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BACKGROUND CONCENTRATIONS OF RADIONUCLIDES IN SOILS AND
RIVER SEDIMENTS IN NORTHERN NEW MEXICO, 1974-1986

by

W. D. Purtymun, R. J. Peters, T. E. Buhl,
M. N. Maes, and F. H. Brown

ABSTRACT

This report documents the range and the upper limit for background
concentrations of radionuclides and radioactivity in soils and river sediments that
occur as natural rock-forming minerals and worldwide fallout from atmospheric

nuclear weapons tests.

Documentation is based on the collection of soil and

sediment in northern New Mexico and analyzed for 137cs, 238py, 23920py, Pg,
total uranium, gross gamma, and tritium. The data used to establish the statistical
range and upper limit of background concentration cover a 9- or 13-year period
ending in 1986. The knowledge of background levels is necessary to interpret soil
and sediment data collected for the annual environmental surveillance report and
other reports relating to radionuclides or radioactivity in soils and sediments.

I. INTRODUCTION

Soil and river sediments are coliected in and
adjacent to the Los Alamos National Laboratory and
analyzed for radionuclides and radioactivity as part of
an ongoing environmental surveillance program. Soil
and sediment samples may contain radioactivity from
natural rock-forming minerals, worldwide fallout from
nuclear testing or satellite burnup in the atmosphere,
and in some cases, from the release of Laboratory
effluents.  The laboratory's surveillance program
evaluates the effects of Laboratory operations on the
local and regional environment. The statistical range
and the upper limit background concentration of
radionuclides and radioactivity (fallout and natural)
provide a baseline for comparison to interpret soif
and sediment data.

Data for this compilation are for the regional and
perimeter soil and sediment stations as reported in
the surveilance reports for 1978 through 1986
(Environmental Surveillance Group 1979 through
1987). This study also incorporates data from a pre-
vious report by Purtymun et al. (1980) for the period
1974-1977. The regional soil and sediment stations
are located in various directions from Los Alamos to
provide natural and worldwide fallout background in-
formation.

Nuclear weapons testing in the atmosphere dis-
tributed '37Cs, 239.240p(; 90gr and tritium worldwide
as fallout. A small amount of tritium is produced by
cosmic ray interaction with the atmosphere and is
also distributed worldwide. 1t is estimated that 60%



of 238py is from nuclear weapons testing in the atmo-
sphere. The remaining 40% is from burnup on reen-
try of satellites containing a 238py, power saurce
(Perkins and Thomas 1980). Some uranium in soil
and sediments can be attributed to nuclear weapons
testing or burnup of satellite power sources on reen-
try; however, most uranium in the environment is
from common uranium minerals found in the earth's
crust. Gross gamma radioactivity in samples from
regional and perimeter stations may be related to
both weapons fallout and naturally occurring ra-
dioactive minerals.

A. Methods of Analysis

Soil and sediment samples were analyzed for
137Cs, 238py, 239290py  Og; total uranium, and
gross gamma radioactivity. Soil moisture from soil
samples was analyzed for tritium. A brief description
of sample preparation and rnalyses is presented
here, and a detailed description of these procedures
is found elsewhere (Environmental Surveillance
Group 1987).

A portion of the soil sample was removed prior
to drying in the oven and soil moisture was distilled
off and collected for tritium analysis. Water distilled
from the soil was mixed with a counting cocktail and
then analyzed for tritium by liquid scintillation count-
ing. The remaining soils and sediments were oven
dried. sieved through a <1.7 mm screen, and thor-
oughily blended. Separate aliquots of the prepared
sample were taken for each analysis.

Samples for 137Cs were counted directly with a
Ge(Li) detector coupled with a multichannel analyzer.
Aliquots (10 g) for 238py and 239240p analysis were
spiked with 242Py tracers and dissolved in acid.
Plutonium was isolated by anion exchange and
electroplated onto a stainless steel disk. The disk
was then counted on an alpha spectrometer.

Samples for total uranium from 1974 through
1976 were performed using a fluorometric method.
Total uranium analyzed from 1976 through 1986 was
performed by irradiating the sample with epithermal
neutrons, followed by counting on a Ge(Li) gamma
ray spectrometer. This change in analytical method
for total uranium resulted in a change in the limit of
detection (Table 1).

Samples for *°Sr analysis were dissolved in
acid, then extracted with bis(2-ethyl hexyl) hydrogen
phosphate to remove 0y daughters and interfering
radionuclides. Stable yttrium was added as a chem-
ical tracer. After allowing the Dy daughter to equili-
brate with %°Sr, the sample was extracted, the yttrium
purified, and the sample counted on a gas-propor-
tional counter.

Gross gamma analysis is instrument specific:
thus the measurements reported are only relative to
that instrument. Gross gamma data were used for
scieening soil and sediment samples. The data may
not be of interest relative to data generated by an-
other laboratory; however, it is important to establish
the range and upper background for gross gamma
data generated here to interpret the results of the
screening process. Samples for gross gamma analy-
ses were counted directly in a Nal(T1) we!l counter.

B. interpretation of Data

There have been no significant long-term trends
or changes noted in concentrations for specific ra-
dionuclides for the 9- or 13-year period ending in
1986. However, there appear to be some statistical
differences in concentrations for certain radio-
nuclides and radioactivity among some but not ail
stations. The differences may be due to regional and

Table I. Limits of Detection

137¢s
238p,
239.230p,

Dg;

Total uranium (1974-76)
Total uranium (1976-86)
Gross gamma

Tritium

0.10 pCi/g

0.002 pCi, ‘g
0.002 pCi/g

0.05 pCi/g
1h.a/g

0.1 ua/g

0.1 counts/min/g
0.3 %10 ,Ci/ml



local weather patterns and elevation of stations re-
lated to worldwide fallout. They may also be at
tributed to changes in concentration of natural radio-
activity in local soils o sediments. Results showing
statistical similarities or differences of analysis from
various stations are summarized in Appendix A.

