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PLUTONIUM DEPOSITION AND DISTRIBUTION FROM

WORLDWIDE FALLOUT IN NORTHERN NEW MEXICO
AND SOUTHERN COLORADO

William D. Purtymun, Richard J. Peters, and Max N. Maes

ABSTRACT

Samples o' so’l, river. and reservoir sediment were collected and analyzed for
two isotopes of plutonium from 1979 through 1987. The plutonium is principally
a manmade element, but it has been distributed throughout the world as a result
of fallout from nuclear weapons tests and from reentry of satellites that con-
tained a nuclear power source. Fallout is deposited on soil und is subject to
erosion and transport as sediment in rivers and deposition in reservoirs. The
suil samples collected from northern New Mexico and southern Colorado
indicated slight, but significant, differences in the concentrations and ratios of
239.29py to *3Pu in soil, river, and reservoir sediments. The differences in
plutonium concentrations and ratios found in the environment can be attributed
to regional and local weather patterns and to distribution by physical transport
into rivers and reservoirs. The variability in plutonium particle size also con-
tributes to the inconstancy of plutonium concentrations and ratios found in soils

and sediments.

I. INTRODUCTION

Nuclear weapons tests in the atmosphere and the
reentry and burnup of satellites containing plutonium
powecr sources have resulted in the worldwidc fallout of
plutonium. The plutonium deposited on land surfacc is
adsorbed onto the silt and clay-size fraction of the soil
(Nyhan 1976A and 1976B, Tamura 1975, Litle 1977).
The 50il and plutonium are subjcct to transport and
distribution through crosion processes. Thus, pluto-
nium in the natural environment can be found in soil,
river, and reservoir sediments in measurable, but very
small, concentrations,

The fallout in soils and sediments measured in this
study consisted of the isotopes 2%¥Pu and 2*-20Py. The
amount of 2**-2Py released from weapons tests has
been cstimated at 320 kCi; about 45 kCi of 2®Py is
cstimated to be from weapons tests and power sources
(Perkins 1980, Harley 1971, Hardy 1973). If the

plutonium were deposited uniformly over the carth, the
ratio of 2*%-2Py 10 **Pu would be about 7.

Of the 2**-2%0Py that is releascd, almost 100% is from
weapons Icsts; of the 2®Pu released, 60% is from
weapons tests and the remaining 40% is from burmup of
satcllitc power sources upon recntry into the atmos-
phere (Perkins 1980). The fallout is not deposited
uniformly over the land surface because weapons tests
arc located in the northern hemisphere whercas satellite
recntry occurs in the southens hemisphere. The
distribution of plutonium is further complicated by the
variable and inconsistent weather pattemns in both
hemispheres. Local differences in weather patterns,
such as thosc in northerm New Mexico, also result in
differences in plutonium concentrations and ratios.

Another variable in the fallout of plutonium
concentrations is the particle size of the plutonium. The
activity (concentration) of the plutonium particle is



proportional to the third power of its diameter; a en-
fold incrcasc or decreasc in the diameter will give a
thousandfold increase or decrease in activity (Sills
1971). A single large particle of plutonium could
contribute as much activity as a thousand smaller oncs
with one-tenth the diameter.

Matcnals from the detonation of nuclcar weapons

arc complctely vaporized. As the materials recondense,

the particies contain only a very small fraction of
plutonium ratner than scparate, discrete particles of
pure plutonium oxide. As a consequence, little, if any,
homogeneity can be expected of plutonium concentra-
tions deposited in soils ftom global failout (Sills 1971).

The purpose of this report is to examing the van-
ations in plutonium concentrations and ratios resulting
from fallout in soils and in river and reservoir sedi-
ments in northern New Mexico and southem Calorado.
These data can be used to determine if plutonium in
the environment is from worldwide fallout from
weapons tests and satcllite powcr sources or from plu-
tonium released from nuclear laboratories or weapons
facilitics.

