.20E-03 0.10E+02

132.9 .3690 113. 11.12 -0.34 0.17E-02 -.22E-Q3 0.78E+01
150.0 .3677 120. 11.72 -0.34 0.17E-02 -.22E-03 0.79E+01
167.1 .3663 126. 12.31 -0.34 0.18E-02 -.23E-03 0.78E+01
201.4 .3632 137. 13.42 -0.29 0.25E-Q2 -.32E-03 0.79E+01
235.7 .3606 146. 14.27 -0.21 O.17E-02 -.25E-03 0.69E+01
355.7 .3615 160. 15.67 -0.26 0.69E-03 -.14E-03 0.5IE+01
372.8 .3610 163. 15.98 -0.24 0.10E-02 -.17E-Q3 0.60E+01
390.0 .3604 166. 16.31 -0.21 0.13E-02 -.18E-03 0.70E+0l
407.2 .3598 170. 16.65 -0.19 0.13E-02 -.16E-Q3 0.79E+01
424.3 .3593 173. 17.00 -0.17 0.13E-02 -.14E-Q3 0.92E+0l

DEPTH 23. 01
TlME WATER MAT-POTMAT-POTHYD-GRADH'fI)-(XN SP-+DIS DIFF
(HR) (013/013) «(1.1) (KPA) «(1.1/01) (G1/HR) (1/01) (G12/HR)

1.2 .4058 4. 0.42 -1.49 0.98E-02 -.20E-03 0.49E+02
1.9 .4054 6. 0.55 -1. 47 0.17E-0l -.58E-03 0.29E+02
2.6 .4044 7. 0.73 -1.45 0.25E-0l -.63E-03 0.39E+02
3.4 .4034 10. 0.95 -1. 42 0.22E-Ol -.40E-03 0.55E+02
4.5 .4001 15. 1.49 -1.31 0.47E-0l -.79E-03 0.59E+02
7.0 .3961 25. 2.44 -1.09 O.13E-Dl -.20E-D3 0.62E+02

15.1 .3931 45. 4.44 -0.74 0.40E-02 -.11E-03 0.37E+02
19.2 .3923 51. 4.98 -0.62 0.82E-02 -.20E-03 0.41E+02
23.2 .3911 56. 5.53 -0.56 0.64E-D2 -.21E-D3 0.30E+02
27.3 .3899 61. 5.94 -0.41 0.14E-0l -.45E-03 0.3IE+02
31.3 .3884 64. 6.24 -0.26 0.21E-01 -.52E-03 0.40E+02
39.4 .3856 69. 6.81 -0.37 0.87E-02 -.48E-03 0.18E+02
43.5 .3845 72. 7.03 -0.44 0.61E-02 -.51E-03 O.12E+02
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DEP'lH 23. CM (CXNl')
47.5 •3836 74• 7.22 -0.44 0.51£-02 -.53E-03 0.lIE+02
55.6 .3818 77. 7.56 -0.41 0.54E-02 -.46E-03 0.12E+02
63.7 .3805 81. 7.92 -0.38 0.68E-02 -.29E-03 0.23E+02
67.7 .3799 83. 8.10 -0.35 0.82E-02 -.33E-03 0.25E+02
75.8 .3785 86. 8.44 -0.32 0.89E-02 -.53E-03 0.11£+02
83.9 •3766 89• 8.76 -0.32 0.9IE-02 -.58E-03 0.16E+02

115.7 •3712 102 • 10.00 -0.33 0.73E-02 -.43E-03 0.11£+02
132.9 .3689 108. 10.61 -0.33 0.63E-02 -.36E-03 0.11£+02
150.0 .3671 114. 11.20 -0.33 0.55E-02 -.25E-03 0.22E+02
167.1 .3657 120. 11.80 -0.33 0.53E-02 -.20E-03 0.26E+02
184.3 •3647 126 . 12.36 -0.32 0.58E-02 -.11£-03 0.34E+02
201.4 .3639 131. 12.87 -0.28 0.62E-02 -.14E-03 0.44E+02
218.6 .3633 136• 13.31 -0.24 0.6IE-02 -.lIE-03 0.54E+02
235.7 .3630 139. 13.66 -0.21 0.39E-02 -.72E-04 0.54E+02
338.5 .3615 151. 14.83 -0.27 0.20E-02 -.21£-03 0.73E+01
355.7 .3608 154. 15.11 -0.26 0.26E-02 -.24E-03 0.lIE+02
372.8 .3602 157. 15.40 -0.24 0.32E-02 -.20E-03 0.16E+02
390.0 .3597 160 . 15.71 -0.21 0.35E-02 -.14E-03 0.24E+02
407.2 .3593 164. 16.03 -0.19 0.30E-02 -.55E-04 0.55E+02
424.3 •3593 167 . 16.36 -0.17 0.26E-02 0.71£-05 -.34E+03
441.5 .3593 170. 16.69 -0.14 0.21£-02 0.39E-04 -.70E+02

DEPTH 46. CM
TIME WATER WIT-FOr WIT-POI' HYD-<;RAD HYD~ SP-MJIS DIFF
(HR.) (00/00) (Q([) (KPA) (CM/CM) (CM/HR) (l/CM) (<M2/HR)

3.4 .4117 O. 0.02 -0.14 0.41£+00 -.56E-03 0.85E+03
3.7 .4109 1. 0.14 -0.14 0.69E+00 -.78E-03 0.89E+03
4.1 .4094 3. 0.30 -0.15 0.lIE+01 -.lIE-02 0.99E+03
4.5 .4073 5. 0.49 -0.16 0.12E+01 -.12E-02 0.1IE+04

15.1 .4106 25,. 2.46 -0.06 0.72E-01 -.18E-04 0.40E+04
19.2 .4094 31. 3.00 -0.07 0.24E+00 -.46E-03 0.52E+03
23.2 .4074 36. 3.54 -0.07 0.19E+00 -.31£-03 0.5IE+03
27.3 .4056 40. 3.97 -0.11 0.14E+00 -.68E-03 0.20E+03
31.3 .4036 44. 4.29 -0.17 O.95E-Ol -.75E-03 0.13E+03
35.-4 .4014 47. 4.60 -0.17 0.81£-01 -.68E-03 0.13E+03
39.4 .3993 SO. 4.91 -0.14 0.93E-01 -.70E-03 0.13E+03
43.5 .3973 53. 5.20 -0.15 0.8IE-01 -.75E-03 0.lIE+03
47.5 .3954 56. 5.45 -0.18 0.61E-01 -.80E-03 0.75E+02
51.5 .3939 58. 5.67 -0.21 0.45E-01 -.76E-03 0.59E+02
55.6 .3927 60. 5.85 -0.22 0.35E-01 -.63E-03 0.56E+02
59.6 .3918 61. 6.02 -0.22 0.30E-01 -.44E-03 0.61£+02
63.7 .3911 63. 6.19 -0.22 0.21£-01 :-.35E-03 0.75E+02
67.7 .3904 65. 6.37 -0.23 0.30E-01 -.43E-03 0.69E+02
71.8 .3895 ol. 6.55 -0.24 0.36E-01 -.61£-03 0.53E+02
75.8 .3881 69. 6.72 -0.24 0.41E-01 -.81£-03 0.41£+02
79.9 .3866 70. 6.89 -0.25 0.44E-01 -.10E-02 0.43E+02
83.9 .3849 72. 7.06 -0.25 0.44E-0l -.99E-03 0.44E+02

115.7 .3764 8~). 8.32 . -0.25 0.29E-01 -.61£-03 0.43E+02
132.9 .3726 9l. 8.96 -0.27 0.23E-0l -.55E-03 0.4IE+02
150.0 .3694 98. 9.60 -0.30 0.11£-01 -.43E-03 0.38E+02
167.1 .3670 10~l. 10.21 -0.30 O.14E-Ol -.36E-03 0.38E+02
184.3 .3657 110. 10.76 -0.30 0.92E-02 -.11E-03 0.86E+02
201.4 .3657 115. 11.26 -0.30 0.52E-02 0.l1E-03 -.46E+02
218.6 .3664 119. 11.67 -0.31 0.26E-02 0.26E-03 -.10E+02
304.3 .3658 129. 12.66 -0.23 0.39E-02 -.73E-Q3 0.54E+01
321.5 .3646 13l. 12.85 -0.22 0.7IE-02 -.59E-03 0.12E+02
338.5 .3634 133. 13.08 -0.22 0.81£-02 -.46E-03 0.19E+02
355.7 .3623 136. 13.35 -0.23 0.82E-02 -.35E-03 0.24E+02
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DEPTH 46. 01 (<XNr)
372.8 .3615 139. 13.65 -{l.24 0.70E-02 -.23E-03 0.31E+02
390.0 .3610 143. 13.98 -{l.26 0.48E-02 -.10E-03 0.48E+02
407.2 .3609 146. 14.32 -{l.28 0.19E-02 0.45E-04 -.42E+02

DEPl'H 69. 01
TIME WATER MAT-POl' MAT-POl' flYD-GW) HYD--<XN SP-M)IS DIFF
(HR) (00/00) (CM) (KPA) (CM/CM) «(M/HR) (1/01) (CM2/HR)

15.1 .4351 10. 0.96 -{l.50 0.95E-02 -.13E-04 0.72E+03
19.2 .4341 15. 1.50 -{l.51 0.56E-01 -.36E-03 0.16E+03
23.2 .4325 20. 2.00 -{l.50 0.42E-01 -.31E-03 0.14E+03
27.3 .4312 25. 2.42 -{l.46 0.55E-01 -.31E-03 0.17E+03
31.3 .4299" 29. 2.80 -{l.46 0.57E-01 -.41E-03 0.14E+03
35.4 .4286 31. 3.08 -{l.45 0.56E-01 -.51E-03 0.11E+03
39.4 .4273 34. 3.32 -{l.41 0.58E-01 -.57E-03 0.10E+03
43.5 .4261 36. 3.56 -{l.35 0.62E-01 -.50E-03 0.12E+03
47.5 .4249 39. 3.80 -{l.30 0.66E-01 -.46E-03 0.14E+03
51.5 .4239 41. 4.03 -{l.28 0.58E-01 -.39E-03 0.15E+03
55.6 .4232 43. 4.23 -{l.29 0.44E-01 -.32E-03 0.14E+03
59.6 .4227 45. 4.41 -{l.30 0.34E-01 -.28E-03 0.12E+03
63.7 .4222 47. 4.58 -{l.30 0.31E-01 -.28E-03 0.11E+03
67.7 .4216 49. 4.75 -{l.28 0.39E-01 -.35E-03 0.11E+03
71.8 .4209 50. 4.93 -{l.27 0.54E-01 -.50E-03 0.11E+03
75.8 .4199 52. 5.11 -{l.26 0.68E-01 -.62E-03 0.11E+03
79.9 .4187 54. 5.29 -{l.27 0.73E-01 -.68E-03 0.11E+03
83.9 .4175 56. 5.47 -{l.29 0.68E-01 -.68E-03 0.10E+03

115.7 .4101 69. 6.75 -{l.32 0.42E-01 -.73E-03 0.57E+02
132.9 .4060 76. 7.42 -{l.32 0.34E-01 -.50E-03 0.67E+02
150.0 .4029 82. 8.05 -{l.28 0.31E-01 -.49E-03 0.63E+02
167.1 .3997 88. 8.65 -{l.27 0.28E-01 -.58E-03 0.49E+02
184.3 .3977 94. 9.20 -{l.26 0.14E-01 -.14E-03 0.99E+02
287.2 .3993 110. 10.83 -{l.18 0.12E-01 -.22E-02 0.56E+01
304.3 .3972 112. 10.96 -{l.20 0.14E-01 -.13E-02 0.11E+02
321.5 .3953 114. 11.14 -{l.21 0.16E-01 -.88E-03 0.18E+02
338.5 .3937 116. 11.36 -{l.21 0.17E-Q1 -.56E-03 0.30E+02
355.7 .3923 119. 11.64 -{l.21 0.15E-01 -.42E-03 0.37E+02
372.8 .3912 122. 11.96 -{l.20 0.14E-01 -.3lE-03 0.43E+02
390.0 .3902 126. 12.30 -{l.20 0.95E-02 -.23E-03 0.40E+02

DEPl'H 84. 01
TIME WATER ~T-POr ~T-POl' HYD-GAAD HYD-a:N SP-M)IS DIFF
(HR) (013/013) (01) (KPA) (Q.1/CM) «(M/HR) (1/01) (CM2/HR)

23.2 .4625 9. 0.92 0.00 0.89E+06 -.16E-03 0.55E+10
27.3 .4623 11 . 1.05 0.00 0.12E+07 0.50E-04 -.23E+11

132.9 •4563 63. 6.13 0.00 0.55E+05 -.59E-03 0.94E+08
270.0 .4446 96. 9.39 -{l.07 0.34E-01 -.10E-02 0.33E+02
287.2 .4433 97. 9.52 -{l.07 0.55E-01 -.10E-02 0.54E+02
304.3 .4422 99. 9.66 -{l.07 0.63E-01 -.64E-03 0.98E+02
321.5 .4411 100. 9.85 -0.07 0.67E-01 -.51E-03 0.13E+03
338.5 .4401 103. 10.08 -0.07 0.63E-01 -.39E-03 0.16E+03
355.7 .4391 106. 10.36 -0.07 0.57E-01 -.34E-03 0.17E+03
372.8 .4381 109. 10.67 -0.07 0.50E-01 -.30E-03 0.16E+03
390.0 .4371 112. 11.01 -0.07 0.38E-01 -.27E-03 0.14E+03
407.2 .4361 116. 11.38 -0.06 0.24E-01 -.26E-03 0.91E+02
424.3 .4351 120. 11.77 -0.04 0.16E-01 -.25E-03 0.63E+02
441.5 .4341 124. 12.17 -0.01 0.1lE-01 -.26E-03 0.44E+02
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DEPl'H 99. 01
TIME WATER MM'-]?O!' WIT-POr HYIH:;EW) HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (CM, (KPA) (CM/(1) (CM/HR) (l/(1) (OO/HR)

31.3 •4838 2 . 0.19 0.00 0.72E+01 0.53E-G3 -.14E+05
35.4 .4848 5. 0.47 -0.01 0.38E+01 0.17E-G3 -.23E+05
55.6 .4840 15. 1.45 -0.15 0.9IE-Gl -.79E-G4 O.lIE+04
59.6 .4840 18. 1.78 -0.25 0.4IE-G1 0.82E-G4 -.500+03
63.7 •4844 20 • 2.00 -0.30 0.3OE-G1 0.40E-G3 -.75E+02
67.7 •4850 22• 2.15 -0.28 0.4IE-G1 0.43E-G3 -.97E+02
71.8 •4854 23 . 2.29 -0.25 0.70E-G1 0.10E-G3 -.70E+03
75.8 .4853 25. 2.45 -0.22 0.10E+OO -.19E-G3 0.S4E+03
79.9 .4849 27. 2.61 -0.20 O.l2E+OO -.30E-G3 0.4IE+03
83.9 .4844 28. 2.79 -0.18 O.l4E+OO -.32E-G3 0.43E+03

115.7 •4811 42• 4.10 -0.17 O.l2E+OO -.70E-G3 0.18E+03
132.9 .4756 48. 4.75 -0.15 O.l3E+OO -.10E-G2 0.12E+03
150.0 .4719 55. 5.37 -0.15 0.7IE-G1 -.14E-G3 0.49E+03
184.3 •4748 66. 6.48 -0.11 0.45E-G1 0.lIE-G3 -.4IE+03
218.6 .4722 75. 7.33 -0.08 0.lIE-G1 -.74E-03 0.15E+02
252.9 .4677 80• 7.87 -0.10 0.18E-G1 -.76E-G3 0.24E+02
270.0 .4668 82. 8.03 -0.12 0.26E-G1 -.33E-G3 0.79E+02
287.2 .4666 83. 8.17 -0.13 0.33E-G1 0.8IE-G4 -.40E+03
321.5 •4668 87. 8.51 -0.13 0.39E-G1 -.45E-G6 0.87E+05
355.7 .4664 92. 9.01 -0.13 0.38E-G1 -.13E-G3 0.3IE+03
390.0 .4652 99. 9.66 -0.13 0.27E-G1 -.22E-G3 0.12E+03
407.2 .4643 102. 10.03 -0.14 0.17E-G1 -.27E-G3 0.6IE+02
424.3 .4632 106. 10.42 -0.16 0.10E-G1 -.29E-G3 0.34E+02

DEPl'H 114. 01
TIME WATER WIT-POT WIT-POT HYIH:;EW) HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (rn) (KPA) (CM/CM) (CM/HR) (1/01) (OO/HR)

51.5 .4935 1. 0.06 -0.29 0.82E-G1 -.10E-02 0.8IE+02
55.6 .4915 3. 0.33 -0.15 O.lIE+OO -.44E-G3 0.25E+03
59.6 .4932 6. 0.58 -0.02 0.78E-G1 0.20E-02 -.40E+02
75.8 .5149 11. 1.11 -0.13 0.22E+00 -.22E-02 0.10E+03
79.9 .5094 13. 1.31 -0.16 0.25E+00 -.44E-02 0.57E+02
83.9 .5016 15,. 1.50 -0.17 0.25E+00 -.49E-G2 0.50E+02

115.7 .4839 29. 2.82 -0.15 0.17E+00 -.55E-03 0.3IE+03
132.9 .4805 35. 3.47 -0.16 0.14E+00 -.54E-G3 0.27E+03
150.0 .4773 42:. 4.09 -0.14 0.88E-G1 -.50E-03 0.18E+03
167.1 .4735 48. 4.66 -0.13 0.68E-01 -.89E-G3 0.76E+02
184.3 .4706 53. 5.16 -0.13 0.37E-G1 -.20E-03 0.19E+03
201.4 .4711 57. 5.61 -0.13 0.15E-G1 0.47E-G3 -.32E+02
218.6 .4737 61. 5.98 -0.13 0.54E-G2 0.93E-G3 -.58E+01
235.7 .4767 64. 6.29 -0.11 0.42E-02 0.lIE-G2 -.38E+0l
252.9 .4787 66. 6.51 -0.10 0.20E-G1 0.63E-G3 -.32E+02
270.0 .4791 68. 6.68 -0.08 0.42E-G1 -.40E-G3 0.10E+03
287.2 .4782 70. 6.81 -0.07 0.63E-G1 -.90E-03 0.70E+02
304.3 .4772 71. 6.96 -0.07 0.75E-G1 -.55E-03 0.14E+03
321.5 .4765 73. 7.16 -0.07 0.73E-G1 -.22E-03 0.33E+03
338.5 .4761 76. 7.40 -0.09 0.63E-01 -.98E-G4 0.64E+03
355.7 .4759 78. 7.68 -0.10 0.5IE-01 -.66E-04 0.77E+03
372.8 .4756 82. 8.00 -0.11 0.42E-01 -.83E-04 0.50E+03
390.0 .4752 8~). 8.36 -0.13 0.32E-01 -.16E-G3 0.20E+03
407.2 .4744 89. 8.74 -0.14 0.24E-01 -.27E-03 0.88E+02
424.3 .4731 93. 9.15 -0.14 0.19E-G1 -.34E-03 0.57E+02
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DEPTH 137. 01
TIME WATER MP.'l'-POr MA.T-IDr HYlH;EW) HYD-<XN SP-M:>IS DIFF
(HR) (013/013) (01) (KPA) (Q1/Q1) (Q1/HR) (1/01) (Q12/HR)
115.7 .4925 11. 1.08 -0.20 O.l4E+OO -.38E-Q3 0.37E+03
132.9 •4906 12 . 1.18 -0.23 O.lIE+OO -.20E-Q3 0.55E+03
150.0 •4877 22• 2.14 -0.28 0.64E-Q1 -.66E-Q3 0.96E+02
167.1 .4807 29. 2.86 -Q.32 0.6IE-Q1 -.17E-Q2 0.36E+02
287.2 .4860 48. 4.69 -0.14 0.5IE-Q1 -.17E-Q2 0.30E+02
304.3 .4841 49. 4.83 -0.13 0.53E-Q1 -.lIE-Q2 0.46E+02
321.5 .4827 51. 5.01 -0.12 0.56E-Q1 -.57E-Q3 0.98E+02
338.5 .4817 53. 5.24 -0.10 0.6IE-Q1 -.3IE-Q3 0.20E+03
355.7 .4810 56. 5.50 -0.08 0.68E-Q1 -.19E-Q3 0.35E+03
372.8 .4805 59. 5.80 -0.06 0.84E-01 -.14E-Q3 0.59E+03
390.0 .4800 63. 6.14 -0.04 0.1IE+00 -.16E-Q3 0.69E+03
407.2 .4793 66. 6.51 -0.03 O.l7E+OO -.23E-Q3 0.73E+03
424.3 .4783 70. 6.90 -0.02 0.28E+OO -.28E-Q3 0.100+04
441.5 .4771 75. 7.31 -0.01 0.84E+OO -.30E-Q3 0.28E+04
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SITE J (GARDENASERIES)

Site J was located in a noniITigated wheat field. The location
and description are summarized on Table 1 and on Fig. 2. In-situ
measurements and site descriptions were made during late August
through October. 1985.

The Gardena series consists of "deep. moderately well drained.
nearly level to gently sloping soils on uplands and on terraces and
lower foot slopes in the James River Valley. These soils are medium
textured. They fonned in deposits left by glacial melt water" (USDA
1971).

Infiltration and soil-water and suction profiles during wetting
were measured on this site during irrigation. but at the time of this
report have not yet been analyzed and prepared for presentation.
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SITE J, REPLICATION 1
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Table J-l.l. SoUmorphologic data for Site J. replication 1

Site and location: J-I Gardena. Oakes Aquifer 185 feet north and 90 feet east of the
southwest comer of Section 18. Township 130 north. Range 59 west. Dickey County.
North Dakota.

Sampled: 10/21/85 by M. D. Sweeney. North Dakota Agricultural Experiment Station.
Fargo. North Dakota.

SoUtype and classification: Gardena sUt loam: coarse-silty. mixed Pachic Udic
Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
ake Dakota Basin.

Drainage: Moderately well.

Notes: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratory texture in parenthesis if di1Jerent from field texture. Aberdeen series pedon
about 25 feet to north.

Soil profile: J-l north sidleof pit.

Ap 0-8 inches (0-20 em) black (lOYR2/1) sUt loam. dark gray (lOYR4/1. dry): moderate
medium granular structure; slightly hard. friable. slightly sticky and slightly plastic;
common very fine roots: abrupt smooth boundary.

Bw 8-28 inches (20-71Icm) very dark grayish brown (lOYR3/2) silty clay loam (loam).
grayish brown (lOYR5/2. dry): moderate medium prismatic parting to moderate
medium and fine subangular blocky structure: slightly hard. friable. sticky and plastic:
common very fine roots: abrupt wavy boundary.

BCId 28-37 inches (71-94 em) light gray (2.5Y7/2) sUtyclay loam. white (2.5Y8/2. dry):
weak medium prismatic parting to weak medium and fine subangular blocky structure:
slightly hard. friable. sticky and plastic: few very fine roots: violent effervescence: clear
wavy boundary.

BCk2 37-50 inches (94-1l27em)light olivebrown (2.5Y5/4) sUtyclay loam (sUt loam).
pale yellow (2.5Y7/4. dry): weak medium prismatic parting to weak medium and fine
subangular blocky structure; slightly hard. friable. sticky and plastic: few very fine
roots: strong effervescence: clear wavy boundary.

CI 50-55 inches (127-140 em) gray (5Y5/1) sUtyclay loam (sUtloam). light gray (5Y
7/1. dry) with many fine distinct reddish brown (5YR4/4) mottles: weak coarse
prismatic parting to moderate coarse and medium platy structure: slightly hard.
friable. sticky and plastic: few very fine roots: slight effervescence: clear wavy
boundary.

C2 55-70 inches (140-178 em) gray (5Y5/1) sUtyclay loam (sUtloam). light gray (5Y
7/1. dry) with dark red (2:.5YR3/6) root channels: weak medium prismatic parting to
weak medium subangular blocky and weak medium platy structure: slightly hard.
friable. sticky and plastic: few very fine roots; slight effervescence.
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Table J-1.2 ClVEm.Y SERIES SITE J-1 IDSW:::1985
Soil particle-size, tul.kdensity, an:i organic carl:x:n data
an:i~.

DEPTH PARTICIE SIZE CIASSES (MIQU.l/pERCENI')
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 18.4 25.3 25.4 11.6 15.1 3.1 1.1 0.0
23. 16.4 30.0 20.2 12.4 16.4 3.4 1.2 0.1
38. 16.1 21.1 20.3 13.3 22.9 4.5 1.6 0.2
54. 15.2 18.0 18.6 11.7 28.0 6.1 2.3 0.1
68. 31.3 37.8 18.7 5.1 5.7 0.7 0.4 0.2
84. 25.5 40.5 18.6 7.0 7.5 0.6 0.2 0.0
99. 19.2 50.1 22.6 3.2 4.0 0.5 0.3 0.1

107. 19.0 55.8 19.3 2.0 3.0 0.7 0.2 0.0
137. 15.2 60.4 18.6 1.1 1.1 0.9 1.5 1.0
145. 17.0 63.6 15.6 1.1 1.7 0.6 0.3 0.1

DEPTH SAND SILT CI.AY HffiZ<N
an % % %

8. 30.9 50.7 18.4 A 6 6=p
23. 33.4 50.2 16.4 B 7 7=w
38. 42.5 41.4 16.1 B 7 10=k
54. 48.2 36.6 15.2 B 7
68. 12.2 56.5 31.3 B 7
84. 15.4 59.1 25.5 Eel 10
99. 8.1 72.7 19.2 0C2 10

107. 5.9 75.1 19.0 0C2 10
137. 5.8 79.0 15.2 C 1 0
145. 3.8 79.2 17.0 C 2 0

DEPTH SA!SI GEAN GJE!J Z F-rnDEX ED OC
an mn mn g/a:; %

8. 0.609 0.0211 5.9 0.0036 0.341 1.33 5.20
23. 0.667 0.0222 5.8 0.0039 0.336 1.24 2.40
38. 1.027 0.0291 6.3 0.0046 0.342 1.41 1.10
54. 1.317 0.0354 6.5 0.0054 0.358 1.51 1.00
68. 0.214 0.0088 5.4 0.0016 0.272 1.20 1.40
84. 0.259 0.0108 5.1 0.0021 0.312 1.46 0.74
99. 0.111 0.0111 4.1 0.0027 0.436 1.42 0.60

107. 0.079 0.0102 3.8 0.0027 0.472 1.40 0.74
137. 0.071 0.0116 4.0 0.0029 0.551 1.35 0.47
145. 0.048 0.0098 3.4 0.0029 0.555 1.27 0.74

DEPTH M)ISTURE/SOCTI<N SLOPE GARDNER K-PARlIMETERS (JAYNE & TYlER)
Q1/I)AY-KPA CM!HR-BI\R

an GiOSH BIDEMEN K-SIJ:PE K-INl' K-SIJJPE K-INl'

8. 4.536 1.667 -0.1132 0.8961 -1.13 -0.48
23. 4.386 1.767 -0.1527 0.9715 -1.53 -0.41
38. 3.702 1.877 -0.3342 1.2325 -3.34 -0.15
54. 3.361 1.915 -0.4442 1.3978 -4.44 0.02
68. 6.835 1.755 0.1866 0.3509 1.87 -1.03
84. 6.348 1.880 0.1581 0.4437 1.58 -0.94
99. 8.927 2.135 0.3446 0.2349 3.45 -1.15

107. 10.265 2.158 0.3905 0.1711 3.91 -1.21
137. 10.690 2.434 0.4193 0.1624 4.19 -1.22
145. 12.487 2.310 0.4458 0.1102 4.46 -1.27
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Table J-1.3 Soil saturation extract water chemistry data. gravimetricwater content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site J.
replication 1.

Saturation Extract Soluble Ions
Depth lea Mg Na K 003 H003 Cl 504
(em) meq/l
0- 15 6.35 3.05 0.65 0.91 3.16 0.25 7.55

15 - 30 3.17 2.03 0.32 0.31 3.04 0.10 2.69
30-46 2.41 1.59 0.42 0.11 2.08 0.25 2.20
46 - 61 2.12 1.57 0.25 0.15 2.20 0.10 1.78
61 - 76 1.90 2.90 0.44 0.07 3.88 0.15 1.28
76 - 91 1.61 2.87 0.46 0.09 3.20 0.05 1.78
91- 107 2.12 3.48 0.74 0.22 2.32 0.13 4.10

107 - 122 2.03 2.69 0.95 0.18 2.68 0.15 3.01
122 - 137 3.17 3.83 0.92 0.29 2.24 0.20 5.77
137 - 152 4.02 3.58 1.07 0.35 2.08 0.40 6.54

Depth ECE SAR H20 at pH 003 Texture 9
Sat. clay class 15bar

(em) mmhos/cm % % g/gx
100

0-15 0.88 0.3 52 8.0 sll 12.09
15 - 30 0.45 0.2 47 7.8 sll 10.38
30-46 0.40 0.3 41 7.7 I 9.43
46 - 61 0.40 0.2 38 8.0 I 8.25
61 - 76 0.46 0.3 52 8.2 11.8 sid 16.18
76 - 91 0.46 0.3 50 8.1 5.9 sid 13.24
91- 107 0.58 0.4 53 8.2 5.0 sll 10.66

107 - 122 0.49 0.6 56 8.2 0.8 sll 11.97
122 - 137 0.70 0.5 56 8.2 sll 11.25
137 - 152 0.76 0.5 56 7.9 s11 14.69
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Table J-1.4 OJERLY' SERIES sm J-1 ND~:1985
In-situ K (9,.,) and 8(lV) , and laboratory K (9,.,)
data.

IAB PRESSURE (CM) AND WATER <Xm'ENT (VJL. FRl\CTICN)

DEP'lH (CM)
8.* 23. 38. 53.

CM a:./a:. SE

14. 0.8217 0.1532 14. 0.4044 0.0103 14. 0.4573 0.0024 14. 0.4241 0.0126
20. 0.6019 0.0165 20. 0.4014 0.0101 20. 0.4048 0.0084 20. 0.4172 0.0174
30. 0.5468 0.0067 30. 0.3917 0.0080 30. 0.3720 0.0037 30. 0.4120 0.0137
40. 0.5148 0.0080 40. 0.3801 0.0064 40. 0.3479 0.0022 40. 0.3677 0.0105
60. 0.4813 0.0082 60. 0.3641 0.0056 60. 0.3217 0.0021 60. 0.3252 0.0107
80. 0.4619 0.0064 80. 0.3542 0.0053 80. 0.3129 0.0010 80. 0.3005 0.0105

100. 0.4400 0.0082 100. 0.3395 0.0043 100. 0.2910 0.0005 100. 0.2862 0.0112
120. 0.4279 0.0090 120. 0.3315 0.0035 120. 0.2845 0.0005 120. 0.2777 0.0116
160. 0.4057 0.0092 160. 0.3161 0.0030 160. 0.2702 0.0003 160. 0.2608 0.0105
238. 0.3829 0.0077 238. 0.2982 0.0027 238. 0.2494 0.0004 238. 0.2438 0.0104
340. 0.3686 0.0042 340. 0.2921 0.0070 340. 0.2451 0.0004 340. 0.2311 0.0101
544. 0.3515 0.0012 544. 0.2774 0.0060 544. 0.2330 0.0050 544. 0.2180 0.0072
850. 0.3301 0.0017 850. 0.2664 0.0008 850. 0.2243 0.0050 850. 0.2016 0.0086

BD= 1.33 1.24 1.41 1.51
N= 2 2 2 2

DEPlli (01)

69. 84. 99. 114.

14. 0.4294 0.0282 14. 0.4404 0.0228 14. 0.4881 0.0228 14. 0.5183 0.0181
20. 0.4039 0.0159 20. 0.4313 0.0191 20. 0.4818 0.0195 20. 0.5073 0.0126
30. 0.3783 0.0047 30. 0.4138 0.0121 30. 0.4680 0.0148 30. 0.4939 0.0099
40. 0.3627 0.0006 40. 0.4002 0.0070 40. 0.4572 0.0113 40. 0.4844 0.0089
60. 0.3431 0.0040 60. 0.3833 0.0032 60. 0.4420 0.0087 60. 0.4694 0.0073
80. 0.3345 0.0055 80. 0.3746 0.0025 80. 0.4366 0.0070 80. 0.4638 0.0091

100. 0.3219 0.0075 100. 0.3622 0.0000 100. 0.4237 0.0050 100. 0.4496 0.0070
120. 0.3195 0.0069 120. 0.3534 0.0017 120. 0.4169 0.0042 120. 0.4441 0.0065
160. 0.3093 0.0083 160. 0.3433 0.0026 160. 0.4070 0.0024 160. 0.4346 0.0066
238. 0.2967 0.0092 238. 0.3273 0.0048 238. 0.3926 0.0014 238. 0.4172 0.0045
340. 0.2936 0.0102 340. 0.3227 0.0027 340. 0.3836 0.0011 340. 0.4077 0.0034
544. 0.2841 0.0100 544. 0.3166 0.0007 544. 0.3744 0.0002 544. 0.3991 0.0007
850. 0.2723 0.0103 850. 0.3027 0.0033 850. 0.3599 0.0044 850. 0.3873 0.0042

BD= 1.20 1.46 1.46 1.40
N = 2 2 2 2

DEPlli (CM)
130. 145.