The limits of detection for various radionuclides
and radioactivity are affected by sample preparation,
the mass of sample. counting time, and counter efti-
ciency and background. As a number of ditlerent
counters are used for analysis of the same radionu-
clide, slightly different results can be obtained for the
same sampie counted in different counters. The
background analytical results are reported in very low
concentrations, near the limits of detection. Thus.
the analytical resuits from the same station may or
may not have a normal distribution from the variation
in counter efficiency

Analytical results for which counter or instru-
ment background must be subtracted may resuit in a
net value that is lower than the limits of detection and
may result in values of zero or negative numbers.
The negative numbers are not a physical reality; how-
ever, a valid long-term mean can be obtained only if
very small negative and positive values are included
in a sample set to obtain a statistical range and upper
limit background concentrations.

Analytical data for the 9- or 13-year period end-
ing in 1986 were used to determine the statistical
range and upper limit background concentrations for
137¢s, 238py, 239240p, otal uranium, gross gamma,
and tritium. The soit and sediment data for these pe-
riods provide the longest record for collection and
analysis from the same stations using comparable
sampling and analytical techniques. The mean pius
or minus twice the standard deviation (Y; 2s) de-
rived from the period of record for the various ra-
dionuclides and radioactivity was used to establish a
statistical range for normal background concentra-
tions. The mean plus twice the standard deviation
(Y + 2s) is the upper limit background concentration
for that particular radionuclide. The upper limit back-
ground level calculated this way leads to the statisti-
cal expectaticn that only 1 in 40 background samples
analyzed will exceed the upper background concen-
tration. The data are summarized in Table Ii by
showing radionuclides, number of analyses, mini-

mum, maximum, mean (i), standard deviation (s),

and the upper limit background concentration (X -
2s)

ll. SOILS

Soil stations are located near Chamita, Embudo,
Cochiti, Bernalillo, and Jemez (Fig.1). A soil ring 7.5
cm in diameter driven 5.0 cm into the soil was used
to collect the sample. Samples were collected from
the center and corners of a square area 10 m per
side. The five samples were combined to form a
composite sample for analysis. Soil data are shown
by station, month and year, and by radionuclides or
radioactivity in Appendix B.

There were 64 soil samples taken from 5 sta-
tions analyzed for 137¢s during the period 1974-1986.
The concentrations ranged from 0.00 to 1.4 pCi/g
with an upper limit background concentration of 1.09
pCi/g (Table II).

There were 76 soil samples from 5 stations ana-
lyzed for plutonium. The 238p, ranged from -0.005
to 0.010 pCi/g with an upper limit background of
0.005 pCi/g. The 239.290p, concentrations were
slightly greater, ranging from -0.002 to 0.052 pCi/g
with an upper limit background of 0.025 pCi/g.

There were 29 soil samples from 5 stations ana-
lyzed for %°Sr with an upper iimit background con-
centration of 0.88 pCi/g; 34 soil samples were ana-
lyzed for total uranium with an upper limit back-
ground of 3.4 1.g/g; 39 soil samples were analyzed
for gross gamma radioactivity with an upper limit
background of 6.6 counts/min/g; and 43 soil nois-
ture samples were analyzed for tritium (3H) with an
upper limit background concentration of 7.2 x 10°
HCi/ml.

. RIVER SEDIMENTS

Radionuclides have an affinity for silts and clays
in the soils. These soils and attached radionuclides
are subject to sheet erosion and transport into
streams and rivers. The main channels of rivers in
the Los Alamos area generally consist of cobbles and
boulders, whereas the finer sediments occur as dune
build-up behind large boulders in the channel or
along the edges of the channel. Sediments from



Soils

137CS

238Pu

239,240
Pu

90,

Total uranium
Gross gamma
3H

Sediments

137[S

238pu

239,240
Pu

90Sr

Total uranium

Gross gamma

Note: Analytical uncertainties

Table I1. Summary of Worldwide Fallout and/or Natural Levels of Radionuclides in the Environment

Number
of
Units Analyses

pCi/g 64
pCi/g 76
pCi/g 76
pCi/g 29
14979 34
Counts/min/g 39
10-6,1Ci/ml 43
pCi/g 103
pCi/g 113
pCi/g 13
pCi/g 36
+49/9 59
Counts/min/g 62

in parenthesces.

o o —- O o o o

o O O o

M1nimum

.00 (0.10)
.005 (0.002)
.002 (0.010)
.03 (0.03)
30002

.2 (0.06)

.8 (0.3)

.01 (0.06)
.020 (0.030)
.013 (0.008)
.16 (0.10)
0.7 (0.1

-4.8 (0.80)

Max i mum

1.4 (0.08)
0.010 (0.006)
0.052 (0.006)
1.0 (1.2)

3.9 (0.2)

8.5 (0.30)
8.8 (0.9

.82 (0.08)
.012 (0.010)
.065 (0.005)
.1 .(0.06)

.8 (0.8)

.6 (0.15)

G wvi - O O O

—

N W o O O O O

NN O O O O

Mean

.43

001

.007
.34

.18
.000
.005
.23

Standard

Deviation

S .

.002
.009
.27

e — O O o o o

N o o o oo
o
[=]
0

Upper Limit
Background

(X + 25)-

.09
.005
.025
.88

-~ O W O O O —

Y
.006
.023

~N S~ 0O O O O

o



Vn
&

) - \o oTow!
ABIQUIU Chay, < S
RESERVOIR 4 g

EMBUDO
CHAMITA- L, @
.
ESPANOLA yht SANDIA. eq‘,"
Y-
3
LOS ALAMOS oTOW! &

NATL. LABORATORY,

Jaof
s
@
é,v JEMEZ COCHIT!
g %o COCHITI .) RESERVOIR
o
\éo
QX‘
<)
® @\O SCALE
BERNALILLO 0 10 20 km
Figure 1.

dunes or along thz edge of the channei are collected
for analyses as the fine sediments are most repre-
sentative of the sediment transport of radionuclides.

