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Summary

This report presents results of chemical analyses of 24 analytes in 16 background sediment
samples collected from Ancho Canyon and Indio Canyon at Technical Area (TA) 39. Preliminary
upper tolerance limits (UTLs) for sediments are calculated from this data set, but, because of the
small sample size. these UTLs exceed the maximum values in the data set by up to 50%, and will
require revision as more background sediment data are obtained.

Systematic variatons in the background chemistry of sediments at TA-39 occur between
different geomorphic sertings and different particle sizes. These differences indicate that the best
comparison of potentially contaminated sediments to background should utilize the most
comparable subset of the background data set. The lowest concentrations of most analytes occur
within coarse, well-sorted sands in active stream channels (which are dominated by quartz and
sanidine crystals), and the concentrations of most analytes generally increase with decreasing
sediment particle size. The concentration of U within one sample of black sand (dominated by
high density magnetite grains) was within the range of other background samples. This
relationship is important because the presence of higher concentrations of U in black sand deposits
may thus indicate anthropogenic U that was concentrated by density as in a placer deposit.

Analyte concentratons in sediments are generally lower than those associated with B
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honzons in sous, but are comparable to elemental concentrauons within the A and C honzons.
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However, the A and C soil honizons posses greater ranges, and thus use of UTLs developed for
Laboratory sails may not be appropnate for evaluaung potenual contamination within sediments.
Concentranons of elements in the sediments are strongly intluenced by the total surface area
available for adsorption, and concentrations of trace clements are minimal within the medium- and
coarse-grained sediments with low surface areas relative to sit and clay. Different minerals
concenmated in the sediments, such as magnetite, however, urc_highcr In wace elements resulting in
part from ionic substitution within the mineral fattice during pnmary crystallizaton. For example,
a sample of magneute-rich black sand is higher in As, Be, Cr, Mn, Ni, Pb, Th, U, V., and Zn
relatve to silicate-nch sediments.

Correlations exist between concentrations of different meuils in the sediment samples (i.e..
Fe and As, Fe and Be) that are similar to those present in soils at the Laboratory, although the
concentranons of metals in the sediments are generally less than in the soils. Relationships
between Fe and other metals of concern can be used to evaluate whether anomalously high values
in a data set are within background ranges or instead may reflect contamination.

Concentratons of many analytes from sampled prehistoric channel and floodplain
sediments are higher than their concentradons in more recent deposits, possibly caused by post-
deposituonal additons of solutes associated with shallow groundwater flow within the alluvium.
The processes that apparently increased concentrations of some trace elements within the
prehistonc deposits may be similar to the processes affecting old sediments beneath the valley floor
penetrated in core holes, suggesting that higher concentratons of many trace elements might be
encountered in the subsurface than in surface sediment samples.

Principal components analysis (PCA) indicates that 89% of the variability in the
background sediment data set can be accounted for by a single component, wnich is due to the
strong correlauons that occur between many major and trace elements. The remaining 11% is
almost entirely accounted for by a second component that separates the two sample areas in Ancho
and Indio Canyons. These results are similar to those obtained by PCA of the background soil
data set of Longmire et al. (this report), for which overall vanability is dominated by strongly
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correlated vanauon of several major and trace elements, reflecting differences between soul

honzons, and vanaton between sample sites is the second most important source of vanability.

Introduction

Sixteen sediment samples were collected from Ancho and Indio Canyons, TA-39 (Fig. 11,
in August 1994 1o provide background chemical concentrations from deposits comparable to those
collected as part of Field Unit 2 (OU 1132} sute charactenzauon actvities in Ancho Canyon. TA.-
39 has been used as a high-explosives tinng site since 1953, and contamunants of potential concemn
that may have dispersed during experiments include Ba, Be, Cr, Pb, T1. and U (LANL, 1993).

Two primary sample areas were chosen to increase the chance that the range of vanability
in natural sediment deposits were included and that any unanucipated contamination would be
detected. The main sample areas are Indio Canyon, the largest drainage basin in the Laboratory
entirely within Bandelier Tuff that has had no Laboratory facilities, and a small mbutary to Ancho
Canyon near State Road 4 that also has no upstream Laboratory activities (Fig. 2). An additonal
sampie site is a stream bank along Ancho Canyon that exposes prehistoric (1000-3000 year old)
sediments, which was chosen to evaluate whether such old deposits could also be used to provide
valid background values. Sampled deposits were chosen to maximize the natural variability that
exists within these sediments, and to evaluate systematic variagons in chemistry that may exist
between different geomorphic settings (i.e., channel vs. floodplain; Fig. 3) and between different
size fractions. Descriptions of the samples analyzed in this study are presented in Table 1.
Although we cannot be certain that all of the sampled sediments (particularty the active channel
samples) have not been affected by airbome dispersion of contaminants from firing sites,
procedures that we use to exclude outliers from the data set are expected to remove any potentially
elevated analytes.

One limitaton of this sampling program is the small size of the sample set from any specific
geomorphic setting or type of deposit (i.c., coarse sands in active channel), at most two per sample
sct. These data. therefore, may not encompass the full range of vanability that exist in sediments at

TA-39. However, there is generally an internal consistency in this data set and systematc
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vanations exist between settings and size fractions, suggesting that this limited data set may be

generally representative of sirnilar settings in drainage basins underlain enurely by Bandelier Tuif.

Laboratory Methods

Sediment samples were dried at low temperature in a laboratory oven and sieved to remove
gravel (>2 mm) and roots. Splits of two large floodplain samples were dry sieved to separate the
samples into three different size fractions: 0.25-2 mm (coarse and medium sand), 0.075-0.25 mm
(fine sand), and <(0.075 mm (very fine sand. silt, and clay). Clumps of sediment were manually
crushed, but no chemical dispersants were used and the larger size fractions may therefore contain
small portions of finer particle sizes.

Sample splits of all sediment samples were subject to three [aboratory pretreatment
procedures: partial digestion using nitric acid (HNO3) at pH 1 (using standard extraction and
analysis procedure specified in EPA Method 3050), which simulates the bioavailability of clements
by humans through ingestion; leaching with deionized water, for analysis of easily dissolved Cl
and SO4; and complete digestion using hydrofluoric acid (HF), to provide whole-sample elemental

concentrations. Analysis of As was by electrothermal vapor atomic absorption (ETVAA); of Cl
and SO4 by ion chromatography (IC); of Ta, Th, Tl, and U by inductively coupled plasma mass
spectroscopy (ICPMS); and the remainder by inductively coupled plasma emission spectroscopy
(ICPES). Rcﬁulzs of the chemical analyses are presented in Tables 2, 3, and 4.

Quality Assurance Checks

Sample splits of two bulk floodplain samples were submitted for analysis to provide an
independent quality assurance (QA) check of the reproducibility of the analyses. For the combined
02 duplicate analyses of 24 analytes from the two sets of paired samples and two sample digestion
procedures, 87 of the duplicate analyses (95%) were within the reported uncertainty, and three of
the remainder (3%) were within twice the reported uncertainty (analyses of Al, Be, and Ni for one
of the sample pairs). Only two sets of analyses (2%) were not consistent within twice the reported

uncertainty. As and Ta for the paired samples FS2229 and FS2232. Overall, these results
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therefore indicate that the laboratory analyses can be considered reproducible within the reported

uncenainties.

Comparison of Channel Samples and Floodplain Samples

Significant differences in analyte concentrations are present between the samples of coarse
channel sands and the bulk floodplain samples, as summarized in Tables 5 and 6 For nearly ait
analytes. concentrations are higher in the floodplain deposits than in the channel deposits, as
shown for As, Be, and U in Figure 4. This is consistent with the domunance of quarz and
sanidine phenocrysts derived from the Bandelier Tuff within the channel deposits., and with the
higher concentranons of fine-grained sediment in the floodplain deposits that could both have
greater muncralogical vanability (including higher abundances of clay minerals and fernic
oxyhydroxides) and larger amounts of adsorbed trace elements. These differences indicate that the
most precise evaluaton of the presence or absence of contamninants within sediment samples and
their possible concentrations should consider the geomorphic setting and associated particle size of
the sediment samples. Specifically, lower natural concentrations of U, Be, and other analytes
should be expected in the channel sands than in the floodplain deposits, and concentrations of these
clements within potentially contaminated channel sediments should be compared to their

concentrations in similar coarse-grained background samples and not the full data set.