14. 0.5302 0.0097 14. 0.5181 0.0133
20. 0.5154 0.0101 20. 0.5112 0.0133
30. 0.5014 O.OllO 30. 0.4995 0.0127
40. 0.4907 0.0118 40. 0.4642 0.0051
60. 0.4742 0.0122 60. 0.4455 0.0025 * error likely for 8 em depth.
80. 0.4702 0.0105 80. 0.4345 0.0034

100. 0.4570 0.0109 100. 0.4256 0.0038
120. 0.4497 0.0104 120. 0.4200 0.0038
160. 0.4415 0.0095 160. 0.4097 0.0042
238. 0.4243 0.0081 238. 0.3959 0.0051
340. 0.4096 0.0061 340. 0.3877 0.0060
544. 0.3843 0.0027 544. 0.3704 0.0073
850. 0.3493 0.0041 850. 0.3504 0.0066

BD= 1.35 1.27
N= 2 2
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Table J-1.5 OJER!.,ySERIES SITE J-1 (OCHUH AND CLINE)
In-sltu K(6.\V) and 6 (\V) , and laboratory K(6,\V)

d3.ta.

RIamRDS PARAMETERS

DEPl'H 8. 01
TIME WATER MAT-:1?Ol'WIT~ HYIH;IW) HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (CM) (KPA) (CM/01) (CM/HR) (l/<M) (CM2/HR)

1.2 .4410 4• 0.37 1.90 0.17E~1 0.31E~3 0.56E+02
1.7 •4388 10. 1.02 1.80 0.18E~1 0.36E~3 0.51E+02
2.2 •4366 16• 1.57 1.65 0.20E~1 0.43E~3 0.46E+02
2.7 .4344 20. 1.97 1.55 0.21E~1 0.72E~3 0.29E+02
3.2 •4320 24. 2.32 1.47 0.28E~1 0.68E~3 0.41E+02
3.7 •4293 27. 2.62 1.40 0.29E~1 0.13E~2 0.22E+02
4.5 .4253 33. 3.22 1.23 0.33E~1 0.54E~3 0.62E+02
6.2 •4212 42. 4.07 1.00 0.81E~2 0.38E~3 0.21E+02
8.7 .4159 50. 4.92 0.85 0.29E~1 0.80E~3 0.36E+02

15.0 .4066 56. 5.52 1.08 O.74E~2 0.53E~2 0.14E+01
25.0 .3982 67. 6.52 1.02 0.47E~2 0.35E~3 0.13E+02
40.0 .3898 82. 8.07 0.48 0.82E~2 0.80E~3 0.10E+02
60.0 •3815 93. 9.07 0.33 O.71E~2 0.89E~3 0.80E+01
80.0 .3764 99. 9.72 0.33 0.47E~2 0.69E~3 0.68E+01

100.0 .3725 105. 10.32 0.33 0.41E~2 0.60E~3 0.68E+01
120.0 .3700 111. 10.89 0.32 0.18E~2 0.28E~3 0.66E+01
140.0 .3684 116. 11.42 0.30 0.19E~2 0.31E~3 0.63E+01
160.0 .3672 121. 11.89 0.28 0.14E~2 0.23E-03 0.60E+01
210.0 .3649 131. 12.82 0.23 0.15E~2 0.25E-03 0.57E+01
275.0 .3621 141. 13.82 0.20 0.15E~2 0.34E~3 0.46E+01
350.0 .3590 150. 14.71 0.20 0.15E~2 0.34E~3 0.46E+01
450.0 .3537 162:. 15.91 0.20 0.25E~2 0.55E~3 0.46E+01
600.0 .3474 175. 17.11 0.18 0.12E~2 0.50E~3 0.25E+01
800.0 .3422 187. 18.31 0.17 0.10E-02 0.38E~3 0.27E+01

1000.0 .3387 199. 19.46 0.18 0.52E~3 0.23E~3 0.23E+0l
1200.0 .3367 208. 20.41 0.10 0.57E~3 0.19E~3 0.30E+01

DEPTH 23. 01
TIME WATER WIT--Par MZ\T-Par HYD-GRAD ~ SP-M)IS DIFF
(HR) (00/00) (0.1) (KPA) (CM/G1) (G1/HR) (1/01) (CM2/HR)

1.2 .4310 C' 0.45 1.90 0.52E~1 0.33E~3 0.16E+03~) .
1.7 .4287 15. 1.47 1.80 0.57E-01 0.48E-03 0.12E+03
2.2 .4262 20. 1.98 1.65 0.62E~1 0.65E-03 0.97E+02
2.7 .4238 24. 2.3.4 1.55 0.66E~1 0.88E-03 0.76E+02
3.2 .4226 27. 2.64 1.47 0.56E-01 0.80E-05 0.70E+04
3.7 .4199 30. 2.90 1.40 0.12E+00 0.27E~2 0.44E+02
4.5 .4143 34. 3.36 1.23 0.10E+00 0.78E~3 0.13E+03
6.2 .4098 4l. 4.06 1.00 0.26E~1 0.53E-03 0.49E+02
8.7 .4040 49. 4.78 0.85 0.87E~1 0.96E-03 0.91E+02

15.0 .3947 57. 5.57 1.08 0.22E-Q1 0.15E-02 0.15E+02
25.0 .3850 66. 6.50 1.02 0.16E-Q1 0.76E-Q3 0.22E+02
40.0 .3758 7B. 7.65 0.48 0.23E-01 0.84E-Q3 0.28E+02
60.0 .3690 87. 8.55 0.33 0.19E-0l 0.66E-Q3 0.29E+02
80.0 .3649 94. 9.20 0.33 0.13E-01 0.60E-03 0.23E+02

100.0 .3612 101), 9.80 0.33 0.13E-0l 0.63E-03 0.20E+02
120.0 .3577 106. 10.36 0.32 0.76E-Q2 0.62E-Q3 0.12E+02
140.0 .3544 111. 10.88 0.30 0.80E-Q2 0.65E-03 0.12E+02
160.0 .3512 116. 11.34 0.28 0.71E-02 0.76E-03 0.93E+01
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DEP'lH 23. 01 (CXNl')
210.0 •3493 125• 12.21 0.23 0.3IE-Q2 0.40E-Q4 0.78E+02
275.0 .3475 135. 13.20 0.20 0.54E-Q2 0.50E-Q3 0.lIE+02
450.0 •3779 156• 15.29 0.20 0.38E-Q1 0.7IE-Q2 0.53E+01
600.0 .3326 168. 16.48 0.18 0.36E-Q2 0.45E-Q3 0.8IE+01
800.0 •3275 180• 17.67 0.17 0.32E-Q2 0.4IE-Q3 0.77E+01

1000.0 .3236 192. 18.83 0.18 0.17E-Q2 0.26E-Q3 0.63E+01
1200.0 .3209 201. 19.72 0.10 0.2IE-Q2 0.38E-Q3 0.55E+01

DEPTH 38. 01
TIME WATER MA.T-FOr MA.T-POr ~ HYIHXN SP~IS DIFF
(HR) (CM3/CM3) (01) (KPA) (CM/<M) (CM/HR) (l/<M) (<M2/HR)

1.2 .4042 11. 1.07 0.35 0.42E+00 0.15E-Q3 0.28E+04
1.7 .4032 17. 1.70 0.40 0.38E+00 0.2IE-Q3 0.18E+04
2.2 .4027 21. 2.11 0.47 0.30E+00 0.lIE-Q4 0.28E+05
2.7 .4026 24. 2.35 0.45 0.32E+OO 0.16E-Q3 0.19E+04
3.7 .4003 28. 2.76 0.44 0.76E+00 0.23E-Q2 0.33E+03
4.5 .3930 33. 3.19 0.54 0.44E+00 0.15E-Q2 0.30E+03
6.2 .3859 38. 3.75 0.60 0.86E-Q1 0.lIE-Q2 0.80E+02
8.7 .3792 44. 4.34 0.55 0.22E+00 0.12E-Q2 0.19E+03

15.0 .3709 53. 5.19 0.45 0.84E-Q1 0.79E-Q3 0.lIE+03
25.0 .3620 62. 6.11 0.45 0.68E-Q1 0.13E-Q2 0.53E+02
40.0 .3527 n. 6.94 0.55 0.33E-Q1 0.98E-03 0.34E+02
60.0 .3455 79. 7.76 0.60 0.17E-Q1 0.79E-Q3 0.22E+02
80.0 .3407 86. 8.40 0.59 0.13E-Q1 0.69E-Q3 0.18E+02

100.0 .3367 92. 8.97 0.55 0.13E-Q1 0.69E-Q3 0.19E+02
120.0 .3329 97. 9.51 0.54 0.95E-Q2 0.75E-Q3 0.13E+02
140.0 .3291 102. 10.00 0.52 0.98E-Q2 0.79E-Q3 0.12E+02
160.0 .3254 109. 10.66 0.81 0.58E-Q2 0.44E-Q3 0.13E+02
210.0 .3242 118. 11.52 0.82 0.8IE-Q3 -.14E-Q3 -.57E+01
275.0 .3237 125. 12.29 0.57 0.33E-Q2 0.34E-Q3 0.96E+01
450.0 .3546 148. 14.48 0.70 0.29E-Q1 0.75E-Q2 0.39E+01
600.0 .3079 159. 15.59 0.62 0.18E-Q2 0.6IE-Q3 0.29E+01
800.0 .3026 170. 16.66 0.47 0.19E-Q2 0.40E-Q3 0.47E+01

1000.0 .2983 180. 17.65 0.23 0.25E-02 0.46E-Q3 0.54E+01
1200.0 .2949 189. 18.52 0.29 0.14E-02 0.3IE-Q3 0.44E+01

DEPI'H 53. 01
TIME WATER MAT-FOr MA.T-POr HYD-GW) HYIHXN SP~IS DIFF
(HR) (013/00) (<M) (KPA) (CM/<J.1)(CM/HR) (1/01) (CM2/HR)

1.2 .3835 4. 0.42 0.55 0.28E+00 -.57E-04 -.49E+04
1.7 .3852 9. 0.91 0.57 0.22E+00 -.59E-Q3 -.37E+03
2.2 .3883 14. 1.39 0.58 0.16E+00 -.83E-03 -.19E+03
2.7 .3898 17. 1.68 0.63 0.23E+00 -.26E-Q5 -.92E+05
3.2 .3891 19. 1.86 0.67 0.12E+00 0.78E-03 0.16E+03
3.7 .3866 2l. 2.08 0.63 0.75E+00 0.13E-D2 0.55E+03
4.5 .3808 26. 2.54 0.60 0.61E+00 0.12E-02 0.52E+03
6.2 .3732 32. 3.13 0.57 0.16E+00 0.15E-D2 0.10E+03
8.7 .3668 38. 3.69 0.58 0.29E+00 0.87E-03 0.33E+03

15.0 .3617 46. 4.55 0.68 0.70E-01 0.40E-D3 0.17E+03
25.0 .3559 56. 5.51 0.73 0.60E-01 0.92E-03 0.65E+02
40.0 .3473 66. 6.45 0.80 0.32E-01 0.89E-D3 0.36E+02
60.0 .3388 75. 7.37 0.87 0.18E-D1 0.10E-D2 0.17E+02
80.0 .3327 82. 8.01 0.88 0.12E-01 0.86E-D3 0.14E+02

100.0 .3285 88. 8.58 0.92 O.l1E-01 0.60E-03 0.18E+02
120.0 .3254 93. 9.12 0.93 0.81E-02 0.54E-03 0.15E+02
140.0 .3229 98. 9.61 0.95 0.77E-02 0.47E-D3 0.17E+02
160.0 .3207 105. 10.29 0.70 0.99E-02 0.25E-03 0.40E+02
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DEPTH 53. 01 (<XNr)
210.0 .3193 114. 11.20 0.75 0.79E~3 0.53E~4 0.15E+02
275.0 .3188 123. 12.04 1.10 0.2lE~2 0.66E-04 0.32E+02
450.0 .3109 144. 14.14 0.83 0.33E~1 0.10E~2 0.33E+02
600.0 .3023 154. 15.09 0.70 0.24E~2 0.8lE~3 0.30E+01
800.0 .2966 163. 15.99 0.63 0.18E~2 0.39E~3 0.47E+01

1000.0 .2934 170. 16.70 0.48 0.18E~2 0.5OE~3 0.36E+01
1200.0 .2913 178. 17.43 0.27 0.19E~2 0.llE~3 0.18E+02

DEPTH 69. 01
TIME WATER MIIT-POr MIIT-POr HYIH1W) HYD-<X:N SP-M)IS DIFF
(HR) (013/013) (~~ (KPA) (Q1/01) (Q1/HR) (1/01) (Q12/HR)

2.7 .4261 9. 0.90 0.44 0.39E+QO 0.53E~3 0.73E+03
3.2 .4246 12. 1.18 0.49 0.27E+OO 0.7lE~3 0.38E+03
3.7 .4229 14• 1.39 0.49 0.llE+01 0.10E~2 O.llE+04
4.5 .4204 18. 1.73 0.37 0.12E+01 0.57E~3 0.22E+04
6.2 .4171 23. 2.26 0.34 0.36E+00 0.72E~3 0.5OE+03
8.7 .4126 29. 2.89 0.39 0.52E+OO O.74E~3 0.7lE+03

15.0 .4068 39. 3.81 0.37 O.l5E+OO 0.54E~3 0.28E+03
25.0 .3978 49. 4.81 0.35 O.l7E+OO 0.15E~2 0.llE+03
40.0 .3869 59. 5.76 0.30 O.llE+OO 0.88E~3 0.12E+03
60.0 .3781 69. 6.73 0.30 0.69E~1 0.10E~2 0.69E+02
80.0 .3716 76. 7.41 0.34 0.44E~1 0.90E~3 0.49E+02

100.0 .3670 82:. 8.04 0.37 0.35E~1 0.59E~3 0.58E+02
120.0 .3635 88. 8.64 0.44 0.22E~1 0.56E~3 0.40E+02
140.0 .3609 94. 9.19 0.50 0.18E~1 0.42E~3 0.43E+02
160.0 .3587 99. 9.75 0.57 0.15E~1 0.37E~3 0.4lE+02
210.0 .3560 110. 10.75 0.67 0.14E~2 0.22E~3 0.64E+01
275.0 .3541 121. 11.87 0.67 0.36E~2 0.54E-04 0.67E+02
450.0 .3484 14l. 13.80 0.70 0.4lE~1 O.73E~3 0.56E+02
600.0 .3417 149. 14.58 0.62 0.37E~2 0.94E~3 0.40E+01
800.0 .3353 156. 15.26 0.39 0.38E~2 0.96E~3 0.39E+01

1000.0 .3314 16l. 15.77 0.27 0.4lE~2 0.55E~3 0.75E+01

DEPTH 84. 01
TIME WATER MAT--POr MAT-POI' HYD--GRAD HYD-<XN SP-M)IS DIFF
(HR) (013/013) (0)1) (KPA) (01/01) (Q1/HR) (1/01) (Q12/HR)

2.7 .4570 3. 0.29 0.60 0.32E+00 0.57E-Q4 0.56E+04
3.2 .4567 4. 0.38 0.55 0.29E+OO 0.19E~3 0.16E+04
3.7 .4563 6. 0.62 0.54 0.llE+01 0.28E~3 0.39E+04
4.5 .4558 9. 0.93 0.57 0.85E+OO 0.15E~3 0.55E+04
6.2 .4552 16. 1.55 0.70 0.19E+00 0.55E~4 0.34E+04
8.7 .4532 22. 2.19 0.64 0.36E+00 0.80E~3 0.45E+03

15.0 .4475 29. 2.88 0.39 0.17E+00 0.75E~3 0.23E+03
25.0 .4385 39. 3.83 0.35 0.21E+00 0.13E~2 0.17E+03
40.0 .4262 49. 4.81 0.44 0.97E~1 0.12E-Q2 0.78E+02
60.0 .4154 59. 5.79 0.44 0.6lE~1 0.99E~3 0.6lE+02
80.0 .4109 66. 6.48 0.42 0.41E~1 0.25E~3 0.17E+03

100.0 .4090 73. 7.13 0.42 0.36E~1 0.3lE-03 0.12E+03
120.0 .4048 79. 7.77 0.40 0.33E~1 0.llE-02 0.31E+02
140.0 .3995 85. 8.37 0.40 0.29E~1 0.70E-03 0.41E+02
160.0 .3968 91. 8.96 0.39 0.25E-01 0.23E-03 0.11E+03
210.0 .3936 102. 10.01 0.35 0.50E-02 0.31E-03 0.16E+02
600.0 .3830 140. 13.71 0.22 0.13E-01 0.10E-02 0.12E+
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DEPI'H 99. CM
TIME WATER Ml\T-POI'MI\T-roI'HYD-GRAD ~ SP-M:>IS DIFF
(HR) (CM3/CM3) (CM) (KPA) (Q1/CM) (Q1/HR) (l/CM) (OO/HR)

4.5 .4410 1. 0.14 0.25 0.20E+Ol 0.44E-04 0.45E+05
6.2 .4404 8. 0.80 0.20 0.69E+00 0.14E-03 0.5lE+04
8.7 .4391 12 • 1.18 0.23 0.10E+01 0.36E-03 0.29E+04

15.0 .4364 20. 1.94 0.40 0.19E+00 0.42E-03 0.44E+03
25.0 .4323 30. 2.90 0.43 0.20E+OO 0.46E-03 0.43E+03
40.0 .4246 40. 3.91 0.37 0.14E+OO 0.1lE-02 0.13E+03
60.0 .4168 49. 4.83 0.30 0.10E+00 0.60E-03 0.17E+03

100.0 •4143 64 . 6.23 0.38 0.42E-01 0.78E-04 0.53E+03
120.0 •4111 70 . 6.88 0.40 0.45E-01 0.97E-03 0.46E+02
140.0 .4065 76. 7.48 0.40 0.36E-01 0.57E-03 0.63E+02
160.0 .4042 82. 8.04 0.38 0.28E-01 0.20E-03 0.14E+03
210.0 .4027 92. 9.00 0.30 0.8lE-02 0.14E-03 0.56E+02
275.0 .4003 102. 10.02 0.20 0.16E-ol 0.48E-03 0.33E+02

DEPI'H 114. CM
TIME WATER MI\T-POI'MI\T-roI'HYD-GRAD ~ SP-M:>IS DIFF
(HR) (CM3/CM3) (CM) (KPA) (Q1/CM) (Q1/HR) (l/CM) (OO/HR)

8.7 .4435 5. 0.48 0.57 0.43E+OO -.2lE-03 -.2lE+04
15.0 .4429 9. 0.90 0.30 0.27E+00 0.38E-03 0.70E+03

DEPI'H 130. CM
TIME WATER MI\T-POI'MI\T-POI'HYD-GRAD HYD-<XN SP-M:>IS DIFF
(HR) (CM3/CM3) (CM) (KPA) (Q1/CM) (Q1/HR) (I/CM) (OO/HR)

15.0 .4695 6. 0.55 1.07 0.80E-01 0.79E-03 0.10E+03
25.0 .4624 11. 1.12 1.02 0.99E-01 0.17E-02 0.60E+02
40.0 .4561 19. 1.85 0.85 0.70E-01 0.27E-03 0.26E+03
80.0 .4544 34. 3.32 0.65 0.33E-01 0.17E-03 0.19E+03

100.0 .4531 40. 3.94 0.55 0.35E-01 0.26E-03 0.13E+03
120.0 .4509 46. 4.52 0.45 0.51E-01 0.53E-03 0.98E+02
140.0 .4486 52. 5.05 0.37 0.47E-01 0.35E-03 0.13E+03
275.0 .4524 74. 7.25 0.10 0.47E-01 0.47E-03 0.10E+03

DEPI'H 145. CM
TIME WATER MAT-POI' MAT-POI' HYD-GRAD ~ SP-M:>IS DIFF
(HR) (CM3/CM3) (CM) (KPA) (Q1/CM) (Q1/HR) (1/eM) (OO/HR)

15.0 .4836 6. 0.57 0.94 0.95E-01 0.50E-03 0.19E+03
25.0 .4780 10. 1.00 0.80 0.15E+00 0.24E-02 0.6lE+02
60.0 .4738 21. 2.11 0.57 0.62E-01 0.12E-04 0.52E+04

140.0 .4770 42. 4.08 0.36 0.52E-01 0.34E-03 0.15E+03
160.0 .4743 46. 4.49 0.31 0.46E-01 0.10E-02 0.44E+02
275.0 .4764 61. 6.01 0.26 0.20E-01 0.42E-D3 0.46E+02
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SITE J, REPLICATION 2

257



Table J-2.1. SoUmorphologic data for Site J, replication 2

Site and location: J-2 Gardena, Oakes Aquifer 180 feet north and 90 feet east of the
southwest comer of Section 18, Township 130 north. Range 59 west. Dickey County.
North Dakota.

Sampled: 10/21/85 by M. D. Sweeney. North Dakota Agricultural Experiment Station,
Fargo, North Dakota.

SoUtype and classification: Gardena loam: coarse-silty. mixed Pachic Udic
Haploboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin.

Drainage: Moderately well.

N01ES: Moist colors unless otherwise specified. Piece of pipe buried at 14 inches.
Laboratory textue in parenthesis if different from field texture. Aberdeen series pedon
within 25 feet to north.

SoUproffie: J-2 south side of pit.

Ap 0-8 inches (0-20 em) black (lOYR2/1) sUt loam (loam),dark gray (lOYR4/ I, dry):
moderate medium granular structure: slightly hard, friable, slightly sticky and slightly
plastic; common very fine roots; abrupt smo~th boundary.

Bw 8-24 inches (20-61 cm) very dark grayish brown (lOYR3/2) silty clay loam (loam).
grayish brown (lOYR5/2. dry): moderate medium prismatic parting to moderate
medium and fine subangular blocky structure: slightly hard, friable, sticky and plastic:
common very fine roots; clear broken boundary.

2Ab 24-30 inches (61-76 cm) black (lOYR2/1) sUtyclay loam, dark gray (lOYR4/ I, dry);
weak coarse prismatic parting to weak medium and fine subangular blocky structure:
slightly hard. friable. sticky and plastic: common very fine roots: abrupt broken
boundary. This horizon seems to occur in pockets.

BCk 30-39lnches (76-99 cm) light yellowishbrown to pale yellow (2.5Y6.5/2) silty clay
loam. white (2.5Y8/2, dry): weak coarse prismatic parting to weak medium and fine
subangular blocky structure: slightly hard, friable, sticky and plastic: few very fine
roots: violent eiTeIVescence:clear wavy boundary.

CI 39-55 inches (99-140 cm) gray (5Y5/1) silty clay loam (silt loam). light gray (5Y7/1,
dry) with many fine distinct reddish brown (5YR4/4) mottles: weak coarse prismatic
parting to moderate coarse and medium platy structure: slightly hard, friable, sticky
and plastic; fewvery fine roots; slight eiTervescence;clear wavy boundary.

C2 55-70 inches (140-178 cm) gray (5Y5/1) silty clay loam, light gray (5Y7/1. dry)with
dark red (2.5YR3/2) root channels: weak medium platy structure: slightly hard, friable,
sticky and plastic: few very fine roots; slight eiTeIVescence.
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Table J-2.2 cm::RI:.ysmms SITE J-2 IDSW::1985
Soil particle-size, bulk density, and organic carbon data
and :i.rrlices.

DEP'lH PARTICIE SIZE OASSES (MI<XN/PERa2iIT)
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 18.3 27.0 22.2 12.2 15.7 3.4 1.1 0.2
23. 20.0 25.2 22.0 11.9 16.4 3.2 1.1 0.2
38. 16.7 22.4 21.7 13.0 20.5 4.0 1.5 0.2
54. 15.5 17.5 15.1 12.3 29.4 7.0 3.0 0.2
68. 24.0 37.2 18.5 6.5 11.1 2.0 0.6 0.1
68. 26.6 39.9 18.2 5.6 8.0 1.3 0.4 0.0
84. 24.9 48.3 17.4 4.1 4.5 0.5 0.2 0.1
99. 18.1 59.4 20.0 1.1 1.0 0.2 0.1 0.0

114. 14.7 45.3 33.3 2.9 3.0 0.5 0.2 0.1
130. 15.4 66.8 12.9 1.0 1.2 0.9 1.1 0.5
145. 15.5 73.3 9.1 0.4 0.7 0.3 0.3 0.3

DEP'lH SAN:> SILT OAY HClUZCN
an % % %

8. 32.5 49.2 18.3 A 6 &p
23. 32.8 47.2 20.0 B 7 7-"
38. 39.2 44.1 16.7 B 7 ~
54. 51.9 32.6 15.5 B 7 10=k
68. 20.3 55.7 24.0 2A 9
68. 15.3 58.1 26.6 2A 9
84. 9.4 65.7 24.9 OC 10
99. 2.5 79.4 18.1 OC 10

114. 6.7 78.6 14.7 C1
130. 4.9 79.7 15.4 C1
145. 2.1 82.4 15.5 C2

DEPTH SA/SI GEAN (DEV Z F-DDEX ED ex::
an mn mn g/ee %

8. 0.663 0.0213 6.0 0.0035 0.324 1.13 4.50
23. 0.695 0.0206 6.3 0.0033 0.310 1.25 2.90
38. 0.889 0.0266 6.2 0.0043 0.338 1.38 1.30
54. 1.592 0.0379 6.9 0.0055 0.350 1.42 1.10
68. 0.364 0.0131 5.8 0.0023 0.299 1.40 2.30
68. 0.263 0.0106 5.4 0.0020 0.299 1.40 2.40
84. 0.143 0.0094 4.5 0.0021 0.362 1.29 0.94
99. 0.028 0.0096 3.4 0.0028 0.521 1.39 0.60

114. 0.085 0.0135 3.7 0.0036 0.515 1.44 0.60
130. 0.059 0.0104 3.6 0.0029 0.601 1.38 0.54
145. 0.024 0.0090 3.0 0.0030 0.670 1.36 0.34

DEP'lH M)IS'lURE/SOCTICN SIiPE GARrnER K-PNw1ETERS (JAYNE & TYlER)
O1!DAY-KPA O1!HR-!3AR

an OOSH BLOEMEN K-SLCFE K-INr K-SLCFE K-INr

8. 4.388 1.677 -0.1464 0.9454 -1.46 -0.43
23. 4.297 1.'119 -0.1618 0.9512 -1.62 -0.43
38. 3.915 1.849 -0.2710 1.1368 -2.71 -0.24
54. 3.117 1.889 -0.5212 1.5051 -5.21 0.12
68. 5.537 1.735 0.0667 0.5887 0.67 -0.79
68. 6.300 1.731 0.1518 0.4437 1.52 -0.94
84. 8.067 1.929 0.2823 0.2726 2.82 -1.11
99. 15.456 2.303 0.4691 0.0644 4.69 -1.32

114. 9.933 2.291 0.4014 0.1943 4.01 -1.19
130. 11.502 2.500 0.4363 0.1363 4.36 -1.24
145. 16.330 2.836 0.4911 0.0580 4.91 -1.32
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Table J-2.3 SoU saturation extract water chemistry data. gravimetric water content
at saturation and at 15 bar. pH. texture class. and carbonate clay fraction for slteJ.
replication 2

Saturation Extract Soluble Ions
Depth ca Mg Na K 003 H003 a S04
(em) meq/I
0- 15 5.08 2.64 0.50 1.03 3.96 0.20 5.09

15 - 30 3.09 1.27 0.17 0.19 2.32 0.10 2.30
30-46 2.33 1.15 0.06 0.14 1.88 0.11 1.69
46 - 61 1.90 1.42 0.06 0.15 1.92 0.11 1.50
61 - 76 1.78 1.42 0.04 0.11 1.68 0.08 1.59
61 - 76 ·1.78 1.74 0.13 0.14 1.80 0.08 1.91
76 - 91 1.99 2.45 0.88 0.10 1.80 0.16 3.46
91- 107 1.90 2.30 0.76 0.15 2.00 0.17 2.94

107 - 122 5.20 5.08 1.43 0.26 1.96 0.25 9.76
122 - 137 3.60 3.00 1.16 0.20 2.12 0.30 5.54
137 - 152 3.17 2.83 1.30 0.21 1.80 0.30 5.41

D4.24epth ECE SAR H20 at pH 003 Texture e
Sat. clay class 15 bar

(cm3.oo) mmhos/cm % % g/gx
100

0- 15 0.92 0.3 53 8.0 I 12.84
15 - 30 0.45 0.1 50 7.9 I 9.71
30 - 46 0.35 43 7.8 I 9.38
46 - 61 0.32 37 7.5 I 7.91
61 - 76 0.32 56 7.8 sfl 14.28
61 - 76 0.34 0.1 59 7.5 sid 16.23
76 - 91 0.49 0.6 56 7.9 8.8 sid 15.10
91- 107 0.46 0.5 55 7.9 2.4 sll 11.53

107 - 122 1.02 0.6 51 7.9 sll 9.76
122 - 137 0.69 0.6 57 7.9 sfl 11.32
137 - 152 0.67 0.8 59 8.0 sll 12.41
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Table J-2.4 OJERLYSERIES SITE J-2 NDSK::1985
In-situ K(9,11') ,and 8(\lI) , and laboratory K(8,.)
data.

IAB PRESSURE(CM)ANDWATER CXNl'ENl'<\QL. FRACTICN)

DEP1H(CM)

3. 9. 15. 2l.

CM cr:./cr:. SE

14. 0.3944 0.0179 10. 0.4612 0.0126 10. 0.4472 0.0087 14. 0.3895 0.0220
20. 0.3948 0.0165 20. 0.4502 0.0118 20. 0.4251 0.0048 20. 0.3857 0.0220
30. 0.3870 0.0110 40. 0.4244 0.0056 40. 0.3765 0.0002 30. 0.3639 0.0201
40. 0.3796 0.0074 60. 0.3996 0.0040 60. 0.3484 0.0005 40. 0.3396 0.0200
60. 0.3646 0.0060 80. 0.3871 0.0032 80. 0.3347 0.0006 60. 0.3107 0.0195
80. 0.3546 0.0064 100. 0.3696 0.0028 100. 0.3180 0.0007 80. 0.2960 0.0199

100. 0.3418 0.0056 120. 0.3594 0.0015 120. 0.3074 0.0008 100. 0.2768 0.0189
120. 0.3357 0.0055 180. 0.3368 0.0015 180. 0.2877 0.0002 120. 0.2697 0.0166
160. 0.3230 0.0057 334. 0.3084 0.0024 334. 0.2634 0.0000 160. 0.2512 0.0179
238. 0.3080 0.0042 534. 0.2909 0.0030 534. 0.2474 0.0006 238. 0.2339 0.0147
340. 0.3020 0.0074 834. 0.2712 0.0011 834. 0.2292 0.0007 340. 0.2268 0.0170
544. 0.2926 0.0041 544. 0.2204 0.0178
850. 0.2698 0.0005 850. 0.2083 0.0201

ID= 1.13 1.25 1.38 1.42
N= 2 2 2 2

DEP'lH(CM)

27. 33. 39. 45.

14. 0.5361 0.0492 14. 0.4216 0.0484 14. 0.5356 0.0281 14. 0.4983 0.0038
20. 0.4850 0.0186 20. 0.4022 0.0379 20. 0.5271 0.0284 20. 0.4925 0.0029
30. 0.4556 0.0044 30. 0.3861 0.0304 30. 0.5222 0.0270 30. 0.4854 0.0000
40. 0.4387 0.0020 40. 0.3734 0.0247 40. 0.4955 0.0144 40. 0.4790 0.0024
60. 0.4180 0.0073 60. 0.3595 0.0188 60. 0.4781 0.0094 60. 0.4690 0.0043
80. 0.4075 0.0082 80. 0.3537 0.0155 80. 0.4655 0.0078 80. 0.4653 0.0037

100. 0.3941 0.0121 100. 0.3405 0.0133 100. 0.4585 0.0060 100. 0.4531 0.0049
120. 0.3886 0.0132 120. 0.3394 0.0141 120. 0.4529 0.0052 120. 0.4502 0.0049
160. 0.3769 0.0149 160. 0.3291 0.0109 160. 0.4410 0.0031 160. 0.4401 0.0057
238. 0.3614 0.0156 238. 0.3151 0.0081 238. 0.4277 0.0010 238. 0.4177 0.0067
340. 0.3569 0.0141 340. 0.3114 0.0087 340. 0.4158 0.0001 340. 0.3967 0.0057
544. 0.3513 0.0135 544. 0.3058 0.0095 544. 0.4024 0.0012 544. 0.3714 0.0057
850. 0.3387 0.0112 850. 0.2935 0.0056 850. 0.3784 0.0025 850. 0.3181 0.0211

00= 1.40 1.29 1.39 1.44
N= 2 2 2 2

DEP'lH(CM)

57.

14. 0.6014 0.0171
20. 0.5956 0.0154
30. 0.5780 0.0208
40. 0.5412 0.0223
60. 0.5212 0.0248
80. 0.5078 0.0249

100. 0.4995 0.0250
120. 0.4928 0.0250
160. 0.4820 0.0245
238. 0.4686 0.02:46
340. 0.4578 0.0241
544. 0.4394 0.02:31
850. 0.4227 0.0280

00= 1.36
N = 2
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Table J-2.5 <NERLY SERIES SITE J-2 (SCHUH AID CLINE)
In-situ K (8.'1') and 8 ('1') , and laboratory K (0.'1')
cata.