The river sediment stations are located on the
Rio Chama near Chamita, on the Rio Grande at Em-
budo and Otowi, on the Rio Grande below Sandia,
Pajarito, Ancho, and Frijoles Canyons, on the Rio
Grande at Bernalillo, and on the Jemez River near Je-
mez (Fig. 1). Sediment data are shown in Appendix
C.

There were 103 sediment samples from 9 sta-
tions analyzed for '37Cs. The concentrations ranged
from -0.01 to 0.82 pCi/g with an upper limit back-
ground concentration of 0.44 pCi/g (Table Il).

There were 113 sediment samples from 9 sta-
tions analyzed for plutonium. The 238py; concentra-
tions ranged from -0.020 to 0.012 pCi/g with an up-
per limit background concentration of 0.006 pCi/g.
The 2392%0py concentrations were slightly greater,

: I /ﬂ PAJARITO &

4 km
E:
FRIJOLES/
LEGEND

@ SOIL STATION
A SEDIMENT STATION

Location of Soil and Sediment Stations.

ranging from -0.013 to 0.065 pCi/g with an upper
limit background of 0.023 pCi/g.

There were 36 sediment samples analyzed for
%0sr with an upper limit background concentration of
0.87 pCi/g; 59 analyses for total uranium with an up-
per limit background of 4.4 .g/g and 62 analyses for
gross gamma radioactivity with an upper limit back-
ground concentration of 7.9 counts/min/g.
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APPENDIX A

To determine the influence of the station tocation on radionuclide concentrations, both a parametric
test (One-Way Analysis of Vanance) for normal populations and a nonparametric test (Kruskal-Wallis) for
nonnormal populations were used on soil and sediment data. The results of the tests for soil and sedi-
ments are summarized in Table A-l. As described in Section |.B, “Interpretation of Data," differences in con-
centrations of radionuclides from station to station may be related to regional and local weather patterns,
elevation of the stations related to worldwide fallout, or changes in concentration of natural radioactivity in
local minerals found in soils and sediments.

In both cases the hypothesis to be tested was that there was no significant difference for analytical re-
sults between different stations for various sample types. When there were significant differences between
stations, the bias was considered "positive." When there were no significant differences between stations,
the bias was considered to be "negative.” In one case (uranium in sediments) the resuits were indetermi-
nate, as the test statistics were borderline.

There was strong positive station bias (significant difference in concentration between stations) for
137¢s, 239.240py 1otal uranium, and gross gamma in soils, and '>’Cs and gross gamma in sediments.
There was a negative station bias (no significant difference in concentrations between stations) for 238py
and %°Sr in soils and #*®¥pu, 23%-2%0py and *°5r in sediments.

Cesium and gross gamma in both sediments and soils indicate a strong positive station bias sug-
gesting that they undergo limited transport afte: deposition. Their distribution probably reflects the effects
of local conditions.

Uranium concentrations in soil indicated a strong positive station bias that would be expected as they
reflect differences in natural uranium concentration, in parent rock material, or in soil. The tests for uranium
in sediments were indeterminate, indicating a neutral area between a positive and negative bias between
sediment stations or no correlation of concentrations between stations.

The background piutonium found in the regional and perimeter stations is the resuit of worldwide fail-
out. The worldwide fallout concentrations of plutonium in soils may vary with regional and local wind pat-
terns and differences in elevations of the stations. The 23%2%%Py in soils reflects this difference with a posi-
tive station bias (difference between stations).

The 2Py in soils or sediments does not reflect this difference as would be expected. The tests indi-
cate a negative station bias (no differences between stations). Background or fallout concentrations of
238py are typicaily much less than 23%240py in soils or sediments with an average 23°24%py /238py ratio in
the area of about 20 (Environmental Surveillance Group 1985). This value was derived from large samples
(1 k@) collected and analyzed that resulted in a lower limit of detection than data presented in this report.
The ratio for data in this report is about 5 {upper background). This is primarily because most of the 238py
values presented in this report are at or below the analytical limits of detection, which da not represent a
real number but a statistical number. The fact that the plutonium ratios in this report are low and the tests
indicated negative station bias (no difference in concentrations between station) is probably attributed te
the 238py anaiytical limits of detection masking any real variation in the actual concentrations.

The concentrations of 23%240py and sy in sediments indicate a negative station bias (no significant
difference in concentrations between stations). This is as expacted with sediment samples, where trans-
port and mixing within the streams effectively mask any significant difference between sample station.

The %Sr concentrations in both soils and sediments show strong negative station bias indicating a
uniform deposition in soil and transport as sediments.



Nuclide

137CS
238py,

238.240p,,
0g¢

Uranium
Gamma

Tritium

1370
238py,

238.240Pu
gy
Uranium

Gamma

Table A-l. Statistical Analyses of Results of Radioactivity from Various Stations

Anova
df?

4/59
4/71
4/71
4/24
4/29
4/34
4/38

8/86
8/96
8/95
8/26
8/44
7/48

F-ratio

20.69
1.13
7.15
0.50
5.10
5.07
0.47

2.93
1.03
1.72
0.58
1.85
2.34

Kruskal-Wallis
df? _KW
Soil Samples
4 35.89
4 5.30
4 31.35
4 3.36
4 16.02
4 18.71
4 1.91

Sediment Samples

@ W W o ®

19.73
3.82
11.36
8.83
16.95
20.70

Site Station

(= 0.05)

POS
NEG
POS
NEG
POS
POS
NEG

POS
NEG
NEG
NEG
IND

POS

3d.f. = degrees of freedom; ANOVA = Analysis of Variance; KW = Kruskal-Wallis Statistic;
POS = positive; NEG = negative; and IND = Indeterminate.



