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ABSTRACT

DAVIS, E. C., D. S. MARSHALL, R. A. TODD, and P. M. CRAIG.

1986. EPICOR-II: A field leaching test of solidified
radioactively loaded ion exchange resin. ORNL/TM-9850.
0ak Ridge National Laboratory, Oak Ridge, Tennessee.
138 pp.

As part of an ongoing research program investigating the disposal
of radioactive solid wastes in the environment, the Oak Ridge National
Laboratory (ORNL) is participating with Argonne National Laboratory,
the Idaho National Engineering Laborafory, and the Nuclear Regulatory
Commission in a study of the leachability of solidified EPICOR-II
ion-exchange resin under simulated disposal conditions. To simulate
disposal, a group of five 2-m> soil lysimeters has been installed
in Solid Waste Storage Area Six at ORNL, with each lysimeter containing
a small sample of solidified resin at its center. Two solidification
techniques are being investigated: a Portland cement and a viny]l
ester-styrene treatment. During construction, soil moisture
temperature cells were placed in each lysimeter, along with five porous
ceramic tubes for sampling soil water near the waste source. A
meteorological station was set up at the study site to monitor climatic
conditions (primarily precipitation and air temperature), and a data
acquisition system was installed to keep daily records of these
meteorological parameters as well as Tysimeter soil moisture and
temperature conditions.

This report documents the first year of the long-term field study
and includes discussions of lysimeter installation, calibration of soil

moisture probes, installation of the site meteorological station, and

ix



ihe results of the Tirst-quarter sampling for radionuclides in lysimeter
leachate. In addition, the data collection and processing system
developed for this study is documented, and the results of the first

three months of data collection are summarized in Appendix D.



1. INTRODUCTION

One of the major categories of low-level waste produced by
operations at commercial nuclear power plants is spent ion exchange
resin (USDOE 1980). This resin, consisting of both inorganic and
organic media, 1s commonly used in conjunction with various filters
to remove dissolved radioactive material from contaminated water.
Commercial disposal sites, such as the ones located at Barnwell,
South Carolina, and Richland, Washington, receive a combined total of

about 2.96 x 10]5 Bq (80,000 Ci) of activity annually, of which about

1.85 x 10]5 Bqg (50,000 Ci), or 63%, is spent resin shipments. Thus,
of the 76,700 m3 of low-level waste shipped to commercial disposal
sites in 1983, most of the radioactivity was contained in ion exchange
resins (USDOE 1984).

The Nuclear Regulatory Commission {NRC) requires that, prior to
disposal at commercial sites, all ion exchange resin must be solidified
or placed in disposal containers that will maintain the waste form and
ensure immobilization of radioactivity. Because the principal fission
products present are usually ]37Cs and 9OSr, with half lives of
30.2 and 28.1 y, respectively, this solidification process must ensure
immobilization and isolation of radiocactivity for a minimum of
300 yeaks. If such a solidification process were achieved, these major
radionuclides would decay to approximately 1/1024 their original

activity in the 300-year storage period and, therefore, be much less

1ikely to cause future groundwater contamination problems.
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As part of an ongoing research program investigating the disposal
of radicactive solid wastes in the environment, the 0Oak Ridge Nationad
Laboratory (ORNL) is participating with Argonne National Laboratory
(ANL), the Idaho National Engineering Laboratory (EG&G), and the NRC in
a study of the leachability of solidified ion exchange resin under
simulated disposal conditions. The samples being studied have only
recentiy become available and consist of highly loaded resin taken from
EPICOR-II prefilter liners used to decontaminate water from the
Auxiliary and Fuel Handling Building at Three Mile Island (TMI) Unit-2
(McConnell 1983). The resin samples are heing examined under simulated
disposal conditions using specially designed stainless steel field
lysimeters which facilitate leachate collection at several different
points within the soil backfill contained in each lysimeter. Using
this approach, radionuclide migration from the resin can be detected
and movement through soil studied.

The purpose of this report is to document the ORNL field leaching
study including the experimental design, field installation of soil
lysimeters, meteorological data acquisition and handling system, and
leachate collection and analysis schedule. Because of the long-term
nature of the project (planned for approximately 20 years), this report
will focus on the experimental setup and data acquisition system,

leaving an in-depth analysis of leachate samples for future reports.
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2. EXPERIMENTAL DESIGN
2.1 BACKGROUND

The objective of the EPICOR-II lysimeter leaching experiment is to
determine the effect of long-term exposure to natural weather elements
of solidified radioactively stressed ion exchange resin under simulated
disposal conditions. To accomplish this objective, a small area in the
northwest corner of ORNL Solid Waste Storage Area Six (SWSA 6) was
selected for installation of five 2~m3 field lysimeters (Fig. 1),
each containing a small waste column consisting of solidified ion
exchange resin. €Each of the five stainless steel lysimeters
(0.97-m diameter by 3.12-m height) was designed to be completely
self-contained; that is, water entering the top of the lysimeter in the
form of natural precipitation can pass through the upper layer of soil,
contact the waste form, and drain into the bottom of the lysimeter
where there is a leachate collection reservoir. At no time will
leachate that has come into contact with the ion exchange resin escape
from the lysimeter and enter the surrounding soil or groundwater.

The five lysimeters were set on a 1.2-m by 9.1-m concrete pad that
was poured approximately 3 m below the original grade, leaving only the
top few centimeters of each lysimeter to extend above the ground
surface. As a result, the resin sampies experience natural soil
temperature and moisture fluctuations that would be typical of a
disposal environment.

Four of the lysimeters were filled with soil collected from the
Savannah River Plant (SRP) at Barnwell, South Carolina (lysimeters

1-4), while the fifth contains silica sand, which serves as an inert
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material (lysimeter 5). The important soil characteristics are
described in Sect. 2.4. The purpose of the SRP soil is to provide the
resin samples with a storage medium similar to that found at the
commercial waste disposal site in South Carolina. The site has already
received a large amount of contaminated ion exchange resin and will
likely play a key role in resin disposal in the future.

Each lysimeter was equipped with three soil moisture/temperature
probes and five porous cup soil moisture samplers arranged as shown in
Fig. 2. Using this experimental design, leachate can be sampled
periodically from any of the fivé porous cups or from the leachate
reservoir located in the bottom of each lysimeter. A radiochemical
examination of the leachate can determine if radionuclides are being
leached from the resin samples and, if so, how rapidly they are

migrating through the soil.
2.2 10N EXCHANGE RESIN SAMPLES

The jon exchange resin samples used in the field leaching
experiment were taken from core samples extracted from EPICOR-II
filters PF-7 and PF-24 (Neilson and McConnell 1984). Fiiter PF-7
contained a mixture of synthetic organic ion exchange resin types
including phenolic cation, strong acid cation, and strong base anion
resins. Filter PF-24 contained a similar mixture of synthetic organic
ion exchange resins including strong acid cation and strong base anion
resins, but with the addition of an inorganic zeolite. The exact
chemical nature of the resin, including the arrangement in layers
within the EPICOR-II filters, is proprietary information and is

therefore unknown. For an in-depth discussion of the ion exchange
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resin samples and the development of a Portland cement and vinyl
ester-styrene solidification technique used to solidify samples used in
this experiment, refer to Neilson and McConnell (1984).

As iTlustrated in Fig. 2, each of the five field lysimeters
contains a small column of solidified resin located at the approximate
center. Each resin column is actually composed of seven separate
cylindrical samples stacked one on top of the other to yield a resin
column 4.6 cm in diameter and 53.2 cm in height. Thus, a total of
35 resin samples was needed for the five lysimeters. The 35 samples
were solidified at EG&G before being shipped to ORNL where they were
taken out of their polyethylene molds. In preparation for loading into
the field lysimeters, the samples were extruded from their molds in
groups of seven and placed in 5-cm-diam. by 76.2-cm-long transport
tubes using the ORNL Hot-Cell Facility (Building 3525) for remote
handling. A more detailed description of the resin sample unloading,
transport to the experimental site, and lysimeter loading procedure is
presented in Sect. 4.4.

The experimental design called for three of the five lysimeters
(1, 2, and 5) to be loaded with ion exchange resin solidified with
portland cement, and two (3 and 4) to be loaded with ion exchange resin
solidified with vinyl ester-styrene. These samples were made in batch
experiments carried out at EG&G (Neilson and McConnell 1984) and were
transported to ORNL in December 1984 in two lead-lined 207-L transport
drums along with the stainless steel lysimeters and additional
equipment required to set up a site meteorological station. Table 1

summarizes the EPICOR-1I1 experimental design by showing the leaching
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matrix {(the material the resin is being weathered in), the resin
solidification technique, the resin source (PF-7 organic resin or PF-24
organic resin with zeolite), and the individual sampie codes assigned

by EG&G.
2.3 FIELD LYSIMETERS

tach of the five field Tysimeters consisted of a 0.97-m~1ID by
3.12-m-high right circular cylinder constructed of number 12 gage
stainless steel (Fig. 2). Each was constructed with a 346-L leachate
collection reservoir located in the bottom third of the vessel, with a
3.8-cm schedule 40 stainless steel pipe to serve as access to this
leachate reservoir. A complete structural engineering analysis of the
lysimeter design was conducted by EG&G prior to construction, and a
leak test of each unit was performed prior to shipment. The leak test
consisted of maintaining an internal pressure of 3515 kg/m2 (5 psi)
for a period of 2 h with no visible signs of water jeaking from the
unit. Thus, the integrity of each lysimeter was ensured before being

accepted for field use.
2.4 SOIL AND SAND BACKFILL

The experimental design called for lysimeters 1 through 4 to be
backfilled with subsoil from the commercial waste disposal site located
at Barnwell, South Carolina. This subsoil, underlain by the
Hawthorn-Barnwell Formation of the Tertiary age, is in the Fuguay
series and is classified as a sandy loam (Fowler, Essington, and
Polzer 1979). It is considered typical of material the resin would

1ikely be stored in if it were sent to this particular site for
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Table 1. Summary of the ORNL EPICOR-II resin leaching experimental
design
Resin
Lysimeter Leaching Solidification Resin Sample
Number Matrix Technique Source Code
1 Fuquay Soil Portland Cement PF-7 €i-13,C1-16
C-Horizon C1A-13,C1A-14
C1A-15,C1A-16
C1A-17
2 Fuquay Soil Portland Cement PF-24 £28-8,02B-9
C-Horizon £28-10,C28-11
€28-12,(02B-13
C28-14
3 Fuquay Soil Vinyl PF-7 D1A-8,01A-9
C-Horizon Ester-Styrene DI1A-10,D1A-11
DIA-12,D1A-15
D1A-16
4 Fuquay Soil Vinyl Pr-24 D2-7,02-8
C-Horizon Ester-Styrene D2-9,02-10
D2-11,02-15
D2-16
5 Silica Sand Portland Cement PF-24 £28-22,028-23

€2B-24,028-25
€28-26,C28-27
C2B-28
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disposal. After contacting officials at Barnwell and receiving a
negative response to requests for soil samples, an alternative approach
was taken, and the required soil was collected from a clay borrow pit
at the SRP located adjacent to, and slightly east of, the Barnwel)
commercial waste disposal site (Fig. 3). Subsoil from the C-horizon at
this borrow pit is, for all practical purposes, identical to that found
at the Barnwell site (Rogers 1985), and this similarity can be seen by
comparing of the soil texture of the sample collected with a sample
taken previously from a Barnwell trench (Table 2). Perhaps the two
most important soil characteristics to look at in Table 2 are the soil
pH and percentage clay (3.5: 37.5% and 6.2: 39.2% for the Barnwell
sample and the SRP sample, respectively). Any 137Cs that is released
from the resin will be adsorbed to the clay particies and hence become
immobilized until the point is reached where the adsorption capacity of
the clay is exceeded. It is for this reason that soil texture,
particularly percentage clay, was the key factor in selecting a soil
that would represent that found in the Barnwell trenches.

On May 2, 1985, approximately 15 m3 of Fuquay sandy loam was
collected from a borrow pit at the SRP using a front-end loader.
The topsoil (A and B horizon) had been previously removed, and the
estimated depth of the sample collected (judging from the surrounding
undisturbed area) was between 6 and 9 m. The soil was loaded into a
covered dump truck and delivered to the ORNL EPICOR-II experimental
site on May 3, 1985.

The inert material selected for use in lysimeter 5 was a

fine-textured silica sand purchased from Uniman Sand Company located
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Table 2. Comparison of 5011 texture between a sample collected from a
trench at the Barnwell waste disposal site and soil from the
SRP clay borrow pit

Chem Nuclear SRP
Parameter Sampled samplel
pH 3.5 6.2¢
% Sand 51.5 58.4
% Silt 11.0 2.4
% Clay 37.5 39.2
¥ Vermiculite 12 10
% Kaolinite 117 80
% Gibbsite 5 5
Fe, Al, Organic & 5

3Source: Fowler, E. B., E. H. Essington, and W. L. Polzer. 1979.
Interactions of Radiocactive Wastes with Soils - A Review. Los Alamos
Scientific Laboratory, University of California. NUREG/CR-1155.
US~-UR-79-2910.

bsgp clay borrow pit sample used to fill lysimeters for this study.

CTwenty grams of soil in 20 mL of distilled water.
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in Utica, I1lincis. In May 1985, 4.5 metric tons of Gran-4-Sil 100 ®
was delivered to the site and stockpiled for use in loading

lysimeter 5. The cation exchange capacity (CEC) of silica sand is
known to be very low, making it an ideal control material for the study

of radionuciide movement in the lysimeters.

2.5 POROUS CUP SOIL MOISTURE SAMPLERS

At five locations within each lysimeter, a 50-mL porous cup was
installed for the purpose of collecting soil water (Fig. 2). Each cup
was installed by placing it in a soil cavity filled with silica flour
paste and then covering it with either soil or sand depending on the
particular leaching matrix being used. The purpose of the silica flour
was to ensure continuous contact between the porous cup and the
surrounding soil, facilitating sample collection at scheduled
intervals. The cups were oriented in a specific pattern around the
resin sample (top view shown in Fig. 2) and were each set at an
approximate 45° angle within the silica flour cavity. Two Tygon tubes
used for sampling were connected to each porous cup and were run
horizontally to the side of the lysimeter, and then vertically to the

top, as the lysimeter was being filled.

2.6 SOIL MOISTURE/TEMPERATURE PROBES

To give an indication of when the so0il in each lysimeter is
saturated and amenable to collection of a soil pore water sample,
each lysimeter was fitted with three soil moisture/temperature probes
(Fig. 2). These probes were located approximately 10.2 cm from the

lysimeter wall at the 90° location. Probe A is 28.8 cm above the zero
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reference elevation, probe 8 is 77.9 ¢m above this reference, and

probe T is on top, 149 cm above this reference. The wire leads from
each probe were run to the side of the lysimeter, and then out to the
top where they run through underground PV(L conduit to a Campbel)
Scientific CR-7 data Yogger. A complete discussion of the soil moisture

probe laboratory calibration procedure is contained in Sect. 3.

2.7 HWETEOROLOGICAL STATION

One of the key factors in evaluating the leachability of the
salidified resin samples stored in each lysimeter is an accurate
summary of the site meteorolegical conditions. To collect this
meteorolegical data, a station was set up at the EPICOR-II site to
monitor (1) precipitation (Weathermeasure model 6011-A tipping bucket
rain gage), (2) wind speed {Campbell Scientific model 014A wind speed
sensor), (3) wind direction (Campbell Scientific model 024A wind
direction sensor), and (4) air temperature and relative humidity
(Campbell Scientific model 207 temperature and relative humidity
probe). A 3- by 4-m concrete pad was constructed adjacent to the five
lysimeters to serve as a permanent location for the meteorological
tripod and associated rain gage. Each instrument listed above was
directly connected to a Campbell Scientific model CR-7 data logger,
which records and stores data on cassette tape on a daily basis. In
addition to the meteorological equipment, wire leads from the fifteen
soil moisture/temperature probes were connected to the data logger to

record soil temperature and moisture on a daily basis.
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3. CALIBRATION OF THE SOIL MOISTURE PROBLS

3.1 BACKGROUND

The objective of locating three soil moisture probes in each
EPICOR-II lysimeter is to monitor soil moisture as a function of depth
and, thus, determine when the soil is near saturation and amenable to
pore water sampling. E£ach probe is 2.54 by 3.8 by 0.3 c¢m thick and
consists of two corrosion-resistant metal plates separated by a
fiberglass binding which provides a coupling whose resistance varies
with soil moisture content. As the soil moisture within a lysimeter
increases, the conductivity of each probe increases, and a relationship
can be established between cell voitage and soil moisture. This
relationship, usually described by a polynomial equation, is specific
to a particular soil and probe, and must be verified if a number of
probes are going to be used in the same soil for a particular
experiment (Soiltest, Inc. 1975). 1If, for some reason, there is a
discrepancy in the voltage readings of a particular probe (e.g., it
does not follow the same voltage-moisture curve as the rest of the
probes), it is recommended that the probe be discarded and another
selected in its place.

Calibration of the soil moisture probes consisted of the following
basic steps: (1) determine that all 15 probes yield a similar voltage
when placed in the same sample of soil, (2) select two of the 15 probes
for detailed calibration studies in Fuquay soil, (3) select three of
the 15 probes for detailed calibration studies in silica sand, and
(4) derive coefficients for polynomial equations describing the soi}l

and sand calibration curves. These coefficients are required by the
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CR-7 data legger for the conversion of probe voltage to percent soil
moisture. Each of these four tasks was completed in the laboratory
before the eguipment was installed at the field site, and is described

in the remainder of Sect. 3.