RIrnARDS PAAAME1ERS

DEPTH 8. CM
TIME WATER wcr-POr MP.T-POr HYD-GW) HYD-<XN SP-M)IS DIFF
(HR) (00/00) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (oo/HR)

1.2 .4363 5. 0.47 1.07 0.54E-D1 0.35E-D3 0.16E+03
2.7 .4328 23. 2.24 0.88 0.19E-D1 0.43E-D3 0.43E+02
3.5 .4306 28. 2.74 0.82 0.30E-D1 0.43E-D3 0.70E+02
4.5 .4261 37. 3.62 0.60 0.75E-D1 0.59E-D3 0.13E+03
6.2 .4207 45. 4.37 0.48 0.30E-D1 0.96E-D3 0.3IE+02
8.7 .4146 51. 4.97 0.48 0.47E-D1 0.lIE-D2 0.44E+02

15.0 .4074 59. 5.82 0.43 0.12E-D1 0.69E-D3 0.18E+02
25.0 .4016 69. 6.72 0.40 0.90E-D2 0.59E-D3 0.15E+02
35.0 .3974 76. 7.42 0.30 0.93E-D2 0.6IE-D3 0.15E+02
45.0 .3937 81. 7.97 0.28 0.98E-D2 0.73E-D3 0.13E+02
60.0 .3898 88. 8.64 0.33 0.47E-D2 0.49E-D3 0.97E+01
80.0 .3865 96. 9.39 0.32 0.3IE-D2 0.40E-Q3 0.78E+01

100.0 .3841 103. 10.07 0.32 0.25E-Q2 0.30E-Q3 0.84E+01
120.0 .3823 110. 10.77 0.25 0.24E-Q2 0.22E-Q3 0.lIE+02
140.0 .3813 116. 11.37 0.23 0.84E-Q3 0.10E-Q3 0.8IE+01
160.0 .3808 121. 11.82 0.30 0.65E-D3 0.13E-D3 0.5IE+0l

DEPTH 23. CM
TIME WATER W\T-POr MP.T-POr HYD--GRAD HYD--<XN SP-M)IS DIFF
(HR.) (00/00) (CM) (KPA) (CM/CM) «(M/HR) (l/CM) (OO/HR.)

1.2 .4256 5. 0.52 1.07 0.13E+00 0.18E-Q3 0.73E+03
1.7 .4245 13. 1.23 0.93 0.26E-Q1 0.90E-Q4 0.30E+03
2.2 .4240 18. 1.78 0.90 0.27E-Q1 0.12E-03 0.23E+03
2.7 .4231 22. 2.15 0.88 0.56E-Q1 0.39E-Q3 0.14E+03
3.5 .4218 26. 2.58 0.82 0.76E-Q1 0.26E-03 0.29E+03
4.5 .4171 33. 3.28 0.60 0.25E+00 0.96E-D3 0.26E+03
6.2 .4108 40. 3.95 0.48 0.92E-01 0.96E-03 0.96E+02
8.7 .4064 46. 4.55 0.48 0.12E+00 0.55E-Q3 0.2IE+03

15.0 .3994 55. 5.36 0.43 0.42E-01 0.lIE-Q2 0.39E+02
25.0 .3916 64. 6.24 0.40 0.28E-Q1 0.68E-Q3 0.42E+02
35.0 .3868 70. 6.87 0.30 0.29E-01 0.92E-Q3 0.32E+02
45.0 .3828 76. 7.40 0.28 0.30E-Q1 0.62E-Q3 0.48E+02
60.0 .3785 83. 8.12 0.33 0.15E-Q1 0.58E-Q3 0.26E+02
80.0 .3745 90. 8.86 0.32 0.10E-Q1 0.49E-03 0.21E+02

100.0 .3717 97. 9.53 0.32 0.78E-02 0.34E-Q3 0.23E+02
120.0 .3695 104. 10.18 0.25 0.78E-02 0.33E-Q3 0.24E+02
140.0 .3674 110. 10.77 0.23 0.54E-02 0.4IE-Q3 0.13E+02

DEPTH 38. CM
TJME WATER W\T-POr W\T-POr HYD--GRAD HYD--<XN SP-M)IS DIFF
(HR.) (CM3/CM3) (CM) (KPA) (CM!CM) (CMlHR.) (l/CM) (Q12/HR.)

2.2 .4041 5. 0.45 0.02 0.27E+01 0.19E-03 0.14E+05
2.7 .4030 11. 1.12 0.03 0.27E+0l 0.52E-03 0.51E+04
3.5 .4013 16. 1.58 0.05 0.17E+0l 0.35E-Q3 0.50E+04
4.5 .3954 22. 2.19 0.07 0.42E+01 0.17E-G2 0.26E+04
6.2 .3873 28. 2.79 0.05 0.16E+01 0.12E-Q2 0.13E+04
8.7 .3822 35. 3.42 0.08 0.96E+00 0.56E-03 0.17E+04

15.0 .3746 43. 4.25 0.13 0.26E+00 0.12E-Q2 0.21E+03
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DEPl'H 38. CM

25.0 •3659 52 . 5.09 0.10 0.20E+00 0.85E-03 0.24E+03
35.0 •3599 58 . 5.70 0.15 0.11£+00 0.13E-02 0.82E+02
45.0 •3551 63 . 6.22 0.15 0.96E-01 0.65E-03 0.15E+03
60.0 •3502 70 . 6.90 0.07 0.13E+00 0.71£-03 0.11£+03
80.0 •3454 78 . 7.62 0.05 0.12E+00 0.56E-03 0.21£+03

100.0 •3423 85 • 8.37 0.15 0.28E-01 0.30£-03 0.94E+02
120.0 .3400 94. 9.20 0.44 0.80E-02 0.25E-03 0.32E+02
140.0 .3377 101. 9.91 0.60 0.51£-02 0.42E-03 0.12E+02

DEPl'H 53. CM
TIME WATER MM'-lEl(JI'WIT-POI' HYD-{;RADHYD-<XN SP-MJIS DIFF
(HR) (CM3/CM3) (CM) (!<PA) (CWCM) (CWHR) (l/CM) (CM2/HR)

2.7 .3969 3. 0.33 0.60 0.23E+00 0.63E-03 0.31£+03
3.5 .3945 5. 0.52 0.52 0.24E+00 0.66E-03 0.31£+03
4.5 .3888 12. 1.20 0.60 0.70E+00 0.10E-02 0.68E+03
6.2 .3818 20. 1.98 0.77 0.15E+00 0.10E-02 0.15E+03
8.7 .3757 27. 2.64 0.80 0.14E+00 0.83E-03 0.11£+03

15.0 .3682 36. 3.51 0.82 0.60E-01 0.88E-03 0.68E+02
25.0 .3606 45. 4.36 0.87 0.35E-01 0.95E-03 0.31£+02
35.0 .3541 51. 5.02 0.90 0.28E-01 0.11£-02 0.26£+02
45.0 .3490 57. 5.55 0.90 0.23E-01 0.91£-03 0.26£+02
60.0 .3433 63. 6.15 0.88 0.15E-01 0.93E-03 0.11£+02
80.0 .3379 70. 6.86 0.88 0.10E-01 0.59E-03 0.11£+02

100.0 .3346 79. 7.78 1.03 0.61£-02 0.23E-03 0.21£+02
120.0 .3322 90. 8.85 1.08 0.46E-02 0.22E-03 0.22E+02
140.0 .3307 98. 9.59 0.95 0.41£-02 0.19E-03 0.25E+02
160.0 .3296 103. 10.05 0.83 -.26£+10 0.31£-03 -.83E+13

DEPTH 69. CM
TIME WATER WIT-POT WIT-POI' HYD-{;RADHYD-<XN SP-MJIS DIFF
(HR) (CM3/CM3) (Q.1) (KPA) (CWQ.1) (CWHR) (l/CM) (012/HR)

4.5 .4194 5. 0.52 0.57 0.90E+00 0.49E-03 0.18E+04
6.2 .4161 13. 1.27 0.40 0.35E+00 0.48E-03 0.73E+03
8.7 .4129 20. 1.97 0.37 0.39E+00 0.45E-03 0.86E+03

15.0 .4090 29. 2.84 0.35 0.11£+00 0.45E-03 0.31£+03
25.0 .4035 38. 3.76 0.37 O.l1E+OO 0.82E-03 0.14E+03
35.0 .3975 46. 4.46 0.39 0.81£-01 0.96E-03 0.90E+02
45.0 .3923 51. 5.03 0.44 0.65E-01 0.90E-03 0.72E+02
60.0 .3863 58. 5.71 0.54 0.35E-01 0.88E-03 0.40E+02
80.0 .3806 66. 6.49 0.64 0.19E-01 0.58E-03 0.32E+02

100.0 .3770 76. 7.45 0.54 0.16E-01 0.24E-03 0.66E+02
120.0 .3747 87. 8.51 0.47 0.14E-01 0.20E-03 0.70E+02
140.0 .3734 94. 9.21 0.55 0.92E-02 0.16E-03 0.51£+02

DEPI'H 84. CM
TIME WATER MAT-FOr WIT-FOr HYD-{;RADHYD-<XN SP-MJIS DIFF
(HR) (CM3/CM3) (Q.1) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

6.2 .4423 4 . 0.37 0.54 0.29E+00 0.33E-03 0.88E+03
8.7 . 4407 11. 1.03 0.44 0.31£+00 0.25E-03 0.15E+04

15.0 .4393 19. 1.89 0.44 0.14E+00 0.10E-03 0.14E+04
25.0 .4361 29. 2.89 0.47 0.11£+00 0.68E-03 0.16E+03
35.0 .4304 37. 3.61 0.47 0.90E-01 0.99E-03 0.91£+02
45.0 .4250 43. 4.19 0.44 0.82E-01 0.88E-03 0.93E+02

·60.0 .4191 50. 4.90 0.40 0.60E-01 0.71£-03 0.78E+02
80.0 .4135 59. 5.76 0.40 0.38E-01 0.53E-03 0.72E+02
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DEPTH 84. CM (<XNr)
100.0 .4100 68. 6.66 0.40 0.26E-01 0.26E-03 0.98E+02
120.0 .4082 78. 7.63 0.35 0.2lE-01 0.1lE-03 0.19E+03
140.0 .4074 86. 8.39 0.35 0.16E-01 0.92E-04 0.17E+03

DEPl'H 99. CM
TIME WATER MP.T-POr MM'-roI' HID-GRAD HYD-<XN SP~IS DIFF
(HR.) (013/013) (CM) (KPA) (01/CM) (01/HR) (1/CM) (OO/HR.)

15.0 .4419 11. 1.06 0.28 0.23E+00 0.16E-03 0.14E+04
25.0 .4378 22. 2.19 0.60 0.98E-01 0.67E-03 0.15E+03
35.0 .4327 30. 2.96 0.65 0.77E-01 0.74E-03 0.10E+03
45.0 .4286 36. 3.53 0.67 0.63E-01 0.70E-03 0.90E+02
60.0 .4241 43. 4.17 0.60 0.48E-01 0.70E-03 0.69E+02
80.0 .4195 50. 4.94 0.50 0.37E-01 0.46E-03 0.79E+02

100.0 .4167 59. 5.76 0.40 0.3lE-01 0.24E-03 0.13E+03
120.0 .4151 68. 6.63 0.32 0.26E-01 0.13E-03 0.20E+03
140.0 .4143 75. 7.38 0.32 0.19E-01 0.79E-04 0.24E+03

DEPl'H 114. CM
TIME WATER MM'-POr MA.T-roI'HYD-GWJ HYD---<nl SP-M)IS DIFF
(HR.) (013/013) (CM) (KPA) (01/CM) (01/HR) (1/CM) (CM2/HR)

15.0 .4503 6. 0.62 1.12 0.62E-01 0.2lE-03 0.30E+03
25.0 .4471 16. 1.56 0.57 0.12E+00 0.5lE-03 0.23E+03
35.0 .4439 22. 2.20 0.39 0.15E+00 0.52E-03 0.28E+03
45.0 .4414 28. 2.73 0.32 0.15E+00 0.40E-03 0.36E+03
60.0 .4387 34. 3.34 0.34 0.97E-01 0.47E-03 0.2lE+03
80.0 .4356 42. 4.10 0.39 0.54E-01 0.37E-03 0.14E+03

100.0 .4328 49. 4.83 0.35 0.40E-01 0.37E-03 0.1lE+03
120.0 .4303 57. 5.54 0.23 0.41E-ol 0.35E-03 0.12E+03
140.0 .4280 63. 6.21 0.13 0.52E-ol 0.33E-03 0.16E+03

DEPl'H 130. CM
TIME WATER MA.T-POr MM'-POr HYD-GWJ HYD---<nl SP-M)IS DIFF
(HR) (013/013) (CM) (KPA) (01/CM) (CM/HR) (I/CM) (OO/HR)

8.7 .4667 2. 0.21 1.07 0.18E+00 0.19E-03 0.95E+03
15.0 .4659 5. 0.54 0.85 0.85E-01 0.23E-03 0.36E+03
25.0 .4649 10. 0.99 0.65 O.llE+OO 0.20E-03 0.54E+03
35.0 .4637 15. 1.43 0.57 O.llE+OO 0.37E-03 0.28E+03
45.0 .4623 19. 1.85 0.48 0.10E+00 0.30E-03 0.34E+03
60.0 .4609 24. 2.39 0.40 0.86E-0l 0.22E-03 0.39E+03
80.0 .4591 32. 3.15 0.37 0.6lE-01 0.26E-03 0.24E+03

100.0 .4569 39. 3.84 0.33 0.48E-01 0.4lE-03 O.12E+03
120.0 .4546 45. 4.44 0.30 0.38E-Ol 0.36E-03 0.10E+03
140.0 .4522 51. 5.02 0.27 0.33E-01 0.45E-03 0.74E+02

DEPl'H 145. CM
TIME WATER Ml\T-POr Ml\T-POr HYD-GRAD HYD-<XN SP-M:>IS DIFF
(HR) (013/013) (CM) (KPA) (01/01) (CM/HR) (1/CM) (CM2/HR)

6.2 .4831 1. 0.13 1.09 0.16E+00 0.24E-03 0.65E+03
8.7 .4827 3. 0.28 1.04 0.19E+00 0.28E-03 0.65E+03

15.0 .4823 5. 0.45 0.97 0.76E-0l 0.2lE-03 0.36E+03
25.0 .4819 7. 0.67 0.87 0.80E-01 0.17E-03 0.47E+03
35.0 .4815 10. 0.93 0.74 0.83E-0l 0.10E-03 0.80E+03
45.0 .4811 12. 1.20 0.64 0.78E-0l 0.16E-03 0.49E+03
60.0 .4807 16. 1.57 0.50 0.70E-0l 0.77E-04 0.9lE+03
80.0 .4801 22. 2.15 0.32 0.74E-0l 0.14E-03 0.54E+03

100.0 .4792 29. 2.84 0.37 0.47E-0l 0.llE-03 0.42E+03
120.0 .4785 36. 3.52 0.45 0.28E-01 0.llE-03 0.26E+03
140.0 .4778 41. 4.02 0.39 0.26E-01 0.18E-03 0.15E+03
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SITE K (EXLINESERIES)

Site K was located on a nearly level, low hayfield near a
sunflower field. The condition of the sunflowers, for which the soil
was unsuited because of high sodium, was poor. The location and
description are sUlmmarized on Table 1 and on Fig. 2. In-situ
measurements and site descriptions were made during late August
through October, 19<85.

The Exline series "consists of somewhat poorly drained to poorly
drained, claypan soils on stream terraces, out-wash plains, and bottom
lands, and on lake plains in Dickey County. These soils formed in
medium-textured to moderately fine-textured deposits left by glacial
melt water and in alluvium. They are level to gently sloping. The
Exline soil generally consists of a silt-loam surface soil overlying silty-
clay loam subsoil" (USDA1971).

Infiltration and wetting phase soil-water and suction profiles
were measured on this site during irrigation, but at the time of this
report have not yet been analyzed and prepared for presentation.

Specific Conditions and Problems
This Site was difficult to evaluate because of very high sodium

content (Tables K- 1.3 and K-2.3). Infiltration rates were initially very
large ( > 100 cm/h]1but within one hour had declined to 0.15 cm/h
and after 7 hours were only 0.015 cm/h. Infiltrometers were covered
with polyethylene and allowed to continue operating for 262 hours.
Infiltration rates continued to decrease to 0.00019 cm/h at that time
(readings were taken several days apart).

Because of extremely slow water movement, no field drainage
measurements were made. However,the soil profile was sampled, and
laboratory measurements were made. These are presented in this
report. However, here too there were serious problems. As would be
expected, the high clay content of soil samples resulted in soil
expansion after adding distilled water in the lab. Interpretation of
results was further complicated by the potential effects of sample
constraint in sample rings during wetting.
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Effect of Laboratory Ring Constraint
Selected Doering I-step diffusivity samples were wetted without

ring constraint, and were then placed placed fully wetted in a ring and
trimmed. Others (all of Site K-2 samples and selected K-1 samples)
were wetted in the rings. The relative expansions of these samples,
compared with field ring bulk density samples (non-wetted) are
shown on Tables K-1.4Cand K-2.4C. Expansion percent values of non-
ringed samples from same depths on replications K-1 and K-2 were
combined and averaged, and corresponding replication K-l expansion
values for ringed samples were subtracted. Results indicated that at
38 cm non-ringed samples expanded about 7.1 % more than ringed
samples, at 53 cm non-ringed samples expanded about 40.65 % more
than ringed samples (with consistent results on both K-l and K-2
replications) , and at 106 cm non-ringed samples expanded about
9.47% more than ringed samples. In the topsoil, there was no
difference. On site K-2 (table K-2.3) the 46 to 61 cm depth has the
largest SM. with the second largest SARat 30 to 46 cm. At the 8-cm
depth, non-ringed and ringed samples expanded fairly uniformly at
about 13.5 to 15%volume increase.

These results indicated that not only the SARand ionic strength
of water, but the specific laboratory constraints as well are important
in influencing laboratory hydraulic and physical measurements on fine
soils under expansive conditions. The constraint of a ring during
wetting partially inhibited expansion. In some cases, it even
prevented wetting to the top of the sample, and the top of the sample
remained dry for many days (resulting in low average e values). Some
such cases can be seen in the water-contents of some of the diffusivity
measurements on site replication K-l.

The significance of the relationship of either the ring
constrained sample or the nonconstrained sample to actual field
conditions where samples are three-dimensionally constrained by a
similarly expansive material is difficult to evaluate. Moreover, the use
of distilled water might result in poor predictions of soil hydraulic
behavior in the deeper soil profile, while hydraulic behavior of near
surface soil horizons under the influence of rainwater might be better
represented. We believe that these data provide a valid general
comparative tool for evaluating relative magnitudes of properties of the
Exline soils with other soils, but that they cannot be considered as
precision indicators of field behavior requiring hydraulic parameters of
high sensitivity.
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DiffusivityData
Laboratory diffusivity data are presented without corresponding

hydraulic conducUvity data, because of the wide error in
correspondence between e('I') and D(e) functions introduced by
problems in wetting: and in the expansion of samples. Precise field-
representative laboratory measurements of K(e,'I') under these
conditions was consjlderedto be unachievable. However, the diffusivity
data are presented ,vith the followinggeneral comments and analyses.
Compared with diffusivities of sandy topsoils (102 cm2 /h ) and sandy
subsoils (105 cm2 lh ),Exline diffusivities near saturation are about
10-1 cm2 /h, less by a factor of 1()3 and 1()6 ,respectively.

Hydraulic Conductivity and Specific-WaterContent
The comparaUve magnitude of K(e)was more difficult to obtain

because of the expansion problem in measuring e('I')and D(e), which
resulted in nonalignment of water content and diffusivity values on an
absolute e scale. In order to obtain an approximate evaluation of K(e)
two assumptions were made. (1) It was assumed that the e('I')
relationship between the air entry value and the final measured
equilibrium pressure (534 em) could be represented using a log/log
curve such as that of Brooks and Corey (1964) presented in Equation
14. (2) It was assumed that the percent saturation at air entry
pressure of the measured e('I') sample corresponding to each D(e)
measurement was the same as that on the D(e) sample, and that air
entry-water content (ee)on the D(e) sample could be scaled using the
water content sample. Air-entry suctions ('I'e) were selected
graphically, and were almost always at approximately 60 em.

Using equation (14), the exponent (b) was calculated from the
final (534 em) and initial (air entry) water content of the D(e) sample.
This was, in turn, used to calculate specific-water capacity for each
percent saturation (iB/9s) using the derivative of equation (18)

illi (9 9 l.. b -b-l
SPm = d'l' = e- rJ"'e 'I' (18).

Specific-water capacity (sPm) estimated in this way was then used to
calculate K(9)using equation 3.

SPm and K(9) are on Tables K-l.6 and K-2.6. Compared with
sandy sites, such as the Hecla soil on Site D, water retention curves
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are much flatter, resulting in lower b values. and in much lower sPm·
sPm near saturation for the surface horizon of an Exline soil was
approximately 10-3 to 10-4 cm2 compared with 10-1 to 10-2 cm2 on
the Hecla. For a deep subsoil horizon,sPm near saturation for the
Exline soil remained approximately 10-3 to 10-4 cm2 compared with
10-2 to 10-3 cm2 on the Hecla. soil

The combined effect of lower D(6) and sPm resulted in
extremely low K(6)values (10-4 cm/h near saturation to 10-6 cm/h at
0.7 to 0.8 saturation fraction) for all soil depths. This compares with
approximately 101 cm/h near saturation and 10-2 cm/h at 0.7 to 0.8
saturation fraction for the Hecla soil. Thus, K(6) for the solonized
silty-clay loam Exline soil is 10,000 times less than for a sandy Hecla
soil at comparable "wet"saturation fractions. Of course, for low water
contents the sandy soil K(6)values would eventually be comparable to,
or less than those of the Exline soil.

The slopes (N)of the log Kvs. log 'If function (Equation 16)
are also presented on Tables K-1.6 and K-2.6. p values for Mualem

theory (Equation 17) are also presented on Tables K-1.6 and K-2.6.
The range of p values is large, as has been discussed previously by
Schuh and Cline (in press) for finer soils. The range of p for the
solonized silty-clay loam Exline soil does not, however, exceed that
documented for non-solonized soils of loamy texture. This is
consistent with the previous observation (Schuh and Cline. in press)
that all soils with geometric-mean particle diameters of 0.08 mm or
less appear to have p values of a single shared log-normal random
distribution. However, it is observed that the range of N values
derived from these p values is not nearly so large as p. This is because
soils with very flat particle-size distribution curves, as represented by
the b values, will have a correspondingly low sensitivity of N to p. On
equation 17 it can be seen that as b approaches O. N approaches 2,
and the influence of p on N becomes negligible.

Exline Soil Summary
In summary, for the Exline soil the expansion of soil samples

during wetting with distilled water was greater for samples wetted
outside of the ring than for those wetted within the constraint of a wet
ring. In some cases, samples wetted within the ring failed to wet fully
to the sample surface. Final dry bulk densities and water-retentions
varied corresponding to these differences. The relationship of either
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case to field constraints is not clearly understood. Also the use of
distilled water may adequately reflect near surface. rain effected
hydraulic phenomena. but not that of greater depths.

D (e). and ,estimated sPm. and K(e) were lower than
corresponding values for sandy soils by several orders of magnitude.
Pore-interaction factor values for Mualem (1976) theory. and resulting
KC",) curve slope values were distributed in a manner similar to that
described for loamy soils by Schuh and Cline (in press).
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SITE K, REPLICATION 1
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Table K-1.1. SoUmorphologic data for Site H. replication 1

Site and location: K-IExlIne. Oakes Aquifer 45 feet south and 90 feet east of the
northwest comer of Section 20. Township 130 north. Range 59 west. Dickey County.
North Dakota.

Sampled: 10/21/85 by M. D. Sweeney. North Dakota grtcultural Experiment Station.
Fargo. North Dakota.

SoU type and classification: Exline loam; fine. montmorillonitic Leptic Natriboroll.

Physiography and parent material: Glacio-fluv1al-Iacustrine deposits in the Glacial
ake Dakota Basin.

Drainage: Poor.

NOTES: Moist colors unltess otherwise spec1fted. Piece of pipe buried at 14 inches.
LaboratOIYtexture in parenthesis if dlfIerent from field texture.

SoUproffie: K-l. north side of pit.

E 0-2 inches (0-5 em) blac~knOYR2/ 1)loam. dark gray (lOYR4/1. dry); moderate fine
platy structure; soft. very friable; sllghtly sticky and slightly plastic: many very fine
roots: abrupt smooth boundary.

Btl 2-5 inches (5-13 em) very dark gray nOYR3/1) sUtyclay (clay loam). dark gray to
gray (lOYR4.5/1. dry): strong to moderate coarse and medium prismatic parting to
strong medium and fine lmgular blocky structure: hard. firm. very sticky and very
plastic: common very fine roots along prism faces: clear smooth boundary.

Bt2 5-10 inches (13-25 em) very dark grayish brown (lOYR3/2) silty clay (clay loam).
dark gray (lOYR4/1. dry): moderate coarse and medium prismatic parting to strong
medium and fine angular blocky structue: hard. firm. very sticky and very plastic:
common very fine roots along prism faces: clear wavy boundary.

Bksa 10-25 inches (25-64 em) oUvegray (5Y5/2) silty clay loam (loam). Ught oUvegray
(5Y6/2. dry) with continuous thin clay f11msand dark gray (5Y4/1) organic stains on
prism faces: moderate coarse and medium prismatic parting to moderate fine angular
blocky structure; slightly haret firm. sticky and plastic: few very fine roots along prism
faces: strong effervescence: clear wavy boundary.

BCk 25-39 inches (64-99 em) light gray (5Y7/2) silty clay loam (clay loam). white (5Y
8/2. dry) with continuous thin clay films and gray (5Y5/1) organic stains on prism
faces: moderate coarse and medium prismatic parting to moderate fine angular blocky
structure: slightly haret Illrm.sticky and plastic: few very fine roots along prism faces;
violent effervescence: abmpt smooth boundary.

2BC 39-44 inches (99-112 em) llght oUvegray (5Y6/2) sandy loam (finesandy loam).
light gray (5Y7/2. dry) with common fine and medium prominent dark reddish brown
(5YR2/2) mottles and many thin clay fUmsand gray (5Y5/1) organic stains on prism
faces: moderate coarse prismatic parting to moderate and fine angular blocky struc-
tue: slightly hard. friable:. slightly sticky and slightly plastic; few very fine roots along
prism faces: slight effervescence: abrupt smooth boundary.

2C 44-60 inches (112-1S2 em) olivegray (5Y5/2) sand (finesand). light gray (5Y7/2.
dry) with common medium distinct strong brown (7.5YR5/8) mottles; single grained;
loose. nonsticky and nonplastic; slight effervescence.
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Table K-1.2 EXLINESERIES SITE K-1 NJS'i'C:1985
Soil particle-size, bJlk. density, an::i organic carlxn data
an::i :i.ndioos.

DEPTH PARl'ICIE SIZE CIJ\.SSES (MICKN/PFRCENr)
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 21.3 16.8 26.3 24.9 9.3 1.0 0.4 0.1
23. 33.1 12.9 22.7 22.6 7.7 0.8 0.1 0.1
38. 24.9 15.9 26.5 25.3 6.5 0.5 0.1 0.1
54. 25.0 14.6 26.5 26.0 7.2 0.6 0.1 0.0
76. 33.1 22.5 14.4 14.3 15.0 0.5 0.2 0.0

107. 9.0 5.9 9.6 24.8 50.1 0.5 0.0 0.1
137. 5.3 0.0 4.3 23.5 66.1 0.4 0.1 0.2

DEPTH SAND SILT Cl.Ef H<RIZCN
an % % %

8. 35.6 43.1 21.3 B 111 10=k
23. 31.3 35.6 33.1 B 2 11 11=t
38. 32.6 42.4 24.9 OC 8 12 l2=sa
54. 33.9 41.1 25.0 OC 8 12
76. 30.0 36.9 33.1 OC 8

107. 75.5 15.5 9.0 20C
137. 90.4 4.3 5.3 2C

DEPTH SlVSI GFAN G:>EV Z F-INDEX ID OC
an mn mn glee %

8. 0.828 0.0197 5.8 0.0034 0.407 1.26 5.00
23. 0.879 0.0128 6.9 0.0019 0.325 1.42 1.30
38. 0.767 0.0166 6.0 0.0028 0.401 1.52 0.60
54. 0.825 0.0169 6.0 0.0028 0.410 1.62 0.34
76. 0.813 0.0120 7.1 0.0017 0.227 1.71 0.54

107. 4.871 0.0652 4.6 0.0143 0.768 1.66 0.13
137. 21.000 0.1029 3.3 0.0311 1.310 1.46 0.07

DEPTH IDISl'URE/SlCl'ICN SW?E GAroNER K-PARJ.\ME'lERS(JAYNE& TYLER)
G1!DAY-KPA G1/HR-!3AR

an GDSH BIDEMN K-SUl?E K-INl' K-SLOPE K-INT

8. 3.998 1.703 -0.2283 1.0353 -2.28 -0.34
23. 3.811 1.832 -0.2139 0.9077 -2.14 -0.47
38. 4.099 2.068 -0.1879 0.9425 -1.88 -0.44
54. 3.979 2.189 -0.2157 0.9831 -2.16 -0.40
76. 3.938 1.763 -0.1875 0.8700 -1.88 -0.51

107. 2.042 3.577 -0.9594 2.1895 -9.59 0.81
137. 1.177 6.657 -1.2371 2.6187 -12.37 1.24
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Table K-1.3 &lfi saturation extract water chemistry data. gravimetric water content
at saturation and at 15bar. pH. texture class. and carbonate clay fraction for site K.
replication 1.

Saturation Extract &luble Ions
Depth 101. Mg Na K C03 HC03 C1 804
(em) meq/l
0-15 1.78 1.42 17.70 0.28 13.28 1.10 6.80

15 - 30 0.85 1.39 71.82 0.45 2.24 7.16 2.36 62.75
30-46 1.61 8.39 165.38 1.24 0.40 4.12 4.90 167.20
46 - 61 1.06 4.70 125.24 0.78 0.96 3.16 4.60 123.06
61 - 91 0.42 1.18 51.24 0.27 2.08 3.64 3.40 43.99
91 - 122 0.34 0.86 25.62 O.ll 1.44 6.80 2.04 16.65

122 - 152 0.72 0.40 10.02 0.10 3.24 0.95 7.05

Depth ECE 8AR H20 at pH C03 Texture e
Sat clay class 15bar

(em) mmhos/em % % gIg x
100

0- 15 2.15 14.0 68 8.2 I 21.52
15 - 30 6.22 67.9 122 9.2 3.4 cl 20.80
30-46 14.70 74.0 100 8.8 5.1 I 17.46
46 - 61 10.63 73.8 93 9.1 8.5 I 16.24
61 - 91 4.75 57.3 94 9.4 21.7 cl 14.98
91 - 122 2.77 33.1 61 9.1 fsl 10.85

122 - 152 1.03 13.4 36 8.1 fs 4.23

273



Table K-1.4A SIlE K-1 EXLINE roIL 1985 NDSlC
Laboratory soil-water retention data, bulk cEnslty fran water-
retention sanple.

lAB PRESSURE (Q.1) J\NDWATER CXNI'ENT l\QL. FRACTICN)

DEP1lI (CM)

8. 23. 38. 53.

CM CJ:;/CJ:; SE

10. 0.5742 0.0090 10. 0.6814 0.0216 10. 0.3038 0.0068 10. 0.5719 0.0221
40. 0.5474 0.0132 40. 0.6710 0.0153 40. 0.2960 0.0061 40. 0.5526 0.0211
60. 0.5451 0.0116 60. 0.6673 0.0147 60. 0.2949 0.0063 60. 0.5526 0.0211
80. 0.5369 0.0111 80. 0.6598 0.0126 80. 0.2927 0.0058 80. 0.3225 0.1796

100. 0.5317 0.0116 100. 0.6583 0.0116 100. 0.2919 0.0058 100. 0.5444 0.0216
150. 0.5101 0.0132 150. 0.6442 0.0068 150. 0.2856 0.0061 150. 0.5265 0.0205
200. 0.4848 0.0132 200. 0.6270 0.0042 200. 0.2800 0.0053 200. 0.5139 0.0200
334. 0.4677 0.0137 334. 0.6203 0.0016 334. 0.2748 0.0058 334. 0.5042 0.0205
534. 0.4446 0.0121 534. 0.5928 0.0011 534. 0.2666 0.0058 534. 0.4841 0.0158

834. 0.5585 0.0000 834. 0.2450 0.0037 834. 0.4461 0.0090

BD= 1.41 1.37 0.76 1.64
N= 2 2 2 2

DEP'lli (CM)

76. 106. 137.

