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ABSTRACT

The Maxey Flats research program is a multidisciplinary, multilaboratory
program with the objectives to define the radiochemical and chemical composi-
tion of leachates in the burial trenches, define the areal distribution of
radionuclides on the site and the factors responsible for this distribut .n,
define the concentrations of radionuclides in vegetation both on and offsiie
and the uptake of radionuclides by representative agricultural crops, define
the atmospheric pathways for radionuclide transport and the mechanisms in-
volved, determine the subsurface migration rates of radionuclides and the
chemical, physical, biological, and hydrogeological factors which affect this
migration, and evaluate the engineering practices which influence the seepage
of surface waters into the burial trenches. The program was initiated in
1979 and a research meeting was held at the Nuclear Regulatory Commission
Headquarters on July 16, 1980, to report the research findings of each of
the participating laboratories and universities. Important observations
from the research are included in the Summary and the results reported for
each of the research efforts are summarized in the individual reports that
are combined to form this document.
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SUMMARY

IMPORTANT OBSERVATIONS

1. Waste Trench Waters

e Trench waters are complex, chamically reducing, anoxic systems. lron
exists predominantiy in the terrous state.

e Organic compounds in the trenches reflect the nature uf the buried
waste and the products of biodegradation.

» Complexing agents are present from chemical processing and decontam-
ination processes.

eThe distributi.n coefficients of several radionuclides for Maxey Flats
soil ana trench waters are generally lower for the anoxic conditions
than for oxic conditions.

2. Subsurface Migration

e Subsurface migration of several radionuclides was observed.

e Subsurface migration of organic compounds has been detected in
trenches and wells established to monitor radionuclide migration.

* Piutonium isotopes probably migrate in the reduced form as ionic com-
plexes. Some of the plutonium may be complexed by ligands which have
been buried or were generated in the trench.

e Subsurface migration would be expected to be a much more serious prob-
lem in areas of high rainfall than in arid regions.

3. Vegetation and Soil

e Vegetal contamination onsite and near site appears to be ve: smail.
Cobalt-60 is the only radionuclide observed in vegetation which ap-
pears to exceed that from woridwide fallout.

e Surface soil samples show elevated radionuclide concentrations at
several locations onsite which appear to have resulted from difficul-
ties in site operation.



4. MWater Movement

¢ Water may move downward nr upwarc through trench caps, along lanifill/

soil interfaces, and down and away from waste trenchec as influenced
by the hydrostatic he:..

e Lateral movement of water to waste trenches appears to be small.

® Proper selection of vegetal t.verage could improve removal of water
by evajotranspiration.

®Inert tracer redistribution shows that water infiltrates into clay
trench caps but cap tracers were not observed in trench sump water
four months after completion of the experimental trench.
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RESEARCH PROGRAM AT MAXEY FLATS
AND CONSIDERATION OF OTHER SHALLOW LAND BURIAL SITES
R. W. Perkins and L. J. Xirby

Pacific Northwest Laboratory
Richland, Washington 39352

INTRODUCT ION

During the past two decades, six sites have been licensed in the United
States for the commercial shallow land burial of low-ievel radioactive waste.
These include the West Valley, New York; Maxey Flats, Kentucky; She“field,
[11inois; Barnwell, South Carolina; Beatty, Nevada; and Hanford, Washington
sites. Commercial waste disposal began in Beatty, Nevada in 1962, and has
subsequently expanded to include these six sites which are currently man-
aged by four companies: Nuclear Engineering Company - Hanford, Beatty, and
Sheffield; Dames & Moore - Maxey Flats: Chemical Nuclear Systems - Barnwell;
and Nuclear Fuel Services - West valley. A1l of these sites are located on
either federal or state-owned land.

The West Valley and Maxey Flats sites were closed in 1975 and 1977, re-
spectively, due to difficulties which included seepage of water into the
waste treiches at the burial sites. ihe Sheffield site was closed in 1979
when all of tne lanu allocated for nuclear waste disposal was used and their
request for permission to use acuitional land for this program was denied.
Rzstrictions have been Dlared on burials that may be made at the other sites
ana the limited available ourial capacity, coupled with growing restrictions
on transportation of radioactive waste, provide a constraint for the growth
of the nuclear industry.

Late in 1972 elevated levels of radioactivity were detected in the en-
virons of the Maxey Flats site. In November 13/3 the Kentucky Department
for Human Rescurces (KDHR) initiated a six months' study to identify the
source and extent of these increased levels of environmental rauioactivity.
From this study KDHR concluded that the Maxey Flats w:ste disposal site was
contributing radioactivity to the environment, but that tne radioactivity
detected in the environment did not create a public health hazard. Subse-
questly, studies were undertaken by the U. S. Environmental Protection Agency
(EPA) to clarify existing questions about plutonium mebility in the environ-

ment.
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The EPA studies concluded that plutonium and other radionuc)ides have
been 'eached or released from the wastes and that plutonium contamination
existed in and around the Maxey Flats site. Plutonium had apparently mi-
grated from the trenches and site and suggested ,athways included surface
transport, interflow, subsurface movement, and atmospheric fallout. Other
radionuclides measured included ’H, ®°Co, ®*»*°Sr, '*“Cs, and '?7Cs. The
evidence favored migration of the radionuclides by two or more of the water
pathways, but insufficient evidence was obtained to conclude the form,
quantity, and migration rate for the plutonium. The studies pointed out
that deficiencies cxisted in the existing practices for safely containing
buried radionuclides during their hazardous lifetimes,

The research program which is outlined here ha: the goal of defining
the distribution and movement of radionuclides and the factors which affect
this distribution within and adjacent *» Maxey Flats and other shallow land
burial sites. Radionuclide movement as » result of surface run-off, sub-
surface migration, and atmospheric transport will be characterized. The
engineering practices which affect migration will be evaluated and some al-
ternatives investigated. The chemical species of the migrating radionuclide-
will be determined, and the physical, chemical, and biological factors which
proauce the chemical species will be identified. The research program is
expected tu provide some of the basic information which is necessary to per-
mit improvement of operating criteria at existing sites, the developmcnt of
suitable procedures for decommissioning these sites, and the establishment
of siting criteria for the selection of potential new sites.

SCOPE

Experience in commercial shaliow land burial has resulted in the iden-
tification of several problems. Some of these are rather serious and have
been responsible for the closure of some sites. From operating experience,
it has become clear that those sites located in the eastern half of the
country where precipitation is relatively high experience mo. > problems
than those located in the more arid western regions. At the Maxey Flats
and West Valley sites, interpretation is complicated by the fact that radio-
active materials cculd have been spread by processes other than subsurface

1-2



transport. Maxey Flats utilizes an evaporator to ~oncentrate the radioac-
tive material contained in leachate pumped from waste trenches. The West
Velley site includes the Nuclear Fuel Services fuel ra2process 'ng plant and
associated waste hardling storage facilities. At both Maxey Flats and Wast
Valley (and other sites as well), the burial trench caps subtsided and the
reworking of these “reas to form new caps has resulted in some general low-

level contamination.

In earlier work at Maxey Flats, there were two reasonably good indica-
tions of subsurface movement cf radionuclides at Maxey Flats, including the
apparent mover«nt of tritium and other radionuclides to a well which had
been drilled near a waste burial trench, and the detection of radioactivity
in moisture seeping through a crack in a sandstone layer near the bottom of
a trench dug adjacent to a waste burial trench. Other known sources of con-
tamination at Maxey Flats include atmospheric transport from the evaporator
plume and spillage of racioactive liquids. Consequently, it is very diffi-
cuit from currently available information to differentiate in many cases be-
tween environmental contamination from surface sources and radionuciide mi-
gration by subsurface aquifers. Experience at the western siies seems to
be relatively uncomplicated.

A problem which appears to exist to some degree at all the sites is the
precise definition of burial trench boundarius. Monuments which have been
placea to locate trenches are at times on the center line Lut are also
placed along where the trench is believed to have been or at opposing corn-
ers of the trenches, thus making i difficult to carry out studies of migra-
tion. At one site, burial trenches w2re found to extend beyond the perimeter
fence. Any attempt to study a specific site, therefore, requires a prelim-
inary definition of waste trench location at that site.

From & regulatory standpoint, it is essential to have information rela-
tive to the operation and performance of shallow land burial sites to meet
the following needs:

1. To determine guidelines for the operation of existing sites;

2. To develop recommendaticns for remedial actions at existing sites
and for their eventual decommissioning;
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3. To identify the neel for long-term surveillance and maintenance
at the existing sites; and

4. To develop site selection criteria for future waste burial sites.

Se “ral research programs h:ve been initiated by the Nuclear Regulatory
Commission (NRC) to meet these needs, and hydrogeological studies are also
being conducted by the U. S. Geological Survey. The laboratories partici-
pating in research at Maxey Flats include Pacific Northwest Laboratory,
Brookhaven National Laboratory, Los Alamos Scientific Laboratory, the Univer-
sity of California-Berkeley, the University of California-Los Angeles, and
the University of Arizona-Tucson. Cooperating government agencies include
the Kentucky Department for Natural Resources, as well as the U. S. Geologi-
cal Survey, and Dames and Moore maintains an ongoing research program. The
current research objectives of the laboraturies and the U. S. Geological Sur-
vey are summarized below and discussed in the following sections.

-

RESEARCH OBJECTIVES

The Maxey Flats shallow land burial site is currently of greatest con-
cern. However, the research objectives for Maxey Flats generally apply to
all the commercial shallow land burial sites. In a broad sense, the research
objectives are to generate information needed to define:

1. Radiochemical and chemical composition of leachates in the burial
trenches;

2. Areal distribution of radionuclides on and adjacent to the site
and the factors respensible for this distribution;

3. Concentrations of radionuclides in vegetation both on and offsite
and the uptake of radionuclides by representative agricultural
crops;

4. Atmospheric pathways for radionuclide cransport and the mechanisms
involved;

5. Subsurface migration rates of radionuclides and the chemical, physi-
cal, biological, and the hydrogeological facturs which affect this
migration; and

6. “he seepage of surface waters into burial trenches and the engineer-
ing practices which influence seepage.
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RESEARCH AT MAXEY FLATS

The research programs being conducted at Maxey Flats are designed to pro-
vide information which will answer the broad questions stated above. In order
to more clearly follow the discussion, four figures are included in this sec-
tion. Figure 1 presents a schematic of the Maxey Flats site showing the lo-
cation of the waste burial trenches; Figure 2 shows a layout of the experi-
mental trench sections and monitoring wells which are planned; Figure 3 shows
the installations which have beer constructed on will be constructed in
the vicinity of the 195 waste burial trench; and Figure 4 shows the results
of areal monitoring for radionuclides on the site. The six broad areas of re-
search and the objectives and initial results are summarized below.

1. Determination of the Radiochemical and Chemical Composition of Leachates
in the Burial Trenches

It is extremely important to understand the chemistry and radiochemistry
of leachates in the burial trenches. All of the burial trenches at Maxey
Flats contain water which must be periodically removed to prevent upward seep-
age and overflow of this water. Within the burial trenches, degradation of
the organic material associated with radioactive wastes takes place by anoxic
bacterial processes. This degradation results in a unique composition of the
leachate. The conditions are reducing and iron is contained in the ferrous
state. The organic chemicals present represent those which were originally
associated with the radioactive waste, together with the bacterial degrada-
tion products. Analyses of these organic constituents suggest that the degra-
dation products will not produce complexes with the radionuclides as
strong as those which have been added to the trenches with the waste. For
example, analysis of the trench water has shown the presence of tributyl-
phosphate and EDTA which could yield plutonium and americium in strong com-
plexes which would favor their migration.

Aerobic and anaerobic, sulfate-reducing, denitrifying, and methanogenic
bacteria are present in the leachate samples and are able to grow aerobical-
1y and anaerobically in trench leachate.

The major radionuclides present in the trench water include tritium and
plutonium isotopes, 24Am, %%Sr, 137Cs, 13%Cs, and 60Co. Because of the
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anoxic conditions which exist in the waste burial trench waters, it has been
necessary to sample these waters under anoxic conditions to prevent changes
in chemical species. The Brookhaven National Laboratory has developed suc-
cessful techniques for conducting this type of sampling and for carrying out
laboratory experiments under anoxic conditions. Studies of the distribution
coefficients between leachate water and soil for several radionuclides have
becn determined. These distribution coefficients range from hundreds to more
than a thousand for *“'Am and cesium radionuclides but are less than 10 for
strontium and cobalt radionuclides.

Where ultrasonically disaggregated samples of Maxey Flats soil were used,
the Kd's were higher under oxic vs anoxic conditions. High Kq's are not en-
tirely consistent with observations of very high concentrations of americium
and plutonium in water from an experimental trench which was =zxcavat d about
10 m from, and pa:illel to a waste-filled trench. This indicatec that -re-
dicting radionuclide retention in a field situation is more complex than sim-
ple consideration of Kd results would indicate.

2. Areal Distribution of Radionuclides on the Site and Factors Responsible
for This Distribution

Waste handling at commercial shallow land burial sites in general, and
specifically at Maxey Flats, has resulted in some contaminatiu. ~f surface
soils. There are particular problems at the Maxey Flats site where substan-
tial subsidence of the trench caps occurred, as well as overflow of some of
the trenches due to infiltration of rainwater. Rewc-king of the surface
areas resulted in distribution of mildly contamirated soil over the site
area. Other factors, such as waste tank leakage and leakage from trench
pumping processes, have also resulted in contamination. Another source of
potential contamination is from the evaporation of trench water pumped from
the burial trenches to prevent their overflow.

In initial studies by Dames & Moore, radiation mapping indicated areas
onsite where soil contamination was evident. Soil sampling at these loca-
tions has shown the presence of significant amounts of '*7’Cs, ¢°Co, !?%Sh,
and “?®Pu. Subsequent measurements by PNL using a high resolution gamma-ray
spectrometer which viewed circular areas approximately 5 m in radius have
shown specific radionuclide distribution over the site area and over some
adjacent regions. Soil samples were also taken for radiochemical analysis
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in the laboratory and provided concentrations of plutonium isotopes, 28 1pm,
and strontium. These observations are contained in a later secticn of this

documer.t.

3.  Concentrations of Radinnuclides in Vegetation, Both On and Cffsite

There are minor concentrations of radionuclides in vegetation both on
and offsite at Maxey Flats. This contamination could have resulted from root
uptake or by foliar absorption of airborne radionuclides. It could also have
resulted from worldwide fallout or contamination from the site.

To determine which of these routes is important and also gain informa-
tion on how the scil which supports the vegetation becomes contaminated, an
ecological study is being conducted by PNL. This work is providing a basis
for differentiating between the different sources and the possible mechanisms
which have resulted in an accumulation of radionuclides by vegetation. In
addition, crops can be very important in controlling the moisture content at
the site both in regard to runoff and evapotranspiraticn.

T determine the source of radioactivity on vegetation both onsite and
adjacent to the site, vegetal samples were collected and analyzed for 17
radionuclides. Nine of these could be quantitatively measured by gamma-ray
spectrometric analysis, and they included the four naturally-occurring radio-
nuclides 22Th, 2?“Ra, ’Be, and “°K and the five of anthropogenic origin,
levpe, 1¥igs, 125Sph, *“Mn, and ®°Co. Tne concentrations of all of the radio-
clides, except ®°Co, fall within the same range for onsite, near-site, and
~emote locations. The ®°Co levels near the site appear to be derived from
the site. From anaiyses of forest litter, new fallen leaves, and new green
jeaves, it appears that °°Co enters the leaves through root uptake rather
than deposition from the evaporator plume.

One of the major problems at Maxey Flats is the high precipitation rate
and the infiltration of rainwater into burial trenches. Studies are being
carried out by UCLA %o determine if it is possible, by judicious seleciion
of ground cover, to maximize evapotranspiration while maintaining radionuclide
uptake, surface water runoff, and soil erosion at acceptable levels. For
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example, the present ground cover is estimated to permit evapotranspiration
at about 11 inches per year, whereas rates as high as 28-30 inches have been
obtained in similar areas by optimal vegetation coverage. In this study,
five types of vegetation with good evapotranspirational properties are being
investigated to determine optimal growing conditions and radionuclide uptake
rates. These include both shallow and deep rooted planrts. In general, the
deep rooted plants can be expected to provide higher evapotranspiration;
however, their radionuclide uptake must also be considered.

4. Atmospheric Pathways for Radionuclide Transport and the Mechanisms
Involved

At the Maxey ‘lats site there is a special mechanism for airborne trans-
port of radionuclides. A very substantial amount of rainwater infiltrates
the burial trenches, and this is currently removed and evaporated onsite.
Tritium is the predominant radionuclide in the stack effluent and represants
a major f-action of the offsite -eleases of contamination to the site en-
virons. The second and third most significant emissions from the evaporator,
based on studies by Dames and Moore in 1979, are '*’Cs and *°Sr, respectively.
Cobalt-60 and ***Pu were generally at very low concentrations, and 2*°Pu was
not detectable in those samples. Recent sampling of the evaporator plume
by PNL confirmed the Dames and Moore observation that the radionuclide con-
centrations in evaporator condensate are quite variable and probably sensi-
tive to time of sampling and method of sampling.

The amount of entrainment in the evaporator plume needs to be very care-
fully compared with offsite measurements of soil to determine the precise re-
lationship between the evaporator and onsite and offsite radionuclide concen-
trations.

5. Determine Subsurface Migration Rates of Radionuclides and the Chemnical,
Physical, Biological, and Hydrogeological Factors Which Affect This
Migration

The Maxey Flats waste disposal site is located on an isolated plateau
of weathered shale which overlies a thick sandstone marker bed. The shale
is highly fractured and irreqular cracks traverse the sandstone, which is
nominally 7-8 m below ground surface. The groundwater system is probably
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unconfined and infiltrating rainfall is temporarily stored in weathered rock
on the hilltop: and colluvium and soil on the hillsides. Rechargz occurs

by infiltration of rainfall into the mantle and vertical unsaturated flow

from the top of the hill to saturated zones below. Discharge occurs by later-
al fiow from the mantle and bedrock. The recharge mechanism is responsible
for the accumuiation of water in the waste-filled trenches and unsaturated
vertical flow and lateral flow from the mantle are highly suspect as mechan-
isms for radionuclide migration.