Appendix B
Radiochemical Analyses of Soil Showing Fallout and/or Naturai Levels

Soil Stations Month 137|:s Zmpu 2:W'ZAOPU 905r Total Uranium Gross Gamma 3H
3 (near) Year (pCi/q) (pCi/g) (pCi/g) (pCig/) 419/9) (Counts/min/g) €10-6 puLi/mt)
Chami ta 7-74 0.81 ¢0.13) 0.001 (0.001) 0.006 (0.002)

5-75 .. .- .-

10-57 .- 0.000 ¢0.001) 0.017 (0.003)

3-76 0.68 (0.03) 0.001 ¢0.001) 0.008 (0.002) -

10-76 .- 0.002 ¢0.002) 0.014 (0.002) 0.38 ¢0.16) - -

3-77 0.75 ¢0.06) -0.002 ¢0.001) 0.017 (0.003) 0.09 ¢0.07) - -

10-77 0.57 (0.08) -0.001 ¢0.000) 0.010 (0.003) 0.29 ¢0.09) .- -

3-78 0.648 (0.06) 0.000 ¢0.001) 0.013 (0.002) -- - 3.7 ¢0.12) 5.8 (0.4)

3-79 0.82 (0.07) - - 0.44 (0.08) 2.3 (0.2) - 1.3 (0.3)

2-80 0.67 (0.06) 0.000 ¢0.002) 0.005 (0.002) 0.43 (0.10) 2.3 (0.2) 3.5 (0.12) 2.2 (0.3)

3-81 0.69 (0.06) 0.010 (0.006) 0.013 (0.003) 0.45 ¢0.10) - 3.8 (0.10) 0.2 (0.3)

3-82 0.73 (0.04) 0.001 ¢0.001) 0.011 ¢0.003) - 3.2 (0.3) .- 2.2 (0.3)

2-83 0.14 (0.03) 0.003 (¢0.000) 0.000 (0.000) - 3.2 (0.3) 1.6 (0.10) 1.4 (0.3)

2-84 0.80 (¢0.05) 0.001 ¢0.001) 0.020 (0.003) - 3.9 (0.2) 3.7 ¢0.30) 1.5 (0.3)

3-85 0.467 (0.07) 0.000 ¢0.001) 0.014 (0.003) -- 3.1 ¢0.2) 3.4 (0.40) -0.8 (0.3)

2-88 0.25 (0.04) 0.001 ¢0.001) 0.003 (¢0.001) - 1.7 ¢(0.2) 1.2 ¢0.30) 6.4 (0.8)
Embudo 7-74 0.56 (0.13) 0.001 ¢0.001) 0.005 (0.001) -

5-75 .- 0.000 (0.001) 0.008 (0.002) .- - -

11-75 .- 0.000 (0.001) 0.00% (0.002) .- .- - .-

3-76 0.77 (0.03) 0.001 (0.001) 0.012 ¢0.002) 0.90 (1.0) .- - -

10-76 .- 0.003 (0.002) 0.019 (0.003) .- .- -

3-77 0.37 (0.03) 0.001 ¢0.005) 0.010 (0.005) 0.40 ¢0.1) -- .-

10-77 0.72 (0.08) -0.002 (0.002) 0.015 (0.006) .- .- -

3-78 1.2 (0.20) .- .- - .- 3.4 (0.11)

3-79 0.83 (0.09) 0.000 (0,002) 0.020 (0.003) 0.26 (0.07) 3.3 (0.3) 1.4 (0.12) 0.6 (0.3)

2-80 0.79 (0.09) 0.001 (0.002) 0.017 (0.005) 0.33 (0.08) 2.1 (0.2) 3.0 (0.11) 2.5 (0.3)

3-81 1.1 ¢0.11) 0.001 (0.001) 0.021 (0.004) 0.30 (0.06) .- 3.7 (0.12) 1.2 (0.3)

3-82 1.4 (0.08) 0.004 (0.001) 0.029 (0.004) .- 2.2 (0.2) .- 3.7 (0.3)

2-83 0.04 (0.04) 0.006 (0.003) 0.001 (0.001) 2.6 (0.3) 7.9 (0.14) 1.4 (0.3)

2-84 0.90 (0.15) 0.000 (0.001) 0.016 (0.003) 2.2 (0.1) 8.5 (0.30) 5.4 (0.6)

3-85 0.94 ¢0.18) 0.001 (¢0.001) 0.018 (0.003) 2.2 (0.2) 3.2 (0.40) -0.7 (0.3)

2-86 0.69 (0.13) 0.001 (0.002) 0.017 (0.003) 2.4 (0.2) 3.7 (0.50) 0.8 (0.4)
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Appendix B (cont)