Analyses of Black (Magnetite-Rich) Sands

Ome sample of relatively clean black (primarily magnetite, Fe104) sand from Indio Canyon
~+as analyzed to examure e natural elemental concentrations within these heavy mineral deposits.
Field measurements of one black sand deposit near a TA-39 firing site had indicated above
background radioactvity, and laboratory X-ray tlorescence (XRF) analyses of a sample from this
site contirmed high concentrations of U (217 ppm: Ed Essington, unpubbished data. 1994). It was
thus hypothesized that such black sands may concentrate some anthropogenic heavy metals such as
U as a "placer” deposit, and that selective sampling of black sands could provide an additional toof

to examine the ansport of high-density contaminants away trom firing sites.
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The sampled black sands from Indio Canyon (FS2225, Tables 2 and 3) have very high
concentrauons of many clemental species, :ncluding the highest concentratians of Fe. Mn, Sb, Th,
V. and Zn from the HNO3 digestion and Cr, Mn, Ni. Sb, Th, V. and Zn from the HF digeston
(the low reported value of Fe in the HF digestion 1s believed to be due to 1aboratory error).
Notably, although the concentration of U in the black sands was higher than in the typical channel
sands. it was within the range of analyses from the floodplain samples. This indicates that where
concentratuens of U in black sands exceed the range of background floodplain samples.
anthropogenic U may be present, and supports the hypothesis that depleted uranium particles from
firing sites can be concentrated downstream in black sands due to sorting of sediment particles by
theur respective densitues dunng uansport by surface water.

In addition to U, many other analytes are also present in higher concentrations in the black
sands than in other sediments in these canyons. As an example, Figure 5 shows the elemental
concentrations for the black sands and the bulk sediment samples collected within the acave
channel deposits in Indio Canyon. These differences in elemental concenmations indicate the
impontance of mineralogy in influencing race clemcrﬁ distributions in heterogeneous sediments.
The rato of the elemental concentration in the black sands to the concentration in nearby channel
deposits vanies greatly between elements, and these ratios (HNQO3 digestion) in decreasing order
are: VE7)>Zn(33)>Mn(23)>Be(17)>Cr(12)>Th(10)>Ni (9> U (5)>As(4)>Pdb
(3). The higher concentratons in the magnetite-rich sands occur as a result of ionic substitution of
the trace elements with one or more major elements within the mineral lattice during primary
crystallization (Bloss, 1971) and/or adsorption onto secondary alteration products such as ferric
oxyhydroxides (Rai and Zachara, 1984).

Comparison of Different Size Fractions Within Floodplain Samples

Two large samples of floodplain deposits. one each from Ancho and Indio Canyons. were
separated into three different size fractions to further examine the relation of particle size to
clemental vanability. A comparison of the elemental concentrations in these separates with the

coarse channel sands (Tables 7 and 8), reveal several notable points.
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Concentratuons of most analytes progressively increase from the coarse channel sands 0
the tine sand separate, although clement concentrations in the fine sands are generally
indistinguishable from the very fine sand silt. and clay fracuon. These vanauons support the
general increase in gace element concentrason with decreasing grain size as indicated by the
companson of the channel sands with the bulk floodplain deposits. The surmulanty of the two finer
size separates, however, suggests cither that they are mineralogically simular or that they have
similar adsorptive properties. Specifically, the percentage of clay minerals in these samples is
unknown, and it is possible that they have very low clay contents, being dominated by very fine
sands and silts that are geochemically similar 1o the fine sand fractions. For example, gran size
analysis of a texturally-similar floodplain deposit overlying the sampled prehistoric channel sands
in Ancho Canyon indicate the presence of only 8-9% clay-sized particles, compared with 26-34%
silt and 47-66% sand (Bw1 and Bw2 horizons of Longmire ¢t al., this report. Ancho Canyon site).
Alternatively, because chemical dispersants were not used to disaggregate clays, it is possible that
the coarse size fractions include aggregates of silt and clay or thin clay coatings on larger sediment
particles. The higher analyte concentrazons in the coarse and medium sand separates than in the
channel sands suggest that the latter are perhaps better sorted, containing a higher percentage of
quartz and sanidine crystals from the Bandelier Tuff, and also suggest that the coarse and medium
sand separates may provide an analog with less well sorted channel deposits (with a higher content

of fine sediment).

Mud Deposit

One sample of a one-day old mud deposit from a flood in Indio Canyon (FS2226, flood of
August 24, 1994) was collected as a possible fine-grained end member of natural sedimentary
deposits in thus environment. This deposit has the highest concentrations analyzed for several
elements, inclu‘ding Al, Ba, Be, Ca, Mg, Na. Pb, and U for the HNO3 digeston and Ta. T1. and
U for the HF digeston (Tables 2 and 3). Comparisons of concentragons of As, Be. and U in the
mud deposit with channel and floodplain deposits are shown in Figure 4. For several analytes, the

mud deposit exceeded element concentradons in the fine floodplain fractions taking into account the
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analytcal uncertainties. These analytes are Be, Cu, Pb, and U for both the HNO3 and HF
digesuon and also Na for the HNO3 digesuon. Some of the elements that are high in the parual
(HNQO3) digestions may reflect the prﬁscncc of dissolved components that had been depostited at
this site by evaporaton, followed by precipitation and/or adsorpuon of solutes onto silt- and clay-
sized sediments. Another possible complication with this deposit is that the proximity of State
Road 4 may be responsible for the anomalous presence of certain elements derived from
automobile exhaust, such as Pb. The high concentrations of other elements, such as U, may be
more likely due to their adsorption onto silt- and clay-sized parricles, although part of the U and
other elements may be anthropogenic. dispersed from the TA-39 firing sites (se¢ discussion in
Longmire et al., this report. concerning possible anthropogenic U in surface horizons of some

mesa-top soils).

Comparison of Modern Sediment Samples and Prehistoric Samples
Samples of prehistoric sediments exposed in a stream bank along the main fork of Ancho o,

Canyon were analyzed to test the hypothesis that prchistoric sediments could provide a reasonable

local background in areas where adequate local background samples could not otherwise be

obtained from active channels and floodplains because of the possibility of contamination by

Laboratory operations. Alternatively, these samples may be more comparable to sediments

penetrated at depth in a core hole than to surface samples because of post-depositional geochemical

changes associated with prolonged contact with shallow groundwater or moisture within the

vadose zone. Erosion of the sampled stream bank along the main drainage of Ancho Canyon

exposed a section of coarse channel sands and gravels overlying an older floodplain deposit,

shown schemaucally in Figure 3. Radiocarbon dating of charcoal contained within these sediments

provided ages of about 1200 yrs for the channel sands and about 3200 yrs for the underlying

floodplain deposit, demonstrating their prehistoric age.
Analyses from the prehistoric sediment deposits (FS2227 and FS2228) were compared to

both the modem bulk channel and floodplain deposits and to appropriate size fractions from the ) }

i

separated floodplain deposits to ensure that possible natural vaniability within the modemn deposits
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was being considered (Tables 9 and 10). The prehistonc channel sands were thus compar;d with
the medium and coarse sand fractions of the floodplain deposits, and the prehistonc floodplain
deposits were compared with the fine sand to ciay fracuons of the modem floodplain deposits.

This companson indicated that for most elements the modemn and prehistone samples could
not be distinguished, but that for some elements siguficant differences exist that suggest post-
depositional elemental mobility over the last 1000 to 3000 years. The old channel sand deposit in
particular differed from both the modern channe! deposits and also the medium and coarse sand
fraction of the floodplain deposits (Fig. 67 with higher concentrations of Co, Cr, Fe Mn. V, and
Zn in both the HNO3 and the HF digestions, Ba, Ca, Mg, and Ni in only the HF digestion, and Cl
and SO4 in the deionized water leachate. As compared to the finer fractions of the recent
floodplain deposits, the old floodplain deposits had higher concentrations of Na in the HNQO3
digested fraction and Cl and SO4 in the deionized water leachate.

