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ABSTﬁACT

The concentrations of uranium, lanthanum, and 6 other elements
in the suspended solids and the concentrations of uranium and 5
other elements in solution from river waters from 66 sites in the
southeastern United States are compared with publishedeground—water
and stream-sediment elemental concentrations from within the drain-
age basin above each sample site. The ground-water and stream
sediment element concentrations represent the National Uranium
' Resource Evaluation data set of about 12,000 sampling locations in
southeastern U, S. Elemental ratios show that most of the uraAium
and lanthanum transported in the suspended solids is in monazite.
However, no relationship is found between the amount of monazite in
suspension and the amount of monazite in the stream sediments. The
amount of uranium in solution is positively related to the soluble
aluminum concentration in the Piedmont rivers and to the soluble
manganese and total suspended solids in the Coastal Plain rivers.
Piedmont rivers have more monazite and total suspended solids in
transport than Coaslal Plain rivers. Coastal Plain rivers have

higher concentrations of soluble uranium.

* The information contained in this article was developed during
the course of work under Contract No. DE-AC09-76SR0O0001 with the

U.5. Department of Energy.



INTRODUCTION

The purpose of this study is to compare elemental analyses of
river waters from the southeastern U. S. with existing data on
elemental concentrations within the river drainage basins to
determine how uranium and lanthanide elements are transported.

The National Uranium Resources Evaluation (NURE) program published
analyses of stream sediments and ground waters used in this study
to characterize each drainage basin (Fay et al, 1981l; Cook et al,
1982; and Sargent et al, 1982). The river—water analyses are
being published by the Savannah River Laboratory (SRL} (Fay,
1983). '

The National Uranium Resources Evaluation Program

The NURE program was established to evaluate domestic uranium
resources in the continental United States and to identify areas
favorable for uranium expleration., The program included a hydro-
gcochemical and surface sediment reconnaissance of much of the
U. S. and generated data bases of elemental analyses of stream
sediments, stream waters, and ground waters.

The NURE stream-sediment and ground-water samples from the
southeastern United States were collected and analyzed by the
Savannah River Laboratory. Figures 1 and 2 illustrate the gsampl-
ing of stream sediments and ground waters in North and South

Carolina. WNominal ground water and stream sampling density varies

from 13 to 25 square kilometers per site. The study area
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has 11,978 stream-sediment samples and 8,769 ground-water samples.
Tn the Fiedmont geologic province, stream sampling is generally
denser than ground-water sampling while in the Coastal Plain the
converse 1is true, The streams sampled drain from 2 to 15 squafe
kilometers. The stream-sediment samples consist of 1.5 grams of
matertal passing through a 150 micron sieve. 1In most areas 5 to
10 percent of the ground-water samples were collected from springs
with the remaining samples collected from wells with mean depths
of around 100 feet. The ground-water samples consist of one liter
of water pagsed through a 0.8 microa filter and mixed with
anion-cation exchange resin., The resin was dried and analyzed.

Neutron activation was used to analyze all the samples.

River Sampling

River-water samples were collected from 66 sites in the
southeastern U. S. (Figure 3). At each site one liter of water
was passed through a 0.8 micron filter and mixed with acivu-cation
exchange resin. The filters and resins were analyzed using the
SRL NURE methods. Water quality measurements were made at each
site. The soluble fraction was not analyzed from 11 of the sites.

The drainage basin above each river-water collection site was
characterized., By using digitized boundaries of the river
drainage basins provided by the National Water Data Exchange, the
NURE stream-sediment and ground-water samples above each river

sample site were identifed. It is realized that ground waters
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within a drainage basin do not mnecessarily drain into the river
which drains the streams of the drainage basin. A data setr was
generated of the mean elemental concentrations and water quality
measurements from the stream sediments and ground-water samples in
the drainage basin above each river site. The percentage of area
covered by Coastal Plain sediments within the drainage basin above
each river sample site was estimated. The rivers were divided
into three classes; 23 Coastal Plain rivers which drain at least
80% Coastal Plain material, 36 Piedmont rivers which drain less
than 20% Coastal Plain material, and 7 mixed rivers. The drainage
basins draining the Blue Ridge province are included és Piedmont

Rivers.