Soil Stations Month 137(:5 2'T’BPu 239'240% ‘;OSr Total Uranium Gross Gamma 3”
(near) Year (pCi/g) (pCi/g) (pCi‘sg (pLig/) (}19/9) (Counts/min/g) (10»6;_1»(:{{11_)_»
Cochiti 5-75 .- 0.000 (0.00%) 0.002 (0.002) .- .- --
10-75 .- 0.001 (0.001) 0.000 (0.000) - ‘. .-
4-76 .- 0.000 (0.001) 0.004 (0.001) 1.0 (1.2)
10-76 -- 0.001 ¢0.001) 0.003 (0.002) -
3-77 0.12 ¢0.09) -03.002 (0.002) 0.001 (0.002) 0.03 ¢0.03)
10-77 0.48 (0.05) 0.00% (0.002) 0.003 (¢0.002) 0.34 ¢0.11)
3-78 0.62 (0.08) 0.000 (0.002) 0.004 ¢0.002) -- -- 3.5 (0.12) 4.9 (0.4)
3-79 0.25 (0.06) -0.001 (¢0.002) 0.003 (0.002) 0.10 ¢0.05) 2.8 (0.3) 4.6 (0.13) 0.8 (0.3)
2-80 0.54 (0.10) -0.005 (0.002) 0.004 ¢0.005) G.54 (0.10) 2.4 (0.2) 3.4 (0.12) 2.0 (0.3)
3-81 0.00 (0.0&) 0.001 (0.000) 0.052 (0.006) 0.29 (0.04) -- 4.8 (0.12) 3.0 (0.3)
3-82 0.52 (0.04) 0.002 (0.002) 0.006 (0.003) -~ 2.9 (0.3) .- 5.0 (0.3)
2-83 0.23 (0.03) 0.000 (0.001) 0.002 ¢0.001) -~ 2.6 (0.3) 4.0 (0.12) 2.8 (0.4)
2-84 0.40 ¢0.15) 0.000 (0.001) 0.012 (0.003) -~ 2.7 (0.1) 3.8 (0.30) 5.3 (0.6)
3-85 0.39 (0.09) 0.000 (0.001) 0.002 ¢0.00%) . 4.3 (0.50) -0.8 (0.3)
2-86 0.60 (0.12) 0.000 (0.001) 0.014 (0.003) - 3.0 ¢(0.3) 5.2 (0.60) 2.8 (0.5
Bernalill(o 7-74 0.33 (0.12) 0.000 (0.00%) 0.006 (0.002)
5-75 0.001 (0.001) 0.012 (0.002)
10-75 0.000 (0.001) 0.001 (0.001)
4-76 0.24 (0.02) 0.000 (0.001) 0.004 (0.001)
10-76 0.002 (0.001) 0.002 (0.001)
3-77 0.06 (0.02) -0.002 (0.006) -0.002 (0.000) 0.05 (0.01)
10-77 0.32 (0.03) 0.000 (0.00%) 0.002 ¢0.002) 0.24 (0.10) - --
3-78 0.15 (0.05) -0.001 €0.00%) 0.000 (0.002) .- - 1.9 ¢0.11) 4.7 (0.4)
3-79 0.56 (0.06) 0.000 ¢0.001) 0.010 (0.004) 0.18 (0.05) 2.1 2.2y 0.7 (0.11) 1.9 (0.3)
2-80 0.37 (0.10) -0.001 (0.001) 0.006 (0.002) 0.06 (0.05) 2.1 .2) 2.3 (0.1 0.9 (0.3)
38 0.00 (¢0.05) 0.00%1 (0.001) 0.006 (0.002) 0.49 (0.07) i.2 (0.11) 4.9 (0.3)
3-82 0.28 (0.04) 0.00% (0.000) 0.002 (0.001) - 2.2 .2) .- 2.9 (0.3)
2-83 0.08 (0.03) 0.001 (0.000) 0.000 (0.001) - 2.2 +'1.2) 2.8 (0.11) 3.6 (0.5)
2-84 0.30 (0.10y 0.000 (0.001) 0.002 (0.001) - 1.9 9.1 2.0 (0.30) 8.8 (0.9)
3-85 0.22 (0.09y 0.300 (0.001) 0.001 (0.001) - 1.6 7.2) 1.2 (0.30) 0.0 ¢0.3)
2 86 0.22 (0.08) 0.001 (0.001) 0.002 (¢0.001) - 1.3 J.2) 1.0 (0.30) 2.0 (0.5)
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Appendix B (cont)

Sotl Stations Month ’37cs 23apu 239'2"0% 905r Total Uranium Gross Gamma 3N
(near) Year (pCi/g) (pCi‘g) (pCizg) (pCig/) 19/9) (Counts/min/g) {10-6 pCi/mt)
Jemez 7.74 0.11 ¢0.12) 0.000 (0.000) 0.001 (0.002) -
5-75 <. +0.002 (0.001) 0.001 (0.001) -
9-75 .- +0.001 (0.001) 0.012 (0.003) -
4-76 0.11 ¢0.02) 0.001 (0.00%» 0.002 (0.001) 0.98 (1.2) e - -
10-26 0.14 ¢0.02) 0.001 ¢0.00%) 0.007 (0.002) 0.05 ¢(0.20) o -
3-77 0.2Y (0.05) 0.010 (0.030) -0.020 (0.030) 0.14 (0.04) - -
10-77 0.07 ¢0.06) 0.000 ¢0.002) 0.001 (0.002) n.26 (0.11)
3-78 0.06 (0.14) ~0.002 (0.001) 0.001 (0.001) i - 2.7 (0.11) .
3-79 0.33 (0.07) -0.001 (0.001) 0.005 (0.002) 0.17 ¢0.07) 2.0 (0.2) -0.2 (0.06) 0.0 (0.3)
2-80 0.18 (0.07) +0.002 (0,001) 0.003 (0.003) 0.63 (0.13) 2.4 (0.2) 37 (0.12) 0.9 (0.3)
3-8 0.23 (0.05) 0.001 ¢0.001> 0.002 (0.001) 0.07 ¢0.11) .- 2.5 (0.11) 5.8 (0.4)
3-82 0.04 (0.02) 0.005 (0.001) 0.601 ¢0.001) o 2.2 (0.2) .- 1.4 (0.3)
2-83 0.32 (0.05) 0.000 (0.000) 0,003 (0.001) 2.4 (0.2) 3.8 (0.11) 1.3 ¢(0.3)
2-84 0.00 (0.10) 0.002 (0.061) -0.001 (0.001) 2.1 (0.2) 3.5 (0.30) 7.8 (0.8)
3-8% 0.01 (0.06) 0.000 (0.001) 0.001 (0.001) 2.2 (0.2) 2.5 (0.40) 0.4 (0.3)
2-86 0.16 (0.07) 0.000 (0.001) 0.004 (0.002) 1.8 (0.2) 2.7 (0.40) 3.9 (0.5)
Summary
Number of Analyses 64 76 76 29 34 39 43
Hean (X) 0.43 0.001 0.007 0.34 2.4 3.2 2.6
Standard Deviation(s) 0.33 0.002 0.009 0.27 0.5 1.7 2.3
Minimum 0.00 (0.10) ~0.005 (0.002) -0.002 ¢0.010) 0.03 (0.03) 1.3 (0.2) -0.2 (0.06) -0.8 (0.3)
Max i mum 1.4 (0.08) 0.010 (0.006) 0.052 (0.006) 1.0 (1.2) 3.9 (0.2) 8.5 (0.30) 8.8 (0.9)