Regional soils and river sediments arc collected
ncar the Los Alamos National Laboratory and are
analyzed for radionuclides as part of an ongoing
environmental-surveillance program. The analytical
results from these samples arc used as background
(faliout concentrations) to cvaluate effects of the
Laboratory s operation on the local and regional
cnvircnment {Purtymun 1987).

The background for plutonium is determined by
using 10-g samples with limits of detection of about
2 fCi/g (10-** Ci). Although the methods of analyses
used 10 determine the fallout concentrations of plu-
tonium for the environmental-surveillance program are
satisfactory, the authors, in this study, increased the
sensitivity of the analysis by using a larger sampic.
The size of the sample was increased from 10 to
1000 g.

Soil samples and river and rescrvoir sediment
samples (100X g) were collected from 1979 through
1987. Aliquots of the samples were spiked with a 2Py
tracer. Each sample was then dissolved in acid. The
plutonium in the acid was isolated by anion exchange
and clectroplated onto a stainiess steel disk, which was
then counted on an alpha spectrometer. The recovery
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was determined from the plutonium tracer, and the
plutonium concentrations were calculated (ESG 1988,
Gauticr 1987). It should be noted that, in this report,
the numbers in parentheses represent cither analyucal
uncertaintics, if used with a single sample, or a standara
deviation of a number, if uscd as a mean.

II. SOIL

Soil samples were collccted at five stations within a
15-m (50-mi) radius at Los Alamos in 1981 and 1983
and at nine stations in northern New Mexico and
southern Colorado in 1986 (Fig. 1).

At cach of these stations a square arca 9 m (30 ft)
on a side was designated as a sampling arca. One
sample was ¢- “"ected Irom cach of five locations in the
sampling arca (whe center and four comers), using a soil
nng 7.5 cm in diameter driven 5.0 ¢cm into the soil. The
five sampies were then combined to form onc compos-
itc sample from cach sainpling arca for aralysis.

A slightly mcdified sampling plan was used at the
station at Santa Cruz Lake in 1984. Five samples were
collected at cach of the five locations in the sampling
arca at this station. The samples from each location
were then combined for a composite sample . producing
five composite samples from the sampling arca. These
five composite samples from cach of the five locatons
were analyzed to determince if there a5 any variation in
the concentraiion of plutonium within the sampling arca
(Table I). For 2¥Pu, the concentration= ranged from 0.6
to 2.2 fCy/g; for 2*¥Py, from 8.8 10 26.4 fCy/ 7Fig. 2).
The ratio of 2¥-2*'Pu w 2*Pu ranged from Sto 17.
indicating that the ratios of otal plutonium also vary by
a factor of about 3.

For the samples from the five soil stations located
within a 15-m (50-mi) radius of Los Alamos that were
collected and analyzed for plutonium in 1981 and 1983
(Fig. 1), the total plutonium ranged from 2.5 to
17.8 {Ci/g in 1981 and from 2.7 to 15.5 fCi/g in 1983
(Table 1I). This comparcs favorably with the plutonium
concentrations in the midwest, where the surface layer
of soil had a concentration of 15 to 20 fCi/g (Muller
1977, 1978). The soil background for plutonium from
soils in northerm New Mexico (1974 -1986) was similar,
with an upper limit of 30 fCi/g (Purtymun 1987).

The concentrations of plutonium in soils sampled in
1981 and 1983 varicd from station to station, and the
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Fig. 1. Locations of soil-sampling stations and reservoirs on the
Rio Chama and the Rio Grande.



