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ABSTRACT

There is increasing evidence that mobile colloids facilitate the long-distance
transport of contaminants. The mobility of fine particles and macromolecules has
been linked to the movement of actinides , organic contaminants, and heavy
metals through soil. Direct evidence for colloid mobility includes the presence of
humic materials in deep aquifers as well as coatings of accumulated clay, organic
matter, or sesquioxides on particle or aggregate surfaces in subsoil horizons of
many soils. The potential for colloid-facilitated transport of contaminants from
hazardous-waste sites requires adequate monitoring before, during, and after in-
situ remediation treatments.

A lysimeter is a device permanently installed in the soil to sample soil water
periodically. Zero-tension lysimeters (ZTLs) are especially appropriate for sampling
water as it moves through saturated soil, although some unsaturated flow events
may be sampled as well. Because no ceramic barrier or fiberglass wick is involved
to maintain tension on the water (as is the case with other lysimeters), particles
suspended in the water as well as dissolved species may be sampled with ZTLs.
Conventionally, ZTLs consist of shallow pans or troughs that are inserted laterally
into the soil from an access pit or trench. But conventional design and installation
of ZTLs leads to a number of problems. First, digging access pits or trenches to
depths appropriate for sampling subsurface materials may be impractical or
prohibitively costly. Second, disturbance of trench walls by digging equipment
(e.g., smearing of the pit walls; fractures induced by the jarring of backhoe
buckets) may alter physical conditions and limit interpretations and predictions for
unsampled sites. Finally (and most importantly), the time and space required to
install a conventional ZTL may place limitations on the number of replications
possible at a given site and thereby limit appropriate monitoring of spatial
variability.

To address these problems, a ZTL design is proposed that is more suitable for
monitoring colloid-facilitated contaminant migration. The improved design consists
of a cylinder made of polycarbonate or polytetrafluoroethylene (PTFE) that is
placed below undisturbed soil material. In many soils, a hydraulically powered
tube may be used to extract an undisturbed core of soil before placement of the
lysimeter. In those cases, the design has significant advantages over conventional
designs with respect to simplicity and speed of installation. Therefore, it will allow
colloid-facilitated transport of contaminants to be monitored at more locations at a
given site.

Zero-tension lysimeters are intended to capture samples of suspended colloids as
they move in the vadose zone. The specific benefits of the proposed design are
related to the simplicity of installation and the concomitant reduction of cost of
monitoring. Because more ZTLs of the proposed design than of the conventional
design can be installed to assess site variability, more accurate monitoring of
contaminant transport before, during, and after remediation will be achieved. In
addition, because of the improved spatial resolution in sampling and monitoring, if




contaminants are mobilized, their source can be more easily identified than with
piezometer-based monitoring methods.

The improved zero-tension lysimeters described in this proposal have been
installed at five sites contaminated with americium and plutonium at Rocky Flats
Plant, Golden, Colorado. Rainfall simulation experiments have been performed to
test the ability of the improved lysimeters to intercept mobile colloids and actinides
and to compare their behavior with that of conventional zero-tension lysimeters.

Zero-tension lysimeters have been installed near Ames, lowa, where colloid-
facilitated transport of heavy metals (Cu, Ni, Cd, and Zn) in municipal sewage
sludge amendments is monitored. In water samples collected from the lysimeters,
suspended colloid concentrations, heavy metals, dissolved organic carbon,
electrical conductivity, and pH are determined. Rainfall simulation experiments
designed to simulate the intensity of typical summer storms will be completed
along with transport simulation trials designed to identify the initial pH and ionic
strength levels of soil water that are most conducive to mobilization of organic and
phyllosilicate colloids and associated metals.




TECHNOLOGY NEED

Zero-tension lysimeters (ZTLs) are needed to monitor contaminant migration in
conjunction with mobile colloids. They are applicable where a contaminated site is
undergoing /in-situ remediation treatment that leaves the soil physically
undisturbed. Their use would be also be recommended in other contexts where
colloid-facilitated transport of contaminants is suspected or must be quantified in
near-surface environments, but where remediation is not actively taking place.
Unfortunately, zero-tension lysimeters of the conventional design are expensive to
install because they require significant excavation and disturbance of the soil.

A zero-tension lysimeter that can be installed in much less time and with less site
disturbance than conventional ZTLs was developed and demonstrated in this
project. The technology is most suitable where contaminants have impacted the
soil surface. Where contaminants are deeply buried below the soil surface, the
improved zero-tension lysimeter may be employed only if physical disturbance of
the soil overlying the lysimeter is not expected to affect colloid mobility
significantly (perhaps the case in fairly coarse-textured deposits).

BACKGROUND AND THEORY

Some environmental contaminants (e.g., heavy metals and certain radionuclides)
have been assumed to be immobile in soils because they are strongly sorbed to
soil solid phases in laboratory batch studies (e.g., McBride, 1989). However,
contaminant mobility may be greatly enhanced in situations where solid-phase
components are themselves mobile. There is increasing evidence that mobile
colloids can facilitate the long-distance transport of soil contaminants (McCarthy
and Zachara, 1989). The mobility of naturally occurring fine particles and
macromolecules has been linked to the movement of actinides (Penrose et al.,
1990), organic contaminants (Enfield and Bengtsson, 1988; Dunnivant et al.,
1992), and heavy metals (Dunnivant et al., 1992) through soil. Devices designed
to monitor the movement of colloids and associated contaminants are needed both
at sites where significant levels of contaminants are present as well as at sites
undergoing active in-situ remediation treatments to remove contaminants.

Natural colloidal materials in soils include humic macromolecules synthesized
during microbial oxidation of vegetative materials (Stevenson, 1982), certain
microorganisms (Corapcioglu and Haridas, 1985), precipitated sesquioxides (e.g.,
iron and manganese oxides), and phyllosilicate clay minerals (e.g., smectites and
micas){Hayes and Himes, 1986; Borchardt, 1989). Many environmental factors
influence colloid mobilization, ranging from the pH, redox potential, and osmotic
potential (related principally to ionic strength) of the soil solution (Thompson et al.,
1976) to the size and continuity of pores in the soil (Beven and Germann, 1982;
Thompson, 1987). The drainage regime of the soil appears to be a master variable
and predictor in this regard (Scharf and Thompson, 1990).




Direct evidence for natural colloid mobility includes the presence of humic
materials in deep aquifers (Thurman, 1985) as well as coatings of accumulated
clay, organic matter, or sesquioxides on particle or aggregate surfaces in subsoil
horizons of many soils (Bullock and Thompson, 1985). Unfortunately, relatively
little quantitative information about colloid mobility is available, including
identification of the near-surface conditions that initiate colloid transport as well as
long- and short-term fluxes of colloids in different kinds of soil. Significant colloid
transport is probably coincident with preferential flow of water in soils. Thus, it
may occur under saturated soil conditions when large, continuous pores function
to conduct water, solutes, and suspended particles. On the other hand, colloids
may also be mobilized by preferential flow that occurs in dry, unsaturated soil.

Two kinds of colloid mobilization can be distinguished: (1) dispersion of
organomineral colloids or discrete organic colloids containing radionuclides and
metal ions and (2) preferential flow of suspended soil colloids and/or soluble
contaminants in soil macropores.

Chemical dispersion of colloids in soil may occur (a) when water that has a low
osmotic potential (i.e., low ionic strength) or a high pH moves through the soil
(Sposito, 1984), (b) when water (e.g., irrigation water) with a large sodium
content is added to the soil (Thompson et al., 1976; Yousaf et al., 1987),(c) when
low-molecular-weight organic anions produced by soil microorganisms are sorbed
on mineral surfaces, increasing the net negative surface-charge density (Oades,
1984), and (d) when iron oxides that normally act as cements between particles
are dissolved by low oxidation-reduction potentials (Vepraskas, 1992). Physical
dispersion of soil colloids typically occurs when dry soils are suddenly wet, e.g.,
by a rainstorm. Swelling pressures caused by imbibition of water and compression
of air in soil aggregates can cause particles to be sloughed from the aggregates
and carried with the moving water.

Preferential flow. Most soils contain macropores, i.e., large, continuous pores
(greater than about 1 mm in diameter) through which water can move rapidly
{Beven and Germann, 1981). Macropore flow may occur in either saturated or
unsaturated soils, but greater quantities of water and dissolved species can move
in a given period under saturated conditions. If water is applied to soil so that
saturated flow occurs, dissolved species and suspended colloids may flow
downward, primarily through macropores, invalidating predictions of their fate that
assumed uniform mixing of solute with the soil. Such conditions may occur when
high fluid rates are used, when the soil is already near saturation at the time of
application, or where heavy precipitation shortly follows application of water.
Alternatively, if water is applied to a dry soil surface where large cracks are
present, unsaturated vertical flow may occur in the cracks. Enfield and Bengtsson
(1988) have suggested that organic colloids may actually move through soil faster
than small molecules because colloid movement is restricted to relatively
continuous macropores.




Although there has been considerable interest recently in colloid-facilitated
transport of many types of contaminants in soil (McCarthy and Zachara, 1989;
Corapcioglu and Haridas, 1985; Dunnivant et al., 1992; Vinten et al., 1983a, b),
many questions remain. There have been very few investigations to establish
near-surface fluxes of organic and/or inorganic colloids under ambient climatic
conditions. Moreover, it is not known which of the possible mechanisms of colloid
transport described above are most significant in field situations. The lysimeter
described in this report is a device intended to sample mobile soil water, mobilized
colloids, and any associated contaminants.

DESIGN AND INSTALLATION

Design of an Improved Zero-Tension Lysimeter

Figure 1 depicts the zero-tension lysimeter's design (Thompson and Scharf, 1994).
It was adapted from the ideas of Howitt and Pawluk (1985). The lysimeter
consists of a cylinder that is 8 cm long, has an 8.9-cm outside diameter, and is
sealed to a base at one end. The upper 1 cm of the cylinder is indented by 2 mm
so that an 8.3-cm (inside diameter) ring can fit at the top. A polyester screen with
150-um openings is placed between the cylinder and the ring and bonded into
place. The ring's edge is beveled at a 35-degree angle to penetrate
unconsolidated soil material that overlies the lysimeter upon installation in the soil.
The base plate is cut from a solid cylinder of polycarbonate the same diameter as
the open cylinder. Cutting the base from a solid cylinder at a slight angle
produces a sloping floor for the lysimeter. This design insures that water will be
directed toward a sampling nipple at the base of the lysimeter.