The differences seen between the modemn and the prehistoric deposits suggest which
clements may be nawrally higher in subsurface samples collected from boreholes due to solute
ransport, mineral precipitaton, and adsorption processes. Notably, some elements that are
potenual contaminants of concern at TA-39, such as Be and U, are similar between the recent and
the old deposits, suggesting that natural concentrations of Be and U in the subsurface may be
sirnilar to those in young deposits. However, because of the small size of the data set (only one
sample each of prehistoric channel and floodplain deposits), these inferences should be considered
prelimunary at this time.

The comparison of modem and prehistoric deposits suggests that the use of prehistoric
sediment samples as a local sediment background in potentially contaminated canyons may be
defensible in some circumstances, although care should be used in such an approach. Specifically.
we expect that the older the deposit, the greater the chance for significant changes in chermsary due
to post-depositional migration of cerain elements, and information on the age and potenual
alteranon of sampled sediments would thus be useful. However, this may only be a significant

concern for a imited number of analytes, and the use of procedures that exclude outiers from the



background data set before summary statistics are calculated can minimize the effects of post-

depositonal elemental mobility on calculation of a sediment background.

Arsenic and Beryllium in Sediments

Arsenic and Be are of special concem at the Laboratory in evaluations of possible
contaminauon because their concentrations in soils routinely exceed action levels established by the
Environmental Protection Agency (EPA) (0.32 ppm for As and 0.14 ppm for Be, using HNO3
digesuon) (Longmire et al., 1995). As a result, the evaluation of As and Be in soils at the
Laboratory currently uses local background values to establish action levels, and background
values thus play a key role in the decision making process. The analyucal data obtained in thus
study sirmularly show that concentrations of As and Be in the sediment samples exceed the
previously established action levels, although their concentrations in sediments are generally less
than observed in local soils.

The concentrations of As and Be are generally strongly correlated with Fe concentration in
soils at the Laboratory (Longmire et al., 1995, this report), and these elemental relationships are
also present in the sediments collected within Ancho and Indio Canyons. Figures 7 and 8 are
bivanate plots of As versus Fe and Be versus Fe for these sediments, showing high regression
coefficients (r2) of 0.84 and 0.95, respectively. These plots are useful in defining the background
concentrations of As and Be as they relate to Fe concentration. Qutliers to these bivariate plots may
indicate contamination as opposed to natural vanatons in background concentrations of these

analytes.

Comparison With Background Soils

The background sediment samples from Ancho and Indio Canvons were compared with
background soils data from the Laboratory (Longmire et al., 1993) to evaluate if the sediment
chemistry was sirmular 10 certain parts of the soil daw set. In general, elerental concenmrations in
the sediments are most similar to soil samples that contained low concentrations of Fe. In the

soils, Fe concentration is generally correlated with the percentage of clay-sized partcles in each
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sample (Longmire et al., 1995), and the lower elemental concentrations present in the TA-39
sediments are consistent with thewr relatvely law Fe content. For example. bivanate plots of As
versus Fe and Be versus Fe for background soils and sediments collected at the Laboratory are
snown i Figurss 9 and 0. Arsenic, Be, and Fe concentrations in the sediments are most stmilar
to concentragons within A and C horizons or within weakly developed B honzons 1n soils,
although the A and C horizons show a greater range of As and Be concentrations. We thus infer
that either the dominant source for the sampled sediments is erosion of soils containing low
concengations of Fe, or that much of the fine-grained Fe-rich component of the sotls is winnowed
out of the sediments during transport in floods, being carried downstream towards the Rio Grande.
The differences between the sediment data set and the soils data set, including the greater range of
values in the A and C soil horizons. indicate that it is not appropriate to apply UTLs developed for

Laboratory soils to sediment samples.

Principal Components Analysis

Panerns within the background chemical data set can be examined using a principal
components analysis (PCA) (Everitt and Dunn, 1991). PCA helps to simplify the presentation and
evaluaton of a large multivariate data set by reducing its dimensionality. This simplification
enables us to further evaluate, both qualitatively and quanuntatively, the factors controlling the
vanability within the sediment data, and also the differences and similarices between the
background soil data of Longmire et al. (this report) and the background sediment samples of this
report.

The set of measured concentrations for a single sample constitutes one observation that is a
vector in a 21 -dimensional space, where each element listed in Table 2 corresponds 1o a dimension.
After elimunaung Cl and SO4 (which are mostly below detection level), the black sand and
prehistoric channel samples (which are distinctly different from the other samples). and also some
of the major elements (Ca, K, and Mg) in order ta minimize problems with singularidges in the
covanance matrix, there are still 16 dimensions, which are not casily visualized. However.

virtually all (98.5%) of the variability among the remaining 14 observations occurs in a two-
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dimensional subspace of this |6-dimensional space. A projection of the observauons onto this
subspace (Fig. 1) is very useful in determining what 1s controlling the vanability among the
samples.

In Figure 11, the x-axis (first principal component) carresponds to the direction in the 16-
dimensional space axong which the observaticns vary most (89% of the total vaniability). This first
component separates the finest and intermediate size fractions (with higher concentrations of most
elements) from the coarser fractions of the floodplain samplcs, and clearly isolates the channel sand
samples (with relatively low concentrations) on the left side of the figure. As the PCA calculadon
was done without rescaling the observations, this first principal compenent reflects primanly
variation in concentratons of the major elements, aluminum and iron.

It would also appear from Figure 11 that the bulk Ancho Canyon floodplain samples had
more fine and medium maternial than the bulk Indio Canyon samples. The Ancho Canyon bulk
samples plot on the right with the finer fractions, but the Indio Canyon samples are farther left
Overall, this first dimension of the PCA shows that size fractionation is the principal controlling
factor in determining differences among the samples included in this study.

The second dimension, plotted on the y-axis of Figure 11, separates the two principal
locations, Ancho and Indio Canyons. For this data set, the difference in chemistry between the
sample sites in these two canyons is apparently the second most important factor in controlling the
variability in chemical concentrations.

The projections of the two samples excluded from the calculation of the principal
components in Figure 11, the prehistoric channel sand sample and the black magnetite sand
sample, are way off scale on this plot, demonstrating how different they are from the remainder of
the samples.

When principal components analysis is performed using data for the background soil
samples of Longmire et al. (this report), the first two dimensions capture about 96.5% of the total
variability and serve principally to separate the B horizon data from the A and C horizon data
(Fig.12). The lower left-hand corner of this plot is occupied exclusively by samples identified as

coming from the A and C herizons, although some samples from these horizons are scattered
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farther up and to the nght. When the sediment samples are projected onto these pnncipal
components. the sands and coarse fractions wind up within this lower left-hand comer, and the
remairung samples (excepting. again. the prehistonc channel sands and the magneute sands) are
nearby. Overall, these plots further indicate that the sediment samples are most similar to soils
from the A and C horizon, although the sediment samples are also similar to some of the B honzon
samples, and the greater range for the A and C honzons limits their applicability as a subsurute for

sediment samples.

Summary Statistics For Background Sediment Samples

Summary statistics for the sediment data are presented in Tables 11 and 12. In view of the
fact that sample location is the second most important explanatory factor for the vananon in
observed concentratons, as shown by the principal components analysis, the sediment data
discussed in this report should be considered strictly preliminary. Two sample areas are probably
insufficient to represent the variability that will be encountered when more background sediment
locations from other parts of the Pajarito Plateau are added.