Comparison of Plutonium from Five Locations at Soil Station® Near Santa Cruz

Table 1.
Lake.
Total Ratio
3Py 9. %40py Plutonium 139, 40p,, 28 py
Station (fCi/g) (fCig) (fCi'g) (FCVg)
Location
Center 2.2(0.0) 26.4 (0.0) 28.6 12
NW comer 1.0(0.0) 9.4 (0.0) 104 9
SW comer 0.6 (0.0) 10.1 (0.0) 10.7 17
SE comer 0.6 (0.0) 8.8 (0.0) 94 15
NE comer 2.2(0.0) 10.6 (0.0) 12.8 S

*The soil station covered an area 9 m (3C ft) on a side.
Note: The numbers in narentheses represent analytical uncertaintics.

corrclations by year indicated no particular pattern. analyzed for plutonium in 1986 (Fig. 1). The total
The ratio of 2%-2°Py 10 **Pu ranged from 17 o 31 in plutonium concentrations varied from 1.3 to 84.9 fCi/g
1981 and from 9 to 26 in 1983. (Table 11). The concentrations of total plutonium from

Soil samples trom nine stations located in northem
New Mexico and southern Colorado were collected and

the nine stations can be divided into three classes
according 1o location of the sampling stations:

(f Ci/g)

Total Plutonium

239.240p
238Py

Locations in Sampling Area

Center NW SwW SE NE
30 — ® —_
e \ Total Plutonium —
°
0— —
Ratio

Flg. 2. Total plutonium and the ratio of ****Pu/?*Pu from soil-sampling
station near Santa Cruz Lake.




Table II. Plutorium in Regional Soils.

Total Ratio
Bpy . U0py Plutonium  2¥%py/2¥py
Station (fCi/g) (FCi/g) (fCivg) (fCi'g)
1981
La Bajada 06(0.2) 100 (0.1) 10.6 17
Cuba 0.8 (0.1) 17.0 (G4) 17.8 21
El Rito 0.3(0.0) 94 (0.3) 9.7 31
Santa Cruz Lake 04 (0.1) 10.3 (0.7) 10.7 26
Gallina 0.2 (0.0) 54 (0.2) 5.6 27
Santa Ana Puchlo 0.1 (0.0 2.7 (0.1 28 27
1983
La Bajadz 0.7 (0.1) 134 (0.1) 14.1 19
Cuba 0.1(0.0) 26 (0.1) 2.7 26
El Rito 0.2(0.0) 3.2 (0.1) 34 16
Santa Cruz Lake 1.5 (0.8) 14.1 (8.2) 15.6 9
Santa Ana Pucblo 0.3(0.1) 3.7 (0.2) 40 12
Gallina 0.6(0.1) 13.2 (0.5) 13.8 22
1986
South Tres Piedras, New Mexico 0.3 (0.1) 76 (0.3) 79 25
New Mexico-Colorado State Line 0.3 (6.1) 6.2 (0.3) 6.5 21
Mosces, Colorado 0.1(0.DH 12 (0.1) 1.3 12
Poncha Pass, Colorado 0.7 (0.1) 122 (04; 129 17
Monarch Pass, Colorado 39(0.4) 81.0 (8.0) 849 21
Creede, Colorado 0.670.1) 156 (0.6) 16.2 26
Wolf Creck Pass, Colorado 1.9 (1.0) 436 (1.9) 45.5 23
Chama, New Mexico 0.8 (0.2) 19.3 (1.1) 201 24
Cebolla, New Mexico 0.4 (0.0 10.7 (0.4) 11.1 27
XS 0.7 (0.9) 144 (17.7) 18.6 (15.1) 21 (6)
Minimum 0.1 (0.0 1.2 (0.1) 1.3 9
Maximum 39(04) 810 (8.0) 849 31

Note: The numbers in parentheses represent (a) analytical uncertainties if used with a single sample, or (b) a
standard deviation of a number if used as a mean.

The low concentrations of plutonium (1.3 to with ratios from 17 to 27) are found on the high
1.9 fCi/g [south of Tres Piedras, the New mountain slopes west of the continental divide.
Mexico-Colorado statc line, and Mosca), with
ratios from 12 to 25) are found in the high inter-
basin of the San Luis Valley.