10. 0.2830 0.1853 10. 0.7462 0.1611 10. 0.4297 0.0047
40. 0.2725 0.1780 20. 0.7514 0.1564 20. 0.4319 0.0032
60. 0.2717 0.1775 30. 0.7522 0.1474 30. 0.4118 0.0058
80. 0.2665 0.1739 40. 0.7440 0.1522 40. 0.4059 0.0058

100. 0.2635 0.1718 50. 0.7388 0.1517 50. 0.3731 0.0047
150. 0.2544 0.1655 60. 0.7358 0.1474 60. 0.3344 0.0016
200. 0.2469 0.1603 80. 0.7283 0.1411 80. 0.2495 0.0269
334. 0.2394 0.1551 100. 0.7216 0.1395 100. 0.2219 0.0211
534. 0.2296 0.1483 120. 0.7134 0.1369 120. 0.1988 0.0184
834. 0.2049 0.1311 180. 0.6889 0.1311 180. 0.1683 0.0137

334. 0.6583 0.1295 334. 0.1385 0.0053
534. 0.6308 0.1269 534. 0.1355 0.0042
834. 0.3537 0.0332 834. 0.1132 0.0042

BD= 0.77 1.62 1.40
N= 2 2 2
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Table K-1.4B SI'IE K-1 EXLINEroIL 1985 NDSW::
Laboratory soll-water retent100 data, bJl.k rensity from field
rirq sample (noo-wetted).

Ll\B PRESSURE(eM) ANDWII.'IER<XNIENr(\QL. rnrcrlOO)

DEP'lli (eM)
8. 23. 38. 53.

eM a:./a:. SE

10. 0.5121 0.0019 10. 0.7057 0.0267 10. 0.6121 0.0137 10. 0.5657 0.0160
40. 0.4880 0.0023 40. 0.6948 0.0200 40. 0.5965 0.0146 40. 0.5466 0.0151
60. 0.4861 0.0009 60. 0.6909 0.0195 60. 0.5942 0.0139 60. 0.5466 0.0151
80. 0.4788 0.0006 80. 0.6832 0.0173 80. 0.5897 0.0148 80. 0.3155 0.1744

100. 0.4741 0.0011 100. 0.6816 0.0162 100. 0.5882 0.0147 100. 0.5384 0.0157
150. 0.4548 0.0029 150. 0.6669 0.0112 150. 0.5754 0.0136 150. 0.5208 0.0149
200. 0.4322 0.0034 200. 0.6492 0.0083 200. 0.5643 0.0147 200. 0.5082 0.0145
334. 0.4169 0.0041 334. 0.6422 0.0056 334. 0.5537 0.0132 334. 0.4987 0.0151
534. 0.3963 0.0031 534. 0.6136 0.0027 534. 0.5371 0.0124 534. 0.4788 0.0106

834. 0.5782 0.0035 834. 0.4939 0.0147 834. 0.4414 0.0042

13D= 1.26 1.42 1.52 1.62
N= 2 2 2 2

DEP'IH(eM)
76. 106. 137.

10. 0.6131 0.0105 10. 0.7874 0.2050 10. 0.4476 0.0031
40. 0.5868 0.0081 20. 0.7923 0.2004 20. 0.4500 0.0048
60. 0.5860 0.0087 30. 0.7921 0.1912 30. 0.4289 0.0017
80. 0.5745 0.0086 40. 0.7841 0.1957 40. 0.4227 0.0016

100. 0.5679 0.0086 50. 0.7787 0.1949 50. 0.3886 0.0020
150. 0.5449 0.0062 60. 0.7752 0.1904 60. 0.3484 0.0046
200. 0.5268 0.0049 80. 0.7668 0.1834 80. 0.2610 0.0327
334. 0.5087 0.0037 100. 0.7598 0.1815 100. 0.2320 0.0261
534. 0.4857 0.0025 120. 0.7510 0.1783 120. 0.2079 0.0229
834. 0.4348 0.0046 180. 0.7250 0.1711 180. 0.1759 0.0174

334. 0.6933 0.1679 334. 0.1445 0.0081
534. 0.6646 0.1637 534. 0.1414 0.0069
834. 0.3619 0.0160 834. 0.1181 0.0065

13D= 1.71 1.66 1.46
N= 2 2 2

Table K-1.4C. Mk rensity calailated fran 1IoettedI-step diffusivity samples
foll<Ming tri.rrrn1ng, rreasurerrent, and drainage. * (Before)
ird1cates sample was 1Ioettedin rlrq, t.ren tr1nmed. (After)
incl1cates sample was 1IoettedwitlnJt constraint, then placed in
ring and triItlred. 13D(nw)is t.re oven-dry bulk density for a field
sanple not 1Ioetted. , + vol. is percent increase in sanple volurre caused
by wettinq t.re sarrp1e with distilled water.

DEPlH ID Ri1q BD(nwl BD(nwl ' + vol.
(an) (q/cc) Placerrent* q/cc lID

8.0 1.11 Before 1.26 1.135 13.5
8.0 1.11 After 1.26 1.135 13.5
38.0 1.07 Before 1.52 1.421 42.0
53.0 0.97 After 1.62 1.540 67.0
53.0 1.24 Before 1.62 1.496 30.6
76.0 1.11 After 1.71 1.540 54.0
106.0 1.12 After 1.66 1.496 49.6
106.0 1.14 Before 1.66 1.456 45.6
106.0 1.00 After 1.66 1.660 66.0
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Table K-1.5 EXLINE SERIES SITE K-1 NDSl'C1985
laboratory D (9) data.

lSlEP CXJI'E'I.(WDE'l'ER-ITN1ITICNS

DEP'lli(CM) S1\MPLEWET'IEDrn RIN:;
7.6

DES)RPTICN PARAMETERS AND STI\TS

W-INF TIME-INF
VOL-FR KXJRS

.5015 4.770
R**2 MSE RES-M)I DES-EXP DES M DES N

0.99 0.1539 0.0000 -G.0567 328.261 0.639

BRXKS & COREY pARAMETERS AND STATS

W-Sl-\TS-AE W-INF SUC-INF
VOL-FR CM VOL-FR CM

.5742 33.803 .5451 60.

R**2 MSE RES-M)I B&C-EXP C&RM C&R N

0.99 0.0168 0.0000 -G.0906 9618.654 0.826

TIME WATER WIT-FOr WIT-ror HYD-GRAD HYD-<XN SP-M)IS DIFF
(HR) (00/00) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.0 .5258 89 . 8.76 178. 0.54E-G4 0.53E-G3 0.10E+00
0.7 .5228 95. 9.34 178. 0.53E-G4 0.50E-G3 O.lIE+OO
1.3 .5198 101. 9.95 178. 0.52E-G4 0.46E-G3 O.lIE+OO
1.9 .5168 108 • 10.61 178. 0.5IE-G4 0.43E-G3 0.12E+00
2.5 .5138 115. 11.31 178 . 0.50E-04 0.40E-G3 O.13E+OO
3.1 .5108 123 • 12.07 178. 0.50E-04 0.38E-G3 O.13E+OO
3.7 .5078 131. 12.88 178. 0.49E-04 0.35E-G3 0.14E+00
4.2 .5048 140. 13.75 178. 0.49E-G4 0.33E-G3 0.15E+00
4.8 .5015 151. 14.77 178. 0.48E-G4 0.30E-G3 0.16E+00
5.3 .4987 160. 15.72 178. 0.4IE-G4 0.28E-G3 0.15E+00
5.8 .4961 170 • 16.64 178. 0.36E-G4 0.26E-G3 0.14E+00
6.3 .4938 179. 17.53 178. 0.32E-G4 0.25E-G3 0.13E+00
6.8 .4916 188. 18.39 178. 0.28E-04 0.24E-G3 0.12E+00
8.8 .4845 221. 21.63 178. 0.19E-04 0.20E-G3 0.96E-G1

12.8 .4743 279. 27.36 178. 0.lIE-G4 0.15E-G3 0.71E-G1
16.8 A670 331. 32.45 178. 0.73E-05 0.13E-G3 0.57E-01
20.8 .4614 378. 37.10 178. 0.53E-05 0.lIE-G3 0.48E-01
24.8 .4568 423. 41.43 178. 0.4IE-05 0.98E-04 0.41£-01
28.8 •4529 464. 45.50 178. 0.33E-05 0.88E-04 0.37E-G1
32.8 .4496 504. 49.37 178. 0.27E-05 0.81E-04 0.34E-01
44.8 .4417 **** ******* 178. ******** ******** 0.27E-01
48.8 .4396 **** ******* 178. ******** ******** 0.25E-0l
56.8 .4358 **** ******* 178. ******** ******** 0.23E-01

122.0 .4173 **** ******* 178. ******** ******** O.14E-Ol
194.0 .4065 **** ******* 178. ******** ******** O.l1E-Ol
410.0 .3896 **** ******* 178. ******** ******** 0.81£-02
482.0 .3860 **** ******* 178. ******** ******** 0.8IE-02

276



DEP'IH (CM) SAf1l?LEWETIED WI'IHX1l'RIN:;
7.6

DEg)RPIT(N PARAMETERS AND Sl'ATS
W-INF TIME-INF
VOL-FR fOJRS

.5535 7.960
R**2 ~ RES-:fvOIDES-EXP DES M DES N

0.95 0.1426 0.0000 -0.0447 241.069 0.149

BRXI<S & <XH:Y PARAMETERS AND Sl'ATS
W-SM' S-AE W-INF SUC-INF
VOL-FR CM VOL-FR CM

.5742 33.803 .5451 60.

R**2 ~ RES-M)I B&C-EXP C&HM C&HN

0.99 0.0168 0.0000 -0.0906 9618.654 0.826

DEP'IH (eM)
7.6

T:ll£ WATER MAT-POr MP.'.I'-roI'H.YIH:;RADHYIHXN SP-M)IS DIFF
(HR) (00/00) (eM) (KPJl,) (CM/CM) (CM/HR) (l/CM) (Q12/HR)

0.0 .5770 **** ***.•..*** 178. ******** ******** 0.97E-01
1.1 .5740 **** ***.•.*** 178. ******** ******** 0.10E+00
2.1 •5710 **** ***.•..*** 178 . ******** ******** 0.11E+00
3.1 .5680 **** ***.•.*** 178. ******** ******** 0.11E+00
4.2 .5650 **** ***.•.*** 178. ******** ******** 0.11E+00
5.2 .5620 **** ***.•,*** 178. ******** ******** 0.12E+00
6.2 .5590 **** ***.•,*** 178. ******** ******** 0.13E+00
7.2 .5560 **** ***.•,*** 178. ******** ******** 0.13E+00
8.0 .5535 **.•..* ***"":*** 178. ******** ******** 0.14E+00
8.5 .5520 **** ***"":*** 178. ******** ******** 0.13E+00
9.0 .5506 **** ***"":*** 178. ******** ******** 0.13E+00
9.5 .5492 **** ***"",*** 178. ******** ******** 0.l2E+00

10.0 .5480 **.•.* ***1<,*** 178. ******** ******** 0.12E+00
12.0 .5435 62. 6.07 178. 0.81E-04 0.79E-03 0.10E+00
16.0 .5365 71. 7.00 178. 0.57E-04 0.68E-03 0.84E-01
20.0 .5312 80. 7.82 178. 0.44E-04 0.60E-03 0.72E-ol
24.0 .5269 87. 8.56 178. 0.35E-04 0.55E-03 0.64E-01
28.0 .5233 94. 9.24 178. 0.29E-04 0.50E-03 0.59E-ol
32.0 .5201 101. 9..87 178. 0.25E-04 0.47E-03 0.54E-01
36.0 .5174 107. 10,,46 178 . 0.22E-04 0.44E-03 0.51E-0l
40.0 .5150 112. 11 ..02 178. 0.20E-04 0.41E-03 0.48E-01
44.0 .5128 118. 11,,55 178. 0.18E-04 0.39E-03 0.46E-ol
48.0 .5108 123. 12,,06 178. 0.17E-04 0.38E-03 0.44E-01
52.0 .5090 128. 12,,55 178. 0.15E-D4 0.36E-03 0.42E-Dl
56.0 .5073 133. 13,,01 178. 0.14E-D4 0.35E-D3 0.41E-0l

122.0 .4899 195. 19,,12 178. 0.80E-D5 0.23E-03 0.35E-ol
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DEP'lli<Q-1)
53.0

DEroRPTICN pARAMETERS AND STATS
W-INF TIME-INF
VOIrFR fOJRS

.2087
R**2

0.382
MSE RES-M)I DES-EXP DES M DES N

0.98 0.2111 0.0020 -0.0893 103.468 0.871

BRXl<S & OOREY PARAMETERS AND STATS
W-S1\T S-AE
VOIrFR CM

W-]NF SOC-]NF
VOIrFR CM

.5719 55.295 .5444 100.

R**2 RES-M)I B&C-EXP C&H M C&H N

0.98 0.0320 0.0000 -0.0834 16910.957 0.829
TIME WATER MIIT-PCJI'MA.T-PCJI'HYD-GAAD HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (Q-1) (KPA) (CM/CM) (CM/HR) (1/CM) (CM2/HR)

0.0 .2181 **** ******* 178. ******** ******** 0.62E+00
0.2 .2151 **** ******* 178. ******** ******** 0.82E+00
0.3 .2121 **** ******* 178 . ******** ******** 0.12E+01
0.4 .2087 **** ******* 178 . ******** ******** 0.20E+01
0.9 .1938 **** ******* 178. ******** ******** 0.99E+00
1.4 .1863 **** ******* 178. ******** ******** O.68E+OO
1.9 .1813 **** ******* 178 . ******** ******** 0.53E+00
4.4 .1682 **** ******* 178 . ******** ******** 0.27E+00
8.4 .1589 **** ******* 178 . ******** ******** 0.17E+00

12.4 .1535 **** ******* 178. ******** ******** O.13E+OO
16.4 .1498 **** ******* 178. ******** ******** 0.11E+00
20.4 .1469 **** ******* 178 . ******** ******** 0.94E-01
24.4 .1446 **** ******* 178 . ******** ******** 0.85E-01
28.4 .1427 **** ******* 178. ******** ******** 0.79E-01
32.4 .1410 **** ******* 178 . ******** ******** 0.74E-01
36.4 .1396 **** ******* 178 . ******** ******** 0.71E-01
40.4 .1383 **** ******* 178. ******** ******** 0.68E-01
44.4 .1372 **** ******* 178 . ******** ******** 0.66E-01
48.4 .1361 **** ******* 178. ******** ******** 0.65E-01
52.4 .1352 **** ******* 178. ******** ******** 0.64E-01
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DEP'IH (CM)
53.0

SAMPLE WETIED IN R]N;

DEroRPTICN PARAMETERS AND S'mTS
W-INF TIME-INF
VOL-FR lOJRS
.0564 0.331
R**2 M3E RES-l~I DES-EXP DES M

0.96 0.5723 0.0160 -0.5745 45.544
DES N

0.829

BRXI<S & (X)REYPARAMETERS AND S'mTS

W-srd' S-AE W-lNE' SUC-INF
VOL-FR CM VOL-FR CM

.5719 55.304 .5444 100 .

R**2 M3E RES~t-DI B&C-EXP C&HM C&H N

0.98 0.0320 0.0000 -0.0834 16923.762 0.829

TIME WATER MAT-PCYl'Mlcr'-POI' HYD-GRAD HYD--<XN SP-lt-DIS DIFF
(HR) (CM3/CM3) (eM) (KPlI.) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.0 .0612 **** ******* 178. ******** ******** 0.64E+00·
0.3 .0582 **** ******* 178. ******** ******** 0.16E+01
0.3 .0564 **** ******* 178. ******** ******** 0.64E+01
0.8 .0398 **** ******* 178. ******** ******** 0.26E+01
1.3 .0342 **** ******* 178. ******** ******** 0.16E+01
1.8 .0311 **** ******* 178. ******** ******** 0.12E+01
2.3 .0292 **** ******* 178. ******** ******** 0.95E+00
4.3 .0252 **** ******* 178. ******** ******** 0.52E+00
8.3 .0223 **** ******* 178. ******** ******** 0.28E+00

12.3 .0211 **** ******* 178. ******** ******** 0.20E+00
16.3 .0203 **** ******* 178. ******** ******** 0.15E+00
20.3 .0198 **** ******* 178. ******** ******** 0.13E+00
24.3 .0194 **** ****..*** 178. ******** ******** 0.11£+00
28.3 .0191 **** ****..*** 178. ******** ******** 0.95E-01
32.3 .0189 **** ****..*** 178. ******** ******** 0.85E-01
36.3 .0187 **** ****..*** 178. ******** ******** 0.78E-01
40.3 .0186 **** ****..*** 178. ******** ******** 0.71£-01
44.3 .0184 **** ****..*** 178. ******** ******** 0.66E-01
48.3 .0183 **** ****..*** 178. ******** ******** 0.62E-ol
52.3 .0182 **** ***-/0,*** 178. ******** ******** 0.59E-ol

122.0 .0174 **** ***~-*** 178. ******** ******** 0.35E-01
194.0 .0170 **** ***~,*** 178. ******** ******** 0.33E-01
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DEPTH (01)
76.0

DES:lRPTICNPARAMETERS AND STATS
W-INF TlME-INF
VOIr-FR EOJRS
.4497 6.160
R**2 MSE RES-M)I DES-EXP DES M DES N

0.99 0.0756 0.0000 -0.0813 -312.762 1.007

BRXl<S & COREY PAR1\METERSAND STATS
W-SA.T S-AE W-lNF SUC-INF
VOL-FR 01 VOL-FR 01
.2830 38.307 .2717 60.
R**2 MSE RES-M)I B&C-EXP C&HM C&H N

0.97 0.0674 0.0000 -0.0911 20289.674 0.886
TIM: WATER MAT-POT MAT-POT HYD-GRAD HYIK:Cl'I SP~IS DIFF
(HR) (013/013) (01) (KPA) (G1/01) (G1/HR) (1/01) (012/HR)

0.0 .5211 **** ******* 178 . ******** ******** 0.44E+01
0.0 .5181 **** ******* 178. ******** ******** 0.16E+01
0.1 .5151 **** ******* 178. ******** ******** 0.10E+01
0.1 •5121 **** ******* 178. ******** ******** 0.74E+00
0.2 •5091 **** ******* 178 . ******** ******** 0.59E+00
0.3 •5061 **** ******* 178. ******** ******** 0.49E+00
0.4 .5031 **** ******* 178. ******** ******** 0.42E+00
0.6 •5001 **** ******* 178. ******** ******** 0.37E+00
0.8 .4971 **** ******* 178. ******** ******** 0.33E+00
0.9 .4941 **** ******* 178. ******** ******** 0.30E+00
1.2 .4911 **** ******* 178 . ******** ******** 0.28E+00
1.4 .4881 **** ******* 178. ******** ******** 0.26E+00
1.6 •4851 **** ******* 178. ******** ******** 0.24E+00
1.9 .4821 **** ******* 178. ******** ******** 0.23E+00
2.2 .4791 **** ******* 178. ******** ******** 0.22E+00
2.5 .4761 **** ******* 178. ******** ******** 0.21£+00
2.8 .4731 **** ******* 178. ******** ******** 0.20E+00
3.2 .4701 **** ******* 178. ******** ******** 0.19E+00
3.6 .4671 **** ******* 178. ******** ******** 0.18E+00
4.0 .4641 **** ******* 178. ******** ******** 0.18E+00
4.4 .4611 **** ******* 178. ******** ******** 0.17E+00
4.8 .4581 **** ******* 178. ******** ******** 0.17E+00
5.3 .4551 **** ******* 178. ******** ******** 0.16E+00
5.8 .4521 **** ******* 178. ******** ******** 0.16E+00
6.2 .4497 **** ******* 178. ******** ******** 0.16E+00
6.7 .4469 **** ******* 178. ******** ******** 0.15E+00
7.2 .4442 **** ******* 178. ******** ******** 0.14E+00
7.7 .4418 **** ******* 178. ******** ******** O.13E+OO
8.2 .4395 **** ******* 178. ******** ******** O.13E+OO

10.2 .4318 **** ******* 178. ******** ******** 0.11£+00
14.2 .4203 **** ******* 178. ******** ******** 0.81£-01
18.2 .4119 **** ******* 178. ******** ******** 0.67E-01
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DEP'IH (01) OJNT.
76.0

TIM: WATER wcr-ror M\T-roI' HYD--GRADHYIHXN SP-M:>IS DIFF
(HR) (CM3/CM3) (eM) (KPA.) (01/01) (01/HR) (1/01) (CM2/HR)

22.2 .4052 **** ******* 178. ******** ******** 0.58E-Q1
26.2 .3998 **** ******* 178. ******** ******** 0.5IE-Q1
30.2 .3952 **** ******* 178. ******** ******** 0.47E-Q1
34.2 .3912 **** ******* 178. ******** ******** 0.43E-Q1
38.2 .3877 **** ******* 178. ******** ******** 0.40E-Q1
42.2 .3846 **** ******* 178. ******** ******** 0.37E-Q1
46.2 .3818 **** ******* 178. ******** ******** 0.35E-Q1
50.2 .3792 **** ******* 178. ******** ******** 0.33E-Q1
54.2 .3769 **** ******* 178. ******** ******** 0.32E-Q1
58.2 .3747 **** ******* 178. ******** ******** 0.3OE-Q1

122.0 .3528 **** ******* 178. ******** ******** 0.2lE-Q1
194.0 .3397 **** ******* 178. ******** ******** 0.19E-Q1
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DEPrn (01) SAMPLE WETlED WI'IHXJl'RlN3
106.0

DES:EPTICN PARAMETERS AND SI'ATS
W-lNF T]ME-INF
VOL-FR EnJRS

.3893 6.066
R**2 MSE RES-M)I DES-EXP DES M DES N

0.99 0.0443 0.0000 -{).0835 -298.286 0.874

BRXI<S & COREY PARAMETERS AND STATS

w-SAT S-AE W-lNf SUC-INF
VOL-FR 01 VOL-FR 01

.7462 48.480 .7358 60.

R**2 MSE RES-M)I B&C-EXP C&HM C&H N

0.98 0.0148 0.0000 -{).0660 ********* 0.968

TJ.toE WATER MA.T-POI'MA.T-POI' HYIHiRAD HYD-<X:N SP-M)IS DIFF
(HR) (00/00) (O1) (KPA) (01/01) (Q.1/HR) (1/01) (Q.12/HR)

0.0 .4354 **** ******* 178. ******** ******** O.28E+OO
0.3 .4324 **** ******* 178 . ******** ******** O.26E+OO
0.5 .4294 **** ******* 178 . ******** ******** O.24E+OO
0.8 .4264 **** ******* 178 . ******** ******** O.23E+OO
1.1 .4234 **** ******* 178. ******** ******** O.22E+OO
1.4 .4204 **** ******* 178 . ******** ******** O.2lE+00
1.8 .4174 **** ******* 178 . ******** ******** 0.20E+OO
2.1 .4144 **** ******* 178 . ******** ******** O.19E+OO
2.5 .4114 **** ******* 178 . ******** ******** O.18E+OO
2.9 .4084 **** ******* 178 . ******** ******** O.18E+00
3.4 .4054 **** ******* 178. ******** ******** O.l7E+OO
3.8 .4024 **** ******* 178. ******** ******** O.l7E+OO
4.8 .3964 **** ******* 178. ******** ******** 0.16E+00
5.9 .3904 **** ******* 178. ******** ******** O.l6E+OO
6.1 .3893 **** ******* 178. ******** ******** 0.15E+00
6.6 .3867 **** ******* 178. ******** ******** 0.14E+00
8.1 .3801 **** ******* 178. ******** ******** 0.12E+00

10.1 .3732 **** ******* 178. ******** ******** O.10E+OO
14.1 .3629 **** ******* 178. ******** ******** 0.78E-01
18.1 .3554 **** ******* 178. ******** ******** 0.65E-01
22.1 .3495 **** ******* 178. ******** ******** 0.56E-{)1
30.1 .3406 **** ******* 178. ******** ******** 0.44E-01
34.1 .3371 **** ******* 178. ******** ******** 0.41E-01
42.1 .3312 **** ******* 178. ******** ******** 0.35E-0l
46.1 .3287 **** ******* 178. ******** ******** 0.33E-01
50.1 .3264 **** ******* 178. ******** ******** 0.3lE-{)1
54.1 .3243 **** ******* 178. ******** ******** 0.30E-01
58.1 .3224 **** ******* 178. ******** ******** O.28E-0l

122.0 .3030 **** ******* 178. ******** ******** 0.19E-{)1
194.0 .2915 **** ******* 178. ******** ******** 0.16E-0l
266.0 .2839 **** ******* 178. ******** ******** 0.15E-0l
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DEPTH (eM) SAMPLE WETIED IN RJN;
106.0

DESJRPTICN PARAMETERS AND STATS
W-INF TlME-INF
VOL-FR lOJRS
.5634 0.132
R**2 MSE RES"'~I DES-EXP DES M DES N

0.89 2.9799 0.0000 ~.0319 0.000 0.000

BRXI<S & CX>REYPARAME:'I'ERSAND STATS
W-SAT S-AE W-INE' SOC-INF
VOL-FR eM VOL-FR eM

.7462 48.480 .7358 60 .
R**2 MSE RES-iM)I B&C-EXP C&RM C&H N

0.98 0.0148 0.0000 ~.0660 ********* 0.968
TIME WATER MA.T-POr MA.T-POr HYIH;AAD HYD-a:N SP-1M)IS DIFF
(HR) (OO/<M3) (eM) (KPAl (CM/eM) (CM/HR) (l/eM) (<M2/HR)

0.1 .5634 **** ******* 178. ******** ******** 0.40E+0l
0.6 .5359 **** ******* 178. ******** ******** 0.10E+01
1.1 .5261 **** ******* 178. ******** ******** 0.62E+00
1.6 .5200 **** ******* 178. ******** ******** 0.46E+00
4.1 .5048 **** ******* 178. ******** ******** 0.22E+00
8.1 .4940 **** ******* 178. ******** ******** 0.13E+00

12.1 .4877 **** ******* 178. ******** ******** O.95E-Ol
16.1 .4833 **** ******* 178. ******** ******** 0.78E-01
20.1 .4799 **** ******* 178. ******** ******** 0.67E-Q1
24.1 .4771 **** ******* 178. ******** ******** O.60E-Ol
28.1 .4748 **** ******* 178. ******** ******** 0.54E-Q1
32.1 .4728 **** ******* 178. ******** ******** 0.SOE-Q1
36.1 .4710 **** ******* 178. ******** ******** 0.47E-01
40.1 .4695 **** ******* 178. ******** ******** 0.44E-Q1
44.1 .4680 **** ******* 178. ******** ******** 0.42E-01
48.1 .4667 **** ******* 178. ******** ******** 0.40E-Q1
52.1 .4655 **** ******* 178. ******** ******** 0.39E-01
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DEPni (CM) SAMPLE WET'lID wrrn:xJT R1N3
106.0

DESJRPTICN PARAMETERS AND STATS
W-INF T]ME-INF
VOL-FR IUJRS
.5645 0.885
R**2 MSE RES-M)I DES-EXP DES M DES N

0.98 0.1694 0.0000 -0.0397 6736.024 0.977

BRXI<S & OOREY PARAMETERS AND STATS
W-SAT S-AE W-INF SUC-INF
VOL-FR CM VOL-FR CM
.7462 48.480 .7358 60.
R**2 MSE RES-M)I B&C-EXP C&RM C&HN

0.98 0.0148 0.0000 -0.0660 ********* 0.968

TJ:M: WATER MAT-Par M\T-POI' HYD-GRAD HYIHXN SP-M)IS DIFF
(HR) (CM3/CM3) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.0 .5702 **** ******* 178. ******** ******** 0.11£+00
0.6 .5672 **** ******* 178. ******** ******** 0.21£+00
0.9 .5645 **** ******* 178. ******** ******** 0.80E+00
1.4 .5545 **** ******* 178. ******** ******** O.55E+00
1.9 .5478 **** ******* 178. ******** ******** 0.42E+00
2.4 .5427 **** ******* 178. ******** ******** 0.35E+00
2.9 .5386 **** ******* 178. ******** ******** 0.30E+OO
4.9 .5275 **** ******* 178. ******** ******** 0.20E+00
8.9 .5151 **** ******* 178. ******** ******** 0.13E+00

12.9 .5075 **** ******* 178. ******** ******** 0.96E-01
16.9 .5021 **** ******* 178. ******** ******** 0.80E-01
20.9 .4979 **** ******* 178. ******** ******** 0.70E-01
24.9 .4944 **** ******* 178. ******** ******** 0.62E-01
28.9 .4915 **** ******* 178. ******** ******** 0.57E-0l
32.9 .4890 **** ******* 178 . ******** ******** 0.53E-01
36.9 .4868 **** ******* 178. ******** ******** 0.50E-ol
40.9 .4848 **** ******* 178. ******** ******** 0.47E-0l
44.9 .4830 **** ******* 178. ******** ******** 0.45E-Ol
48.9 .4813 **** ******* 178. ******** ******** 0.43E-01
52.9 .4798 **** ******* 178. ******** ******** 0.42E-Ol

122.0 .4642 **** ******* 178. ******** ******** 0.35E-Ol
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DEPTH (01)
137.0

DES:HTICN PARAMETERS 1\NDSTATS
W-INF Tll£-INF
VOIrFR IOJRS
.0592 3.456
R**2 MSE RES-l~I DES-EXP DES M DES N

0.99 0.0384 0.0040 -0.9129 -4.550 1.781

BRXI(S & COREY PAAAME:TERSAND STATS
W-SAT S-AE W-INE' SOC-INF
VOIr-FR 01 VOIr-FiR 01

.4297 27.787 .411B 30.
R**2 MSE RES~MJI B&C-EXP C&HM C&H N

0.99 0.0357 0.0800 -0.6856 16193.569 0.914

Tn-E WATER M1\T-roI'M1\T-roI'HYIH;EW) HYIHX:N ~IS DIFF
(HR) (00/00) (01) (KPA) (CW01) (CWHR) (1/01) (CM2/HR)

0.0 .1359 403. 39.50 89. 0.4IE-03 0.95E-04 0.43E+01
0.1 .1329 437. 42.81 89. 0.34E-03 0.83E-04 0.4IE+01
0.2 .1299 475. 46.61 89. 0.29E-03 0.72E-04 0.40E+01
0.3 .1269 520. 51.02 89. 0.24E-03 0.62E-04 0.39E+01
0.3 .1239 **** ******* 89• ******** ******** 0.38E+01
0.4 .1209 **** ******* 89 . ******** ******** 0.38E+01
0.6 .1179 **** ******* 89. ******** ******** 0.31£+01
0.7 .1149 **** ******* 89. ******** ******** 0.31£+01
0.8 .1119 **** ******* 89. ******** ******** 0.36E+01
0.9 .1089 **** ******* B9. ******** ******** 0.36E+01
1.0 .1059 **** ******* 89. ******** ******** 0.35E+01
1.1 .1029 **** ******* 89. ******** ******** 0.35E+01
1.3 .0999 **** ******* 89. ******** ******** 0.35E+01
1.4 .0969 **** ******* 89. ******** ******** 0.35E+01
1.5 .0939 **** ******* 89. ******** ******** 0.35E+01
1.7 .0909 **** ***.*..*** 89 . ******** ******** 0.35E+01
1.8 .0879 **** ****..*** 89. ******** ******** 0.36E+01
2.0 .0849 **** ****..*** 89. ******** ******** 0.36E+01
2.1 .0819 **** ****..*** 89. ******** ******** 0.36E+01
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Table K-1.6. Brooks and corey b and specific moisture (sPm) calculated from laboratory
cores, and estimated hydraulic conductivity (K), and Mualem theory pore-interaction
factor (Pm) for site K, repl1cation I. N is the slope of the log (K/Kd versus Ion ('I'lli'd
curve used to calculate Pm • In "ring" column (+) indicates samples wetted initially in a
brass ring, and (-) indicates samples were placed in rings after wetting.

Depth Ring b % sat 'I' SPm K N Pm
(cm)
7.6 + 0.1174 0.95 60 0.00098 1.5x10-4

0.90 92 0.00060 4.3xI0-5 2.92 5.83
0.80 275 0.00018 2.5x10-6 2.68 3.79
0.73 535 0.00008 6.9x10-7 2.46 1.92

7.6 0.0513 0.95 60 0.00047 5.6xI0-5
0.90 173 0.00015 8.3xI0-6 1.80 -5.84
0.85 535 0.00005 1.7x10-6 1.59 -9.85

76 0.1795 0 60 0.00149 4.9xl0-4
0.90 88 0.00095 1.7x10-4 2.76 2.25
0.85 120 0.00066 8.6xI0-5 2.51 0.84
0.80 177 0.00042 2.8xI0-5 2.64 1.60
0.65 518 0.00012 2.2x10-6 2.47 0.62

106 0.189 0.95 72 0.00108 2.1xl0-4
0.90 99 0.00074 1.2xl0-4 1.76 -3.27
0.85 126 0.00056 5.6xl0-5 2.36 -.085
0.80 178 0.00037 2.1xl0-5 2.54 0.88
0.75 255 0.00024 7.5xl0-6 2.63 1.36
0.65 535 0.00010 1.5xl0-6 2.46 0.45

106 + 0.0935 0.99 60 0.0041 9.7xl0-4
0.95 88.9 0.00026 5.8xI0-5 7.16 53.23
0.9 169 0.00013 2.9xl0-5 3.38 12.86

0.85 289 7.2xlO-5 4.8xl0-6 3.38 12.73
0.80 535 3.0xI0-5 1.1xl0-6 3.14 10.22

106 0.0876 0.986 60 0.0004 2.9xl0-5
0.95 92 0.00025 5.6xI0-5 1.54 -7.25
0.90 163 0.00014 1.8xl0-6 2.78 -6.92
0.85 326 6.4xl0-5 3.0xl0-6 1.34 -9.53
0.81 535 3.7xl0-5 1.3xl0-6 1.42 -8.63
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Table K-2.1. Soil morphologic data for Site K, replication 2

Site and location: K-2 Exline. Oakes Aquifer 50 feet south and 90 feet east of the
northwest corner of Section 20, Township 130 north, Range 59 west. Dickey County.
North Dakota.

