



































. e .
Three sample intervals from the gravity core and.

one sample from the box core at site R1 were analyzed
in duplicate for organic carbon. RPD for the four
duplicate analyses of organic carbon ranged from 0 to
0.78 percent, and the median was 0.36 percent.

One gravity core sample had duplicate analyses
of major and trace elements. Thirty-nine major and
trace elements were detected in both duplicate
analyses, and 12 of these elements had identical
concentrations (mostly two significant figures) in both
analyses. The RPD for major elements ranged from
0.26 percent for calcium to 0.76 percent for magnesium
(median RPD = 0.39 percent for eight elements). The
RPD for trace elements ranged from 0 percent for Ag,
Ba, Bi, Cd, Hg, Mn, Mb, Nb, Sc, Sr, Y, and Yb to 4.5
percent for antimony (median RPD = 0.29 percent for
31 elements). The RPD for PAH compounds ranged
from 0.0 percent for 4,5-methylenephenanthrene to
68.0 percent for benzo(k)fluoranthene (median RPD =
12.6 percent for 31 detections out of 64 reported PAH
compounds). The duplicate sample for organochlorine
pesticide analysis was ruined during preparation at the
NWQL.

The RQL analyzed method blanks, method
spikes, certified reference material, and a duplicate

_ sample for each batch of samples submitted for organic

compound analysis. The results met established
NWQL control limits (Pritt and Raese, 1992).
Radionuclide results included counting errors and total
errors for each sample. Counting error is the statistical
uncertainty in the count contributed by background
sources. Total error is the counting uncertainty plus the
uncertainty in equipment calibration. These errors are
reported in table 3. One interval from the gravity core
and one box core sample had duplicate radionuclide
analyses. The RPD for the gravity core duplicate
ranged from 0.56 percent for 23%240py to 12.8 percent
for 28Pu (median = 2.8 percent for seven
radionuclides). The RPD of the box core duplicate
ranged from 0.20 percent for 234U to 24 percent for
238py (median = 0.62  percent for five radionuclides).
Plutonium-238 had very low activity values, and even
small differences in measured activities between
duplicate analyses cause the RPD to be large.

Table 3. Counting and total errors of radionuclide analyses

[--, not reported]

Number of Range of Median Range of total Median total
Radionuclide samples counting error  counting error error error
137 13 0.066 - 0.110 0.079 0.079 - 0.120 0.095
210py, 13. 0.21-0.28 0.24 0.37-0.50 0.46
226p, 13 0.14-0.20 0.18 0.18-0.25 0.23
238p,, 21 - - 0.00013 - 0.0029 0.00059
239,240p,, 21 - - 0.0014 - 0.0073 0.0033
2301y, 21 0.092 - 0.21 0.11 0.14-0.21 0.19
2327y, 21 0.086-0.18 0.11 0.13-0.19 0.17
234y 21 0.13-0.17 0.14 0.18-0.25 0.21
235y 21 0.019 - 0.039 0.030 0.020 - 0.040 0.030
238y 21 0.13-0.18 0.14 0.19-0.26 0.21




DEPOSITION OF BOT¥*YM SEDIMENT

Sediment Surveys

The Department of the Army, U.S. Army Corps
of Engineers (USACE) periodically assesses reservoir
sedimentation in Cochiti Lake. The elevation of the
reservoir’s sediment surtace, in feet above sea level,
was available for surveys conducted in 1972 (before
impoundment), 1976, 1979, 1981, 1986, 1991, and
1998 (Department of the Army, 1996; and unpublished
data). The USGS recorded depth to the sediment
surface at each of the seven coring sites while
collecting sediment cores. The reservoir’s water
elevation during core collection was 1,628 m above sea
level (Department of the Army, oral commun., 1996).
Reservoir sediment-surface elevations during sampling
in 1996 at each coring site were calculated and
compared with previous sediment surveys to locate the
sampling sites relative to historical sediment deposition
and to assess the extent of sedimentation at each coring
site over the past 5 years. A sediment front, marked by
a sudden change from deep to shallow water depths,
was profiled in the 1981, 1986, 1991, and 1998
sediment surveys between 6 and 8 km upstream from
the dam (fig. 2A). Bottom sediment coring sites B3,
B3.5, and B4 were located along this sediment front in
1996, as shown in figure 2A.