The high concentrations of plutonium (20.1 to
84.9 fCi/g [Chama, Wolf Creck, and Monarch
passes], with ratios of 21 to 24) are located along
The intermediatc concentrations of plutonium (11.1 the high mountain passes along the continental
to 16.2 fCi/g [Poncha Pass, Crecde, and Cebolla), divide.



The concentrations tend W increase northward along
the contincatal divide from Chama 1o Monarch Pass.
Fallout concentrations tend to increase northward from
southerm New Mexico into northern Colorado because
of the prevailing wind pattemn (jet srcam ! castward
from the test arcas in the Pacific and in Nevada. The
major deposition of fallout was in the corndor in
Jorthemm Colorado, with a decrecasing amount o the
south into New Mcexico. Local weather pattemns, such
as upslope winds along the high mountains, tend o
deposit fallout on the lecward side. The ratios 2% 2Py
to *Pu in this arca arc from 27 to 29 (Perkins 1980).

The ravo of 2% #'Pu 10 2®Puy for the soil samples
collecied in 1981, 1983, and 1986 range from 9 10 31.
with a mean of 21(6). The concentrations of the two
isotopes of plutonium and their ratios vary considerably
(Fig. 3).

Il. RIVER SEDIMENTS

River sediments on the Rio Grande were collected
at two statons above Otowi and four stations below
Otcwi in 1979 and 1981 (Fig. 4). The samples were
coliected from dunc build-up in the stream or from
sediments deposited along the nver charncl. The
concentrations of 2*Pu concentrations ranged from 0.1
10 ().5 fCyg; the 2'-2*Py concentrations ranged from 1.0
10 8.8 {Ci/g (Table 111). Thc wtal plutonium ranged
from 1.1 109.5 fCi/g, with a mean of 5(3) f("i/g. The
background for river sediments for th2 period
1974 -198% had an upper limit of 28 fCi/g (Purtymun
19%7).

The ratio of 2¥2*'Pu 1o 2*Pu of the 1979 and 1981
river sediments ranged from 10 to 71, with 2 mean of
32(19). The wide range in ratios indicalcs a vanation in

Reservoir Sediments

Rio Chama Rio Grande

El Vado Abiquiu Rio Grande Cochiti

. River
Soil Sedirnents Heron
50
£ Wl
3 —
i
=P
ao P ¢
5 ol + 1
i 0
.10 b—
50
=
afis r
g|e ©r
Nk
L RV .
o 20— { }
=
c 10—
0 S

Total Plutonium

Ratio

1 [ T T

- KX —

- -
T ! _
1 ¥ T -

Fig. 3. Mean total plutonium and ratios of 2% 2’pu/2®Pu_ with standard deviation of
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the concentrations of plutonium. The difference of the
ratios is unknown, but it may be duc to the smaller
particle size of the 2*Pu particles, or it may be that the

Fig. 4. River sediment stations on

the Rio Grande

silts and clay-size particles that adsorb 2¥*Pu more
rcadily are winnowed out of the niver sediments and
deposited in the reservoirs,

The concentrations of plutonium in the river
scdiments are lower than those found in soil. The low
concentrations are due to the fact that the nver sedi-
ments contained coarser material than that from the
soils and that the larger concentrations of plutonium are
found in the silt and clay-size matcrial,

Table 1II. Plutonium in Sediment in the Rio Grande.

Total Ratio
Bpy 9.240py, Plutonium  2%0py /B3Py
Station (ICvg) (fCvg) (fCig) (fCi/g)
1979
Otowi 0.2(0.0) 7.3(0.2) 7.5 36
Sandia 0.1(0.0) 43(0.2) 44 43
Pajarito 0.1 (0.1 1.0(0.2) 1.1 10
Ancho 0.5(0.0) 8.8(0.3) 93 18
Frijoles 0.1 (0.0) 2.3(0.2) 2.3 23
1981
Espanola (above) 0.1¢0.4) 23(0.2) 24 23
Espariola 0.1(C.0) 7.1(0.3) 72 71
Otowi 0.1(0.6) 28004) 29 28
X(S) 0.2(0.1) 459 5 (3) 32(15)
Minimum 0.10.0; 1.0(0.2) 1.1 10
Maximum 0.5 (0.0) 8.8(0.3) 93 71

Note: The numbers in parenthescs represent (a) analytical uncertainties if used with a single sample,
or (b) a standard deviation of a number if used as a mean.