Sampled: 10/21/85 by M.D. Sweeney, North Dakota Agricultural Experiment Station.
Fargo, North Dakota.

Soil type and classification: Exline loam; fine, montmor1llonitic LepUcNatriboroll.

Physiography and parent material: Glacio-fluvial-lacustrine deposits in the Glacial
Lake Dakota Basin.

Drainage: Poor.

NOTES: Moist colors unless otheIWise specified. Piece of pipe buried at 14 inches.
Laboratory texture in parenthesis if different from field texture.

Soil profile: K-2, south side of pit.

E 0-2 inches (0-5 cm) black (lOYR2/1) loam, dark gray (lOYR4/1. dry); moderate fine
platy structure; soft, very friable, slightly sticky and slightly plastic; many very fine
roots; abrupt smooth boundary.

BU 2-5 inches (5-13cm)black (2.5Y2/0) silty clay (clayloam),dark gray (2.5Y4/0, dry);
strong to moderate coarse and medium prismatic parting to strong medium and fine
angular blocky structure; hard, firm, very sticky and very plastic: common very fine
roots along prism faces; clear smooth boundary.

Bt2 5-9 inches (13-23 cm) very dark grayish brown (lOYR3/2) silty clay (clay loam),
dark gray (lOYR4/1. dry); moderate coarse and medium prismatic parting to strong
medium and fine angular blocky structure; hard. firm, very sticky and very plastic;
common very fine roots along prism faces; clear wavyboundary.

Bksa 9-25 inches (23-64 cm) gray (5Y5/1) silty clay loam (clayloam), light gray to gray
(5Y6/1, dry) with continuous thin clay films and dark gray (5Y4/1) organic stains on
prism faces; moderate coarse and medium prismatic parting to moderate fine angular
blocky structure; slightly hard, firm. sticky and plastic: fewvery fine roots along prism
faces; strong effervescence;clear wavyboundary.

BCk 25-39 inches (64-99 cm) light gray (5Y7/2) silty clay loam (clay loam). white (5Y
8/2. dry) with continuous thin clay films and light gray to gray (5Y6/1) organic stains
on prism faces: moderate coarse and medium prismatic parting to moderate fine
angular blocky structure; slightly hard, firm. sticky and plastic; few very fine roots
along prism faces: violent effervescence;abrupt wavy boundary.

2BC 39-44 inches (99-112 em) light olivegray (5Y 6/2) sandy loam (fine sandy loam).
light gray (5Y7/2. dry) with common fine and medium prominent dark reddish brown
(5YR2/2) mottles and many thin clay films and olive gray (5Y 5/2) organic stains on
prism faces: moderate coarse prismatic parting to moderate medium and fine angular
blocky structure; slightly hard, friable. slightly sticky and slightly plastic; few very
fine roots along prism faces; slight effervescence;abrupt smooth boundary.

2C 44-60 inches (112-152 em) olive(5Y5/3) sand (finesand). pale yellow (5Y 7/3, dry)
with common medium distinct strong brown (7.5YR5/8) mottles: single grained; loose,
nonsticky and nonplastic; slight effervescence.
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Table K-2.2 EXl:.INE srnIFS SITE K-2 IDSW::1985
SoU particle-size, bllk density, an:1 organic carlxn data
and in1ioes.

DEPTH PARTICIESIZE CIASSES (MIClm'/PEKmr)
an 2. 20. 50. 100. 250. 500. 1000. 2000.

8. 19.6 18.2 27.3 24.4 9.4 0.8 0.2 0.2
23. 31.5 11.7 23.1 25.9 6.9 0.7 0.1 0.1
38. 30.0 10.2 24.8 28.8 5.8 0.3 0.0 0.1
54. 26.5 12.0 26.7 27.3 6.9 0.3 0.1 0.1
76. 36.7 26.2 14.9 10.9 9.9 0.9 0.4 0.0

107. 10.5 8.4 6.9 24.0 49.7 0.3 0.1 0.1
137. 2.0 3.3 4.6 18.8 70.8 0.4 0.1 0.0

DEPTH SAND SILT CIAY HCRI1lN
an % % %

8. 34.9 45.5 19.6 B 1 11 1O=k
23. 33.7 34.8 31.5 B 2 11 11=t
38. 35.0 35.0 30.0 B 812 12=sa
54. 34.8 38.7 26.5 B 812
76. 22.2 41.1 36.7 OC 8

107. 74.2 15.3 10.5 OC
137. 90.1 7.9 2.0 C

DEP'IH SA!SI G1EAN Q)EV Z F-INDEX ED a::
an mn mn glee %

8. 0.769 0.0204 5.5 0.0037 0.418 1.23 4.20
23. 0.968 0.0139 6.8 0.0020 0.369 1.46 1.10
38. 1.000 0.0148 6.6 0.0023 0.427 1.61 0.60
54. 0.897 0.0166 6.2 0.0027 0.431 1.72 0.40
76. 0.538 0.0093 6.7 0.0014 0.203 1.56 0.81

107. 4.850 0.0592 5.1 0.0117 0.724 1.72 0.07
137. 11.405 0.1146 2.5 0.0452 1.321 1.46 0.07

DEPTH M)ISTURE/su::::TICNSIDPE GARDNERK-PARAME'l'ERS(JAYNE& TYLER)
(M/DAY-KPA CM!HR-BAR

an GDSH BlDEMN K-SIa?E K-INI' K-SIDPE K-lNT

8. 4.129 1.739 -0.2034 1.0150 -2.03 -0.37
23. 3.674 1.916 -0.2526 0.9773 -2.53 -0.40
38. 3.638 2.119 -0.2695 1.0150 -2.70 -0.37
54. 3.835 ~~.204 -0.2420 1.0063 -2.42 -0.37
76. 4.651 1.697 -0.0505 0.6409 -0.50 -0.74

107. 2.036 3.690 -0.9424 2.1518 -9.42 0.77
137. 1.508 6.720 -1.2116 2.6129 -12.12 1.23
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Table K-2.3 SoU saturation extract water chemlsby data, gravimetric water content
at saturation and at 15 bar, pH, texture class, and carbonate clay fraction for site K.
replication 2

Saturation Extract Soluble Ions
Depth ca Mg Na K C03 HC03 a 504
(em) meqfl
0-15 1.14 1.06 23.94 0.23 0.40 16.24 1.30 8.43

15 - 30 0.76 1.24 53.76 0.40 1.68 7.40 2.00 45.08
30-46 1.27 3.69 94.82 0.92 0.56 4.04 3.90 92.20
46 - 61 0.85 3.15 120.39 0.78 0.88 3.40 4.10 116.79
61 -91 0.42 1.58 44.52 0.27 2.96 4.40 3.40 36.03
91 - 122 0.30 0.30 16.20 0.07 1.04 5.16 1.30 9.37

122 - 152 0.42 0.50 8.67 0.06 0.00 3.84 0.90 4.91

Depth ECE SAR H20 at pH C03 Texture 9
Sat clay class 15 bar

(em) mmhosfcm % % gfgx
100

0- 15 2.48 22.8 65 8.4 4.9 1 26.66
15 - 30 5.66 53.8 II7 9.1 5.6 cI 22.25
30 - 46 11.76 60.2 105 8.7 8.5 cI 16.16
46 - 61 10.40 85.1 96 9.0 8.5 cI 15.31
61 - 91 4.75 44.5 81 9.5 25.0 cI 14.73
91 - 122 1.77 29.6 63 9.0 0.8 fs1 9.96

122 - 152 0.85 12.8 36 8.2 fs 4.87
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Table K-2.4A SITE K-2 EXI.Jl£ roIL 1985 NDSiC
Laboratory soll-water retentioo data, 00lk rensity fran water-
retentioo sarrple.

IAB PRESSURE (CM) }\Nl) WATERCCNl'ENl' M>L. FWCl'ICN)

DEPTH (CM)

8. 23. 38. 53.

CM a:;/a:; 51:

10. 0.6419 0.0190 10. 0.6524 0.0147 10. 0.6069 0.0079 10. 0.3143 0.1422
40. 0.6203 0.0174 40. 0.6598 0.0190 40. 0.5742 0.0047 40. 0.2912 0.1469
60. 0.6166 0.0169 60. 0.6568 0.0179 60. 0.5757 0.0037 60. 0.2860 0.1496
80. 0.6077 0.0158 80. 0.6531 0.0195 80. 0.5682 0.0047 80. 0.2770 0.1517

100. 0.6002 0.0158 100. 0.6524 0.0200 100. 0.5637 0.0047 100. 0.2733 0.1532
150. 0.5779 0.0158 150. 0.6442 0.0216 150. 0.5422 0.0042 150. 0.2584 0.1553
200. 0.5541 0.0169 200. 0.6345 0.0242 200. 0.5287 0.0042 200. 0.2472 0.1559
334. 0.5399 0.0163 334. 0.6270 0.0253 334. 0.5235 0.0005 334. 0.2420 0.1564
534. 0.5146 0.0153 534. 0.6062 0.0253 534. 0.S027 0.0016 534. 0.2256 0.1553
834. 0.4692 0.0147 834. 0.5779 0.0253 834. 0.4520 0.0016 834. 0.1847 0.1559

ID= 1.42 1.51 1.56 1.86
N- 2 2 2 2

DEPTH (eM)

76. 106. 106. 137.

10. 0.5019 0.0074 10. 0.4647 ****** 10. 0.4543 ****** 10. 0.4357 0.0005
40. 0.4781 0.0074 20. 0.4721 ****** 40. 0.4721 ****** 20. 0.4386 0.0016
60. 0.4766 0.0074 30. 0.4796 ****** 60. 0.4662 ****** 30. 0.4155 0.0021
80. 0.4684 0.0079 40. 0.4692 ****** 80. 0.4647 ****** 40. 0.4133 0.0016

100. 0.4625 0.0068 50. 0.4692 ****** 100. 0.4617 ****** SO. 0.3783 0.0032
150. 0.4491 0.0079 60. 0.4677 ****** 150. 0.4498 ****** 60. 0.3448 0.0111
200. 0.4386 0.0079 80. 0.4647 ****** 200. 0.4379 ****** 80. 0.2726 0.0369
334. 0.4319 0.0084 100. 0.4632 ****** 334. 0.4245 ****** 100. 0.2547 0.0284
534. 0.4133 0.0090 120. 0.4602 ****** 534. 0.4111 ****** 120. 0.2368 0.0284
834. 0.3686 0.0079 180. 0.4349 ****** 834. 0.3664 ****** 180. 0.2011 0.0274

334. 0.4096 ****** 334. 0.1795 0.0269
534. 0.3813 ****** 534. 0.1571 0.0216
834. 0.3336 ****** 834. 0.1333 0.0184

ID= 1.58 1.57 1.74 1.39
N= 2 1 1 2
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Table K-2.4B SITE K-2 EXLINE roIL 1985 NDSW:
Laboratory soll-water retention data, bulk d3nsity from field
ritq ~le (n<JO--\oletted).

IAB PRESSURE (CM) JlN) WATER CXNImI' (\OL. FRACTICN)

DEP'lH (CM)
8. 23. 38. 53.

CM OC/OC SE
10. 0.5564 0.0018 10. 0.6356 0.0249 10. 0.6268 0.0197 10. 0.3057 0.1474
40. 0.5377 0.0010 40. 0.6424 0.0212 40. 0.5929 0.0158 40. 0.2847 0.1507
60. 0.5345 0.0006 60. 0.6396 0.0221 60. 0.5944 0.0148 60. 0.2801 0.1529
80. 0.5268 0.0001 80. 0.6358 0.0203 80. 0.5867 0.0157 80. 0.2720 0.1544

100. 0.5203 0.0000 100. 0.6350 0.0197 100. 0.5821 0.0156 100. 0.2687 0.1557
150. 0.5009 0.0006 150. 0.6268 0.0177 150. 0.5598 0.0147 150. 0.2551 0.1569
200. 0.4802 0.0020 200. 0.6170 0.0146 200. 0.5460 0.0144 200. 0.2448 0.1568
334. 0.4679 0.0019 334. 0.6096 0.0131 334. 0.5404 0.0105 334. 0.2400 0.1571
534. 0.4460 0.0015 534. 0.5892 0.0118 534. 0.5188 0.0079 534. 0.2247 0.1553
834. 0.4066 0.0021 834. 0.5616 0.0101 834. 0.4666 0.0070 834. 0.1867 0.1538

13D= 1.23 1.46 1.61 1.72
N= 2 2 2 2

DEP'lH (CM)
76. 106. 106. 137.

10. 0.4945 0.0124 10. 0.5098 ****** 10. 0.4479 ****** 10. 0.4639 0.0027
40. 0.4711 0.0121 20. 0.5179 ****** 40. 0.4655 ****** 20. 0.4670 0.0038
60. 0.4696 0.0121 30. 0.5261 ****** 60. 0.4596 ****** 30. 0.4424 0.0002
80. 0.4615 0.0125 40. 0.5147 ****** 80. 0.4582 ****** 40. 0.4401 0.0003

100. 0.4557 0.0114 50. 0.5147 ****** 100. 0.4552 ****** 50. 0.4028 0.0052
150. 0.4425 0.0123 60. 0.5130 ****** 150. 0.4435 ****** 60. 0.3672 0.0134
200. 0.4322 0.0122 80. 0.5098 ****** 200. 0.4317 ****** 80. 0.2906 0.0406
334. 0.4256 0.0127 100. 0.5081 ****** 334. 0.4185 ****** 100. 0.2715 0.0315
534. 0.4073 0.0130 120. 0.5049 ****** 534. 0.4053 ****** 120. 0.2524 0.0314
834. 0.3632 0.0115 180. 0.4771 ****** 834. 0.3612 ****** 180. 0.2144 0.0301

334. 0.4493 ****** 334. 0.1914 0.0295
534. 0.4183 ****** 534. 0.1675 0.0237
834. 0.3660 ****** 834. 0.1421 0.0203

13D= 1.56 1.72 1.72 1.48
N= 2 1 1 2

Table K-2.4C. Bulk d3nsity calculated. fran I>.ettedI-step diffusivity samples
folladng trimning, rceasurerrent,and drainage. * (Before)
indicates sample was \;\3ttedin rirq, toon trimned. (After)
indicates sample was \;\3ttedwithout constraint, then placed in
ring and trillrned•• BD(nw) is the O\Ien~ry bulk d3nsity for a field
sample not I>.etted.% + vol. is percent increase in sample volurce caused
by \;\3ttingtoo sample with distilled water.

DEPl'H ID Rirg BDinwl BD(nw) % + vol.
(an) (q/cc) Placell2nt* q/cc lID
8.0 1.07 After 1.23 1.150 15.0
23.0 0.83 After 1.46 1. 759 75.9
38.0 1.08 After 1.61 1.491 49.1
53.0 0.98 After 1.72 1. 755 75.5
76.0 0.96 After 1.56 1.625 62.5
107.0 1.15 After 1.72 1.496 49.6
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Table K-2.5 EXLINESERIES SITE K-2 ND5W:1985
laboratory D(9) data.

1STEP OO'IFIl:WDE'J:'ERo1INATICNS

DEI?'lH(01)
7.6

DE:SC:mTICNPAAAME'lERSANDSTATS

W-INF TIME-INF
VOL-FR HJURS

.4850 8.967

R**2 M)E RES-M)I DES-EXP DES M DES N

0.99 0.0359 0.0000 -0.0741 -467.230 1.081

BImKS & <:xEEYPAIW£'IERS AID S'I2\TS

W-sAT S-AE W-INF SOC-INF
VQ[,-FR CN VOL-FR 01

.6419 38.621 •6166 60•

R**2 MSE RES-M)I B&C-EXP C&HM C&HN

0.98 0.0435 0.0000' -0.0914 21192.221 0.889

TIME WATER MP..T-POTMP..T-POTHYD-GRADHYIHXN SP-M)IS DIFF
(HR) (013/013) (Q1) (KPA) «(M/CM) «(M/HR) (1/01) (CM2/HR)

0.0 .5411 **** ****** 178. ******* ******* 0.27E+00
0.2 .5381 **** ****** 178. ******* ******* 0.24E+00
0.5 . 5351 **** ****** 178 . ******* ******* 0.22E+00
0.8 •5321 **** ****** 178 . ******* ******* 0.20E+00
1.1 •5291 **** ****** 178 • ******* ******* 0.19E+00
1.4 .5261 **** ****** 178. ******* ******* 0.17E+00
1.8 .5231 **** ****** 178. ******* ******* 0.16E+00
2.2 .5201 **** ****** 178. ******* ******* 0.15E+00
2.6 .5171 **** ****** 178. ******* ******* 0.15E+00
3.1 .5141 **** ****** 178. ******* ******* 0.14E+00
3.5 .5111 **** ****** 178. ******* ******* 0.14E+00
4.1 .5081 **** ****** 178. ******* ******* O.13E+OO
4.6 .5051 **** ****** 178. ******* ******* O.13E+OO
5.2 .5021 **** ****** 178. ******* ******* 0.12E+00
5.8 .4991 **** ****** 178. ******* ******* 0.12E+00
6.4 .4961 **** ****** 178. ******* ******* 0.12E+00
7.1 .4931 **** ****** 178. ******* ******* O.IIE+OO
7.7 . 4901 **** ****** 178 . ******* ******* O.l1E+OO
8.4 .4871 **** ****** 178. ******* ******* O.l1E+OO
9.0 .4850 **** ****** 178. ******* ******* O.l1E+OO
9.5 .4831 **** ****** 178. ******* ******* 0.10E+00

10.0 .4812 **** ****** 178. ******* ******* 0.99E-Ol
10.5 .4795 **** ****** 178. ******* ******* 0.95E-01
11.0 .4778 **** ****** 178. ******* ******* 0.9IE-0l
13.0 .4719 **** ****** 178. ******* ******* 0.80E-01
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DEPTH (eN) cx:NI' .
7.6

TIME WATER MrJ-POT MrJ-POT HYD-GRAD HYD-<XN SP-M)IS DIFF
(HR) (CM3/CM3) (01) (KPA) (Q1/01) (Q1/HR) (1/01) (OO/HR)

17.0 .4626 **** ****** 178. ******* ******* 0.65E-01
21.0 .4554 **** ****** 178. ******* ******* 0.55E-01
25.0 .4495 **** ****** 178. ******* ******* 0.48E-01
29.0 .4446 **** ****** 178. ******* ******* 0.43E-01
33.0 .4404 **** ****** 178. ******* ******* 0.39E-ol
37.0 .4366 **** ****** 178. ******* ******* 0.36E-01
41.0 .4333 **** ****** 178. ******* ******* O.34E-ol
45.0 .4303 **** ****** 178. ******* ******* O.32E-ol
49.0 .4276 **** ****** 178. ******* ******* 0.30E-01
53.0 .4252 **** ****** 178. ******* ******* 0.28E-ol
57.0 .4229 **** ****** 178. ******* ******* 0.27E-ol

122.0 .3997 **** ****** 178. ******* "******* 0.17E-ol
194.0 .3861 **** ****** 178. ******* ******* 0.14E-01
266.0 .3772 **** ****** 178. ******* ******* O.l3E-ol

DEPTH (01)
23.0

DEffiRPTICNPARAMETERS AND srATS
W-INF TIME-INF
VOL-FR lOJRS
.2175 8.947
R**2 MSE RES-MJI DES-EXP DES M DES N

1.00 0.0042 0.0250 -0.3183 36.056 -0.401

BROOKS & o:::REY PARAMETERS AID STIITS
W-SAT S-AE W-INF SUC-INF
VOL-FR CM VOL-FR CM

.6524 82.601 .6531 80.
R**2 MSE RES-IDI B&C-EXP C&HM C&H N

0.97 0.0320 0.0000 -0.0350 ********* 1.002

TIME WATER MAT-POT MAT-POT HYD-ffiAD HYD-<XN SP-MJIS DIFF
(HR) (CM3/CM3) (CM) (KPA) (CM/CM) (Q1/HR) (1/CM) (G12/HR)

0.0 .2746 **** ****** 178. ******* ******* O.l1E+OO
0.5 .2716 **** ****** 178. ******* ******* 0.12E+00
1.1 .2686 **** ****** 178. ******* ******* 0.12E+00
1.6 .2656 **** ****** 178. ******* ******* 0.13E+00
2.1 .2626 **** ****** 178. ******* ******* O.13E+OO
2.7 .2596 **** ****** 178. ******* ******* 0.14E+OO
3.2 .2566 **** ****** 178. ******* ******* 0.14E+OO
3.7 .2536 **** ****** 178. ******* ******* 0.15E+OO
4.1 .2506 **** ****** 178. ******* ******* O.15E+OO
4.6 .2476 **** ****** 178. ******* ******* O.l6E+OO
5.1 .2446 **** ****** 178. ******* ******* O.l6E+OO
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DEPTH (eM) 1:xNr.
23.0

TIME WA'IER MAT-Par MAT~ HYIH;RAD HYIHX:N SP-M)IS DIFF
(HR) (013/013) (Gl:) (KPA) (Q1/(M) (Q1/HR) (l/CM) (CM2/

5.5 .2416 **** ****** 178. ******* ******* O.l7E+OO
6.0 .2386 **** ****** 178. ******* ******* O.18E+OO
6.4 .2356 **** ****** 178. ******* ******* 0.18E+OO
6.9 .2326 **** ****** 178. ******* ******* 0.19E+00
7.3 .2296 **** ****** 178. ******* ******* O.20E+00
7.7 .2266 **** ****** 178. ******* ******* O.2lE+OO
8.1 .2236 **** ****** 178. ******* ******* 0.22E+OO
8.5 .2206 **** ****** 178. ******* ******* 0.23E+00
8.9 .2175 **** ****** 178. ******* ******* O.2IE+00
9.4 .2142 **** ****** 178. ******* ******* 0.2IE+00
9.9 .2111 **** ****** 178. ******* ******* 0.20E+00

10.4 .2082 **** ****** 178. ******* ******* O.l9E+OO
10.9 .2055 **** ****** 178. ******* ******* O.l8E+OO
12.9 •1961 **** ****** 178• ******* ******* O.l6E+OO
16.9 .1821 **** ****** 178. ******* ******* O.l3E+OO
20.9 .1718 **** ****** 178. ******* ******* O.lIE+OO
24.9 .1639 **** ****** 178. ******* ******* O.10E+OO
28.9 .1575 **** ****** 178. ******* ******* 0.94E-01
32.9 .1521 **** ****** 178. ******* ******* 0.88E-01
36.9 .1476 **** ****** 178. ******* ******* 0.83E-01
40.9 .1436 **** ****** 178. ******* ******* O.79E-01
44.9 .1402 **** ****** 178. ******* ******* 0.76E-01
48.9 .1371 **** ****** 178. ******* ******* 0.74E-01
52.9 .1343 **** ****** 178. ******* ******* 0.72E-01
56.9 .1318 **** ****** 178. ******* ******* 0.7IE-01
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DEP'IH(Q1)
53.0

DESORPTICNPARAME'IERSANDS'.mTS

W-INF TIME-INF
VOL-ER IOJRS

.1829 54.870

R**2 M3E RES-M)I DES-EXP DESM DESN

0.99 0.0049 0.1110 -1.1459 16.117 -6.139

BOCa<S& CXEEYPAIW£TERSAID S'.mTS

W-SAT S-AE W-INF SUC-INF
VOL-FR Q1 VOL-ER Q1

.3143 24.927 .2860 60•

R**2 MSE RES-M)I B&C-EXP C&HM C&HN

0.99 0.0084 0.0000 -0.1073 584.868 -0.230

TIME WATER Mro'-POT Mro'-POl' HYJ)-{;[W) HYIHXN SP-M)IS DIFF
(HR) (013/013) (Q1) (KPA) (CM/Q1) (CM/HR) (1/<N) (CM2/HR)

0.0 .3762 **** ****** 178. ******* ******* 0.47E-01
0.9 .3732 **** ****** 178. ******* ******* 0.48E-01
1.8 .3702 **** ****** 178. ******* ******* 0.48E-01
2.7 .3672 **** ****** 178. ******* ******* 0.49E-01
3.7 . 3642 **** ****** 178. ******* ******* 0.50E-0l
4.6 .3612 **** ****** 178. ******* ******* 0.50E-01
5.5 .3582 **** ****** 178. ******* ******* 0.5IE-01
6.4 . 3552 **** ****** 178. ******* ******* 0.52E-01
7.3 .3522 **** ****** 178. ******* ******* 0.53E-0l
8.2 .3492 **** ****** 178. ******* ******* 0.53E-01
9.1 .3462 **** ****** 178. ******* ******* 0.54E-01

10.0 .3432 **** ****** 178. ******* ******* 0.55E-0l
10.9 .3402 **** ****** 178. ******* ******* 0.56E-01
11.8 .3372 **** ****** 178. ******* ******* 0.57E-01
12.6 .3342 **** ****** 178. ******* ******* O.58E-Ol
13.5 .3312 **** ****** 178. ******* ******* 0.59E-01
14.4 .3282 **** ****** 178. ******* ******* 0.60E-01
15.3 .3252 **** ****** 178. ******* ******* O.6lE-ol
16.2 .3222 **** ****** 178. ******* ******* 0.62E-01
17.1 .3192 **** ****** 178. ******* ******* 0.63E-01
17.9 .3162 **** ****** 178. ******* ******* 0.64E-01
18.8 .3132 **** ****** 178. ******* ******* 0.65E-0l
19.7 .3102 **** ****** 178. ******* ******* 0.66E-01
20.6 .3072 **** ****** 178. ******* ******* 0.68E-01
21.4 .3042 **** ****** 178. ******* ******* 0.69E-01
22.3 .3012 **** ****** 178. ******* ******* 0.70E-0l
23.2 .2982 **** ****** 178. ******* ******* O.72E-01
24.0 .2952 **** ****** 178. ******* ******* O.73E-01
24.9 .2922 **** ****** 178. ******* ******* 0.75E-01
25.7 .2892 **** ****** 178. ******* ******* O.76E-0l
26.6 .2862 **** ****** 178. ******* ******* 0.78E-01
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DEPTH (eM) CXNl'.
53.0

TIME WATER MM'--POr M1\T;?01' HYD--rnAD ~ SP~IS DIFF
(HR) (013/013) (01) (KPA) (Q1/eM) (Q1/HR) (1/01) (Q12/HR)

27.5 .2832 **** ****** 178. ******* ******* 0.79E-01
28.3 .2802 **** ****** 178. ******* ******* 0.8IE-01
29.2 .2772 *••** ****** 178. ******* ******* 0.83E-01
30.0 .2742 **** ****** 178. ******* ******* 0.85E-01
30.9 .2712 *••** ****** 178. ******* ******* 0.86E-01
31.7 .2682 *••** ****** 178. ******* ******* 0.88E-01
32.5 .2652 *1.** ****** 178. ******* ******* 0.9IE-01
33.4 .2622 *••** ****** 178. ******* ******* 0.93E-01
34.2 .2592 *••** ****** 178. ******* ******* 0.95E-01
35.1 .2562 *••** ****** 178. ******* ******* 0.97E-01
35.9 .2532 *••** ****** 178. ******* ******* 0.10E+00
36.7 .2502 *••** ****** 178. ******* ******* 0.10E+OO
37.6 .2472 *••** ****** 178. ******* ******* O.lIE+OO
38.4 .2442 *••** ****** 178. ******* ******* O.lIE+OO
39.2 .2412 *.,** ****** 178. ******* ******* 0.11E+00
40.0 .2382 *.,** ****** 178. ******* ******* O.lIE+OO
40.9 .2352 *.,** ****** 178. ******* ******* 0.12E+00
41.7 .2322 *.,** ****** 178. ******* ******* 0.12E+00
42.5 .2292 *.,** ****** 178. ******* ******* 0.12E+00
43.3 .2262 *.,** ****** 178. ******* ******* 0.13E+00
44.1 .2232 *.,** ****** 178. ******* ******* 0.13E+00
44.9 .2202 *.,** ****** 178. ******* ******* 0.14E+00
45.7 .2172 *.,** ****** 178. ******* ******* 0.14E+00
46.6 .2142 *.,** ****** 178. ******* ******* 0.15E+00
47.4 .2112 *.,** ****** 178. ******* ******* 0.15E+00
48.2 .2082 *.,** ****** 178. ******* ******* 0.16E+00
49.0 .2052 *.,** ****** 178. ******* ******* 0.16E+00
49.8 .2022 *.,** ****** 178. ******* ******* 0.17E+00
50.6 .1992 *.,** ****** 178. ******* ******* 0.18E+OO
51.4 .1962 *.,** ****** 178. ******* ******* 0.18E+00
52.2 .1932 *.,** ****** 178. ******* ******* 0.19E+00
52.9 .1902 *.,** ****** 178. ******* ******* 0.20E+00
53.7 .1872 *.,** ****** 178. ******* ******* 0.2IE+00
54.5 .1842 *.,** ****** 178. ******* ******* 0.22E+00
54.9 .1829 *.,** ****** 178. ******* ******* 0.89E-01
55.4 .1822 *.,** ****** 178. ******* ******* 0.89E-01
55.9 .1814 *.,** ****** 178. ******* ******* 0.88E-01
56.4 .1807 *.,** ****** 178. ******* ******* 0.87E-01
56.9 .1800 *.,** ****** 178. ******* ******* 0.87E-ol
58.9 .1773 *.,** ****** 178. ******* ******* 0.84E-Ol
62.9 .1725 *.,** ****** 178. ******* ******* 0.80E-01
66.9 .1683 *.,** ****** 178. ******* ******* 0.77E-ol
70.9 .1646 *.,** ****** 178. ******* ******* 0.73E-Ol
74.9 .1614 *.,** ****** 178. ******* ******* 0.71E-01
78.9 .1584 *.,** ****** 178. ******* ******* O.68E-Ol
82.9 .1558 *.,** ****** 178. ******* ******* 0.66E-01
86.9 .1535 *.,** ****** 178. ******* ******* 0.64E-01
90.9 .1513 *.,** ****** 178. ******* ******* 0.62E-01
94.9 .1494 *.,** ****** 178. ******* ******* 0.6IE-ol
98.9 .1476 *.,** ****** 178. ******* ******* 0.59E-01

102.9 .1460 *.,** ****** 178. ******* ******* 0.58E-Ol
122.0 .1398 *.,** ****** 178. ******* ******* 0.54E-01
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DEPTH(CM)
76.0

DESORPTICNPARAME'IERSANDSTATS

W-INF TIME-INF
VOL-FR IOJRS

.5456 0.500

R**2 MSE RES-+OI DES~ DES M DES N

0.99 0.1363 0.0000 -0.0919 161.296 0.883

BRXlKS& <XREYpAlW£I'ERS AID STATS

W-SAT S-AE W-INF SUC-INF
VOL-FR CM VOI..-FR CM

.5019 26.547 .4766 60.