A rigid sampling nipple (3.2 mm OD, 1.6 mm ID} is inserted through the wall of the
cylinder at the lowest point of the sloping floor and bonded in place with epoxy.

A fluorinated ethylene propylene (FEP) tube of length appropriate for the depth of
lysimeter installation is attached to the sampling nipple. Near the top of the
cylinder, a second rigid nipple (same size as the sampling nipple) is inserted and
epoxied into the wall to provide an outlet for air as water moves into the cavity
and also to allow air to enter the lysimeter during sample extraction. A flexible
polyester tube leading to the soil surface is attached to the vent nipple. Tubes for
both the sampling nipple and the vent nipple are attached by short {(about 5 cm)
piece of connecting polyethylene tubing (2.0 mm ID}.

Lysimeter prototypes have been constructed of both polycarbonate and PTFE.
Both materials minimize sorption of either contaminants or natural, suspended
colloids by the device itself. PTFE also has excellent resistance to a very large
number of chemicals and pH ranges. A PTFE base probably provides somewhat
greater rigidity and durability for the lysimeter, although in the period of this study
no difference between the two materials was observed.
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Figure 1. Design of the zero-tension lysimeter.




To insure that only undisturbed soil material directly overlies the lysimeter, it is
sized to be 1.3 cm smaller than the diameter of a soil core removed with the 10.2-
cm-diameter sampling tube of a Giddings hydraulic soil coring and sampling
machine (Giddings Machine Company, Fort Collins, Colorado). This is the largest
tube currently available and the largest tube practical for sampling most soils with
the conventional Giddings soil coring machine. If other means are availabie to
remove an undisturbed soil core of larger diameter, the lysimeter may be enlarged
proportionately. Given the variabilities of pore- and aggregate-size distributions in
most soils, it is not recommended that the lysimeter be made smaller.

Normal Method of Installation

The ZTL is installed when the soil is dry enough that an undisturbed core can be
extruded from the sampling tube easily. The appropriate water content will vary
from soil to soil, depending especially on clay content. A Giddings hydraulic soil
probe is used to collect an undisturbed core about 10 cm in diameter and
approximately as long as the desired depth of lysimeter placement. The Giddings
unit may be mounted on a pickup, a trailer, or a tractor (Fig. 2).

The installation steps are:
(1) Remove an undisturbed core of soil to the chosen depth.

(2) Unscrew the cutting bit from the sampling tube and gently extrude a length
of the core that corresponds to the length of the lysimeter (i.e., about 9.5 cm).

(3) Before placing the lysimeter in the ground, place enough acid-washed, silica
sand onto the screen at the top of the cylinder to fill the cavity and provide
hydraulic contact with the overlying soil. Then place the lysimeter at the base
of the hole and surround it with sand for stability.

(4) Replace the core in its hole so that it seats well on the beveled cylinder of
the lysimeter (Fig. 3). The core may be supported with a length of fishing line
as it is lowered gently into the hole; then the line is slipped from under the core
before pushing the core down onto the beveled edges of the lysimeter.

The sand at the top of the lysimeter should have a uniform size distribution,
chosen to be slightly smaller than the size of the dominant conducting pores in the
overlying soil (e.g., 1-2 mm). We have used tumbled sand from Granusil Corp.,
LeSueur, MN 56058. Depending on the roughness of the soil core's base, a
thickness of about 1 ¢cm of sand should be sufficient to provide contact between
the soil and the lysimeter.

Installation Options

This installation technique has been successfully used to a depth of 50 cm in a
variety of unsaturated soils in lowa as well as at the Rocky Fiats Environmental
Technology Site in Colorado (see below). Deeper placements are possible in
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Figure 2. Truck-mounted Giddings soil probe about to pull up an undisturbed core
of soil. '

Figure 3. Lowering an undisturbed core of soil into its original hole and on top of
a zero-tension lysimeter placed at the base of the hole.




principle, but the logistical problems of placing the lysimeter in the hole, of
extruding an undisturbed soil core from the sampling tube, and of lowering the
intact core to the lysimeter are reasons for caution. Where concerns about
maintaining the physical organization of the soil are minimal (e.g., where the soil
above the lysimeter depth has been recently tilled or where distributions of pore
size and continuity are relatively uniform), it may not be necessary to maintain an
undisturbed core above the lysimeter. In such instances, the lysimeter's hole
could be excavated with a bucket auger by hand, and the lysimeter may be placed
considerably deeper than 50 cm. Another scenario in which a bucket auger
installation would be appropriate would be where the soil is too rocky or cemented
to allow recovery of an undisturbed core by a Giddings probe.

Sampling and Maintenance

Samples of soil solution or suspension are removed from the lysimeter by applying
suction to the sampling tube with a hand pump or peristaltic pump (Fig. 4).
Normally, sampling will take place shortly after it is believed that saturated water
flow has occurred in the soil, e.g., spring snow melt, long periods of rain in spring,
heavy rainstorms, etc. Sampling interval depends upon depth of lysimeter
placement as well. The lysimeter may be especially useful to monitor colloid
mobilization and transport during in-situ remediation treatments that require long
periods of saturation and significant fluid flux.

When there is intense rainfall on a relatively dry soil, water may enter zero-tension
lysimeters under conditions of unsaturated flow. After micropores and mesopores
near the soil surface fill with water, further rainfall "spills over” into macropores
(Bouma and Dekker, 1977). Unsaturated flow into the lysimeter occurs when one
or more conducting macropores (associated with faunal activity, root growth, or
shrinkage cracks) are in direct contact with the layer of sand at the top of the
lysimeter. Therefore, sampling the ZTL is recommended after each significant
event, even if saturated flow was unlikely:

It is useful to place a fine mesh screen (e.g., with 150-mm openings) at the end of
the vent tube and a cap at the end of the sampling tube to prevent occupation of
the tubes by insects and arachnids. We have found it helpful to mark the location
of sampling and air tubes where they emerge from the ground by leading them into
a brightly painted polyvinyl chloride pipe placed vertically into the ground near the
lysimeter. Periodically, the lysimeters may be cleaned in situ by pumping in a
detergent solution which is allowed to sit for 24 hours before being flushed
thoroughly by pumping with distilled water. Strongly alkaline cleaning solutions
such as sodium hypochlorite may etch polycarbonate ZTLs and should be avoided.




air inlet tube

Figure 4. Retrieving water collected in the zero-tension lysimeter.




COSTS

A ZTL constructed of polycarbonate cost approximately $60 for labor and
materials.

A ZTL constructed of PTFE cost approximately $200 for labor an‘d materials.

The cost of installation includes labor and access to a Giddings soil probe. Once
experience has been gained at installation procedures, each installation (at 50 cm
depth in unconsolidated soil) takes two people about 45 minutes.

A trailer-mounted Giddings soil probe cost about $20,000 in 1994.

FIELD INVESTIGATIONS: ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE,
GOLDEN, COLORADO

Site Context

A general description of the soils at the Rocky Flats Environmental Technology Site
is found in Appendix A of this report.

Soils near the 903 Pad at Rocky Flats Plant have been contaminated as a result of
leaking barrels of Pu-contaminated oil (McGehee et al. 1994) (Fig. 5). Surficial soil
horizons within 1 km of the pad were subsequently contaminated by wind
dispersal of Pu oxide particles during clean-up operations. Areal and vertical
surveys of Pu concentration in Rocky Flats soils suggest that Pu contamination
resides mainly in the upper 10 cm of the soil, but that as much as 10% of the
total Pu deposit has migrated to deeper levels (Litaor et al., 1994). Elevated
concentrations of Pu have also been found in filtered water samples from seeps
and in stream sediments along nearby Woman Creek, suggesting that some Pu has
been carried through or over the soil and has affected groundwater and surface
water quality.

The mechanisms and rates of actinide migration at the site have been the focus of
a study conducted by M.I. Litaor of EG&G/Rocky Flats. Transport of Pu in
colloidal form or associated with natural colloids has been documented or inferred
elsewhere (e.g., Penrose et al., 1990). Therefore, an important part of Dr. Litaor’s
Rocky Flats investigation is in-situ documentation of colloid mobilization. At five
intensively monitored sites on a hillslope east of the 903 Pad (Fig. 6), soil solution
is sampled by both tension lysimeters and conventional zero-tension lysimeters
(polyvinyl chloride troughs inserted laterally in the soil) that are installed at five
intensively monitored sites. In addition to sampling soil water moving under the
influence of ambient precipitation and snow melt events, rainfall simulation studies
have been conducted to simulate extreme storm events at each site.

Chemical, physical, and descriptive information about the monitored soils near the
903 Pad is found in Appendix B of this report.




‘s1ej4 Ayooy ie ped abesois £06 Y} 0 uopeoso] ‘g ainbiy

T R A A AN N0

10

RSO PO ON P,

ealy sayoual] jsel




‘pajeso| ale s1zZ pue
sjd jjos patojjuow KjpAisuaiu; aiaym ped abeiols £06 dul Jo ised adoisiiiH ‘L aunbjd

11




Installation Trials and Rainfall Simulation Demonstrations at Rocky Flats

1993. The improved zero-tension lysimeters described in this report were installed
near the five intensively monitored sites (Fig. 7). It was expected that installation
of the lysimeters by collecting undisturbed cores would be difficult at Rocky Flats
because of the potential for contamination of the pickup-mounted Giddings soil
probe. In addition, the soils at the site are known to contain large amounts of
coarse fragments. Finally, access to much of the site was limited by previously
installed equipment. Therefore, our first attempts at ZTL installation at RFETS
were by a manual method.