IV. RESERVOIR SEDIMENTS ON THE R1IO
CHAMA

(193 mi?) along the castern edge of the continentai
divide. The reservoir is used for storage of trans.
mountain water from the San Juan River basin. Three
scts of samples were collected—in 1982, 1984, and
1985 (Table IV). Analysis of the results showed no
particular patiern of the concentrationt ‘rom one year to
the next. The total plutonium ranged from 3.7 to

20.8 fCi/g, with a mean of 12(6) fCi/g (Table IV). The
mean ratio of 2¥-#"Py 10 ?¥Pu was 24(8), slighty above
the mean ratio for soils of 21(6) (Fig. 3).

Sediments were collected from three reservoirs on
the Rio Chama (Fig. 1). The samples were collected
from a boat, using an Eckman dredge that collects a
sample of scdiments from an arca about 15 ¢cm (6 in.)
on a side and !0 a depth of about S cm (2 in.).

Heron Rescrvoir was completed in the Chama
drainage in 1970. The drainage arca is about SO0 m?

oty - e

Table 1V. Plutonium in Reservoir Sediments on the Rio Chama.

Total Ratio
28py M Uopy, Plutonium 2°%0Py/2®py
Reservoirs (fFCi/g) (rCi/g) (fCi'g) (rCi/g)
Heron Reservoir
1982
Upper 0.2(0.1) 7.7(0.0) 79 38
Middic 0.7 (0.1) 13.5(0.0) 14.2 19
Dam 0.510.0) 19.9 (0.1) 20.8 22
1984
Upper 0.3 (0.1) 34(0.2; 3.7 1
Middle 03(.1) 6.5(04) 6.8 22
Dam 081(0.1) 18.1 (0.9) 189 23
1985
Upper 0.7(0.2) 174 (1.2) 18.1 2
Middic 05(0.2) 114 (1.9) 119 23
Dam 0.2(0.2) 74 (0.4) 1.6 37
X(S) 0.5(0.3) 11.7(5.9) 12 (6) 24 (8)
Minimum 02(0.2) 34(0.2) 3.7 11
Maximum 0.9 (0.0) 199 (0.1) 20.8 38
El Vado Reservoir
1982
Upper 0.1 (0.0) 10.6 (0.0) 10.7 —
Middle 0.1 (0.0) §.20.1) 53 52
Dam 0.6 (0.0) 12640.1) 13.2 21
1984
Upper 04 (0.1) 7.7(0.0) 8.1 19
Middle 03®.1) 6.8 (0.8) 7.1 23
Dam 04(0.1) 6.8(0.4) 7.2 17



Table IV (Conrtinued)

Total Ratio
Bipy Mopy Plutonium 2¥-240Pw/ %Py
Reservoirs (fCg) (fCvg) (fCig) (ICvg)

El Vado Reservoir (Continued)