R**2 MSE RES-+OI B&C-EXP C&HM C&HN

1.00 0.0063 0.0000 -0.0635 3840.268 0.640

TIME WATER MAT-FOr MAT-Par HYIH;AAD HYD-CCN SP-+OIS DIFF
(HR) (00/00) (CM) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.0 .5688 **** ****** 178. ******* ******* 0.42E+00
0.1 .5658 **** ****** 178. ******* ******* 0.47E+00
0.2 .5628 **** ****** 178. ******* ******* 0.53E+00
0.3 .5598 **** ****** 178. ******* ******* O.60E+OO
0.3 .5568 **** ****** 178. ******* ******* 0.70E+00
0.4 .5538 **** ****** 178. ******* ******* 0.82E+00
0.4 .5508 **** ****** 178. ******* ******* 0.10E+01
0.5 .5478 **** ****** 178. ******* ******* 0.13E+01
0.5 .5456 **** ****** 178. ******* ******* 0.15E+01
1.0 .5119 **** ****** 178. ******* ******* 0.85E+00
1.5 .4932 **** ****** 178. ******* ******* O.60E+OO
2.0 .4803 **** ****** 178. ******* ******* 0.47E+00
2.5 .4706 **** ****** 178. ******* ******* 0.39E+00
4.5 .4458 **** ****** 178. ******* ******* 0.24E+00
8.5 .4205 **** ****** 178. ******* ******* 0.15E+00

12.5 .4059 **** ****** 178. ******* ******* O.11E+OO
16.5 .3956 **** ****** 178. ******* ******* 0.93E-01
20.5 .3878 **** ****** 178. ******* ******* 0.81E-01
24.5 .3815 **** ****** 178. ******* ******* 0.72E-01
28.5 .3762 **** ****** 178. ******* ******* 0.66E-0l
32.5 .3717 **** ****** 178. ******* ******* 0.61E-0l
36.5 .3678 **** ****** 178. ******* ******* O.58E-Ol
40.5 .3643 **** ****** 178. ******* ******* 0.55E-01
44.5 .3611 **** ****** 178. ******* ******* 0.53E-0l
48.5 .3583 **** ****** 178. ******* ******* 0.51E-01
52.5 .3557 **** ****** 178. ******* ******* 0.49E-0l

122.0 .3292 **** ****** 178. ******* ******* 0.46E-Q1
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DEPl'H (CM)
106.0

D~rn l?AIW1E'IERSAND STATS
W-INF TlME--INF
VQ[,-ER HXJRS
.4942 0.649
R**2 M:)E RES-M:>I DES-£XP DES M DES N

0.99 0.1665 0.0000 -0.0846 1307.649 0.955

BRXJ<S & Ol~ PAlW£I'ERS AN:>STATS
W-SAT S-AE W-INF SUC-INF
VOL-FR 0-1 VQL-FR CM
.4647 110.1390 .4602 120.
R**2 M:)E RES-M)I B&C-EXP C&H M C&HN

1.00 0.0010 0.0000 -0.1233 ********* 0.980
TIME WATER MP.T--PCJrMP.T--POI'IiYD-QW) HYD-<XN SP-M)IS DIFF
(HR) (00/00) (0-1) (KPA) (CM/CM) (CM/HR) (l/CM) (CM2/HR)

0.0 .5040 *,~** ****** 178. ******* ******* 0.14E+00
0.3 .5010 *,~** ****** 178. ******* ******* 0.19E+00
0.5 .4980 *,~** ****** 178. ******* ******* O.30E+OO
0.6 .4942 *,~** ****** 178. ******* ******* 0.llE+01
1.1 •4709 *,~** ****** 178 . ******* ******* 0.64E+00
1.6 .4567 *,~** ****** 178. ******* ******* 0.47E+00
2.1 .4466 *,~** ****** 178. ******* ******* 0.37E+00
4.6 .4184 *,~** ****** 178. ******* ******* 0.19E+00
8.6 .3970 *,~** ****** 178. ******* ******* 0.12E+00

12.6 .3844 *,~** ****** 178. ******* ******* 0.85E-01
16.6 .3756 *,~** ****** 178. ******* ******* 0.69E-01
20.6 .3688 *,~** ****** 178. ******* ******* 0.59E-01
24.6 .3633 *,~** ****** 178. ******* ******* 0.5lE-01
28.6 .3587 *,~** ****** 178. ******* ******* 0.46E-01
32.6 .3548 *,~** ****** 178. ******* ******* 0.42E-01
36.6 .3513 *,~** ****** 178. ******* ******* 0.39E-01
40.6 •3483 *,~** ****** 178 . ******* ******* 0.36E-01
44.6 .3455 *,~** ****** 178. ******* ******* 0.34E-01
48.6 .3430 *,~** ****** 178. ******* ******* 0.32E-01
52.6 .3407 *,~** ****** 178 . ******* ******* 0.30E-01

122.0 .3173 *,~** ****** 178. ******* ******* 0.19E-01
194.0 .3051 *,~** ****** 178. ******* ******* 0.16E-01
266.0 .2971 *,~** ****** 178. ******* ******* 0.15E-0l
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Table K-2.6. Brooks and corey b and specific moisture (sPm) calculated from laboratoty
cores. and estimated hydraulic conductivity (K). and Mualem theory pore-interaction
factor h>m) for site K. replication 2. N is the slope of the log (K/Kd versus log ('1'/"'1)
curve used to calculate Pm . In "ring" column (+) Indicates samples wetted initially in a
brass ring. and (-) Indicates samples were placed in rings after wetting.

Depth Ring b % sat sPm K N Pm
(em)

7.6 0.1468 0.96 60 0.00038 5.7x10-5
0.95 68 0.00033 4.6x10-5 1.70 -3.96
0.90 93.8 0.00023 2.5x10-5 1.80 -3.32
0.85 138.5 0.00015 8.1xlO-6 2.33 0.248
0.80 209 9.1x10 3. Ix 10-6 2.33 0.248
0.70 534 3.1x10 4.1xlO-7 2.26 -0.229

53 0.4093 0.91 60 8.2x10-5 4.5xlO-6
0.90 62 7.9xlO-5 4.5xlO-6
0.85 71 6.5xlO-5 4.1xlO-6 0.58 -5.46
0.80 82 5.3xlO-5 3.7x10-6 0.59 -5.44
0.70 114 3.3xlO-5 3.1x10-6 0.68 -5.22
0.50 337 7.2xlO-6 6.6xlO-7 1.11 -4.17
0.37 535 3.7xlO-6 2.Ox10-7 1.41 -3.44

76 0.226 0.95 60 0.00032 4.5x10-4
0.90 76 0.00024 2.0xlO-4 3.37 4.06
0.85 101 0.00017 7.9x10-5 3.34 3.94
0.80 140 0.00011 2.7x10-5 3.32 3.82
0.70 238 5.9x10-5 5.5x10-6 3.20 3.30
0.58 535 2.2x10-5 1.0x10-6 2.79 1.50

106 0.237 0.99 60 0.00027 2.6x10-4
0.95 77 0.00021 1.3x10-4 3.86 5.85
0.90 87 0.00018 8.4x10-5 3.69 5.13
0.85 127 0.00011 2.1x10-5 3.52 4.41
0.80 158 9.0xlO-5 1.0x10-5 3.47 4.20
0.70 264 4.5xlO-5 1.8x10-6 3.45 4.11
0.59 535 1.9xlO-5 2.8x10-6 3.18 2.96
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HAMAR SERIES SITE A-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .4800 .3179 .1980 26.5 51. 1.79

30. .3943 .3271 .1640 33.1 44. 1.50
53. .3612 .2882 .0887 38.0 44. 2.89
69. .3612 .2731 .0887 39.3 47. 2.42
84. .3493 .2896 .1450 36.4 42. 1.48
99. .3577 .3157 .0860 33.0 36. 0.33

114. .3687 .3377 .1018 24.0 27. 1.94
130. .3691 .3622 .1030 16.5 17. 0.61

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .4146 .3238 .1589 37.7 53. 0.24

23. .3910 .3119 .1589 39.5 51. 0.49
38. .4050 .2897 .1418 35.8 49. 1.72
53. .3582 .2960 .1035 39.3 45. 2.12
69. .3544 .2534 .1203 34.3 47. 2.30
84. .3526 .3021 .1064 34.1 39. 0.66
99. .3720 .3040 .0870 31.9 36. 1.42

114. .3960 .3193 .0997 24.0 29. 0.35
130. .3921 .3141 .1196 25.2 31. 0.99

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.027 .07100 -0.769 .14979E+03 -0.339995

30. 0.066 .06900 -0.809 .11275E+04 0.601116
53. 0.011 .06100 -1.898 .93346E+03 0.564666
69. 0.012 .06100 -1.930 .65380E+03 0.463244
84. 0.005 .05900 -1.615 .12423E+04 0.633168
99. 0.007 .06100 -1.771 .23882E+04 0.755628

114. 0.257 .03100 -0.808 .34353E+04 0.821058
130. 0.187 .03300 -0.697 .48150E+05 0.962086

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.027 .06000 -0.866 .74437E+03 0.457109

23. 0.016 .09900 -1.233 .98991E+03 0.543030
38. 0.030 .08300 -1.411 .43050E+03 0.318764
53. 0.016 .06700 -1.771 .13270E+04 0.629329
69. 0.008 .06000 -1.336 .40689E+03 0.308835
84. 0.012 .05900 -1.399 .16869E+04 0.694113
99. 0.004 .06700 -2.097 .95445E+03 0.612584

114. 0.012 .05200 -1.327 .63530E+03 0.569824
130. 0.030 .04800 -1.232 .61745E+03 0.551942

307

APPENDIX 1-A HAMAR SERIES SITE A-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION



HECLA SERIES SITE B-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
7. .3904 .2931 .1360 40.7 52. 2.15

22. .3787 .3340 .1360 32.7 37. 0.77
38. .3616 .2772 .1245 32.0 41. 1.26
53. .3516 .2995 .0918 31.9 36. 1.12
68. .3527 .2943 .0776 31.6 36. 2.10
83. .3426 .3231 .0927 29.6 31. 0.77
98. .3521 .3208 .0953 28.9 31. 1.32

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
15. .3437 .2978 .1471 46.4 54. 0.52
45. .3386 .2938 .1137 47.6 52. 1.63
68. .3341 .2727 .1074 42.3 50. 3.18
83. .3311 .2662 .1091 42.5 50. 2.21
98. .3341 .2933 .1337 46.4 50. 2.69

114. .3458 .2781 .0969 41.7 48. -1.4
130. .3629 .2924 .1372 40.8 44. ***

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
7. 0.002 .08200 -1.554 .65957E+03 0.433829

22. 0.003 .07700 -1.294 .24003E+04 0.750309
38. 0.012 .06400 -1.351 .58155E+03 0.465276
53. 0.003 .05700 -1.623 .14638E+04 0.685850
68. 0.005 .05200 -1.667 .11535E+04 0.646465
83. 0.002 .06000 -1.532 .90734E+04 0.883830
98. 0.003 .06200 -1.614 .36501E+04 0.816490

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
15. 0.067 .07300 -1.221 .26602E+04 0.713607
45. 0.005 .06900 -2.043 .27435E+04 0.724711
68. 0.023 .05000 -1.465 .12654E+04 0.599066
83. 0.011 .06000 -1.681 .11148E+04 0.57472
98. 0.013 .06400 -2.191 .31588E+04 0.747485

114. 0.038 .06200 -1.924 .10961E+04 0.580081
130. 0.000 .11200 -4.327 .10934E+04 0.6
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APPENDIX 1-B HECLA SERIES SITE B-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION



HECLA SERIES SITE C-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .3641 .3420 .2014 42.1 46. 0.86

23. .3834 .3457 .2006 37.6 44. 1.44
38. .3980 .3659 .1706 31.9 36. 0.79
53. .3755 .3199 .1495 30.2 38. 3.51
69. .3506 .3369 .1293 25.5 27. -2.84
84. .3430 .3364 .1371 27.3 28. 0.37
99. .3526 .2921 .1255 33.4 40. 1.01

114. .3621 .3217 .1235 34.2 38. -0.07

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .3807 .3080 .2212 45.1 62. 3.29

23. .3801 .3329 .2100 45.2 53. 1.56
38. .3836 .3454 .2058 42.2 47. 2.22
53. .3816 .3430 .1318 38.1 42. 1.58
68. .3657 .3169 .1150 37.5 42. 0.26
84. .3522 .3245 .1263 36.4 39. 1.59
99. .3448 .2925 .0910 36.8 41. 1.76

114. .3497 .3411 .0861 36.5 37. 0.20
130. .4038 .3762 .1020 31.4 33. 3.08

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.041 .14600 -1.203 .11841E+05 0.875160

23. 0.025 .08400 -0.860 .40006E+04 0.789056
38. 0.011 .06600 -0.851 .50049E+04 0.829420
53. 0.020 .04700 -0.802 .13647E+04 0.662886
69. 0.044 .04100 -0.786 .16892E+05 0.919717
84. 0.024 .05800 -0.981 .74641E+05 0.961123
99. 0.023 .06000 -1.294 .11354E+04 0.624128

114. 0.012 .05900 -1.354 .27767E+04 0.765448

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.020 .07800 -0.866 .12390E+04 0.546569

23. 0.002 .10600 -1.193 .30115E+04 0.734901
38. 0.003 .08200 -1.253 .43489E+04 0.791197
53. 0.002 .07700 -1.379 .37878E+04 0.788706
68. 0.009 .07200 -1.598 .21111E+04 0.718888
84. 0.041 .06200 -1.469 .59691E+04 0.837852
99. 0.005 .06100 -1.897 .16023E+04 0.680852

114. 0.003 .06500 -2.288 .60504E+05 0.950541
130. 0.005 .06500 -1.665 .68343E+04 0.860149
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APPENDIX 1-C HECLA SERIES SITE C-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION



HECLA SERIES SITE D-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
**     8. .5064 .3609 .1678 35.6 48. 2.84

23. .4817 .3783 .1736 33.0 45. 2.13
38. .4287 .3513 .1671 43.9 52. 1.09
53. .4198 .3520 .1377 45.1 52. -0.64
76. .4159 .3820 .1440 46.1 49. 1.60

107. .3890 .3818 .1251 32.4 33. 1.44
137. .3575 .3310 .1364 29.5 33. 1.87
168. .3548 .3227 .1432 29.8 34. 1.28
198. .3391 .3405 .1696 24.1 24. 2.78
228. .3437 .3459 .1194 15.1 15. 2.39
259. .3313 .3555 .1157 16.4 15. 0.17

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
**     8. .5061 .4537 .1730 32.2 36. 1.56

23. .4860 .4079 .1799 32.6 41. 2.62
38. .4424 .3535 .1734 41.2 50. 2.45
53. .4230 .3801 .1514 38.1 42. 1.76
76. .4159 .3581 .1421 42.1 47. 1.38

107. .4170 .4026 .1636 32.7 34. 1.10
**  137. .3947 .3814 .1845 27.7 29. 0.82

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.030 .11700 -1.565 .43162E+03 0.325622

23. 0.043 .07100 -0.938 .39362E+03 0.482434
38. 0.002 .09300 -1.542 .13725E+04 0.608802
53. 0.006 .07900 -1.560 .17407E+04 0.654239
76. 0.005 .07200 -1.688 .70445E+04 0.832457

107. 0.022 .06800 -1.170 .94488E+05 0.962679
137. 0.013 .05800 -0.828 .53919E+04 0.843809
168. 0.021 .05900 -0.880 .36841E+04 0.80752
198. 0.007 .00000 -0.762 .12415E+07 1.008235
228. 0.003 .00000 -0.742 .37170E+06 1.012747
259. 0.004 .00000 -0.772 .31203E+04 1.140173

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.014 .11200 -1.278 .30548E+04 0.782640

23. 0.037 .06200 -0.888 .12482E+04 0.634404
38. 0.008 .08400 -1.473 .10350E+04 0.556725
53. 0.014 .09100 -1.436 .37804E+04 0.788514
76. 0.002 .07700 -1.712 .21900E+04 0.707583

107. 0.008 .06700 -1.101 .27586E+05 0.929776
137. 0.010 .13000 -1.143 .24761E+05 0.931546
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APPENDIX 1-D HECLA SERIES SITE D-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION
** FINAL DATA 834 CM RATHER THAN 15300



ULEN SERIES SITE E-2 (IN SITU) NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .3787 .3290 .2204 50.1 60. 3.60

23. .3759 .3174 .2103 52.6 69. 2.48
38. .3722 .3467 .1834 48.1 52. 0.89
53. .3784 .3507 .1390 50.0 53. 1.60
76. .3622 .3413 .1680 37.4 41. -1.39

104. .3004 .2650 .1410 29.2 34. 1.23
**  135. .2576 .1922 .0510 23.9 30. 2.43

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
**      8. .4167 .3477 .2255 45.4 58. 3.16

23. .4115 .3449 .2189 39.8 56. 1.76
38. .3920 .3261 .2031 51.0 66. 0.38
53. .3860 .3426 .2044 53.8 61. 5.13
76. .3724 .3296 .2215 45.4 54. 0.77

**  104. .3331 .3092 .1613 37.3 41. 1.64
135. .2814 .2849 .1579 24.5 24. 0.18
168. .2533 .2600 .1125 29.6 29. 3.11
198. .2656 .2224 .1163 35.5 38. 1.47

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.027 .08000 -1.013 .29593E+04 0.714530

23. 0.032 .09500 -0.861 .22258E+04 0.646336
38. 0.005 .07600 -1.141 .10424E+05 0.858256
53. 0.005 .07800 -1.677 .94070E+04 0.849977
76. 0.055 .04400 -0.729 .11417E+05 0.879302

104. 0.027 .08300 -1.165 .21677E+04 0.749055
135. 0.048 .03000 -1.487 .36134E+03 0.416915

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.015 .15100 -1.227 .17732E 0.636876

23. 0.023 .06600 -0.625 .14697E 0.603994
38. 0.031 .07000 -0.889 .18071E 0.614303
53. 0.002 .00000 -0.949 .41949E 0.757809
76. 0.000 .14600 -1.203 .36672E 0.756234

104. 0.033 .07500 -1.042 .73733E 0.850751
135. 0.029 .10900 -0.888 .15794E 1.024706
168. 0.011 .03500 -1.603 .42842E 1.052483
198. 0.003 .08700 -4.067 .13858E 0.666542
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APPENDIX 1-E ULEN SERIES SITE E-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION



ARVESON SERIES SITE F-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
38. .3761 .3675 .2410 38.5 42. 5.93
53. .3407 .3347 .2621 41.4 43. 8.32
76. .2948 .2640 .1256 43.7 49. 5.69

**  106. .3799 .2734 .1335 23.7 35. 3.00
**  137. .4200 .2984 .1854 30.3 45. 2.94

167. .3710 .2739 .1996 45.1 56. 6.26

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
7. .4678 .4492 .1375 29.4 36. -5.94

**    38. .3710 .3645 .1660 48.1 51. -6.16
**    53. .3407 .3361 .1015 43.1 44. 3.49
**    76. .3029 .2913 .1260 37.5 40. 4.43
**  106. .2784 .2691 .0950 31.6 33. 1.40
**  136. .4139 .3344 .0825 22.4 33. 5.29

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
38. 0.037 .11500 -0.383 .75599E+05 0.952780
53. 0.036 .08000 -0.611 .13458E+06 0.964246
76. 0.009 .07500 -1.309 .40640E+04 0.780826

106. 0.008 .08300 -1.139 .29298E+03 0.293525
137. 0.008 .13900 -1.434 .38728E+03 0.306011
167. 0.013 .07400 -1.821 .65723E+03 0.432980

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
7. 0.005 .01700 -0.208 .18288E+05 0.910594

38. 0.024 .00000 -0.297 .15616E+06 0.963839
53. 0.061 .08100 -0.914 .23776E+06 0.972792
76. 0.004 .11800 -0.998 .26186E+05 0.921816

106. 0.008 .09100 -1.210 .28728E+05 0.932207
136. 0.036 .00000 -0.549 .50703E+03 0.469077
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APPENDIX 1-F ARVESON SERIES SITE F-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION
** LAST VALUE 834 CM, RATHER THAN 15300 CM



HEIMDAL SERIES SITE G-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .4785 .3852 .2645 35.0 77. 1.75

23. .4444 .3785 .2870 39.3 84. 6.81
38. .4146 .3927 .3115 42.2 59. 8.79
53. .4383 .4063 .3227 34.8 51. -3.71
76. .4267 .4006 .3220 40.9 55. 5.45

107. .4009 .3559 .3004 93.4 149. -3.88
137. .3881 .3639 .3158 115.1 133. 2.46

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .4914 .4423 .2686 30.9 46. 6.64

23. .4488 .3947 .3150 42.9 80. 10.31
38. .4370 .4039 .3265 40.8 62. 9.14
53. .4418 .4098 .3349 57.3 79. 1.83
76. .4220 .3991 .3409 63.3 81. 8.81

107. .3999 .3886 .3351 53.8 62. 5.81
137. .4175 .4032 .3674 44.5 76. -7.30

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.125 .10700 -0.367 .68595E+03 0.231555

23. 0.030 .00000 -0.211 .66650E+03 0.003829
38. 0.072 .00000 -0.162 .14004E+05 0.866745
53. 0.212 .00000 -0.198 .58108E+04 0.805834
76. 0.206 .00000 -0.213 .10298E+05 0.850721

107. 0.011 .00300 -0.257 .60121E+04 0.666663
137. 0.040 .09500 -0.597 .30442E+05 0.867473

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.036 .08800 -0.325 .30050E+04 0.748212

23. 0.037 .00000 -0.206 .18494E+04 0.519255
38. 0.338 .00000 -0.188 .60733E+04 0.790130
53. 0.127 .00000 -0.234 .10039E+05 0.818927
76. 0.112 .00000 -0.227 .20558E+05 0.873125

107. 0.205 .00000 -0.203 .66933E+05 0.938750
137. 0.008 .00000 -0.065 .29216E+05 0.890200
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APPENDIX 1-G HEIMDAL SERIES SITE G-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION



STIRUM SERIES SITE H-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .4027 .3720 .1213 40.2 53. 2.84

23. .3918 .3676 .1213 39.7 55. 2.72
38. .3602 .3506 .1958 54.3 60. 0.95
53. .3432 .3332 .1578 59.2 64. 8.34
69. .3612 .3482 .1551 45.0 49. 8.69
84. .3245 .3032 .1336 27.0 34. -1.80
99. .2420 .2066 .1532 27.2 32. -0.26

114. .1998 .1990 .1637 23.9 24. 0.38

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
**      8. .4119 .3841 .2900 23.5 32. 1.59
**    23. .3907 .3685 .3047 31.6 46. 4.79
**    38. .3551 .3423 .3008 52.6 64. 6.33
**    53. .3520 .3374 .3130 50.1 53. 15.32
**    68. .3516 .3394 .2076 27.3 32. 8.26
**    84. .3348 .3362 .2928 12.6 12. 14.03

99. .2852 .2708 .2320 20.6 26. 0.47
114. .2148 .2173 .1582 18.7 18. 1.97

**  130. .2081 .2037 .1569 18.5 19. 6.90

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.019 .04300 -0.323 .67507E+04 0.821363

23. 0.014 .00000 -0.195 .96274E+04 0.844901
38. 0.039 .09400 -0.369 .77805E+05 0.944558
53. 0.016 .06200 -0.461 .70694E+05 0.939695
69. 0.062 .07000 -0.531 .35529E+05 0.925298
84. 0.008 .05000 -0.350 .63248E+04 0.852223
99. 0.001 .12000 -2.116 .13614E+04 0.694546

114. 0.000 .00000 -0.700 .14822E+07 0.991969

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.033 .00000 -0.225 .41648E+04 0.833001

23. 0.085 .19500 -0.320 .11563E+05 0.873168
38. 0.016 .17700 -0.382 .44432E+05 0.923994
53. 0.022 .11100 -1.120 .29617E+05 0.915379
68. 0.099 .00000 -0.224 .22323E+05 0.923988
84. 0.173 .00000 -0.085 .72003E+06 1.008167
99. 0.001 .11100 -0.372 .88409E+04 0.890591

114. 0.003 .00000 -0.291 .13506E+06 1.022835
130. 0.057 .05500 -1.066 .41639E+05 0.957275
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APPENDIX 1-H STIRUM SERIES SITE H-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION
** LAST DATA 834 TO 850 CM, NO 15300 CM DATA/POOR FIT



ECKMAN LOAM SITE I-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-FINAL S-AE S-INF MUALEM - p
8. 3883 .3705 .1729 63.5 88. -18.96

**    23. .4075 .3806 .2584 58.4 89. -17.62
**    38. .4152 .4070 .2712 43.7 50. 1.27
**    53. .4455 .4036 .3257 19.2 62. -8.55
**    69. .4497 .3958 .3612 117.1 340. *****
**    91. .4651 .4141 .3739 334.6 544. 16.51
**  106. .4757 .4659 .3272 59.9 67. *****

DEPTH W-SAT W-INF W-FINAL S-AE S-INF MUALEM - p
**      8. .3883 .3522 .3358 218.0 544. 24.88
**    23. .4058 .3657 .2371 69.8 120. ****
**    38. .4117 .3664 .2388 69.0 119. ****
**    53. .4351 .3778 .2942 68.0 180. ****
**    69. .4625 .3879 .3007 170.7 334. ****
**    84. .4848 .4447 .3740 206.2 334. ****
**    99. .4935 .4591 .4062 410.6 534. ****
**  106. .4925 .4624 .3458 270.5 334. ****

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.045 .00000 -0.144 .27931E+05 0.885430

23. 0.011 .00000 -0.162 .11519E+05 0.816945
38. 0.008 .00000 -0.149 .11087E+06 0.957415
53. 0.001 .05500 -0.097 ********** 2.338790
69. INF .22400 -0.256 .11098E+05 0.624535
91. 0.000 .00000 -0.239 .21928E+05 0.664108

106. 0.019 .23700 -0.375 .14902E+06 0.957574

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.000 .00100 -0.107 .27359E+04 -1.231751

23. 0.051 .00000 -0.192 .52725E+04 0.670861
38. 0.011 .00000 -0.214 .41493E+04 0.629321
53. 0.175 .00000 -0.145 ********** 3.923550
69. INF .00000 -0.262 .34164E+04 0.232594
84. INF .00000 -0.179 .24167E+05 0.750196
99. 0.000 .00000 -0.275 .79911E+05 0.834428

106. INF .00000 -0.299 .69953E+05 0.860760
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APPENDIX 1-I ECKMAN LOAM SITE I-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION
** LAST DATA 834 TO 850 CM, NO 15300 CM DATA BECAUSE OF VERY POOR FIT



GARDENA LOAM SITE J-2 FIELD DATA NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
8. .4410 .4212 .1608 31.2 42. -6.21

**    23. .4310 .4218 .3080 22.0 26. 2.19
38. .4042 .4026 .1329 23.3 24. 3.71
53. .3835 .3808 .1123 24.3 26. 12.74
69. .4261 .4068 .1999 28.7 39. 0.95

**    84. .4570 .4361 .3114 19.1 29. 2.23
**    99. .4410 .4286 .3835 22.2 36. 7.11

130. .4695 .4502 .1405 100.5 120. ****
145 .4836 .4390 .1688 387.4 544. ****

DEPTH W-SAT W-INF W-SEG S-AE S-INF MUALEM - p
**    8. .4363 .4306 .3686 23.8 28. 2.96

**    23. .4256 .4218 .3080 24.0 26. -2.39
**    38. .4041 .3954 .2623 18.8 22. 20.05

53. .3969 .3757 .3296 15.7 27. 4.35
**    69. .4194 .4035 .3513 23.1 38. 8.20
**    84. .4423 .4361 .3114 25.9 29. 4.72
**    99. .4419 .4286 .3835 19.8 36. 13.13
**  114. .4503 .4439 .3967 17.9 22. 13.80
**  130. .4503 .4591 .4096 17.9 32. *****
** 145. .4667 .4785 .3877 25.0 36. *****

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.034 .00000 -0.154 .14456E+05 0.890394

23. 0.079 .00000 -0.130 .47512E+05 0.953018
**    38. 0.087 .00000 -0.140 .40000E+05 0.952924
**    53. 0.005 .00000 -0.102 .42082E+04 0.826466

69. 0.022 .11600 -0.209 .14698E+05 0.896122
84. 0.123 .00000 -0.112 .79516E+04 0.874521
99. 0.043 .22000 -0.120 .34581E+05 0.934859

130. 0.027 .00000 -0.237 .58171E+05 0.908710
145 ***** .00000 -0.285 .41196E+05 0.764589

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.039 .15000 -0.124 .14652E+06 0.972308

23. 0.078 .00000 -0.113 .20022E+06 0.981372
38. 0.087 .00000 -0.140 .40000E+05 0.952924
53. 0.005 .00000 -0.101 .41736E+04 0.825920
69. 0.034 .20900 -0.158 .19862E+05 0.911625
84. 0.130 .00000 -0.125 .13081E+06 0.970167
99. 0.045 .00000 -0.051 .15479E+05 0.892626

114. 0.776 .00000 -0.069 86246E+05 0.967840
130. 0.494 .00000 -0.067 .90854E+05 0.962087
145. 0.012 .19700 -0.186 .37654E+06 0.980437
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APPENDIX 1-J GARDENA LOAM SITE J-1 FIELD DATA NDSWC:85

CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION
** LAST DATA 834 TO 850 CM, NO 15300 CM DATA BECAUSE OF POOR FIT





HAMAR SERIES SITE A-2 LAB NDSWC:84

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .4811 .4800 .1120 23.9 24. 834.

23. .3743 .3743 .1170 34.0 34. 834.
38. .4797 .4797 .1122 15.0 15. 834.
53. .2975 .2750 .0618 20.2 22. 834.
69. .3280 .3280 .0629 29.0 29. 834.
99. .3338 .3066 .0610 20.2 22. 834.

114. .4200 .4200 .0806 18.0 18. 834.
130. .3766 .3766 .0821 24.0 24. 834.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
23. .3856 .3424 .0750 20.8 26. 15300.
38. .4054 .3690 .0635 17.0 20. 15300.
53. .3356 .3124 .0453 20.7 23. 15300.
69. .3496 .3267 .0445 23.5 25. 15300.
84. .3597 .3555 .0544 20.8 21. 15300.
99. .3538 .3361 .0483 21.0 22. 15300.

114. .3640 .3442 .0331 18.1 19. 15300.
130. .3590 .3517 .0356 18.7 19. 15300.
165. .3862 .3540 .0672 15.4 19. 15300.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.026 .09400 -0.858 .49077E+07 0.9956

23. 0.011 .10800 E-1.043 .43747E+10 0.9998
38. 0.043 .10000 -0.836 .33501E+10 0.9999
53. 0.019 .05800 -1.166 .36525E+04 0.8429
69. 0.001 .06400 -1.728 .14986E+10 1.0003
99. 0.011 .05800 -1.244 .31566E+04 0.8310

114. 0.095 .07900 -1.417 .33610E+10 1.0001
130. 0.081 .08100 -1.608 .25372E+11 1.0001

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
23. 0.091 .07100 -0.664 .16767E+04 0.7497
38. 0.013 .06000 -0.682 .21057E+04 0.8055
53. 0.091 .04400 -0.799 .43636E+04 0.8549
69. 0.005 .06200 -1.330 .54634E+04 0.8656
84. 0.022 .06100 -1.410 .15690E+06 0.9768
99. 0.042 .06200 -1.340 .85068E+04 0.8979

114. 0.076 .05500 -1.346 .65604E+04 0.8890
130. 0.034 .05400 -1.328 .45606E+05 0.9587
165. 0.023 .05600 -0.490 .22784E+04 0.8144
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CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-A HAMAR SERIES SITE A-1  NDSWC:84



HECLA SERIES SITE B-2 LAB NDSWC:85

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
23. .3418 .3180 .0817 21.4 24. 800.
38. .3616 .3480 .0673 19.0 20. 800.
53. .3293 .3019 .0583 20.0 22. 800.
69. .3392 .3208 .0533 21.9 23. 800.
84. .3473 .3186 .0618 24.0 26. 800.
99. .3427 .3151 .0636 24.2 26. 800.

114. .3202 .2940 .0582 24.2 26. 800.
130. .3482 .3104 .0674 25.4 28. 800.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
23. .3613 .3139 .0885 22.3 28. 834.
38. .3647 .3467 .0680 17.9 19. 834.
53. .3407 .3057 .0560 22.6 25. 834.
69. .3549 .3118 .0559 21.5 24. 834.
84. .3767 .3367 .0580 17.3 19. 834.
99. .3876 .3803 .0591 18.7 19. 834.

114. .3322 .2910 .0651 22.9 26. 834.
130. .3354 .3041 .0654 21.1 23. 834.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
23. 0.012 .06200 -0.762 .45311E+04 0.8533
38. 0.003 .05800 -0.929 .13480E+05 0.9229
53. 0.012 .05300 -1.093 .29595E+04 0.8262
69. 0.009 .05100 -1.335 .75702E+04 0.8894
84. 0.003 .05900 -1.325 .35150E+04 0.8285
99. 0.006 .06200 -1.454 .37184E+04 0.8333

114. 0.020 .05600 -1.438 .36400E+04 0.8312
130. 0.021 .06500 -1.475 .21598E+04 0.7729

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
23. .0050 .07200 -0.791 .13189E+04 0.7067
38. .0080 .06100 -1.003 .75925E+04 0.8989
53. .0260 .05200 -1.269 .21675E+04 0.7844
69. .0090 .05400 -1.385 .14762E+04 0.7435
84. .0210 .05500 -1.195 .15518E+04 0.7760
99. .0200 .05600 -1.235 .54476E+05 0.9622

114. .0600 .06000 -1.277 .14778E+04 0.7363
130. .0070 .06400 -1.424 .25862E+04 0.8061
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CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-B HECLA SERIES SITE B-1 LAB NDSWC:84



HECLA SERIES SITE C-2  NDSWC:84

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .4769 .5038 .1441 26.0 24. 834.

23. .4192 .3980 .1144 23.0 25. 834.
38. .3499 .3240 .0852 28.0 31. 834.
53. .3592 .3613 .0841 20.0 20. 834.
69. .3978 .3817 .0746 19.0 20. 834.
84. .4025 .3835 .0669 23.0 24. 834.
99. .3699 .3699 .0654 24.0 24. 834.

114. .3685 .3494 .0631 19.0 20. 834.
130. .3877 .3581 .0621 19.0 20. 834.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .3421 .3421 .1141 31.0 31. 834.

23. .4192 .3980 .1144 23.0 25. 834.
38. .3394 .3633 .0892 32.0 29. 834.
53. .3633 .3386 .0813 20.0 22. 834.
69. .3752 .3752 .0741 21.0 21. 834.
84. .3173 .3173 .0647 34.0 34. 834.
99. .3335 .3280 .0821 26.0 26. 834.