Geology and Topography

The study area consists of the unmetamorphosed Coastal Plain
sediments and the crystalline Piedmont and Blue Ridge provinces.
The Coastal Plain consists of Cretaceous to Quaternary sands,
clayey sands, marls, and limestones deposited in subaerial,
near—shore, and continental shelf environments. The land surface
generally slopes to the southeast with low rolling hills bordering
the Piedmont and flat low—-lying areas elsewhere. The soils are
generally highly weathered, particularly in the upland areas near
the Piedmont. The Coastal Plain contains large aquifer systems

which are recharged near the Piedmont and flow towards the coast.



The Piedmont and Blue Ridge provinces consist of low to high
grade metamorphosed sedimentary, volcanic and igneous rocks, and
unmetamorphosed intrusive rocks and Triassic sediments, The meta-
morphosed rocks consist of Grenville age gniesses and late
Precambrian or lower Paleozoic island arc volecanies and sediments.
These rocks were intruded by granitic to ultramafic rocks of upper
Paleozoic age. There are several grabens filled with unmeta-
morphosed clastic sediments of Triassic age. The Piedmont con-
sists of rolling hills with generally gentle slopes on the uplands
and steeper slopes near the streams and rivers with total relief
commonly about 30 meters. From 10 to 20 meters of saﬁrolite
overlies most areas. Ground water travels through the subscil and
fractured rock to seeps and springs in the wvalleys. The Blue
Ridge province contains the lower Appalachian Mountains and has
greater relief and rainfall than the Piedwmont and Coastal Plain.
The area is mostly forested with less soil development than the

other provinces. The ground-water travel 1s similar to that of

the Piedmont.

Mineralogy

The uranium and lanthanides may be transported within the
original rock—forming minerals or released from these minerals and
be transported in solutlon or sorbed on other particles. The most

important distincticn is between the amount of uranium held within



the lattices of resistate heavy minerals versus the amount of
uranivm in other forms.

Several methods have been developed to estimate the mineral-
ogy and the amount of uranium held in the heavy minerals in the
stream sediments (Price and Ferguson, 1980). Koch et al. (1979)
used literature values for typical ratios of uranium to other
elements in detrital minerals to develop an empirical formula to
estimate the amount of uranium held within each mineral. Rose
et al. (1970) used multiple linear regressions to generate
formulas to estimate the uranium concentrations of stream sedi-
ments based upon other elemental concentrations. Pricé and
Ferguson {1977} used elemental ratios to correct for uranium
resistate minerals in the Kings Mountain area, North Carclina.
These methods are useful in estimating the mineralogy of the

suspended solids of the river waters. .

Data Base Ceneration
This study uses the analyses of the soluble Al, Cl, Mn, Na, U,
and V in the river waters and ground waters. The analyses of Al,
Hf, La, Mn, Na, Sc¢, U, and V are used for the suspended sediment
in the river waters. The analyses of Al, Hf, La, Mn, Na, Sc} Th,
Ti, U, and V are used from the streaw sediments. (Tables 1 and 2),
Water quality measurements and river characterizations are
included in the data base. Measurements of pH, conductivity, and

alkalinity of the river water, ground water, and stream water are
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included. For those river samples collected at USGS gaging sta-
ticns the flow of the river onm the day of collection and the ratio
of this flow to the average daily flow of the river during that
water year are ilncluded.

A comparison of the aluminum concentration on the filters
with the suspended solids measurement indicates that the suspended
solids measurements have a sensitivity of about 5 milligrams of
material. Since many of the river waters were measured at less
than 5 milligrams of suspended solids per liter, the aluminum
eoncentration can be psed to estimate the amount of solids.