Note: Analytical uncertainties in parentheses.
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Appendix C
Radiochemical Analyses of Sediments Showing Fallout and/or Matural Levels
Sediment Stations 137(:5 238Pu 239'ZI'OPu 9OSr Taotal Uranium Gross Gamma
(at) Year (pCi/g) (pCi/g) (pCizg) (pCig/) 419/9) ) (Counts/min/g)
Rio Chama 774 0.08 (0.12) 0.000 (¢0.001) 0.001 ¢0.001)
Chamita 5-75 - 0.002 (0.002) 0.001 ¢0.001)
9-75 .- -0.001 (G.001) 0.001 (0.001)
3-76 0.19 (0.02) 0.000 (0.001) 0.002 (0.001)
10-76 - 0.000 (0.001) 0.000 (0.001) 0.01 ¢0.07)
3-77 0.08 (0.03) 0.001 ¢0.001) -0.001 (0.002) -0.01 (0.06)
10-77 0.06 (0.03) 0.000 (0.002) 0.001 (0.002) 0.00 (0.010)
3-78 0.00 (0.03) 0.000 (0.001) -0.002 (0.0n2) 1.3 (0.1
3-79 0.05 (0.06) -0.001 (0.002) 0.00C (0.001) -0.15 (0.09) 1.1 ¢0.1) 0.1 ¢0.06)
2-80 0.18 (0.03) 0.001 (0.001) 0.003 (n.001) 0.82 (0.11) 1.5 (0.2) 1.7 ¢(0.11)
3-81 0.15 (0.12) 0.000 (0.000) 0.002 (0.00%) -0.10 (0.09) -- 1.3 (0.11)
2-83 0.10 ¢0.03) 0.000 ¢0.001) 0.011 (0.002) 1.9 (0.1) 2.2 (0.11)
2-84 0.27 (0.15) 0.000 (¢0.001) 0.000 (0.0G1) 1.3 (0.1) 2.0 (0.10)
3-85 0.22 (0.07) 0.001 (0.001) 0.003 (0.001) 1.9 (0.2) 1.6 (0.30)
2-86 0.23 (G.0%) -0.001 ¢0.0481) 0.001 (0.001) 2.3 (0.2) 1.9 (0.30)
Rio Grande 7-74 0.56 (0.13) 0.001 ¢0.002) 0.005 (0.002)
Embudo 7-75 -- -0.001 (0.001) 0.G602 (0.002)
10-75 -- 0.000 (¢0.001) 0.011 (0.002;
3-76 0.4 (0.02) 0.000 (0.001) 0.792 (0.001)
10-76 -- 0.001 (0.002) 0.001 ¢0.002) 0.02 (0.03)
3-77 0.14 (0.02» 0.001 ¢0.002) 0.002 (0.004) +0.04 (0.06)
10-77 0.09 (0.03) -0.001 (0.001) 0.001 (0.001) 0.77 (0.14)
3-78 0.26 (0.08) -0.002 ¢0.001) -0.006 (0.002) 3.0 (0.11)
3-79 0.24 (0.10) -0.002 (0.007) 0.004 (0.001) 0.07 ¢0.07) 3.0 (0.3> 3.1 ¢0.11)
2-80 0.34 (0.09) -0.002 (0.002) 0.004 (0.002) 0.10 (¢0.04) 4.6 (0.5) 5.8 (0.13)
3-81 0.14 (0.05) 0.000 ¢0.000) 0.002 (0.001) 0.06 (0.06) 3.4 (0.11)
3-82 0.23 (0.04) 0.001 (0.000) 0.002 ¢0.000) - 1.9 (0.2)
2-83 0.12 (0.22) 0.000 (¢0.001) 0.002 (G.001) 2.3 (0.1) 2.4 (0.11)
2-84 0.27 (0.15) 0.001 (0.002) 0.002 (0.002) 2.7 (0.2) 4.6 (0.30)
3-85 0.09 (0.07) -0.001 (0.001) 0.004 (0.002) 2.9 €0.7) 2.8 (0.40)
2-86 0.05 (0.06) 0.000 (¢0.002) 0.003 (¢0.001) 2.8 (0.3) 3.1 (0.40)
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Appendix C (cont)