The subsurface migration of radionuclides could present problems of
particular concern and is therefore being given a major emphasis in our re-
search. In order to estimate the amount of transport of radicnuclides by
this mechanism, a multi-disciplinary and multi-laboratory experime tal trench
study was initiated at Maxey Flats in the fall of 1979. Pacific Northwest
Laboratory is coerdinating the experiment, which incorporates research on the
chemical species of migrating radionuclides, saturated and unsaturated zone
hydrology and the effects of radionuclide migration, nonradioactive tracer
studies to evaluate trench capping techniques, trench cap drainage systems,
and vegetal covering of trench caps as a method for discouraging the infil-
tration of water into the trenches. The experimental trench area is shown
in Figure 2.

In this work several short trenches were dug parallel to and approxi-
mately 10 m from one of the waste burial trenches. These trenches are
equipped with sumps which permit direct sampling of seepage into the trench
and porous cups and soil moisture cells at various depths which permit un-
saturated flow measurements. Tracers have been added to the trench, trench
cap, and adjacent soil te permit infiltration rates of surface waters to be
estimated. Initial studies have indicated rather significant migration rates
to these monitoring trenches from the burial trenches; the chemical and
physical forms of the migrating species are being investigated. Studies of
subterranean flow are also being conducted near waste-filled trench 19S.
This will allow comparison of the characteristics of old and new trench caps
with respect to water infiltration and radionuclide migration.

Initial measurements of the radionuclid=s in inflow water to the experi-
mental trench sections showed concentrations that were comparable to those in
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the adjacent waste burial trench. This was true for tritium and plutonium
isotopes, ““'Am, '*’Cs, and *°Sr. After completion of the experimental
trench, samples taken through sumps which reached to the bottoms of the
trenches showed substantially lower concentrations of all the radionuclides
except tritium,

We have concluded from these observations that the crushed rock
added to the experimental trench may serve as an adsorption mate.-ial for the
radionuclides. The construction of a set of inert atmosphere monitoring
wells on the waste trench burial side and *he opposite side of the experi-
mental trenches should allow the radionuclide concentrations in the soi)
solutions to be measured and the effects of the experimental trench to be
determined.

An interesting observation in connection with inflow to the experi-
mental trench was that the plutonium is mainly in an enionic form and that
it appears to be present as a very strong complex. A complex of the streangth
of EDTA could account for the characteristics of the plutonium species. The
plutonium was shown to be in the reduced form existing both in the tri- and
tetravalent states. Experiments are continuing to define both the actiual
strength and the chemical form of the plutonium.

The Los Alamos Scientific Laboratory (LASL) and the Department of
Soils and Plant Nutrition of the University of California, Berkeley (UCB)
in a cooperative project are studying the movement of water into trenches
and water and radionuclide movement out of trenches as influenced by pre-
cipitation, soil, and vegetation in the shallow radioactive waste burial
site at Maxey Flats.

LASL's efforts include the evaluation of the distribution of waste
radionuclides in soil near shallow waste burial trenches with respect to
seasonal changes in s0i]l moisture movement and waste/:oil interactions.
Porcus cups were implanteu in the soil near section 4 of the experimental
trench (T4) and near waste burial trench 19S. Those porous cups allow the
in situ sampling on a seasonal basis of soil solutions at various depths
and distances from those trenches.



The distribution of *H suggested several patterns of water movement in
the soil environment. Water may move 1) along a porous zone such as an old
landfill/original soil interface, 2) from the soil surface downward and
toward the burial trench at the shallower depths, and 3) down and away from
the trench at the deeper depths, as infiuenced by the hydrostatic head in
the trench.

The distribution of radionuclides other than "H indicates interactions
with soil such that migration is inhibited with respect to the movemen. of
water. The degree of intzraction differs with the different radionucl des.
Cesium-137 was not detected in any of the soil solutions. Plutonium-238
and %°Co were detected at the lower depths within a distance of 3 m (10 feet)
of 195.

Additionsi porous cups will be implsnted to a depth of ahout 8 m (25
feet) in order to evaluate water and radionuclide migration in soil rear the
base of burial trenches. Detailed characterization of soil solutions will
be made where significant concentrations of waste radionuclides exist.

The University of California, Berkeley, is studying the pathways of
water entry through trench caps or through the soil profile in the rows be-
tween the trenches, to identify the more important modes of water entry.
The study is being carried out by implantation of soil moisture sensors at
various depths in the trench caps and in the soil profiles adjacent to the
trenches to enable determination of soil moisture gradients. Mini-porous
cups have been installed in a paired fashion with the moisture cells to al-
low extraction of soil solution samples. The samples are analyzed for °H, a
useful hydrologic tracer due to the high *H concentration in the trenches.
Pentafluorobenzoic acid has been sprayed on the soil surface and is also
used as a hydrologic tracer.

To date, it has been found that the cap on trench 195 is quite permea-
ble to water. Rainwater readily passed thiough the cap into the tranch dur-
ing the past winter. This wac evidenced by both soil moisture measurements
and the pentafluorobenzoic acid tracer measurements. A decreasing cur-entra-
tion gradient of *H from the trench water source upwards through the trench
cap to the soil surface indicates water movement upwards to the surface durirqg
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dry periods. An instrumented stack in the soil profile 10 m (30 “cet) away
from the side of the trench indicated that water was not entering trench
195 via percolation into the soil profile at this point and then lateral
movement of water into the trench. Tritium data obtained at this point
also indicated that trench water was not migrating outward from t'e trench
at this location. Work on the experimental trench, section T4, indicated
that the cap on this new trench prevented water from entering the trench by
percolation through the cap during the winter of 1979-1980. Continuing work
will encompass instrumentation of the soil profiles to deeper depths to en-
able a study of the hydrology at a depth near the bottom of waste burial
trenches.

6. Seepage of Surface Waters Into Burial Trenches and the Engineering
Practices Which Influence This

To determine the areas through which rainwater enters the burial
trenches, tracers have been added both in cap materials and in adjacent soil
of the exp=rimental trench area. The purpose of these studies is to deter-
mine th~ effectiveness of the caps in retarding direct seepage into the
trenches and also of the ambient soil in retarding seepage. In addition to
these special experiments, it is planned that tracers will be added to one
or mo=e of the burial trenches and to monitor these tracers by sampling the
water-emitting secticrs of the experimental trunch or adjacent monitoring
wells. 3y adding this tracer material at different locations in the burial
trench, we expect to establish the rates of movement and the amounts of ma-
terial being carried by subterranean flow. Trench capping studies, surface
drainage studies, and the nonradioactive tracer studies are being conducted
by the University of Arizona.

The trench cap design parameters provide a cap drainage system which
prevents surface water seepage into the trench by providing for its quick
removal by « .inage and by being strong enough structurally to resist crack-
ing when underlying materials consolidate. <nils chos/n based on their
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composition characteristics were classified as practically impervious. The
nonradioactive tracers incorporated in the trench construction are specific
for each experimental trench section. Thus, detection of one of these tracers
in any of the experimental trench sections will provide information that
water is infiltrating a trench through the cap, through the adjacent soil,

and possibly through horizontal movemenc as well. No tracer movement had
been detected through the second sampling about five montns after trench corn-
struction was completed, and sampling is continuing on a quarterly frequency.

RESEARCH AT OTHER SHALLOW LAND BURIAL SITES

The West Valley, New York, low-level radioactive waste burial site, like
Maxey Flats, is located in a humid climate. Similar problems have been en-
countered at West Valley, including entry of water into the waste burial
+-enches and problems due to natural processes of erosion. The New York
Geologic Survey is lead agency for research at West Valley to define the
nature of the site, the groundwater pathways, the trenches' capacity to iso-
late the waste from griundwater and surface run-off patterns. Research to
dat~ indicates that the integrity of the trenches as containers is quite rea-
sonable. Groundwater movement is vertically downward and there were no in-
dication of substential lateral movement of groundwatcr. Subtrench soil vor-
ings by USGS have indicated tritium migration to 3.2 m below the trench
floor and 14 cm to 0.6 m below trench flour. Water entry into the trenches
is the result of vertical percolation of precipitation through the capping
material. Baseline geomorphic studies have been completed and investigations
are underway to obtain erosion rates.

PN has used high resolution gamma-ray spectrometry at the Beatty,
Nevada, waste burial site as part of an effort to confirm the boundaries of
existing waste burial trenches, locate any additional radioactive wastes be-
yond the established burial area, and characterize the distribution of radio-
nuclides around the waste burial site. Cesium-137, *°Co, and some other
radionuclides were measured around the perimeter fence and in the area where
waste canisters were excavated along the northern fence. The countirg data
are compared with information generated by subsurface pulsed radar techniques.
The highest '*7Cs and “°Co concentrations measured slightly beyond the
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perimeter fence were 13 and 16 pCi/g, respectively. The maximum '*’Cs con-
centration measured was about 50 times the fallout concentration determined
for the area near the waste burial site, but only slightly higher than fall-
out levels at other locations in this country. The maximum °°Co concentra-
tion measured was at least 100 times the fallout concentration in the local
area. Most of the '*’Cs concentrations measured around the perimeter fence
wera lower, and most of the °°Co concentrations were slightly higher than
common fallout levels in other parts of this country. The in situ counting
measurements were compared with soil sample analyses tc indicate locations
of undisturbed and disturbed soils and locations where significant surface
depositions of radionuclides had taken place.

[-14



GL-1

wl |
T4 \
-, ‘27 28] 29 30| 31] 32] a1] 3s] 36 33L
12 \
1
"N olo. 0
EXPERIMENTAL WELLS “
. 34 STUDY AR
TRENC . STUDY AREA EVAPORATOR
".(I’ ® 15
B
\ I lzu
o 2
26| 25| 2a] 23f 20|18 19sf11| 1sho| | 2|3ls
| 2 | a
- |22 =
| & s
-——\ —~\\
i T AT 121
N \\ L N\ 40
e 9L
37 | 161
e — 08 13L i
| a2
- 548
s a3

WAXEY FLATS UYASTE

DISPOSAL SITE

1GURE 1




/7 V/ e /£ /7 /7 //—

) 7
e F | |
EXPERIMENTAL [ ‘ |
,TRENCH\ 8 ‘ ‘\
z * | T WFT-27
4|
x| l
z i 9 l
A
, ol | R
z * | ‘
s | ] \‘
z . L |‘ ||
*
LGP < S SR
8 | \
it T \
Z ~ *k \
1 % \
* 8 L ]
. !

* MONITORING WELLS
© FOROUS CUPS/SO!L MOISTURE CELLS
& WELL POINY STANDPIPE

FIGURE 2
SAMPLING INSTALLATIONS NLCAR EXPERIMENTAL TRENCH

r-16



L1-]

PLAN VIEW OF SAMPLER INSTALLATIONS NEAR
WASTE TRENCH 1GS.

X SUMP
= - e 1 E/
x : X O: (o] o] o] O (o]
R - S S
+ + £ 2
(o}

I+
+1
+1

PROBABLE
TRENCH WALL

i+
|+
|+
|+

PRESENT SAMPLER INSTALLATIONS

+I1X O

PROPOSED SAMPLER INSTALLATIONS

TAIDE A
FA’L’UKL_ 3



DISTRIBUTION OF RADIONUCLIDES AT
MAXEY FLATS

FIGURE i

I-18



SECTION 11

SUMMARY OF
MAXEY FLATS RESEARCH PROGRAM

Dames & Moore
White Plains, New York 10603



SUMMARY OF
DAMES & MOORE"
MAXEY FLATS RESEARCH PROGRAM
BY
JAMES CLANCY, ESTEBAN PICAZO,
GARY RE, AND MICHAEL ZISKIN

SUMMARY REPORT

In the fall of 1978, Dumes & Moore embarked on a water and radiocon-
taminant mass balance study at the Maxey Flats Low-Level Radioactive
Waste Disposal Site. Prior to 1978, considerable environmental and
political debate had been carried out with respect to the overail
significance of the enviroomental releases from this low-level waste
disposal facility (LLWF). Several postulations by various investi-~
gators as to the nature and magnitude of releases by way of atmo-
sphere, surface, end subsurface pathways had been made. Based on
previous investigations performed by LDames & Moore for the
Commonwealth of Kentucky, it was readily apparent that if successful
remediation were to be accomplished at this site to minimize environ-
mental releases, a reasonable level of knowledge as to the water and

radiocontaminant balance was necessary.

In order to achieve a thorough water and radiocontaminart mass balance
of the Maxey Flats LLWF, a four component research program was ini-
tiated. This four part program consisted of 1) a site mapping study,
2) a water and sediment study, 3) an airborne particulate study, and
4) an evaporator cfflucﬁt and trench gas study. To accomplish these
studies, extensive field efforts have been required. The major focus
of effort on radiocontaminant mass balance was on the radionuclides

33’ 6000' 9°Sr, 13760, 238Pu kg 239Pu

-
«aWhite Plains, New York 10603.
Project Geochemist, Assistant Health Physicist, Project Health
Physiciet, and Assistant Environmental Scientist respectively.
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The site mapping studies have included a restricted area topographic
and facllity mapping effort, a gamma radiation mapping effort, and a
soil contamination level effort. These efforts were stimulated by a
serfous lack of both a good topographic and planar map. It was hoped
that preparation of topographic, planar, and radiation mapping would
also ald in the better delineation of trench boundaries. The exact
dimensicns and boundaries of burial trenches has not been well esta-
blished. The preparation of the maps for this program have aided this
trench boundary delineation. The maps (see Figures 1, 2 and 3)
prepared from this effort have already proven valuable to other
research efforts at the site (e.g., USGS and Brookhaven National
Laboratory).

The radiation mapping has proven to be an effective screening pro-
cedure for locating areas of soil contamination. Radiation mapping of
the restricted area at Maxey Flats was performed on a 10 meter grid
using a portable sodium iodide (Nal) crystal survey meter during the
fall of 1978. The 10 meter grid system was laid out by a licensed
surveyor with wooden stakes. The corners of the imposed grid have
been made into permanent bench marks to afford future reproducibility
of this same grid. The soil sampling effort which was designed based
on the gamma radiation survey data has resulted in the delineation of
areas of relatively significant soil contamination. These areas of
soll contamination include elevated concentrations of l37C| (up to
220 pci/g), *°co (up to 1680 pci/g), 2%sb (up to 1280 pci/g), and
2389“ (up to 1035 pCi/g). These areas of soil contamination have
probably contributed to offsite releases of radionuclides by way of
soil erosion and airborne resuspension. The radiation mapping effort
vas extended to the drainage areas immediately surrounding the re-
stricted area. Some minor levels of soil contamination have been
observed near the restricted area fencel!ne along the eastern and
western slopes of the site.

The elements of the water and sediment mass balance study include:

1) an automatic time composite stream wmonitoring system, 2) flow
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measurement studies on the adjacent streams, 3) collection and
analysis of both suspended sediments and bed rediments from both
adjacent streams and site runoff channels, 4) installation and ope-
ration of primary measuring devices along the major drainage channels
at the site, 5) collection and analysis of runoff water samples, and
6) meteoric water balance studies including rainfall, evaporation, and

infiltration data collection (See Figure 4).

The time composite str.am samples have provided good average (time
weighted) concentration data on radiocontaminant concentrations in the
ad jacent streams. For the most part, tritium is the only radionuclide
in significantly elevate concentrations observed in the four stream
monitoring stations with concentrations typically ranging from 2,000
to 19,000 pCi/l. At the closest stream station to the site, 908:
has been observed in detectable concentrations (about 2 pCi/l) with

reasonable consistency.

Suspended sediments have been collected by field filtration apparatus.
The field apparatus is capable of collecting suitable sample weights
of less than 0.8 micron samples for sensitivity on the order of 0.0l
pCi/g for the radionuclide suite for which the sample is analysed. At
this sensitivity level, detectable concentrations ranging up to
several plcocuries/gram have been observed. With respect to bed
sediments, elevated concentrations of 908r and 13700 have been ob-
served to diminish with distance from the restricted area. For the
most part, the bed sediments collected are fairly coarse-grained
sediments and are not expected tc contain the major fraction of

sediment transported radiocontaminants.

A parshall flume and a v-notch weir have been installed in the south
and main east washes, respectively, at the site. Flow is continuously
monitored and later correlated with rainfall data. Based on the data
collected so far at the site, it appears that the surface runoff
component of the site ranges from 20 to 35 percent of the rainfall
component depending on the degree of soil saturation at the site.

-
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Grab samples of runoff from numerous locations within the drainage
channels at the site have been collected. The principal radioncon-
taminants observed in these sarples have been trititum (300,000 to

500,000 pci/1) and 2USe (5 to 40 pCi/l).

The site water balance has included rainfall measurement at two near
site locations, four Class A evaporation pan experiments, a contin-
uously operating evaporimeter, and four double~-ring infiltrometer
experiments. The evaporation pan experiments have shown evaporation
rates ranging from 7ovo to 2.8 mm/hr. The infiltration rate exper.-
ments have indicated rates ranging from zero to 1.7 cm/hr. Based on
these preliminary results and trench water level data, it appears that

about 2 to 3 percent of the annual rainfall infiltrates the trenches.

The airborne particulates studies consisted of the positioning of
eight airborne particulate samplers around the periphery of the site.
Two sampling period: of 5 to 8 week duration were used. A frequency
of wind ocurrence analysis wes performed using the wird speed and
direction ¢ata collected by Nuclear Engineering Company (NECO) during
1976 and 1977.

During the 900 to 1300 hour sampiing coll~ction periods when air was
sampled at . rate of between 1.4 and 2.4 -3/hr. ramples ranging
between 74 and 115 mg were collected. The average observed parti-u-
late air concentration was on the order of 25 to 85 g/SCMD. ihe
airborne particulates we-e observed to be s.iightly contaminated with
9OSr and 13701 (concentrations ranging from 17.6 to 229 pCi/g and
7.8 and 53.4 pCi/g, respectively). Detectable concentrations oi

Co were only observed at three of the eight sampling stations.
Plutonium was observed in detectable concentrations at only three of
the eight stations. With the exception of 908r. the airborne parti-
culate concentratio:s of radionuclides at Maxey Flats are not signi-
ficantly higher than concentrations observed at DOE sampling stations

throughout the United States.
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Two evaporator offluent and two trench gas sampling efforts were

conducted at rthe site between December of 1978 and July of 1979.
Isokinetic sawpling of evaporator effluent has shown annual tritium
emissions of greater than 20,000 Ci. Based on these effluent study
results, the annual 13703 emission has been calculated to be
about 100 mCi. The annual ewmission rates for plutonium have been
calculated to be at the micrccurie level. Significant carryover of

nun-tritivm radionuclides was observed during these sampling efforts.