During the week of August 16, zero-tension lysimeters constructed of PTFE were
installed by hand-digging a small access hole to the appropriate depth, placing the
lysimeter under an undisturbed portion of the soil, and closing the hole (Fig. 8).
The manual installation technique had worked well at a practice site in lowa.
However, installations at RFETS were slowed greatly by the compact nature of the
soil. In addition, we found it very difficult to level the lysimeters in the holes and
to push them up into an even contact with the roof of the excavated cavities.
Finally, site work rules {e.g., requirements of personal protective clothing, worker
training, lightning advisories, and limitations on permissible periods of intense
labor) resulted in the installation of fewer lysimeters than had originally been
planned. During the four days we were at RFETS, we were able to install one
PTFE lysimeter near each of four monitored pits and one polycarbonate lysimeter
near one pit. These installations required approximately 64 person-hours of labor.

During the week of September 20, we completed installation of additional zero-
tension lysimeters constructed of PTFE at RFETS. The final lysimeter was installed
near Pit b of the intensively monitored site. In August, we had encountered
problems with the manual installation technique because of the dry, compacted,
and clayey soil materials at the site. We devised an alternative method of
installation by using a right-angle drill to auger the required lateral cavity. That
approach greatly speeded installation of the lysimeters in September.

Following lysimeter installation, we set up a plot-size rainfall simulator (Bowyer-
Bower and Burt, 1989) constructed for this project and conducted rainfall tests at
three of the five sites (Fig. 9). The tests were intended to document that
infiltrating rainwater would be intercepted by the lysimeters as well as to learn the
approximate amount of water required to initiate saturated flow of water and
transport of colloids in the different soils at the site. Unfortunately, water was
collected only from one of the lysimeters at Pit 1, and that only after 20 cm of
simulated rain (over a two-hour period) had fallen. At Pit 2 and Pit 5, not enough
soil water was collected to characterize for the parameters of electrical
conductivity, pH, alkalinity, turbidity, dissolved organic carbon, and actinides.
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Figure 2. Manual installation of the ZTLs required digging a small
access hole and placing the lysimeter under an undisturbed
portion of the soil.
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Figure 3. Conducting rainfall simulation experiments at Rocky
Flats.
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The failure to collect water in the lysimeters installed at the Rocky Flats Plant was
in direct contrast to our experience with the lysimeters installed at the Ames site,
where water has been collected in the lysimeters after virtually every rain since
1992. We have developed three hypotheses to explain the results at Rocky Flats:
(1) The soils at Rocky Flats have less macroporosity than the soils tested in lowa
as a result of less faunal activity. (2) Most of the Rocky Flats sites occurred on
slopes of 8-13%. To the extent that lateral water flow dominated at these sites,
the lysimeters would have been bypassed. (3) Installation of the lysimeters
provided insufficient hydraulic contact between the sand at the top of the
lysimeter and the overlying soil. Of these hypotheses, (2) and (3) seem the most
likely.

1994. During the week of July 17, we installed five additional ZTLs at the Rocky
Flats research site. Instead of using the manual installation method of 1993, we
used a pickup-mounted hydraulic soil probe (Giddings rig) to remove cores of soil
before placing the ZTLs in the soil. The approach worked well at the site when
the truck was anchored to the soil. We collected undisturbed cores of soil as long
as 50 cm, and the probe could have gone deeper. These cores provided excelient
morphological documentation concerning the likelihood of preferential flow of
water in soil macropores.

Because of physical access restraints, all the lysimeters installed in 1994 were in
the vicinity of Pit 5, which is the pit nearest the 903 Pad and where contaminated
soil was previously determined to occur at the surface. There was a stone line at
all locations sampled; it occurred between about 13 and 20 cm depth. It
consisted of stones 1-3 cm in diameter, and it probably had a significant effect on
water movement to the subsoil at the site. We installed two ZTLs in place of the
stone line (ZTL Sites LY53 and LY55) and two at the bottom of the stone line (ZTL
Sites LYD54 and LY56). One ZTL was installed at 20 cm depth and below
disturbed soil material to evaluate the effect of physical disturbance of the surface
horizon on colloid and actinide migration (ZTL Site LY52).

During the week of August 15, we conducted rainfall simulation experiments at
the sites where ZTLs had been installed in July. Turbidity, electrical conductivity,
pH, alkalinity, and temperature were determined in the field for most samples.
Dissolved organic carbon in water samples was determined in Ames by Pt-
catalyzed, low-temperature combustion on a Shimadzu TOC 5050. Analytical data
for both simulated and subsequent natural rainfall are presented in Table 1.

We also determined that two of the five ZTLs installed during 1993 were
functioning. Although the 1993 method of installation is not recommended, we
continued to monitor and sample these ZTLs during the life of the project.

The simulated and natural precipitation data of Table 1 indicate that the lysimeters
installed by using the Giddings soil probe to remove an undisturbed core of soil
functioned well to capture water that moved through the soil in response to
precipitation. The data also document the large variation both spatially and

16
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temporally in water movement through the soil. Finally, the data document that
even water that traverses soil pores quickly in events dominated by macropore
flow picks up dissolved solutes (increase in electrical conductivity over the
simulated rainwater) and dissolved organic compounds {increase in DOC), some of
which are likely to be “colloidal” in size (a conclusion suggested by the increase in
turbidity).

FIELD INVESTIGATIONS: AMES WATER POLLUTION CONTROL FACILITY

Site Context

Zero-tension lysimeters constructed of polycarbonate were installed at the City of
Ames Water Pollution Control Facility (WPCF) near Ames, lowa, to monitor colloid
transport in a soil during amendments with treated municipal biosolids.

Soil and Vegetation

The soil at the site is a fine-loamy, mixed, mesic Endoaquic Hapludoll (Coland
series). To a depth of about 1 m the soil is a clay loam (about 380 g clay per kg
soil). The surface horizon is massive in the upper 15 cm. From 15 cm to about
60 cm depth the soil possesses fine and medium subangular blocky structure;
medium prismatic structure occurs from about 60 ¢m to about 1.0-1.4 m depth.
The soil has a permanent cover of switchgrass (Panicum virgatum L.) and
cottonwood-poplar hybrid trees, laid out in alternating alleys that are about 15 m
wide and 365 m long. Appendix C of this report contains additional chemical and
physical data for the soil at the WPCF.

Sampling Design

Twenty-four lysimeters were placed in plots associated with three levels of
biosolids treatment (application rates of approximately O, 2, and 5 dry t/ha) and
two vegetation treatments. Four replicate plots for each treatment were assigned
on a randomized block design. The lysimeters were placed at a depth of
approximately 50-cm according to the procedures outlined above.. Half of the
lysimeters (replicates 1 and 2) were installed in the fall of 1991; the other half
(replicates 3 and 4) were installed in the spring of 1992. In water samples
collected from the lysimeters following significant rainstorms, suspended colloids
and particles were monitored by turbidimetric measurements with a ratio
nephelometric turbidimeter. Heavy metals were determined by inductively coupled
plasma spectrometry. Dissolved organic carbon was determined by Pt-catalyzed,
low-temperature combustion on a Shimadzu TOC 5050.
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Natural Precipitation

There was considerable variability in the composition of samples collected from
ZTLs installed in replicate plots. In fact, in some instances, no water was found in
the ZTL of one replicate but it was found in other ZTLs of the same biosolids
treatment. This observation confirms the significance of the spatial variability of
and solute transport and supports the use of ZTLs that can be installed quickly and
cheaply in large numbers at a site.

For example, both temporal and spatial variations in dissolved organic carbon in
ZTL water collected under poplar trees throughout the growing season of 1994 is
shown in Fig. 10. For some sampling dates no samples were found in ZTLs of one
or two biosolids treatments, but they were found in ZTLs of the other treatments
(e.g., dates of 4/15, 5/2, and 6/3). Where no error bars are shown in Fig. 10 only
one ZTL of four replicates collected water from a precipitation event. Similar data
are shown for the switchgrass plots in Fig. 11.

Figure 12 summarizes the effect of vegetation and biosolids amendments on
dissolved organic carbon concentrations in ZTL-collected soil water in 1992, 1993,
and 1994. In general, dissolved organic carbon concentrations were greater in
mobile water of the switchgrass plots than in water of the poplar plots. The lower
levels of dissolved organic carbon in soil under poplar trees was probably related
to the porosity and faunal activity in the switchgrass soil. During 1992, 1993,
and 1994, biosolids were added to the plots only from the spring of 1992 through
the spring of 1993. Figure 12 indicates that an effect of biosolids amendments on
the concentration of dissolved organic carbon in mobile water was clearly
discernible under switchgrass in both 1992 and 1993.

We found that turbidity in the soil water collected was dependent upon the levels
of biosolids addition to the plot. In both 1992 and 1993, the higher the rate of
biosolids addition, the less turbidity occurred in water that leached through the
soil. Originally, we intended that turbidity would be used as an index of colloid
concentration in the samples. The results with respect to biosolids additions
suggest that greater additions of biosolids may be limiting colloid transport through
the soil. Perhaps this is because organic matter in the biosolids acts to stabilize
soil particles by physical linkages. On the other hand, turbidity in the water
samples was negatively correlated with electrical conductivity values, suggesting
that the biosolids additions resulted in soil water with relatively higher ionic
strengths. Larger ionic strength in the soil solution tends to limit expansion of the
diffuse layers of ions associated with soil colloids and to keep colloidal materials
from dispersing.

We used stepwise multiple linear regression to identify the soil water parameters
that were related to turbidity. Both electrical conductivity and Fe content of the
water were strongly related to turbidity in the samples (see equation below).
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turbidity = 15. 9 5.8 (EC) + 12.8 (Fe)
= 0.41
probability > F (EC) = 0.0423
probability > F (Fe} = 0.0001

The very strong correlation of turbidity and Fe raises some doubt about whether
turbidity is the best index of mobile colloids for these soils. Although Fe oxides do
occur in colloidal size, they are not expected to be very moblle in this form at the
pHs of the soil and water in this study. It is possible that Fe?* may have moved
into the lysimeters in solution phase, then oxidized and precipitated as colloidal Fe
oxides before there was opportunity to measure turbidity in the collected sample.
Such oxidation could have occurred very rapidly upon sample collection, but it
could also have occurred in the lysimeter before sample collection. If such is the
case, turbidity measurements would provide an inaccurate index of colloidal
particles that are truly mobile in the soil and correlations of contaminant mobility
with turbidity would be invalid.