3.2 MOISTURE TRACKING IN FUQUAY SOIL

Before the 15 soil moisture probes could be loaded into the
EPICOR-II lysimeters (Fig. 2), it was necessary to establiish that the
voltage-soil moisture relationship between probes was similar. If this
were the case, then a single polynomial equation for each soil type
could be programmed into the CR-7 data logger to describe this
relationship for all probes. If this were not true, and voltages
varied between probes, then additional probes would have to be tested
until a "matched set" of 15 could be found. To answer this question of
similarity between probes, a laboratory-scale moisture tracking
experiment was carried out prior to individual probe calibration. The
experiment actually served a second purpose and that was to help the
operators become familiar with the CR-7 programming, the probe
installation techniques, and the data retrieval system.

Prior to carrying out this moisture tracking experiment, a group
of 16 soil moisture probes being considered for use was assigned
individual numbers (1-16) and the 7.6-m wire lead length on probes 1,
2, 3, 13, 14, and 15, was increased by 3 m to ensure that there was
adequate wire to reach the CR-7 data logger. This lengthening process
was necessary because these probes were to be located in the end
lysimeters (1 and 5), which were farthest from the data logger and

could not be reached by the initial 7.6-m lead.
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Next, probes 3 (10.6-m lead) and 9 (7.6-m lead) were selected and
set aside for individual calibration studies {Sect. 3.3), while the
remaining 14 probes were loaded into two 20-cm-diam. number 270 soil
sieves containing a sample of Fuquay soil. Each probe was connected to
the CR-7 data logger, and the soil was wetted to saturation and allowed
to air dry for a period of several days while the logger recorded
individual probe voltages on an hourly basis. Figure 4 summarizes
results of the second soil wetting in Fuquay soil under these
conditions and suggests that each -of the 14 probes tested tracked along
a similar path. There did not appear to be any deviation due to the
additional lead length of probes 1, 2, 3, 13, 14, and 15, which was an
important consideration. The voltage at saturation ranged between
0.55 and 0.70 V and rapidly approached a value below 7 mV during the
approximate 3-d drying period. As a result of this exercise, it was
determined that each of the 14 probes behaved in a similar fashion and
that a single polynomial equation could be used to relate probe voltage

to soil moisture.

3.3 CALIBRATION OF PROBES 3 AND 9 IN FUQUAY SOIL

Probes 3 and 9 were selected for in-depth laboratory studies
designed to determine the coefficients of a polynomial equation
relating probe voltage to soil moisture. The selection of these two
probes was based on the results of preliminary tracking experiments
{similar to those described in Sect. 3.2 but carried out in soil
derived from Conasauga Shale, the native soil material at SWSA 6) which
revealed that these probes tracked along the same curve as the other

14 probes and could, thus, be considered representative of the entire
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population of probes being tested. Probe 3 was selected because of its
long lead length {10.6 m), while probe 9 was selected to represent
probes with shorter (7.6 m) lead lengths.

Each probe was weighed and placed in a 80—cm3 calibration box
constructed of stainless steel wire mesh. Oven-dried Fuquay soil was
compacted around the probe, and a stainless steel 1id was set over each
box and taped to ensure that none of the contents spilled.  After
weighing the calibration box, soil, and probe, each unit was saturated
with distilled water and allowed to equilibrate in a constant humidity
chamber {chamber maintained at 98% relative humidity using a

wick-equipped beaker of Pb(NO,),] for a 24-h period. After 24 h,

302
the calibration boxes were removed from the constant humidity chamber,
weighed to determine the actual soil moisture (percentage of the oven
dry weight of the soil), and connected to the CR-7 data logger to
record both temperature and probe voltage. After these readings, the
calibration boxes were allowed to air dry for several hours and were
then returned to the constant humidity chamber for another 24-h

period. Using a series of these drying, equilibrating, weighing, and
voltage/temperature recording steps, probes 3 and 9 were calibrated
from near saturation (approximately 30% moisture) to near dryness over
two wetting cycles (Tables 3 and 4). The voltages recorded in Tables 3
and 4 were then temperature corrected to 15.5°C (60°F) using a

three-step process. First, the measured voltage (Vr) was used to

calculate the moisture cell resistance (Rr) by the equation:

Rr = 1K(1 - Vr)/Vr . (1)
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Table 3. Moisture calibration of probe 9 in Fuguay soil

~1n of Temperature

Soil Temperature- Corrected
Moisture Voltage Temperature Corrected Voltage
(%) (v) (°C) Voltage (v)

Wetting Number Cne

29.53 0.342387 22.560 0.30573 1.18505
25.60 0.45579 22.416 0.41705 0.37456
22.35 0.28421 23.134 0.24593 1.40270
19.85 0.21038 22.673 0.17964 1.71680
16.54 0.14895 22.924 0.12365 2.09030
13.99 0.711440 22.581 0.09444 2.35974
11.44 0.05726 22.812 0.05387 2.92123
8.70 0.00552 23.006 0.60401 5.51836
6.9 0.00070 23.261 0.00047 7.66010
5.46 0.00022 23.455 0.00014 8.86397
3.96 0.00070 22.171 0.00007 9.60184
Wetting Number Two
25.97 0.29230 19.776 0.27029 1.30825
22.80 0.31373 22.345 0.27185 1.28069
12.15 0.17397 22.518 0.14727 1.97548
16.30 0.12284 21.744 0.10412 2.26223
13.04 0.08359 22.498 0.06822 2.68497
10.42 0.03823 21.042 0.03173 3.45038
6.69 0.60070 22.545 0.00049 7.62305
4.85 0.00025 21.958 0.00017 8.64907
2.89 0.00017 22.102 0.00012 9.05284
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Table 4. Moisture calibration of probe 3 in Fuquay soil

-1n of Temperature

Soil Temperature~ Corrected
Moisture Voltage Temperature Corrected Voltage
(%) (V) (°c) Voltage (V)

Wetting Number One

36.91 0.33138 22.459 0.29421 1.22348
32.87 0.29881 21.649 0.26709 1.32017
30.42 0.33138 22.361 0.29472 1.22174
27.49 0.29947 22.570 0.26311 1.33517
22.42 0.20215 20.543 0.18074 1.710M
17.63 0.10426 20.094 0.09188 2.38726
14.18 0.06226 20.904 0.05268 2.94342
10.32 0.00212 21.437 0.00161 6.43165
7.35 0.00027 22.647 0.00018 8.60812
5.76 0.00017 21.793 0.00012 9.03523
Wetting Number Two
27.83 0.25568 22.002 0.22450 1.49388
23.517 0.23878 21.172 0.21240 1.54926
17.45 0.11418 21.969 0.09586 2.34489
11.46 0.03084 22.465 0.02420 3.72130

6.12 0.00020 21.890 0.00014 8.9741
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As shown in Fig. 5, this arises from a simple resistor divider network
where the excitation voltage of 1 V is applied to the series
combination of the moisture probe resistance and a 1-kQ terminating
resistor. From graphs obtained from the moisture probe manufacturer,
an expression was derived to calculate what the cell resistance would
be at 15.5°C (60°F), a temperature assumed to be typical of field

conditions. This equation to correct moisture cell resistance is:

RC = Rr e(m In Rr+b)(T-60) (2)

where
Rc = corrected probe resistance (ohms),
Rr = resistance read (ohms),
m = 2.22376 x 1072,
b = -2.93241 x 1077,
T = temperature (°F).

The temperature-corrected resistance (Rc) was then used to calculate
the voltage that would be observed had the probe been at 60°F. The

corrected voliage (Vc) was then calculated from £q. (3).

V¢

it

[1000/(1000 + Rc)] x 1T V . (3)

The negative natural log (-In) of the temperature-corrected voltage and
the actual soil moisture were then plotted for both probes (Fig. 6).
The coefficients of the third-order polynomial of best fit were then
determined, yielding the following eguation to relate the natural log

of probe voltage to soil moisture.

2 3 4 5

f(x) = CO + Clx + C2x" + C3x" + C4x + C5x , (4)
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Fig. 6. Calibration curve for soil moisture probes 9 and 3 in Fuquay
soil.
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where
€0 = 47.5174,
€1 = 19.799,
€2 = 3.2416,
€3 = 0.1739,
€4 =0,
€5 = 0.

The coefficients of this fifth-order polynomial were entered into the
CR-7 program (Appendix A) to convert probe voltages to soil moisture
percentage for probes 1 through 12. Probes 13, 14, and 15 were located
in silica sand and, thus, required development of a different

polynomial, considered in Sect. 3.4.
3.4 CALIBRATION OF PROBES 13, 14, AND 15 IN SILICA SAND

The calibration procedure for the probes placed in silica sand was
similar to that described in Sect. 3.3 for the Fuquay soil. All three
of the probes used in the sand had long lead lengths (10.6 m) in order
to reach from lysimeter 5 to the CR-7 data logger. Each of the three
probes was weighed and placed in an 80~cm3 calibration box
constructed of stainless steel wire mesh as described before.
Oven-dried silica sand was compacted around the sensor, and the
stainless steel 1id was taped to the box to prevent spillage and to act
as a strain relief for the wires coming from the sensors.

The results of the calibration, as shown in Fig. 7, are quite
different from those for the Fuquay soil. The probes in the silica

sand seemed to retain moisture even when the moisture content by weight
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was less than 5%, and the electrical conductivity of the moisture praobe
remained guite high until the sand was absolutely dry. Because of
this, the horizontal axis shown for the calibration curve extends only
to 1.2, which corresponds to a voltage reading of 0.30 V. Readings in
the millivolt range were common for comparable moisture content in the
Fuquay soil.

After temperature correcting the laboratory voltage measurements
as described in Sect. 3.3, the following polynomial coefficients
[coefficients for Eg. (4)] were determined to relate the natural log of

probe voltage to soil moisture:

€0 = 53.000,
C1 = 138.62,
€2 = 223.07,
€3 = 124.20,
C4 =0,
C5 =0.

The coefficients are entered into the EG&G-modified CR-7 data logger
program as shown in Appendix A. The third-order curve produced by this

poiynomial expression is shown, along with the data points, in Fig. 7.
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Fig. 7. Calibration curve for soil moisture probes 13, 14, and 15 in
silica sand.
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4. FIELD TNSTALLATION OF THE EPICOR-II LYSIMETERS
4.1 BACKGROUND

A small area of ORNL's currenily operating SWSA 6 was selected for
installation of the five EPICOR-II field lysimeters. The site had the
advantage over other possibie sites in that it is located within a
restricted area that requires a key card for entry, i1t has been
previously designated as a research area and will not be taken in
future years for waste disposal trenches, it is near the top of a hill
so that it will not flood or intercept the water table, and it is in a
cleared area where there will be 1ittle physical interference to the
meteorological station. At the completion of the field experiment, the
lysimeters can be covered with a stainless steel plate and left in

place, or moved to an alternate jocation if necessary.
4.2 INSTALLATION OF LYSIMETERS

On January 17, 1985, excavation of a trench with sloping sides was
initiated in preparation for constructing the concrete pad on which the
lysimeters were to be set. The trench was approximately 3.7 m deep
(10.7 m long and 1.8 m wide at the bottom) to allow for a layer of
crushed stone, a 30-cm-thick concrete pad, and the full 3.12-m height
of the lysimeters. The Tower 1.2 m of the side walls of the trench
were shored up with plywood sheets to prevent possible slumping of the
side walls during the concrete pouring and lysimeter installation.

The concrete pad was constructed according to EG&G Drawing
Number 164326, which specified that the concrete he 2.7 x 106 kg/m2

(3000 psi) at 28 d, be level with a tolerance of 0.3 ¢cm in 1.2 m, and
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be reinforced with a network of number 4 and number 5 steel rebar. The
size of the pad (1.2 by 9.1 m) allowed for a spacing of 1.8 m between
lysimeter centers and ensured that the lysimeters would remain vertical
and stationary during the soil backfilling process.

On May 1, 1985, the concrete pad was completed, and the five
lysimeters were set in place and secured to the pad with steel bolts
(Fig. 8). The soil from the trench excavation was then backfilled
around the lysimeters and compacted in place using a one-man
gas-powered soil compacter. Extensive hand work was required in the
spaces between the lysimeters, and care was taken so that none of the
lysimeters were damaged. Fiqure 9 shows a view of the site after the
5011 backfilling was completed.

Several days after the lysimeters were in place, the inside
walls were washed with water to remove dirt that had collected during
shipment. Wash water draining to the leachate collection reservoir was
pumped out using a Masterflex model 7535-10 pump and a 4-m length of
Tygon tubing. After this cleaning operation, 410 kg of silica quartz
river rock was delivered to the site from a local limestone company
(American Limestone, Knoxville, Tennessee) that purchased the rock from
the W.S. Bonsal Company in Lilesville, North Carolina. The rock was
thoroughly washed to remove fine particles and stored in 132-L
containers prior to loading into the lysimeters.

After both the stone and the lysimeters were washed and a
stainless steel filter was placed in the hole that drains to the
leachate collection reservoir, 80 kg of stone was added to each

lysimeter to serve as a support medium for the soil and sand. The
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Fig. 8. EPICOR-II lysimeters being lowered into place.
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volume occupied by 80 kg just filled the lysimeter to reference
elevation zero (Fig. 2). Next, a 91-cm-diam. circular piece of filter
fabric was placed over the stone to separate it from the soil matrix.
At this point, the lysimeters were ready to be loaded with soil (sand
for lysimeter 5) and the instruments detailed in Fig. 2.

In early June 1985, a portable gas-powered soil crushing machine
was transported to the site, and filling of the lysimeters was
initiated. Buckets containing approximately 14 kg of Fuquay soil were
taken from the soil crusher (Fig. 10) and lowered into each lysimeter
where they were spread and compacted using the weight of the person
working in the lysimeter. Metal measuring tapes were placed down the
sides of each lysimeter at four positions (0, 90, 180, and 270 degrees)
to assist in keeping track of the depth of soil and the position of
various probes. When the elevation of a particular soil moisture cup
was reached, a solid aluminum, cylindrical-shaped mold was set in place
at the specified orientation and soil was packed around the mold until
the top shoulder was reached (Fig. 11). The mold was then removed,
leaving a small cavity in the soil that was immediately filled with a
stiff mixture of silica flour paste (Fig. 12). A porous soil moisture
cup was then placed in the silica flour mixture, with care being taken
to suspend the cup within the flour and not let it touch any side of
the cavity. Soil was then added to the top of the cavity to bury the
cup, and the two Tygon tubes attached to each porous cup were run
horizontally to the lysimeter wall, and then vertically to the surface.

At elevations 28.8, 77.9, and 149.0 cm, the soil moisture probes
were placed 10.2 cm from the side wall in a vertical position. Soil

was compacted around the probes, and the wire leads were run to the
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Soil cavity filled with silica flour paste during
installation of porous cup.
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lysimeter walls and out, in the same manner as the tubing from the
porous cups. At elevation 51.2 cm, a 5-cm-ID steel pipe was positioned
in the center of the lysimeter to serve as an access tube for later
insertion of the solidified resin samples (Fig. 13). The pipe was open
ended at the bottom and placed directly on the soil surface. At the
top end, the pipe had a threaded connector that was machined on the
inside to allow a slip-fit connection to a similar-sized pipe serving
as a resin sample transport tube. This top of the pipe was set flush
with the top of a piece of plywood spanning the diameter of the
lysimeter and containing a centering hole. The plywood template was
clamped to the outer edges of the lysimeter to hold the top of the
access pipe secure and in place. The remainder of the lysimeter was
then filled with soil until an elevation approximately 13 c¢cm below the
top of the lysimeter was reached (Fig. 14). Table 5 summarizes the
lysimeter loading process by tabulating the weight of the soil added,
the in-place density, and the moisture content of the soil as it was

being loaded.

4.3 PLACEMENT OF THE RESIN SAMPLES IN THE LYSIMETERS

After the last iysimeter (lysimeter 5) was filled, the resin
samples were loaded into the access wells, and the wells were removed.
To accomplish this, the 35 resin samples were removed from their
plastic molds in the ORNL Hot-Cell Facility. The cylindrical samples
were then washed in a pan of water to remove dust particles and placed
in one of five resin sample transport tubes that were constructed of
the same diameter steel pipe as the lysimeter access well (Fig. 15).

The transport tubes were closed at the top but open at the bottom to



Fig. 13.
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Steel access tube used as a well for loading resin samples
into lysimeters.
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View of a lysimeter after filling was completed.
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Steel transport tubes being loaded with resin samples in ORNL
hot-cell facilities.
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Table 5. Summary of amounts of Fuquay soil added to each lysimeter

Total Soil Soil
Lysimeter Soil Added Density Moistured

(kg) (g/cmd) (%)

1 1837.5 1.33 9.59

2 1905.5 1.38 8.9

3 1840 1.33 9.90

4 1846 1.33 8.91

5 2262 1.64 0.04

daverage soil moisture determined from samples collected at
several different depths during the lysimeter loading process.
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allow insertion of the resin samples. After each of the five tubes was
loaded with the correct resin samples (Table 1), a removable brass pin
was placed across the bottom opening to keep the samples from falling
out of the tubes. The labeled tubes were then connected at the top to
individual 10-m lengths of wire cable and loaded into .a bottom-loading
shielded carrier that was placed on an open-bed truck for tkansport to
the site. The wire attached to each transporit tube was threaded
through a small hole in the top of the carrierkand taped to: the outside
wall where it could be reached during the transfer process.