114. .3417 .3165 .0623 20.0 22. 834.
130. .3480 .3230 .0663 20.4 22. 834.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.009 .12100 -0.783 .80707E+04 1.1091

23. 0.010 .07600 -0.633 .88792E+04 0.8940
38. 0.002 .08000 -0.852 .51667E+04 0.8443
53. 0.005 .06800 -0.801 .59304E+06 1.0116
69. 0.004 .06600 -0.994 .11636E+05 0.9171
84. 0.003 .06000 -1.095 .10543E+05 0.9036
99. 0.011 .06400 -1.500 .88036E+10 1.0001

114. 0.012 .06000 -1.234 .72475E+04 0.8939
130. 0.004 .06000 -1.303 .32168E+04 0.8422

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.001 .09100 -0.730 .37690E+10 1.0002

23. 0.010 .07600 -0.633 .88792E+04 0.8940
38. 0.003 .08000 -1.012 .62189E+04 1.1366
53. 0.009 .06700 -0.823 .43213E+04 0.8576
69. 0.005 .06800 -1.070 .38387E+11 1.0000
84. 0.000 .04500 -0.818 .39412E+11 0.9999
99. 0.016 .05900 -1.388 .93221E+05 0.9667

114. 0.006 .06000 -1.304 .37150E+04 0.8477
130. 0.007 .06300 -1.199 .38942E+04 0.8513
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CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-C HECLA SERIES SITE C-1  NDSWC:84



HECLA SERIES SITE D-2 LAB NDSWC:1985

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .5172 .5172 .1198 24.0 24. 834.

23. .4983 .4980 .1090 34.0 34. 834.
38. .3611 .3611 .0097 34.0 34. 834.
53. .3943 .3943 .0823 34.0 34. 834.
76. .4065 .3315 .0743 42.3 50. 834.
99. .3874 .2618 .0787 48.0 61. 834.

137. .3922 .3146 .0852 31.7 40. 834.
168. .3667 .2978 .0804 24.7 30. 834.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .4928 .4811 .1169 29.1 30. 834.

23. .3780 .3291 .1067 33.2 40. 800.
38. .3520 .3090 .0896 34.8 40. 800.
53. .4000 .3539 .0953 35.8 40. 800.
76. .3759 .3377 .0792 36.5 40. 800.

107. .4225 .3685 .0773 34.9 40. 834.
137. .3862 .3523 .1349 26.2 30. 834.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.004 .10300 -0.899 .68377E+10 1.0001

23. 0.015 .10300 -1.259 .96642E+08 0.9988
38. 0.006 .09000 -1.177 .12880E+11 1.0001
53. 0.006 .07700 -1.258 .39171E+10 0.9998
76. 0.014 .07100 -1.522 .12508E+04 0.5988
99. 0.009 .07800 -2.172 .45226E+03 0.2598

137. 0.012 .08000 -1.233 .81815E+03 0.5550
168. 0.022 .08300 -1.432 .71158E+03 0.5877

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.018 .10300 -0.981 .52027E+05 0.9520

23. 0.004 .09500 -1.013 .20392E+04 0.7190
38. 0.009 .08300 -1.239 .23797E+04 0.7402
53. 0.001 .09200 -1.449 .27458E+04 0.7583
76. 0.006 .07600 -1.491 .35800E+04 0.7884

107. 0.030 .07000 -1.210 .21487E+04 0.7265
137. 0.012 .12800 -1.034 .35237E+04 0.8152
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CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-D HECLA SERIES SITE D-1 LAB NDSWC:1985



ULEN SERIES SITE E-2 LAB NDSWC:85
   DEPTH 106.68 RESID. MOIS. ITERATED TO DEFAULT

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .4182 .3106 .0960 26.8 40. 834.

23. .3911 .3911 .1349 35.0 35. 834.
38. .3555 .3043 .0904 42.7 50. 834.
53. .3655 .2919 .0810 41.1 50. 834.
76. .3444 .3024 .0945 41.6 50. 834.

107. .3728 .3421 .1329 44.4 50. 834.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .3482 .3244 .1578 45.2 53. 834.

23. .4225 .3501 .1308 36.3 50. 834.
38. .3637 .3637 .1129 34.0 34. 834.

137. .3255 .3255 .1160 24.0 24. 834.
168. .3534 .3534 .0362 25.0 25. 834.
107. .3994 .3322 .0868 50. 834.
107. .2938 .2938 .1297 30. 834.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.006 .08500 -0.971 .38853E+03 0.3426

23. 0.003 .11900 -0.895 .27369E+11 0.9999
38. 0.004 .08500 -1.321 .21031E+04 0.6909
53. 0.005 .07800 -1.508 .10279E+04 0.5571
76. 0.009 .08000 -0.946 .28645E+04 0.7349

107. 0.004 .12200 -1.091 .67807E+04 0.8281

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.013 .13200 -0.733 .10229E+05 0.8558

23. 0.003 .10700 -0.815 .12699E+04 0.5989
38. 0.008 .09900 -0.926 .65566E+10 0.9999

137. 0.033 .11100 -1.038 .59130E+11 1.0000
168. 0.039 .03800 -2.182 .50029E+10 1.0001
107. 0.009 .08300 -1.456 .15205E+04 0.6363
107. 0.007 .11800 -0.800 .26769E+10 1.0002
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CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-E ULEN SERIES SITE E-1  NDSWC:1985



ARVESON SERIES SITE F-2 LAB NDSWC:1985
   DEPTH 7.62 RESID. MOIS. ITERATED TO DEFAULT

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .5381 .5381 .2411 30.0 30. 834.

23. .4101 .4101 .2426 27.0 27. 834.
38. .4352 .4025 .1951 24.8 30. 834.
53. .3327 .2597 .1235 32.1 54. 834.
76. .4211 .3525 .0795 44.1 50. 834.

107. .3799 .3416 .0879 27.4 30. 834.
137. .4204 .3842 .1413 27.1 30. 834.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .4017 .3630 .2487 67.6 98. 835.

23. .3587 .3217 .2012 39.0 70. 835.
38. .3716 .3597 .1656 19.9 22. 835.
53. .4508 .3086 .1015 24.0 40. 834.
76. .3345 .2948 .1265 37.9 46. 834.

107. .3728 .3728 .0946 34.0 34. 834.
137. .4139 .4139 .1625 32.0 32. 834.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.008 .17800 -0.544 .54844E+10 0.9999

23. 0.006 .10700 -0.243 .30871E+10 0.9998
38. 0.012 .17500 -0.707 .46929E+04 0.8398
53. 0.016 .10400 -0.738 .70091E+03 0.4262
76. 0.012 .07800 -1.781 .16767E+04 0.6540

107. 0.011 .09500 -1.599 .27446E+04 0.7908
137. 0.047 .13900 -1.331 .37621E+04 0.8213

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.002 .20000 -0.573 .83717E+04 0.7850

23. 0.004 .00000 -0.186 .25054E+04 0.6259
38. 0.007 .12700 -0.494 .20310E+05 0.9339
53. 0.078 .09100 -0.983 .21344E+03 0.0905
76. 0.004 .11800 -1.047 .28427E+04 0.7450

107. 0.067 .09300 -1.614 .30072E+10 1.0002
137. 0.052 .08000 -1.748 .79954E+11 1.0000
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CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-F ARVESON SERIES SITE F-1  NDSWC:1985



HEIMDAL LOAM SITE G-2 LAB NDSWC:1985

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .5531 .5538 .2702 60.2 60. 834.

23. .5280 .4241 .2593 27.7 60. 834.
38. .4900 .4152 .2652 18.6 55. 834.
53. .4271 .3553 .2459 37.5 98. 835.
76. .4046 .3330 .2232 26.3 80. 834.

107. .4362 .3409 .2410 29.8 120. 835.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .5073 .4350 .2568 18.6 40. 834.

23. .5116 .4350 .2583 30.4 60. 834.
38. .4697 .3613 .2551 32.0 100. 834.
76. .4359 .3540 .2472 22.7 80. 834.
76. .4359 .3540 .2472 22.7 80. 834.

107. .3734 .3282 .2376 41.7 98. 834.
130. .3156 .2877 .2034 34.9 70. 834.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.137 .20000 -0.692 .36460E+08 1.0026

23. 0.001 .19400 -0.481 .76019E+03 0.4022
38. 0.083 .00000 -0.153 ********** 1.7099
53. 0.002 .09800 -0.256 .73475E+03 0.0383
76. 0.001 .03000 -0.191 ********** 2.2108

107. 0.002 .00000 -0.177 ********** 1.1602

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.007 .10600 -0.260 .70983E+03 0.4622

23. 0.002 .13300 -0.332 .12600E+04 0.5322
38. 0.002 .18000 -0.411 .50780E+03 -.0842
76. 0.004 .08100 -0.208 ********** 2.4588
76. 0.004 .08100 -0.208 ********** 2.4588

107. 0.002 .00000 -0.151 .59206E+03 -.4878
130. 0.016 .00000 -0.133 .24324E+04 0.5857
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CURVE INFLECTION POINTS

CURVE INFLECTION POINTS

BROOKS AND COREY PARAMETERS

BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-G HEIMDAL SERIES SITE G-1 LAB NDSWC:1985
   DEPTH 7.62 RESID. MOIS. ITERATED TO DEFAULT



STIRUM SERIES SITE H-2  NDSWC:1985

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .5288 .4605 .1868 31.5 40. 850.

23. .3757 .3593 .2266 21.7 30. 850.
38. .3615 .3615 .1958 14.0 14. 850.
53. .3412 .3251 .1579 53.9 60. 850.
69. .3281 .2809 .1551 39.5 60. 850.
84. .2935 .2478 .1336 34.6 60. 834.
99. .3239 .2888 .1434 28.5 40. 834.

114. .4707 .4581 .1740 29.5 30. 850.
137. .6463 .3840 .1159 19.1 30. 850.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
23. .4070 .3828 .2703 23.9 40. 850.
38. .3641 .3367 .2356 33.3 60. 834.
53. .3859 .3604 .1212 36.0 40. 850.
69. .4028 .3725 .1545 52.7 60. 850.
84. .3904 .3261 .2198 19.2 60. 834.
99. .4082 .3605 .2475 17.3 40. 834.

114. .4123 .2928 .0672 23.9 30. 850.
137. .3857 .2040 .0573 31.0 40. 834.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.005 .16800 -0.878 .19902E+04 0.7152

23. 0.048 .00000 -0.137 .10507E+05 0.8909
38. 0.252 .00000 -0.141 .10388E+11 1.0001
53. 0.026 .13300 -0.751 .25319E+05 0.9026
69. 0.014 .12900 -0.647 .21479E+04 0.6620
84. 0.025 .08400 -0.447 .14513E+04 0.5788
99. 0.032 .10900 -0.528 .26161E+04 0.7506

114. 0.014 .18200 -2.575 .41471E+05 0.9462
137. 0.068 .12300 -1.532 .10091E+03 -0.1383

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
23. 0.003 .08300 -0.151 .66133E+04 0.8387
38. 0.051 .00000 -0.133 .40889E+04 0.7299
53. 0.047 .10400 -0.906 .84292E+04 0.8621
69. 0.021 .13500 -0.923 .96645E+04 0.8422
84. 0.028 .04700 -0.182 ********** 2.7606
99. 0.025 .13900 -0.232 .12530E+04 0.6101

114. 0.055 .07300 -1.895 .28033E+03 0.3409
137. 0.008 .06600 -3.290 .13144E+03 -0.1171
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BROOKS AND COREY PARAMETERS

* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-H STIRUM SERIES SITE H-1  NDSWC:1985



 SITE I-2 ECKMAN SERIES 1985 NDSWC

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .4650 .4655 .3517 60.7 60. 850.

23. .4457 .4317 .2584 32.7 40. 850.
38. .4382 .4313 .2712 17.6 20. 850.
58. .5081 .4857 .3258 42.7 60. 850.
69. .5270 .4948 .3612 35.9 60. 850.
84. .6026 .5955 .4171 26.7 30. 850.
99. .6148 .6007 .3739 25.5 30. 850.

114. .5558 .4481 .3272 393.4 534. 850.
137. .5159 .4965 .4147 30.6 60. 850.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .4370 .4289 .3358 48.7 60. 850.

23. .4148 .3974 .3720 46.4 60. 834.
38. .4341 .3912 .2388 13.9 30. 834.
53. .5193 .5180 .2942 19.7 20. 834.
69. .4994 .5063 .3007 22.6 20. 834.
84. .5487 .5611 .3740 25.4 20. 834.
99. .5733 .5814 .3740 23.9 20. 834.

114. .5204 .4319 .3458 367.5 534. 834.
137. .6904 .6842 .5418 25.8 30. 850.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.023 .00000 -0.099 .55535E+08 1.0021

23. 0.028 .00000 -0.159 .32449E+05 0.9293
38. 0.026 .00000 -0.124 .69700E+05 0.9660
58. 0.068 .00000 -0.133 .20186E+05 0.8885
69. 0.006 .00000 -0.123 .75867E+04 0.8094
84. 0.008 .00000 -0.101 .19136E+06 0.9749
99. 0.010 .07100 -0.161 .49108E+05 0.9504

114. 0.000 .00000 -0.705 .93819E+04 0.5125
137. 0.126 .00000 -0.057 .13254E+05 0.8422

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.006 .00000 -0.090 .13671E+06 0.9578

23. 0.109 .00000 -0.167 .25264E+05 0.9014
38. 0.054 .00000 -0.135 .56614E+03 0.3654
53. 0.039 .00000 -0.143 .30438E+07 0.9949
69. 0.216 .00000 -0.112 .11882E+06 1.0260
84. 0.091 .00000 -0.094 .48108E+05 1.0410
99. 0.170 .00000 -0.079 .11904E+06 1.0260

114. 0.000 .00100 -0.500 .10898E+05 0.5418
137. 0.063 .00000 -0.060 .31366E+06 0.9804
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* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-I  SITE I-1 ECKMAN SOIL 1985 NDSWC



GARDENA SERIES SITE J-2 LAB NDSWC:1985

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .8217 .6019 .3301 5.6 20. 850.

69. .4294 .4294 .2723 14.0 14. 850.
99. .4881 .4881 .3599 14.0 14. 850.

130. .5302 .5302 .3493 14.0 14. 850.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .3944 .3870 .2698 25.0 30. 850.

23. .4612 .4244 .2712 23.1 40. 834.
38. .4472 .4251 .2292 15.3 20. 834.
53. .3895 .3639 .2083 23.5 30. 850.
69. .5361 .4850 .3387 11.1 20. 850.
84. .4216 .4216 .2935 14.0 14. 850.
99. .5356 .4955 .3784 15.8 40. 850.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.003 .24300 -0.373 .57875E+01 ******

69. 0.007 .23400 -0.388 .62657E+10 0.9999
99. 0.019 .00000 -0.073 .18208E+10 1.0002

130. 0.028 .00000 -0.080 .13519E+11 1.0001

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.016 .00000 -0.104 .70179E+05 0.9584

23. 0.002 .04200 -0.168 .30461E+04 0.7556
38. 0.002 .09900 -0.244 .64592E+04 0.8879
53. 0.011 .17500 -0.520 .59868E+04 0.8580
69. 0.010 .30100 -0.418 .16486E+04 0.7774
84. 0.010 .23400 -0.277 .10562E+10 1.0002
99. 0.007 .00000 -0.084 .26178E+03 ******
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* NOTE: B&C CURVES ARE MATCHED AT INFLECTION SUCTION

APPENDIX 2-J GARDENA SERIES SITE J-1 LAB NDSWC:85



 SITE K-2 EXLINE SOIL 1985 NDSWC

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .5121 .4861 .3963 33.8 60. 534.

23. .7057 .6909 .5782 41.6 60. 834.
38. .6121 .5882 .4939 56.6 100. 834.
53. .5657 .5399 .4414 42.6 80. 834.
76. .6131 .5860 .4348 37.8 60. 834.

106. .7874 .7598 .3619 88.8 100. 834.
137. .4476 .4227 .1181 36.8 40. 834.

DEPTH W-SAT W-INF W-SEG S-AE S-INF S-SEG
8. .4840 .4560 .3537 29.3 60. 834.

23. .3618 .3619 .3196 80.5 80. 834.
38. .4209 .3991 .3133 30.1 60. 834.
53. .1735 .1590 .1060 30.2 60. 834.
69. .3034 .2881 .2228 31.7 60. 834.

107. .3408 .3376 .2447 112.6 120. 834.
107. .2995 .3044 .2415 119.1 100. 834.
137. .4493 .4264 .1367 36.3 40. 834.

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.029 .00000 -0.091 .95981E+04 0.8260

23. 0.124 .00000 -0.058 .86822E+05 0.9460
38. 0.139 .00000 -0.070 .27764E+05 0.8687
53. 0.103 .00000 -0.074 .13696E+05 0.8263
76. 0.082 .00000 -0.098 .16156E+05 0.8718

106. 0.884 .00000 -0.299 .71641E+05 0.9251
137. 0.026 .09800 -0.892 .12083E+05 0.8849

DEPTH MSD RES-MOIS B&C - b C&H M C&H N
8. 0.175 .00000 -0.083 .46963E+04 0.7214

23. 0.164 .00000 -0.045 .76636E+09 1.0006
38. 0.154 .00000 -0.077 .65307E+04 0.7706
53. 0.171 .00000 -0.127 .24770E+04 0.6260
69. 0.163 .00000 -0.081 .81317E+04 0.8031

107. 0.080 .00000 -0.149 .12438E+08 0.9803
107. 0.145 .00000 -0.093 .43051E+06 1.0306
137. 0.019 .10000 -0.697 .14172E+05 0.8937
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APPENDIX 2-K  SITE K-1 EXLINE SOIL 1985 NDSWC



APPENDIX 3. VanGenuct1tenpararreters for field data.

APPENDIX 3-A. VanGenud1tenparaneters for 9('11>and K(a,Ijf)for site A data.

Site A. Feplication 1 arr as, a, and n detennined first, p and Ks detemrl.nedseparately.

~ ar as a n p Ks R2

(oW
8.000 0.124 0.439 0.020 3.008 0.085 1.680 0.980

30.000 0.132 0.400 0.020 4.125 -0.800 1.120 0.980
61.000 0.067 0.365 0.020 4.269 2.610 16.120 0.980
84.000 0.061 0.350 0.020 4.760 -0.022 2.820 0.990
99.000 0.066 0.351 0.023 4.070 -0.420 4.960 0.990

114.000 0.084 0.358 0.027 4.950 0.084 5.330 0.980
130.000 0.084 0.369 0.029 4.400 1.690 22.540 0.990

Site A. Feplication 2 arr as, a, and n detennined first, p and Ks detemrl.nedseparately.

~ ar as a n p Ks R2

(oW
8.000 0.104 0.430 0.019 2.880 -1.490 0.733 0.980

23.000 0.118 0.394 0.019 3.390 -0.964 1.910 0.980
38.000 0.098 0.3<66 0.019 4.480 1.150 5.320 0.970
53.000 0.090 0.363 0.020 5.680 1.510 7.860 0.980
69.000 0.088 0.360 0.020 5.220 4.820 411.000 0.980
83.000 0.086 0.357 0.021 5.110 -0.650 2.630 0.980
98.000 0.074 0.373 0.024 5.550 1.630 28.460 0.990

114.000 0.058 0.398 0.028 2.870 -0.429 12.300 0.990
130.000 0.062 0.392 0.029 3.450 -0.565 5.069 0.990

Site A, Feplication 1, arr as, a, n, p, and Ks detennined sinul~usly.

~ ar as a n p Ks R2

(oW
8.000 0.113 0.443 0.021 2.800 1.580 3.070 0.980

30.000 0.119 0.407 0.020 3.344 2.760 13.300 0.990
61.000 0.078 0.364 0.020 4.494 2.320 14.930 0.990
84.000 0.039 0.352 0.019 4.180 2.450 8.750 0.990
99.000 0.056 0.361 0.026 2.880 0.000 10.000 0.980

114.000 0.072 0.358 0.027 4.456 2.019 19.620 0.990
130.000 0.083 0.369 0.029 4.280 1.710 22.640 0.970

Site A, Feplication 2, ar, as, a, n, p, and Ks detennined sinul~usly.

~ ar as a n p Ks R2

(oW
8.000 0.023 0.456 0.022 1.890 -0.542 3.420 0.980

23.000 0.036 0.414 0.021 1.860 0.134 10.260 0.980
38.000 0.092 0.365 0.019 4.310 1.330 5.531 0.970
53.000 0.068 0.365 0.019 5.190 1.880 8.860 0.950
69.000 0.092 0.359 0.020 5.420 1.070 16.410 0.980
83.000 0.055 0.367 0.021 3.640 1.150 10.960 0.990
98.000 0.084 0372 0.025 5.870 1.360 26.970 0.960

114.000 0.034 0.401 0.029 2.364 0.931 47.290 0.990
130.000 0.028 0.394 0.031 2.461 2.147 37.370 0.980
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APPENDIX 3-B. VanGenuchtenparaneters for 9(v)and K(9.v)for site B data.

Site B. ~lication 1 Or, as, a, and n determined first, p and Ks detemrine:i separately.

DEpth Or as a n p Ks R2
(oW
8.000 0.086 0.405 0.019 3.365 1.980 4.120 0.990
8.000 0.086 0.405 0.019 3.365 0.000 0.000 0.000
23.000 0.095 0.389 0.020 3.850 1.430 9.210 0.990
38.000 0.081 0.365 0.022 3.960 -0.140 1.930 0.990
53.000 0.069 0.361 0.023 4.170 1.840 11.540 0.990
69.000 0.062 0.366 0.023 4.240 2.220 16.480 0.990
84.000 0.073 0.359 0.024 4.470 1.660 15.020 0.990
99.000 0.073 0.384 0.026 4.147 0.860 13.020 0.990

Site B. ~lication 2 Or, as, a, and n determined first, p and Ks detemrine:i separately.

DEpth Or as a n p Ks R2

(oW
8.000 0.114 0.350 0.016 7.830 -0.750 0.449 0.960

45.000 0.086 0.348 0.017 6.950 -0.088 1.560 O.98D
68.000 0.074 0.351 0.018 6.010 0.314 4.D300 0.990
83.000 0.076 0.390 0.020 4.840 0.177 4.390 0.980
98.000 0.071 0.367 0.018 5.770 1.550 11.010 0.990

114.000 0.069 0.390 0.020 5.280 1.350 20.630 0.998
130.000 0.068 0.386 0.021 5.950 0.379 9.450 0.990

Site B, Replication 1, Or, 95, a, n, p, and Ks detennined sirrultaneously.

DEpth Or as a n p Ks R2
(oW

8.000 0.114 0.401 0.019 3.801 1.210 3.180 0.980
23.000 0.112 0.387 0.021 4.288 0.980 7.800 0.970
38.000 0.058 0.367 0.022 3.460 2.251 10.770 0.990
53.000 0.085 0.358 0.023 4.670 1.380 9.910 0.980
69.000 0.071 0.365 0.023 4.470 1.950 15.260 0.980
84.000 0.085 0.356 0.024 4.890 1.300 13.260 0.980
99.000 0.055 0.407 0.028 3.420 2.190 47.280

Site B, Replication 2, 9rt 95, a, n, p, and Ks determined sinultaneously.

DEpth 9r 95 a n p Ks R2

(oW
8.000 0.114 0.350 0.016 7.830 -0.750 0.449 0.960

68.000 0.068 0.352 0.016 5.930 2.270 8.020 0.990
68.000 0.047 0.361 0.018 4.900 2.750 18.800 0.990
83.000 0.057 0.482 0.025 3.380 1.780 67.530 0.990
98.000 0.034 0.388 0.018 4.560 3.011 25.410 0.970

114.000 0.087 0.378 0.019 6.130 0.898 15.610 0.880
130.000 0.060 0.388 0.021 5.740 1.640 20.480 0.980
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APPFM>IX 3-C. Van Genud1tenpararreters for 9(1jf) am. K(o,ljf) for site C data.

Site C. Replication 1 Or, Os, a, am. n detennined fiI:st., p am. ~ detennined separately.

Depth Or Os a n p ~ R2
(~

8.000 0.169 0.366 0.016 5.340 1.008 10.200 0.990
23.000 0.128 0.404 0.018 3.100 -1.450 0.966 0.990
38.000 0.101 OA36 0.021 2.770 0.281 6.740 0.990
53.000 0.100 OA05 0.023 3.130 1.160 8.170 0.990
69.000 0.078 0.457 0.032 3.160 -0.720 22.920 0.990
84.000 0.109 0.352 0.025 6.520 0.968 4.430 0.960
99.000 0.085 0.360 0.022 6.165 0.263 4.380 0.990

114.000 0.000 OA05 0.021 2.194 1.673 27.320 0.940
Site C. Replication 2 Or, Os, a, am. n detennined first, p am. ~ detennined separately.

Depth Or Os a n p Ks R2

(~
8.000 0.108 0.385 0.015 2.880 1.579 0.930 0.990

23.000 0.117 0.388 0.015 3.220 1.410 2.470 0.980
38.000 0.092 0.412 0.017 3.220 2.190 8.730 0.980
53.000 0.086 0.422 0.020 3.420 1.990 13.920 0.980
68.000 0.086 0.413 0.022 4.190 0.656 12.970 0.980
84.000 0.088 0.376 0.021 5.090 1.680 9.650 0.970
99.000 0.000 0.390 0.022 3.080 2.920 29.940 0.970

114.000 0.082 0.361 0.022 6.300 0.864 6.540 0.970
130.000 0.124 0.394 0.022 6.000 0.961 21.060 0.970
Site C, Replication 1, Or, Os, a, n, p, am. Ks detennined sinultaneously.

Depth Or Os a n p ~ R2
(~
8.000 0.189 0.365 0.016 6.080 0.000 1.400 0.990
23.000 0.073 0.450 0.024 1.947 14.160 0.966 0.990
38.000 0.075 0.454 0.023 2.340 1.665 26.800 0.990
53.000 0.074 0.431 0.025 2.440 2.930 48.150 0.990
69.000 0.166 0.371 0.028 6.970 -1.590 6.330 0.990
84.000 0.109 0.352 0.025 6.510 0.978 4.450 0.960
99.000 0.056 0.364 0.021 5.289 2.546 12.870 0.990

114.000 0.053 0.374 0.021 5.203 0.673 5.420 0.940

Site C, Replication 2, Or, 6s, a, n, p, am. Ks detennined s:imJ.ltaneously .

Depth 6r 6s a n p ~ R2
(~

8.000 0.082 0.583 0.050 1.799 -0.525 6.800 0.990
23.000 0.085 0.519 0.045 1.800 0.000 25.630 0.980
38.000 0.063 0.309 0.050 1.620 0.000 3.370 0.980
53.000 0.046 0.337 0.096 1.504 0.000 18.303 0.980
68.000 0.095 0.168 0.011 5.580 -20.570 0.074 0.980
84.000 0.125 0.214 0.018 5.092 -1.370 0.069 0.980
99.000 0.056 1.090 0.071 2.530 0.000 305.800 0.970

114.000 0.060 1.520 0.067 2.960 0.000 266.200 0.970
130.000 0.064 2.088 0.053 3.260 0.000 163.800 0.970
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APPENDIX3-D. Van Genuchten paraneters for e(1jf) and. K(8,'II> for site D data.

Site D. Replication 1 Dr, as, a, and n determined first, p and Ks detemdned separately.

~ ar as a n p Ks R2

(an)
8.000 0.111 0.504 0.023 2.980 1.800 14.300 0.990

23.000 0.104 0.416 0.021 2.140 -0.044 3.550 0.990

38.000 0.099 0.421 0.011 3.310 -0.422 2.199 0.990

53.000 0.090 0.419 0.011 3.850 -0.660 3.110 0.990

16.000 0.08'7 0.411 0.011 3.910 0.138 5.9'70 0.990

101.000 0.015 0.390 0.011 3.590 1.100 4.680 0.990

131.000 0.082 0.362 0.020 2.150 -0.038 2.640 0.990

168.000 0.073 0.395 0.026 2.380 2.450 28.660 0.990
198.000 0.159 0.341 0.028 6.340 -0.405 12.160 0.990

228.000 0.000 0.502 0.010 1.910 3.159 935.000 0.990

259.000 0.000 0.416 0.066 1.960 2.185 246.000 0.990

Site D. Replication 2 an as, a, and n determined first, p and. Ks detemdned separately.

~ ar as a n p Ks R2

(an)
8.000 0.125 0.501 0.019 3.600 -0.650 0.162 0.990

23.000 0.120 0.486 0.019 3.200 0.266 4.430 0.990

38.000 0.092 0.441 0.011 3.290 -0.620 1.550 0.990

53.000 0.102 0.423 0.011 3.760 2.000 11.600 0.990

16.000 0.086 0.415 0.016 4.200 0.430 3.960 0.990

101.000 0.091 0.418 0.107 3.610 0.776 5.570 0.990

137.000 0.149 0.398 0.023 3.610 0.940 11.290 0.980

Site D, Replication 1, 9r, as, a, n, p, and Ks determined sirrnltaneously.

D:pth 9r as a n p Ks R2

(an)
8.000 0.095 0.505 0.023 2.790 2.350 20.530 0.990

23.000 0.043 0.482 0.022 2.096 2.063 2.190 0.990
38.000 0.049 0.433 0.011 2.520 1.790 10.640 0.990

53.000 0.075 0.420 0.011 2.920 0.000 6.040 0.990
76.000 0.062 0.411 0.011 3.330 2.460 17.700 0.990

107.000 0.047 0.390 0.016 3.160 1.850 5.760 0.990
137.000 0.015 0.371 0.022 1.920 2.200 12.200 0.990

168.000 0.099 0.384 0.025 2.770 1.920 18.580 0.990

198.000 0.145 0.353 0.028 5.360 0.236 16.920 0.990

228.000 0.092 0.431 0.055 2.830 0.609 88.980 0.990
259.000 0.088 0.396 0.048 2.890 0.110 20.680 0.990

Site D, Replication 2, ar, 9s, a, 0, p, and Ks determined sircultaneous1y.

D:pth ar 9s a n p Ks R2

(an)
8.000 0.089 0.512 0.019 3.070 2.650 21.120 0.990

23.000 0.076 0.490 0.019 2.730 2.900 41.710 0.990
38.000 0.027 0.446 0.017 2.361 2.521 16.500 0.990
53.000 0.117 0.423 0.017 4.120 1.500 14.770 0.990
76.000 0.064 0.416 0.016 3.650 2.350 13.560 0.990

107.000 0.062 0.419 0.017 3.105 2.760 16.260 0.990
131.000 0.142 0.399 0.023 3.400 1.196 12.770 0.980
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APPENDIX 3-E. Van Genuchten paraneters for e('V) arxi K(9,'V) for site E data.

Site E. Replication 1 Or, Os, a, and n detenn:ined first, p arxi 1<6 determined separately.

D::pth Or Os a n p 1<6 R2

(~
8.000 0.087 0.371 0.011 2.810 3.480 0.384 0.990

23.000 0.142 0.374 0.013 3.450 0.020 0.399 0.990
38.000 0.099 0.373 0.013 3.840 -1.190 0.419 0.990
53.000 0.088 0379 0.013 4.890 0.000 0.911 0.990
76.000 0.104 0.363 0.016 4.510 0.756 4.410 0.980

107.000 0.101 0.303 0.024 4.070 1.220 2.280 0.990
137.000 0.029 0.288 0.035 2.930 0.185 4.190 0.990

Site E. Replication 2 Or, Os, a, and n detennin.ed first, p and 1<6 determined separately.

D::pth Or Os a n p 1<6 R2

(~
8.000 0.134 0.411 0.014 2.583 1.063 0.871 0.980

23.000 0.105 0.408 0.016 2.139 -0.381 1.960 0.990
38.000 0.109 0.397 0.013 3.136 -0.009 1.724 0.990
53.000 0.078 0.383 0.012 4.499 3.840 6.370 0.990
76.000 0.207 0.369 0.016 4.840 0.324 5.070 0.990

107.000 0.089 0.328 0.013 3.454 -0.733 0.463 0.990
137.000 0.118 0.517 0.078 2.170 -1.132 22.370 0.990
167.000 0.033 0.305 0.025 3.620 3.940 24.140 0.990
198.000 0.040 0.290 0.025 4.170 2.930 11.420 0.980

Site E, Replication 1, Or, Os, a, n, p, and Ks determined sirrultaneously .

D::pth Or Os a n p 1<6 R2

(~
8.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

23.000 0.123 0.376 0.013 2.740 1.577 1.358 0.990
38.000 0.052 0.346 0.014 2.360 0.000 1.357 0.990
53.000 0.006 0.380 0.013 3.690 1.641 2.038 0.990
76.000 0.158 0.365 0.017 8.590 0.000 4.160 0.980

107.000 0.090 0.306 0.024 3.720 1.760 2.930 0.990
137.000 0.013 0.321 0.044 2.365 1.542 24.420 0.990

Site E, Replication 2, or, 9s, a, n, p, and Ks determined sirrultaneously •

Cq>th or 9s a n p 1<6 R2

(~
8.000 0.089 0.414 0.016 2.013 2.116 1.636 0.980

23.000 0.013 0.410 0.018 1.587 0.482 5.077 0.990
38.000 0.044 0.391 0.014 1.997 1.425 4.680 0.990
53.000 0.160 0.383 0.013 5.996 1.283 5.480 0.990
76.000 0.208 0.372 0.016 5.420 0.390 5.340 0.990

107.000 0.051 0.332 0.014 2.287 0.287 0.921 0.990
137.000 0.093 1.087 0.428 1.720 0.563 110000.0 0.990
167.000 0.037 0.303 0.025 3.712 3.775 21.950 0.990
198.000 0.106 0.274 0.026 6.570 0.126 4.740 0.980
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APPENDIX3-F. VanGenuchtenparaneters for 9(1jI) and K(a,1jI) for site F data.