1985
Upper 0.4 (0.2) 74(1.2) 78 18
Middle 0.3(0.2) 7.7 (0.€) 3.0 26
Dam 0.3(0.2) 7.8(0.5) 8.1 26
X(S) 0.3(0.2) 8.1(2.2) 8 (2) 25 (11)
Minimum 0.1 (0.0) 5.2 (0.1) 53 17
Maximum 0.6 (0.0) 12.6 (0.1) 13.2 52
Abiquiu Reservoir
1982
Upper 0.4 (0.3) 8.0 (0.6) 8.4 20
Middic — — — —
Dam 0.6 (0.1) 11.4 (0.6) 12.0 19
1984
Upper 0.7(0.3) 16.3(1.2) 17.0 23
Middle 0.5(0.2) 11.0(1.2) 115 22
Dam 0.9 (0.2) 0.7 (0.8) 11.6 12
1985
Upper 0.3(0.2) '8 (0.8) 8.1 26
Middle i.2(0.2) 9.4 (0.8) 10.6 —
Dam 0.5 (0.2) 9.1(0.8) 9.6 18
1986
Uppar 0.2 (0.1) 6.7 (0.3) 6.9 34
Middle 0.3(0.1) 6.3(0.2) 6.6 21
Dam 0.4 (0.1) 9.5(0.3) 99 24
1987
Upper 0.1 (0.0) 0.2 (0.1) 0.3 —
Middic 0.2 (0.0) 5.0(0.3) 5.2 25
Dam 0.2 (0.0) 6.0 (0.3) 6.2 30
XS 0.5 (0.3) 84 (3.7 9 (4) 23 (6)
Minimum 0.1 (0.0) 0.2 (0.1) 0.3 12
Maximum 1.2(0.2) 16.3(1.2) 17.0 2}

Note: The numbers in parenthescs represent (a) analytical uncentaintics if used with a single

sample, or (b) a standard deviation of a number if usced as a mean.




El Vado Reservoir, which was completed in 1935, is
located downstrcam from Heion, The drainage area ts
about 2240 m? (873 mi?). Threc sets of samples were
collected—in 1982, 1984, and 1985 (Tablc 1V). Again,
there was no particular trend to the concentration of
plutonium, cither in 3 single sct or from ycar to year.
The total plutonium concentrations ranged from 5.3 1o
13.2 fCi/g. with a mcan of 8(2). The mean 2**2Py 1o
23%py, raio was 25(11), slightly above the mean ratio of
soil of 21(6) (Fig. 3) .

Abiquiu Reservoir was completed in 1961 and is
located downstream from El Vado. The drainage arca
above the reservoir is about 4140 m? (1600 mi?). Five
scts of samples were collected—-in 1982, 1984, 1985,
1986, and 1987. As before, no pattern was found for
plutonium concentrations in a single ycar or from onc
sct to another (Table IV). The total plutonium concen-
trations ranged from 0.3 to 17 fCi/g, with a mean of
9(4). The mean 2*2%Py 10 2%Pu ratio was 23(6), within
the range of the mean soil ratio of 21(6) (Fig. 3).

V. RESERVOIR SEDIMENTS ON THE RIO
GRANDE

Sediments were collected from two reservoirs on
the Rio Grande (Fig. 1). The sediments from Rio
Grande Reservoir were collected just below the water
level because the reservoir had been drained for repair.
The reservoir is located below the continental divide in
southern Colorado. The sediments from Cochiti
Reservoir were cellected from a boat, using an Eckman
dredge in water depths ranging from4to 1Sm (12
S0 fr).

Rio Grande Reservoir was completed in 1912 and is
one of the oldest reservoirs on the Rio Grande. The
drainage arca, west of the continental divide and above
the reservoir, is about 420 m? (163 mi?).

The reservoir sediments from Rio Grande Reservoir
were collected from the upper end and middle of the
reservoir and from an area ncar the dam. The total
plutonium concentrations ranged from 5.0 to 41 {Ci/g
(Tablc V). The low concentration of 5.0 fCi/g was

TableV. Plutonium in Reservoir Sedimentson the Rio Grande.