The USGS monitors suspended-sediment
discharge at a gaging station on the Rio Grande at
Otowi Bridge (station 08313000) about 27 km
upstream from Cochiti Lake. The total suspended-
sediment discharge, in tons per year (tons/yr), recorded
at Otowi Bridge since the date of reservoir construction
is compiled and illustrated in figure 2B. The total
suspended-sediment discharge was typically about 1.5
million tons/yr with a few exceptions. Years in which
relatively high suspended-sediment discharge was
recorded were typically followed by progradation of
the sediment front in Cochiti Lake.

In the 5-year period between the 1981 and 1986
sediment surveys, the crest of the sediment front built
out, or prograded, approximately 0.5 km, resulting in
an average progradation rate of 100 m/yr. The sediment
front prograded from 1986 to 1991 and from 1991 to
1996 at estimated average rates of 145 m/yr and
250 m/yr, respectively. The large total suspended-
sediment discharges recorded at Otowi Bridge in 1991
and 1995 have contributed to the greater rate of
progradation in the 1991-96 period. The extremely

high suspende&%’édiment discharge in 1995 coincides
with a large progradation of the sediment front
documented during 1996 core collection. A more
recent sedimentation survey, performed by the USACE
in 1998, shows the sediment surface at lower elevations
near the crest than in 1996. The sediment front may.
have slumped or moved in the downstream direction
from 1996 to 1998.

Core Lithology, Grain Size, and Organic
Carbon Content

On= gravity core from th~ primary .. .ing
location (R1) was visualiy descrioed in the nield. The
core was 117 cm long and was the only gravity core
that did not penetrate the prereservoir surface.
Sediments were fine grained throughout the length of
the core. The upper 25 cm of the core was dark
yellowish brown (10YR 4/2; Geological Society of
America, 1991)with a high water content and no
visible benthic invertebrates. The core was of similar
color and became firmer down to 73 cm. Below 73 cm,
the sediment gradually became light tan (SYR 4/1)
followed by a stiff, dark-yellowish-brown (5Y 4/1)
zone at 91 to 93 cm. The sediment remained fir~ = - *
the same color to the bottom of the core with u.
exception of a prominent dark-olive-black (5Y 2.}
zone at 108 to 112 cm.

Grain-size analyses at the primary coring
location (R1) indicated sediments greater than 99
weight percent silt and clay (less than 0.062 millimeter
(mm)) along the full length of the core and a median of
94 weight percent clay-sized particles ('=ss than 0.004
mm). The percentage by weight of clay-sizc? 7~ ~les
decreased slightly below 130 cm (fig. 3A). Grain-size
analyses were also performed on the box cores of
surficial sediments collected along the length of
Cochiti Lake. The percentage of silt- and clay-sized
particles has little variation along the length of the
reservoir, ranging from 91.7 to 100 percent. Clay-sized
particles decreased from 92.9 percent at primary coring
location R1 to 26.2 percent at the farthest upstream
sampling site, BS (fig. 3B). This trend is typical in
reservoirs because coarser grained sediments fall out of
suspension first as water velocity slows in the upper
part of the reservoir, whereas finer grained sediments
stay in suspension longer and are transported farther
down the reservoir.
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Organic carbon was analyzed in a gravity core
and box core from site R1. The percent organic carbon
by weight ranged from 0.93 to 1.33 (fig. 3C), and the
median was 1.07 percent in the full length of the gravity
core. The box core from the same location had similar
organic carbon concentrations as the corresponding
upper portion of the gravity core. The box core
concentrations ranged from 1.09 to 1.39 weight percent
(fig. 3D), and the median was 1.31 percent. The weight
percent organic carbon in the corresponding upper
portion of the gravity core ranged from 0.99 to 1.33
(fig. 3C), and the median was 1.19. The percent organic
carbon was greatest in the upper portion of both the
gravity and box cores. The decrease in organic carbon
just below the sediment-water interface is typical of
subaqueous sediments and is a reflection of early
diagenesis with burial (Froelich and others, 1979). The
sediment intervals below 40 cm had relatively stable
organic carbon values (with one exception at 97.5 cm)
(fig. 3C).