Sediment Stations 137Cs 23BPu 239'ZAOPu 90Sr Total Uranium Gross Ganma
. ftaty _ Year ___pCi/g)y _ «ptirgyy (pCi/g) __(pCig/) (.9/9) (Counts/min/g)
Rio Grande 10-74 0.16 (0.12) 0.000 (0.000} 0.032 (0.008)
Otowi 5-75 0.000 ¢0.000) 0.013 ¢0.003)
10-75 -0.002 (0.001) 0.013 ¢0.011)
4-76 0.20 (0.02) 0.001 (0.001) 0.002 ¢0.001)
10-76 0.000 (0.001) 0.003 (0.002)
3-77 0.06 (0.03) 0.003 (0.002) 0.005 (¢0.003) 0.08 (0.04)
10-77 0.08 (0.08) 0.000 (¢0.001} 0.003 (¢0.002; 0.51 (0.10)
3-78 0.08 (0.02) 0.000 ¢0.001) 0.000 (0.002) .- -- 0.6 (0.103
3-79 0.11 (0.02) 0.000 (0.046) 0.023 (0.046) 0.12 ¢0.09) 2.7 (0.3) 3.4 (0.12)
2-80 0.09 (0.05) 0.000 (0.001) 0.002 ¢0.001) 0.42 (0.08) 2.6 (0.2) 2.8 (0.11)
3-81 0.14 (0.05) 0.001 (0.001) 0.000 (0.001) 0.15 (0.06) 3.7 (0.11)
3-82 0.16 (0.03) 0.002 (0.001) 0.065 (0.005) .. 2.4 (0.2)
2-83 0.20 ¢0.05) 0.003 ¢0.001) 0.002 (0.001) 3.0 (0.2) 3.9 (0.12)
2-84 0.18 (0.15) 0.001 ¢0.002) 0.002 (0.002) 2.7 (0.1 4.3 (0.30)
3-85 0.12 ¢0.08) 0.001 (0.001) 0.003 (0.002) 2.6 (0.2) 2.3 (09.40)
2-86 0.09 (0.07) 0.001 ¢0.001) 0.003 (0.001) 4.4 (0.4) 5.2 (0.40)
Rio Grande 9-78 0.13 (0.03) -0.005 (0.008) -0.013 (0.008) -
Sandia 11-79 0.17 (0.03) 0.000 (0.000) 0.004 (0.000) -0.01 (0.07) 2.2 (0.2) .1 (0.1
10-80 0.40 (¢0.05) 0.000 (0.001) 0.007 (0.002) 0.46 (0.03) 3.2 (0.3) .7 (0.12)
10-81 0.21 (0.03) - - - .-
9-82 0.19 (0.03) 0.001 (0.000) 0.011 (0.001) .- 2.4 (0.2)
9-83 0.15 (0.05) 0.001 (0.003) 0.006 (0.00%) 2.8 (0.5) 3.4 ¢0.11)
9-84 0.09 (0.06) -0.006 ¢0.003) -0.002 (0.004) 2.9 (0.2) 4.1 (0.30)
9-85 0.23 (G.08) 0.000 (¢0.001) 0.002 (0.001) 3.3 (0.2) 4.2 (0.50)
10-86 0.17 (0.07) 0.000 (0.001) 0.002 (0.001) 2.9 (0.3) -5.4 (0.80)
Rio Grande @-78 0.07 (0.03) -0.005 (0.008) 0.009 (0.007) .- -
Pajarito 1179 0.08 (0.05) 0.000 (0.000) 0.001 (0.000) 0.01 (0.11) 1.9 (0.2) 1.5 (0.11)
10-80 0.05 ¢0.04) 0.001 (0.001) 0 003 (0.001) 0.24 (0.03) 2.9 (0.3) 2.8 (0.11)
10-81 0.16 (0.04) : .-
?-82 0.08 (0.06)
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Appendix € (cont)

Sediment Stations 137Cs 238Pu 239'Zl'OPu 9OSr Total Uranium Gross Gamma
- Year (pLi/g) (pCi/9) (pCi/ze) (pCig/) __(ug’g) _ {Counts/min/g)
9-83 0.13 (0.03) 0.002 (0.0n2) 0.00%1 ¢0.003) 2.8 (5.5) 3.5 ¢(0.11)
9-84 0.09 (0.06) 0.002 (0.ud1) 9.G00 ¢0.001) 4.9 (0.3) 6.9 (0.30)
9-8% 0.14 (0.08) 3.001 ¢0.001) 0.000 (0.001) 1.0 (0.02) 4.3 (0.50)
10-86 0.20 ¢0.10) 0.002 (0.C02) 0.002 (0.002) 3.0 (0.3) 4.1 (0.80)
Rio Grande 9-78 0.13 (0.03; -0.006 (0.013) 0.003 (0.010) - . o
Ancho 11-79 0.32 (0.05) 0.000 (0.000) 0.008 (0.000) .- 2.9 (0.2) 4.3 (0.12)
10-80 0.30 (0.04) -0.021 (0.002) 0.005 (0.002) 0.33 (0.03) 2.7 (0.2) 2.9 (0.11)
10-81 0.23 (0.07) .- = --
9-82 0.16 (0.04) 0.000 (0.000) 0.015 (0.001)
9-83 0.04 (0.06) -0.003 (0.004) -0.001 ¢0.007) 1.6 (0.5) 1.3 (0.10)
9-84 0.26 (0.05) 0.003 (0.002) 0.005 (¢0.003) 1.7 ¢(0.1) 1.6 (0.30)
9-85 0.53 (0.13) -0.002 (0.002) 0.018 (0.003) 1.4 ¢0.1) 4.8 (0.60)
10-86 0.13 (0.07) -0.002 (0.001) 0.002 (0.002) 2.5 (0.3) -4.8 (0.80)
Rio Grande 9-78 0.15 (0.03) 0.012 (0.010) -0.003 (0.010)
Frijoltes 11-79 0.12 (0.03) 0.000 (¢0.000) 0.00Z (0.000) -0.16 (0.10) 2.2 (0.2) 2.1 ¢0.11)
10-80 0.10 (0.05) -0.001 (0.0D1) 0.004 (0.002) 0.2% (0.03) 2.6 (0.3) 2.0 (0.11)
10-81 0.20 (0.07) - - .- o
9-82 0.21 (0.07) -- -
9-83 0.09 (0.02) -0.003 (0.003) 0.003 (0.003)» .- 2.0 (0.5) 2.2 (0.22)
9-84 0.04 (0.04) -0.003 (0.002) 0.000 (0.001) - 1.9 (3.1 1.5 (0.30)
10-86 0.28 (0.10) 0.001 (0.0n1) 0.009 (0.002) - 3.6 (0.4) 0.5 (0.60)
Rio Grande 7-74 0.03 (0.12) 0.00" (0.010) 0.000 (0.000)
Cochiti 5-75 0.000 (0.000) -0.001 ¢0.001)
10-76 0.003 ¢0.002) 0.002 (0.002) 0.90 (0.30)
3-77 0.05 (0.02) -0.020 (0.030) 0.030 ¢0.020) 0.03 (0.0
10-77 0.04 (0.03) 0.000 (0.002) 0.007 ¢0.001) -0.05 (0.09)
3-78 0.03 (0,05) -0.001 (0.002) 0.001 (0.002) .
1-79 0.29 (0.05) 0.001 (0.002) 0.732 (0.005) = 2.9 (n.3)
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Appendix C (cont)