This caveat should be borne in mind when using the statistics shown in Tables 11 and 12,
which include medians. means, standard deviations, minima, maxima, and (.95..95) UTLs based
on the 16 sediment samples. The UTLs are calculated following procedures discussed in EPA
(1989), and indicate values that we are 95% confident exceed the 95th percentles of the true
distmbutions. The staust: 15 were calculated based cn values from all samples. excluding oudiers in
the data set that would inflate the esumate of the mean by more than 0%, or, in the case of K, an
anomalously low value. These outliers are presented in Table 13, and include values for the black
magnetite-nich sands, the recent mud deposit, and the prehistoric channel deposits. The UTLs in
Tables 11 and 12 are up to 50% larger than the maximum values observed, as a result of the small

sample size. and will require revision as more background sediment samples are obuained.

Implications for Sampling and Interpretation of Data
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The data set discussed in this report is limited by its small sample size, and thus may not be
representative of the full range of background sediment chemistry present at TA-39. In addition,
this data set is not intended to be representative of all sediments on the Pajanto Plateau as the
sampled canyons entrely drain areas underlain by the Bandelier Tuff. For example, additional
variation will undoubtedly occur in the canyons that head in the Sierra de los Valles and thus drain
areas underlain by Tschicoma Formaton dacite. However, the results of this study suggest several
imptications for the collection of samples and the interpretation of analyncal data that should allow
improved evaluations of potential contamination in sediments at the Laboratory.

First, because of the dependence of sediment geochemistry on grain size and mineralogy,
notes on the characteristics of each sample (such as the general grain size or the presence of black
sands) can be valuable in understanding variations in the analytical data, and should be routinely
made in the ficld by the sampling team. Second. the correlations that are present between Fe and
other metals can be used as an additonal test for possible deviations from background, such as for
high values that may lic beyond the background data set but still be consistent with the natural
elemental rends. Third, selective sampling of centain types of deposits (such as black magnenie-
rich sands where dense particles like depleted U may be concentrated) may be useful in examining
the transport of specific contaminants. Finally, sediments in the subsurface sampled in core holes
may have significantly higher concentrations of certain elements than surface sediment due to post-
depositional alteration associated with migrating water, and selection of appropriate background
samples for comparison needs to be made accordingly.
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-Figure Captions
Figure 1. Location map of TA-39.
Figure 2. Location map of background sediment sample sites in Ancho and Indio Canyons. Site

numbers referenced to samples in Table 1.



Figure 3. Schematic sketch showing geomorphic setting of background sediment samples.
Approximate ages of sediments are from radiocarbon analyses of charcoal couected from
Ancho Canyon sample site (site 4 of Fig. 2).

Figure 4. Comparison of the concentrations of As, Be, and U between floodplain deposits
(sample FS2220), active channe! deposits (sample FS2224). and mud deposits (sample
FS2226) in Indio Canyon. Concentrations obtained using HNOj digestion (Table 2).

Figure 5. Comparison of the concentrations of selected elements in black, magnetite-rich sands

(sample FS2225) and nearby active channe! sands dominated by quartz and sanidine crystals

(sample FS$2224) in Indio Canyon. Concentrations obtained using HNO;3 digestion (Table 2).

Figure 6. Comparison of the concentrations of selected elements in prehistoric sands (sample
FS2228) and active channel sands (samples FS2224 and 2233). Concentrations obtained
using HNOj digestion (Table 2).

Figure 7. Plot of As vs. Fe for background sediment samples in Ancho and Indio Canyons
(excluding samples FS2223, 2225, 2228, and 2232). Concentrations obtained using HNO3
digesuon (Table 2). Error bars indicate reported analytical unceraintes.

Figure 8. Plot of Be vs. Fe for background sediment samples in Ancho and Indio Canyons
(excluding samples FS§2223, 2225, 2228, and 2232). Concentrations obtained using HNO3
digestion (Table 2). Error bars indicate reported analytical uncertainties.

Figure 9. Plot of As vs. Fe for background sediment samples in Ancho and Indio Canyons
(excluding samples FS2223, 2225, 2228, and 2232), and the A, B, and C horizons of
background soils at the Laboratory (Longmire et al., 1995). Concentrations obtained using
HNO; digestion (Table 2).

Figure 10. Plot of Be vs. Fe for background sediment samples (from active channels and
floodplains) in Ancho and Indio Canyons (excluding samples FS2223, 2225, 2228, and
2232). and the A, B, and C horizons of background soils at the Laboratory (Longmire et al.,
1995). Concentrations obtained using HNOj digestion (Table 2).

Figure 11. Sediment samples from Ancho and Indio Canyons displayed in a coordinate system

defined by their first two principal components. Note the breaks in the x and y axes that



indicate the locations of the black sand sample and the prehistoric channel sample, which have
extreme values in this data set. Sgc text for discussion.

Figure 12. Background soil samples of Longmire et al. (this report) and sediment samples of this
repon displayed in a coordinate system defined by the first two pnincipal components of the
background soil data set. Note the break in the y axis, and the extreme location of the black

sand sample.
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Table 1
Location of Sample Sites and Description of Samples, TA-39

Sample Sample Type of Sample

jon * i iarticle Size Notes
FS2220 Indio Cyn, 6425' (1)  floodphain 0-18" - 2 mun (sand, silt, clay) bulk sample, gravel removed
FS2221  Indio Cyn, 6425' (1)  floodplain 0-18" < 0.075 mm (very fine sand, silt, clay)  sample spht, sieved
£S2222 Indio Cyn, 6425' (1)  floodplain 0-18"  9.25.0.075 mm (fine samd) sample split, sieved
FS$2223  Indio Cyn, 6425' (1) floodplain 0-18" <. 2. mm (sand, silt, clay) duphcate of FS 2220
FF§2224 Indio Cyn, 6425' (1)  channel sands 0-6" = 2 mm {mainly coarse sand) bulk sample, gravel removed
FS2225 Indio Cyn, 6400’ (2)  channel sands 0-1" - 2 mm (mainly fine sand) black (magnetite) sands
FS2226 Indio Cyn, 6387' (3)  mud in channel 0-1" < 2 mm (mainly fine sand, stlt, clay) mud deposits from recent flowd
1S2227  Ancho Cyn, 6228' (4) old floodplain 4.1-4.6' 2 nun (sand, sils, clay) bulk sample, gravel removed
FS2228 Ancho Cyn, 6228' (4) old channel sands  2.6-3.1" 2 nun (mainly coarse sand) bulk samiple, gravel removed
FS2229  Ancho Cyn, 6295' (5) floodplain 8-16" - 2 (sand, sili, clay) bulk sample, gravel removed
FS2230 Ancho Cyn, 6295'(5) floodplain 8-16" < 0.075 mm (very fine sand, silt, clay)  sample split, sieved
FS2231  Ancho Cyn, 6295 (5) floodplain 8-16" ‘!.75 0.075 mm (fine sand) sample split, sieved
182232 Ancho Cyn, 6295'(5)  floodplain §-16" <2 2 mun (sand, silt, clay) duplicate of -8 22249
FS2233  Ancho Cyn, 6295 (5) channel sands 0-6" < 2 mum (mainly coarse sand) bulk sample, gravel removed
FS2234  Indio Cyn, 6425' (1)  floodplain 0-18" 1.25-2 mm (coarse +medium sand) sample sphit, sieved
ES2235  Ancho Cyn, 6295 (5) _ floodplain 8-16"  0.25:2 pwp (coarse+medium sand) sample sphi, sicved

* Elevations refer to approximate stream channel elevations at sample site, as obtained from FIMAD topographic maps. Numbers in () refer to
site locations of Figure 2.