A crane was used to position the lead carrier over each lysimeter
while a single transport tube was lowered from the carrier by the
attached cable. Care was taken to position the bottom door of the
carrier directly ovef the access well before the transfer process
began. The transfer tube was then attached to the access well via the
slip-fit joint in the top of the access well, and the removable brass
pin was pulled using a 3-m rod with a hook attached to the end. As
soon as the pin was removed, the seven resin samples fell ffom the
transport tube into the access well (Fig. 16). After the first
lysimeter was loaded, the carrier was moved to the next lysimeter, and
the unloading steps described above were repeated. 1In total, the resin
loading procedure required 1 h and resulted in only minima]kground
contamination, which was easily c]eaned”using a survey meter and
shovel. Exposure to the persons manipulating the transfer tubes was
held to a total of 5 mR for the entire operation. It was felt that
this exposure was well within the ALARA (As Low As Reasonably
Achievable) principle, as the activity at approximately 30 cm from

resin sample D2-9 was measured earlier to be 10 R/h.
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When loading was completed, the lysimeter access wells were
removed by the crane and were immediately bagged for disposal. Care
was taken to see that none of the resin samples were pulled out of the
hole along with the access wells, and an additional small amount of
soil was added and compacted to fill the remaining hole above the resin
samples. After the hole was filled and several contaminated spots on
the ground surface were removed, the gamma radiation measured at the
surface of each lysimeter was equal to background, and the transfer
process was completed. Tops were put over all five lysimeters and were
not removed until August 1, after several trial runs with the

meteorological data acquisition system had been completed.

4.4 INSTALLATION OF THE METEOROLOGICAL STATION

The meteorological station installed at the EPICOR-II site
consists of a tipping-bucket rain gage, a wind speed sensor, a wind
direction sensor, and an air temperature-relative humidity probe. All
equipment, except the rain gage, is mounted on a 3-m electrically
grounded tripod located on a concrete pad adjacent to lysimeter
number 3. The CR-7 data logger is located in a weatherproof housing at
the edge of the concrete pad and receives wires from the 15 soil
moisture probes and all of the meteorological instruments. Wires from
these instruments were run directly into the CR-7 housing, while wires
from the soil moisture probes were run through 5-cm PVC conduit to
the side of the housing. Electrical power was supplied to the CR-7
unit, and the 12-V dc batteries are reserved for a backup source of

power.
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| A1l the meteorological equipment was tested in the laboratory
prior to field installation and, when possible, the data being
collected have been field checked. For example, a weighing bucket rain
gage located approximately 60 m from the EPICOR-II site has been used
to compare site rainfall with that being collected at the
meteorological station. Table 6 summarizes this comparison for the
period June 26, 1985, to September 30, 1985.

During the trial data collection period conducted in July 1985, a
problem with the CR-7 unit was noted and resulted in extremely high
values of precipitation being recorded on certain days (Table 6). The
problem was traced to one of the UART chips in the logger electronics,
which was replaced on July 30. At that point, the data collection
system was judged to be working properly, and the lysimeter covers were
removed to eprse the soil to precipitation and thus initiate the
experiment.

The data logger worked without problem from July 30 to September 6,
however, total rainfalls were reported to be approximately 80% of that
measured with the weighing bucket gage. A second problem with the
UART chip was noted after September 6, causing the extremely high
precipitation values occurring after this date. Backup precipitation
data collected near the EPICOR site was used until the CR-7 electronic

problems could be solved.
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Table 6. Comparison of EPICOR-II precipitation data with a weighing
bucket gage located in SWSA &

Julian SWSA 6 EPICOR
Day Precipitation Precipitation
Date {1985) {mm) (mm)
6-26-85 171 10.2 9.4
6-27-85 178 0 a
6-28-85 179 0 0
6-29-85 180 0 0
6-30-85 181 40.1 a
TOTAL 50.3
7-01-85 182 4.6 5.6
7-02-85 183 0 0
7-03-85 184 0 0
7-04-85 185 0 a
7-05-85 186 0 0.5
71-06-85 187 1.3 2.3
7-07-85 188 0 a
71-08-85 189 b 0
7-09-85 190 b a
7-10-85 19N b 14.2
7-11-85 192 0 a
7-12-85 193 0 0.7
7-13-85 194 0 0
7-14-85 195 0 0
7-15-85 196 0 a
1-16-85 197 0 0.7
7-11-85 198 2.5 a
71-18-85 199 0 0
7-19-85 200 0 a
7-20-85 201 0 a
7-21-85 202 0 a
71-22-85 203 0.6 a
7-23-85 204 29.2 a
1-24-85 205 0 a
71-25-85 206 0 a
1-26-85 201 15.2 3
71-27-85 208 0 a
7-28-85 209 22.9 a
7-29-85 210 3.8 a
7-30-85 211 6.4 0.2¢
7-31-85 212 0 0

TOTAL

=]
o
[5,]
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Table 6. (Continued)

Julian SWSA 6 EPICOR
Day Precipitation Precipitation
Date (1985) (mm) (mm)

8-02-85 213 5.7 6.1
8-02-85 214 0 0
8-03-85 215 0 0
8-04-85 216 0 0
8-05-85 211 0 0
8-06-85 218 15.9 d
8-07-85 219 2.5 d
8-08-85 220 0 0.2
8-09-85 221 0 0
8-10-85 222 0 0
8-11-85 223 0 0
8-12-85 224 0 0
8-13-85 225 1.9 1.5
8-14-85 226 0 0
8-15-85 221 1.3 1.5
8-16-85 228 101.0 82.5
8-17-85 229 38.1 21.6
8-18-85 230 0 0
8-19-85 231 0 0
8-20-85 232 0 0.5
§-21-85 233 0 0
8-22-85 234 0 0
8-23-85 235 0.6 0.5
8-24-85 236 25.4 17.5
8-25-85 237 9.5 6.9
8-26-85 238 12.7 10.2
8-27-85 239 0 0
8-28-85 240 0 0
8-29-85 24 0 0
8-30-85 242 15.9 12.4
8-31-85 243 0 0

|

TOTAL 230.5



47 ORNL/TM-9850

Table 6. (Continued)

Julian SWSA 6 EPICOR
Day Precipitation Precipitation
Date (1985) (mm) (mm)
9--01-85 244 0 0
9-02-85 245 0 0
9-03-85 246 0 0
9-04-85 247 0 0
9-05-85 248 1.9 1.0
9-06-85 249 12.7 a
9-07-85 250 0 a
9-08-85 25 0 a
9-09-85 252 0 a
9-10-85 253 0 a
9-11-85 254 0 a
9-12-85 255 0 a
3-13-85 256 0 3
9-14-85 251 0 3
9-15-85 258 0 a
9-16-85 259 0 a
9-17-85 260 0 a
9-18-85 261 0 a
9-19-85 262 0 a
9-20-85 263 0 a
9-21-85 264 0 a
9-22-85 265 0 a
9-23-85 266 11.4 a
9-24-85 261 11.4 a
9-25-85 268 0 a
9-26-85 269 5.1 a
9-27-85 210 0 a
9-28-85 2N 0 a
9-29-85 272 0 a
9-30-85 273 0 a
TOTAL 42.5

3Data logger malfunction due to hardware failure.
bMissing data due to operator error.
Cpata logger hardware failure repaired.

dMissing data due to malfunction of rainfall gage.
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5. DATA ACQUISITION SYSTEM

5.1 BACKGROUND

The EPICOR-II data acquisition system consists of the following
sequence of steps: (1) the CR-7 data logger receives an electronic
signal from each of the instruments (soil moisture probes, etc.) at a
specified time dependent upon how the CR-7 is programmed; (2) at the
beginning of a day (0000 h), the CR-7 averages or totals the data in
memory for the previous day and writes the daily average or total to
cassette tape (e.g., average air temperature or total rainfall); and
(3) the cassette tape is retrieved from the site at scheduled intervals
and translated using a Campbell Scientific C20 cassette interface. The
tape translation process of step 3 consists of transferring a block of
200 numbers for each day from storage on the tape to a disk file on an
IBM PC. Once the data have been transferred, they can be kept in
files, arranged in tables for presentation in reports, or input into
graphics programs to display a specific variable (e.g., rainfall) as a
function of time. Figure 17 summarizes the flow of data from the field

instruments to final storage on the 1BM PC.

5.2 DATA TRANSFER FROM CASSETTE TAPE TO IBM PC

When a cassette tape is retrieved from the field and brought back
into the laboratory for translation, an I8M PC, a Campbell Scientific
C20 cassette interface unit, and an IBM Basic software program
(TRANS.BAS, Appendix B) are required to translate each tape. A

detaiied description of the €20, including the required hardware for
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ORNL—-DWG 85-14560

INSTRUMENTS

SOIL MOISTURE PROBE
WIND SPEED SENSOR
WIND DIRECTION SENSOR
RAIN GAGE

AIR TEMPERATURE
RELATIVE HUMIDITY

l CR-7 DATA LOGGER I

DAILY AVERAGES I

| CASSETTE TAPES I
C20 CASSETTE INTERFACE I

IBM PC

| DATA FILES l I DATA TABLES l | GRAPHICS l

Fig. 17. Schematic of the EPICOR-II data acquisition system.
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interface with a PL, can be found in the Operator's Manual (Campbell
Scientific, Inc. 1983); however, the general steps required to process

tapes are as follows:

1. Turn on the PC and enter IBM Basic by typing BASICA /C:1024.

2. Turn on the €20 interface and clear memory by pressing
the reset button.

3. Advance tape in tape player to desired position and connect to C20
interface with two cable wire, one to the dc power position on the
player and one to the monitor jack on the player.

4. Load TRANS.BAS by typing LDAD "D: EPICOR TRANS.BAS" where the
program TRANS.BAS is stored on disk D: in directory EPICOR.

5. Run TRANS.BAS by typing RUN.

6. The program will prompt the user for the name of the file the data
are to be stored in. Respond by typing D: EPICOR NAME.EXT where
NAME.EXT is the selected filename and three-digit extension.

7. Press the PLAY button on the tape player.

8. When the data translation is complete, press the F6 key to close

the data file and exit from basic by typing SYSTEM.

If the above sequence of steps is followed, the data will be displayed
across the PC monitor as it is being transferred, or output directly to
a printer if that option is selected by the user.

Each number in the block of 200 data points stored for each 24-h
period is preceded by a two-digit identifier, making it easy to
separate the individual blocks of numbers as they scroll across the
screen. An example of one such block of data, including data point

identifier translation, is shown in Tables 7 and 8.
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Example of a one-day block of

ORNL/TM-9850

data collected by the CR-7 data logger

01+0104.
09+22.04
17+25.60
25+34.68
33+07.59
41+1.015
49+0.960
57+0.924
65+0.163
13+22.03
81+25.47
89+34.27
974+07.60
05+1.014
13+0.960
21+0.909
29+0.138
37+22.08
45425.70
53+34 .97
61407.61
69+1.017
77+0.962
85+0.937
93+0.189

02+0214.
10+23.28
18+20.95
26+10.04
34+07.61
42+0.986
50+1.014
58+0.498
66+0.051
74+23.28
82+20.97
90+09.89
98+07.60
06+0.983
14+41.012
22+0.470
30+0.050
38+23.34
46+20.99
54+10.16
62+07.64
70+40.996
18+1.017
86+0.5M1
94+0.052

03+0000.
11425.73
19+23.24
27+439.12
35+¢17.58
43+0.962
51+0.875
59+0.000
67+0.119
15+25.66
83+23.23
91+38.87
99+16.32
07+0.963
1540.871
23+0.000
3140.115
39+25.82
47+23.30
55+39.39
63+18.86
71+0.964
79+0.881
87+0.007
95+0.122

04+0.240
12+24 .43
20+25. 11
28+29.60
36+10.80
4441 .014
52+0.939
60+0.004
68+0.031
76+24 .26
84+25.59
92+28.85
00+10.69
08+1.012
16+0.939
24+0.004
32+0.028
40+24 .86
48+25.9
56+30.00
64+10.89
72+1.016
80+0.940
88+0.005
96+0.034

05+24.76
13423.38
21419.40
29+07.92
37+15.26
45+1.616
53+0.992
61+0.874
69+22.24
77423.317
85+19.20
93+07.81
01+15.04
09+1.601
17+0.991
25+0.863
33+31.35
41+23.42
49+19.66
57+07.98
65+15.43
73+1.640
81+0.995
89+0.882
97+1.366

06+084.5
14+25.69
22+22.21
30+07.65
as+0s8. 21
46+0.964
54+0.798
62+0.006
70+62.84
78+25.56
86+22.28
94+07.64
02+08.97
10+0.964
18+0.776
26+0.005
34+090.4
42+25.78
50+22.33
58+07.69
66+09.43
74+0.966
82+0.814
90+0.007
98+0.185

07+1.366
15+65.35
23+24.12
31+38.17
39+0.933
47+1.012
55+0.705
$3+40.006
7141.000
79+63.45
B7+24.62
35+37.98
03+0.934
11+1.010
19+0.685
27+0.005
35+09.00
43+68 .22
51+24.81
59+38.35
67+0.935
71541.014
83+0.717
91+0.007
99+318.7

08+201.1
16+23.42
24+36.66
32+07.59
40+0.961
48+0.910
56+0.042
64+0.008
72+0.193
80+23.42
88+36.24
96+07.60
04+0.961
12+0.910
20+0.040
28+40.007
36+360.6
44423.47
52+37.01
60+07.62
68+0.963
76+0.911
84+0.043
92+0.009%
00+075.3
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Table 8. Translation of the two-digit identifiers used by the CR-7
01 Qutput Array 1D 13-87 Min gnd temp

02 Date 88-102 Min Gnd Moisture

03 Time 103-117 Min Thermistor Volts
04 Rainfall 118-132 Min Moisture Volts
05 Avg Temp (Air) 133 Max Air Temp

06 Avg Humidity 134 Max Humidity

07 Avg Wind Speed 135 Max Wind Speed

08 Avg Wind Direction 136 Max Wind Direction
09-~23 Avg Gnd Temp 137-151 Max Gnd Temp

24-38 Avg 6nd Moisture 152-166 Max Gnd Moisture
39-53 Avg Thermistor Volts 167-181 Max Thermistor Volts
54-68 Avg Moisture Volts 182-196 Max Moisture Volts
69 Min Air Temp 197 Mean Wind Speed

70 Min Humidity 198 Mean Wind Vector Mag
n Min Wind Speed 199 Mean Wind Vector Dir
72 Min Wind Dir 200 Std Dev of Dir
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In addition to the TRANS.BAS program described above and listed in
Appendix B, a second IBM Basic program was written to extract all 200
numbers from a block of data and tabulate them on a single page for use
in reports and papers. This program (TABLE.BAS) is listed in

Appendix C and is executed through the following steps:

1. Turn on the PC and enter IBM Basic by typing BASICA /C:1024.

2. Load TABLE.BAS by typing LOAD "D: EPICOR TABLE.BAS" where the
program TABLE.BAS is stored on disk D: in directory EPICOR.

3. Run TABLE.BAS by typing RUN.

4. The program will prompt the user for the name of the data set
containing the blocks of 200 numbers to be tabulated and the name
of the file to put the completed tables in. Respond by typing
D: EPICOR NAME_.EXT and D: EPICOR NAME.TAB where NAME.EXT is the
file containing the blocks of 200 numbers and NAME.TAB is the file

to contain the completed files.

If these steps are followed, the summary tables (one per page} can
easily be examined by printing the file D: EPICOR NAME.TAB. An example
of the summary table corresponding to the block of data in Table 7 is

shown in Table 9.