Sed ~ent Stations 137c5 238pu 239'pru 9Usr Total Uranium Gross Gamma
(at) Year (pCi/g) (pCi/y) (pCi/g) (pLig/) Gu9/9) (Counts/min/g)

Rio Grande 7-74 0.23 (0.12) 0.000 (0.00C) 0.004 (¢0.001)

Bernalillo 5-75 0.000 (0.002) 0.004 (0.002)
4-76 0.23 (0.02) -0.001 (0.001) 0.005 (0.001) 0.80 (0.10)
10-76 0.000 (0.001) 0.003 ¢0.001) 0.40 (0.30)
3-77 0.18 (0.04) 0.001 ¢0.002) 0.013 (0.007) 0.05 (0.02)
10-77 +0.01 (0.06) -0.004 (0.00%) 0.001 ¢0.001) 0.08 (0.09)
3-78 0.24 (0.03) -0.001 (0.002) -0.001 (0.002) - 5.8 (0.8) 3.2 (0.11)
3-79 0.16 (0.05) -0.000 ¢0.001) 0.004 (0.005) 3.2 (0.3) 3.3 (0.72)
2-80 0.18 (0.10) -0.002 (0.002) 0.009 (0.003) 0.11 (0.06) 4.4 (0.12)
3-81 0.20 (0.00) 0.000 (0.500) 0.001 (0.001) - 3.1 (0.3) 0.2 (0.10)
3-82 0.39 (0.03) 0.001 (0.001) 0.005 (0.002) 3.1 (0.3) --
2-83 0.22 (0.05) 0.000 (0.00M) 0.005 ¢0.001) 2.8 (0.3) 3.8 (0.11)
2-84 0.25 (0.15) -0.001 (¢0.002) 0.004 (D.002) 2.7 (0.1) 4.2 (0.30)
2-86 0.15 (0.10) 0.002 (0.002) 0.013 (0.003) - 2.9 (0.3) 3.0 (0.40)

Jemez River 7-74 0.34 (0.12) 0.000 (v.001) 0.002 ¢0.001)

Jemez Pueblo 5-75 0.002 (Y.002) 0.001 (0.001)
9-75 -0.001 (0.001) 0.001 (0.001)
4-76 0.13 (0.02) 0.001 (0.001) 0.002 (0.001)
10-76 0.000 (0.002) 0.008 (0.002)
3-77 0.32 (0.04) 0.00U (0.001) 0.006 (0.002) 0.16 (0.08)
10-77 0.46 (0.06) 0.001 ¢0.001) 0.007 (0.002) 0.17 (0.10)
3-78 0.26 (0.07) 0.000 (0.002) 0.002 (0.002) 8.6 (0.15)
3-79 0.14 (0.03) -0.001 (0.002) -0.001 (0.002) .- 2.8 (0.3) 5.0 (0.13)
2-80 0.04 (0.04) -0.0n2 (0.001) 0.00C (0.003) 1.1 (0.06) 2.0 (0.2) 5.2 (0.12)
3-8 0.82 (0.08) 0.001 (0.001) 0.015 (G.003) 0.52 (0.056) 7.1 (0.13)
3-82 0.29 (0.08) -0.001 (¢0.001) 0.002 (0.00%) 3.0 (0.3) --
2-aT 0.16 (0.06) 0.001 (0.000) 0.003 (0.001) 2.3 (0.2) 3.8 (0.11)
2-84 0.53 (0.15) 0.005 (0.003) 0.010 (0.003) 4.1 (0.2) 8.4 (0.30)
3-85 0.18 (5.08) 0.000 (0.001) 0.002 (0.001) 0.7 (0.1) -0.2 (0.30)
2-86 0.00 (0.05) 0.001 ¢0.001) 0.002 (0.001) 1.9 (0.2) 4.1 (0.50)
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Sediment Stations 137[5 23BPu
_ tany Year (pCi/qg) (pCi‘g)

Summary
Number of Analyses 103 13
Mcan (X) 0.18 0.000
Standard Deviation(s) 0.13 0.003
Minimum -0.01 (0.06) -0.020 (0.030)
Max imum 0.82 (0.08) 0.012 (0.010)

Note: Analytical uncertainties within parentheses.

Appendix C (cont?
239,240PU

_teCi/e)

113

0.005

0.009

-0.013 (0.008;
0.065 (0.005)

9OSr

—(PEigl)

36

0.23

0.32

-0.16 (0.10}
1.1 (0.06)

Total Uranium

59

2.6

0.9

0.7 (0.1
5.8 (0.8)

LTI -

Gross Gamma

(Counts/min/g)

62

2.9

2.5

-4.8 (0.80)
8.6 (0.13)