Estimating Age of Sediments and Rates of
Deposition

Four of the five gravity cores penetrated to
prereservoir material, as indicated by an abrupt
transition from fine-grained (clay and silt), high water-
content sediment to a fine quartz sand with a low water
content. The prereservoir boundary was at a mean
depth of 138 cm and provides a date marker for 1975,
when the reservoir was impounded at the elevation of
the permanent pool.

_ Initially, sediment deposition dates were to be
calculated using variations in 137Cs (half-life = 30.8
years) and 21%Pb (half-life = 22 years) activities with
depth in the gravity core analyzed for radionuclides.
However, the young age of Cochiti Lake limited their
use, and deposition dates of core intervals were
assigned on the basis of the average mass accumulation
rate at site R1. Four of the five gravity cores collected
at site R1 penetrated to prereservoir material, as
indicated by an abrupt transition from fine-grained,

_high water-content sediment to a fine quartz sand with
a low water content. The prereservoir boundary was at
a mean depth of 138 cm and provides a date marker for
1975, when the reservoir was impounded at the
elevation of the permanent pool. Because the
sedimentation rate in Cochiti Lake has varied greatly
since its impoundment (fig. 2), using the average mass
accumulation rate makes the sediment deposition dates
assigned approximate values. An average mass
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accumulatioﬂate of 2.74 grams (g)/cmzlyr was
calculated for the gravity core analyzed for major and
trace elements using the measured porosity of each

sampling interval and an assumed density of solids of

25 g/cm3. The approximate dates were then
extrapolated to the equivalent depth intervals in the
other cores on the basis of relative differences in core
lengths. Porosity data were not available for the other
cores to allow extrapolation by equivalent mass. An
average linear sedimentation rate of 6.6 cm/yr at site
R1 was calculated using all five gravity cores.

The average mass accumulation rate of 2.74
g/cm?/yr was calculated for the major and trace
elements in the gravity core using measured gorosity
and an assumed density of solids of 2.5 g/cm’. The
dates were then extrapolated to the equivalent depth
intervals in the other cores on the basis of relative
differences in core lengths. An average linear
sedimentation rate of 6.6 cm/yr at site R1 was
calculated using all five gravity cores.

CHEMISTRY OF BOTTOM SEDIMENTS

Major Elements

The concentrations of major elements at site R1
had little variability and showed no trends in the gravity
core. Concentrations in the box core sediments also
collected at site R1 were similar to those in the gravity
core (fig. 4). An increase in concentrations of Al, Fe,
Mg, and P in the downstream direction was indicated
by box cores collected along the length of the reservoir
(fig. 5). Ca, K, and Na decreased in concentration
toward Cochiti Dam. Horowitz and Elrick (1987)
demonstrated that many inorganic elements associate
with particles smaller than 0.063 mm in size, which is
comparable to silt- and clay-sized particles as
measured by the USGS sediment laboratory. The
percentage of silt- and clay-sized particles has little
variation in the box cores collected along the length of
Cochiti Lake (fig. 3B). The concentrations of major
elements were normalized with respect to grain size by
dividing the elemental concentration by the percentage
of silt- and clay-sized particles to check whether
concentration variations along the length of the
reservoir are associated with the small variation in
grain size. Normalization does not affect concentration
variations (fig. 5) and normalization of other inorganic
elements (trace elements and radionuclides) was not
considered to be necessary.


















Table 4. Trace-element sediment-quality guidelines cor%ared to concentration ranges,
in micrograms per gram, in Cochiti Lake gravity core

[CCME, Canadian Council of Ministers of the Environinent; ISQG, interim sediment-quality guideline; PEL,
probable-effect level; --, no guidelines defined; ER-L, effects range-low;
ER-M, effects range-median; median values are in parentheses]

Sediment-
quality Chro-
Agency guideline Arsenic Cadmium mium Copper Lead Nickel Zinc
CCME ISQG 59 0.6 373 357 35.0 - 123
(1998)
PEL 17.0 3.5 90.0 197 91.3 - 315
Long and ER-L 8.2 1.2 81 34 46.7 209 150

others

(1995) ER-M 70 9.6 370 270 218 516 410

Cochiti Lake 7.6-9.6 03-0.5 47-58 32-42 30-53 27-30 120 - 150

(8.8) (0.4) (50) (35) (40) (28) (130)

Table 5. Concentrations of polychlorinated biphenyls (PCB’s), in micrograms per
kilogram, in Cochiti Lake gravity core from site R1 and box cores from all sites