5.3 GRAPHICAL DISPLAY OF METEOROLOGICAL DATA

The summary tables described in the previous section were designed
to leook at data for individual days but are more difficult to use when
trends of a particular variable (rainfall, air temperature, or soil
meisture) are being examined. For this purpose, plotting routines have

been written to plot a single (or more than one) variable of interest
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as a function of time. These graphical capabilities are necessary for
examining such a large data base and allow the user to gquickly look at
trends in data, thus determining when to sample for leachate and to try
extracting soil moisture from the porous cups. A summary of the

meteorological data, including soil moisture and temperature, collected

through August 1985, is presented in Appendix D.
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Table 9. Daily summary table resulting from TABLE.BAS program

ORNL EPICOR-II FIELD TEST

STATION 1ID= 104 DATE= 214 TIME= O
RAINFALL= .24 AIR TEMP= 24.76 AVG HUM= B84.5 WIND SPD= 1.366
WIND DIR= 201.1 TEMP1= 22.04 TEMP2= 23.28 TEMP3= 25.73
TEMP4= 24.43 TEMP5= 23.38 TEMP6= 25.69 TEMP7= 65.35
TEMPB= 23.42 TEMPS= 25.6 TEMP10= 20.95 TEMP11= 23.24
TEMPI2= 25.71 TEMP13= 19.4 TEMP14= 22.217 TEMP15= 24.72
MOIST1= 36.66 MOISTZ2= 34.68 MOIST3= 10.04 MOIST4= 39.12
MO1IST5= 29.6 MO1STe= 7.92 MOIST7= 7.65 MOIST8= 38.17
MOISTI9= 7.59 MOISTIO0= 7.59 MOISTIY= 7.61 MOIST12= 17.58
MO1ST13= 10.8 MOIST14= 15.26 MOISTIS5= 9.21 THR VLT1= .933
THR VLT2= .961 THR VLT3= 1.015 THR VLT4= .986 THR VLTS5= .962
THR VLT6= 1.014 THR VLT7= 1.616 THR VLT8= .964 THR VLT9= 1.012
THR VLT10= .91 THR VLT11= .96 THR VLT12= 1.0314 THR VLT13= .875
THR VLT14= .939 THR VLT15= .992 MOI VvLT1= .798 MOI VLT12= .705
MOT VLT3= .042 MOI VLT4= .924 MOI VLT5= .498 M0I VLT6= 0
MOl VLT7= .004 MOI VvLT8= .874 MOI VLT9= .006 MGI VLT10= .006
MOI VLT11= .008 HMOI VLTI2= .163 MOI VLT13= .051 MOI VLTT4= .119
HOL VLT15= .0 MIN TEMP= 22.24 MIN HUM= 62.84 MIN WSPD= 1
MIN WOIR= .193 MIN TEMP1= 22.03 MIN TEMP2= 23.28 MIN TEMP3= 25.65

MIN TEMP4= 24.206  MIN TEMPS= 23.37 MIN TEMPB= 25.56 MIN TEMPT= 63.45
MIN TEMPB= 23.42  WMIN TEMP9= 25.47 MIN TEMP10= 20.97  MIN TEMP11= 23.23
MIN TEMPI2= 25.59 WMIN TEMP13= 19.2 MIN TEMP14= 22.28  MIN TEMP15= 24.62

MIN MOIl= 36.24 MIN MOI2= 34.27 MIN MO[3= 9.89 MIN MO14= 38.87

MIN MOIS= 28.85 MIN MOI&= 7.81 MIN MOL7= 7.64 MIN MOI8= 37.98

MIN MOI9= 7.6 MIN MOIN0= 7.6 MIN MOITNI= 7.6 MIN MOIN2= 16.32
MIN MOIN13= 10.63 MIN MOIl4= 15.04 MIN MOL15= 8.97 MIN TVLY1= .934

MIN TVLT2= .961 MIN TVLT3= 1.014 MIN TVLT4= .983 MIN TVLT5= .963

MIN TVLTE= 1.012  MIN TVLT7= 1.601 MIN TVLT8= .964 MIN TVLTS= 1.01

MIN TVITIO= .91 MIN TVLTYII= .96 MIN TVLT12= 1.012 MIN TVLT o= .871
MIN TVLT14= .939 MIN TVLT15= .991 MIN MVLTI= .776 MIN MVLTZ= .685

MIN MVLT3= .04 MIN MVLT4= .909 MIN MVLT5= .47 MIN MVLTe= O

MIN MVLTT= .004 MIN MVLTB= .863 MIN MVLT9= .005 MIN MVLTIO= .005
MIN MVLTI)= .007 MIN MVLT12= .138 MIN MVLTI13= .05 MIN MVLTI4= .115
MIN MVLT15= .028  MAX TEMP= 31.35 MAX HUM= 90.4 MAX WSPD= 9

MAX WDIR= 360.6 MAX TEMP1= 22.08 MAX TEMP2= 23.34 MAX TEMP3= 25.82
MAX TEMP4= 24.86  MAX TEMP5= 23.42 MAX TEMPH= 25.78 MAX TEMPT= £8.22

MAX TEWMPB= 23.47  MWMAX TEMP9= 25.7 MAX TEMP10= 20.99  MAX TEMP11= 23.3
MAX TEMP12= 25.81 MAX TEMP13= 19.66  MAX TEMPI4= 22.33  MAX TEMP15= 24.8&1
MAX MOI1= 37.00 MAX MOI2= 34.97 MAX MOI3= 10.16 MAX MCI4= 39.39
MAX MOI5= 30 MAX MO16= 7.98 MAX MOLl7= 7.69 MAX MOI8= 38.35
MAX MOI9= 7.62 MAX MOI10= 7.61 MAX MOIT1= 7.64 MAX MDI12= 18.8%
MAX MOI13= 10.8%9 MAX MOIl4- 15.43 MAX MOI15= 9.43 MAX TVLTI= .935
MAX TVLT2= .9563 MAX TVLT3= 1.017 MAX TVLT4= .996 MAX TVLTS= .964
MAX TVLT6= 1.016  MAX TVLT7= 1.64 MAX TVLT8= .966 HMAX TVLTY9= 1.014
MAX TVLTI0= .91 MAX TVLTI1= .962 MAX TVLTI2= 1.017  MAX TVLT13= .881
MAX TVLT14= .94 MAX TVLT15= .995 MAX MVLTI= .814 MAX MVLTZ2= 7717
MAX MVLT3= .043 MAX MVLT4= .937 MAX MVLTS= .511 MAX MVLT6= .01
MAX MVLT7= .005 MAX MVLTB= .B882 MAX MVLT9= .007 MAX MVLT10= .007
MAX MVYLT11= .009  MAX MVLTI2= .189 MAX MVLTI3= .052 MAX MVLT14= 122
MAX MVLT15= .034  AVG WSPD= 1.366 AVG WMAG= .185 AVG WOIR= 318.7

SD WDIR= 75.3
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6. LEACHATE COLLECTION

6.1 BACKGROUND

The experimenial design allows for sampling soil leachate at six
points within each lysimeter. One point is the reservoir located at
the bottom of each lysimeter, and the other five are at the locations
of the five porous cups. Initially, only leachate from the bottom
reservoir and cup number three (located immediately below the waste
form) is being collected and analyzed for radiocactivity. If activity
is noted in soil leachate from cup three, additional cups located below
the waste form can be added to the sampling program. Samples are
collected on a quarterly basis, with the first set being taken in

September 1985.

6.2 RESULTS OF THE FIRST LEACHATE SAMPLING

On September 25, 1985, the first set of leachate samples was
collected from the five EPICOR-I1 lysimeters. The covers had been off
for a total of 56 d (since August 1), and a total of 267.9 mm of
precipitation (173.8 L volume over each lysimeter) had been recorded at
the site. Samples were drawn from the number three porous cup of each
lysimeter using a hand-operated vacuum pump that could deliver a
suction of 63.5 cm Hg to the porous cup via the Tygon tubing. When the
vacuum had dissipated to approximately 13 cm Hg, the liquid in the cup
was drawn to the surface and into a 100-mL test tube fitted with a
two-hole rubber stopper using the portable hand pump. In this manner
approximately 100 mL of liquid was sampled from the number three porous

cups of each lysimeter.
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To sample the leachate that had drained to the bottom collection
reservoir, a vacuum pump was connected to a 10-L Erlenmeyer flask,
which was in turn connected to a Tygon tube that ran to the bottom of
the reservoir. All the leachate was pumped from the reservoir and
emptied into a 54-L plastic carboy. During the sampling process, the
1iquid was monitored continuously for radioactivity using a
Geiger-Muller counter, and a small sample of the leachate was set aside
for later radiochemical analysis. Immediately after sampling, the pH
and electrical conductivity of the five liquid.samp1es collected from
the lysimeter reservoirs were measured. In addition, a 1-L sample was
prepared for a gross gamma screening analysis using the Environmental
Sciences Division low-level gamma-ray spectrometry laboratory with its
high-resolution, lithium-drifted germanium [Ge(Li)] detector. The
purpose of this gamma scan was to determine if any gamma-emitting
radionuclides, particularly 13705, were present in the liquid before
the samples were acidified and sent to the Analytical Chemistry
Division for further analysis. Table 10 summarizes the volumes of
leachate and the chemical characteristics of the ten samples collected
in September 1985.

Volumes collected from the bottom reserveir (Table 10) ranged from
30 to 48% of the input precipitation, indicating that 52 to 70% of the
rainfall was held in the lysimeter fill or evaporated to the
atmosphere. This is not surprising given the fact that the soil
contained only 10% moisture when it was loaded into the lysimeters.
Continued volume measurements will determine if the lysimeters will
continue to exhibit such a wide variation in percentage of input

rainfall attenuated.



ORNL/TM-9850 58

Table 10. Volumes and gamma activity of leachate samples collected in
September 7985

Electrical

Volume Conductivity Cs-137 C0-60
Sample (L) pH (mmhos/cm) (8g/L) (Bg/L)
Reservior
1 52 6.1 2.200 <0.2 <(.2
2 58.5 6.7 7.500 <0.1 0.14 + 0.12
3 65.5 6.4 4.600 0.20 + 0.12 <0.2
4 83.5 6.8 .120 <0.2 <0.2
5 14 6.9 .380 <0.1 <.2
Cup 3
1 0.1 —— - 0.93 + 0.62 <0.6
2 0.1 — - 0.36 + 0.29 <0.4
3 0.1 — - <0.3 0.70 + 0.44
4 0.1 e -—= <0.5 <0.6

5 0.1 - - <0.5 <0.6




59 ORNL/TM-9850

Data in Table 10 also indicate that there were no radionuclides
present in either of the two leachate samples collected from each
lysimeter. Continued sampling on a quarterly basis will determine if
this condition changes and radionuclides become mobilized with

continued leach time.
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7. PROJECT SUMMARY

This report documents the first year of DORNL's participation with
ANL, EG&G, and the NRC in a field experiment designed to investigate the
long-term leaching characteristics of solidified, radicactively stressed
ion exchange resins. The work involved the installation of five soil
lysimeters, providing conditions similar to those expected of shallow
land disposal in the humid eastern United States. Calibration of 15
soil moisture/temperature probes used in the lysimeters was an
important part of the effort, as was development of a data acquisition
system that would allow for fast and simple processing of the large
amounts of data being collected. Leachate collection and analysis,
though an integral part of the experimental design, has only just begun
and is, therefore, covered briefly in Sect. 6. A more detailed
analysis of leachate characteristics and trends that might be observed
through time are the subjects of future reports.

A brief summary of the first year of the field study is as follows:

1. 1Installation of the field lysimeters, including loading with
Fuquay soil, placement of moisture cells and porous cups, and
placement of jon exchange samples, was completed in June 1985.

An initial data collection period was carried out in July 1985,
and the lysimeters were opened to precipitation on August 1,
1985. Since that time several problems have been noted with the
CR-7 data logger, and repairs are being made as the experiment is

in progress.
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Laboratory calibration of the soil moisture cells, which was a
large part of the first year's effort, was successful with two
mathematical relationships (third-order poiynomial of negative
natural log of cell voltage versus soil moisture) being derived
to describe the moisture calibration curve in Fuqguay soil and
silica sand.

Soil moisture data presented in Appendix D indicate that several
of the soil moisture cells (1, 2, 4, 5, 7, and 12) began to show
an increase in moisture during the July data collection period
while the lysimeters were still covered. A possible explanation
for this is the detection of migrating water associated with the
silica flour paste used to surround the porous ceramic sampling
tubes. No other source of water was introduced into the
lysimeters until the covers were removed on August 1, 1985.

The probes that did not register this increase in soil moisture
during June and July uniformly showed a large increase in
moisture on Julian day 228 (August 16, 1985) when 101 mm of
precipitation was recorded. Further monitoring will be required
to determine if the soil in the lysimeters ever dries to the
point where less than saturated conditions are measured by the
soil moisture probes.

The data acquisition system required to process data tapes from
the CR-7 logger was constructed and consists of software designed
to extract a particular parameter of interest and plot its
fluctuation by month. Examples of these data are presented in
Appendix D. These monthly plots appear to be an excellent way of
managing the quantity of data produced by the lysimeters and the

meteorological station.
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5. The first leachate sampling was completed in September 1985 and
indicates that, during the first two months of exposure to
rainfall, no radionuclides migrated from the solidified resin
samples. Only continued monitoring will answer the question of

resin decomposition and contaminant migration through time.
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APPENDIX A
LISTING OF THE CR-7 DATA LOGGER PROGRAM

Command Parameter Value Description

* 1 1.788 Exec. cycle time
1 p 3 Pulse count
1 1 Reps
2 2 Input card 2
3 1 Input channel 1
4 12 Configuration
5 4 Data location
6 1 Multiplier
7 1 Offset
2 P 3 Pulse count
1 1 Reps
2 2 Input card 2
3 2 Input channel
4 2 Configuration
5 1 Data location
6 0.0 Multiplier
7 0 Offset
3 p 4 Excite, delay, measure
1 1 Reps
2 16 Range (500 mv)
3 1 Input card
4 1 Input channel
5 1 Excitation card
6 1 Excitation channel
1 1 Measurements per
excitation channel
8 1 Delay (.01 s)
9 1000 Excitation voltage
10 5 Storage location
n 0.71952 Multiplier
12 0 Offset
4 p 92 If time interval
1 1440 Minutes
2 10 Command
5 p 11 OQutput time of day
1 110 Day, hours, minutes
6 P 72 Totalize
1 1 Reps
2 1 Start input loc
1 P n Average
1 64 Reps
2 2 Starting input loc
8 P 14 Minimize
1 64 Reps
2 00 Include time
3 2 Starting input loc
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APPENDIX A. (Continued)

Command Parameter Value Description
9 p 13 Maximize
1 64 Reps
2 00 Time
3 2 Starting input loc
10 P 76 Wind vector
1 1 Reps
2 0 Sensor type
3 4 Wind speed data loc
4 5 Wind dir. data loc
* 2 300 Execution cycle time
1 P 1 Read temp. probe
1 1 Reps
2 1 Input card
3 4 Input channel
4 1 Excitation card
5 2 Excitation channel
6 2 Output location
7 1 Multiplier
8 0 Offset
2 P 12 Read temp compensated
R.H. probe
1 1 Reps
2 1 Input card
3 3 Input channel
4 1 Excitation card
5 2 Excitation channel
6 1 Measurements/temp.
1 2 Temp. input data loc
8 3 R.H. data location
9 1 Multiplier
10 0 Offset
3 p 5 A C bridge
1 15 Reps
2 11 Range
3 3 Input card
4 1 First input channel
5 1 First excitation card
6 3 First excitation
channel
1 5 Measurements per
excitation channel
8 2000 Excitation voltage
9 36 First measurement
storage location
10 2 Multiplier
11 0 Offset
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APPENDIX A. (Continued)

Command Parameter Value Description
4 P 55 Polynomial
1 15 Reps
2 36 Starting input loc
3 6 Destination
4 -44.168 Coefficient 1
5 169.78 Coefficient 2
6 -264.52 Coefficient 3
7 288.56 Coefficient 4
8 -162.23 Coefficient 5
9 37.596 Coefficient 6
5 p 5 A C bridge
1 15 Reps
2 11 Range
3 2 Input card
4 1 First input channel
5 1 First excitation card
) 3 First excitation
channel
1 5 Measurements per
excitation channel
8 1000 Excitation voltage
9 51 First measurement
storage location
10 1 Multiplier
1 0.00001 Of fset
5 P 40 Instructions 6 - 20
1 51 take voltage
2 66 measurements stored in
17 P 40 locations 51 - 65 and
1 52 put 1n in locations
2 67 66 - 80
8 p 40
1 53
2 68
9 p 40
1 54
2 69
10 p 40
1 55
2 70
1 P 40
1 56
2 PA
12 P 40
1 57
2 12
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APPENDIX A. (Continued)

Command Parameter Value Description
13 P 40
1 58
2 73
14 p 40
1 59
2 74
15 P 40
1 60
2 75
16 p 40
1 61
2 76
1 p 40
1 62
2 11
18 p 40
1 63
2 18
19 P 40
1 64
2 79
20 p 40
1 65
2 80
21 p 55 Polynomial
1 12 Reps
2 66 Starting input loc
3 21 Destination
4 47.574 Coefficient 1
5 19.799 Coefficient 2
6 3.2416 Coefficient 3
7 0.1739 Coefficient 4
8 0 Coefficient 5
9 0 Coefficient 6
22 p 55 Polynomial
1 3 Reps
2 78 Starting input loc
3 33 Destination
4 53.000 Coefficient 1
5 138.62 Coefficient 2
6 223.07 Coefficient 3
7 124.20 Coefficient 4
8 0 Coefficient 5
9 0 Coefficient 6
* 3 1 Execution cycle time
p 10 Battery volt
1 99 Storage location
* 4 20 Tape enabled




APPENDIX B
LISTING OF TRANS.BAS PROGRAM






B-3

APPENDIX 8
LISTING OF TRANS.BAS PROGRAM

100
110
120
130
140
150
160
161
162
163
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
330
400
410
420
430
440
450
460
465
470
480
490
500
520
530
540
550
560
570
580
590
600
610

REM *¥*  this program transfers data from com 2 to a disk file
DEFINT I,J,K,L,M,N : DIM LIN$(510)

P$:|IYII : HP$ = IINII

ON ERROR GOTO 830

ON KEY(1) GOSUB 1180 : ON KEY(2) GOSUB 1060 : ON KEY{5) GOSUB 1260
ON KEY(3) GOSUB 1200 : ON KEY(4) GOSUB 1080 : ON KEY(6) GOSUB 1320
KEY(T) ON : KEY(2) ON : KEY(3) ON : KEY(4) ON : KEY(H5) ON : KEY(®6) ON
FOR K = 1 T0O 10 : KEY K,"" : NEXT K

KEY 1,"SCR OF" : KEY 2,"SCR ON" : KEY 3,"PTR OF" : KEY 4,"PTR ON"
KEY 5,"PAUSE" : KEY 6,"ST0OP"

CLS : FOR J =1 TO 4 : PRINT : NEXT J

TIM1$ = TIMES

INPUT "Enter the file name to save the data in: ";FIL3$

OPEN FIL% FOR APPEND AS #3

OPEN "COMZ2:9600,E,7,1,LF,PE" AS #1

J=0:1=0: L1 = CHR$(17) : CR$=CHR$(13) : LF$=CHRE(10)

REM Y v

REM *** LO00P ON THE INPUT FROM COM2

REM Wk A

NENDS = 0

PRINT #1,L1%

J=J+} : I =141 : NL =0

IF EOF(1)=0 THEN 530

NENDS = NENDS +1 : IF NENDS=2 THEN 370

FOR X = 1 TO 200 : NEXT X

If EOF(1)=0 THEN 530

PRINT "Waiting . . . .*

Y=20

FOR X = 1 10 2500 : ¥ = Y41 : NEXT X

GOTO 290

NENDS = 0 : BEEP : PRINT : PRINT : PRINT "Possible &nd of Data."