Table 2. TA-39 Background Sediment Chemistry Data, HNO 3 Digestion *

Sample Al Al As As Ba Ba Be Be Ca Ca

{pom) A#£)  (ppind (££-) {ppm) €78 (ppm) (4/-) (ppm) (t/-)
FS§2220 4600 460 1 0.5 53 5.3 0.53 0.0 1200 120
FS2221 7300 730 3 0.60 99 9.90 0.89 0.09 1900 190
FS2222 6900 690 2 0.50 77 7.70 0.82 0.08 1700 170
FS2223 4400 440 2 0.50 54 5.40 0.56 .06 1300 130
FS2224 740 74 <0.5 8 0.80 <().08 180) I8
FS$2225 1400 140 1 0.50 14 1.40) 0.70 0.08 990 99
FS2226 8400 840 3 0.60 100 10 1.10 0.1 2600 260
FS2227 7700 710 2 0.50 71 7.10 0.74 0.07 1500 150
FS2228 2300 230 0.90 0.50 32 3 0.17 0.08 770 77
FS2229 7800 780 2 0.50 90 9 0.85 0.09 2100 210
FS2230 6800 680 2 0.50 90 9 0.82 0.08 2500 250
FS2231 7600 760 3 0.60 95 9.50 0.87 0.09 2400 240
FS2232 6200 620 2 0.50 75 7.50 0.67 0.08 1800 180
FS2233 930 93 <0.5 8.30 0.83 <0.08 230 23
FS2234 3200 320 1 0.50 37 3.70 0.30 0.08 960 Y6
ES2235 4100 410 l 0.50 49 4.90 039 008 1100 110
Sample Co Co Cr Cr Cu Cu Fe Fe K K Mp My
_—  (ppm)  (+f)  (ppmi)  (#/)  (ppm) (G/)  (ppmy) (4} (ppm)  y¥/-)  (ppm)__ (+/)
FS2220 2.2 0.5 3s 0.5 3.5 0.5 6800 680 970 97 920 92
FS2221 3.50 0.50 5.80 (.60 1.30 0.70 9400 940 1500 150 1500 150
FS2222 3 0.50 4.70 0.50 5.60 0.60 9600 960 1400 140 1300 t30
FS2223 2.30 0.50 3.30 0.50 3.50 0.50 6500 650 990 99 870 ¥7
FS2224 0.60 0.50 1 0.50 0.80 0.50 1400 140 180 74 170 17
FS2225 6 0.60 12 1.20 4.40 0.50 57000 5700 220 22 $30 53
FS2226 3.50 0.50 5.60 0.60 12 1.20 9600 960 1300 180 1704} 170
FS2227 2.70 0.50 5.20 0.50 4.30 0.50 8400 840 1600 160 1400 140
FS2228 3.10 0.50 5.40 0.50 1.80 0.50 13000 1300 540 54 570 57
FS$2229 3.50 0.50 5.70 0.60 5.70 0.60 9100 910 1900 190 1500 150
FS2230 3 0.50 5.90 0.60 7.50 0.80 8400 840 1900 190 1500 150
FS2231 3.80 0.50 5.90 0.60 7.30 0.70 9200 920 2200 220 1600 160
FS2232 3.20 0.50 4.70 0.50 4.80 0.50 8000 800 1600 160 1300 130
FS2233 0.70 0.50 0.80 050 0.90 0.50 1400 140 200 20 200 20
FS2234 1.50 0.50 2.20 0.50 2.70 0.50 4800 480 650 65 590 50
ES2235 2 050 2.50 (.50 3 (.50 5000 500 1100 110 820 8.2




Tuble 2. TA-39 Background Sediment Chemistry Data, HNO3 Digestion (continued)

Samplc Mn Mn Na Na Ni Ni Pb b Sb Sh

(ppm) (+{-) (ppm (1/-) (ppm). (+/-) (ppm) (/) (opi} {1l-)
FS$2220 240 24 120 14 4 2 5 4 <5
FS2221 330 i3 120 14 7 2 10 4 <5
FS2222 350 35 120 i4 5 2 10 4 <5
FS2223 240 24 935 14 4 2 8 4 <5
FS$S2224 53 5.30 46 14 <2 4 4 <5
FS2225 1200 120 68 14 9 2 i1 4 <5
FS2226 380 38 190 19 6 2 16 4 5 5
¥S$2227 220 22 150 15 4 2 7 4 <5
FS2228 240 24 66 14 4 2 5 4 <S
FS2229 330 33 100 14 6 2 10 4 <5
FS2230 230 23 76 14 S 2 7 4 <5
F82231 300 30 110 14 7 2 9 4 <5
FS2232 280 28 91 14 6 2 8 4 <5
FS2233 46 4.60 34 14 <2 <4 <5
FS§2234 180 I8 75 14 4 2 5 4 <5
£S2235 190 19 80 14 4 2 6 4 <3
Sample Ta Ta Th Th Tl Tl u t A v in Zn

(ppm)  (4/-y  (ppm)  (+f-)  (ppm)  (#/)  (ppm) (#/-) {ppm) (o) (ppwd  (+/)
FS2220 <().3 5.2 04 0.5 0.3 0.7 0.3 7.2 0.7 3l 3
FS2221 <0.3 7.70 0.50 <().3 0.90 0.30 12 1.20 3N 30
FS2222 <(.3 7.10 0.50 <0.3 1 030 10 ! 44 440
FS2223 <0.3 5.80 0.40 <0.3 0.90 0.30 7 0.70 3t }
F82224 <(.3 1.40 0.30 <(.3 <(.3 1.40 () 50 Y 1
FS2225 <0.3 14 | <0.3 0.80 0 30 66 6.60 Jou 30
FS$2226 <0.3 6.60 0.50 <0.3 1.60 0.30 1 1.10 48 4 X0
FS2227 <0.3 5.80 0.40 <0.3 0.60 0.30 9 090 13 3
FS2228 <().3 2.20 0.30 <0.3 <0.3 20 2 47 s
FS2229 <(0.3 8 0.60 <(.3 0.70 0.30 ] t 1o R 4
FS2230 <03 6.90 0.80 <03 0.60 0.30 i3 1.30 RN 3
FS2231) <03 7.10 (.80 <0.3 0.60 0.30 12 1.20 17 170
FS2232 <03 6 0.70 <0.3 0.60 0.30 9 0.90 34 140
£S2233 <03 0.90 0.30 <0.3 <0.3 | 0.50 9 1
FS2234 <0.3 3.60 0.40 <0.3 0.50 030 N 0.50 24 2
ES2235 <03 4,30 0.50 130 0.30 0.40 0,30 S Q.50 24 2
* +/- is uncertainty repornted by CST-3.
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Table 3. TA-39 Background Scdimwent Chemistry Data, HF Digestion *

Sample Al Al As As Ba Ba Be Be Ca Ca Co Cuo
(ppn) ($/:) {(ppm) (+/-) (ru) (/) (ppm)___ (+/) {ppinl) (¢f ) _vppmad (40}
FS2220 61000 6100 8.20 1.60 222 22 3.20 032 3800 IR0 RAR1 0 su
FS2221 57000 5700 5.30 | 370 37 3.80 0.38 4900 490 4 0 S0
FS2222 62000 6200 5.30 1 270 27 4.40 0.44 4300 430 {80 0 50
FS2223 61000 6100 6.30 1.30 240 24 3.50 0.35 4000 400 ' 60 .50
FS$2224 51000 5100 6.20 1.20 130 13 .10 0.1 2000 200 970 .50
FS2225 11000 1100 4.80 1 32 3.20 .60 016 3400 340 < 0.5
FS2226 63000 6300 8.60 1.70 300 30 5.30 0.50 4900 490 b 40 0 S0
FS2227 69000 6900 10.40 2.10 340 34 4 0.40 6100 610 1 90 0.50
FS2228 63000 6300 7.50 1.50 290 29 1.50 0.15 8100 810 7 0.70
FS§2229 60000 6000 8 1.60 330 33 160 0.36 4900 490 .50 0 50
FS2230 56000 5600 9.10 1.80 410 41 3.20 0.32 5800 580 1.80 0.50
FS2231 59000 5900 5.90 1.20 380 38 3.60) 0.36 5500 550 L 90 0 50
FS2232 61000 6100 3.60 0.70 310 31 3.40 0 34 4700 470 330 0 S0
FS2233 48000 4800 2.10 0.40 120 12 0.91 0.09 1800 130 | (s
FS2234 61000 6100 3 0.60 180 18 2.40 0.24 3400 340) IS0 0 S0
ES2235  S9000 5900 2.50 0.50 210 21 290 029 3500 3150 2 0.0
Sample Cr Cr Cu Cu Fe Fe K K Mg My Mn Mn
_{ppn)) +/-) (bpnil (+/-) {ppm) (¢35 (ppm) _ (+/) __ (ppm) {+/-} {ppm) (+/-)
FS2220 8.30 0.80 5.10 0.50 13000 1300 27000 2700 1700 170 420 42
FS2221 18 1.80 12 1.20 17000 1700 23000 2300 2700 270 490 49
FS2222 12 1.20 9.60) | 17000 1700 27000 2700 2500 250 S80 S8
FS2223 9.90 1 6 0.60 14000 1400 29000 2900 1900 190 130 43
FS2224 1.10 0.50 1 0.50 4900 490 26000 2600 470 47 180 18
FS2225 83 8.30 <05 110 ] 3600 360 3000 300 13000 1300
FS2226 14 1.40 5 1.50 16000 1600 26000 2600 2600 260 540 54
FS2227 15 1.50 7.60 0.80 17000 1700 27000 2700 3300 330 450 43
FS2228 23 2.30 2.60 0.50 52000 5200 25000 2500 3500 250 1300 130
FS2229 15 1.50 8.70 0.90 16000 1600 26000 2600 2700 270 160 S 1)
FS2230 23 2.30 13 1.30 19000 1900 22000 2200 3100 310 420 42
FS2231 17 1.70 13 1.30 18000 1800 24000 2400 3100 310 480 43
FS2232 14 1.40 8.10 0.80 15000 1500 24000 2400 2500 250 430 43
FS2233 2.50 0.50 1.20 0.50 4100 410 24000 2400 530 $3 130 13