The trench gas and radon emunation studies were carried out in
December, 1978 and July 1979. The crench gas, soil gas, and umbient
alr concentration data indicate conditions which are consistent with
the chemical and physical envirocoment of the burial trench. Methane
and carbon dioxide generation appears to be occurring in several
trenches. This observation is consistent with the expected decom-
position of organic naterial buried in the trenches. These gases have
mobilized 1“c and tritium from the buried waste; however, the emission
of these mobilized radionuclides through the trench covers appears to
be negligible. Similarily, large concentrations of 2268a have been
buried. However, the emanat! n of 222an (daughter of 226Ra)
through these relatively thick low permeability covers appears to be
negligible. Some gaseous emanation of these radionuclides can
be expected from urcapped sump pipes. Yet, in general, the contri-
bution ot trench and soil gas radionuclides to the site environs

appears to be minimal.
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Summary:

This report contains information extracted from a larger program de-
signed to provide an understanding, and to mcnitor the behavior, of ex-
isting low-level disposal sites. This broad irvestigation will provide
source term data for radionuc’ides and other solutes in disposal trench
waters, and will describe the physical, chemical, and biological properties
of the geochemical system that controls radionuclide movement. General
conclusions can be made from the data in terms of source term infermation
to be used in modeling efforts, as well as processes which may affect ra-
dionuclicde migration.

Disposal trench waters at Maxey Flats are complex anoxic chemical
systems which require more extensiv2 investigation to quantitatively assess
their role in radionuclide retention 2nd mobilization. No overall system-
atic changes in the disposal trenches were observed during the brief sam-
pling interval (4 years). However, changes in some radionuclide and cation
concentrations were observed in several trenches. Numerous organic com-
pounds were identifie! in trench waters at Maxey Flats, some of which have
the potential for chelation with radionuclides.

The presence of radionuclides and organic compounds in wells UB1 and
UB1-A and in nearby trenches indicates communication between the wells and
trench water leachates by subsurface migration. Radionuclides were also
measured in the new experimental trench duq parallel to trench 27,

Aerobic, anaerobic, sulfate reducing, denitrifying, and methanogenic
bacteria are present in the leachate samples, and are able to grow anaero-
bizally in trench leachates.

Experimental results indicate that the observed sorption K4 is a
funct ion of both solid and liquid phase compositional variations, as well
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as contact time. Lowest K4 results are observed with anoxic trench
waters and ultrasonicated soils. This observation indicates the need to
use site specific materials and 2xperimental conditions which simulate in
situ conditions as closely as pessible in laboratory sorption experiments.

Introduction:

This report concerning the Maxey Flats, Kentucky, site is part of an
overall program designed to provide experimental research support to the
U.S. Huclear Regulatory Commission in the development of criteria for the
selection and licensing of solid low-level radioactive waste disposal
sites. One of the significant factors in the development of these criteria
is the ability to make predictions on the rate¢ of radionuclide movement
along the groundwater flow path. This study attempts to provide an under-
standing, and to monitor the behavior, of existing low-level disposal
sites.

In cooperation with the U.S. Geological Survey, a field and laboratory
program was initiated to study the existing commercial low-level radioac-
tive waste disposal sites. This investigation will define the cource terms
(concentrations in solutions) for radionuclides and other solutes in trench
waters at the sites, and will describe the physical, chemical, and biologi-
cal properties of the geochemical system that control the movement of
radionuclides.

Three major areas of study are included in this program: (1) trench
water analysis, (ii1) microbiological processes, and (iii) geochemical con-
siderations.

Trench Water Analysis

Procedures for the collection, preparation and analysis of trench
waters were developed when necessary, to supplement standard pro-
cedures. Inorganic, organic, and radiochemical constituents in
trench waters are being measured and their relevance to movement
of radionuclides is being evaluated. Water from test wells in and
around the disposal sites is being sampled to detect and charac-
terize radionuclides along the groundwater flow paths.
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Microbiological Processes

Microbial degradation of organic material buried in the trenches may
contribute directly or indirectly to the migration of radionuclides.
The consequences of the interaction of radionuclides present in the
trenches with . 4w -~ of microbial activity are being measured
and evaluated, e.,., yas yeneration and formation of soluble organo-

radionuclide complexes.

Geochemical Considerations

The geochemical aspects of radionuclide migration and retention
treated in this portion of the program are limited to laborafory
sorption studies, involving batch and column experiments using site-
specific materials and performed under conditions which simulate

the field situation. Data and ideas developed from these studies

will be compared to the results of core anaysis for field verifi-
cation. Conclusions derived from these studies are expected to have
direct application to modeling studies of some of the sites and to the
establishing of siting criteria and improved burial practices at fu-

ture sites.

Experimental Approach:

The object:ve of the analytical program is to measure the concentra-
tions of radionuciides and other chemical species present in trench waters.
Procedures were designed to maintain the anoxic nature of the trench waters
during collection, storage, and subsequent handling. A schematic diagram
of the water collection system is shown in Figure 1. Oxygen leaking into
the samples will result in the formation of an iron (ferric) hydroxide pre-
cipitate. After collection, the water samples are stored in 4-liter boro-
silicate glass bottles designed to maintain the trench water environment.
The anaerobic collection procedure allows samples to be stcred for months
without visible signs of the reddish-brown ferric hydroxide that forms
after exposure to air.

Selected physico-chemical characteristics of trench waters, which are
subject to change during storage, are measured >% the time of sample
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collection. Temperature, pH, redox potential (Eh), dissolved cxygen. id
specific conductance of the trench water samples are measured in-line
during collection.

Upon arrival at BNL, _he trenc’s water sainples are filtered through
0.45 um membrane filters to remove any sarticulate matter present. Fil=
tering is also done under an inert atmosphere to maintain the anoxic char-
acter of the waters. The filirate is divided into several fractions and
processed according to the scheme shown in Figure I

Trench waters are analyzed for major inorganic constituents using ion
specific electrodes, colorimetric, and atomic absorption methods. Organic
compounds are determined by solvent extraction followed by gas chromato-
graphic and mass spectrometric analyses. Radiochemical analyses are per-
forted by gas flow proportional counting (alphas and betas), liquid scin-
tillatior counting (tritium), Ge(Li) gamma-ray spectruvccopy, and radio-
chemical separations (strontium-9C and plutonium isotopes;. The particu-
la.2 fraction is anc<'yzed for radiochemical conustituents only.

Site specific batch Kq studies are performed with Maxey Flats soil
and trench waters under inert atmosphere to simulate the anoxic conditions
in the trenches. The initial K4 experiments were intended as scoping
studies to determine the K4 dependency as a function of (i) pH, (ii)
soil/water ratio, (iii) water composition, (iv) oxic vs anoxic water re-
gimes, {v) soil composition (ground/sieved vs untreated soils), and (vi)
time, rather than definitive studies of the geomedia sorption properties at
any particular disposal site.

The general method of preparing samples for Kq measurements involves
adding radionuclide spikes to filtered trench water, and performing a ser-
ies of operations in a manifold or in a glove box (pH-Eh measurements, di-
lution, and addition of soil) to maintain the anoxic character of the sys-
tem. To equilibrate the soil and water, the samples are tumbled in an ap-
paratus designed to maintain the anoxic environment. A mixture of isotopes
was used containing fission products (Cs anc Sr), an activation product
(Co), a treasuranic (Am), and europium o simulate plutonium behavior. The
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activity remainina in the liquid phase is determined by gamma-ray spectros-
copy.

Deta‘'< of the procedures described at ..e are reported elsewhere, (1)

Results and Discussion:

Trench Water Analyses

Results of the analyses of several trench and well water samples col-
lected from the Maxey Flats disposal site between September 1976 and May
1978 are shown in Tables 1-3. The location of trerches and wells are shown
in Figure 1 of the executive summary. Additional data from Maxey Flats and
results of similar measurements from the West Valley, New York; Sheffield,
ITlinois; and Barnwell, South Carolina, disposal sites are reported else-
where, (1)

Trench waters are complex water systems as illustrated by the shapes
of acid-base titration curves in Figure 3. The curve obtained with water
fram well UB1-A resembles a typical simple gra -dwater.

No overall systematic changes in the dispocal site trenches were ob-
served during the brief sampling interval, wh ch is short relative to the
functional lifetime of the site. However, c¢nanges in some radionuclide and
cation concentrations were observed in several trenches. Tritium was the
most abundant of the radionuclides and was found in all trench waters.
Chemically bound as HTO, trirvium would be the most mobile radionuclide.
Strontium-90, 238'239’240Pu and ]37Cs were ‘ound as dissolved species in all
trench waters and sorbed on suspended particulates.

Results of the GC/MS analyses of water from trench 195, trench 32, and
well UBl are shown in Table 2. The organic compounds found in the trench
waters consisted of straight- and branched-chain aliphatic acids, aromatic
acids, alcohols, aldehydes, ketones, amines, aromatic hydrocarbons, esters,
ethers, and phenols. The types of compounds identified reflect both the
nature of the buried waste and the products of biodegradation.

A comparison of organics identified in well UBl and trench 32 shows
that every compound in well UB1, except toluic acid, is present in trench
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Table 1

Concentration of Dissoived Radionuc!ides in Nei 2" Samples
Taken From Maxey Flats, Kentucky, Disposs! > ¢

111

pCi/L (220%) @

Radionuclide Date Trench 2 Trench 1950  Trench 26 Trench 27 Trench 32 Trench 33L-47  Wel) UBI-A
Gross Alpha  9/76 1.2 €4 (4.3) 2.3 €5 (1)  &.) £4 (2.7) 4.8 E4 (2.3) 0.6 E4 (1.4) 7.6 €3 (5.2) -
1717 6.7 E3 (8.5 - 2.7 .4 (4.0 oo 1.1 4 (3.9 .- —
5/18 eee 1.7 €5 (1.7) wee 4.9 £3 (0 ea 4.9 €3 (11) a0
Gross Beta 9/76 2.8E€ (3.60 1.5E5(<1) 1.3E (1.6) 7.2 €5 («1 £6 }(l 7.0 £4 (1.9) ---
117 2.4 £4 (5.5) - 1.2 €5 (1.2) - £6 («l .- -
5/78 e 6.4 €5 (2.0) --- 4.0 £5 (2.6) - 3.7 €4 (8.8) 3.1 E2 (30)
Tritium 9/76 2.5 €7 (1 6.9 €7 (¢i) 2.0 €8 f"‘ 3.1 €8 (¢1) 2.1 €8 (<1) 6.2 €7 (1) o
117 2.1 7 (Q --- 1.3 €8 (A - 2.3 €9 (A1) baen e
5/78 . 6.8 €7 <1‘ ivin 5.9 £8 (1 es 2.9 €7 (A1) 5.8 €6 (1)
90g,d 976 6.8 £3 (<1 2.6 €5 (<) 3.564 (<1) 2 0ES <1; 3.8 €S (¢<1) 2.4 £4 (1) v
/17 3.6 €3 (10 .- 3.0 €4 (10) . 5.4 €5 (“10) ~o= -=-
5,78 woe 2.9 £5 (10) cee 2.1 €5 (1) - 1.7 €4 (10) 6.3 £1 (10)
238pd 9/76 3.8 €3 (2.7) 1.7 ES (7.6) 3.1 €4 is.a) 1.3 €4 (3.1) 2.6 €3 (4.2) 9.9 E3 (4.4) -
/77 9.4 €3 (10) 1.3 €5 (10) 1.1 €5 (10)
5/18 cue 2.1 £5 (10) - 4.1 €3 (10 e 4.2 €2 (10) 1.4 €1 (16)
239,240p,d 9/76 4.1 E2 (8.6) 2.1 E4 (24) 2.7 E3 (22) 1.7 €3 (13) 1.1 72 (25) 8.4 £2 (40) who
/11 2.8 €2 110) --- 3.5 €3 (i0) o= 2.9 3 (10) - e
5/78 b 8.4 £2 (10) b 6.7 €2 (10) wwe 6.6 €3 (10) 5.4 £-1 (110)
241 pm 9/76 4.3 €3 (3.9) 7.7 €2 {7.0) 1.0 €3 (5.7) 1.5 E4 (3.8) <40 20 -
717 2.9 €3 (8.9 - N.D.® e N.D. — con
5/78 el 1.5 €3 (17) ne 1.4 £3 117) .- N1, N.D.
60, 9/76 1.4 €4 (1.9) 1.3 €3 (23) 1.3 €3 (6.8) 2.0¢€4 (3.2) 6.0 :3 (5.6) <300 -
7/17 1.0 €4 (4.5) -=- 1.4 €3 (14) i 3.5 £3 (8.1) itk il
5/18 S 2.5 €3 (11) vee 1.3 €3 (21) —om 3.6 £1 (64) 2.5 F2 (13)
134¢s 9/76 <100 <100 3.1 £2 (18) 100 4.2 £2 (24) <100 ---
1 N.D. —-- N.D. wirn N.D. P e
5/78 O N.D. - N.D. g N.D. N.D.
Dcs 9/76 <100 3.2 €3 (9.8) 7.5€3(20) 2.3€4 (2.4) 6.0E3 (4.6) <100 i
nun N.D. --- 5.3 €% '5.7) - 4.8 €3 (5.5) --e s
5/78 R 1.0 £4 (3.8) S 8.0 £3 {4.6) s 2.1 €2 (66) N.N.

;?unbe; ;;s( ) -'Zb p:rcent counting uncertainty. 22
renc sample collected 9/76 contained 2.3 E1 (11) pCi/L ““Na in addition to radionuclide 1
C.-- indicates sample was not collected from trench on indicated date. 0 NORE AR S

] "‘ 5 ]s rie DO' |OIN¢’ b’ | abo' ltOl ‘QS, R C|m1ld. CO“‘OI nia

firench 33L-4 sample collected 5/78 contyined 8.8 EQ (22) pCi/L 22Na.




Table 2

Organic Compounds Identified in Water Samples

From Maxey Flats, Kentucky, Disposal Site

(mg/2)

Compound

Water Sample

Trench 195

Trench 32

Well UB1

Acidic Fraction
2-Methylpropionic acid
2-Methylbutanoic acid
3-Methylbutanoic acid
Valeric acid
Isobutyric acid
2-Methylbutyric acid
3-Methylbutyric acid
Pentanoic acid
2-Methylpentanoic acid
3-Methylpentanoic acid
Cg branched acids
Phenol

Hexanoic acid
2-Methylhexanoic acid
Cresol (isomers)
2-Ethylhexancic acid
Cg branched acid
Benzoic acid

Octanecic acid
Phenylacetic acid
Phenylpropionic acid
Phenylhexanoic acid
Toluic acid (isomers)

Neutral Fraction

¥ -Dioxane

Methyl isobutyl ketone
Toluene

Xylene (isomers)
Cyclohexanol
Dibutyl ketone
Fenchone

Triethyl phosphate
Naphthaliene
Tributyl phosphate
a-Terpineol
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aNot quantified.
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6-111

Tehle 3

Analysis of Trench and Well Water Samples Taken From
Maxey Flats, “entucky (10/30-11/2/79)

(mg/R)?
Dissolved
Component Trench 195 Trench 27 Trench 5 Well UB-1A T-2€ T-3W T-4F 1-%

pH 6.70 5.9 5.6 6.4 6.6 6.8 7.1 1.5
Eh (m¥, NHE) 57 140 -29 ¢ 270 c ¢ ¢
Dissolved

Oxygen <0.1 0.15 <0.1 ¢ 0.1 ¢ ¢ ¢
Specific

Conductarce

(umho/cm@25°C) 1800 18000 3500 c 4000 3 4 3
Temperature(°C) 16.0 18.0 16.0 c 14.5 - ¢ ¢
Chloride 188 6080 332 348 178 168 143 84
Bromide & 178 3.3 8.2 1200 2210 2.4 4060
Nitrogen ino;-; 0.12 0.75 0.u8 0.50 0.39 0.51 <0.05 1.4
Nitrogen (NHg*) 37 68 75 141 1.0 13 a <1
Phosphate <1 <1 1.2 <1 <1 1 <1 <l
Silica 15 19 29 19 8.7 To7 1.5 0.7
Sulfate d d d 1700/1800 §50/540 1070/1000 1500/1500 1300/1300
poc 300 500 670 $.1 120 15 29 14
Calcium 42 740 42 180 380 440 600 610

Iron 59 1400 0.5 0.1 1.6 1.2 0.5 0.2
Magnesium 130 720 300 300 1€0 95 95 130
Minganese 0.19 190 0.34 <0.1 3.5 2.7 1.1 0.2
Potassium 27 160 160 12 35 26 17 2

Sod{um 480 170 720 530 530 910 280 1200
Strontium 0.65 6.7 0.52 2.6 11 6.6 5.6 8.4

Gross Alpha 6.3 E4 (1.2) 6.9 E4 }o.‘l 9.7 E4 i(l <3.7 €0 7.6 Ei 520 3.9 E1 (56) 1.7 E1 (64) 3.6 E1 (67)
Gross Beta 3.2 E4 (1) 1.9 E5 (<1) S.9E5 (<1) 1.0 E2 (34) 3.5€E4 (<1) S.8E2 (7)) <3.41%) 3.4t
“u um d d d 6.7 E8 37§37 1.5 £S 1.7 E4

ﬂr 2.1 £S5 (10) 1.5 ES (10) 3.2 E5 (10) 3.9 El 520 1.9 E4 (10) 2.3 €2 (10) 1.8 El (10) 3.5 El (22)
238p f 7.1 €4 (6) 2.6 E4 (10) 3.6 €4 (10) 2.5 €1 (10) 6.8 E1 (10) 1.6 €2 (10) 2.2 E1 (10) 4.9 EC (18)
239.!‘09..' 2.5 €2 (6) 2.4 €3 (16) 7.9 €2 (10) 3.4 E-1(100) 1.0 €0 (10) 1.7 EO (34) 8.9 £-1(%0) 2.5 £-1(100)

AMeasurement given in mg/2, unless otherwise noted.
aboratory measurement.
Cin-1ine measurement nut made.
dAnalyses not completed.
€petermined by: colorimetric procedure/ion-chromatography.
fRadiochemical uait = pCi/2. Number in ( ) = 2 % counting uncertainty.
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32, and a mejority of these compounds are present in trench 195. Other
nearby trencnes which were not sampled .ay also contain these compounds.
The presence of radionuclides and organic compounds in wells UBl and UB1-A,
and also in nearby trenches, indicates communicatior between the wells and
trench water leacnates, and that migration of radionuclides from trenches
has occurred.