Total Ratio
3Bpy 1%, 0p, Plutonium *¥0py/2®py
Reservoirs (fCi/g) (fCi'g) (fCv'g) (fCi'g)
Rio Grande Reservoir®
1986
Upper 0.1 (0.1) 49 (0.4) 5.0 49
Middle 05(.)) 9.5(0.3) 10.0 19
Dam 2.2(0.2) 388 (2.7) 410 18
XS 09 (1.1) 17.7(18.4) 19 (26 29 (18)
Minimum 0.1(0.1) 49 (0.4) 5.0 18
Maximum 2.2(0.2) 388(2.7) 410 49
Cochiti Reservoir®
1979
Station 1 0.2 (0.0) 39(0.1) 4.1 20
2 0.1 (0.0 26(0.1) 2.7 26
3 0.0 (0.0 0.4 (0.0) 04 —
4 14 (0.2) 303 (0.7) 31.7 22
5 1.3(0.2) 24.6(0.7) 259 19
6 1.3 (0.4) 26.6 (1.0) 279 20
7 0.7 (0.2) 20.7 (1.0) 214 30
8 1.4(0.4) 244 (1.1) 25.8 17
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Table V (Continued)

Total Ratio
8py ¥,.40p,, Plutonium 2 Puw/ Py
Reservoirs (fCvg) (fCi/g) (fFCvg) (fC'g)
Cochiti Reservoir (Contirued)
1982
Station 1 0.7(0.1) 15.1 (C.8) 15.8 22
2 1.200.1) 25.7(1.2) 269 21
3 0.8(0.D) 15.6 (0.8) 16.4 20
4 08(0.1) 15.6 (1.0) 164 20
5 1.0 (0.1) 17.4 (0.9) 18.4 17
6 1.2(0.1) 179 (1.0) 19.1 |M
7 0.8 (0.1) 17.1 (0.8) 179 21
1984
Upper 0.10.1) 14.7 (0.7) 148 —
Middle 1.0 (0.1) 16.7 (0.8) 17.7 17
Dam n.9 (0.1 27.7(1.3) 28.¢6 31
1985
Upper 2.000.2) 29.2(2.4) 31.2 15
Middle 1.2(0.2) 189 (1.4) 20.1 16
1986
Fnjoles Canyon 1.1 (0.2) 26.0(1.2) 21.1 18
Upper 1.0(0.1) 16.5 (0.6) 17.5 16
Middle 1.9(0.2) 30.1 (1.6) 320 16
Dam 0.9 (0.1) 18.2 (0.7) 19.1 20
1987
Upper 0.0 (0.0 26 (0.1 26 —
Middie 1.1(0.1) 29.7(1.1) 30.8 27
Dam 14 (0.1) 20.2 (0.9) 216 14
X(5) 0.9 (0.5) 18.6 (8.5) 20 (9) 20 (5)
Minimum 0.0(0.0) 0.4 (0.0) 04 14
Maximum 1.9(0.2) 30.3(0.7) 32 31

*Located in Colorado near the Continental Divide.

®Located south of Los Alamros.

Note: The numbers in parenthescs represent (a) analytical uncertaintics if used with a single

sample, or (b) a standard deviation of a number if used as a mean.

found at the upper end of the reservoir where current

sediments were being deposited. The plutonium

increased to 1.0 fCi/g at the middle of the reservoir,

with a further increase 10 41 fCi/g near the dam. The
high concentration at the dam may reflect the earlier

deposition of sediments when fallout was high during

11



the 1950s. The ratio of the 2 ***Pu 1o ?™Pu in the upper
part of the reservoir is high, 49; the ratins in the middle
of the reservoir at 19 and near the dam at 14 are within

the mean ratios of soil, 21(6) (rig. 3).

Cochiu Reservoir, southeast of Los Alamos, is one
of the ncwer reservoirs on the Rio Grande (Fig. 1). The
reservoir was completed in 1972, The drainage arca 1S
about 38 600 m? (14 9X) mi?) in southem Colorado and
northern New Mexico. [t includes water from the Rio
Grande and the Rio Chama.

The reservoir sediments were sampled in 1979,
19%2, 1984, 19KS, 1986, and 19%7 (Table V). Eight
sations were sampled in 1979, seven in 1982 and two
to four in the remaiming years (Fig. ).