FS2234 4.40 0.50 3.40 0.50 8500 850 25000 2500 1000 100 290 2
ES2235 130 (L8O 4.80 Q.51 11000 1100 26000 2060 16400 160 AR\ 33




Table 3. TA-39 Background Sediment Chemistry Data, HF Digestion (continued)

Sample Na Na Ni Ni Pb Pb Sb Sb Ta Ta Th Th
(ppm) . (4f) (¢ - . X ) (34 (ppm)  (%f:)
FS§2220 19000 1900 S 2 11 4 <5 6 0.40 13 0.30
FS2221 15000 1500 L 2 20 4 <5 4.70 0.30 17 0.30
FS2222 18000 1800 6 2 16 4 <S5 5.30 0.30 18 0.40
F§2223 20000 2000 7 2 13 4 <5 4.20 0.30 13 0.30
FS2224 20000 2000 <2 <4 <5 1.20 0.20 3.90 0.20
FS2225 2700 270 47 5 50 5 14 5 15 0.90 130 4
FS$2226 13000 1800 7 2 27 4 <5 5.70 0.30 13 0.40
. F8§2227 18000 1800 8 2 14 4 <5 4.40 0.40 15 0.60
FS2228 20000 2000 14 2 <4 <S 2.60 0.30 9.40 0.40
FS2229 16000 1600 8 2 12 4 <5 4.30 0.40 15 0.60
FS2230 14000 1400 10 2 13 4 <5 4 0.40 16 0.60
FS2231 14000 1400 8 2 13 4 <5 4.40 040 15 0.60
FS2232 16000 1600 14 2 13 4 <5 4.60 0.50 15 0.60
FS2233 18000 1800 <2 4 4 <5 0.90 0.20 3.30 0.20
FS2234 21000 2100 pi 2 8 4 <5 3 0.30 8.80 0.40
FS2235_ 19000 1900 S 2 10 4 <5 320 030 10 Q.40
Sample Tl Tl U u v Vv Zn Zn
(ppm) (+/-) (Ppim) (+{-) (ppm) () (ppm) . (+/)
FS2220 0.50 0.20 3.90 0.20 16 1.60 64 6.40
FS2221 0.70 0.20 5.70 0.30 33 3.30 70 7
FS2222 0.70 0.20 5.60 0.30 25 2.50 88 8.80
FS2223 0.50 0.20 4 0.20 19 1.90 66 6.60
FS2224 0.20 0.20 1.10 0.20 2.70 0.50 25 2.50
FS2225 0.30 0.20 4 0.20 450 45 2500 250
FS2226 0.90 0.30 7.20 0.40 25 2.50 89 8.90
FS2227 0.80 0.20 4.70 0.40 27 2.70 72 7.20
FS2228 0.40 0.20 1.50 0.20 84 8.40 210 21
FS2229 0.80 0.20 4.30 0.30 27 2.70 69 7
FS2230 0.80 0.20 4.90 0.40 4] 4.10 68 6.80
FS2231 0.80 0.20 4.30 0.30 33 3.30 73 7.30
FS$2232 0.80 0.20 4.30 0.30 26 2.60 65 6.50
FS2233 0.30 0.20 0.70 0.20 4 0.50 34 3.40
FS2234 0.50 0.20 2.50 0.20 9 0.90 43 4.30
FS2235 0,60 0.20 3 0.20 14 L40 2 5.20
* +/- is uncertainty reporicd by CST-3.
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Table ¢
TA-39 Background Sediment Chernistry Data,
Deionized Water Leachate *

Qa . Q S04 SO4
Sampis {ppm) {+]-) (ppm} {+/-}
FS2220 <25 <5
FS2221 <2.5 10 5
FS2222 <2.5 59 b
FS2223 <25 <5
FS2224 <25 <$
FS2225 <25 <5
FS2226 <2.5 <S
FS2227 8.4 2.5 35 5
FS2228 10.3 2.5 26.5 5
FS2229 <25 <5
FS2230 <2.5 <5
FS2231 <15 <5
FS2232 <2.5 <5
FS2233 <2.5 <5
FS2234 <25 <5
FS223% <235 <5

* +/- is uncentainty reported by CST-3.




Table §
Summary of Background Sedcmem Analyses, TA-39, HNO3 and Deionized Water
Digestion

Coarse Bulk Minimum Maximum

Channei Flooapian Value Value

Sands, Ceposit. 12 Data in Data

Average Average Set Set
Element {ppm * (ppm) ** {ppm) **+ (ppm) “**
Al 835+ 134 3750 = 1768 740 a 8400 ¢
As <05 1.8+04 <0S5a Jc.e f
Ba 8§2+0.2 68 £ 21 8a {00 ¢
Be < 0.08 065+£0.15 <0.08a l.1c
Ca 205 £ 35 1600 £ 495 180 a 2600 ¢
Cl <25 <25 <25 103
Co 0.65 £ 0.07 28+08 0.6a 38f
Cr 09 +0.14 43: 1.3 08a 59e.f
Cu 0.85 £0.07 44+ 1.2 08a 73e
Fe 1400 £ 140 7650 £ 1273 1400 a 57000 d
K 190 £ 14 1365 + 544 180 a 2200 f
Mg 185 £ 21 1148 £ 357 170a 1700 ¢
Mn S50t5 273+ 46 46a 1200d
Na 408 102+ 8 34a 190 ¢
Ni <2 514 <2a 9d
Pb <4 7.8+18 <4a 16¢
Sb <3 <35 <S5 5d
SO4 <5 <S5 <5 26351
Ta <0.3 <03 <03 <03
Th 1.2+£04 63=1.1 09a 14 d
T1 <03 <03 <03 15 g
U <03 0.7+0.1 <03a l.6c¢c
\% 12203 8.6+2.1 la 66d
Zn 9+ 1 34+4 93 300d

* Samples FS2224 and FS$2233. Uncenainty is lo.