To determine the movement ov radionuclides by subterranean routes on
the site, a new experimental trench was dug parallzl to trench 27 to inter-
cept water flowing from the burial trench area. Partial analyses of water
collected (10/30-11/2/79 - a few weeks after completion of the trenca) from
four of the five sections are shown in Table 3. Also shown are the aia’-
yses of water taken during the same sampling period “rom the burial
trenches and an observation well. G«ly trench section T-2E had sufficient
water to obtain in-line measurements. Alpha, beta, tritium, strontium-90,
and plutonium-238,239,240 radicactivities were measured in the four trench
sections. Section T-2E appears to have the most radioactivity, and also
conta ns 120 mg/e of OC, which is more than an order of magnitude greater
than the DOC measured in well UBl-A. GC/MS analyses of the organics in
T-2E show the presence of a few components including phenol, dioxane, C-8
acids, and 2-ethylhexanai.

Microbiological Processes

The microbiological study found that: (i) aercbic and anaerobic bac-
teria, >u!fate reducing, denitrifyirg, and me_hanogenic bacteria are pres-
ent in the leachate samples, (ii) the bacteria identified are Bacillus sp.,
Pseudomonas $u., vitrcbacter sp., and Clostridium sp., (ii1) mixed bacte-
rial cultures isolated from the trench leachates are able to grow anaerc-
bically in trench leachates, which indic-.es that the radionuclides 2nd
organics preuent in leachates are not toxic to these bacteria, (iv) the
organic compounds in the leachates are utilized by the bacteria as a carbon
source for growth, (v) preliminary studies on the anaerobic degradation of
organic compounds of the leachate sample indicate that several of the or-
ganic compounds are being both synthesized and destroyed by these bacteria,
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and (vi) methane bacteria present in the leachate samples produced appreci-
able amounts of tritiated and carbon-14 methane from the leachates.

Sorption Studies - Ku

Laboratory sorption studies have focussed on trench water geomedia
systems from the Maxey Flats, Kentucky, and West Valley, New York disposal
sites. Botk sites are characterized by complex chemically reducing, anoxic
trench waters and impermeable geomedia.

Sorption studies indicate that Kq varies as a function of the exper-
imental conditions. Variations of the experiment paramete-~s discussed in
the experimental section all affected the measured K4 values. As an ex-
ample, sorption K4 curves for 2%Am, shown in Figure 4, illust -ate the
K¢ depandence on time and experimental conditions, e.g., #4 and #5
reached a stead- state early, #3 was still increasing after 1900 hours, and
#1 and #2 exhibited a rise until 800 hours. The variability o K4 mea-
sured with different waters from the site under the same experimental con-
ditions is illustrated by waters from trench 195, trench 27, and well UBl1-A
(#1 vs #4 vs #3). Similar sorption datz for other radionuclides are re-
ported elsewhere.(l)

A series of K4 determinations were made using combinations of anoxic
(trench waters) or oxic (trench water: after air exposure and filtration of
precipitated iron hydroxides) water with both ground and seived (100 mesh
fraction) or ultrasonically disaggregatec samples of the geomedia. These
experiments were performed with both the Maxey Flats, and West Valley, ma-
terials.

Results for these experiments show that, in general, the lowest K4
is observed with ultrasonically disaggregated soil and anoxic trench water,
the combination which most closely represents the immediate trench environ-
ment. Only the results for the Maxey Flats systems are shown in Table 4.
These rasults emphasize the necessity for conducting K4 experiments under
site specific conditions. To obtain the most realistic Kq estimates,
actual conditions must be simulated as closely as possible.

The relative retention of the Maxey Flats geomedia for Cs, Eu(Pu) and
Co, as reflected in the K4 numbers reported here, are in genera!
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Sorption Coefficients 7or Trench Water and Shale From

Table 4

Maxey Flats, Kentucky, Disposal Site
(Soil anc Water Pretreatment)

Rg (mi/g)d

Soil Concition

Oxic Anoric
Soil Condition
Ground Ground
Ultrasonic 100-200 Mes!: Ultrasonic 100-20C Mesh

kadionuclide Disaggregation Fraction Disaggregation Fraction
éizfu 450+30 480+120 420+20 1480270
81 1240 +180 5604230 480+70 90020
- 6.140.8 43+4 4:1 10.0+0.3
134¢¢ 143080 18004100 570430 490+2.0
137¢s 1210260 1570+40 55030 490+10

0 942 6.9*8 £ #] 1122

Trencn Water:

Shale:

Solution/Seil Ratio:
Reaction Containers:

Equilibration Time:
Anoxic:
Oxic:

reSultS.

Maxey Flats disposal site, Trench 27
(MF -157), cc.lected anoxicaily May 1978
Maxey Flats, disposal site, Tren:» 46

(MF-111), vnweathered shale at ~ 7 meters

20 me/n

Screw cap, septum sealed, glass test tubes, Appendix F,
Figure F.7 (Weiss, et al., 1980)

100 hours

Original materials maintained in an argon atmosphere
Trench water was exposed to air to precipitate ferric

hydroxide.

Samples were prepared from the solution

after the precipitate was removed by filtration.
3y is reported as an average : one standard deviation of the observed
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agreement with field results preseited by Polzer, Essington, and Fowler
(this report).

Relatively low sorption capacity under anoxic conditions would indi-
cate that these geochemical environments should be avoided for future dis-
posal sites. Howcser, other processes noerative in these geochemical sys-
tems Lontr-ibute to the total retention :apacity rather than the sorption
mechanism alone. Coprecipitation of radionuclides during sulfide or carbo-
nate precipitation of iron, or other metals, is an excellent in situ scav-
enging mechanism. These trench waters also contain high dissolved ferrous
iron concentraticns which will oxidize and precipitate as hydroxides during
groundwater migration away from the trench icinity. Here again, copre-
cipitation o€ radionuclides during iron hydroxide precipitation is a well
known purification technique. These mechanisms have not been quantified in
the gecthemi :11y reducing trench environments at Maxey Flate, and West
Valley, but are expected to be importani contributors to the total reten-
tion capacity.

Future sorption work will involve some batch experiment:s, and will
also involve flow-through column experiments, which more closely simulate
the field situation. Batch experiments will be ¢asigned *o allow
comparison with column experiment results, and provide information of a
mechanistic nature which will be useful in predictive applications.
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CHEMICAL SPECIES OF MIGRATING RADIONUCLIDES AT
MAXEY FLATS AND OTHER SHALLOW LAND BURIAL SITES

L. J. Kirby
Pacific Northwest Laboratory
Richland, Washington 99352

I. INTRODUCTION

One of the most serious problems associated with the long-term isolation
of radioactive wastes is the subsurface migration of radionuclides. This mi-
gration deperds on the chemical forms of the radionuclides. For example,
Pu*® is known tu migrata through soil at a much faster rate than Pu**. Sim-
ilariy, U*® migrates faster than U**, and °°Tc migrates more rapidly as the
pertechnetate ion than it does i~ the reduv.ed for.2. The practice of burying
decontaminating agen*s with radioactive ~i1ste supplies complexing ligands
for radionuclides which may enhance their ability to migrate at an early
time. Though initially not present in seme burial locations, complexed radio-
nuciides may be generated by bacterial degradatiun during the long-term iso-
latiorn Oof organic materials admixed with the radioac’.ive waste. This could
provide & possible means for future migration of radionuclides.

As recently as = year ago, very little definitive information was avail-
able on radionuciide movement at Maxey Flats, and there had been only two
reasonably good indications of subsurface movement of radionuclides there.
One case was the apparent movement of tritium and other radionuclides from
one of the waste burial trenches to 2 well drilled a Yew meters from the
burial trench. A second case was observea when a trench was dug adjacent to
a waste burial trench near the southeast corner of the site. There, radio-
isotopes were detected in a small amount of moisture seeping *hrough a crack
in the sandstone layer about 7 m (20 feet) helow the yround surfuce. Small
concentrations of radionuclides presumed to be from the site were reported
following the Kentucky Departmen. for Human Resources "Six Month Study" in
1974, but the mechanism for translocation was not understood. However, a
compelling need to deteimine this mechanism emerged, and today we recognize
that it is essential to understand all aspects of this important part of
waste management.
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II. RESEARCH OBJECTIVES

The obiectives of this research are fourfold: 1) to determine the
amounts and chemical species of radionuclides which are moved by subsurface
routes; 2) to determine the areal distribution of radionuclides at the waste
burial sites and over adjacent areas; 3) to compare the chemical species of
radionuclides in waste burial trenches with those observed in monitoring
trenches and wells, in springs or seeps, and in surface flow from the sites;
and 4) to coordinate implementation of the above objectives with the imple-
mentation of the objectives of closely related programs underway or planned
at the waste burial sites. Our initial research will be concentrated on the
Maxey Flats waste disposal site.

In formulating our research program, we are reminded that the U. S.
Nuclear Regulatory Commission (NRC) objectives include the need to 1) deter-
mine guidelines for the operation of existing waste burial sites; 2) develop
recommendations for remedial actions at existing sites and for their eventual
decommissioning; 3) identify the need for long-term surveillance and main-
tenance at the existing sites; and 4) develop site selection criteria for
future waste burial sites. Furthermore, the research at Maxey Flats will
provide the information required by the Commonwealth of Kentucky for planning
and conducting the ultimate closure of the Maxey Flats site.

IIT. EXPERIMENTAL TRENCH

Because of the small amount of definitive information on radionuclide
movement at Maxey Flats, a program to define subsurface movement of radio-
rnuclides has been given a very high priority. The method chosen to define
radionuclide movement was to construct a slit trench adjacent to one or more
existing waste burial trenches. By incorporating means of sampling water
movement by saturated and unsaturated fluw, a great deal of information could
be obtained relative to the mechanisms of subsurface migration of radionu-
clides. Because of the relationship of trench capping techniques to infil-
tration of water into the waste burial trenches, it was also decided to in-
clude engineering studies of trench capping and surface drainage in the slit
trench experiment.
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Site Selection

The hydrology and hydrogeology of the Maxey Flats site have
been studied extensively by the U. S. Geological Survey. In addi-
tion, Dames and Moore have conducted a detailed survey of radio-
activity levels over the site and have produced a topographic map
in one-foot contours over the restricted area. Their findings were
very useful in evaluating several candidate locations for the ex-
perimental trench, which has been constructed near the southwest
corner of the burial site parallel to waste-filled trench #27
(Figure 1).

Trench Design

The trench design required input from each of the laboratories
who would participate in the slit trench experiment. The research
tasks to be performed required the installation of sumps and porous
cups to permit sampling for study of saturated flow. Porous cups
were installed to monitor nonradioactive tracer movement from the
experimental trench and through the various trench caps that would
be evaluated. Porous cups and soil moisture cells were installed
in the trench wall, cap, and adjacent area to study unsaturated
flow near the experimental trench. Nonradioactive tracers were in-
stalled in the trench caps to study the permeability of the caps
to water flow and to penetration by vegetation planted on the <aps.
Two sections of the experimental trench were capped with experi-
mental caps that incorporated diffusion barriers. The completed
trench was flanked by two drainage ditches to control erosion of

the surface.

The final design was a trench 100 m long, excavated in five
approximately equal sections separated from each other by unexcava-
ted pillars 3-5 m long. Each section of the experimental trench
was 1.5-2 m wide and 7-8 m deep. The segmented design was chosen
to permit researchers to conduct a wider variety of experiments,
and to evaluate and compare several different trench caps. In
addition, *he unexcavated pillars would serve as natural shoring
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posts to limit the potential for cave-ins during construction.
Crushed rock was chosen for backfilling the trench, and the trench
caps chosen include clay (three sections), clay plus Hypalon barrier
(one section), and clay plus Flintkote-coated Mirafi-140 barrier

(one section). A final clay cap was common to all five trench
sections.

Trench Construction

Some of the details of trench construction are summarized in
the following paragraphs. Prior to excavation, the experimental
trench location was auger-drilled and core-drilled to assure that
excavation would not inte-cept any urrecorded buried radioactive
waste. The material removed by the drill was constantly monitored
for radioactivity 'uring this work. The driliing activity also
provided information on the material we would have to excavate to
construct the slit trench. For example, it was determined that we
would have to remove 2-3 m of overburden (mostly in the form of
large sandstone biocks) before the slit trench excavation could be
accomplished. This effort required the use of heavy construction
equipment, and again constant monitoring for radioactivity was per-
formed as one of the continuing safety measures employed.

Other construction work performed during the drilling and over-
burden removal included the assembly of two shoring cages to be
used during entry into the excavated trench sn’ the assembly of a
large number of portable rain shields to be emplaced over the
trenches to 1imit entry of rainwater into the open trenches.

Special equipment used onsite during the open phase included safe-
ty harnesses and lines, emergency air supply and fresh air masks,
and ropes to discourage access to the edge of the trench. Radia-
tion detectiun instruments were manned continually during the
construction.

The erperimental trench excavalion was accomplished with a
large backhoe capable of reaching the depth of the sandstone layer,
as determined from the preliminary drilling (about 8 m below
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existing grade). Three of the trench sections excavated were about
1.5 m wide and two of the trench sections were up to 2 m wide to
accommodate the long hand augers used to drill holes in the trench
wall for porous cup and soil moisture cell emplacements. Fo'low-
ing installation of sumps, porous cups, soil moisture cells, and a
nonradioactive tracer, the trenches were backfilled with crushed
rock and capped with clay or clay plus diffusion barriers. Various
nonradioactive tracers were added to the trench cap to monitor the
integrity of the different cap designs. Similarly, nonradioactive
tracers were incorporated into the caps emplaced on two trench sec-
tions to study the permeability of these caps to shallow and deep-
rooted plants. The various activities and installations are sum-
marized in Table I.

Each planned activity to be accomplished during the trench
construction was conducted, although some curtailments were neces-
sary because of changing safety constraints imposed by the nature
of the excavated trench walls and the prolonged heavy rains during
construction. Thus only a small part of the geologic fracture log-
ging within the excavated trenches was possible. Similariy, about
half of the planned gamma-ray logging was performed, although grab
samples were obtained and later analyzed for radionuclide content.
Future projects of this nature should be planned with these possi-
bi* ties in mi d. Under weather conditions like tiose encountered
during this co.struction, it would be desirable to limit the amount
of open trench during any given time to maximize the degree of co-
ordination possible.

IV. WATER AND SOIL SAMPLES DURING AND AFTLR TRENCH CONSTRUCTION

Water flowed into three sections of the experimental trench during con-
struction and samples were taken for radionuclide analysis. The initial ra-
dioactive concentrations were comparable to trench leachate from waste trench
27 for ’H and *°Sr, and somewhat lower for the other radionuclides. On sev-
eral subsequent sampling trips to Maxey Flats, water was collected from the
sumps for radionuclide analysis. The analytical results for *H, plutonium,
%05, 695 and !*7Cs are compared ir Tables II throuch V. These radionuclides
were e siiy measured in the samples taken during construction, but only *H
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and *°Sr concentrations were high enough for easy detection in samples taken
during sampling trips about one and six months later.

Soil samples were taken from each section uf the experimental trench
during construction and were aralyzed for *°Sr, plutonium, and *“'Am. The
highest *’Sr concentration was in a sample taken at the water level and may
simply reflect *°Sr adsorbed from trench inflow, as most ?°Sr concentrations
were comparable to fallout levels. Piutonium concentrations were mostly low,
»ith two samples having concentrations higher than fallout levels. Americium
contents of two soil samples were slightiy elevated, and prompted us to look
at tne surface soil immediately surrounding the experimental trench. These
analyses are summarized in Table VII and concentrations are comparable to
plutonium concentrations seen on site, although not as variable.

The radionuclide concentrations measured in construction samples clear y
show that subsurface movement of radionuclides has occurred at Maxey Flats,
although no conclusions can be inferred from these data about distance from
any of the radionuclide sources. The marked decrease in most radionuclide
concentrations observed on resampling the experimental trench may indicate
that the radionuclides were present initially only in the experimental trench
location or that the trench design has adversely influenced the concent.ations
of radionuclides in water flowing toward the trench sumps. To investigate
these possibilities, two experiments were performed with the crushed rock
used to backfill the experimental trench. When the water that flowed into
the experimental trench during construction was passed through columns of
crushed rock, the effluent radionuclide concentrations were markediy lower
than the starting concentrations. In a second experiment, trench leachate
water was pumped from waste trench 27 through columns of crushed rock in the
absence of oxygen. The crushed rock had no effect on radionuclide concentra-
tion in this second experiment, and the effluent was indistinguishable from
the trench leachate. It is possible that the expusure of the open trench to
air during construction may have resulted in the formation of an in-place
scavenger (ferric hydroxide), which reacts synergistically with the crushed
rock to form an absorptive barrier for radionuclide transport.
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V. AREAL DISTRIBUTION OF RADIONUCLIDES

In sictu camma-ray spectrometry was used to survey the site surface
near the experimental trench during construction activities. Cobalt-60
and '?7Cs were measurable at many counting locations, as were the naturally-
occurring radionuclides. The counting summary shown in Figure 2 illustrates
tne lack of correlation between surface concentrations of ““Co and '*’Cs.
Soil samples taken from these areas showing high count rates were also ana-
lyzed for ?%Py, ?“'Am, and °°Sr, and a similar lack of correlation was
noted (Table VIII). These studies indicate that the in situ counting tech-
niques, which are useful for measuring gamma-ray emitting radionuclides,
may not necessarily predict where one might expect to find beta- or alpha-
emitting radionuclides at the Maxey Flats site, even though these radio-
nuclides are all closely associated in trench lcachate.