Levels of heavy metals in the soil water were always very low. In fact, it was
rarely possible to detect Cd in the water by the ICP technique that we employed.
Levels of Zn and Ni were typically in the ranges of 5 - 20 mg L'1, and these
concentrations were not clearly correlated with any of the other parameters that
we measured Cu occurred in concentrations that were low (also typically 5 - 20
mg L ) but Cu levels could be correlated both to treatment effects and to other
soil water parameters. For example, significantly more Cu leached into the ZTLs
installed in plots receiving biosolids treatment than in control plots. In addition,
significantly more Cu leached into the ZTLs under switchgrass than into ZTLs
under trees. There are a number of possible reasons for the variation in Cu
leaching with vegetation, but the most likely is that the trees are more effective at
taking up Cu and storing it in the biomass than are switchgrass plants.

For 1993, multiple linear regression analyses indicated a correlation of mobile Cu
with DOC, turbidity, and phosphorus (below). These statistics suggest that Cu
moved through the soil in an organically complexed form, consistent with
laboratory studies that have demonstrated strong complexation of Cu by soil
organic matter.

ug/mL Cu = -0.45 +0.44 (DOC)+ 0.03 {turbidity) + 3.2 (P), r* = 0.66
(0.33) (0.0001)  (0.0034) (0.0001)

We conclude that movement of both dissolved organic carbon and Cu was

affected significantly by the type of vegetation growing in the soil, that Cu

probably moved as an organometallic complex, and that turbidity could be related
to inorganic colloids suspended in the soil solution collected by the ZTLs. Cd was
not significantly mobile in the soil (at detectable levels). Ni and Zn appeared to be
mobile at low concentrations, but those concentrations were not clearly related to
other measured parameters. The validity of these conclusions is statistically more
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certain because of the number of ZTLs we were able to install and monitor at the
site.

Rainfall Simulation Experiments at WPCF

We conducted a snow melt simulation test at the Ames site on April 20, 1994.
This was accomplished with the rainfall simulator using distilled water as
simulated, low-ionic strength snow. At a simulated intensity of 6.4 cm / hr,
preferential flow to the ZTL started within 15 minutes of the application of water
to the soil surface. The suspensions were observed to be very cloudy and turbid
in the field. The simulation experiment re-confirmed that the ZTL was sampling
preferential flow of water through the soil, as it was designed to do. In addition,
the cloudy leachates obtained during the experiment supported the hypothesis that
low-ionic-strength water can mobilize colloidal materials as it travels preferentially
through the soil.

During November, 1994, we completed three rainfall simulation experiments at the
City of Ames Water Pollution Control Facility to test how the zero-tension
lysimeters would function at different depths in the soil. ZTLs were installed at
10-, 35-, and 57-cm depths, and simulated rainfall (10’3 M CaCl,) was applied at
an intensity that averaged about 3.0 cm / hr. Analysis of the leachates recovered
indicated that:

Relatively large volumes of rainwater could move down macropores and into the
lysimeters very quickly. For example, as much as 250 mL of water could be
collected in the deepest ZTL within about 30 minutes of the start of rain
simulation. The electrical conductivity of the leachates indicated that there had
been very little dilution of the water by pre-existing soil water. This is important
because it validates the assumption that ZTLs are needed to monitor preferential
flow of water through contaminated soil.

Water collected by the lysimeters picked up some organic matter and possibly Fe
as it passed through the soil. This conclusion was reached by analysis of the
water for dissolved organic carbon (DOC) and turbidity. We are still uncertain
whether turbidity values primarily reflect mobilized colloids (e.g., organic matter or
phyllosilicate clay minerals) or Fe oxides that precipitate from Fe* dissolved in the
leachate.

The amount of organic matter dissolved in the water decreased with travel
distance through the soil. In other words, leachate collected in the deepest
lysimeters had the lowest DOC values. This observation implies that organic
matter mobilized from the surface of the soil may be sorbed by the soil along
macropore walls during transport.

In all, these experiments confirm that ZTLs installed at fairly shallow depths could
be used to monitor colloid and dissolved solute transport effectively where
contaminants occur near the soil surface.
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- AUTOMATION OF ZTL SAMPLING

Need

One of the problems with the ZTL as currently designed is that it requires both
manual determination of whether leachate has been collected and manual pumping
of the sample. At many contaminated sites, safety rules require technicians to
work only in pairs as well as to dress out in personal protective equipment before
entering contaminated sites. An automated sampling system for the ZTLs could
result in significant savings of both worker time and operating expenses. While
there would be added expense for each ZTL, the savings in human time and
personal protection equipment required for every entry into a radiological control

" (RCA) area would likely offset the cost. Moreover, installation at remote locations
would be more feasible.

Design

During July through September 1994, design work for automation of the zero-
tension lysimeters was conducted in conjunction with engineers in the Technology
Integration Program of Ames Laboratory. The design work has been completed,
and portions of prototype units have been fabricated.

In the current design, sensing probes are to be placed through the side of the ZTL
to determine the presence of a chosen level of leachate (e.g., 20 mL). The probes
are to be connected to a monitor box in which a light, buzzer, and microprocessor
are located. When water is present to the level of an indicator sensor, the light
will flash and the buzzer will sound. When a predetermined amount of water is
present (i.e., to the level of a pump sensor), a pump will be automatically activated
to empty the lysimeter into an above-ground container that can be retrieved by
personnel later. The microprocessor has been programmed to check the status of
the sensors every 500 seconds. If the pump sensor detects water and the
indicator sensor is also detecting water, the pump will turn on and run for 500
seconds. If, after this time, the water level has dropped below the level of the
pump sensor, a no-detect signal will stop the pump and the light / buzzer display.
We are currently trying to determine the best kind of pump to use in remote
locations where power must come from batteries.

ALTERNATIVE APPROACHES TO SAMPLING ZERO-TENSION SOIL WATER

Alternative sampling devices include zero-tension lysimeters of conventional design
(i.e., lateral installation) and piezometers. The disadvantages of conventional-
design zero-tension lysimeters are related to the possibility of site disturbance
during installation and the cost of opening a large pit so that the device may be
installed laterally. An advantage of the improved design described herein is that
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more devices can be installed in a given amount of time, making feasible more
reliable assessments of the spatial variability of colloid-facilitated transport of
contaminants.

Piezometers have been used to sample groundwater for mobilized colloids, but
serious questions have been raised about disturbance of fine-grained aquifer
material during purging and sampling of wells (Puls and Powell, 1992). To prevent
disturbance may require extremely slow pumping rates that are not cost-effective
in routine monitoring situations. In addition, the soil volume through which water
has moved before reaching a piezometer is difficult to define, making localization
of contaminant sources difficult.

Another zero-tension lysimeter design requiring installation with an hydraulic probe
at a 45-degree angle was recently described by Simmons and Baker (1993). They
identified the main limitation of their sampler as the inability to calculate an
accurate cross-sectional area of soil through which the sampled water had moved.
In contrast, the volume of soil sampled by the ZTL of the present report is much
more easily estimated. A second advantage of our design is that the soil
immediately above the lysimeter is not smeared during installation and the integrity
of natural pores at that position is maintained. A final advantage of the present
design is the ability to maintain hydraulic contact with the overlying soil by an
increment of appropriately sized sand at the top of the ZTL. Therefore, soil water
that moves through the overlying soil has a greater chance of entering the
lysimeter.

LIMITATIONS OF THE DESIGN

Water collected in the zero-tension lysimeter described here is expected to have
moved primarily vertically through the overlying column. Thus the approach may
not be appropriate for sites where significant lateral flux is expected due to surface
topography, landscape position, or vertical anisotropy of permeability.

Where clay content of the soil exceeds about 350 g kg’1, the sampled core may
remain separated from the undisturbed soil that surrounds it through more than
one wetting cycle. Thus pore discontinuities at the lateral boundaries of the core
can persist. There are two alternatives to address the problem. First, the
discontinuities may be encouraged in order to know more accurately the volume of
soil through which water has moved. Lateral movement of water and roots into
and out of the core may be prevented by coating the circumference of the core
with a thin layer of rubberized asphalt before returning the core to its position in
the soil (Kluitenberg et al., 1991). This procedure is most appropriate for
lysimeters used in precipitation simulation studies where mass balances are
required. Alternatively, after the soil core is replaced in the ground, air-dry soil
material, ground to pass a 2-mm sieve, may be used to fill in around the core wall.
The soil material should be similar to (if not identical with) the soil horizon(s)
contained in the core. Such a procedure encourages normal root growth and
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water movement across the core boundary, eventually leading to disappearance of
the core boundary.

If the lysimeter is to be used for quantitative measurements of solute flux through
saturated soil, ideally it should be installed at sufficient depth that the exit
boundary does not affect flow processes in the column (van Genuchten and
Parker, 1984). An estimation of that depth usually involves applying a model
based on the advection-dispersion equation to miscible displacement experiments
on undisturbed soil columns in the laboratory (van Genuchten and Wierenga,
1986). To estimate the dispersion coefficient, a nonreactive solute such as
chloride is typically used as a tracer in such experiments. Unfortunately,
dispersion coefficients for nonreactive solutes are unlikely to represent dispersion
coefficients for suspended soil colloids. An important area for future research is to
investigate the effects of the exit boundary on colloid transport in zero-tension
lysimeters of all types.

BENEFITS OF THE IMPROVED ZERO-TENSION LYSIMETER

Zero-tension lysimeters are intended to capture samples of suspended colloids as
they move in the vadose zone. The specific benefits of the proposed design are
related to the simplicity of installation and the concomitant reduction of cost of
monitoring. Because more ZTLs of the proposed design than of the conventional
design can be installed to assess site variability, more accurate monitoring of the
temporal heterogeneity of contaminant transport before, during, and after
remediation will be achieved. In addition, because of the improved spatial
resolution in sampling and monitoring, if contaminants are mobilized, their source
can be more easily identified than with piezometer-based monitoring methods.
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APPENDIX A

General Description and Classification of Soils at the Rocky Flats Environmental
Technology Site (RFETS)

Most of the soils at the RFETS are Argiustolls, i.e., soils formed in a semi-arid
climate under the influence of prairie vegetation and containing subsurface
accumulations of clay. They typically have mollic epipedons that are relatively
thick surficial horizons with abundant organic matter. Mollic epipedons reflect
annual below-ground additions of organic matter to the soil by decompaosition of
the roots of prairie grasses and forbs.