** Samples FS2220, FS2223 (duplicate), FS$2229, and F§2232 (duplicate). Uncentainty is lo.
“** 3 = coarse channel sands; b = bulk floodplain deposit; c= mud deposit; d = black sands. ¢ =
very fine sand to clay separase of floodplain sample; f = fine sand separate of floodplain deposit: g
= coarse to medium sand separate of floodplain deposit; h = 3000 year old floodplain deposit i =

1200 year old coarse channel sand.
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Table 6
Summary of Background Sediment Analyses, TA-39, HF Digestion

Coarse Bulk Minimum Maximum
Channel Floodplain Value Value
Sands, Deposit, in Data in Daa
Average Average Set Set
Element {ppm) * {ppm) ** {ppm) *** {ppm) ***
Al 49500 £ 2121 60750 £ 354 11000 d 69000 h
As 42+29 6.8+0.6 2.1a 104 h
Ba 125+ 7 276 = 63 324d 10e¢
Be 1.0£0.1 34 0.1 091 a 5.3¢
Ca 1900 £ 141 4350 £ 636 1800 a 8100 i
Co 0.9 0.2 30207 <05d 71
Cr 1.8 1.0 11.8+38 l.la 83d
Cu L1 £0.1 7020 <05d 3e.f
Fe 4500 £ 566 14500 £ 1414 4100 a hahe
K 25000 £ 1414 26550 £ 2121 3600 a 29000 b
Mg 500 £ 42 2200 £ 566 470a 3300 h
Mn 155+ 35 435t 14 1302 13000 d
Na 19000 £ 1414 17750 £ 2475 2700 d 21000 g
Ni <2 85135 <2a 47d
Pb <4 12+04 <4a,i 27¢
Sb <5 <5 <5 14d
Ta 1.1+£0.2 48105 09a 6b
Th 3.6£04 14+14 33a 130d
T 03x0.1 0702 02a 09¢
U 09+0.3 4.1%0.3 0.7 a 72¢
A\ 34£09 22+6 27a 450 d
30t6 6641 253 25004d

n

* Samples F$2224 and FS2233. Uncertainty is lo.
** Samples FS§2220, F§2223 (duplicate), FS2229, and FS2232 (duplicate). Uncertainty is lo.
*4& a = coarse channel sands; b = bulk floodplain deposit; c= mud deposit: d = black sands; ¢ =
very fine sand to clay separate of floodplain sample; f = fine sand separate of floodplain deposit; g
= coarse to medium sand separate of floodplain deposit; h = 3000 year old floodplain deposit; 1 =
1200 year old coarse channel sand.

*&«* Highest Fe value should be in magnette-rich black sand, but reported value believed to be in
error because it is less than the Fe in the other samples and less than the Fe in the black sand
sample from the HNQ3 digestion.



Table 7
Summary of Different Size Fractions, TA-39, HNO3 and Deionized Water
Digestion

Coarse Coarse and Very Fine

Channel Medium Fine Sand,

Sands, Sand, Sand, Sile, Clay,

Average Average Average Average
Element {ppm) * (ppm) ** (ppm) “«* (ppm) s¥*#
Al 835+134 3650 £ 636 7250 + 495 7050 £ 354
As <05 1£0.5 25107 25107
Ba 82+0.2 43+8 8613 956
Be < 0.08 0.35+ 0.06 0.85+0.04 0.86 £ 0.05
Ca 205 £ 35 1030+ 99 2050 £ 495 2200 + 424
& <25 <25 <25 <25
Co 0.65 £0.07 18+04 3406 33+04
Cr 09%0.14 2402 53%09 59 £0.1
Cu 0.85 £ 0.07 29+0.2 65+12 7401
Fe 1400 + 140 4900 £ 141 9400 £ 283 8900 + 707
K 190+ 14 875+ 318 1800 t 566 1700 + 283
Mg 185 £ 21 705+ 163 1450 £ 212 1500 £ 150
Mn 505 1857 32535 280+ 71
Na 408 78+ 4 1157 98 + 31
Ni <2 4+2 6.0t 14 6014
Pb <4 5507 9507 85+£21
Sb <5 <5 <5 <S5
504 <S$ <5 <355 <15
Ta <03 <03 <03 <03
Th 1.2+04 40x0.5 711205 713106
T <0.3 <0.9 <03 <03
U <0.3 0.45 £ 0.07 0.80 £ 0.28 0.75 £ 0.21
\' 1.2%03 5$+05 111 131
Zn 9+1 442 41 5 35+4

* Samples FS2224 and FS52233: bulk channel samples, dominated by coarse sand. Uncenainges

are lo.

** Samples FS2234 and FS$2235: 0.25-2.0 mm fraction. Uncertainties are 1o.
#»% Samples FS2222 and FS2231: 0.75-0.25 mm fraction. Uncertaintges are 1o.
*¥% Samples FS2221 and FS§2230: <0.75 mm fraction. Uncertainties are 1o.



Table 8
Summary of Different Size Fractions, TA-39, HF Digestion

Coarse Coarse and Very Fine
Channel Medium Fine Sand,
Sands, Sand. Sand, Silt, Clay,
Average Average Average Average
Element (ppm) * (ppm) ** (ppm) ¥** (ppm) “***
Al 49500 £ 2121 60000 £ 1414 60500 £ 2121 56500 £ 707
As 4229 28+04 5604 72+27
Ba 1257 195 £ 21 325+78 390 £ 28
Be 1.02 0.1 271204 40+ 0.6 3504
Ca 1900 £ 141 3450 £ 71 4900 + 849 5350 £ 636
Co 0.9 0.2 18204 39101 39£0.1
Cr 1810 60%22 154 21 +4
Cu 1.1 £0.1 41210 I1£2 131
Fe 4500 + 566 9750 £ 1768 17500 £ 707 18000 £ 1414
K 25000 £ 1414 25500 £ 707 25500 £ 2121 22500 £ 707
Mg 500 + 42 1300 £ 424 2800 £ 424 2900 = 283
Mn 15535 295+ 50 530x71 45550
Na 19000 £ 1414 20000 £ 1414 16000 = 2828 14500 £ 707
Ni <2 35+21 7014 111
Pb <4 90+ 14 15¢2 175
St <5 <5 <5 <5
Ta 1.1z0.2 =00 4205 43+05
Th 3604 94+03 172 1721
Tl 0.3x0.1 0.6 0.1 0.8+0.1 08%0.1
U 09+£03 28+04 5009 53206
v 3409 12+ 4 296 37+6
2 30+6 48+ 6 8111 69+ 1

* Samples FS2224 and FS2233: bulk channel samples. dominated by coarse sand. Uncertainties

are 1o.

** Samples FS$2234 and FS:

“nZ

2.0 mm fracton. Uncertainties are lo.

*** Samples FS$2222 and FS2231 0 75-0.25 mm fraction. Uncerainaes are lo.

*** Samples FS2221 and FS2230: <0.75 mm fracdon. Uncertainties are 1¢



Table 9
Comparison of Modern and Old Deposits, TA-39, HNO3 and Deionized Water
Digestion

Coarse Bulk

Channel Old Floodplain Old

Sands, Channel Deposit, Floodplain

Average Sands Average Deposits
Element {ppm) * (ppm) ** (ppm) *** (ppm) ****
Al 835+ 134 2300 a 5750 £ 1768 7700
As <0.5 0.9 18204 2
Ba 82+0.2 32a 68 £ 21 7

< 0.08 0.17a 0.65 £0.15 0.74
Ca 20535 770 a 1600 + 495 1500
a <25 103 6. ¢ <25 84b
Co 0.65 £ 0.07 31b 28+08 2.7
Cr 09 £0.14 54b 43+13 5.2
Cu 0.85+0.07 1.8a 44+ 1.2 4.3
Fe 1400 t 140 13000 b 7650 + 1273 8400
K 90+ 14 540 a 1365 £ 544 1600
Mg 85:2 570 a 1148 £ 357 1400
Mn S0£5 240 b 273+ 46 220
Na 4018 66 102+8 150b
Ni <2 4 Stli4 4
Pb <4 7 78+138 7
Sb <S$ <5 <5 <S5
S04 <5 26 5b <5 35b.¢
Ta <03 <03 <03 <03
Th 12204 22a 6.3t 1.1 5.8
T <03 <03 <0.3 <03
U <03 <03 0.7£0.1 0.6
v 12+03 20b 86+ 2.1 9
Zo 9+ 1 471b J4t4 33
* Samples FS2224 and FS$2233. Uncerainties are 10.