The aluminum concentration can be used to estimage the amount
of clay collected on the filters. The aluminum concentration of
kaolinite is about 19.6%, montmorillonite is about 10.6%, and
illite is about 13.3% (Grim, 1968, p. 576-580). Neiheisel (1966)
determined the percentages kaolinite, wontmorlillonite, and Lllite
in sediments from rivers draining the Piedmont and Coastal Plain
of South Carolina and Georgia. The aluminum concentration of the
nine clay samples from the rivers has a mean of 16.86% + 1.05%.
Assuming that the type of c¢clay suspended in the water can be
represented by the clay in the river bed, we can calculate an
amounﬁ of clay on the filter from the aluminum concentration on
the filter by the formula:

Clay (ug) = Ai(ug) / .1684
The clay concentration on the filters is not the same as the

suspended solids concentration because suspended solids can
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contain material other than clays. Using the above formula, clay
represents 48% + 24% of the suspended solids for the 40 samples
which have suspended solids measured at greater than 5 milligrams
per liter. To avoid the conversion to clay content, the elemeﬁt
congentration in the filters will be considered as a ratio to the
aluminum concentration.,

Single high concentration measurements bias statistical
interpretation, Sample NCOl has a soluble uranium concentration
of 0.064 micrograms per liter of water, which is more than twice
as high as any other Piedmont River. This makes statistical eval-
uvation of the data diffiecult because so much of the va;iability in
soluble uranium is in a single sample. The reasons for this
anomalous uranium concentration are unknown but for the purpose of
understanding the general principles of the relationship between
uranium and the other elements, site NCOUOl is not considered in
studying interelemental relationships.

The data base was interpreted using the Statistical Analysis
System (SAS) on an TRM computer. The procedures used include
generating correlation mattrices, plotting of elemental concentra-

tions and ratios, and performing stepwise linear regressions.

Suspended Solids In River Water
Based on aluminum concentrations, the suspended solids

concentrations are higher in the Piedmont rivers than the Coastal

- 15 =



Plain rivers, There is no significant difference between the mean
of the La:Al ratiocs of 0.00081 for Piedmont rivers and 0.00088 for
Coastal Plain rivers showing a similarity in the suspended solids
mineralegy. Since most of the suspended uranium concentraticns are
below detection in the Coastal Plain rivers it is not possible to
determine if the ratio of uranium to aluminum in the suspended

solids is different in the two provinces.

Suspended Solids in Southeastern Rivers

All Coastal Plain Piedmont
_ Rivers Rivers Rivers
Mean U {ppb) 0.062 0.039 0.062
# Above Detection 33 of 66 2 of 23 25 of 36
Mean Al (ppb) 1130 86 1500
# Above Detection 66 of 66 23 of 23 36 of 36
Mean La (ppb) 0.93 0.31 1.22
" # Above Detection 64 of 66 21 of 23 36 of 36

The suspended solids have a higher lanthanum to granium ratio
than the stream sediments from the corresponding basins (Figure 4).
Most of the suspended solids have lanthanum and uranium concentra-
tions which are near the idealized ratio of monazite {Karfunkel
et al, 1981). There is some lanthanum enrichment which may be due
to preferential leaching of uranium from the surfaces of monazite
grains or due to lanthanum transport sorbed on clays. The samples
with the highest concentrations of lanthanum and uranium are
enriched in uranium when compared to the monazite ratio possibly

representing uranium transported in other forms. The stream
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sediments almost all are enriched in uranium compared to the mona-
zlte ratio indicating uranium held in forms other than monazite.
There are no distinct relationships between the concentrations
of uranium and lanthanum in the suspended solids and the NURE
analyses af atream sediments and ground waters from each hasin in

either the Coastal Plain or Pledmont rivers,

Soluble Components of River Water

The soils of the Coastal Plain are formed from highly
weathered unconsolidated sediments, whereas the soils of the
Piedmont are formed from the weathering of crystalline rocks. 1In
general, the Piedmont soils should contribute mare soluhle ions to
the waters passing through them. The Coastal Plain has large
well-developed aquifer systems which drain into the ocean, which
means that NURE ground water samples from these areas may represent
water which will never enter the river.