Few of the soils at RFETS have no evidence of lithologic discontinuities. This fact
suggests the importance of alluvial and colluvial parent materials to soil
development (Shroba and Carrara, 1994). Similarly, even though the fine-earth
fraction (i.e., < 2-mm material) is dominated by clay particles in most of the soils,
there are often abundant coarse fragments that result in classification of the soils
into clayey-skeletal particle-size groups Some soils have horizons near the soil
surface that have high clay contents, making them susceptible to cracking in
summer months.

Most of the soils at RFETS are classified as having argillic horizons, reflecting
apparent accumulations of clay in the subsurface. Argillic horizons generally have
at least 20 percent more clay than the soil horizons overlying them. The common
occurrence of lithologic discontinuities (see below), however, suggests that not all
the clay in the subsurface horizons is illuvial. Most of the soils have a surficial cap
of silt loam (loess?) that is 10-15 cm thick. Most of the soils have subsurface
accumulations of calcium carbonate as well. In several soils that accumulation is
great enough to formally identify calcic horizons.

The majority of soil horizons have clay fractions consisting of a mixture of
smectite, clay mica, and kaolinite. But in most horizons, smectite is the dominant
clay mineral, typically accounting for as much as 60% of the clay fraction. The
abundance of smectite in the soils probably reflects the many potential sources of
smectite as well as its characteristic particle size. Smectite in these soils was
probably derived partly from Cretaceous-age shale. The shale formed the parent
material for many of the soils investigated, either directly or as a source of the
colluvium or alluvium in which the soils developed. Smectite may also have
formed by neoformation as primary minerals weathered and released Si, Al, Fe,
Mg, and Ca. Finally, smectite commonly occurs in fine clay fractions, a size that
makes smectite particles susceptible both to transport by wind and water erosion
and to accumulation in low-lying landscape positions.

With a few exceptions, clay mica contents are greatest near the soil surface and
decrease with depth. This is the opposite trend from what one would expect in
moderately to highly weathered soils, and it confirms the hypothesis that the soils
have not significantly weathered since deposition of the parent materials.
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APPENDIX B

Soil Characterization at the Sites of ZTL Installations at the Rocky Flats
Environmental Technology Site

Table 1A presents chemical, physical, and mineralogical data for Pit 1 of the five
intensively monitored trenches east of the 903 Storage Pad that was the source of
Am and Pu contamination. The presence of a calcic horizon at about 27 cm is
indicated by the calcium carbonate data. In addition, micromorphological
observations (Table 2A) suggest that faunal activity in the soil surface horizons
has been great. Pu added at the surface by aerial deposition may have been
carried into and mixed with the soil A horizon by fauna such as ants and
earthworms. Because of its irregular decrease in organic carbon with depth, the
soil was classified as a fine-loamy, mixed (calcareous), mesic Fluvaquentic
Haplustoll. The series most closely matched and mapped in the area is Halverson
(a fine-loamy, mixed (calcareous), mesic Ustic Torrifluvent).

Pit 2 occurs in a colluvial footslope position to the east of the storage pad that
was the source of Pu and Am contamination. Table 3A presents the chemical,
physical, and mineralogical data for the soil at Pit 2. This soil has a weakly
developed argillic horizon that begins at 19 cm depth. ' In addition, there is a
paralithic contact with weathered shale at 50 cm depth. The higher clay contents
and bulk densities of materials at these depths (relative to overlying horizons) are
likely to limit deep vertical migration of contaminants. But lateral translocation
along these horizons may still occur. The Am and Pu survey indicated very little
radioactivity at depths greater than 19 cm. The soil at this site would probably be
- classified as a fine, montmorillonitic, mesic Torrertic Argiustoll {(Kutch series).

Table 4A summarizes the micromorphological descriptions of the soil at Pit 2. As
at Pit 1, micromorphological observations suggest that faunal activity in the soil
surface horizons has been great. Pu and Am added at the surface by aerial
deposition may have been carried into and mixed with the soil A and Bw horizons
by fauna such as ants and earthworms.

Pit 3 occurs in a colluvial footslope position. Table 5A presents the chemical,
physical, and mineralogical data for the soil at Pit 3. This soil has an argillic
horizon (a zone of clay accumulation) with about 40 per cent clay that begins at a
depth of 51 cm. Inset into the argillic horizon is a pocket of very sandy material,
probably the filling of an erosional channel. Whereas the high clay content of the
argillic horizon would be predicted to limit deep vertical migration of contaminants,
lateral translocation through the sandy channel fill could still occur. The Am and
Pu survey indicated activities of Am and Pu of 40 and 250-300 pCi/g between 6
and 14 cm depth, but very little radioactivity occurred at depths greater than 18
cm. Therefore, at this point, there is little evidence of significant actinide
migration below the organic-matter-rich A horizon of the soil. The soil at this site
is classified as a fine-loamy, mixed, mesic Aridic Argiustoll.
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Table 6A summarizes micromorphological descriptions of thin sections of the soil
at Pit 3. As at Pits 1 and 2, micromorphological observations suggest that faunal
activity in the soil surface horizons has been great. In fact, there was evidence (in
the form of fecal peliets) of faunal activity in the argillic horizon. Although a
lithologic discontinuity is suggested by the abrupt change in sand and clay content
at 18 cm depth, the B horizons of this soil (to a depth of 108 cm) did exhibit
microlaminated clay coatings in channels as well as embedded in the soil matrix.
Therefore, identification of an argillic horizon is well justified. The soil was
classified as a fine, montmorillonitic, mesic Aridic Argiustoll and correlates well
with the Standley series.

Pit 4. Also in a colluvial footstep position on the intensively monitored slope, the
soil at Pit 4 exhibits a well-developed mollic epipedon that overlapped with the
uppermost portion of the argillic horizon (i.e., 18-41 cm). Although a lithologic
discontinuity is suggested by the abrupt change in sand and clay content at 18 cm
depth, the B horizons of this soil (to a depth of 108 cm) do exhibit microlaminated
clay coatings in channels as well as embedded in the soil matrix. Therefore,
identification of an argillic horizon is well justified. The soil is classified as a fine,
montmorillonitic, mesic Aridic Argiustoll and correlates well with the Standley
series.

Pit 5 occurs in a backslope position to the east of the 903 Storage Pad. The soil
at this location is the most contaminated of the monitored soils. In the upper 10
cm of the soil, Pu 239/240 was measured at levels of 200-700 pCi g-1, and Am
241 occurred at levels of 20-70 pCi g-1.

Table 9A presents the chemical, physical, and mineralogical data for the soil at Pit
5, and Table 10A summarizes micromorphological descriptions of thin sections of
the soil. Mollic colors extended to a depth of 48 cm, and an argillic horizon could
be clearly identified to start at 48 cm depth. Thin section studies corroborated the
argillic classification because microlaminated infillings and embedded coatings
were observed in a sample from the 48-120-cm zone. Evidence of biological
activity included tissue fragments and roots in the A horizon, tissue fragments and
fecal pellets in the Bw horizon, and roots in the Bt horizon. The large content of
coarse fragments in the Bw horizon placed this soil into the loamy-skeletal, mixed,
mesic family of Aridic Argiustolls (Nederland soil series).




09L (YA 4 L 414" vve £0 €0 o't Lve 9'g (4] 9'0 o8 3 08t +E£21-€01
299 24°] 8 [44:13 K24 z0 0 8¢ 8’z 0'6 o 2’0 6L 891 zat €01-9¢
€19 849 v (4314 8°'8z €0 (44 et L'9C L0t 9L 9’0 8L 144} TLL 9L-89
Li9 TvL oL ogLz [:3:14 9’0 z'0 6t L'9Z (x4} €1l vo o' >3 8 velL 89-LZ
4] 496 :14 [3:744 €'0¢e g’ Lo 9'€ 6'9Z 9°'g 4 [ LL €9°1L LET {291
899l L09 ot 6202 982 L (N 6°C 8’z [oX4 (B4 80 ve (141 e8i 8i-0
By Brf 001 /bows % Wojsouytw cuoB Bz wo
s ty uN % 230 X SN L) by AIND3I ‘Wo 0’3 Hd 31Svd AliISNaQ vadv Hid3a
£03%0 31svd nnag 3ovduns
JidI03ds
{319vLOVHLXS SNOILYD 318VIONVHIXI .
FLNOIHAIA) STAIXOINDSIS INH
SISATVNY TvIHNTHD
BOMU = W POURUISIFP JOU = N (K09 <) WRUMIOP = 4,44y
{%08-0E) WRPUNGE = o,, “(%08:G) Juesoid = ,, ‘(99 >) 9OWH) = , UGS = ¥
3 3 o . .. . - sece e 8'g g'el [ 4% Tve +gZ1-eol
. . b4 . .o e . core [ 14 v'9 X1} 8’1l 254 €01-9L
. . . . .o . . X L'ee v'e L'el T 99t 9.-89
. . L4 0 .. . . voe €8t 9's gt i a1 89-LZ
ot . . . ° .0 .o A4 ere Loy 134 a's 6’8 9'LZ £Z2-91
oW . . ° . . Yy b . V've -3 o8 4L [:x:14 810
% wo
{Ajioede)  sudepjeg SN SNYIvop peIsAuUeIU)  SHUOBY  BOJWI ABD SHNOIULGA  BONG wig > wrig-z wrigz-g  wif0g9-0Z wwiz-rog Hid3ia
nYo ~AxoipAp .
AVID s anvs
ABOTVHININ AVIO NOILNEIYLSIA 3ZIS FTOILYVY