A second areal survey was performed recently, and preliminary results
are summarized in Figure 3. These data demonstrate that surface contamina-
tion has been retained largely within the fenced area at Maxey Flats.
Slightly elevated concentrations of “°Co and '*’Cs were measured in only a
few locations immediately outside the fenced area, notably those associated
with drainage areas. The °°Co concentracions measured on the west side are
near the locations where elevated °°Co levels were noted in vegetal samples.
Background levels of '*7Cs around the fence are about 0.5 pCi/gm and in
only two cases was the concentration higher than 1.5 pCi/gm. Most °°Co
levels were near the levels noted for worldwide fallout, with the highest
concentration outside the fence about 5 pCi/gm. The count rates inside the
fenced area were similar for '*7Cs and somewhat higher for ®°Co, with the
highest concentration of °°Co about 15 pCi/gm.

The counts plotted in Figures 2 and 3 repre-ent integrated count rates
from & m radius circular surface areas and therefore indicate average soil
concentrations over those areas. Individual soil samples from each of
these locations, when analyzed, may show different concentrations than are
indicated from the in situ counting data. The counting data are, neverthe-
less, very useful in pointing out where further, more specific, study
should occur.
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VI. CHEMICAL SPECIES OF MIGRATING RADIONUCLIDES

The initial determinations of the chemical species of radionuclides in
trench inflow water were inconclusive because aging of the samples had taken
place before they could be analyzed in the laboratory. Americium-241, '*’Cs,
and *°Sr were present in cationic species a the time of analysis, and only a
small fraction of the total °°Co present was ‘ionic. Plutonium radionuc)ides
were present in several forms and had beccme about half cationic, a fourth
anionic, and a fourth nonionic. Physical changes had taken place in the sam-
ples (e.g., the tendency to form ferric hydroxide) and the changes could hava
altered the original ionic species.

The results of the first measurements underscored the need to make such
separations as close to the water source as possible, in this case at the
bottom of the sumps. Apparatus was prepared to permit ion exchange separa-
tions and solvent extraction separations to be conducted anoxically at the
source of the water. The analyses of water samples separated in this manner
are summarized in Tables IX and X. Americium-241 and '*’Cs were not measurable
in the sump solutions because of the low concentrations that now are present
for these radionuclides. Cobalt-60 was present in anionic speries, in con-
formance with its known characteristics. Plutonium was present primarily as
anionic species, although some cationic species were present or were pro-
duced by competition between the plutonium complex and the cation resin.

Solvent extractions were performed concurrently with the ion exchange
experiments using an extractant noted for its strong complex with tetravalent
plutonium. None of the plutonium which passed through the anion resin
column was extractable with thenoyitrifluoroacetone (TTA) in xylene. About
25% of the plutonium in the effluent from the cation resin column could be
extracted, indicating that the TTA could compete favorably for some of the
complexed plutonium. The results of the solvent extraction and ion exchange
experiment indicate that the exis*ing plutonium complex in the sump water
is present primarily as an ionic species and it exists in trivalent and
tetravalent forms.

VII. CONCLUSIONS
In situ gamma-ray spectrometry was demons‘rated to be useful for mapping

radionuclide distributions of gamma-ray emittiig radionuclides at Maxey Flats,
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but distributions of alpha- and beta-emitting radionuclides must be deter-
mined from soil sample analyses. The surveys conducted illustrate that sur-
face contamination at Maxey Flats is largely contained within the fenced
area. Adaitional survey work is planned in the drainage channels outside the

fence.

The subsurface mov:ment of radionuclides to the sumps of the experimental
trench is impecded by the materials used in trench construction, by the pro-
longed effect of oxygen on the trench inflow water, or both. Consequently,
it is necessary to install monitoring wells near the experimental trench to
collect anoxic water samples from which chemical species determinations can
be made (Figure 2). The wells will permit measurement of flow through un-
disturbed soil and provide the means to make a better evaluation of the ex-
tent and rate of migration of radionuciides at Maxey Flats. Cores will also
be obtained for distribution coefficient measurements.

Plutonium exists in subsurface water entering the experimental trench
mostly in the reduced forms. It is both trivalent and tetravalent, appar-
ently strongly complexed, and exists mostly in anionic species. Continuing
research on chemical species wiil provide related information for plutonium
and other radionuclides in water from monitoring wells, waste trenches, sur-
face runoff, and springs or seeps outside the fenced area.
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TABLE 1

MAXEY FLATS EXPERIMENTAL TRENCH SUMMARY

GAMMA-RAY LOGGING
GEOLOGIC LOGGING
WATER IN-FLOW
SUMPS

POROUS CUPS

POROUS CUPS
IN TRENCH WALL

SOIL MOISTURE CELLS
IN TRENCH WALL

CAP DESIGN

DEEP TRACER

CAP TRACERS

DRAINAGE DITCHES

GROUND TRACER

TRENCH SECTION

Wl WRRCRACTRL . RPN AT | ARSI ISP i AN
PARTIAL YES NO YES NO
NO PARTIAL NO NO NO
YES YES YES ? ?
2 2 2 1 1
3 3 3 3 3

THREE VERTICAL
TRAVERSES + CAP

ONE VERTICAL
TRAVERSE + CAP

LOCAL SOIL” LOCAL SOIL/ LOCAL SOIL LOCAL SOIL CLAY

CLAY CLAY MIRAFI-140 CLAY HYPALON
CLAY CLAY

NaBr NaBr NaBr NO NaBr

NaBENZOATE o-FLUOROC- NaBENZOATE PENTA FLUORO- NaBENZOATE

BENZOIC ACID BENZOIC ACID
BaCl; Sr(NO,):
NiSO, Li,CO;,

DRAf i NCH CAP FOR TRACER STUDIES AND EROSION CONTROL

p-FLUOROBENZOIC ACID SPREAD ON GROUND SOUTH OF T-3



Location

T-1E
T-1W
T-2E
T-2W
T-3E
T-3W
T-4

T-5

State Park

Location

T-1E
T-1W
T-2E
T-2W
T-3E
T-3W

TABLE 2

Tritium Concentrations in Experimental Trench Water

pCi/2
Construction November
Inflow 1979 April 1980
3.71 x 10°® 4.42 x 10°® 2.69 x 10°
2.94 x 10°
1.67 x 10° 6.50 x 10° 4.80 x 10°
4.20 x 10° 1.46 x 10° 5.06 x 10°
3.35 x 10° 5.56 x 107
2.50 x 107 4.90 x 10°
1.59 x 10°
2.26 x 10*
<600
TABLE 3
Plutonium Concentrations in Experimental Trench Water
pCi/e
Construction Flow November
Inflow 1976 April 1980
36 47 15
38
61 103 8.5
3.37 x 10° 320
4.9 x 10° 38
66 0.2
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TABLE 4
*°Sr Concentrations in Experimental Trench Water

pCi/2
Construction November " 3
Location Inflow 1979 April 1980
T-1E 6.69 x 10° 1.52 x 10* 7.98 x 10°
T-1W 1.28 x 10*
T-2E 1.66 x 10° 2.26 x 10* 1.28 x 10*
T-2W 1.62 x 10°% 2.91 x 10* 1.80 x 10*
T-3E 1.11 x 10° 870
T-3W 1500 <350
T-4 600
T-5 56
TABLE 5
®%Co and '*’Cs Concentrations in Experimental Trench Water
pCi/e
Construction November
Location Inflow 1979 April 1980
SOCO
T-1E 36 L .
T-2E 223 * .
T-2W 9680 18 .
T-3E 6010 o .
T-3W 40 .
137CS
T-1E ‘_ 65 . .
T-2E 1550 g »
T-2W 4600 » X
T-3E 90 * »
T-3W . .

*Below detection level



TABLL o

SOIL SAMPLES TAKEN DURING CONSTRUCTION

pCi/gm
Sample Wy  2WBpy | 2%y 241 Am

T-1 0.63 <0.5 0.03 5.7
T-2 3.5 1.0 0.01 3.0
T-2 (So. Wall)

at H,0 level 18. 9.21 <0.005

T-2 (No. Wall)

4'5" above H,0 3.9 0.01 <0.005

T-2 (So. Wail)

4'2" above H,0 5.0 0.02 <0.005

T-2 (E. Wall)
5'6" above H,0 0.81 0.063 <0.005

T-2 (No. Wall)

Root Zone

5'10" above H,0 0.50 0.01 <0.005

T-3 5.0 1.8 0.014 1.5
T-4 0.54 0.14 0.005 0.063
1-5 1.4 0.95 0.15
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TABLE 7

241am CONLJENTS OF SURFACE SOILS

Sample Location Z*'Am, pCi/gm
Drainage channel by <0.13
south gate
NO60 W435 0.5+ 0.1
NO60 W425 0.5 + 0.08
NO60 W415 0.6 + 0.1
NO60 W405 0.9 + 0.1
NO65 W375 0.6 + 0.06
NO65 W365 0.4 ¢+ 0.07
NO65 W355 0.3 £ 0.06
NO65 W345 0.6 + 0.07
NO65 W335 1.5¢0.1
NO70 W330 0.4 £ 0.95
NO80 W340 1.2 + 0.1

TABLE 8

MAXEY FLATS “JIL SAMPLES (10-7-79)

pCi/gm

Location 30sr 238py 241pm
NOSO W330 0.88 ¢+ 0.063 0.53 £ 0.18 0.23 + 0.11
NOSO W350 0.61 + 0.041 0.66 + 0.0050 0.16 = 0.023
NOSO W360 0.48 + 0.036 0.91 + 0.25 0.18 + .0050
NOSO W370 2.3 £ 0.086 14 + 1.4 1.2 + 0.34
NOSO W390 1.1 £ 0.059 0.62 + 0.062 0.40 ¢+ 0.059
N100 W330 0.07 ¢ 0.036 0.69 + 0.069 1.7 £ 0.27
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TABLE 9
CHEMICAL c©PECIES OF RADIONUCLIDES IN EXPERIMENTAL TRENCEH

(Experimental Trench Section T-2, 4-10-8C)

ISOTOPE CATION ANION INSOLUBLE
Zklm < 3 <2 <0.1
137cs <1.4 <1.3 <0.1
£%co <1 2.5 <0.1
238py 2.3 12.5 0.1
23%,2%0 py 0.3 0.3 0.1

TABLE 10

CHEMICAL SPECIES OF PLUTONIUM IN EXPERIMENTAL TRENCH
(Experimental Trencnh Section T-2, 4-10-80)

233,280 py PCI/ ‘ﬂﬁu
Cation Resin Fracticn 0.3 2
Anion Resin Fraction
Trivalent 0.2 5
Tetravalent 5,1 7
Particulate Fraction 0.008 0.1
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Radioecology Studies at Maxey Flats, Kentucky:
Radionuclides in Vegetal Samples

W. H. Rickard, L. J. Kirby and M. C. McShane

Pacific Northwest Laboratory
Richland, Washington
July, 1980

SUMMARY

Vegetal samples were collected on-site, near-site and moderately remote
from the Maxey Flats waste disposal facility and radiochemically analyzed for
17 radionuclides. Only nine radionuclides were present in amounts that could
be quantified. These were the naturally occurring (endogenous) radionuclides
228Th. 226Ra' 7Be and 4OK. Exogenous (man-induced) radionuclides were also
associated with the samples. These were '44Ce. ]37Cs, IZSSb. S‘Mn and 6000.
Only 6060 appeared to be derived from the disposal site itself. Elevated
levels of 6000 were observed in forest floor litter, in newly failen leaves and
in newly opened hickory leaves along the western boundary of the site. The
amount of 60Co in vegetal samples is exceedingly small and appears to be derived
from the rooting substrate by hickory t-ees but more sampling is needed to more

clearly define the source of 60Co contamination in the forest.
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Introduction

The purpose of this task was to determine if radionuclides associated with
shallow land burial at the Maxey Flats disposal site have migrated to the
nearty forest. Two possible routes of radionuclide ransport were considered:
1) The airborne vapor plume from the evaporator facility, 2) ground water or
sur“ice water movement in conjunction with root uptake by trees.
Methods

Previous experience in atmospheric transport of radionuclides from stack
releases has shown the forest floor acts as a sink for man-induced radionuclides.
The Maxey Flats veget (1 survey strategy was simply to distribute sample points
at 4ifferent distanccs and directions from the evaporator stack ‘Figure 1).
Samples of forest floor litter werc harvested by hand from eighteen 0.32 m2
circular plots. The collected litter was placed in plastic bags for transport
to the laboratory, oven dried in paper bags at 50-60° C, milled and ridiochemically
analyzed for seventeen gamma-emitting radionuclides by gamma spectrometvry. The
forest floor sampling was done in late September, 1979 when leaves were still on
the trees and the fallen leaves were on the forest floor in various stages of
decomposition. A second visit was made to the same 18 places after the autumnal
leaf fall event. Only newly fallen leaves were taken at this visit. Circular

plots 0.66 m2

were hand harvested and treated in tne same way as the forest
floor litter samples. At the same time six other samples were taken from two
different forest stands located nine miles east and nine miles west of the Maxey
Flats disposal site. In late April, 1980, the newly opened leaves of hickory
and maple trees were picked from the low growing branches of trees growing near
the waste disposal site. These were oven dried and treated in the same fashion

as litter and newly fallen leaves. Three samples of surface soil were also

ccllected at sites 4, 5 and 6 (Figure 1).
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results

Only nine of seventeen raiionuclides were present in amounts that provided

226

estimates of counting error. Beryllium-7, 228Th. 40K and Ra were identified

and measured in forest floor litter and in newly fallen leaves. These are naturally
occurring (endogenous) radionuclides that are ubiquitously present in soils and

vegetation throughout the world. Man-induced (exogenous) radionuclides were

also measured in forest floor litter and new fallen leaves. These were ]37Cs,

144 125 54 60

Ce Sb, “'Mn and " Co. These are mostly derived from nuclear weapon's

tests and have been widely distributed by global scale atmospheric transport
mechanisws. The distribution of these radionuclides (except °0Co) in the 18

forest floor samples is shown in Figures 2 and 3. The endogenous radionuclides

40 226 228

arranged in descending order of abundance were 7Be > Ky > Ra » Th. The

60Co, arranged in decreasing order of abundance

54

exogenous radionuclides, except

144 137 125

were Ce, > Mn. The concentration of radionuclides

Cs, > Sb and >
expressed as d/m/g dry wt. was greater in the forest floor iitter than in newly
fallen leaves (Figures 4 and 5). The amount of radionuclides expressed per
square meter of forest floor was also greater because there was about four
times more forest litter per unit area than new.y fallen leaves (Table 1). The
forest floor litter acted as a sink for the exogenous radionuclides with 37

]37Cs in the forest floor litter than in the annual input of new

125

times more
failen leaves. Cerium-144 and Sb were also much more abundant in the forest
floor litter than in new fallen leaves indicating that the forest floor acts
as a sink for exogenous airborne radionuclides.

There was no indication that any of the exogenous radionuciides had originated
from the radioactive materials buried at Maxey Flats. Samples of new fallen
leaves collected 9 miles from the disposal site had essentially the same values

as near-site samples (Table 2).
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Table 1.

Be

228y

40
226

137
144
125

Cs
Ce
Sb
Mn

Be
228

40
226Ra

137
144
125

54

Cs
Ce
Sb
Mn

Average values of radionuclides in forest floor litter and newly
fallen leaves, Maxey Flats, KY, 1979

Forest Floor Newly Fallen Ratio
Litter Leaves Litter/Leaves
d/m/gram dry wt
14. 8.0 1.75
.48 .26 1.85
4.4 3.9 1.13
1.4 .40 3.50
3.5 .36 9.72
4.2 .30 14.0
.46 .062 7.18
.056 017 3.29
d[m[mz
15,708 2,360 6.6
539 77 7.0
4,937 1,150 4.3
1,570 118 13.
3,927 106 37
4,712 88 53
516 19 27
63 5 13
grams dry wt/m2
295+9.4 3.8

Dry matter/g/m® 1,122422

+ Standard error
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Table 2. Comparison of radionuclide content of newly fallen leaves near
and remcte from the Maxey Flats Disposal Facility.

Near-Site Remote
d/m/g dry wt.
78e 8.0 9.0
40y 3.9 3.7 Endogenous
226, .40 1.3 Radionucl ides
228y, 26 .23
1374 .36 45
e .30 4 Exogenous
125, 064 < 030 Radionucides
yn 017 < .010



Cobalt-60
Cobalt-60 was not distributed over the 18 study plots in the same pattern
as the other exogenous radionuclides (Figure 6). Sample collection sites 1, 3,

4, 5 and 6 located in the proximity of the evaporator had the highest levels of

60 60

Co. This suggests that the source of =~ Co may be the vapor plume fmanaiiig

from the evaporator facility. Sample sites 5 and 6 also had the highest ievels

of 60Co in new fallen leaves. If the vapor plume is the transport media, the

60Co burden is prohably surficial contamination delivered to the forest during
the months May to November while the leaves are on the trees. Cobalt-60 attacned
to leaves is delivered to the forest floor at leaf fall. An alternative source
of 6060 to the forest floor is contaminated subsoil and/or ground water within
the root zones of trees near locations 5 and 6 (Figure 1). To help resolve the

issue of whether the source of 60

Co detected in tree leaves is aerial deposition
or root uptake from contaminated soil or ground water, additional sampling is
necessary. It is not likely that the evaporator would be shut down during the
1980 growing season so that leaf samples could be taken without experiencing
drift from the vapor plume. An alternative is to sample fresh, newly opened
leaves for radiochemical analyses before they have had much time to accumulate
airborne depositions.

Hewly opened spring leaves of hickory, Carya spp., and maple, Acer spp.,

40

had more " K than newly fallen autumn leaves (Table 3). This was expected

because the stable potassium content of actively growing plant tissues is
usually greater than senescent tissues. The 228Th content of hickory leaves
was higher than that of maple leaves indicating that the mineral nutrient

137

uptake of hickories is different than that of maples. The Cs content of



hickory leaves was also higher than in maple leaves (Table 3). One sample of

60 60

hickory leaves showed elevated levels of ~ Co indicating that the source of " Co

to tree leaves is probably through local contamination of the rooting substrate
rather than through general widespread aerial contamination.