PRINT "Press: £ - End the transfer and close files, or C - Try again."
1% = INKEY$ : IF T$="" THEN 390

IF T$="C" OR T$="c™ THEN I = I-1 : J = J-1 : GOTQ 270
IF T$<"E" AND T$<"e" THEN BEEP : GOTO 390

PRINT #1,CHR$(20)

FOR X = 1 TO 5000 : NEXT X

LOCY = LOC(1) : IF LOC1<70 THEN N = 1-1 : GOTO 700
FOR J = 1 T0 LOCI

T$ = INPUT$(1,#1) : IF T$=LF$ THEN 490

PRINT T%;

IF T$=CR$ THEN PRINT A% : LIN$(IL) = A% : I = 141 : A%$="" : GOTO 4980
A} = AS+TS

NEXT J

IF A3<"" THEN PRINT A% : LIN$(I) = A% : N =1 : GOTO 700

N =1-1: GOTO 700

LOCT = LOC(1}) : IF LOCI=81 THEN 620
NL = NL+1 : IF NL<10 THEN 530

IF LOCI81 THEN 600

PRINT "Waiting to fi11 the buffer."
FOR X = 1 TO 100 : NEXT X

LOCT = LOC(1)

GOTO 620

LINS(I)=INPUT$(81,#1)

[ = I+1 : 6070 530
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620
630
640
650
660
662
665
610
680
690
700
710
120
130
140
150
160
710
180
790
800
810
820
830
840

850
860

865
870
880
890
900
910
920
930
540

960

970

980

990
1000
1070
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110

LIN$(I) = INPUT$(LOCI,#1)
NENDS = 0 : PRINT #1,01%
LINS(I) = LEFT$(LINS(T),79)
IF P$="Y" THEN PRINT LIN$(I)

IF HP$="N" THEN 670

LPRINT LINS(I)

FOR X =1 TO 200 : NEXT X

IF J/500<INT(J/500) THEN GOTO 280

REM *** [EITHER 500 LOOPS HAVE OCCURE[ OR THE END OF FILE HAS OCCURRED
N = 500

FOR L =1 TO N

PRINT #3,LIN$(L)

NEXT L

IF J<510 THEN TIM2% = TIMI$ ELSE TIM2% = TIM3%

TIM3% = TIMES

PRINT : PRINT : PRINT

PRINT N;"Lines read and written in the time period from ";TIM2%;" to “;TIM3%
PRINT

I =0 : IF N=500 THEN 280

GOTO 920

REM * KK

REM ***  ERROR TRAPPIMG ROUTINE

REM ¥ e

IF ERR<61 THEN 860

CLOSE #3 : BEEP : BEEP : PRINT : PRINT "The disk is Full.
Please insert another formated disk in drive being used."
GOSUB 950 : OPEN FIL$ FOR OQUTPUT AS #3 : RESUME O

IF ERR=57 THEN PRINT “I/0 Error in LINE # “;ERL;".

Will Continue." : RESUME NEXT

CLOSE #3 : CLOSE #

BEEP : PRINT "ERROR # = “";ERR,"ERROR LINE = ";ERL
ON ERROR GOTO O

REM ke K

REM ***x  (CLOSE FILES AND EXIT

REM Yook

CLOSE #3 : CLOSE A

PRINT : PRINT :PRINT “ THE TIME STARTED: “;TIM1$;TAB(35);"TIME ENDING: ",;TIMES
END

REM PRI AR KKK AR EARNARNK AR K AR I AR RAARAARTARKKRARARANTAARLANKRNKN AR AR ARR)
REM bk

REM ***  Pause function

REM &k

PRINT : PRINT "Hit any key when Ready."

T$ = INKEY$ : IF T$="" THEN 1000

RETURN

REM AENRARNKE AN RRANKR RN IR AAREN AR NAORARNNAN AR KARRNIHICORAAKRAAARERANARNARARNARNRA,
REM *¥%%

REM ***  Turn on the printing

REM x*xx

P = "Y

RETURN

REM 2 22 22 e e TS PSS eSS PR TITTELSTELEI S e eSS asses et s s s s
REM *AK

REM ***  Turn ON the printer

REM * A
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1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1230
1300
1305
1320
1330
1340
1350
1360
1370
1380

HP$ - uYn

RETURN

REM ke e R e e AR e A ke e W ke R e e Sk e e ke Sk ek Dk R ke R I AR R ke i A ke i S ke W R R e e Ye ok i i dke T A ok RO A K R R e ok A ok ok e ke ke
REM *x*

REM ***  Turn off the printing

REM **x

P$ - IIN(I

RETURN

REM A Pe P e ke I e K ke Ak R W v R R e sk R e sk R R 0k S Sk Tk 9K K A R v SR A K S R R ok ke ok e dk o ROWRe Y gk ke ok ok ok o A ok o A ol ok ok ok ok ok koA ok
REM *kk

REM ***  Tuyrn OFF the printer

REM A&k

HP$ = l|N||

RETURN

REM e A ke e ke e ke ek ke R R R HOR RCROR B ke AR AR ROROAC T R T ok A R R 3R e R 3K oA ok ok A SR ke o ok ol TR A ke o ok AR O R R Ak A A
REM kKA

REM ***  Payse the data transfer

REM Kk

GOSUB 990

RETURN

REM e e e ok e SR Sl B e e A A ke ek vk A e ke e Rk vk e Sk ke e ke A ke ke s ke e i ke ok v ok ke e ok e e ke iy sk sk e ke ok ok ke e e ok ok A ok v i ok e W vk ok
REM * Xk

REM ***  Stop the data transfer

REM HOk X

N = I-1

GOTO 700

END
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10
20
3Q
40
50
80
10
80
90
100
110
120
130
140
150
155
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
310
380
390
400
410
420
430
440
450
460
410
480
490
500
510
520
530
540
550
560
570
580
590
600
610
520
630
640
650
660
670
680
690
100
no
120
730
740

REM THIS PROGRAM EXTRACTS MET DATA AND PUTS [T IN A FILE
cLs
LOCATE 10,10

INPUT “ENTER THE FILE NAME OF THE DATA 10 BE TABULATED:" ; FILI$
CLs

LOCATE 10,10

INPUT "ENTER THE FILE NAME TO SAVE THE SUMMARY TABLES IN:" ; FIL3%
PRINT CHR$(12);

LOCATE 10,10 1 PRINT “#waswwnicss PLEASE WALT, DATA S8EING PROCESSED RSO A
OPEN FIL1$ FOR INPUT AS #)

OPEN FIL3% FOR DUTPUT AS #3

REM SET UP AN ARRAY A WITH A DIMENSION OF 200

DIM A#(200)

6070 170

REM NOW 200 NUMBERS HAVE BEEN ENTERED INTO ARRAY A SO GO TO THE PRINT ROUTINE
PRINT "JULIAN DAY = ";A#(2); TIME = *;A#(3)

GOSUB 350

1=1

IF EOF(1) GOTD 260

LINE INPUT #1, LS

IC=3

FOR J=1 10 B

A#(1)=VAL(MID$(L$.1C,6))

[F J=4 THEN IC=1C-1

[C=1C+10: I=I+1: NEXT J

IF 1<200 GOTG 180 ELSE GOTO 155

GOSUB 920

CLOSE #3 : CLOSE £

PRINT CHR$(12);

PRINT "wocxsomexF [NISHED, FILE * FIL34 " HAS BEEN CREATEQwikxxsx

PRINT meswssnuT( GBTALN A HARD COPY OF THE SUMMARY TABLES PRINT THE FILE " FIL3$ " wocion

BEEP : BEEP : BEEP

END

REM LINES 230 TO 820 SET UP THE OUTPUT TABLE IN COLUMNS OF FOUR

REM OUTPUT 1S TO DISK, FILE NAME DEFINED IN LINE 110

PRINT #3,CHR${12);

PRINT #3.N**ﬁa***t*****&***k**n****ﬁk**kw*******wkhkiiit**kikﬁiwiﬁi*kkttk*ﬁkk********er*i“

PRINT #3,SPC(27)"ORNL EPICOR-LL FIELD TEST"

PRINT #3,TAB(I0)“STATION ID="A#{1) TAB(3b)"DATE="A#(2) TAB(60)"TIME~"A#(3)

PRINT 3, nw~ b b dode Kok e v i e e e e v e e ok ok AR ek o e A AR A R e A ROR IR K A e e ok ol

PRINT #3,"RATNEALL="A#(4) TAB(20)"ATR TEMP="A#(5) TAB(40)"AVG HUM="A#(6) 1AB(6D) "WIND SPD="Ag(7)

PRINT #3,"WIND DIR="A#(8) TAB(20)"TEMP1="A#(9) TAB(40Q)"TEMPZ2="A#(10) TAB(60) "TEMPI="A#(11)

PRINT #3,“TEMP4="A#(12) TAB(20)"TEMP5="A#(13) TAB(40)"TEMPE="A#(14) TAB(60) "TEMPT-"A(15)

PRINT #3,“TEMPB="A#(16) TAB(20)“TEMPY="A#(17) TAB(40)“TEMPI0="A#(18) TAB(HO)Y"TEMPII="A#(19)

PRINT #3,°TEMP12="A#{20) TAB(20)"TEMP13="A#(21) TAB(40)"TEMP14-"A#(22) TAB(6D) "TEMP15="A4(23)

PRINT #3,"MDIST)="A#{24) TAB(20)“MOTST2-"A#(25) TAB(40)"MDIST3="Ag(26) TAB(60) "MOLSTA="A#(27)

PRINT #3,"NMOISTS="A#(28) TAB(20)"MOIST6="A#(29) TAB(40)"MOIST7="A#(30) TAB(60)"MOISTE="A#(31)

PRINT #3,"MOISTO9="A#(32) TAB(20)"MOIST10="A#(33) TAB(40)"MOISTI1="A#(34) TAB(6Q)"MOISTI2="A#(35}

PRINT #3,"MOIST13="A#(36) TAB(20)"MOISTI4="A#(37) TAB(40)"MOIST15="A#(38) TAB(60)"THR VLT1~"A#(39)

PRINT #3,"THR VLT2="Af(40) TAB(20)"THR VLT3I="A#(41) TAB(40)"THR VLT4="A#(42) TAB(60)"THR VLT5="A#(43)

PRINT #3,"THR VLT6="A#(44) TAB(20)"THR VLT7="A#(45) TAB(40)"THR VLI8="p#(46) TAB(6D) THR VLTY~"Af(47)

PRINT #3,"THR VLT10="A#(48) TAB(20)“THR VLT11="AK(49) TAS(40)"THR VLT12="A#(50) TAB(60)"THR VI.113-"A#(51)
PRINT #3,"THR VLT14="A#(52) TAB(20)"THR VLT15="A#(53) TAB(40)"MOI VLT1="A#(54) TAB(60)"MOL VLTI2="A#(55)
PRINT #3,"MOL VUT3="A#(556) TAB(20)"MOI VLT4="A#(57) TAB(40)"MOL VLT9="A#(5B) TAB(6D)"MOL VL16="Af(1Y4)

PRINT #3,"MOL VLT7="Ag#(60) TAB(20)"MDI VLIB="A#(61) TAB(40)"MOI VLT9="A#(62) TAB(B0)“MOL VLT10="A#(63)
PRINT #3,"MOI VLT11="A#(64) TAB(20)"MOI VLT12="A#(65) TAB(40)"MOI VLT13="A§(66) TAB(60)"MOL VLT14~"A¥(HT)
PRINT #3,"MOI VLT15="A#(6B) TAB(20)"MIN TEMP-"A#(69) TAB(40)"MIN HUM="A#(70) TAB(60)"MIN WSPD="A#(71)

PRINT £3,"MIN WDLR-"A#(72) TAB(20)"MIN TEMP1="A#(73) TAB(40)"MIN TEMP2="A#(74) TAB(60)"MIN TEMP3="A#(715)
PRINT #3,"MIN TEMPA="A#(76) TAB(20)"MIN TEMPS="A#(77) TAB(40)"MIN TEMP6="AK(78) TAB(60)"MIN TEMPT="A§(79)
PRINT #3,“MIN TEMPS=-"A#{80) TAB(20)"MIN TEMPG=YAX(81) TAB(40)"MIN TEMP10~"A#(82) TAB(S0) "MIN TEMPI1-"A4(83)
PRINT #3,"MIN TEMP12="A#(B4) TAB(20)"MIN TEMPI3="A#(85) TAB(40)"MIN TEMP14="A#(8b) TAB(6Q)"MIN TEMP1S-"A#(8T7)
PRINT #3,"MIN MOI1-"A#(88) TAB(20)"MIN MOI2="A#(BY) TAB(40)"MIN MOI3-"A#(30) TAB(60)"MIN MOL4-"A#(I1)

PRINT #3,"MIN MOIS-"A#(92) TAB(20)"MIN MOI6="A#(93) TAB(40)"MIN MOI7="A#(94) TAB(60)"'MIN MOI8-"A#(95)

PRINT #3,°MIN MOI9="A#(96) TAB(20)"MIN MOLI0="A#(97) TAB(40)"MIN MDI11="A#(98) TAB(60)"MIN MOI12-"Ak(99)
PRINT #3,"MIN MOI13="A#(100} TAB(20)"MIN MO114="A#(101) TAB(40)"MIN MO1I5="Af(102) TAB{60) "MIN TYLTV="Ag(103)
PRINT #3,"MIN TVLT2=“A#(104) TAB(20)"MIN TVLTI="A#(105) TAB(40)"MIN TVLT4="A#(106) TAB(6Q)"MIN TVLT5="A#(107)
PRINT #3,"MIN TVLT6="A#(108) .TAB(20) "MIN TVLT7="A#(109) TAB(40)"MIN TVLTB="A#(110) TAB(60)"MIN TVLTI="A#(111)

PRINT #3,"MIN TVLTI0="A#(112} TAB(20)"MIN TVLT11="A#(113) TAB(40)"MIN TVLT12="A#(114) TAB(60)"MIN TVLTI3-"A#(115)
PRINT #3,°MIN TVLT14-“A#(116) TAB(20)"MIN TVLTIS="A#(117) TAS(40)"MIN MVLTI-"A#(118) TAB(6Q)"MIN MVLTZ-"A%#(119)

PRINT #3, MIN MVLI3="A#(120) TAB(20)"MIN MVLT4="A#(121) TAB(40)"MIN MVLI5="A%(122) TAB(60)"MIN MVYLT6="A#(123)
PRINT #3,"MIN MVLI7="A#(124) TAB(20)"MIN MVLI8="A#(125) TAB(40)"MIN MVLT9="A#(126) TAB(60)"MIN MVLTIO="A#(127)

PRINT #3,"MIN MVLT11="A#(128) TAB(20)"MIN MVLT12="A#(129) TAB{40)"MIN MVLT13="A#(130) TAB(60)"MIN MVL114-"A#(131)

PRINT #3,"MIN MVLTI5="A#{132) TAB(20) "MAX TEMP="A#(133) TAB(40)"MAX HUM-“A#(134) TAB(60)"MAX WSPD-"A#(135)
PRINT #3,"MAX WOIR="A#(1368) TAB(20)"MAX TEMP1=CA#(137) TAB(40)"MAX TEMP2="A#(138) TAB(60)"MAX TEMP3="A¥(139)
PRINT #3,"MAX TEMP4="A#(140) TAB({20)"“MAX TEMPS="A#(141) TAB(40)"MAX TEMP6-"A#(142) TAB(60)"MAX TEMPT7~"A#(143)
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750
760
1170
780
730
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
930
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280