I Lid

Vi ®qel

808z
bg
Big
L]
8y
v

NOZIYOH

35

Boaz
fg
Bxg
148
av
v

NOZIHOH




sBuneosodAy ‘sBuneod
‘$BINPOU DNLDIL UOLILIOD

sBuily
esod pue sejnpou 8}12j80 Juepunqe

Aejo Aiqissod pue
831080 Jo sBuneod uleiB Juepunge
JUOWILLIOD 9} @SUSP JO BOUOZ

welp wirf -7 ‘seinpou oRuoIL Mo}

011080
YUM peleod suieiB puss mey

weip wif 0g 3noqe
'a10jied |80e} |spiosdije uownuos

sjuawbaiy onssiy me}

syuewbel)
onss)) BUOIEBD00
‘sjuswiBeiy 1001 UOWWOD

euIj20IoIW ‘ese}o01B8|d
‘zyienb ese sueiB pues
‘2158nb suyBIsAioAjod
10 1eYd 81 [eABID le)ioBD
ShHdIL YUM pejeod

018 sjeAuiB :AjpaviB

SUD0IN [siedsple}
esejooibed (zyenb

o84 e)uojyo eBiey

euo siedspje} peieyjeem
Moy Aloa [2yenb
auljjeysAinAod ewios
‘zuienb euljeisAssouou

siedspie) mo}
{¢)eseiooylio peieyieam
¢ zyenb sugjeIsAssouoci
pue eulgisAsoAjod

peisyieem Aybiy swos
'93|Io|yo lesejooibejd
pue euljooIoNL ‘Z)ieNb

pepyoeds
-9)ddns pue onyeisihio

pepjoeds-sjddns
pue onyalsAd Apjeem

onjeIsAio

pepjeeds dpsow
pue peisis-ousiB

opAydiod peoeds-ejqnop

auAydiod peseds
-s|qnop pue peoeds-ejBus

olAydiod peoeds

-ejgnop pue peseds-a|Buls

ouAydiod peoeds-e|Buis

ouAydiod peoeds-e|Buis

{u1esB pappequs)
anAydiod peseds-eiBuis

jeuusyd /
Ayooiq sejnBuesqns yeem

[puueys /
Ajpolq seinBusgns yeem

weyp
w 0gZ-001 ‘leuuBYd

fpuueyd /
Ayooiq renBueqns 3eem

[puueyo /
Ayoo|q 1ejnBuegns Yeem

sel0d Bupped
xo|dwod yym ABuods

Ve 9qel

sesmue, poopped

sueuodwo) opeflig

SIUsUodiioy e

opqey eoumbuyyong

{pejou
BSIMIBLRO SSORM *0G-)/0)
weNvd uopNquIs pejepy

L 3id $6)iS Apnig Je sesnBe4 jeojbojoydioworony

Aysosod
WIRUNLOQ [PNONNISORYIN

+€Z1-€01L %74
£€01-9L tg
9L-85 Byg
8G-LT Mg
LT-9l av
91-0 v
{wo) yideq uozpoy

36




VE dlqel

6911 882 elL £L02e 9'92 €0 1’0 g't L'ec LT 0 60 9L 891 8z +4G01 14608
(744 [A4:] 8y 1147} 8’6 1’0 10 €l 0’6 €0 z0 6T t'e il 801-09 [4e): 15
g6l (142 8828 1571 4 0’9 1’0 (X v'o a4 90 v'o €0 vL 1> 4901-09 1o8¢
¥4 [o2:1:]% ovElL viveZ 8’6l [A] L'o | XA [8-11 90 g0 9’0 0L o't 991 q0t-09 ;14
[{]%% oLel ogt Y0901 8'Zz (A o 82 v 20 et 90 oL o'l 691 09-81 8
08 3:14 [o]] ozZLy a'ei 6’0 1o o'z [eX-13 €0 v's L 0L 6e’1 oL 8l-L mg
[:14: 1 aey LEL Livy vie 60 20 0¢C 14:1 vo v'ol [} 'L (o) 4] L0 v
By 8 001 /bow % wiofeoyww gwo/b Bjzw wo

s vy U oJ fex 1o b ] N B °0 AIND3 ‘Wo 03 Hd 318vd ALISN3Q Vauvy H1d3d NOZIHOH

€029 31Svd wng vIYNS

JdIDAdS

{371aV10VHiX3 SNOILVYD JTBVYIONVYHIX3

JLINOIHLIG) S2AIXOINDSIS I3

SISATVNY TVIINIHO

PO = W ‘POURWGIAP 10U = GN ‘(%09 <) IWUMIOP = 444,
(% 08-0€) WWPUNGE = 4, , ‘(%0£-G) Juasard = ,, ‘{9pg>)e0RN = , ‘JUNSQE = @

oW . . L . . e . XY o'av 6'6 L'8l €'zl (4} +501 118081
. . . . .. . . seee ’ 6’9t [ 4 0’9 T'9 0L S04-09 fAe L1

. . . . .o . e .o 8’6 [ v'e [} 4 9'v8 $01-09 108¢

o . . . ° .o .. e oo q'9¢ 0L 8'z1 9'L 1’9t g01-09 12:14
L3 b . . L .o .. . eoe Tve (%4 6’9 g 114 0g-61 8
oW . . e L .. s L . e'vi e a'g 9'9 8'69 6l-L mg
o . . L4 ® . .. . .o a'gl 6¢ 'L 0’8 v've {0 v

% wo
(Ajjoeds}  iudepieg Wanp Y1009 peishepeily  MNujoRY  BOJW ABD SYINOIWIIGA  e)yjosWS wnz > wirig-2 wrigz-q  wriog-0¢ wwg-Hog H1d3Q NOZIHOH
BNO -AXo1pAl
AVIO 1s dNvs
ADOWHININ AV1ID NOILNGIYASIA 3ZiS ITOILYVE

< ld

37




1ewep wr OG-t senpou
PU@ SORIOW! BPIXO 04 MB) (ORHOIL

9pUIGUIOY |BUO|SBI0

V¥ dlqel

‘weip wi 00Q-00T ‘ledueyds ‘osejo01Be|d pus L1eyd pejeins
‘SQNPOU £ODBD UOWLLI0D eJeJ Jueujwop zuenb Ajwopues Ajueuiiop ouAydiod uedo BAISSEW +G01 (R eY 1
UONBIANY JO BOUEPIAG
ou 0) O3} LejeruRlp Ul wf g peieins onAydiod peoeds
-| $8U02 BUIIBAOD SO}IOW BPIXO 04 Apuopues pus -ousiB -8jqnop {0 - 3/9) euozZ Jouly sjpuueyd S01-0S zo8¢e
Heyd leopeyds pue
pejios Aje1esepow ‘zyenb peieins ouAydiod esojo
wif 00G-0GZ Apusunuop Ajwiopus) pue -ousiB 00T - }/0) seuoz lesie00 sjeuusyd S01-06 10a¢
UCHBIAN] JO BDUBPING ’
o3}y ‘eoByINg JO 9 O ‘Xoidde pejens
“seuwieip Ul wirf g- | seuoz JeinBet siedsp|e} eie1 Ajjueiedde -oi0d Apjgem pejels inswelp wi 00y-002
uj sepIXo 84 Jjuewbely ejeys zyenb Apusuiwop Ajusopues pue -ouesB ouAydiod peoeds-ejgnop Apueunuop ‘sjpuusyd 601-0S pT:4
{sBupeoa Ao esod pequmisipun) sene) pue sjuswbeyy
uoneIAN||) J0 BOUBPIAG 81} 1001 UOLLIWLIOD !sejjed S[OUUBYO
DIy wif 0g-gZ sBuneod Asjpo |eoe} jo Buyy esoo) CILLY I pejeins ‘Ado0iq JeinBusqns
Aq pepunosins eie suBIB ysow 1M eJod jeuoised00  ‘esejooibe|d ‘Jieyo ‘Zyienb ~ouelB pue Awopues opAydiod peoeds-e|qnop ‘winipsw *yeem 04661 ;]
uozioy
g s18eBBns ouqey-q peseins
‘|suejew los yyim pel} Apoq pejeins
wiomyysee fieyzew suebio jo Alwopues eie seucz
$)0] YHM y 9]} 948 BLOS ‘I 8| 2uBnb pesoydiowesiew 161410 !perenussjipun s[euuBYyd>
918 SUOHOBS BLLOS lepisu) s1e)jed $300J ‘su)|jedsAioAjod 919 (%06} ien0ws {uieaB peppaquue) {A)oolq JeinBueqns
1899} Yim 81001 Buisoduioosp ‘seAre| Busodwoosep ‘aulBysAssouow ojueBio yBy jo seuoz ouAydiod peseds-eBuis ‘winipew ‘yeem 6L-L Mg
SHGEP PAINUILLLIOD
Apuy) Juepunge
isyuewbesy wiom
[eu0ise920 Isjueiwbesy 958190188(d {1onetu 2quebio yonw {eywBeiBBe0IOI seiod Bupped xejdwoo
QNss1} pue 83001 UOWILLIOD ‘eUl|20401W ‘Z3senb 00}} pejenuRIa IpUN ugbieul} olneue UM ‘quinio yeem 10 v
semjeey [eoojopey sjueuoduio) oo sjueuoduio) ey opqey sovebuyyong {perou Aysorod  (u) ipdeg uozpoy
0SB0 SSOIUN ‘0G-4/0}  JUSUILIOG [BMNIUISOIN
wened uoiinguisi pejeey

T Uid seus Apms Je seinjesy _cc_a,o_osn._oEEo_E

38




VG 9|qel

6001 :1:74 9'8Lt €982 X174 €0 0 A4 [¥:14 9'¢ 0 8’0 8L €91 (Y41 +02Z1 £%08
(¥1] [4:1:31 313 1474 [+3:14 9'0 (34 Le v o 9L o Lo 8e't 8Lt ozZL-19 204
8L9 ceL :14 £988 '8 0 (] i a8 z'0 Vo 0 z'L evi ve ozlL-1l9 {pues) 109
eL8 8eL 884 £vZol 2’6z £'0 €0 ve 9z >4 €0 90 e £€9°L 89l ozl-19 (A®19) 809
iLs 001 ezL q9LL 80z o 0 - X4 voL z0 8'0 v'o oL av't ozt 19-9€ mg
998 1904 v8 8Le9 £'ez 9'0 1o a9'c 9l o (x4 9'0 e [: 1>} oel ae-81 av
6Ly (4-11 080 8Lz £t 40 et L9l ol 00l 'L oL £0°} [+1-] 81-0 Y
By 0 00} /bows % wo/sotjuiul gwod - O/zw wo