The 4OK content of surface so1! ranged between 23 and 28 </m/g (Table 3).
The 228Th and 226Ra content of surface soil ranged between 2.5 and 2.6 d/m/g.

7Be content of soil was much lower than that of new leaves. The most abundant

137

The
exogenous radionuclide in soil was Cs (Table 3). 1Its origin is probably

bis 144 125 54

Ce, Sb and ~ Mn contents of surface soil were

worldwide fallout. T

60Co content of surface soil was relatively high (Table 3) and

very low. The
this suggests that its source is from the burial ground rather than fallout.
The 60Co content of the soil may be biologically induced by root uptake, leaf
fall, leaf decomposition and subsequent local contamination of surface soil.
The source of 60Co may also be surface water runoff. A single sample of fine
sediment collected from the sides of a surface rill had the highest level of

e ]37Cs content was only 2.1 d/m/g. This

60Co contamination at 9.4 1/m/g. Th
suggests that surface water runoff is a means of radionuciide transport from the
burial ground.

The chemical form of the 60(‘,o in litter, senescent leaves, newly opened
leaves and scil is unknown.

Other Radionuclides

Sufficient quantities of forest floor litter and new fallen leaves were
collected so that radiochemical analyses can be performed to determine if other
kinds of radionuclides are present, e.g., plutonium, americium and strontium,

radionuclides that require different techniques of chemical analysis.



Pasture Grasses

The land w t in the fenced boundaries of the disposal site supports no
trees. Most ,f the land not devoted to buildings, roadways ar” other special
uses has becen planted to perennial pasture grasses. Grasses are planted over
trench backfill and intervening areas and are periodically mowed. Grasses
growing over trenches were harvested to provide plant material for radiochemical

analyses. The data are briefly summarized in Table 4. There was no indication
60

that ""Co, ]ZSSb, 54Mn, ]37Cs or ]44Ce was introduced to the actively growing
sheots via root penetration into buried waste. VYalues for 228Th, 226Ra and 7Be
40

were similar te those of new fallen tree leaves. However, the K cuntent of
actively growing grass was 8 times greater than in the senescent tree leaves
attributable to *he high demand for potassium as an essential nutrient element
in fast growing p.ant tissues. The short statured grasses are probably not as
efficient at intercepting airborne particulates as are tall trees. The grass
leaves are also not exposed as long as tree leaves because they are periodically
mowed during the summer growing season. Grasses also have relatively shallow
root systems as compared to trees and therefore are less likely to penetrate

into buried wastes and bring radionucliu.s to the aboveground tissues.

Continuing Studies

The data so far indicate that hickory trees have the greatest affinity for
6OCo and that the source of 60Co is probably throuah the rooting subst.ate.
Autumn leaf fall collection seem: to be the most economical way to collect
leaves from different kinds n“ trees. It is proposed to place leaf fall
collectors (trays, buckets or other suitable containers) beneath the canopy of

mature trees, i.e., Carya spp., Acer spp., Quercus spp., in the forest around
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the Maxey Flats site in late September and collect them in late November after
autumnal leaf fail. Trees would be located, individually numbered and mapped to
provide a way to determine the areal extent of radionuclide migration from the
burial site.

Food Chain Transport

The transport of radionuclides through the food chain from the forest
ecosystem to man appears to be negligible. The plant species that comprise the
forest are mostly unpalatable to people. Some wood may be used to smoke meat
and fish and in this way some radionuclides miy be added to foods. It is also
possible that some tree sap from .ontaminated maple trees could be collected and
processed inio sugar. These, however, are unlikely sources of radionuclides in
quantity. Wild animals that derive their foods from the forest and are eaten by
people are possible sources of radionuciides. However, the forests at Maxey
Flats are apparently not abundant with deer, squirrels or cottontails or upland
birds such as ruffed grouse, bobwhite quail or mourning doves, animals that are
usually the important hunted species of the region. The wild animais most
exposed to radionuclides in their foods are the detritovores such as microarthropods
and earthworms that live in the forest floor litter. This suggests that an‘mals
not in the food chain to man that eat earthworms are the most likely radionuclide

vectors, i.e., earthworm eating shrews, Sorex spp. ana ~obins, Turdus migratorius.
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Table 3. Radionuclide content d/m/g of newly opened tree leaves and surface
soil, April, 1980.

« ‘0genous Radionuclides

137 144 125 60

Cs Ce Sb Mn Co
Hickory .50 < .20 < .10 < .02 < .05
Hickory .43 < .20 < .10 .02 4.0
Hickory .48 < ,20 < .10 .02 .26
Maple .14 < .20 < .10 < .02 < .04
Mapla .12 < .20 < .10 < .02 < .03
M:anle .24 - < .20 < .10 < .02 07
Soil 4.9 < .10 .20 .01 1.6
Soil 4.3 < .10 .10 .03 & .
Soil 5.2 .20 .10 .03 1.0
Endogenous Radionuclifes
.7 " 40K 228Th 228Ra
Hickory 1.7 46 19 .20
Hickory 1.5 52 .19 .30
Hickory 1.3 36 15 .30
Maple L I 38 .04 .10
Maple 1.7 38 < .04 .10
Maple 1.8 37 < .04 .20
Soil < .20 28 2.6 2.5
Soil < .20 28 2.6 2.6
Soil < .20 28 2.9 2.6
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Radionuclide content d/m/g dry wt. in live grass and newly
fallen tree leaves (averages and range) 1979.

Grass (range) Forest Leaves (range)

14 (.072 - .18) .36 (.14 - .79)

A1 (.10 - .12) .30 (.15 - .43

.075 (.048 - .15) A9 (.02 - .17)

.064 (.039 - .094) .064 (>.026 - .11)
> .016 > .017

33 (27 - 49) 3.9 (2.4 - 6.0)
9.6 (6.9 - 12) 8.0 (5.9 - 19.9)
45 (.31 - .72) .40 (<.018 - 2.0)

‘.14 (.074 - .25) .26 (.18 - .34)
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Migration of Waste Radionuclides Through Soils
at Maxey Flats, KY
W.L. -~wer, E.H. Essington, and E.B. Fowler
Summary

The Los ..0s Secientific Laboratory (LASL) and the University of
California, Berkeley (UCB) in a cooperative project are studying the movement
of water into trenches and water and radionuclide movement out of trenches as
influenced by precipitation and physical, chemical and biological characteristics
of the soil and waste. The site chosen for the study is the Maxey Flats, KY
shallow radioactive waste burial faeility.

LASL's efforts inciude the evaluation of the distribution of waste radio-
nuelides in soil near shallow waste-burial trenches with respect to seasonal
changes in soil moisture movement and waste/soil inters ‘tions. That evaluation
should aid the Nuclear Regulatory Commission (NRC) in 1) developing site
selection criterin for future waste-burial sites and 2) evaluating the need for
long-term surveillance and maintenance at existing burial sites.

Porous cups were implanted in the soil near section four of the experi-
mental trench {T4) and near waste-burial trench 19S. Those porous cups allow
the in situ sampling on a seasonal basis of soil solutions at various cepths and
distances from those trenches.

The distribution of 3H did suggest several patterns of water movement in
the soil environmen* Water may move i) along a porous zone such as a
landfill/soil interface, 2) from the soil surfice downward and toward the burial
trench near the suface and 3) down and away from the trench at depth, as
influenced bv «ne hydrostatic head in the trench.

The distribution of radionuclides other than 3H indicates intcraetions with
soil such that migration is inhibited with respect . the movement of water.

The degree of interaction differs with the different radionuclides. Cesium-137
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was not detected in any of the soil solutions. Plutonium-238 and 80co were
detectea at the lower depths within 1 distance of 3 meters (10 feet) from 19S.

Additional porous cups will be implanted to a depth of about 8 meters (25
feet) in ocder to evaluate water and radionuclide migration in soil near the base
of burial trenches. Detailed characterization of soil solutions will be made
where significant concertrations of waste radionuclides exist.

Introduction

The t.. ' experiments at Maxey Flats were initiated in 1979. Personne!
from LASL and UCB initiated a cooperative project as a part of those field
studies. The effort of the two groups relates to radioactive waste/soil
interactions and soil mcisture movement respectively. The experimental design
and status of the LASL effort will be ai>. ‘'sed in this section.

The practice of shallow land burial of waste poses certain key questions,
such as:

8 to what extent do radionuclides migrate from a burial trench,

2. what are the waste and soil characteristics that inhibit migration.

3. what characteristics of waste and soil enhance the potentisl for
migration of the radionuclides,

4. can a knowledge of waste/soil interactions be used to predict the
potential for migration _ - can re.es of transport be inlferred from
those data, and

5. hov' can a knowledge of waste/soil interactions be applied to new
waste management sysiems?

The objectives f the field study address the above questions. Further,
results obtained in laboratory investigations will be eompared to those obtained
in the field to determine *he applicability of the former to field investigations.
Methods and procedures developed in the laboratory for the investigation of

waste/soil interactions have been modified for field application.(”
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Experimental Aprccoach

Porous cups were implanted in the north wall of section four of the experi-
mental trench (T4) prior to the backfilling and capping of that trench (Fig. 1).
Samples of soil solution are drawn into the porous cups under either saturated
or unsaturated soil conditions and later obtained at the surface oy vacuum. The
soil solutions are analyzed for physical and chemical characteristics and for
radionuclide content. The radionuclides of interest include 3y, 238py, 233,234y,
238y, 137¢s, and 60cCo.

In the initial array at T4, a number of porous cups were implanted at each
of two locations in the exposed trench wall at horizontal depths of about 1/2 to
1 meter (18 to 36 inches); an additional three cups were implanted associated
with the trench cap at each location. Samples of soil were obtained as holes
were bored to receive the porous cups; in addition, soil samples from the
exposed trench wall were obtained which represent a profile from about a 3
meter (10-foot) depth to about 7 meters (23 feet) deep.

At trench 198 (19S8) an array of 1l holes was instrumented with a total of
27 porous cups (Fig. 2). Samples of soil representing successive I-meter (3-foot)
increments were obtained. At both trenches, porous cups were back packed with
soil; that soil represented the original ren oved at each respective depth.

Samples of soil solution were obtained from the porous cups in Movember,
December, February, and May. Cold weather in November permitted the
collection of only il samples; the May samples have not teen received for
analyses. Soils and soil solutions were analyzed in the laboratory at LASL for
the radionuclides listed above.

Results and Discussion

T4

Results of 3H analyses for the sampling locations at T4 (Table I)
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indicate that th: 0- to 3-meter (0- to l0-foot) <2pth of soil contained highor
concentrations of 'H than did the 3- to 7-..eter (10- to 23-foot) depth.
Table 1

Tritium in Soil Water from the Upper and Lovier
Depths for Two Loecstions at T4

Mean Coneentr .on ¢ S.E.
(x 103 g i/n)

Depth Loecation 1 Location 2
Upper 150 260 Tot10
(0-3 raeter)

Lower 1025 ' 5t]
(3-7 meter)

The upper 3 meters (10 feet) are composed mainly of disturbed soil from on-site
trench excavations, the lower 3-7 meters (10-2" feet) reflect the original undis-
turbea soil profile. The low concentrations in the lower zone snggest limited
moisture movement from the old landfill into the originai soil profile (Fig. I).
One explanation may be that percolating soil moisture moves predominately
along the landfill/soil interface rather than penetrating the original sol profile.
Tritium data for solutions from the porous cups support the above soil
data. However, one exception did nccur; in February's sampling, an elevuted
level of 3H was observed in a solution collected on the sandstone layer within
| meter (3 feet) of T4. The elevated 3} concentration may reflect water moving
from the experimental trench toward ithe sampler. Perkins and Kh'by2 have
observed an elevated 3H concentraticn in water collected from Td.
Cesium-137 and 80Co were not detected in either the soil or the porous cup
solutions. Analyses for alpha emitting nuclides in the porous cup solutions
indicate no detectable plut. rium. Ho'vever uranium was detected in almost all
of the solutions. Uranium solubilized from natural uranium normally yields a
233,234y 1o 238y ratio near unity. Preliminary data indicate that for some

solutions the ratic is greater than one which may suggest the solubilization of
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233,234y from a non-natural source, i.e., buried waste, Uranium concentrations
and the ratio of 233.234y o 238y will condinue to be monitored for the
development of trends.

The solutions collecied by a porous cup at approximately 1.5 meters (5
feet) above the sandstone layer were different from those collected above or
below; the solution turned dark brown in color. Tentative identification of heavy
metals indicated significant quantities of stable iron and cobalt. Porous cup
solutions from nearby soil were clear send significant quantities of stable iron
and cobalt were not observed. The composition of heavy metals in the solution
obtained from the one porous cup suggests that that particuiar soil solution is
moving through a unique source. The solution from that porous cup will continue
to be monitored closely for its unusual characieristics.

In summary, one explanation of the 3H data is that water penetrating the
soil surface percolates to un oid landfiil. Upon reaching the interface between
the old landfill and the original soil, the water moves along that interface; only
a limited amount penetrates the original soil profile. Cesium-137, 60co and
238py were not detected in any of the porous cup solutions. Uranium was
detected in nearly all of the solutions; a major portion was probably solubilized
from natural uranium. However, some uranium may have been solubilized from
waste.

198

The distribution of 3H in scil as a funetion of distance from the trench at
various depths from the surface is given in Figure 3. The 3H concentration in
soil water was determined on an aliquot of soil taken from the bore sample |
meter (3 feet) in length and 7.6 centimeters (3 inches) in diameter. In the case
of soil samples several trends are indicated; results from porous cup samples

support those trends. Concentration decreased to a minimum, then increased at
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greater distances from the trench. In addition to the lateral change, a vertical
change was observed: SH increased with depth.

Tritium, as tritiated water, moves as the water moves; thus 5H may in
certain cases be used as a tracer for the movement of water. The above trends
suggest that water moves away from the trench and downward. At a distance
of about 1l meters (35 feet) from the trench an apparent second source of
tritiated water appears to be moving irom the near surface down and towards
the trench. The minimum in the curves indicates that the waters from the two
sources have intermixed at a distance of approximately 5 meters (I5 feet) from
the trench.

The low 3H concentrations near the trench for the 0- to I- meter (0- to
3- foot) depth curves suggest little influence of trench water at those depths.
That coneclusion is supported by the fact that the water level in the trench is
between 2 and 3 meters (6 and 10 feet) below the soil surface. The slightly
elevated 3H concentrations at the 1- to 3-meter (3~ to 6-foot) depth may reflect
an upward movement of water from below. Schulz3 in his work on soil moisture
potentials suggests that significant removal of soil moisture could occur by
evapotranspiration; soil moisture movement mechanisms would tend to replace
that moisture.

Data are insufficient to allow the assessment of water movement at the
3- to 4-meter (10- to 13-foot) depth with the same degree of certainity as that
at the 0- to 3-meter (0- to 10-foot) depths. However the data do suggest that
the potential for movement of water uway from the trench is much greater at
the 3- t> 4-meter (10- to 13-foot) depth and that the infiuence of water moving
down from the surface is much less at the greater depths. The inecrease in
hydrostatic head of the water in the trench at the greater depths could account
for the inereased movement of water away from the trench.

The initial data for the distribution of radionuclides other than 3H near
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198 indicate that tnose radionuclides do interact with the soil thus minifying
their movement. Soil analyses for gamma emitting radionuclides indicate that
the second source of high 3H concentration also contains 60Co and 137Cs.
Gemina analyses on porous cup solutions indicate the presence of 50Co in soil
water (aken from neai the second source and the absence of 50Co in soil water
at greater distances from that source. A simila: distribution was observed near
198 in that 60Co was detected in soil water collected nearest the trench and at
depths of 3-4 meters (10-13 feet). Cesium-137 was not detected in any of the soil
water samples which is indicative of its characteristic to be strongly sorbed by
soils.

Plutonium data indicate results similar to those obtained for 80Co, i.e., the
presence of 238py in soil water near 19S at the lower depths and [ts absence
further away from the trench and near the surface.

Uranium-233, 234 and 238U were detected in essentially all water samples.
Those results are due, in part, to the natural occurrence of 234y and 238y,
However preliminary data do suggest differences in concentrations among
samples and also differences in the ravio of 233.234y (o 238y, A ratio of near
unity would be expected for natural uranium; a ratio of greater than one may
be indicative of weste uranium. Additional data are needed before any definite
conelusions can be drawn.

The relative distribution of radionuclides observed in the soil solutions in
general support the recent laboratory results obtained by Weiss and Czyscinski“
using an unweathered shale from the disposal site and liquid waste from trench
217.

In summary the distribution of 3H in the vicinity of 198 suggests a net
movement of water toward the trench near the surface from the surrounding soii
and a net movement of water away from the trench and downward, particularly
at the lower depths. Movement of other radionuclides was observed but to a
lesser degree that for 3u, probably due to their interaction with the soil.
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Future Plans

Additionsl porous cups will be implanted in holes to be drilled to the lower
sandstone marker bed, about 8 meters (25 feet), at 1he 198 site (Fig. 2) and at
the T4 site. A more nearly complete determination «f the influence of the
associated trench face can thus be made.

Field analyses will be conducted for pH, Eh, ecduetivity, alkalinity, and
net charge associated with the radionuclides of in :itu soil solutions.

The chemical and radiochemical data obtained by LASL will be correlated
with soii moisture data obtained by UCB to provide patterns of water flow into
trenches and water flow and radionuclide migration out of trenches.

There are active plans by the Commonwealth of Kentucky to cover a part
of the Maxey Flats reservation with material that will be impervious to water.
Data obtained relative to transport from the trench reflecting "before cover”
and "after cover" will provide important guidance for future waste management.
Reference
lfowler, E.B., E.H. Essington, and W.L. Polzer, "Interactions of Radioactive
Wastes with soil - A review.” Nuclear Regulatory Commission report NUREG/

CR-1155 (1979).
2perkins, R.W. and L.J. Kirby, Maxey Flats Research Meeting. Lexington, KY
(April 22-23, 1980).