** Sample F§S2228; a = beyond range of modern channel sands, but within range of medium to

coarse sand separate of banks; b = beyond range of medium to coarse sand separate of floodplain
deposits; ¢ = maximum value from this data set.
*** Samples FS$2220, FS2223 (duplicate), FS2229, and FS2232 (duplicate). Uncertainties are

lo.

#«xx Sample FS2227; a = beyond range of modern bulk floodplain deposits. but within range of
fine sand to clay separates of floodplain deposits; b = beyond range of fine sand to clay separates
of floodplain deposits; ¢ = maximum value from this data set.



Table 10

Comparison of Modern and Old Deposits, TA-39, HF Digestion

Coarse Bulk

Channel Old Floodplain Oid

Sands, Channel Deposit, Floodplain

Average Sands Average Deposits
Element (ppm) * {ppm) ** (ppm) *** (ppm) ****
Al 49500 £ 2121 63000 a 60750 £+ 354 65000 ¢
As 42%29 7.5 6806 104 a
Ba 1257 290 b 276 £63 340
Be 1.0£0.1 1.5a 34x0.1 4
Ca 1900 £ 141 8100 b. c 4350 £ 636 6100 a
Co 0.9+ 0.2 7b.¢c 30207 3.9
Cr 1810 23b 1.8+ 38 15
Cu 1.1 £0.1 26a 7020 7.6
Fe 4500 £ 566 52000 b, ¢? 14500 £ 1414 17000
K 25000 + 1414 25000 26550 £ 2121 27000
Mg 500 £ 42 2500 b 2200 + 566 3300
Mn 155+ 35 1300 b 435+ 14 450
Na 19000 £ 1414 20000 17750 £ 2475 18000
Ni <2 14b §5%+35 8
Pb <4 <4 12£04 14
b <5 <5 <5 <5
Ta 1.1 202 2.6a 48+0535 4.4
Th 3604 94a 14+14 15
T 03x£0.1 0.4 0702 0.8
U 09+03 1.5 4103 4.7
Vv 341£09 84b 226 27
pA 306 2100 g6t 1 12

* Samples FS2224 and FS$2233. Uncenainties are 1o.

** Sample FS2228; a = beyond range of modern channel sands, but within range of medium to

coarse sand separate of floodplain deposits; b = beyond range of medium to coarse sand separate

of floodplain its; ¢ = maximum value from this data set

;’" Samples FS2220, FS2223 (duplicate), F$2229, and FS2232 (duplicate). Uncerainties are
.

w*+*+ Sample F$2227; a = beyond range of modern bulk floodplain deposits. but within range of

fine sand to clay separates of floodplain deposits; b = beyond range of fine sand to clay separates

of floodplain deposits; ¢ = maximum value from this data set.



Table 11
Summary Statistics For Background Sediment Samples *
Number Minimum Median Mean Standard  Maximum
of Value Value Value Deviation Value
Analyie Outliers  (pom) (epm} (opm) (ppm) {ppm) ut(9s5«*
Al 0 740 5400 5020 2670 8400 11700
As 0 <0.5 2 1.65 0.9 3.0 394
Ba 0 8 62.5 59.5 324 100 141
Be 0 <0.08 0.68 0.59 0.32 1.1 1.40
Ca 0 180 1400 {450 747 2600 3340
Co 1 0.6 3 2.57 1.01 3.8 5.16
Cr 1 0.8 495 4.15 1.80 59 8.77
Cu I 0.8 4.35 421 2.20 7.5 9.85
Fe 2 1400 8400 6970 2850 9600 14400
K 0 180 1250 1170 664 2200 2850
K TotAL 1 22000 25500 25400 1800 29000 30000
Mg 0 170 1110 1030 509 1700 2310
Mn 1 46 2 241 97.2 380 490
Na 0 34 93 96.3 390 190 195
Ni 0 <2 4.5 4.81 2.07 9 10.0
Pb 1 <4 7.5 7.13 2.61 11 13.8
Th 1 0.9 5.9 5.24 2.28 8 11.1
Th TOTAL 1 3.3 15 12.7 4.68 18 247
U I <0.3 0.6 0.58 0.27 1.0 1.29
U ToTAL 1 0.7 4.15 36l 1.55 5.7 7.62 -
Vv 1 1.0 9.5 8.91 4.82 20 213
Zn 1 9 33 nn 112 48 62.1

* Statistics presented for results of HNO3 digestion pr- . :dures, except for K T0TAL, Th TOTAL,
and U TOTAL, which were obtained from HF digestion procedures and are used for calculation of
UTLs for specific radioactive isotopes (Table 12). Stanstics were calculated after outliers
presented in Table 13 were deleted, and analyses below the detection limit (DL) were considered as
1/2 DL. No values are presented for Cl, Sb, SO4, Ta, and Tl because of the small number of
analyses above DL (0-4).

** utl95 is a (.95..95) UTL, computed using estimated mean and standard deviation and normal
assumptions (i.c., selecting a "k-factor” appropriate for a sample of size 16 (0 oudiers, k=2.523),
15 (1 outlier, k=2.566) or 14 (2 outliers, k=2.614). Then utl95 = mean + k*standard deviation).



Table 12
Estimated Summary Statistics For Selected Radioactive Isotopes in Background
Sediment Samples *

Number Minimum Median Mean Standard Maxamum
of Value Value Value Deviation Value

( Outi oCi/ oCi/ oCi/ oCi/ Ci (95**
K-40 1 18.0 21.3 20.8 1.48 23.7 24.6
Pa-231 1 0.01 0.06 0.06 0.02 0.09 0.12
Ra-226 1 0.25 1.42 1.29 0.55 2.02 2.71
Ra-228 1 0.36 1.64 1.39 0.51 1.97 2.70
Th-228 1 0.36 1.64 1.39 0.51 1.97 2.70
Th-230 l 0.25 1.42 1.29 0.55 2.02 2.71
Th-232 1 0.36 1.64 1.39 0.51 1.97 2.70
U-234 1 0.25 1.42 1.29 0.55 2.02 2.71
U-235 1 0.01 0.06 0.06 0.02 0.09 0.12
U-238 1 0.23 1.34 1.21 0.52 1.90 2.55
Notes:

* Statistics estimated using whole-sample values presented in Table 11 and correction factors
presented in Table 14 (for K-40, Th-232, U-234, U-235, and U-238), or assumption of secular
equilibrium with next higher parent isox:fp;ccrin decay chain (for Pa-231, Ra-226, Ra-228, Th-228,
and Th-230). Statistics were calculated outliers presented in Table 13 were deleted.

** utl95 is a (.95,.95) UTL. See footnote to Tabie 11.



Table 13
Outliers in Background Sediment Data Set *

Sample Sample Concentration
Nm)hn__n:mﬁpn _Analyte ~{ppm)
FS2225 black magnetite-rich sands go 162
r
Fe 57000
K ToTAL 3600
Mn 1200
Th 14
Th TOTAL 130
\ 66
Zn 300
F$2226 recent mud deposit Cu 12
Pb 16
u 1.6
U TOTAL 7.2
F§82228 prehistoric channel sands Fe 13000
v 20
Notes:
* Oudiers only calculated for HNO3 digestion, except for values labeled
"TOTAL", which were obtained using HF digestion. Outliers identified as
values that would inflate the estimate of the mean by more than 10%, except

tor the K TOTAL value for sample FS2225, which was anomalously low in
comparison to the other samples.




Table 14
Correction Factors Used to Estimate Concentrations of Selected
Radioactive Isotopes *

Specific Natural Correction

Activity Abundance Factor
Lsotope (pCilg) (%) (pCi/g per pomi
K-40 6.99 x 109 0.0117 8.1736 x 104
Th-232 1.09 x 105 100 1.092 x 10°!
U-234 6.23 x 109 0.0057 3.55x 10-!
U-235 2.16 x 106 0.710 1.53 x 10-2
U-238 3.36 x 105 99.28 3.34 x 10}

Notes:

* Whole-sample values of K, Th, and U presented in Table 11 were multiplied by

these correction factors to provide estimates of activity in background sediment
les. Values from Installation Work Plan for Los Alamos National Laboratory

Environmental Restoration Project.