[ ] v uN o4 220 b} N o L] AND3 ‘WO ‘0’3 318Vd HAILSVd AlISNIQ Yidy Hld3aa NOZISOH

£0092 Ana 32vAns

JlI02dS

{318VAOVHLXD SNOLLYD I318VIONVHIX3

FLINOMLIQ) SIAXOINDSIS IAY

SISATYNY TYOINIHO

83100:00p1d0] = | ‘GOM) = W ‘POURLIIOP 10U = ON ‘(%09 <) WISURIOP = 4puy
“(%0005) WOPINGe = ,,, (%060} Wesexd =, ‘(%g>) €08 » , ‘esqe « §

. - - . . . s L seve , o've 8'L L8L Lt | X414 +021 £308

L4 . . . . .. .. 4 .o 8've 9'e L] o'q z'la 0zi-19 208

ot - . - - .. - . . S'vi 9'c 8'c £y 0'aL ozZ1-19 (pues) 108

ot - . . . .. .. . sese 6’6t oot 18t 34} o'at ozi-L9 {Ae)9) Bog

o . - - . .. .. ° “os Laz 9'c 9'9 (4 o8 19-9¢ mg

gl L . L . .. . e e £'92 9'c 0’9 z'8 1'89 9e-8t ay

ottt . . v o . .. 9 . 9'sl 8'c 8'9 9’8 A ] 8L-Q v

% wo

{Aoeds) redeppes awny A0 PUISASUNIU  sjoey B AR AWNOIUMIA  elpadlg wdzg > wifg-Z wifoz-g widpg-oz  wwz-dog Hidag NOZMOH

mpo ~AxoipAyy
AVID 178 UNVS
ADOTVHININ AVTD NOILNBMLSI] 3218 FIVUYVd

€ 1id

39




{8j8ys
poisyieem - Aohrpp
Apusunuop unf g

olAydiod

Aysotod
Mmo| Liereweip wiv 00Z

V9 8iqeL

Apueunuop sugi zyenb peleins Ajiopues peoeds-9jBuis pue uedo -0G ‘seiod seusid Ajuiaw +0Z4 (B}
yuepunge eie “§otyy wr 004 UOLLILLOD 1SOW
-0g ‘sBuneoo umiB pejueno Ingq noyBnoayy syejjed esejooiBeld pue suieiB pues “wep wrf
‘quesedde Jou e sei0d punoie 82984 YMm Juswbely U0 < (UOWILIOD pelems  QDE-0GZ yum “auAydiod islewelp wif
8BUIROD ARjO pejeUILB|OsONM enssy eBsv) euo §1 OIYM) Meyd < zpienb Ajwopues pue -ousiB uedo !pejlos Apood  QOp-00Z ‘BUUBYD deom ozL-1g Zo8
{ie3aiue1p
wr’ 00G-0§Z 10 onp wr og BUIO0IONW pejeins (wr! 00g-002)
-Gz} sumiB pues uo sBuneos Asp < < uey < zenb Auwopue) pue -oumiB aunjeB-ouoiyd syBna pue sjeuusys 0zZi-\s (pues) 0@
yueseud jou seiod uo sBuneod Aejo
Lsevewelp wirf 0O0Z-00S ‘seinpou uleib euyooion
9301081p PUR $B[})JOW SNJJIP BPIXO euo !zuienb Apusulwop
94 ouyeIsA1003dAID UoWWOD fzyienb Jejewep wo peieins
e3eweip wi 000 1-00g sBul 1001 pesodwooep Z-1 yuswBesy euocispues Ajuopues !pejeins [EITIETY
pue s8{nNpou ARLIOIL (BUOY Ajereiepows ‘ales POIULILD - OPIXO 84 Apuopuei pue -ouows ouAydiod uedo wr 00G-002) sleuueyd [[TANY-] {Aejo) Bog
peieils onAydied
Awopues pue -ouesB peoeds-ejBus (00|
uonlod eyebesbe « jfo)uoniod e)eBe.Bbs
§}00) 051000 !pojeIys 881800 {oHAYdiod
pesodwosep Ajgyesepowr  esejooifeid < eulpoiow Ajwopues pue -oiod uedo :{0g - $/o)uonsod 1mewelp wrt 00G-00Z
- AiBuons mej < Meyo < < zuenb :uonpiod ejefesBbe euy) e)eBe1BBs-ouly Ajusuiwiop ‘sjeuueyd 15-6¢ my
ssepobeid ‘auljoosoIu
ABjo YHM pejeioOsSY ‘Jieyo |BUOISBO20 !Z}enb
89PIXO 04 Wl 0G-GZ ‘suliB ou|qo-jesueyds peyios {uje4B pejeod pue Aysosod
pues js0w punose sBuieos Aep flom weip wr 009-00Z pesuys-oueiB  peBplq) sunjeB-oiolys [PuLey2 Apusuisiop Ge-81 av
Jeyyews oueBio peyiuny
ISULIOM UOWIWIOD Meyd
8)004 Juepunge {oul *8uyjo0IILt ‘espjooiBeld se10d Buiyoed
puR 881802} sjuewbel} ‘zyienb euljjeysAsAjod {10330w1 ojuBBIO Yonw {u1e46 peppequue) punodiuiod ym *jusw
enss|} juepunge pue suyesAoouot 00}) pejenueiejpun snAydiod peauds-e|Buis G-Z) sejnueiB Buons 810 v
semjue Eoibojopod sieuodwog ojebio spmuoduio] mnp ouqe4 eouehulyesg (Porou ospmipo Aysosod yueuuiog {wo) yadeg Uozyuop
ssepun ‘0g-j/o} wened [BMMONNSOIMN
uohinquisiq pejeey

€ Ud selg Apnig 18 seinjgey j8o160j04dI0WI0IDNLY

40




VL. dlqel

LA 141 L4 [ - YA 1 421 vo z'o g '8t v'o v'o g'Q 8L -4} <02 +801 Boaz
:14] 86 892 L8eLL 9eT 9’0 z'0 v 8’9l €0 0 [} €L 09t eat 801-LL 8og
viot geql oL 9Lve 414 [ 10 8t 09t 6°0 8'0 9'0 69 8L Liy €18
808 8ze €6 8gl9 L8l L0 z0 9t o'rl 1> 9’0 9°0 S'L o9’ 141 LL-y [13:]
1411 Tiit 8ee 869 6Lz 8L 10 8'c 9Ll 14 8t 8°0 99 ozt (514} ir-81 (22:]
134} o8ty ave LaoV t've ol 0’0 i 9l 9'0 o251} 4 L9 60°1L 89 8L-0 v
8 84 001 /bew wo/soyuiw gwo/8 Bjzw wo
18 v uN o 3310 ) | N BN b AND3 ‘wWo 03 Hd 31Svd ALISN3IQ Viuy Hid3G  NOZIHOH
£00%) J1svd nng DVvIUNS
J14103dS
{319ViovHLXa SNOILYD 3T9VIONVHIX3I
F1INOIHLIA) SAAIXOINVSIS 33K
SISATYNV TVIIW3IHO
BOML = W "POUMUBIEP 10U = ON ‘(%08 <) WRUMIOP = , ., ,
1% 00-0€) WBPUNGR = 44, "{%0£-9) WRsBID = ,, '(XG>) 000N = , ‘Wesqe = &
ww B . ° . . . N cors v'8e 08 Lst 8t v'ye +801 6ogz
oW . . . . .o ve . vone e o8 901 LTL 9°6¢ 80L-LL 828
o . . - . ., . L 9'LE 19 00l 68 98¢ Lty €8
o . - . . .o .o . eee '8¢ 9y 9’6 v'e 6'LE Li-L¥ ag
o . . ® . .o .. L .. o'ov 8 z'6 9'L L&: ty-8t [11:]
oW . . L . .o . e €Ll 6€ 9L €L [ 2] 8t-0 v
% wo

{Ayoeds)  sedepiey uenD  euyeop P ojujjoey  Bojul Au) SYINOJWIBA  MPOSWS wrizg > wrig-2 urfoz-g wripg-0z  WwZ-mog H1did NOZIHOH

Y0 w10hupo)ul

-AxoipAy AV s anvs
ADOTVHININ AVTO NOILNBIYISIA 3NS ITOILYVL

¥ lid

41




Bugiiyyuy

{1syewnip wif 0Og 38npouU
SRMBIW '83)0]R0 Me) Jueseid
10U A9[3 jo sBunwod eicd

{1ejnBam) i g-2
99[310W BPIXO0 04 UOWIWLIOD ¢ Wi
Z-| s0|npau spixo o4 |

{8]OULTRYD YIIM POIeI00SIw Pue
PRIUGHO AJSIRIGPOWL *ARID (SIAN

ssos0e
wd 00Z-001 shuseod0dAYy
pue lweip ww G-z ‘se|npou
JR{NBOMY MW g-1 ‘selIow
$pIXo 84 suijmisiionydiio
Moy ur og - 6T
*A9JO POIVUILR|CIDIUS YIM PEIROD
${SUURYD [SUOISRID0 !satod
HIM pere100sse eup sBuljeod AR|D

PojULL. I POLL jEUOL

soiod

uo 3BueoD AR|o pejeulg|UOY
O} PeIBUILR| APjROM

UOWILICD XLIOW Ul eoURpUNGR
Awio I3Buneco epixo o4
suinsAiooidAio mey Lisjawep
w001 < ujmd uo "oyl w
0%°G¢ ‘sbunead Aejo juepunge

ww §'g-g°'Z ‘vozuoy
18 Buhpepun eyy wioly ped
Axoolq aenlueqns oiyuosip suo

Wwewbey
1001 pesodwiodep «es

s)e)jed |99}

$0 Buyy eyedwadsuy
£300] Y}M sjouuLyd
1SUCISPI0 !nuswbdesy
1004 pesodwodep
AlDY ‘ouly ‘Mmey)