38chulz, R.K., Private Communication (1980).

dweiss, Allen J. and Czyscinski, Kenneth S. This report.
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STUDY OF UNSATURATED ZONE HYDROLOCY

R. K. Schulz
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SUMMARY

A problem of serious concern at Maxey Flats is the intrusion of water
ints the waste burial trenches and the exit of this water from the trenches
along with radionuclides. The pathways of water entry through trench caps,
or through the soil profile in the rows betwzen the trenches, are being in-
vestigated in this study. Once the more important modes of water entry are
identified, appropriate countermeasures such as trench cap redesign, modifi-
cation of vegetative cover, etc., can be formulated. The study is being
carried out by implantation of soil moisture sensors at various depths in
the trench caps and in the soil profiles adjacent to the trenches to enable
determination of soil moisture gradients. Mini-porous cups have been in-
stalled in a paired fashion with the moisture cells to allow extraction of
soil solution samples. The samples are analyzed for 3H. a useful hydrologic
tracer due tc the high 3H concentration in the trenches. Pentafluoroben-
zoic acid has b2en sprayed on the soil surface and is also used as a hydro-
logic tracer. To date it has been found that the cap on trench 195 is quite
permeable to water. Rainwuater readily passed through the cap into the trench
during the past winter. This was evidenced by both soil mo?sture measure-
ments and the pentafluorobenzoic acid tracer. A decreasing concentration
gradient of 3H from the trench water source upwards through the tr-ench cap
to the soil surface indicates water movement upwards to the surface during
dry periods. An instrumented stack in the soil profile 10 m (30 ft) away
from the side of the trench indicated that water was not entering trench 195
via percolaticn intr the soil profile at this point and then lateral move-
ment of water into the trench. Hydrogen-3 data obtained on this stack also
indicated that trench water was not migrating outward from the trench {o this
location. Work on the experimental trench, section T4, indicated that the
cap on this new trench prevented water from entering the trench by percolation
through the cap during the winter of 1979-1980. However, this does not in-
dicate that the cap will not become more permeable with the passage of time.
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Continuing work will encompass instrumentation of the soil profiles to deep-
er depths to enable a study of the hydrology to about the depth of the bot-
tom of waste burial trenches,

INTRODUCTION

The primary goal of this study is to determine the pathway(s) of water
entry into the waste burial trenches; that is, is the water principally en-
tering the trenches through tke caps or is the water percolating downward
through the soil profile and entering through the walls? Determination of
entry pathways will enable planning of appropriav> countermeasures that could
be taken to reduce *he water entry. These countermeasures might include
trench cap rodesign, efforts to increase water runoff from the entire burial
site, a different cropping regime to increase evapotranspiration, etc.

EXPERIMENTAL APPROACH

A transect across trench 195 and the adjacent area was instrumented as
shown in Fig. 1. Two types of instrumentation were installed in the soil
profile: (i) soil moisture cells (Soiltest Co.), and (2) mini-porous cups.
The soil moisture cells were installed to allow measurement of suil water
suction (soil moisture tension) gradients. The mini-porous cups were im-
planted very close (5 cm) to the soil moisture cells to allow extraction
of soil water in the region of the soil moisture cells. Mini-porous cups
were used instead of fuli-sized cups so as not to influence subsequent mea-
surements made with the soil moisture cells. The mini-cups have a volume
of approximately 2 m¢ and the soil solution samples are taken after *he soil
moisture cell readings. The soil moisture cells are then not read again
until a two-week period has passed. The porous cups allow extraction of soil
water suction (tension); therefore, they can be used for sampling saturated
or moist unsaturated soils.

It was originally intended to instrument the transect to a depth of 7 m
(22 ft) into toe soil profile. However, it was not possible to bore holes
to this depth with the drilling equipment available at the time the transect
was set up. Frequently rock was encountered forcing abandonment of even
shallow holes. The mini-porous cups and the soil moisture cells were



installed side by side in the holes as depicted in Fig. 1. C[lectrical leads
from each of the moisture sensors and fine tubing (bore = 1 mm) from the
mini-porous cups terminated in an instrument box mounted above the soil sur-
face and to one side of the instrument stack or “station" located vertically
in the soil profile.

After the instrumentation was installed and the holes refilled with the
soil removed from the holes, a tracer w~as sprayed on a swath 3 m (10 ft) wide
by 23 m (75 ft) long with the swath being centered over the instrument sta-
tions. The tracer consisted of 250 g of pentafluorobenzoic acid dissolved
in 8 liters of water. The purpose of the tracer was to augment information
on movement of the soil water. In a cooperative effort, Dr. Glenn Thompson
of the University of Arizona furnished the tracer and performed the analyses
of the soil sclutions for benzoic acid content.

The experimental trench, section T4, was instrumented in a similar
fashion (Fig. 2) with the exception that it was not possible to bore holes
in the area away from the trench due to rocks. Pentafluorobenzoic acid
tracer was also sprayed on the surface of this trench cap. Bath trench in-
strumentations were completed October 26, 1979.

RESULTS AND DISCUSSION

The first soil moisture c.1] measurements were taken on October 30, 1979.
The measurements were taken at approximately two-week intervals thereafter
and are continuing at this time. The moisture nrofile graphs shown in Fig. 3
were constructed trom data taken at selected dates at station no. 1, trench
19S. These moisture profiles show that the soil was quite dry when the first
readings were made on October 30, 1979. As the fall and winter progressed,
the profile became wet down to 396 cm (13 ft) by February 21, 1980. The pro-
file remained generally unsaturated, though quite wet, during the entire
winter period. Since the trench 30 ft away had a free water table at about
244 cm (8 ft) depth below the surface, it is evident that soil water from the
area of station 1 was not moving to the trench.

On January 15, 1980, the mini-porous cups implanted in the soil profile
were first used to extract soil solution for 3H and pentafluorobenzoic acid
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tracer analyses. The e results for trench 195, station 1, are given in
Table 1. The concentration of 3K in the soil solution was essentyally con-
stant with depth at a concentration of about 164 pCi/%L and this would tend

to indicate that the source of the SH was not the trench. Apparently, water
is neither moving to the trench during wet periods from the area of station 1,
nor moving from the water-loggec trench to the area of station 1 during rela-
tively dry periods.

Data obtained from stations 4 and 5, trench 195, in the trench cap
showed a different pattern from that of station 1. When the first moisture
cell measurements were made on October 30, 1979, the cap was moist at the sur-
face with soil moisture increasing with depth until saturation was obtained
at 244 cm (8 ft). During the course of the winter, the entire cap became
progressively wetter so that by the end of March, 1980, the cap was saturated
nearly to the surface. This would tend to indicate substantial water move-
ment through the cap into the burial trench. The “H content o7 the soil solu-
tion in the cap profile is given in Tables 2 and 3. The 3y content at both
stations and at two sampling times evidence a substantial gradient of 3y
from the trench through the cap to the soil surface. This indicates water
(3H20) movement from the trench upward through the cap to the surface during
dry periods. Table 4 shows the distribution of pentafluorobenzoic acid
tracer in the trench cap on January 15, 1980. This tracer was sprayed on
the soil surface on October 26, 1979, and the tracer movement corroborates
with the soil moisture cell findings discussed above. All in all, it is ap-
parent that the trench cap is quite permeable, with water moving either up-
wards or downwards depending on weather conditions.

Not as much _.ta have been obtained on the experimental trench, section
T4, to date, as has been obtained on 195. However, some information is
available at the time of this writing. Soil moisture cell readings vs. depth
into the treach cap of the experimental trench, section T4, are given in
Fig. 4. This station was in tre center of the cap. Here, the water slowly
percolated down into the cap but much more slowly than in the cap of 19S.
By May 7, 1980, the cap was only mo! ened down to a depth of 152 cm (5 ft),
hence no water had yet oenetrated the cap and entered the trench by this
pathway. This was confirmed by tracer analysis f water taken from the
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bottom of the trench from a sump. There was no detectable pentafluoroben-
zoic acid present in this water, The cap on this experimental trench would
appear to be more effective than that on 195 in preventing water entry, but
it must be kept in mind that this is a new cap whereas the one on 195 is an
aged cap. Perhaps the cap on the experimental trench, section T4, simulates
the original caps placed on the waste burial trenches.

FURTHER WORK

The greatest disappointment in installing the instrument array in the
trench caps and soil profiles in areas adjacent to the trenches was the in-
ability to obtain the necessary hole depths. The possibility of using dif-
ferent hole drilling equipment this summer which would enable drilling to
about 7 m (23 ft), even though rock would be encountered, is being explored.
The stations would then be instrumented to this depth and this should yield
a mor~ comprehensive picture on the hydrology of this zone,
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Table 1-3H concentration in soil
solution, station no, 1,
adjacent t~ trench 19S.
Sample< /15/80.

Soil

Table 2-3H concentration in soil
solution, station nn, 4,

trench 198,
3H
dzgl;' Samplinc nate
ft 1/15/80 2/22'30
——C{ /L
i 0.54 x 10°  0.28 x 10°
1 1.06 - 0.65 o
5 - 1.07 o
7 1.12 " 2.07 -
8 15.4) - 7.93 .

deptn, 3H
ft
pCi/t
4 0.09 x 10°
i 0.08 .
2 0.09 3
3 0.08 .
5 0.1 .
7 0.1 "
N 0.08 &
Tablr "-3H concentration in soil
solution, stat o1 no. 5,
trench 195,
3
desgt;. Sampling date
ft 1/15/80 2/22/80
—pCi/t
iy 0.15 x 10°  0.18 x 10°
1 0.18 " 0.17 g
3 0.51 " 0.28 "
4 2.15 " 1.70 .
7 40.81 » 12.75 .
8 12.88 . -

Table 4 -Pentafluorobenzoic
acid tracer concentration
in soil solution, station
no. 5, trench 19S.

Soil

depth, Pentafluoro-
ft benzoic acid

npm

X 14

1 17

3 67

4 30

7 161

8 175
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Fig. 1-Profile view of instrumented transect across
trench 19S5 and adjacent soil.
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Fig. 2 -Profile view of instrumentation of
the experimental trench, section T4,
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THE ROLE OF VEGETATION ON SOIL MOISTURE STATUS
AND RADIONUCLIDE MOVEMENT AT MAXEY FLATS
A. Wallace, E. M. Romev and D. J. Herman
Division of Envirommental Biology
Laboratory of Nuclear Medicine and Radiation Biclogy
University of California lLos Angeles

ABSTRACT

The objective of the studies is to provide information which can
result in the management of vegetation cover that will result . minimal
percolation of water into trenches at Maxey Flats. It is intended to
accamplish this by maximizing the evapotranspiration while at the same
time keeping radionuclide uptake by plants within acceptable limits and
soil erosion minimal. It is recognized that certain tradeoffs are
involved among evapotranspiration, surface runoff, infiltration leading
to moderate percolation, same of which may also be lost by runoff after
seepage fram lower horizons, and radionuclide uptake and translocation.
For example, maximum evapotranspiration may coincide with a relatively
high level of radionuclide uptake and a very dense vegetation cover may
inhibit surface runoff which in turn co'1 increase infiltration and
percolation into trenches. A thorough understanding >f these factors
and their interrelationships can lead to changes in vegetotion management
that would result in improvement in the stability and radionuciide con-
taimment of the Maxey Flats site. Costs to achieve the improvement should
be no more than present costs. The onsite vegetation studies were planned
to include planting of the experimental trench caps with different plant
species to determine their effectiveness re.ative to the above factors.
Plants were started in a Morehead State University greenhouse arvi are
now planted in the field. The addition of an experimental program using
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simple lysimeters that would simulate trench backfill with plant cover
is being considered. This will be a more direct means of assessing the
potential role of vegetation in the water management at Maxey Flats
than is possible fram extrapolation of information fram the literature
and the mass balance studies conducted by Kentucky at the site. Other
studies include evaluation of possible contribution of the present ground
cover to radionuclide transport. Gamma spectrometry indicates very
little 137Cs (less than 3 pCi/g for some plant samples) and, most sur-
prisingly, no measurable quantities of f0Co. Radiochemical analysis
for “’sr indicates thus far very little accumulation above background
(5 pCi/g in one sample). Also included in the studies are glasshouse
experiments using soil fram the site. These last experiments are
designed to obtain information to improve the vegetation cover through

management of soil fertility.

INTRODUCTTION

Vegetation can have at least seven major and minor effects which
relate *o the problems associatad with Maxey Flats. The order presented
is not necessarily that of relative importance.

1. Plants, especiali- those with ta'l luxurian® vegetation and
deep roots, can increase the evapctranspiration loss of water from soil
and, as a result, could sufficiently dry out soil enough to decrease
the amount of water fram rains that percolates beyo~d the root zone
and possibly into trenches.

2. Plants, especially when sufficiently deep rooted, can take up
huried radionuclides which could result in their further dissemination
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into the environment; if favorable conditione exist in trenches, roots
may pene 1ate deeply into them and mobilize radionuclides.

3. Vegetation can decrease the amount of soil erosion which results
fram high intensity storms and decrease associated radionuclide movement.

4. Vegetation could intercept a portion of the rain on leaf sur-
faces, again the amr.at w.pending both upon the characteristics of the
rainfall of a particular storm and upon the type of vegetation. This
water could evaporate following the storm without reaching the soil.

5. A heavy cover of vegetation could decrease surface runoff because
of the length of time that water can be held up by the plants. This in
turn would increase the proowbility of infiltration into the soil.

6. Decaying rlant roots may form channels through which moisture
could penetrate ‘o lower soil depths and into trenches.

7. Organic matter resulting from vegetation, such as litter on
the surface and decayed organic matter in the soil, can change runoff,
infiltration, and evaporation characteristics.

The objective of the onsite studies being made by our group is to
obtain information that will make possible the management of the vege-
tation of the site in a manner that will maximize the desirable vegetation
characteristics for a low level waste burial site and, at the same time,
minimize those that are undesirable. Desirable characteristics are those
that will result in minimal downward percolation of water into the soil
profile and at the same time keep radionuclide uptake by plants within
acceptable limits and soil erosion minimal.
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RESULTS TO DATE

The studies are in the early stages with most results being pre-
liminary. Sufficient data are availabie, however, to help plan future
investigations.

(a) . Meteorological records for the Maxey Flats site or near the
site have been evaluated. A five-year rainfall record for a site near
Maxey Flats gave a range of from 38 to 61 inches pe. year with a mean
of near 51 inches. The coefficient of variation was 20% for the 5 years.
Fram this relatively wide range for just 5 years, it can be predicted
that important consequences can result fram extremes, both dry and wet,
in which trench caps may dry excessively with maximum vegetation cover
or in which excessive runoff with erosion and percolation can result.
Additional records are to be searched to ascertain if wider extremes
are experienced so that any needed protection measures against excessive
drought or excessive moisture can be planned.

(b). The best literature data available to date for evapotran-
spiration near Maxey Flats is that of van Bavel (1961) for Ohio and this
was determmined by lysimeter and for a meadow. Those data sh~sd an annual
mean of 0.090 inches of evapotranspiration/day which totals about 33 inches
(83 cm) for a year. This is a possible maximum for Maxey Flats. Todd
(1970) gave total evaporation for a free water surface for a year for
the eastern Kentucky area as about 35 inches. Shaw (1964) showed data
tor Iowa giving evapotranspiration as upward of 80% of that of a free
water surface for uncut vegetation. This would amount to 28 inches for
a year if applied to Maxey Flats. This also is a possible maximum for
Maxey Flats, although the 33 inches mentioned above should be possible
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with full ground cover. In the mowed condition the evapotranspiration
would drop to about 11 inches per year (Shaw, 1964). The exact level of
evapotranspiration for the present vegetation at Maxey Flats is unknown,
but since the vegetation is relatively sparse and mowed, it may be possi-
ble to increase the evapotranspiration at Maxey Flats by several inches
per year in most years. depending on amount and distribution of rainfall,
with different vegetational management. Increases in evapotranspiration
proportionately decrease the amount of water percolating into trenches.

Studies are focused on means to increase evapotranspiration.

The evapotranspiration data that have been obtained fram the liter-
ature have been used with rainfall data fram Farmers, Kentucky near the
site and free water surface evaporation data to make estimates which can
guide future studies which will be made in attempts to improve the amount
of evapotranspiration and decrease the erosion fram the .ite. Our pur-
pose is other than merely determining the residual wat->r for percolation,
but rather to show that it is possible to manage vegetation to decrease
the residual water for percolation into trenches. It is apparent, however,
that the information will be incamplete until same lysimeter and/or
similar studies are made to accurately measure evapot aspiration.

(c). Stable r.ement tracers have been placed into caps of the
Expec-imental ™ .nch at Maxey Flats and different plant species (alfalfa,
lespedeza, crownvetch, clover, and fescue) have been planted on the caps
for the purpose of measuring depth of rooting of the var.ious plant speciec
which are candidates for vegetation cover. The studies being made in 1980
are essential to evaluation of the various tradeoffs involving radio-

nuclide uptake and water use. Results will not be available until later
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in the year as plants need to grow and analyses have to be made periodi-
cally. Future experiments to establish the merit of deep~rootint plants
will be planned as soon as results fram this preliminary study ave
available.

(d). Plantings on-site are planned, but not yet made, for the pur-
pose of camparing radionuclide uptake for deep-rooted riants with that
of the presant ground cover. The purpose is to rrovide information con-
cerning the tradeoff of increased depth of rootint (with increased evapo-
transpiration) and increased radionuclide uptake. This will be an impor-
tant camplement to the above trace element study axd to any future lysimeter
study. The species alfalfa and fescue will be pianted in groups and,
preriodically, the radionuclide concentraticas of the above ground parts
will be determined to ascertain if roots have contacted buried trenches.

(e). Partially campleted radiometric and radiochemical analyses
of sarples of grass fram the site indicate small quantities of !37Cs and
%08r in same (less than 5 rCi/qrar; and world-wide fallout quantities in
others. In none of the samples counted thus far (about 40), has ®%Co
been detected. This observation is suwrprising and requires further study
because of the relative abundance of ®°Co in soils and waters from the
site and off site found in studies of other investigators. Differential
depth of rooting may be involved. If ®9Co is available, plant uptake is
usually expected.