The concentrations of piutonium in cach sample set
are random, and there is no pattern according W
locaucn or years of collecunn. The total plutonium
concentrations range from 0.4 o 22 fCyg, with a mean
ratio of about 20k9) fCi/g. The concentratons of plu-
tonium from Cochiti Reservour are higher than those
found in the reservoirs on the Rio Chama but are com-
parable with tho<e found in the Rio Grande Reservorr,
The sediments in Cochit and Rio Grande reservoirs
contan a higher fracuon of finer sediment particles and
orzanic matenals than cows 1n ine reservours on the
Rio Chama. These features enhance the capacity of the
sediments 1) adsorb plutonium, resulung in higher
concentratons of plutonium.

The rauos of 2™ “Py 1o -?Pu in Cochiti Reervotr
ranged from 121 21, wath an average of 2((S), This is
not signifantls different from the mean ration of soil,
2176, which are near the mean ratis in sediments from
Rio Grande Reservoir and near thase from the three
reseroirs on the R Chama

VI. CONCLUSIONS

There was significan. dif’ ron-¢ betacen the
highest and lowest wal plutonium concentrations and
the ratios of <® ““Py 1o “*Puy of tive samples wollected
ina9-m* ()12, arca. The difference was a factor
of about 2, indiczating that even in a small arca pluto-
nium concentrations and ratios from fallout are not
homogeneous.

The concentsations of plutonium in soil samples

collecied from five ctations in a 15-m 750.mi) radius of

12

-

4 (middle)
5

6 (lower)

Dam

Flg. S. Sediment stations at Cechiti Reservarr.

Lers Alamos in 19%1 and 19%2 varied from station 1o
station and from year 1) year. The concentrations
varicd by a factor of 4 in 19%1 and by a factor of 5 in
19%2.

Nine soil samples wollected 10 northern New
Mexico and snuthern Coloradn in 19%6 were divided
into three groups according o concentratons. Low
concentrations of plutonium /1.3 10 7.9 fCy/g) were
found in the high interbasin of the San Luis Valley,
intermediate concentrauons (11,1 1 16.2 fCy/g; were
found on the high mouniain slope east of the contnca-
tal div1de, and high concentrauons (20).1 1 84.9 fCi/g)
were found in the high passes along the continental
divide. The concentrations in the high mountain passes
increased from south v north. The mean ratio of
2% A0py 10 2Py in the snil was 2166,

River sediments were collected from six stztions on
the Rio Grande. The concentrauons of the plutonium in
the river sedimenis were Jower than those found in the
soils, ranging from 1.1 © 9.3 Ci/g, #ith 2 mean of
5.X(3). The ratio of **-#Pu 1o **Pu ranged from 10 10
71, indicating that physical transport by the nver has
caused a further distnibution of plutonium, with the
fine- zained sediments being winnowed out of the bed
sediments.



Concentrations of plutonium in reservoir sediments
from the Rio Chama arc much lowcr than those found
in the reservoir sediments on the Rio Grande. The mean
total plutonium coixentrations from the three reservoirs
on the Rio Chama were 12, 8, and 9 fCi/g; the mean
total plutonium concentrations for the twe reservoirs on
the Rio Grande were 19 and 20 fCi/g. The mear ratio
of 2%:29py 10 2¥Puy fromn the three reservoirs on the Rio
Chama ranged from 23 10 25, The same ratio for the
upper reservoir on the Rio Grande was 2Y; that of the
reservoir below Los Alamos was 20, about the same as
that found in the soils.

The variations in plutonium concentrations and in
the ratios of 2¥-**"Py to "Pu in soils. river sediments,
and rescrvoir sediments indicate that the depesition of
plutonium fallout is not homogencous, bint is due 1o
differences in regional and local weather patterns that
causc selective arcas for fallout, differences in particie
sizes of the plutonium that result in variations of
concentration, and differences in distribution of the
plutonium because of varving erosion and transport
conditions.
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