POAIDSGO AUOU

siuewibesy

o|eys pesadwodep
|8U0138000 ‘zuEND
wd < ueb yum
PeMOS [jom Ajejeiopowt

SUHOOIO|W Ie)

{MEYD [BUCISEII0 YHM
‘zuenb Apysow !suiid
w QL peuos-jjem fuvf
061 < suleib maj AJeA

wesesd

$|RIGUIW PUSS 10430

Mej yum zuenb lsuied
a03eweip wi 0O 03
309d90) YUM PaUOS [j9M
uvf oGl Inoqe unyy
A93IR0D BUIRIB JO 3OW

syyep w

001 X W7 g7 *xaidde ¢
JsjuewiBely volUl pOIRad
-0pIXe o4 !esejooiBe|d
pue sulPIIIW

ueys <« < zuenb

Lstuswibey ool auwid

b
enss) pesodwosep
Albuons ‘ein

81004 PUE SUUOM
uowWwoo 'syuebel)
anssy Juepunqe

(R} W t
Jzuenb eu|jjeisAiofjod
PuU® aujj{RIsAioouot

suRI0 23aenb

otuos Uo aeydjoesd
{L1enuobuie lese|ooibed
PUB BU[O0IOIW

UGLUILIOD {JeYO pue
su[wB e)j0[e0 jRUO]3LD00
{zyienb euyjjeyshioAjod
pue sulljnysAisooucus

peiems
Ajwiopues Apjees
pue peprosds-e(ddne

poieIns Ajuopues

ouAydiod peoseds-e)Bus

w7 006-007 [9uueyd +801

v8 °|qe

0658z

B8

€19

[4:}

(32

seineey (831B0j0ped

sjueundwog ojusbio

ajueuodwog |usulW

pue pepjaeds-siddn: HAydiod p 1Buis wi 006002 |euuvys 801-4L
inyewep
poeing Ajwop nAydiod p jouy; wr 06Z-6Z 1 (euueyd Lity
pealemns 1938WeIP W 005
Apuopues pue -oueid MAydiod p |Buy -06Z I 4o pue ybna (7345 4
A9
paes - § =M Lsjewep wf
Ajwiopuet pue -ouwid ouAydiod uedo  00G-001 Ansoiod Aybna L¥-8L
{u1e10 peppequue)
paepueiegipun  duAydiod peowds-siqnop 8L-0
ouqey souebupjesg {pojou espmioy Ay d jweg {wo) wpdeq
sso[un '0g-§/o) weed [eimonnecioyy

uopnquelg pasoy

¥ 3id se)is Apmg 38 seiniead [eoiBojoydiowiolo|py

uozpoy

42




V6 °iqelL

910t : 721 962 94091 6°9Z ¥'0 1°0> 9t (X1} 9°0 Lo €0 0’9 28l 80z +0Z1-8y 629
1g6 [2:1% {44 08649 9°'te zl (X (3 | a4 8'0 'y v'o 9°L L't zol 8y-9l L]
902 9l L'o> €l [38°13 80 6’9 9°0 9L 'L L9 g1-0 v
81 6n 00t /bow wofeoyua gwo/b Brzw wo
s [ U L] 030 * %N B Ll AIND3 ‘Wo ‘03 Hd 318vd ALISN3Q vady H1d43d NOZIHOH
£€09%2 318vd »ng Iovduns
OId103d4s
(379vLovHLX3 SNOLLYD FTAVIONVHIXI
JLNOIHAIG) SIAIXOINDS3S A3
SISATYNY TVOINIHD
SIRU = W ‘POUMNDIGP JOU = ON ‘(%00 <) IUBUNLOP = ,,,,
"(%08-06) WepUNGE = ,,, ‘(%0E-G) uessid = ,, “(%5>) 000N} = , ‘JuISqR = @
o . . . . .. .. . con £'0e €y L 8'cl 8'cy +0Z1-8y B2d
oW - . . . .. .. L] .e 8tz 8't '8 S'L LS 8r-al g
- . L e . L4 . v'al 8T €9 €t €79 §1+0 v
% wo
(Agioeds)  sudepiey  zMSND  euyioep pussdoucrly  eNujjou)y  sofw ABD eljnojulep  Syjoswig wriz > wirig-Z wrigz-g  wrfog-0r  wwz-fog HidIG  NOZIYOH
»PO ~AxoipAy
AVTD s aNvs
ADQIVHININ AVTD NOILNBIYLISIO 3218 TTHLUYI

S 1id

43




wniAnjjoo

s)18eBB8ns {BleBW snosueboleiey
{{welp ww g-wirf 004!

so|npou pue sejjow osje ‘e|dwes
j0 eBpo Juou pejau|WLe| SepiXo
94 U} sAI003dAI0 peppequue
‘sBuiyeoo Aejo peppeque

{Busodwooep

{weiB

peppeque} anAydiod
peosds-e|Buis:0g

-3/0 ‘siow jJueluos Aejo

VOl siqel

‘puoIew AoAe|o o sBulltijuy UOWILLI0D 6100) JuewBey ejeys peleus Ajwopual  ISS9] LONW JUSIU0D pues AyBna pue jsuuByD +0Z 18 B8og
11840 {BUO|SBODO
1eyewwep Ul wil 06Z-GZ ‘eujjoosolul pue
‘s)e||ed teoe} Juepunqe esejooibe|d yuepunqge opngeB-ojuoliyo ‘uesB
‘yuewiBes} enssp ojuedio ‘zyenb euyjieysAioAjod pejeod puw pebplq
webuiyenqg Alydyy puB eujjjersAioouow) pejeijueIe}jipun sueib {0G-J/0 esig00 Auaw 1e|jnueiB [: T2t 1) 19
esejoolBe|d
81004 pue sjuewdel) |euoiseano {Meyo
enss|} |BUO|8EOD0 9U)j20I9]W UOWILIOD
{1epew oeBio ‘zy1enb eulieisAtoAjod opAydiod {ww g-1) Ayoojq
peyuNy ‘euyj Ajujpw pue eu)jMmsAioouow peyenueleypun peoeds-e|Bujs :0G-)/0  ienBueqns pue Jejnuesd g1-0 v
semue 4 woiflojopag sjusuodwiog opebig syusuoduo) IeuRN opquy sousfuyjong {porou aspmieyio Aysorod yueupuoq {wo) wdeg UozHOH
200JUN ‘9G-)/0) U} IRy jom)onnsosonn
uopnginsiq peyeiey
S id

so)ig ApniS 18 seunjee jeatbojoydiowosnpy

44




194

98¢
10°0 AN ) €0 ¢0 L0 LT 09 114 oc 006 €9 -1Le
142
¥0'0 6'¢ L'l [ 6°0 8'¢E 08 013 014 088 £'9 -vee
vee
€00 S°L L8 <0 £0 L'ec 09 0c o€ 068 §'9 -Gl¢
Si¢
L0'0 L'l 80 Z0 L'l L'y 0 074 ori ov8 v'9 -¢81
8l
69'0 e £¢C €0 '€ 0’6 0L1 001 06 ov9 2’9 vl
£9°0 6'¢C 6’y 0 L'y Pyl 00¢ 081 001 oty ¢'9 cv1-89
68°0 8'v L'El 0 8'q o'te 0LE 00¢ oct oLe 09 86-8¢
L8°0 8'G £'0¢ v'0 8 (A o6t (01574 ocl 09¢ 09 8C-vl
8.°0 8'g e AA L0 8'S q'ce 08¢ ove ovi ove Z'9 v1-0
................ —-9_ L R T s — ----------..-----79_ O . wo
SapIXo S9pIXo uoqied N [T e) Aejpo IS AUy JjS 9s4202 pues Hd ydeg
u\ 9914 a4 0944 ojuebiQ

suoned 8jqeabueyoxy

uonnqIsIp 8z)s ajonieg

8)IS yoseesay Ajjjjoeg |oUOD UONN|Od I8} SBWY Ayl Je ||0S J0 sansualoeIRy) [edISAyd pue |edjway)
O XIAN3ddVv




DISTRIBUTION LIST

Aldridge, Steven
Stoller Associates
Rocky Flats Plant
Golden, CO 80402-0464

Anderson, Marvin,
Ames Laboratory
TIP / Spedding Hall
lowa State University
Ames, lowa 50011-3020

Baker, Connie
- Ames Laboratory
TIP / Spedding Hall
lowa State University
Ames, lowa 50011-3020

Barth, Gil
EG&G Rocky Flats, Inc.
Rocky Flats Plant, Building 080
P.O. Box 464
Golden, CO 80402-0464

Bujewski, Grace
Environmental Resoration
Technologies
Department 6621
Sandia National Laboratories
P.0. Box 5800, Mailstop 0719
Albuquerque, NM 87185-0719

Calhoun, Deb
Ames Laboratory
TIP
Ames, lowa 50011-3020

Cantrell, Ronald
Agronomy Department
lowa State University
Ames, lowa 50011-1010

Corones, James
Ames Laboratory
329 Wilhelm Hall
lowa State University
Ames, lowa 50011-3020

Edelson, Martin
Ames Laboratory
109 Spedding Hall
lowa State University
Ames, lowa 50011-3020

Esparza-Baca, Charlene
Applied Sciecnes Laboratory
P.O. Box 21158
Albuquerque, NM 87154

Haas, Bill
Ames Laboratory
7 Spedding Hall
lowa State University
Ames, lowa 50011-3020

Kilmer, Lucille
Ames Laboratory
329 Wilhelm Hall
lowa State University
Ames, lowa 50011-3020

Litaor, M.I.
EG&G Rocky Flats, Inc.
Rocky Flats Plant, Building 080
P.O. Box 464
Golden, CO 80402-0464

Simpkins, Bill
Geology and Atmospheric
Sciences Department
lowa State University
Ames, lowa 50011

Wang, Paul
Ames Laboratory
106 Spedding Hall
lowa State University
Ames, lowa 50011-3020

46