The radiometric analyses are being made with a 3 x 3" NaI(TI)
crystal in conjunction "rith a 4000 channel analyzer. In most cases
80-100 grams of bl int are placed in a tea hat that fits around the
crystal. The samp'es are counted to + 5% at the 95% confidence level.
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(f). Studies of Schulz detailed elsewhere in this report have indi-
cated elevated quantities of H? in soil pruiiles with depth gradients
which vary fram profile to profile. These results point to the need for
determining to what extent yLlants are serving as a pathway for exit of
H? fram the site. This could be the major pathway and its magnitude will
be determined. Appropriate analyses are to be made this summer.

(g). Glasshouse studies of soil fram Maxey Flats have been made to
ascertain fertility requirements of vegetation cover of a monocot crop
(grass) and a dicot crop ( legumes were used). Maxirum yields were
obtained with 200 ppm nitrogen and 100 ppm each of phosphorus and potas-
sium. Liming and potassium v iwre critical for the alfalfa but not for the
monocot. Phosphorus was more ‘mportant for the grass.

Specific rates of fertili ation which will give vegetative growth
that will maximize evapc*ranspiration and minimize erosion and deep water

percolation are being determined in these studies.
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TRENCH CAP AND TRACER STUDIES
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INTRODUCTION

Water infiltration problems in the trenches at Maxey Flats resulted in
the processing of large volumes of *rench leachate. It was not clear whether
the infiltration was through the trench caps or due to subsurface flow. Poor
surface water management in the past and lack of definitive results from the
Unitid States Geological Survey well projects confused the data interpreta-
tion. A program of trench capping evaluation coupled with the use of tracers
(nonridioactive) was proposed as part of the overall experimental trench
evaluation program at Maxey Flats.

The University of Arizona's -ontribution to the slit trench experiment
at Maxey Flats consisted of design of the trench caps and the methodology for
tracing water migration into and out of the slit trench complex. The orig-
inal trench cap designs were modified considerably due to weather-forced de-
lays and the need to finish the construction work. As a result, only three
cap methodologies were employed. These were:

a. Clay underlain with Hypalon
b. Clay underlain with Mirafi coated with Flintkote
c. Clay alone

TRENCH CAP DESIGN PARAMETERS

A general trench cap design is shown in Fig. 1. This design provides
a cap-drainage system which prevents surface water seepage into the trench

by:
a. Providing for its quick removal by drainage;
Being strong enough structuraily to resist cracking when under-
lying materials consolidate.

For the Maxey Flats experiments, the compaction characteristics ¢f two
different soils, one on- and the other off-site, were determined under two
different compactive energies. A falling head permeability test performed
on soil compacted to these specifications in the laboratory provided a value
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of Darcy permeability coefficient of approximately 7 x 10* cm/sec, well
within the rang: of soil drainage properties classified as "practically im-
pervious."

In order tc test the ability of the caps to halt surface water migration
into the trench:s, a system of tracers was utilized in the caps, trenches,
and on the surface near the slit trenches. A variety of tracers was incor-
porated into the trench experiment at Maxey Flats as a means to determine
water pathways through the trench . surrounding area. Sodium benzuate and
several fluorinated benzoic acid derivatives were used in the tren~h cap and
on the ground surface to monitor movement of surface water int trenches.
Sodium bromide was placed in the bottom of four of the five aches to trace
movement of water from the trench bottoms into the groundwater. The names
of the compounds, the amount used, and the locaticn of the tracers are indi-
cated on Fig. 2.

The sodium bromide and the sodium benzoate were applied to the trenches
in the dry solid form. The fluorinated tracers were each dissolved in approx-
imately four liters of ethanol and sprayed on the ground with a standard tree
sprayer. Spraying appeared to be the only reasonable means of distributing
small amounts of tracer evenly over the cap surface.

Fluorocarbon tracers dispensed from permeation tubes were considered in
the original work plan as a means of tracing water movement cut of the tren-
ches, but this plan was abandoned when it was later determined that the
fluorocarbons would be transported largely through the unsaturated zone by
gaseous diffusion. Misleading results would be obtained if tne appearance
of the fluorocarbon in monitoring wells was assumed to indicate groundwater
movement.

SAMPLING DEVICES

Water samples were collected from the trench bottoms using standard
porous cup samplers supplied by Soil Test Incorporated, Goleta, California.
The sampling device is shown schematically in Fig. 3. These samplers were
placed in each trench, one in the middie and one at each end. The samplers
are identified in Fig. 2 in each trench* with the letters a, b, and ¢c. No

*Unfortunately, the samplers in segment 1 of the trench were instailed in-
correctly and this segment is sampled through the two sumps.
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samplers were placed in the ground around the periphery of the trenches as
was originally planned due to the difficulty of augering in the area. Holes
for groundwater sampling around the trenches will be considered later. This
is a vital part of the completion of the experiments already in place.

MONITORING RESULTS

Water samples were collected from each of the sampling points in the
trenches on Decemoer 27, 1979 and again on March 19, 1980. The samples were
each analyzed for all of the organic tracers using high performance liquid
chromatography. Results are presented in Table I. No tracer was detectable
in any of the samples. The threshold of detection should be approximately
5 ppb for these tracers; however, due to interference, the detection limits
in Table I were higher. We are now able to remove these interferences and
achieve the expected aetection limits. These results suggest that little or
no water has infiltratea into the trenches through the cans.

In order to get the maximum information from this in-place experiment,
it is recommended that:

a. A series of wells be placed away from the slit trenches to detect
subsurface movement of water through the trenches.

b. Water samples from the trenches continue to be analyzed (on a
quarterly basis) for tracers €rom the caps and ground surface until
failure is detected or .. at least two additional years.

c. Trench caps and drainage systems be maintained as designed.
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Table I Maxey Flats Test Ircench-Results of Tracer Monitoring for
Samples Obtained December 28, 1979 and March 19, 1980

First Sampling - De.ember 23, 1979

Section of *Sampler No. +Tracer Amount of Tracer Detection

Trench No. Used Detecred {ppm) Limit (ppm)
1 S-1 Nab ++ 0.5
1 S-2 NaB + 0.5
2 1 OFB +t 0.02
2 2 OFB ++ 0.02
2 3 OFB ++ 0.02
3 1 NaB i+ 0.5
3 2 NaB ++ 0.5
3 3 NaB ++ 0.5
4 1 PFB +t 0.5
4 2 PFB tt 0.5
5 2 NaB + 0.5
5 3 NaB t+ 0.5

Second

Sampling - March 19, 1980
1 s-1 ' NaB + 0.5
1 S-2 NaB ++ 0.5
2 1 OFB ++ 0.02
2 2 OF3 t+ 0.02
2 3 OFB ++ 0.02
3 1 NaB ++ G.5
3 2 NaB ++ 0.5
3 3 NaB +t 0.5
4 1 PFB ++ 0.5
4 | PFB tt 0.5
5 2 NaB + 0.5
5 3 NaB Tt 0.5

-
Note: Some porous cup samplers could not be used for obtaining samples.
In such cases the sumps were used to obtain samples. This is
denoted by S-n.
*Abbreviations: PFB
OFB

+¥No tracer detected.

Pentafluorobenzoic Acid; NaB = Sodium Benzoate;
0-fluorobenzoic Acid.
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RESEARCH AT THE WEST VALLEY, NEW YORK
LOW-LEVEL RADIOACTIVE WASTE BURIAL SITE

Henry H. Bailey
New York State Geological Survey
State Museum, Science Service
New York State Education Department

The Western New York Nuclear Service Center, familiarly known as West
Valley, is the site of tne only New York State licensed low-level radioactive
waste burial facility. This site, inactive since 1975, is located in Western
New York, some 30 miles southeast of Buffalo. Also located at West Valley
is the only commercial nuclear fuel reprocessing plant that ever operated in
the United States. This piant has been out of ojeration since 1972. Associ-
ated with the now idle reprocessing plant are two steel tanks containing a
total of some 612,000 gallons of high-level licuid radioactive waste and a
Nuclear Regulatory Commission (NRC) licensed nigh-level radioactive waste
burial site which is located adjacent Lo th: low-level waste burial area.

West Valley, like Maxey Flats, is located in the Appalachian uplands,
although on their northern fringe, and shares with Maxey Flats a rather humid
climate. Precipitation at West Valley is generally about 40 inches per year.
Some 10 inches of this precipitation falls in the form of snow. Applying
tne rough conversion factor of one inch of precipitation equalling 10 inches
of snow, it can be seen that a typical West Valley winter has some 8 feet of
snowfall. Such weather makes for trying winter field conditions.

State agency research on the low-level burial site began in 1975. Fund-
ing for this research came first from the U. S. Environmental Protection
Agency (EPA), then from EPA and the NRC jointly, and is now funded by the
NRC exclusively. The New York State Geological Survey has worked with the
United States Geological Survey (USGS) in cooperative programs at West Val-
ley and the USGS has also carried out investigations there utilizing internal
funding sources.

It is a fair question to ask why a State Geological Survey is acting as
the lead state agency in research at a low-level waste burial site. In

X-1



order to answer that question, we must consider the specific concerns to
which research at West Valley is being addressed. What is the nature of the
burial site? The burial trenches at West Valley are dug into material de-
posited by a glacier and consist of a dense clayey silt till in which lenses
of silt, sand, and gravel are sparsely distributed. The glacial deposits of
the site are being acted upon by the natural processes of erosion with ac-
tive stream downcutting and associated mass slumping, or landsliding, occur-
ring near the site. In time these processes can be expected to impinge upon
the burial site and affect its containment integrity. Problems involving the
entry of water into the trenches with a rise in trench water levels have been
encountered which necessitated the pump-out of trench water. I[s this water
infiltrating into the trenches through groundwater pathways? More disturb-
ing, certainly, is the obverse of that question: 1is trench water escaping
from the trenches by groundwater pathways? What is the trenches' capacity

to isolate the waste from groundwater? In short, what is the groundwater
regime of the burial area? Another cause of concern was whether or not ra-
dionuclides from the burial site are finding pathways offsite either in sur-
face water or entrained with sediments being carried by the surface water.

From the foregoing it can be seen that the concerns to be addressed by
research at West Valley generally contain strong geologic elements. The na-
ture v/ the burial material and its vertical and lateral relationships fall
into the realm of glacial geology and stra.igraphy. Stream erosion and mass
wasting are the province of the geomorphologist. The question of containment
integrity falls to the engineering geolosist. The groundwater regime of the
site is the concern of the gechydrologist. Stream flow and sediment trans-
port are hydrologic and geomorphologic concerns. In such a situation, I
feel it logical that a geological survey is a reasonable choice for research
responsibility. One area of the research at West Valley is certainly not
geological in nature. That is the identification of the presence and con-
centration of radionuclides in water and soil samples, and radiochemically
oriented research in general at West Valley. This work has been handled by
the Radiological Sciences Laboratory of the New York State Health Department.

What have we found out in our five years of research? First ard fore-
most is that the integrity of the trenches as containers is quite reasonable.
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The dense clayey silt till in which they are dug is of very low permeability,
on the order of 2 x 10~ cm/sec vertically and 56 x 10~* cm/sec horizontally.
Groundwater movement in the till, such as it is, is vertically downward. No
indications of substantial lateral movement of groundwater intc the trenches
or of trench water outwards have been found. The silt, sand, and gravel
lenses, characterized by rolled, distorted bedding were determined to have
been emplaced mechanically with the till by the glacier and are not laterally
extensive sedimentary layers which might act as groundwater pathways. The
USGS performed subtrench soil sample borings which showed migration of triti-
um to a maximum depth of 3.2 m below trench floor, while !*C was found as deep
as 0.6 m below trench floor. The research related to the geohydrology of the
low-level burial site indicated that water entry into the burial trenches is
a result of the vertical percolation of precipitation through the capping
material. The trench cap material is permeable to gas and our research has
documented that mildly radioactive gases, primarily tritiated methane and
other radiocarbon and tritiated gases, are present in the waste-generated
gases. Baseline geomorphic studies have been completed and are now being
followed up by investigations which will yield erosion rates. These landform-
erosion studies will permit us to make our best prediction of the time re-
maining before natural erosive processes threaten the burial site's contain-
ment integrity. Our hydrologic program is continuing. Surface drainage

from the low-level burial site has been monitored for radionuclide trans-
port at four sampling stations which cover virtually all drainage from the
low-level burial site. Radionuclide measurements for water and entrained
sediments at three of the<e stations have been within one order cf maénitude
of background levels. Somewhat higher levels have been measured at the
fourth station where, unfortunately, the watercourse sampled has a mix of
drainages from other areas in addition to that from the low-level site.

I have attempted to touch upon what we see as the most important re-
sults of research at the low-level burial site at West Valley to date. |
would like to return to one point, that of trench capping and its effective-
ness in furnishing isolation for the burial waste irom surface water. The
trench caps at West Valley are constructed from the dense glacial till which
was excavated in trench construction and which has been compacted and mounded.
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Experience has shown that although the caps are relatively impermeable for a
few years, they eventually dry and with Arying undergo a slight loss in
volume. This results in the formation of tensional cracks. These cracks

are similar to the closed fractures found in the undisturbed till and which
have been observed to extend to a depth of 15 ft in a research trench. These
cracks, with time, form conduits for surface water to enter the trenches.

The gross permeability of the trench caps has beer found to be very sensi-
tive to climatic change, in particular to long dry periods. The effectiveness
of the cracks as wa'er pathways into the trenches appears to be further in-
creased by what 15 interpreted as the decay and compaction of buried waste.
This volume reduction allows the slumping of cap material and this produces
surface depressions which can channel surface water into the cracks. Mainte-
nance of the caps by compaction and filling, where necessary, to eliminate
the cracks and depressions apparently is effective in reducing water entry.

I should like to emphasize, however, that regular maintenance of the trench
caps at West Valley will have to continue as long as the native burial soil
is used as the sole capping material.

Research to date has been focused on the low-level radioactive waste
burial site. With NRC funding, the scope of research at West Valley has been
expanded to include the entire site. The hydrologic and geohydrologic
regimes of the area north of the fuel reprocessing plant, in which the high-
level liquid radiocactive waste tanks are located, are not well known. In-
deed, the geohydrclogic regime in that area appears to be substantially dif-
ferent than that of the area of the low-level trenches. The geohydrology
of the NRC-licensed high-level burial area is inferred to be similar to that
of the low-level burial area; they are after all located adjacent to each
other, but to date it has not been investigated. A program to investigate
the geohydrology will begin this fall. The amplification of the study area
has resulted in a redesign of the hydrologic investigation program. Geo-
morphic studies in progress have site-wide applicability and will be contin-
ued. Current plans call for the completion of field investigations within
three years.
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PRELIMINARY HYDROGEOLOGIC INVESTIGATION
OF THE MAXEY FLATS RADIOACTIVE WASTE BURIAL SITE
FLEMING COUNTY, KEMTUCKY

Harold H. Zehner
U. S. Geological Survey

Maxey Flats is an isolated plateau in northeastern Kentucky, near the
city of Morehead. The radioactive waste burial site is located on the pla-
t2au about 300 to 400 feet above the surrounding valleys. Radioactive waste
burial at Maxey Flats began in 1963. Completed trenches at the site are
about 20 feet deep and occujy an area of about 0.03 square miles. As of
January, 1972, approximately 1.2 million curies of by-product material, plus
460 pounds of special nuclear material and 87 thousand pounds of source ma-
terial, had been buried.

Rocks in the Maxey Flats area are of Mississippian and Late Devonian age
including, in descending order, the Nancy and Farmers Members of the Borden
Formation, Sunbury, Bedford, and Ohio Shales, and the upper part .7 the Crab
Orchard Formation. The total thickness of these rocks is about 320 feet.

All radioactive wastes are buried in shale of the Nancy Member.

The shale and sandstone bedrock has poor water-transmitting capability.
wWells open to bedrock probably obtain water from very narrow cracks in the
rocks. Two zones of water-saturated rocks were found below the top of the
plateau, one at depths of 45 to 70 feet, and one at depths of 250 to 350
feet. Other saturated zones may be present.

Most groundwater users obtain water from above bedrock--in weathered
shale near grounc¢ surface and from gravel deposits near streams. Although
some well owners o.tain adequate water supplies from their wells, others
must obtain additiona: supplies from cisterns, ponds, and springs. Many
springs are at the bases of hills. Water supplying these springs is prob-
abl" transmitted through near-surface soil and weathered bedrock on the top
of hills and rock debris covering the sides of hills.

Mean annu~>] precipitation at nearby Farmers, Kentucky, is about 46
inches. Infiltrating rainfall is temporarily .tored in weathered bedrock
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on hilltops and colluvium and soil on hillsides. The water later 1ischarges
in springs at the bases of the hills. Base flow in Rock Lick Creek and its
tributaries is derived mainly from alluvium in the valleys and the mantle of
regolith, colluvium, and soil on adjacunt sides and tops of hills. Little

is known about the groundwater hydraulics of the area. If movement of dis-
solved and water-suspended radioactive materials from the burial site were to
occur by natural processes, surface and groundwater would be the means of
transport.

Well yields are low in all rocks at Maxey Flats, and most groundwater
movement is in secondary openings, particularly joints. The groundwater
system at Maxey Flats is probably unconfined and recharge occurs by: (a)
infiltration of rainfall into the mantle; and (b) vertical unsaturated flow
from the regolith at the top of the hill to saturated zones in the Farmers
Member and Ohio Shale. Discharge occurs by lateral flow from the mantle
and bedrock to the sides of hills or to alluvium in valley bottoms.

A report describing the hydrology of the Maxey Flats area, including
the radioactive waste burial site, has been published by the U. S. Geological
Survey, Department of the Interior, in cooperation with the U. S. Environ-
mental Protection Agency. Copies of the 100-page report, "Preliminary
Hydrologic Investigation of the Maxey Flats Radioactive Waste Burial Site,
Fleming County, Kentucky," U. S. Geological Open File Report 79-1329 (Water
Resources Investigations) are available for examination at the U. S. Geolog-
ical Survey, Room 572, Federal Building, Louisville, Kentucky 40202. The
report may be purchased from the U. S. Geological Survey Open File Services
Section, Branch of Distribution, Box 25425, Federal Center, Denver, Colorado
80225.
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