PRINT #3,"MAX TEMP8="A#(144) TAB(20)"MAX TEMPO="A#(145) TAB(40)"MAX TEMP10="A#(146) TAB(60)"MAX TEMP11-"A#(147)
PRINT #3."MAX TEMP12-"A£(148) TAB(20)"MAX TEMP13="A#(140) TAB(40)"MAX TEMP14="A#(150) TAB(60)"MAX TEMP15-"A#(151)
PRINT #3."MAX MOI11="A#(152) TAB(20)"MAX MOL2="A#(153) TAB(40)"MAX MOI3="A#(154) TAB(60)"MAX MOL4="A#(155)
PRINT #3."MAX MOI15="A#(156) TAB(20)"MAX MOI6="A#(157) TAB(40)“MAX MOIT="A#(158) TAB(60)"MAX MOI8="A#(159)
PRINT #3."MAX MO19="A#{160) TAB(20)"MAX MOL10="A#(161) TAB(40)"MAX MOI11="A#(162) TAB(60)"MAX MOI12="A#(163)
PRINT #3."MAX MOT13="A#(164) TAB(20)"MAX MOI14="A#(165) TAB(40)"MAX MOI15="A#(166) TAB(60)"MAX TVLT1="A#(167)
PRINT #3,“MAX TVLT2="A#(168) TAB(20)"“MAX TVLT3="A#(169) TAB(40)"MAX TVLT4="A£(170) TAB(60)"MAX TVLTS5="A#(171)
PRINT #3."MAX TVLT6="A#(172) TAB(20)"MAX TVLT7="A#(173) TAB(40)"MAX TVLTB="A#(174) TAB(60)"MAX TVLT9="A#(175)
PRINT #3."MAX TVLT10="A#(176) TAB(20)"MAX TVLT11="A#(177) TAB(40)"MAX TVLT)2="A#(178) TAB(60)"MAX TVLT13="A#(179)
PRINT #3."MAX TVLT14="A#(180) TAB(20)}"MAX TVLTI15="A#(181) TAB(40)"MAX MVLT1="A#(182) TAB(60)"MAX MVLT2-"A#(183)
PRINT #3."MAX MVLT3="A#(184) TAB(20)"MAX MVLT4="A#(1B5) TAB(40)"MAX MVLTS="A#(186) TAB(60)"MAX MVLT6="A#(187)
PRINT #3."MAX MVLTI="A#(188) TAB(20)"MAX MVLT8="A#(189) TAB(40)"MAX MVLT9="A#(190) TAB(60)"MAX MVLT10="A#(191)
PRINT #3."MAX MVLT11="A#(192) TAB(20)"MAX MVLT12="A#(193) TAB(40)"MAX MYLT13="A#(194) TAB(50)"MAX MVLT14="A#(195)
PRINT #3,"MAX MVLT15="A#(195) TAB(20)"AVG WSPO="A#(197) TAB(40)"AVG WMAG=*A#(198) TAB(60)"AVG WDIR="A#(199)
PRINT #3,"SD WDIR="A#(200)

PRINT #3‘ll****kﬁk**‘k‘k*****)‘(**ﬁﬁ(k**‘k‘k‘k********'k**i*t(ﬁ(‘!(‘k******ixi\"k*kkk‘kﬂ***'k******'}(***k*k**k“

RETURN

REM THIS ROUTINE CONSTRUCTS A FOOTNOTE TABLE

PRINT #3,CHR$(12);

PRINT #3'"k'k*********‘k*********k*i*ﬁ****‘ki‘k*kkk'k****k*!kfrf(f(’(‘k’k*W*******‘k***‘k‘kﬁkﬁ*******ﬁ***"

PRINT #3,SPC(27)"ORNL EPICOR-11 FIELD TEST®

PRINT #3,SPC(19)"DEFINLTION OF VARIABLES USED IN DATA TABLES"

pRIN”{ #3'||****ﬂ‘k***i*iiﬁl’*kki‘(k**ﬁ***ﬂr******iiﬁﬂkﬁ(kkkk****iﬁ(ﬁ‘kﬁv‘(**ﬁk**ﬁ(kkt*w*************k*"

PRINT #3,TAB(10)"RAINFALL = PRECIPITATION (IN)"

PRINT #3,TAB(10)“AIR TEMP = AIR TEMPERATURE (DEGREES €)*

PRINT #3,TAB(10)"AVG HUM = AVERAGE RELATIVE HUMIDITY (%)"

PRINT #3,TAB(10)"WIND SPD = AVERAGE WIND SPEED ( )"

PRINT #3,TAB(10)"WIND DIR = AVERAGE WIND DIRECTION ( )"

PRINT #3,TAB(10)"TEMP1-TEMP15 = AVERAGE PROBE TEMPERATURE (DEGREES C)*

PRINT #3,TAB(10)"MOISTI-MOIST15 = AVERAGE PROBE MOISTURE (X)*

PRINT #3,TAB(10)"THR VLT1-THR VLT15 = AVERAGE THERMISTOR YOLTS (VOLTS)"

PRINT #3,TAB(10)"MOI VLT1-MOI VLT15 = AVERAGE MOISTURE VOLTS (VOLTS)"

PRINT #3,TAB(10)"MIN TEMP = MINIMUM AIR TEMPERATURE (DEGREES C)*

PRINT #3,TAB(10)"MIN HUM = MINIMUM RELATIVE HUMIDITY (%)"

PRINT #3,TAB(10)"MIN WSPD = MINIMUM WIND SPEED ( )"

PRINT #3,TAB(10)"MIN WOIR = MINIMUM WIND DIRECTION ( )"

PRINT #3,TAB(10)“MIN TEMP1-MIN TEMP15 = MINIMUM PROBE TEMPERATURE (DEG C)"

PRINT #3,TAB(10)"MIN MOI1-MIN MOI15 = MINIMUM PROBE MOISTURE (%)"

PRINT #3,TAB(10)"MIN TVLT1-MIN TVLT15 = MINIMUM THERMISTOR VOLTS (VOLTS)"

PRINT #3,TAB(10)"MIN MVLT1-MIN MYLT15 = MINIMUM MOISTURE VOLTS (VOLTS)®

PRINT #3,TAB(10)"MAX TEMP = MAXIMUM AIR TEMPERATURE (DEGREES C)"

PRINT #3,TAB{10)"MAX HUM - MAXIMUM RELATIVE HUMIDITY (%)"

PRINT #3,TAB(10)"MAX WSPD = MAXIMUM WIND SPEED ( )*

PRINT #3,TAB(10)"MAX WDIR = MAXIMUM WIND DIRECTION ( )°

PRINT #3,TAB(10)"MAX TEMP1-MAX TEMP15 = MAXIMUM PROBE TEMPERATURE (DEG C)"

PRINT #3,TAB(10)"MAX MOI1-MAX MOI15 = MAXIMUM PROBE MOISTURE (%)"

PRINT #3,TAB(10)"MAX TVLT1-MAX TVLT15 = MAXIMUM THERMISTOR VOLTS (VOLTS)"

PRINT #3,TAB(10)"MAX MVLT1-MAX MYLT15 = MAXIMUM MOISTURE VOLTS (VOLTS)"

PRINT #3,TAB(10)"AVG WSPD = AVERAGE WIND SPEED ( )*

PRINT #3,TAB(10)"AVG WMAG = AVERAGE WINDVECTOR MAGNITUDE ( )"

PRINT #3,TAB(10)"AVG WDIR = AVERAGE WINDVECTOR DIRECTION ( )*

PRINT #3,TAB(10)"SD WDIR = STANDARD DEVIATION OF WIND DIRECTION { )*

PRINT #3, M Ark Rk dohsdodde h s de KRR A KA RHKR RO AR RO KR K KRR AR AR AR KRR RO ARk KRR AR KR Rk W
.

RETURN
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METEOROLOGICAL DATA FROM JUNE THROUGH AUGUST 1985
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SWSA 6 RAINFALL JUNE 1985
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SWSA 6 AIR TEMPERATURE JUNE 1985
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SWSA 6 RELATIVE HUMIDITY JUNE 1985

D-5

3.J'iqqd,§i4§13.ﬁ43§:4\

100

Q
o

Q Q
3 R 3

ALIAIANK 3AUVT3Y IN30¥3d

50

— 0 e

- 00O

i

—~~ 0

Lo dE A o

- D

Lo o s )

.

- m

NN

v o

-0

~ 0o

~ 0o

o~ O -

- 0o

- BN

~Dv

-“om

~ 0N

-t {3 e

—~ DO

—“inom

- in o

- i

~ N o

— NN

~in -

~inm

-~ in N

JULIAN DAY (1885



ORNL-DWG 86-1475

SWSA 6 WIND SPEED JUNE 1885

D-6

10

--------

.......

(HaW) 03345 ONIM NVIW

FTFT3vIvyvyTrvyey ey

o D 0D

-~ 0
s O
e D o
-~ D 0Q
L lk £ )
vea i3 D
Lol LI o
~ i3 O
~ NN
~ Uy %
~ i ®
~ DN

JULIAN DAY (1885



ORNL-DWG 86-1476

SWSA 6 WIND DIRECTION JUNE 1985

}\ AALTLAAT RALE LiAd LGS L Rt Rkl LAkl Lkd LS ALY LAME Lib] bkl LM AAA
b
5
2

380

320

280

D-7

240
200
160
120
80
A0

(S33¥93Q) NOILO3INIA ANIM NVIRN

0

e 3 e
- 0 Q
-~
i~ 0
Lol a3 o

- o
m -~ 0
e Rl §
m -t m

-~ 0N
0 e

-0

LA ALY LAl AL LAt

H
6
g9

- O ®

11
68
8 7

- 0N
- 0 <

11
8 B
23

o U

1
6
0

- N 0.

1
S
8

- U3~
- W

i1
5595
45

- I} M

JULIAN DAY (1883



ORNL-DWG 86-1477

SWSA 6 RAINFALL JULY 19835

D-8

0

o.0

9:4.0:0701916:670.:9:0.020.0:010:4.0.8.0.4:0°9.4..9.0°
n«

1:070:0:420.0 0.9 0. 0’0
© 0 - m o - Q
d ] d o o d d

(NI} TIVINIVY ! ¥0Did3

0~
B e o0
M~
WO ®
NGO
MDD e
BOG
NOo®
nNae
MNOom
MO
N0 e
ROG
kX
aX K ]
ek’ Xl
BB
- 38N
<@ ¢
e 0B
s BN
= B
o @ C3
“P®
<88
8
oX B
e & i
~ @ e
~ & &
sk X

JULIAN DAY {1883



ORKNL-DWG 86-1458

SWSA 6 AIR TEMPERATURE JULY 1985

30

D-9

-—-\ddn.—‘-l\-ia-

28

26
24
22
20
i8

(0 S338930) IUNIVHIALNIL ¥V NVIN

16

N~
N e
Ne-O
NO O
NOD
0NO S
NO®
NO®n
NOw
NOm
NOWN
NO ~
NOQ
~o0
OO
Ladk B
- 30
- N
-0 -
~;m
~ 0N
v (B w~
-0
- m
~ 0o
-~
~ oo
- 3N
~{D
~om
- @ N

JULIAN DAY (1885>



ORML-DWG 865-1459

SWSA 6 RELATIVE HUMIDITY JULY 1985

100

80

p-10

ALIGINNH 3ALVTIN IN3OM3d

N~ N
@ w0 =0
Q3 e 0D
N D

E oo
B O
E nown
- D
E. N O™

NO N

e N 0O s
E Do
X
P e B 8

s 37 ¥

- o (D F
v < B ™
B ee 8 N
b e B e

o 30 09

- O D
e o ®

- D8

~ ot @B WD
b oo {0 W
W - B @
P N

JULIAN DAY {1883



ORNL-DWG 86-1460

SWSA 6 WIND SPEED JULY 1985

10

(HdWN) 033dS ONIM NY3IAW

N~
N e vy
Ne—~O
NOD
NO®
NO M
NQ®
NOWn
NOw
NOm
NON
NO ~
NOO
|
~o
- O~
~ 0D
~ O
~ -
- m
~ MmN
i (N o~
o =]
—~ o0
~ O o
~ @O
~ OO
~ @ in
- D
o Mm
~ N

JULIAN DAY <¢1@85)



" ORML-DWG 86-1461

SWSA 6 WIND DIRECTION JULY 1985

360

D-12

(S33M03A) NOLLOIMIQ GNIM NVIN

o~ O
N ot e
N e O
MNOW
NG W
[
NO©D
NOW
NO e
NO®m
o DN
N DB e
OO
Lol I
~ &P
L lE O o
=t % 0
w~e B N
el
~ B M
~ BN
e {B v
v §5 €3
- I &
~ 0
—~ 3~
~ 00
= D W
Lol 4
v M
~ 0 N

JULIAN DAY {1885



ORNL-DWG B86-1462

SWSA6 RAINFALL AUGUST 1985

EX ISR

n [y’
(N1) TWANIVM 1t ¥ODId3

0 70%0%0% %00 %% 076 %4 %6 % %% %% %

¢ . 0.0 ¢ 9. 0.6 80 0, ¢¢.¢4+ 6606990
%% %% % %" %

~

Nm™
LR X
NAa®n
NR e
Na®
NN
NS

XXX v o
620205 %% %

NN
NN®
NNN
N~
NNO
N
N
[y B
N~D
Nein

[ Ralh 4

@ N ®

JULIAN DAY <186%)



ORNL-DWG 86-1463

SWSA 6 AIR TEMPERATURE AUGUST 1885

D-14

Nt ™
N T
NN e
N O
Nm D
N @
N ™~
N0
NN
N
NM™mm
NN
N T o
N O
NN D
NND
NN
NN D
NN
NN
NN m
NN
NN
NN O
N~
N~ D
N~
N o~ o
N
N g
N~

30

28

26
24
22
20
1B

(0 S33MO3A) IUNIVYIIWNAL HIV NVIW

-

-—

i8

JULIAN DAY (188S)



ORNL-DWG 86-1464

SWSA 6 RELATIVE HUMIDITY AUGUST 1985

100

80

80
70
80

ALIGINNH 3ALLYT3Y LN3D¥3d

S0

Bl ALE il Sl LS htd RAAE DAY LLbd Lokt R CAA ) R Sk bd bl bhid S AT bhd Shid ik L) bl bkd Mt Al Akl

N
N e N
N~
NeO
Nm:
NMD
Nm
N
Nmn
N«
NMmm
NN
NM o~
NMm O
nNNom
N
NN~
NN
NN
NN e
nNN™
NN
NN
NNO
N~
N~ D
N e
o~ o
LA 1]
N - -
N o m

JULIAN DAY (18835



ORNL-OWG 86-1465

SWSA 6 WIND SPEED AUGUST 1985

10

D-16

(HdW) Q33dS aNIM NV3IN

JULIAN DAY (198%5)



ORNL-DWG 86-1466

SWSA 6 WIND DIRECTION AUGUST 1985

D-17

—
\\\\\\LQ\MHV*

‘A—\ T L ~ T L 4 — T L) “ L)

o O o o o o) o) o o

] N © < o 0 N ® -

M m Y N Y oo ~

(S334930) NOILOIHIA ONIM NVIN

D Al Sl A Le4 LU M AAAL LA MY LA A4 ALY AL At ik Libd bl R LM LAt b A Ak Al Al A Akt

Nem
NN
N € -~
NO
[J I
N D
Nm~
nNmo
NMmn
NMm
Nmm
N mN
Nm -~
Nmo
NN D
NND
NN~
NN ®©
N NN
NN
NN m
NN
NN
NND
N~
o~ @
N o~
N o~ ©
N~ 0
N o~ -
N m

(1885

JULIAN DAY



SOIL TEMPERATURE (DEGREES C)

ORNL-DWG 856-1467

LYSIMETER ONE SOIL TEMPERATURE

PROBE 1=+ PROBE 2=X PROBE 3=e

30

28—

26—
] =
] *’4(,#-

244 ;
- 3 /X
: - — K
i

22+
- 2 ==X
] === 3 = Y= =y = F = =K

0] M

18-

16+
‘T'!l!'l!"rr"‘l’"l!"]lT"VVII!!"Illlllli'l'l!1"!'1‘"!’I'lglllllTIl""llI!Y‘r"l‘llllg'l"xl"‘!rf"]'l!TKTYIII!II"I"YYI!'l"!Y'T‘!'V!'Iﬂ!II!IIYT
i 1 1 4 1 31 1 1 1 11 1 113111 3 r 1131 o1oro3o1orolol
s s s 5 s 8 S 5 5§ &8 6 6§ 6 6§ 58 6 6 6 7 7 7 7 7 7 7 77 7 8 8
2 3 4 S 5 7 8 %8 0 1 2 3 4 5 6 7 8 8 0 { 2 3 4 S5 65 7 8 3 0 1

JULIAN DAY JUNE (1385

8L-a



SOIL TEMPERATURE (DEGREES C)

ORNL-DWG B6-1448

LYSIMETER ONE SOIL TEMPERATURE

PROBE 1=+ PROBE 2=X PROBE 3=«

304
28—
o] *——*’*-*-—*—-*-——-—-:h—4!--*-——*--—*-—*\\

) —*"-—3’/‘*-** e— e

% e
Rt ST N
24
==X
e P D= =K P = o enn ] Mo =K m == =)= K

/———+

e L s
¥ v Rl

4
3
2
e H"
223? x_-.)(---)("X"‘*--)(-—)(---)(--.x....)(..-_x-—)( »
4

A N 2 & % N k. e
. . 4 $ $ + +
3 3 sodune. TP, o |
L B o

.
) i ¢ 1 -t
Y

JULIAN DAY JULY (1885

6L-0



SOIL TEMPERATURE (DEGREES C)

nN
N

Y]
[h)Y)