Site F. Replication 1 arr as, 0., and n determined first, p and Ks determi.nedseparately.

I):pth ar as 0. n P Ks R2

{orO
38.000 0.155 0.'317 0.010 2.005 3.091 0.377 0.990
53.000 0.115 0.341 0.011 2.996 5.781 0.255 0.990
76.000 0.078 0.297 0.014 3.479 3.654 0.614 0.990

107.000 0.088 0.408 0.032 2.643 1.293 8.394 0.980
137.000 0.135 0.438 0.028 2.698 -0.326 2.380 0.990
168.000 0.075 0.351 0.016 7.538 4.557 2.050 0.980

Site F. Replication 2 ar, as, 0., and n determined first, p and Ks determi.ned separately.

I):pth ar as a n p Ks R2

(orO
8.000 0.106 0.469 0.015 1.413 -3.569 0.291 0.990

38.000 0.000 0.389 0.015 1.290 6.840 10.260 0.910
53.000 0.102 0.341 0.011 3.697 -6294.0 0.089 0.990
76.000 0.109 0.325 0.019 2.432 3.970 7.270 0.970

107.000 0.083 0.381 0.036 2.240 0.922 7.100 0.970
137.000 0.062 0.414 0.023 2.180 7.940 88.170 0.970
167.000 0.109 0.386 0.022 2.660 5.028 11.750 0.950

Site F, Replication 1, 9r, 9s, 0., n, p, and Ks detennined sinultaooously.

D¥h 9r 9s 0. n P Ks R2

{orO
38.000 0.176 0.379 0.010 2.521 3.572 0.368 0.990
53.000 0.119 0.342 0.011 3.286 5.870 0.263 0.990
76.000 0.080 0.298 0.015 3.540 3.620 0.625 0.980

107.000 0.058 0.425 0.036 2.185 4.150 192.300 0.990
137.000 0.115 0.449 0.031 2.350 0.651 7.880 0.990
168.000 0.079 0.351 0.017 7.640 4.420 2.022 0.980

Site F, Replication 2 I 9rr 9s, a, n, P, and Ks determined sinultaooously.

D¥h 9r 9s 0. n p Ks R2

(orO
8.000 0.114 0.470 0.014 1.431 -3.455 0.276 0.990

38.000 0.149 0.373 0.009 2.483 5.784 0.838 0.980
53.000 0.092 0.341 0.010 3.377 -0.382 0.101 0.970
76.000 0.114 0.320 0.018 2.650 3.850 5.390 0.990

107.000 0.069 0.481 0.060 1.940 1.780 127.150 0.990
137.000 0.065 0.414 0.023 2.200 7.830 84.390 0.980
167.000 0.198 0.363 0.023 4.330 1.110 2.856 0.990
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APPEN>IX 3-G. Van Genuchten paraneters for 9(\V) and K (9,'1') for site G data.

Site G. Replication 1 Or, Os, a, and n determined first, p and. K.s detemrl.ned separately.

~ 9r 9s a n p K.s R2
(~

8.000 0.150 0.483 0.023 1.485 2.087 5.094 0.990
23.000 0.015 0.442 0.017 1.282 1.350 2.750 0.950
38.000 0.008 0.418 0.001 1.209 9.200 12.780 0.960
53.000 0.000 0.438 0.010 1.278 4.680 3.860 0.960
76.000 0.000 0.4:28 0.008 1.328 4.140 2.150 0.990

107.000 0.000 0.4108 0.008 1.284 0.000 1.440 0.980
137.000 0.117 0.3B4 0.004 2.375 3.130 0.189 0.950
168.000 0.011 0.3B2 0.002 2.283 16.360 0.107 0.960

Site G. Replication 2 art 9s, a, and n determined first, p and. K.s detemrl.ned separately.

I);pth 9r 9s a n p Ks R2
(~

8.000 0.152 0.4'94 0.014 1.699 4.320 4.580 0.990
23.000 0.000 0.461 0.179 1.225 13.150 108.300 0.970
38.000 0.045 0.436 0.012 1.249 8.420 10.810 0.990
53.000 0.000 0.450 0.008 1.303 0.000 2.490 0.820
76.000 0.000 0.428 0.006 1.322 9.160 4.690 0.930

107.000 0.000 0.407 0.006 1.309 5.200 2.420 0.930
137.000 0.140 0.419 0.006 1.247 4.400 3.070 0.920

Site G, Replication 1, 9rt 9s, a, n, p, and Ks detennined sinultaneously.

I);pth 9r 9s a n p Ks R2
(~

8.000 0.108 0.486 0.028 1.366 2.595 9.425 0.990
23.000 0.066 0.432 0.014 1.323 5.629 6.023 0.990
38.000 0.009 0.410 0.010 1.203 4.465 3.619 0.980
53.000 0.000 0.451 0.012 1.262 6.739 13.003 0.970
76.000 0.075 0.426 0.006 1.527 4.088 1.074 0.990

107.000 0.000 0.402 0.007 1.287 -1.040 0.988 0.990
137.000 0.097 0.386 0.004 1.938 2.294 0.227 0.960
168.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
198.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Site G, Replication 2, 9r, 95, a, n, p, and Ks detennined sinultaneously.

I);pth 9r 9s a n p Ks R2
(~
8.000 0.150 0.494 0.014 1.693 4.340 4.690 0.990
23.000 0.028 0.464 0.018 1.249 12.360 105.600 0.970
38.000 0.126 0.430 0.009 1.447 7.150 3.250 0.990
53.000 0.000 0.430 0.005 1.411 0.000 0.618 0.850
76.000 0.083 0.433 0.006 1.520 8.770 3.710 0.930

107.000 0.099 0.410 0.005 1.608 5.960 1.396 0.930
137.000 0.000 0.416 0.003 1.296 11.310 1.168 0.920
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APPEN)IX 3-H. Van Genuchten pararreters for 9('lf} and K(9,'lf} for site H data.

Site H. Ri:plication 1 9rt 9s, a, and n detennined first, p and Ks detennined separately.

n:pth 9r 9s a n p Ks R2

(~
8.000 0.096 0.407 0.012 1.633 2.040 0.025 0.990

23.000 0.090 0.397 0.012 1.408 5.190 0.171 0.990
38.000 0.141 0.368 0.008 1.961 1.180 0.059 0.990
53.000 0.093 0.379 0.012 1.776 6.200 2.370 0.990
69.000 0.145 0.382 0.014 2.783 3.580 0.490 0.980
84.000 0.072 0.361 0.029 1.520 4.460 15.480 0.940
99.000 0.000 0.262 0.026 2.221 3.030 0.602 0.960

106.000 0.000 0.291 0.041 2.257 4.360 6.580 0.970

Site H. Ri:plication 2 9rt 9s, a, and n detennined first, p and Ks detemdned separately.

n:pth 9r 9s a n p Ks R2

(~
8.000 0.148 0.413 0.016 1.816 1.460 0.018 0.990

23.000 0.000 0.407 0.035 1.143 0.234 1.860 0.990
38.000 0.000 0.368 0.014 1.195 5.770 3.420 0.990
53.000 0.114 0.352 0.010 3.588 14.800 1.480 0.980
69.000 0.108 0.352 0.010 1.904 5.490 0.889 0.980
84.000 0.000 0.331 0.009 1.251 1.960 1.150 0.980
99.000 0.126 0.290 0.022 1.968 3.420 0.479 0.990

106.000 0.038 0.249 0.036 1. 748 6.340 12.390 0.980
137.000 0.057 0.208 0.027 3.362 6.780 0.621 0.960

Site H, Ri:plication 1, 9r, 9s, a, n, p, and Ks detennined sirm.ll~usly.

n:pth 9r Os a n p Ks R2

(~
8.000 0.099 0.402 0.011 1.668 1.680 0.018 0.990

23.000 0.090 0.395 0.011 1.410 4.950 0.144 0.990
38.000 0.130 0.362 0.007 1.870 1.138 0.052 0.990
53.000 0.050 0.390 0.015 1.532 8.360 8.400 0.990
84.000 0.066 0.438 0.025 1.605 7.140 22.630 0.990
99.000 0.094 0.248 0.028 3.450 0.647 0.281 0.960

106.000 0.000 0.237 0.029 3.290 4.940 0.759 0.970

Site H, Ri:plication 2, 9r, Os, a, n, p, and Ks detennined sirm.lltaneously.

n:pth Or Os a n p Ks R2

(~
8.000 0.150 0.412 0.015 1.844 1.437 0.017 0.990

23.000 0.000 0.410 0.039 1.140 0.000 2.260 0.990
38.000 0.000 0.377 0.018 1.184 5.736 7.320 0.990
53.000 0.111 0.352 0.010 3.580 14.840 1.541 0.980
69.000 0.048 0.342 0.009 1.529 6.843 0.829 0.990
84.000 0.000 0.332 0.007 1.302 4.759 0.971 0.980
99.000 0.127 0.291 0.022 1.980 3.446 0.4% 0.990

106.000 0.145 0.222 0.034 3.957 0.124 0.703 0.980
137.000 0.057 0.209 0.027 3.338 6.791 0.672 0.%0
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APPElIDlX 3-1. Van Genuchten paraneters for e(\jI) and K(9.\jI) for site I data.

Site I. Replication 1 9r, 9s, a, and n detelJllined first, p and K.s deten:nina:i separately.

Depth 9r 9s a n p K.s R2

(~
8.000 0.000 0.385 0.004 1.176 0.000 0.054 0.980

23.000 0.014 0.414 0.007 1.275 -3.760 0.153 0.990
38.000 0.000 0.451 0.018 1.210 -0.594 4.113 0.990
53.000 0.000 0.4~iO 0.011 1.840 -9.310 1.482 0.960
69.000 0.000 0.440 0.002 1.322 -19.800 0.073 0.970
91.000 0.000 0.455 0.001 1.376 2.250 0.382 0.960

106.000 0.000 0.473 0.114 1.420 -27.540 0.335 0.260
137.000 0.000 0.496 0.001 1.576 -55.800 0.069 0.960

Site 1. Replication 2 9r, 9s, a, and n determined first, p and K.s determined separately.

Depth 9r 9s a n p Ks R2

(~
8.000 0.000 0.3130 0.001 1.310 -15.160 0.006 0.990

23.000 0.000 0.406 0.005 1.281 -2.740 0.089 0.990
38.000 0.000 0.417 0.007 1.299 15.890 1.790 0.980
53.000 0.000 0.431 0.004 1.299 -8.470 0.163 0.980
69.000 0.000 0.466 0.004 1.300 0.000 0.448 0.980
84.000 0.000 0.4131 0.002 1.360 10.310 0.173 0.890
99.000 0.000 0.4135 0.001 1.380 5.460 0.183 0.960

106.000 0.000 0.4137 0.001 1.530 -112.600 0.064 0.970

Site I, Replication 1, 9r, 9s, a, n, p, and Ks determined sinult:an90usly.

Depth 9r 9s a n p Ks R2

(~
8.000 0.000 0.388 0.053 1.164 -7.213 0.069 0.990

23.000 0.000 0.408 0.006 1.263 -7.060 0.098 0.990
38.000 0.066 0.415 0.007 1.347 -1.950 0.340 0.990
53.000 0.125 0.416 0.003 1.574 -3.151 0.138 0.950
69.000 0.020 0.444 0.002 1.360 -16.630 0.069 0.980
91.000 0.000 0.458 0.003 1.213 -24.430 0.415 0.960

106.000 0.000 0.455 0.001 1.971 -8.280 0.257 0.900
137.000 0.000 0.506 0.001 1.406 -43.960 0.092 0.970

Site I, Replication 2, 9r, 9s, a, n, p, and Ks determined sinult:an90usly.

Depth 9r 9s a n p Ks R2

(~
8.000 0.000 0.387 0.002 1.269 -15.590 0.008 0.990

23.000 0.065 0.405 0.005 1.400 -1.310 0.055 0.990
38.000 0.078 0.407 0.005 1.500 10.260 0.301 0.980
53.000 0.000 0.443 0.006 1.259 -1.620 0.547 0.990
69.000 0.054 0.463 0.003 1.400 72.600 24.620 0.990
84.000 0.085 0.481 0.002 1.577 21.180 0.166 0.990
99.000 0.000 0.481 0.001 1.357 29.050 0.146 0.960

106.000 0.000 0.481 0.001 1.550 -376.400 0.071 0.990

337



APPENDIX3-J. Van Gern.1chtenparaneters for 8 (IV) and K (0,1V) for site J data.

Site J. Replication 1 8r, 8s, a, and n detennined. first, p and K.sdetermined separately.

D;:pth Or Os a n p K.s R2

(an)
8.000 0.094 0.448 0.014 1.302 -1.350 0.200 0.990

23.000 0.000 0.445 0.019 1.210 0.260 2.880 0.970
38.000 0.103 0.417 0.015 1.422 4.940 3.040 0.970
53.000 0.088 0.393 0.011 1.477 6.960 1.790 0.990
69.000 0.178 0.434 0.018 1.409 3.104 5.020 0.990
84.000 0.000 0.465 0.017 1.190 3.570 6.730 0.980
99.000 0.000 0.426 0.002 1.270 13.880 0.552 0.970

114.000 0.211 0.444 0.010 2.080 -133.10 0.299 0.000
130.000 0.000 0.468 0.005 1.293 0.000 0.288 0.990
145.000 0.000 0.478 0.001 1.416 0.000 0.122 0.990

Site J. Replication 2 Or, Os, a, and n detennined. first, p and. K.sdetermined separately.

D;:pth Or Os a n p K.s R2

(an)
8.000 0.000 0.412 0.004 1.208 0.000 0.104 0.950

23.000 0.000 0.430 0.010 1.233 -3.080 0.628 0.990
38.000 0.058 0.413 0.019 1.279 11.800 43.800 0.990
53.000 0.2% 0.395 0.027 2.038 -0.690 0.505 0.990
69.000 0.000 0.415 0.011 1.135 -8.730 1.780 0.970
84.000 0.164 0.449 0.012 1.402 6.230 1.190 0.980
99.000 0.000 0.428 0.002 1.297 0.000 0.137 0.990

114.000 0.000 0.443 0.002 1.336 0.000 0.225 0.990
130.000 0.000 0.464 0.002 1.284 0.000 0.194 0.990
145.000 0.000 0.484 0.008 1.201 93.440 0.855 0.980

Site J, Replication 1, Or, 9s, a, n, p, am Ks detennined. siIrnltaneously.

D::pth 9r 9s a n p Ks R2

(an)
8.000 0.091 0.456 0.017 1.286 -1.065 0.312 0.990

23.000 0.000 0.446 0.019 1.210 0.310 3.026 0.990
38.000 0.088 0.421 0.017 1.372 5.175 4.540 0.990
53.000 0.081 0.387 0.010 1.464 6.540 1.161 0.980
69.000 0.169 0.424 0.015 1.402 2.470 2.310 0.970
84.000 0.000 0.465 0.017 1.191 3.555 6.531 0.980
99.000 0.049 0.428 0.002 1.349 16.530 0.056 0.960

114.000 0.429 0.444 0.050 1.464 -18.970 0.517 0.990
130.000 0.105 0.471 0.004 1.572 0.000 0.173 0.990
145.000 0.000 0.478 0.001 1.478 0.000 0.112 0.950

Site J, Replication 2, 9r, 9s, a, n, p, am Ks detennined. siIrnltaneously.

D2pth 9r 9s a n p Ks R2

(an)
8.000 0.102 0.410 0.002 1.480 12.169 0.041 0.990

23.000 0.000 0.447 0.016 1.213 0.000 2.127 0.970
38.000 0.144 0.389 0.008 1.674 11.229 2.798 0.960
53.000 0.289 0.389 0.020 2.296 0.180 0.337 0.990
69.000 0.177 0.413 0.008 1.337 0.000 0.640 0.990
84.000 0.171 0.446 0.011 1.434 5.480 0.799 0.990
99.000 0.064 0.429 0.002 1.415 0.000 0.123 0.990

114.000 0.062 0.439 0.002 1.469 0.000 0.137 0.990
130.000 0.000 0.469 0.003 1.277 13.315 0.482 0.990
145.000 0.000 0.484 0.008 1.201 92.450 0.816 0.950
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APPENDIX4 Computer Program used to calculated field hydraulic properties from field data.
An example input file is included on the end. Output files are those given in the
text for field flow data.

C FUB5 (VM OCHUH:1985)
C FUB5 CAIOJlA11~ UNSA'1URATEDHYDIWJLIC<:IN){CI'lVITY ANDDIFFUSIVITY
C ~IN:; 'ID 'll-IE INSTANl'1\NEXXlSPOCEllE MnKD (WAT9:N, HILlEL)
C REOJIRED INPUT m::uDFS VOUH:'lRIC MJIS'lURE }IN) TENSICM:'lER
C RE1\DnGS FCR E!\CHTlME }IN) DEPTHNDAL POINT. 'lmSICH:'l'ER
C RE1\DnGS (mARl Cl\N BE INPUT DIREO'LY. PR::X?ro\MCl\I.!lJIATES
C M!\'lRIC }IN) HYDEWJLICPOl'ENl'IAL. ARRAYDIMrnSICNS I ANDJ
C <X>RRESP<N>'ID DEPTH}IN) TIME RESl?OCTIVELY.
C REOJIRED D~:
C HO = HEIGHI'a~ME:ROJRYSUPPLYSURFJICEJIOOVEroIL SURFJlCE
C (0 IF OCoMEIS SET 'ID 0 AT Il\N) SURFJlCE)
C L = NU18ERa~DEPTHNDAL POINTS
C M = NtMBERa~TlME NDAL POINTS
C T(J)= TIME OF RFJ\DIN:;REIATIVE 'ID lNITIAL TllE (T(1» (fKX.JRS)
C Z (I) = DEPTHOE' RFJ\DIN:;FR:M 9JRFJICE (Z = 0) (eM)
C TEM?(I)= roIL TEMPERA'IUREEm FJ\Ol DEP'lH (USED'ID CAICUIATE
C lNTRINSIC PmEABILITY - NC1l'K) - CENl'IGRADE
C W(I,J) = NE1J'I1~ rom RATIO a::mESI?(N)IN:; TO I & J
C * PR::EE CALIBRATI<NEYJ.KJST BE D01JDED IN PR::X?ro\M
C * KtIrnE DESI~.
C H(I,J)= TENSI(METRIC READIN3SOJRRESI?(N)IN:; TO I & J (M3AR)
C ERROOSIN K CR OI'HERVARIABIESARE lIDlCA'lID BY
C VERYI.J\ffiE OR 91ALL VAllJES (E-sO OR EsO). 'rnESE CFI'EN MEANTHAT
C A ~IVE NU~ WASENXXJNI'EREDPREPARA'ICRYTO A ux.;
C cmvERSICN. 'lliEY 00 IDl' NEr.ESSARILYMEANTHATALL RESULTS
C ARE :IN::CRROCT.
C FllJX ~SIsrs OF INI'EGRATEDWATERLOSS (MASSBrIIJ\OCE)
C .ER:MTHE SURFACE'rnRC03H THE MIDPOlNl' OF THE LAYER (BE'IWEEN
C NDAL POINTS) BEm:;~. l£'IHD IS FINITE DIFFERENCE.
C M4'lE VAllJES IN VERYWETRAN3EARE NEX:::ESSARY'ID INSURE
C THE N:J::J.JP.lC{ OF K VAllJES IN THATRAta, ANDAJ.S) TO
C AVOIDEXCESSIVEERroR IN CAlilJIATICNOF SPECIFIC MJIS'lURE.
C PRE9{XJIHED DATAVAIlJES ARE St03ESl'ED TO PREVENTNffiATIVE
C K VAll.JES.
C .ER:MSURFJlCE'ID DEP'IHOF FIRST TENSICl1EIERANDNEUTRCN
C RFJ\Dm:;, rnADIENT IS CXNSIDEREDSAMEAS NEXl' lNTERVAL:
C
C 'lW) OOTPur FlIES ARE GNrnATED. mE FOR-1l\TEDFIlE
C IN:llDThG TIME,M)ISTURE, MATRICPOTENl'IAL, HYDRAULICGRADIENT,
C HYDRAULICro.1lXCl'lVITY, SPECIFIC MJISIURE, ]IN) DIFFUSIVITY,
C AN) CNE UNFORMA.TEDFIlE WI'IH M)ISlURE, M!\'lRIC POI'ENl'IAL,
C HYDR1\IJLIC<Xl'lrxx::TIVITY,DIFFUSlVITY, ANDINlRlNSIC
C PERM?J\BILITY, FCR DATAPRX:ESSThG REFEREN::E. IN'IRINSIC
C ~ILITY CAICUIATEDHERElDXX.NI'S (lilLY Em VI9:DSITY,
C <XNSIDERIN:; 'IHATGRAVITATICNALAN) WATERDENSITYEFFFX::l'S
C SlKXJIDBE MINIMAL.
C
C 00TPur WITS ARE
C HYD-CX:N (CWHR) DIFF(OO/HR2) PEPM(OO)
C MAT-POI' (01 & KPA) TIME (HR) DEPTH (01)
C M:>IS (VOIaE WATER/~)LU1EroIL)
C GRAD (IEN:;TH HEAD/IEN3THSOIL)
C PRnW1 Fill

0IARI\Cl'ER*1s INFlLE, cmFllE
Q1ARACl'ER*80 HEAD
DIMiNSI<N W(12:,80) , H(12, 80) , Z(12), HM(12,80) , T (80) ,R(80) ,

1 1-I-1A(12,80) , WA(12,80),CXN (12,80) ,lIDP (12) ,
2 GRAD(12, 80), TA(80) ,DIFF (12, 80), s.1(12, 80) ,HMAl(12, 80)
3 , TEMP(12), VIS (12) , PEPM(12, 80)

C
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c
C Begin I/O sp:cifications
C

mITE (*, *) 'ENI'ERINI?UTFTIE'
READ(*,' (A15)') INFTIE
<PEN (15,FTIE = lNFllE)

c mITE (*, *) 'mIER aJ1'I?OT FIIE1'
c READ(*,' (A15)') <X1l'FIIE
c <PEN (16,FllE •.•anFIIE)

WRITE(*, *) 'mIER aJ1'I?OT FIIE2'
READ(*,' (A15)') CUl'FTIE
<PEN (17,FIIE = aJI'FIIE)

C
C Readdata inp.rt:
C

Following lcq> to 119 calOJlates matric potential, viscosity,
and inclu::ES calibration OJrve for neutron probe

calOJlate viscosity fran tarperature for each repth
(HaLdy and Oxli.ngton equation)

VIS(I)= 10**(1301/(998.333+8.1855*(TEMP(I)-20)+
.00585*(TEMP(I)-20) **2 - 1.30233»

00 118 J=l,M
HM(I,J)=H(I,J) *1.02 -lD-Z(I)

neutron probe calibration curve (must be adjusted for probe)
x = (w(i,j)+.01577)/.37694

x = w(i, j)
w(i,j) = .0986* (x**3) - .1215* (x**2) + .522*(x) -.00775

WRITE(16,89)
FCFMAT (2X, 'RIOWIDS PARAMETERS')

cnrrINUE
cnrrINUE

00 119 I=l,L
WRITE(*,*) Z(I)

50
C
*

89
C
C
C
C

C
C
C
C

*

C
C

c

C
C
118
119
C
C

READ(15,' (ABO) ') HEAD
WRITE(16,' (ABO) ') HEAD
WRITE(16,' (lX/) ')

5 FCR1l\T(F5.2,2(lX,I4»
RE1ID (15, *) ID,L,M
READ(15,*) (Z(I),I=l,L)
READ(15,*) (TEMP(I),I=l,L)
READ(15, *) (T(J) ,J=l,M)

00 30 I=l,L
WRITE(*,*) H(I,l),Z(I)
READ(15, *) (H(I,J) ,J=l,M)

30 <X'Nl'INUE
00 50 I=l,L

READ(15,*) (W(I,J),J=l,M)
WRITE(*,*) W(I,l),Z(I),W(I,M)

<X'Nl'INUE
Erx:l. data inplt

00 400 J=1,M-1
DT= T(J+1) - T(J)
TA(J) = (T(J) +T(J+1) )/2

Sl.M=O
00 300 I=l,L
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*
*
*

VRITE (*, *) Z (I)

initiate depth functions

IF (I .m. 1) 'IHEN
DZ=Z(I)

ElSE
DZ=Z(I) -Z (1-·1)

ElVIF
IF (DZ .m. 0) 00 'ID 120

IF (I .EX;~.1) 'mEN
ADP(I) = Z(I)/2

ElSE
ADP(I)=Z(I)-DZ/2

EN)IF
00 'ID 130

120 ADP(1)=0
130 CXNl'INUE
*
*
*

*
*
*

beJin tine functions

TA(J) = (T(J) +T(J+1) ) /2

iniate head functions

IF (I .m. 1) THEN
XB=(HM(1,J)+HM(1,J+1)-HM(2,J)-HM(2,J+1»/2-(Z(2)-Z(1»

ElSE
XB=(HM(I-1,J)+HM(I-1,J+1)-HM(1,J)-HM(I,J+1»/2-DZ

EIDIF
IF( (HM(I-1,.J+1) .IE. 0) .OR.

1 (HM(I,J+1) .IE. 0) .OR.
2 (HM(I-1,.J) .IE. 0) .OR.
3 (HM(I,J) .IE. 0»00 'ID 135

IF (I.EQ.1) 'mEN
HAD= ,!\Iffi (HM(I,J) *HM(I,J+1»
HMA(I"J)=EXP(.5*HAD)

ElSE
HAD= AIffi( HM(I,J) *HM(I,J+1) *HM(I-1,J) *HM(I-1,J+1»
HMA(I"J)=EXP(.25*HAD)

EWIF
00 TO 137

135 IF (I.EQ.1) THEN
HAD=(fM(I,J)+HM(I,J+1) )
HMA(I,J)=HAD/2

ElSE
HAD= HM(I,J)ftM(I-1,J)+HM(I-1,J+1)+HM(I,J+1)
HMA(I,J)=.25*HAD

EWIF
137 CXNl'INUE

IF «XB.EQ.O) .OR. (DZ.m.O» 00 'ID 150
IF (I.EQ.1) 'mEN

GRAD(I,J) = XB/(Z(2)-Z(1»
ElSE

rnAD(I,J) = XB/(DZ)
EWIF
00 'ID 151

150 rnAD(I,J) = -10**(-50)
151 CXNl'lNUE
*
*
*

beJin rroisture functions

IF (I .m. 1) THEN
WA(I,Jl =(W(I,J) +W(I,J+1» *.5
IM=W (I, J) -W(I, J+1)
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91(I,J)=(W(I,J)-W(I,J+1» I (H(I,J)-H (I,J+1»
ELSE

WA(I,J) =( W(I,J) +W(I,J+1)+W(I-1,J+1) +W(I-1,J» * .25
W=(W(I,J) +W(I-1,J)-W(I,J+1)-W(I-1,J+1» *.5
91(I,J)=(W(I,J) +W(I-1,J)-W(I,J+1)-W(I-1,J+1» I

* (H(I,J)+H(I-1,J)-H(I,J+1)-H(I-1,J+1»
ENDIF

WL=.5*DZ*m+SlM
*
*
*
*c

c
c
c
*

Nffi.lITlVEGU\DIENl' RE'J"JJIRED FOR m::wSIrn CF FLUX
ill ~ PRCFIIE MATERIAIS.
as.sune::i negative as data i.np.rt:
IF (GRAD(I,J) .LT. 0) THEN

SlM={)Z*I:M+ SlM

CCNl'INUE
ENDIF

c:c
c:c

c
c
c
c *

*
c
c

500
550

*
575

*
*

580600
*

625
650

IF «(WI. .IE. 0) .CR. (DT .IE. 0) ) ill TO 180
FllJX~WL/DT

GO TO 185
180 FLUX~10**50
185 CCNl'INUE

aN (I, J) =FLUX/GRAD(I, J)
DIFF(I,J)=a:N(I,J)/(- 91(I,J»
lI>1A1(I,J) =. 098*fMl\ (I,J)

C Pemeability calculata:i fran conductivity in anisec
PERM(I,J) = (aN(I,J) 13600) *VIS (I) I (980*1)

300 CCNl'INUE
400 CCNl'INUE

00 500 I=l,L
GRAD(I,J) = - mAD(I,J)

91(I,J) = - 91(I,J)
WRITE (16,' (lX/) ')
WRITE (16,580) ADP(I)

M-M=M-1
WRITE (17,*) ADP(I),MMM
mITE (16,550)
mITE (16,575)
WRITE (16,600) (TA(J),WA(I,J),HMA(I,J),

HMAl(I,J) ,mAD (I,J) ,aN (I,J), ~(I,J) ,DIFF (I,J) ,J=1,M-1)
WRITE (17,625) (TA(J),WA(I,J) ,HMAl(I,J) ,

aN(I,J),DIFF(I,J),PERM(I,J),J=1,M-1)
mITE (16,650)
WRITE (16, *) char (12)

CCNl'INUE
FORMAT(lX, 'TIME', 3X, 'WATER',3X, 'MAT-POT',2X,

'MAT-POT',2X ,'~' ,2X, 'HYD-(X)N',3X, 'SP--M)IS' ,4X, 'DIFF')
FORMAT(lX,' (HR)" 2X, , (CM3/CM3) ',lX, , (CM), ,

3X, , (KPA)" 5X, , (CM/CM), , 2X, ' (CM!HR), ,3X, , (l/CM) , ,
3X, , (CM2/HR) ')

FO~T(lX, 'DEI?TH',2X,F6.0,2X, 'CM')
FORMAT(lX,F6.1,2X,F5.4,2X,F5.0,4X,F5.2,4X,F5.2,5X,E8.2,

2X,E8.2,3X,E8.2)
~T (F6.1,lX,F5.4,lX,F6.2,lX,E10.4,lX,E10.4,lX,E10.4)

FOO>1AT(' l' )
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ExarrpleData 1rlplt. File

HEnA SAIDY IOl\M
18.25,4,34

15,30,46,61,

7.3,7.3,7.3,7.3,

STIE B-1
(00, L, am. M]

(Z(I)]

(Tarp(i)]

.6, .7, .8, .9,1,1.1,1.2,1..35,1.5,1. 8,2 .0,2.25,2 .5, 3. 0, 3 .5,4.0,4.5,5.0, (H(l, J)] (15 an )
10,15,20,25,30,40,46,60,70,80,90,100,110,120,130,140,

51,59,66,69,70,72,73,75,.76.5,80,81.5,83,84.5,86,87, 88, 88.5, 90, [H(2,J)] (30 an)
92.5,96,99,102,104.5,107.5,109.5,113.5,115.5,117,118,119.5,120,121,122,
123.5,

60,72,77,80,81.5,83,84,85,85.5,87,88,89,90,91.8,92.8,93. 5,94,94.2,
97,100,104,107,110,113,116,117.5,119.5,120.5,122,123,124, 125, 126, 128,

[H(3,J)] (46 an)

<xxment.... the followirg data are entered as water rontents, no
.. adjustIrent in calibration in programis necessary

78,82,86,89,91,93,95,98,.99.5,102,104,105,106,108, 108.5,109.5,109.8,110, [H(4,J) ] (61 an)
112,114, 116.5, 119,121, L23,123.5,127.5,129,130, 130.8,131.5 ,132,
132.5,134,135,

.2993, .2835, .278, .265, .:2541,.2475, .243, .2375, .233, .2266, .2235, .2205,

.216,.2045,.197, .194,.1925,.187,.172,.16,.151,.145,.141,.1375,.1365,

.135, .1335, .133, .1295, .1275, .126, .125, .123, .121,

[W(l,J)] (15 an )

.2769, .272, .266, .259, .2516, .2453, .2408, .2335, .2275, .2132, .208, .199, [W(2,J)] (30 an )

.194, .1865, .1816, .177, .174, .172, .151, .1385, .13, .125, .121, .12, .119, .1165,

.1155,.1145,.1135,.1105,.1100,.1085,.107,.106,

.2625,.26, .257,.2518,.243,.2395,.2325,.224,.2174,.2063,.1958,.1904,

.1826, .1737, . 16C15,.164, .1603, .157, .141, .129, .12, .115, .110, .108, .107,

.105, .104,.1025,.1005,.0995,.098,.096,.095,.094,

.2665, .2625, .258, .2523, .246, .2414, .2345, .2283, .2233, .2105, .203, .1986,

.185, .173,.1658, .16,.155,.152,.133,.125,.118,.115,.111,.1075,.1065,

.104, .1015, .10, ..098, .096, .094, .0925, .09, .089,

343

[W(3,J)] (46an)

[W(4,J)] (61 an )
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