The differences between the Piedmont and Coastal Plain are
reflected in the chemistry of the waters. Sodium and chlorine
tend to stay in solution in water so that if the different types
of water in a drainage basin are interconnected then these concen-
trations should be similar. The tables below list the correiations
berween the conductivicries and ion concentrations in the waters.

In the Piedmont there are strong correlations between the
conductivities and ion concentrations in ground, stream and river
waters. These strong correlations reflect the closed nature of the:

ground water and stream flows of the drainage basins.
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Piedmont Waters Correlations
Ground Water River Water Stream Water
Cond. Na Ccl Cond. Na Cl Cond.

Ground Cond. 100 84 79 64 73 70 g2
Water Na 100 93 58 50 49 83
cl 100 55 54 51 77
River Cond. 100 84 82 71
Water Na 100 97 67
Cl 100 64

In the Coastal Plain the relationships between ground,
stream, and river waters are much weaker or not evident at all.
The ground water has high inrernal relationships but is only
weakly related to the river water and shows no relationships at
all to the stream waters, The stream waters are only weakly
related to the river waters. The lack of relationships may be
partially due to the flooded condition of several of the rivers
during collection of the samples. The lack of relationships i
between the ground water and stream water may reflect the
ground water aquifers being isclated from the surface water.

Coastal Plain Waters Correlations

Ground water River Water Stream Water
Cond. Na (Cl Cond. Na Cl Cond.

Ground Cond. 100 86 71 53 * * *
Water Na 100 92 36 * ® *
cl 100 * * * *
River Cond. 100 63 72 51
Water Na 100 87 *
cl 100 43

* Indicates a less than 90% chance of a significant relationship.
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Soluble uranium was detected in 19 of 23 Coastal Plain rivers
with a mean of 0,023 ppb. This compares with 14 of 29 Piedmont
rivers with a mean of 0.020 ppb. Coastal Plain rivers seem to have
a higher soluble uranium concentration because a greater perceﬁtage
of the samples were above detection.

Soluble uranium concentration in Piedmont Rivers has a 587%
correlation with the soluble aluminum concentration, but no
correlation with any of the stream-sediment or ground-water
elemental concentrations. Scluble aluminum concentration has a 62%
correlation with the suspended aluminum councenlration in the river
waters, suggesting that some of the soluble material is actually
fine particulates passing through the 0.8 micron filter.

Soluble uranium in Coastal Plain rivers is weakly related,
56%, to the soluble manganese concentrations and to the filtered
aluminum concentration. These relationships may be due to i
chemically-controlled preocesses releasing manganese a;d uranium
into the water together.

A strong relatrionship, 75% correlation, existse between the
ground-water concentration of uranium and the stream—sediment con-
centration of wranium in the Coastal Plain river basins. However
there is no similar significant relationship in the Piedmont river
basins. Elemental ratios indicate that most of the uranium in the
stream sediments, Figure 5 occurs in monazite. The positive
relationship in the Coastal Plain may be due to the leaching of

monazite releasing uranium to the ground wasters., The lack of
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a similar relationship in the Piedmont may be due to uranium in
forms other than monazite being leached from the rocks into the

ground water but not occurring in the stream sediments,

CONCLUSION

Elemental ratios show that most of the uranium and lanthanum
transported in the suspended solids is in monazite. No relation-
ship is found between the amount of monazite in suspension and the
amount of monazite in Lhe stream sediments. The amount of uranium
in solution is positively related to the soluble aluminum concen-
tration in the Piedmont rivers and tc the soluble manganese and
total suspended solids in the Coastal Plain rivers. Piedmont
rivers have more monazite and total suspended solids im transport
than Coastal Plain rivers, Coastal Plain rivers have higher

concentrations of soluble uranium.
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FIGURE 1. Sediment Sample Sites

FIGURE 2. Ground Water Sample Sites

FIGURE 3. Sample Site Locations

FIGURE 4, Uranium and Lanthanium Concentrations from Stream
Sediments and Suspended Solids in River Waters.

FICURE 5. Contour Map of Uranium Concentrationm in Stream Sediments
in ppm.