N
[w]
1

ORNL-DHG B6-1449

LYSIMETER ONE SOIL TEMPERATURE

PROBE 1=+ PROBE 2=~X PROBE 3=

t*’*‘*—ﬁwd*—*\* Aj/y’ \\.l~
N e —# T \*—-*——*'--*.\.*\

~he

-
4 P R ARt il T R R S VAR
oxen .- Er SR VNPV VI
= 3= Hhm =X = 3= <K = 5 o 32 3 o Ko P~ M= =)= K
) e e A
I!!'!gTTIlI1]TT!'l1l3717"W’l’lI!‘l;YYTYXIYW!'IIIY!'I'T“T:r'"]lll’IYY‘I‘!TTTIl'_ll!‘l1'1!lf!'l[!ln’ll'lI"YT}"T"KI'r'"'lll'!"‘!lr’f‘gl"']'i,WYI‘I'l!lllT
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 @2 2 2 222 22 2
1 1 1 ¢ 1 31 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 & 3 4 4
3 4§ 5 5 7 @ 8 0 1 2 3 4 S 6 7 8 @ 0 1 2 3 4 5 87 860 3 2 3

JULIAN DAY AUGUST (19835

0¢-a



ORNL-DWG 86-1450

LYSIMETER TWO SOIL TEMPERATURE

0-21

- D

I e
1 4 L)

-~ m 0

Lol ]

A

~ 0

DS S

-

e

~ 0

-
-~ e
~m
-
~ N
I e
~ 0
- 0o
~ oW
-0~
W - D O
)
0
e

A

*/
P O Lt Sl

6
L Sl
5

- {0 1N

~ D <

~om

PROBE 4=+ PROBE 5x=X PRUBE G=e

~ 0 N

e {f) v

—~ 00

—~inm

- i @

~ i3~

—~ N0

-~ D N

e i <

~ i1 Mm

e 1Y N

LA S N 1

} LI ILE M S SR L A B (AR A B S RN BRI AAC A A S
0 -+ n Q [+ ]
N s N 3V -t

(D $33:93Q) IMNLVHIANZL 0SS

30
28~

JULIAN DAY JUNE (18835



SOl TEMPERATURE (DEGREES C)

ORNL-DWG 86-1457

LYSIMETER TWO SOIL TEMPERATURE

PROBE 4=+ PROBE S=X PROBE H==

- P it - — oo i o~ — K
26— gt — AT N
b ~ — ’*/
4 S e =~ e
24~ 3 i 3 e A 4 T 8 3 o
.-. 4 > 3 ~Y ’x-_x
TV T 3¢~ Xm = 3= Hem A=K
22+
20+
18-
18-
!Ii!lll!l’lYl!!!)FTIT}"T!Y‘!WT]FIYIFWQTl51lllIIl’I]TT‘!!]T'!YT!!'Hs!!‘(‘]!v‘v'il'l"‘l""‘l’mi"1Iviir‘l![rﬂ)‘l!!E‘r‘l1111111‘]1r‘!‘]l!!l""m’!‘lv‘zl'l'f
1 1 3 1 1 1 1 31 3 1 1 1 1111 11 2 2 2 2 2 2 2 2 2 2 2 2 2
g 8 8 8 8 8 B 8 9 8 8 8 8§ 8 9 9 8 g o 0 0 0 0o g Cc o0 0O C 1 1 1
2 3 4 5 8 7 8 8 0D 1 2 3 4 35 6 7 8 § 0 1 2 3 4 5 8 7 8B 8 0 1 2

JULIAN DAY JULY (1885

¢¢-a



SOit. TEMPERATURE (DEGREES C)

LYSIMETER TWO SOIL TEMPERATURE

PROBE 4=+ PROBE S=X PROBE G=»

30
28-
25—4# P 6 *,X .
T e e -
3::##:#‘?"?’::%#;4:& ~%
24 PR -

. 5 -

LT TR R e e = D M X e hmm e - 3 Ko A

22-
r

o

N
(]
i

JULIAN DAY AUGUST (188%5)

ORNL-DWG 86-1452

£€¢-a



ORML-DWG 86-1453

LYSIMETER THREE SOIL TEMPERATURE

8=X PROBE S=e

PROBE 7=+ PROBE

D-24

¥ X 3
i X E
1 ' :
% X 2
\ ) 3
X X 3
] -
% ¥ .
/ 1
% X 3
\ " 3
o ¥ X 3
\ ! 4
% b 4 3
\ " 3
# X -
_ ._ ”
%* X -
3
3
E
3
2
.
3
:
3
-
3
3
r
3
F
:
L
—- ﬂd-4~v-‘-<-ﬁ--<—d-¢-i 1—- u—
(w] o 0 - [y'] fa] ] 0
141 N N N [41] N g -

(0 S33493a) IUNLYHILWNIAL 0S

ot {3} ew

-~ &0

@

ot N0

s P

L 3 <]

o N W

a2 1

™M

- N

I oo

= I O

e 8D I

v 43 OB

- O

~ D 0

~ D W

e D <+

—~ D m

~ i) N

v 3 e

s 4 O

~ i d

— 3 &

= ) &~

s N O

— i} i}

= U 9

o W) @

~ N

(1883

JULIAN DAY JUNE



SOIL TEMPERATURE (DEGREES C)

ORNL-OWG 86-1454

LYSIMETER THREE SOIL TEMPERATURE

PROBE 7=+ PROBE B=X PROBE 9=«

) 7

1 e o A e e — e e S — e =t e = K

ST~ - N\

I N el ek

Rk -'*\-*...-*‘

] ==X

] 8 ==K Pom P mmm o P

1e-- -*--x«x---x---x--x--x—--x-—x--*,-x-—x--*“x”"(’

]

f
m!"llr!!‘Til“‘!‘l“'il"“"'l‘rlm"‘T"!TY"""Y'Il"“!“ﬁ“m)fl""q‘l“lifr‘r"l"]n‘l"l'Ixrrl'!!‘l““ll‘r)}‘l‘l‘]"(l’“‘\lil?l‘“‘li"‘l"r‘!“
111111111«111111112222222222222
e 8 8 8 68 8 8 8 8 8 8 9 8 9 9 8 898 000 0 0o 0 60O C 0 1 & 1
> 3 4 56 7 8 8 0123 4587839012 a 4 5 6 7 8 8 0 1 2

JULTAN DAY JuLY (1885

62-0



SOIL. TEMPERATURE (DEGREES C)

ORNL-DWG 86-1455

LYSIMETER THREE SOIL TEMPERATURE

PROBE 7=+ PROBE B=X PROBE Gwe

30
28
26— - /x’* Sy
— ~
™ R et ot 9 s e g e
o e g * . o
o i e \’*\
24— g % e SENINFESS Sl
b - "‘X~
PE = =~ = = S = < = = W = Do = D= = Y L. ,
4 = =K = I D = e e = D = = F = P =K S DS S VRV SRV IS PR
) K== - K- = e e
22—
20~
18—~
16+
W!!I'llTVU‘l!P‘l‘r‘J‘l!’ﬂ‘!‘!’?IT(!WY’VII"!'W’!TT"lh'l]‘(‘l!I'lllT‘I‘IT‘F‘(il'l"\l‘;fl"’!‘lTTT"’!VY!Z!‘I\]!"‘Y;‘IY’J!]"!!!‘!ll"‘i"!i‘!“l]m'r!’lﬁ"'ﬂs‘!’!ﬁr
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 @2 22 2 2222 22222 22
1 1 1 1 31 31 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4
3 4 5 8 7 8 8 0 1 2 3 4 %5 8 7 8 w01 23 45 8 7 8 8 0 3 2 3

JULIAN DAY AUGUST (188%)

§2-0



ORNL-DWG 86-1456

D-21

1 o]
' *
H X 3
,* \ 3
* "N .u.c
=] _ E
* ..ﬁ -
- b X E
E—~ X x 1
< n,a nm.n =2 & 2
£x * X 1 -
] | \ :
Dl. & X .i- 3
=
N “
E2 .
-t
o= 3
Uy 3
0 o
¥ 3
=¥ W.
- =
w E
el 3
& 3
o 3
¢p)
>
] E
J— T — 2 J Li L) — R § T v ¥ —\d L] L] L) — Ll T L] -‘i— k4 L ¥ T ﬂ i —‘
2 o 8 x ] 2 o @

(D S33930) IUNLVHIALALL TCS

e D) o

Do

i

-~ O

Lo JE o o

s I~ D

e~ 0N

~h "

-~~~

- 0N

— P oo

- ~0

~ 00

~ 0o

-0~

- 0 ©

~ 0N

-0 <

~ 0 Mm

-~ o N

e ) o

~ 00

~ N o,

—~in o

e~ 1N~

-~ N o

v i3 N

~in <

- i3 m

~iNN

JULIAN DAY JUNE (1885



ORML-DWG 856-1457

LYSIMETER FOUR SOIL TEMPERATURE

PROBE 1D=+ PROBE 11=X PRDEE 12=s

SOIL TEMPERATURE (DEGREES C)

20

28

25 -

24

22

20

18

i

PSR JOE YR IURT R WO NN W T WO |

_ o~ — W

-~ e —

o 12
\an-—aa-w*‘_*___*__*,*,*‘

1
b - < K = 3 = =K = Ko e - 3 m =Ko w g - KT

PO IN WOUTTOUN, O T VT VIR WO N VS )

,.Lo

JUREIVIRE S e e

%=X

YL 1

s d

JULIAN DAY JULY

{1885

8¢-a



SOIL TEMPERATURE (DEGREES C)

30 -

26

26

24

22

20

i

16

CO |

P ST T )

-
P o e o -

ORNL-DWG 86-1438

LYSIMETER FOUR SOIL TEMPERATURE

PROBE 10=+ PROBE 11=X PROBE 12=#

X X
‘2 ’*/ ~
e —
i alet -

i R: SRRV

11 Ve b ST VI
X‘"X--*--X—-)(---)(--..)(..-x.-*__x__x__*__x__x--*"x et Eafaly CTF VROV

—

o TR N S SRS VI W S T S W S Y
Mlvr“v—'Tﬁ'Tw——r—,'_'

<4~

<

+
+

llnoJ_lLlllinxnnilnirlj_ll

Wen o
Ty 3
o
@ N §
O
o~ N
0N
oNRN
- 0N
NN N
wnn
BN
TENEN
NN
NENY
onNwN
ENEY)
owwn
- W N
oW
wwn
PR
LEAEN)
own
N wn
AR
own
o*sN
-
NN
waen

JULIAN DAY AUGUST (198%5)

62-0



SOIL TEMPERATURE (DEGREES C)

28

26

24

22

20

18

P S ST N SN N SN IO ST S |

OSSN SN T T

PYRTRRTINN NN WU YOO ST ST S WO W )

ORNL-DWG 86-1439

LYSIMETER FIVE SOIL TEMPERATURE

() 351 e

PROBE 13=+ PROBE !4=X PRUBE

11 1 1 1 1 1
5 6 § 6§ 6 8 6 & 6 7
] 3 g 8 ¢ O

JULIAN DAY JUNE (iS85

15=»

1

1

A e — KT

14 -
R i v RS

13

N e
N
~
~
~J

m e

0 -

oo —
[y I

0t-a



SOIL TEMPERATURE (DEGREES C)

30

28

24

22

i8

16

PN SR O T WO AN SOV MU SOUY U (N SUNY SHT TUU K NSNS SN TN SN VU0 NUN VY N ST H |

ORNL-DWG 86-1440

LYSIMETER FIVE SOIL TEMPERATURE
PROBE 13=+ PROBE 14=X PROBE 1S=»
15 e e — e = — — e e — e — k— e —K
*\*\\k——*- X”*——*/*——*——*_‘*"—*ﬂ'* TNk
TR e % T
X=X

14

P(__x-_*--xux--x---x--x--.,(___x__XN*,-x--x—-*-‘x“'x"*"x"x"' TR X e XX

Lo

13 : ; IR L -

PO — i e e — + g " ——t—t—t—t
H TYYYVIIIIIX(TTIIIYTIY‘!ll‘rkl!ll]IIII‘;II!!]I'II;ll.lllllf}"\'vl"ll‘!’r]Y'l|!lerxllll!lll‘lll!llll!'!Illr!’llli['lrl"l“"lll'l!!Tl!ll'!lll1]ll]l]llll[
! 1 : 1 ¢+t 1 ¢t ¢t 1 1y 1 1 1t 11 1 2 2 2 2 2 2 2 2 2 2 2 2 2
8 8 8 8 B 8 8 B 9 8§ 9 ¢ 8§ 8§ § § 3 9 g 0 0O O 0 O O O 0 O 1 1 1
2 3 4 5 6 7 B 89 0 1 2 3 4 5 6 7 B 8 0 ! 2 3 4 S 6 7 8 8 0 1 2

JULIAN DAY JuLY (1883

Le-a



ORNL-DWG B6-1441

LYSIMETER FIVE SOIL TEMPERATURE

PROBE 13=+ PROBE 14=X PROBE 15=«

30

28

26

e Lo |

SOIL TEMPERATURE (DEGREES C)

Loy ogoea b

l!lJ‘llril'l

d”’/
k\
/*—’**‘* /
/'*’ i
x \’
e — B~ e — okt =k 15 7 e e T
* kT =%
~p— —d I ~
N e
\* I %
~ gpem e —
. : %
i4 ,»‘7&4 x“%—-x—-x__ o
R Rt SRR R S GRS VIR VR VS S e / * XTI -
: XK= - -x-- X
;’
— ! . )
At 532M
‘Tlvvlll'l:lYII[I'll]IIIT!VIIT‘I'F'TI’|Tl’;"‘llﬁr'rl'lllrl'"rlirm‘(“llrl\ﬁl{1[1'T'!l7]'lllill11’ll(l7';'7IYIIYIIYI!"'{leT;l'r‘(["ll‘{'lYT!ITTlllllllllllz
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22
1t 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4
3 4 5 6 7 8 9 0 1 2 3 4 5 s 7 8 % 0D 1 2 3 4 S 6 7 8 8 0 1 2 3

JULIAN DAY AUGUST (1885)

Al



ORNL-DWG B86-1442

LYSIMETER ONE SOIL MOISTURE

PROBE 1=+ PROBE 2=X PROBE 3=s

0-33

!
2
3

w
|

m

C.zwommmv JHNISION TH0S

o ==X
E -

-
-

B~ Y =l - =3

q~.~
FAN
N

-t ) v

- O

~DO

-~ O

S

~ D

[l a1

oI 4

-~ Mm

LaJE ]

o~ PN o

N0

~ 0 om

-~ 0 0

~ 0~

~ %0

- 00N

~0w

- 0 m

~ 0N

o~ (L) e

- D O

- inom

-~ 1) O

— i

~n o

- N N

~ N -

e iN M

- NN

JULIAN DAY JUNE (1885



SOIL MOISTURE (PERCENT)

S50+

45

AT

35+

ORNL-DWG 85-1443

LYSIMETER ONE SOIL MOISTURE

PROBE 1=« PROBE 2=X PROBE 3=«

’ , R ==

4
T L B N RER | ’
U
4

o 9 = 3 === e =K

3
_*_*_.*__*__*._*—q;—--*——-*-—#—*—-*—-*——*——ﬂ*—--* —————— 3 — o — o o = — oy —

[CH -
[» Mol
~§ @ e
0 O e
3 E) v
[= N = BN
n N
[ = ]
& O R
[Fi = I
[+ =l M
S ON
o O n
@ oN
5 oo N
s s N
£ e N

JULIAN DAY JULY (18855



ORNL-DWG 86-1444

D-35

NweM™
NeN
N € -
N Q
N
NM®
NMm~
NOWG
Nmn
NMm e
N m
NN
NN
NmO
NN
.*/ NOND
NN~
NN©

NN

NN

PROBE 1=+ PROBE 2«X PROBE 3=

NNm

NN

NN e

NNO

-%-
2
3

N~

LYSIMETER ONE SOIL MOISTURE

r
el
-

N~

e
s

0N N

L
= e

N~ O

35 = Ko = F = D =K

N o~ 0

3.

0N~

N e m

Y

10-P =t =ttt e = = e ot S

S0~
45
40+

I P R A
N N -~

o
m
(IN3O¥3d) I¥NLSION T0S

JUL.IAN DAY AUGUST (1885



SOIL MOISTURE (PERCENT)

LYSIMETER TWO SOIL MOISTURE

PROBE 4=+ PROBE 5=X PROBE H=e

ORNL-0OWG B6-1445

501

45—

40+

35

304 4

25

25

|

15

104 5

e AR

5 G é
D—
T!!lllﬂ"!l"'g"”]rl'lI'lrriT"|!"'r“ﬁll""H""T‘T’r!"";l."]'!’H!’]"E"li‘ll'l]"'ri"""."l;Tr"‘;"'q;'l"!"'l!""!“"!""]"ll[
£ 0101 01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1+ 111 1 31 1131 1 1 1
s 5 5 5 5 5 5 S5 5 6 6§ 65 6 6 6 6 8 6 7 7 7 7 7 7 7 7 7 7 8 8
> 3 2 5 5 7 8 8 0 1 2 3 456 7 8 80 1 2 3 456 7 89 0 1

JULIAN DAY JUNE (1885

9¢-0



SOl MOISTURE (PERCENT)

ORNL-DWG B86-1446

LYSIMETER TWO SOIL MOISTURE

PROBE 4=+ PROBE 5=X PROBE G=#

50~
45+
1
40— ..1-f1"::?4::f% e ———+
35+
L
30— 'x__x
25 ”:
-y l’
e 5 S CS TR CL T Lol bkl ol > T3 Ol -
20 x-—*‘"*"x o= H-=X W o e = =)= = I =X
1 JEVIET el
-t
15— - ye=-X-=¥
-4 —*"x‘-*
——
10-pe-e 3 6
1 _.p._.*-.-.p—-*-—*—*—-*—-*——*--r—-*—-*—-*——#-—#-—-*—-*—-4--—*—* ————— e o =ttt — t = ot
s
¢]
T‘rvvv"n'll‘xvrrlnuluvtx'vuI'ut‘r!n‘lvilrn“rrrvnr‘nuliy!a[s(!vl!ns'vvvvlnnllrvu‘nrrliilt1vvtl!tlI|!urv]lurix'l-srlrlvlilu'llrr‘Tﬂ'lT'rfl"'r
1111111111111111112222222222222
¢ 8 8 8 8 8 8 8B 8 8 98 8 B 8 8 § 8 0 00O OO DO OUOUDO 1 1 1
2 3 4 5 6 7 8 8 0 1 2 3 4 87890123458789012

8
5
JULIAN DAY JULY (1985

LE-Q



ORNL~-UWG 80-1447

PROBE 4=+ PROBE S5=X PRUBE 8=»

LYSIMETER TWO SOIL MOISTURE

D-38

[ ]
TN
T =~
[ =]
Mm@
&8 W

W e

w Ly
* wmw
uu, nme
X m nNm o
A §m N
* - M
r, nmo
! gri!!! NN D
Ty WD

NN

NN D

+ R
+ NN

wm.

-3 X

B s s s i

S
6

= Bt ot = - — e — i s —sf — s — o et i

NNm

N NN

0D o~

WD

& o B

AU <]

0l v b

N e iR

N -2 i}

[V

O3 v

50~
45—

v — ¥ d ¥ — v L)
1) (=] %] n_..u
(%] N g P

(INION3d) INNISION 0S

clon VIR YR R S el

40—,
35
0

JULIAN DAY AUGUST (1885



ORNL-DWG 86-1429

LYSIMETER THREE SOIL MOISTURE

PROBE 7=+ PROBE 8=X PROBE 9=+

e

e e T S B

dﬁqmd —\Nﬂ1~d~\&

JULIAN DAY JUNE (<1883



SOIL MOISTURE (PERCENT)

ORNL-0UMG 86-1430

LYSIMETER THREE SOIL MOISTURE

PROBE 7=+ PROBE 8=X PROBE Be»

7
Y oK = =M= K= = Y= K= P = = Mo = e = == = e = P =K
1

PROBES 788 SWITCHED

OON
e 03 B
[V M 8]
WonN
O N
sron
[+ @ Wt
~NOoRrR
[ N w ]
[ w330
€2 - )
B2 oo A
N e N

i
g
8

N @ e
@ G5 o
B @
i @ e
& GG oo
N B e
& 6 e
0D D o
(= -« B
o {3 e
N @B os
@ @& e
B @Y =2
N Qe
o @ e
e 3 e
0D 43 e

JULIAN DAY JULY (1883

ov-a



ORNL-DWG 86-1431

LYSIMETER THREE SOIL MOISTURE

b
-t

vl
L5

L
L

| PR VISV VIR VAP VRNE VIR VIS VS VSR VA VRRT VIR VAN VRRPVIL A VST PSR SRR S S S Y

2 a4

.

o e e e S e

D-41

S0

of

45+

b

40+

354

Ll

TF T VTR
O ef Q in o
m o N T -

(IN3D¥3d) FUNISION T0S

(o]

NeM

NN

N € -

NweO

N

NMmo

N~

NGO

NMmin

N w

N

NN

0N M =

NMmO

NNO

NND

NN~

NN

NN

NN

NNm

NN

L

NNO

N~

NeD

[y ol o

N~

N~ in

N~

NeeMm

JULIAN DAY AUGUST (1885



ORNL-0OWG 86-1432

D-42

ey G0 w2
- 80
- e D
o@D
= P
,w..na?a
=
E o

SRR AR

E v
E ~oo
~ & ®
£ e 0
M.iﬁs
- 0 T
w1 1D M

g o 8D N

PROBE 10=+ PROBE 11=X PROBE ]g2es

E w00
k]
E wno

Eoweime

LYSIMETER FOUR SOIL MOISTURE

- o0 I3 D
- N

- ~nm

- i 0

T L BN LU A LA NN SR
0O W O W w9 W o B o
h < T M M 0N N e e

(IN3OH3d) JUNISION HOS

JULIAN DAY JUNE {1883



ORNL-DWG 86-1433

LYSIMETER FOUR SOIL MOISTURE

PROBE 10w+ PROBE 11=X PRDBE 12=#

D-43

10

12
i

’,4:

n o

NN
N =e o=
N -0
NO O
NQ®
NO ™
NOD
NOWn
NO -
NO M
NON
NQ ~
NOOo
-0
- o
- B
~ 00
e (B N
o B g
-~ 0 m
N
ot B
ok B>
- 0 ;M
-~
~ @I~
~ 0D
- O in
-0
— O Mm

~ON

JULIAN DAY JULY <1885



SOIL MOISTURE (PERCENT)

80

45

Y
(o)

[
i

[ %
[m]

w

(=)

LYSIMETER FOUR SOIL MOISTURE

PROBE i0=+ PROBE 1i=X PROBE 12=e

ORNL-OWG B6-1434

lvVTlIW!VrIf!nI!]7’1§i4!I!!!1‘!J'5'V§¥V!lgv'l!!’"ll!!!!]I!TTTF,!!EYW!]"IIJ'!IH!g!i’!!l’Y'T}'TVV!;I!II!"C!;"’!‘i!?if{f!!ﬂalliliﬂ!'?;"'”ilivﬂlII!ISIIYq

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2 2

i1 31 1 1 1 3
3 4 5 8 7 B B

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3
G 1 2 3 4 5 8 7 8 8 0 1 2 3 4 5

JULIAN DAY AUGUST <1D8%)

3
5

3
7

3 3 4
8 8 0

4
1

é
2

2
4
2

2!



ORNL-DWG 86-1435

LYSIMETER FIVE SOIL MOISTURE

D-45

* 1 3
< 1 -
s "
i 3
il m
*‘ r S b
1 d
b 1 3
| 3
x4 3
<
V1. 3
1 m
X% -
.— r
U o
x & + -
) 3
X4 + -
o o m
E
3
-
3
3
r
e
<
3
P I 1 1 Yy YT TTTTTTTTY
Q in Q in m n Q in (o) in
n < L4 m N N ~—~ -

-t D v

- 00

~“~O

(o R a3 ]

-~

Lol ol

—in

Bl ¢

M

- NN

Lol 2 ]

-hO

~ oo

- D~

~ 0O

~ © N

-0«

—~{om

~“onN

e 0

ok ‘Bl

~inm

~ i o

—~in K~

~ N o

- IN 0N

~in <

= N Mm

N N

JULIAN DAY JUNE (1985)



ORNL-DWE 86-1436

LYSIMETER FIVE SOIL "fQISTURE

PROBE 13-+ PROBE 14=X PROBE (5=»

S8
FL
s
40 —
35 —
30 -
25 ~
20 :g.‘:ﬁ:*-—x--x--*--x--x.-*ifx-_
- ‘*"*‘"*'"*-*-—-qa-'*--ﬂs--:":"x"x"*"x"""*--x--x--* -------- Sa e S L S S
15 i e i gy --
J 13 3 T e e — e o — sk o - —
10 =t e+ —t——p——p—— 5 =
5—4
g—t
;'Y'l!‘mw‘!]l"lgl!lf’!iWg?'!!!'!Uli!ll!lI)"”VY'!!!Y"BIUIIiTlng!’l!!QB!WP"T“‘!T'ESF"!FTT’&!!'U'!!r!"{‘i?vﬂ]!!!!!!V"‘!"l"‘!mlgfr!'!31113
+ 1 1 % 1 % 1 31 1 1 1 311 %31 31131 222222222222 22e
& 8 8 8 8 8 B B 9 ® © 8 © ® ¥ ¥ § 8 D O 0O O O O O B 0 0 1 1 @
> 3 4 5 8 7 8 8 0 1 2 3 4 5 8 7 8 ®§ 0 : 2 3 &4 5 &8 7 8 8 0 1 2
JULIAN DAY JULY (1885

$v-0



50

45

40

35

30

25

20

15

10

1o La )

1 .

oo Lo & 2 8 5 |1 o

'y

LYSIMETER FIVE SOIL MOISTURE

PROBE 13=+ PROBE 14=X PRUBE [S=e

'
4

4

2
Y

P = =3 = 3 = D ==X = e = D= = o = I = D = = = I = H = = K- =

s

iy

| N

W= N

—

>N

U N

= A e e bt o e et e — e

0= N

NN

4.
T

DN

>3
1 4

0 =~ N

NN

NN

NN

[

13

~NN
NN
ONN

JULIAN DA

< ~NNN

/
15 /

NN
NN
SwnN
- N

AUGUST (1885

NWN

WwN

ORNL-DWG B6-1437

~unN

atwn

QN

NN

.

DWN

i
R

CwnN

OaN

Lol 3}

N >N

1
o

W »N

Lv-a






ORNL/TM-9850

INTERNAL DISTRIBUTION

1. T. L. Ashwood 31, W. W. Pitt
2. S. 1. Auerbach 32. D. E. Reichle
3. W. J. Boegly, Jr. 33. T. H. Row
4. R. B. Clapp 34. D. K. Solomon
5. N. H. Cutshall 35. B. P. Spalding
6-15. E. C. Davis 36. R. G. Stansfield
16. L. R. Dole 37. J. Switek
17. L. D. Eyman 38. T. Tamura
18. C. W. Francis 39-43. R. A. Todd
19. C. S. Haase 44. S. D. Van Hoesen
20. S. G. Hildebrand 45. G. T. Yeh
21. F. J. Homan 46. Central Research Library
22. D. C. Kocher 47-61. ESD Library
23. R. S. Lowrie 62-63. Laboratory Records Dept.
24-28. D. S. Marshall 64. Laboratory Records, ORNL-RC
29. T. E. Myrick 65. ORNL Patent Section
30. F. G. Pin 66. ORNL Y-12 Technical Library

EXTERNAL DISTRIBUTION

67. M. Barainca, Program Manager, Low-lLevel Waste Management
Program, U.S. Department of Energy, 550 Second Street,
Idaho Falls, ID 83401

68. J. J. Blakeslee, Program Manager, Nuclear Waste Processing,
Rocky Flats Plant, Rockwell International, P.0. Box 464,
Golden, CO 80401

69. J. Thomas Callahan, Associate Director, Ecosystem Studies
Program, Room 336, 1800 G Street, NW, National Science
Foundation, Washington, DC 20550

70. T. C. Chee, R&D and Byproducts Division, DP-123 (GTIN),
U.S. Department of Energy, Washington, DC 20545

71. A. T. Clark, Jr., Advanced Fuel and Spent Fuel Licensing
Branch, Division of Fuel Cycling and Material Safety,
396-SS, U. S. Nuclear Regulatory Commission, 7915 Eastern
Avenue, Silver Spring, MD 20910

72. Peter Colombo, Group Leader, Nuclear Waste Research,
Brookhaven National Laboratory, Bldg. 701, Upton, NY 11973

73. E. F. Conti, Office of Nuclear Regulatory Research,

U.S. Nuclear Regulatory Commission, MS-1130-SS,
Washington, DC 20555

74-78. P. M. Craig, Environmental Consulting Engineers, Inc.,
P.0. Box 22668, Knoxville, TN 37933

79. J. E. Dijeckhoner, Acting Director, Operations and Traffic
Division, DP-122 (GTN), U.S. Department of Energy,
Washington, DC 20545

80. Bob Dodge, Low-Level Waste Management Program, EG&G Idaho,
Inc., P. 0. Box 1625, Idaho Falls, 10 83415



81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.
93.

94.

95.

96.

97.

98.

99.

100.

M. Findlay, Argonne National Laboratory Ecological Research
Division, Bldg. 203, 9700 S. Cass Avenue, Argonne, IL 60439
G. J. Foley, Office of Environmental Process and Effects
Research, U.S. Environmental Protection Agency,

401 M Street, SW, RD-682, Washington, DC 20460

Carl Gertz, Director, Radioactive Waste Technology Division,
Idaho Operations Office, U.S. Department of Energy,

550 Second Street, Idaho Falls, ID 83401

C. R. Goldman, Professor of Limnology, Director of Tahoe
Research Group, Division of Environmental Studies,
University of California, Davis, CA 95616

W. H. Hannum, Director, West Valley Project Office,

U.S. Department of Energy, P.0. Box 191, West Valley,

NY 14171

J. W. Huckabee, Manager, £tcological Studies Program,
Electric Power Research Institute, 3412 Hillview Avenue,
P.0. Box 10412, Palo Alto, CA 94303

£. A. Jennrich, Program Manager, Low-Level Waste Management
Program, EG&G Idaho, Inc., P.0. Box 1625, Idaho Falls,

1D 83415

J. J. Jicha, Director, R& and Byproducts Division, DP-123
(GTN), U.S. Department of Energy, Washington, DC 20545

E. A. Jordan, Low-Level Waste Program Manager, Division of
Storage and Treatment Projects, NE-25 (GIN), U.S. Department
of Energy, Washington, 0C 20545

George Y. Jordy, Director, Office of Program Analysis,
0ffice of Energy Research, ER-30, G-226, U.S. Department of
Energy, Washington, DC 20545

J. Howard Kittel, Manager, Office of Waste Management
Programs, Argonne National Laboratory, 9700 S. Cass Ave.,
Bldg. 205, Argonne, IL 60439

L. T. Lakey, Waste Isolation, Pacific Northwest Laboratory,
Richland, WA 99352

Leonard Lane, Los Alamos National Laboratory, P.0. Box 1663,
Los Alamos, NM B7545

D. B. Leclaire, Director, Office of Defense Waste and
Byproducts Management, DP-12 (GTN), U.S. Department of
Energy, Washington, DC 20545

Helen McCammon, Director, Ecological Research Division,
Office of Health and Environmental Research, Office of
Energy Research, MS-E201, ER-75, Room E-233, U.S. Department
of Energy, Washington, DC 20545

J. W. McConnell, Idaho National Engineering laboratory,

P.0. Box 1625, Idaho Falls, ID 83415

Michael McFadden, Waste Management, Albuquerque Operations
Office, U.S. Department of Energy, Albuquerque, NM 37115
Edward 0'Donnell, Division of Radijation Programs and Earth
Sciences, U.S. Nuclear Regulatory Commission, MS-1130-SS,
Washington, DC 20555

J. W. Patterson, Program Director, Waste Management Program
Office, Rockwell Hanford Operations, P.0. Box 800,

Richland, WA 99352

Irwin Remson, Department of Applied Earth Sciences, Stanford
University, Stanford, CA 94305



101.

102.

103.

104.

105.

106.

107.

108.
109.

110.
111,

112.

113.

114.

115.

116-142.

Jackson Robertson, USGS, 410 National Center, Reston,

VA 22092

R. D. Rogers, Idaho National Engineering Laboratory,

P. 0. Box 1625, Idaho Falls, ID 83415

£. M, Romney, University of California, Los Angeles,

900 Veteran Avenue, Los Angeles, CA 90024

I1kka Savolainen, Waste Management Section, International
Atomic Energy Agency, Wagramerstrasse 5, P. 0. Box 100,
A-1400 Vienna, Austria

R. J. Starmer, HLW Technical Development Branch, Office of
Nuclear Material Safety and Safeguards, U.S. Nuclear
Regulatory Commission, Room 427-SS, Washington, DC 20555
J. 6. Steger, Environmental Sciences Group, Los Alamos
National Laboratory, MS-K495, P.0. Box 1663, Los Alamos,
NM B7545

R. J. Stern, Director, Office of Environmental Compliance,
MS PE-25, FORRESTAL, U.S. Department of Energy,

1000 Independence Avenue, SW, Washington, DC 20585

M. T. Stewart, University of South fFlorida, Tampa, fL 33620
J. A. Stone, Savannah River Laboratory, £E. 1. DuPont de
Nemours and Company, Bldg. 773-A, Room E-112, Aiken,

SC 29808

S. B. Upchurch, University of South Florida, Tampa, FL 33620
Leonard H. Weinstein, Program Director of Environmental
Biology, Cornell University, Boyce Thompson Institute for
Plant Research, Ithaca, NY 14853

Raymond G. Wilhour, Chief, Air Pollution Effects Branch,
Corvallis Environmental Research Laboratory, U.S.
Environmental Protection Agency, 200 SW 35th Street,
Corvallis, OR 97330

Frank J. Wobber, Ecological Research Division, Office of
Health and Environmental Research, O0ffice of Energy
Research, MS-E201, U.S. Department of Energy,

Washington, DC 20545

M. Gordon Wolman, The Johns Hopkins University, Department
of Geography and Environmental Engineering, Baltimore,

MD 21218

Office of Assistant Manager for Energy Research and
Development, Oak Ridge Operations, P. 0. Box E,

U.S. Department of Energy, Oak Ridge, TN 3783}

Technical Information Center, 0ak Ridge, TN 37831