[cm, centimeters; E, estimated; <, less than]

Sample name Middepth (cm)  Aroclor 1242  Aroclor 1254  Aroclor 1260
Gravity core
COC.10-12 6 E1.9 <2.0 <20
COC.1 12-24 18 24 <2.0 <2.0
COC.1 24-36 30 <3.0 <3.0 <3.0
COC.1 36-48 42 <2.5 <2.5 <25
COC.1 48-60 54 : 22 <20 <2.0
COC.1 60-72 66 22 <2.0 <2.0
COC.172-84 ) 78 1.4 1.2 1.2
COC.1 84-96 90 E0.97 E0.96 1.3
COC.196-108 102 - 1.2 1.1 1.0
COC.1108-120 114 <2.0 <2.0 <2.0
Box cores
COC.RI1 25 22 <20 <2.0
COC.B1 25 <2.0 <2.0 <2.0
COC.B2 25 <2.0 <20 <2.0
COC.B3 25 <1.0 <1.0 <1.0
COC.B3.5 25 1.3 1.7 <1.0
COC.B4 25 1.5 <1.0 <1.0
COC.B5 25 <1.0 <1.0 <1.0

18



all were at very low levels, hoy=er. Since completion
of this study, the USGS NWQL'We§ raised the reporting
level for PCB Aroclors to 5.0 micrograms per kilogram
(ng/kg) because of a change of equipment (Brooke
Connor, U.S. Geological Survey, written commun.,
1997), which is greater than all detections in Cochiti
Lake.

Aroclor 1242 was the most commonly detected
PCB in the gravity core (7 of 10 intervals). Aroclor
1254 and 1260 had detectable concentrations in three
sediment intervals deposited in the early 1980’s.
Aroclor 1242 and 1254 were detected in three and one
box cores, respectively (table 5). The maximum
concentration of total PCB’s (the sum of Aroclors
1242, 1254, and 1260) detected in Cochiti Lake
sediments is well below sediment-quality guidelines
(table 6). The magnitude of PCB concentrations and
comparison to sediment-quality guidelines indicate
that Cochiti Lake sediments are relatively
uncontaminated with PCB’s. Cochiti Lake PCB
concentrations are similar to those in other Rio Grande

reservoirs (Van Metre and others, 1996a) and smaller

than concentrations reported for urban reservoirs in
Texas and Georgia (Van Metre and others, 1997).

DDT, DDD, and DDE

The organochlorine pesticide DDT was first
synthesized in 1874 and was used as an insecticide
beginning in 1939 (U.S. Environmental Protection
Agency, 1983). DDT usage peaked in the United States
in the early 1960’s (Rapaport and others, 1985). Wide
use of DDT on cotton, fruits, and vegetables continued
in the United States until about 1970. DDT use was
banned nationwide in 1972 (Smith and others, 1988).
Occurrences of DDT and its metabolites, DDD and
DDE, are common in reservoir bottom sediments (Van
Metre and others, 1997). Agricultural and urban
activities upstream from Cochiti Lake could have
contributed DDT to the watershed.

DDD and DDE were present in all sediment
intervals in the gravity core collected at site R1 (fig.
8A). DDE had larger concentrations than DDD and
DDT, composing 52 to 69 percent of total DDT (DDD
+ DDE + DDT). Concentrations of DDT were detected
in 6 of the 10 sediment intervals. Concentrations of
DDD, DDE, and total DDT have statistically
significant decreasing trends in the sediment deposited
from about 1980 to 1992 (Spearman’s rank correlation

coefficient = 0.92 _value = 0.00086 for DDD and
DDE; Spearman’%nk correlation coefficient = (.90,
p-value =0.00201 for total DDT). The trends indicated
by samples deposited from about 1980 to 1992 are
similar to total DDT trends observed in many
reservoirs (Van Metre and others, 1998) and lakes
(Eisenreich and others, 1989). These metabolites have
increased slightly from 1992 to the present. This
increase could partly be the result of slightly higher
organic carbon concentrations near the top of the core
(fig. 3C); however, normalizing DDD and DDE to
organic carbon does not reverse this trend. The recent
increase also could result from the redistribution of .
sediments within the reservoir containing higher total
DDT concentrations. Larger total DDT concentrations
in two of the box core samples from the upstream part
of the reservoir (sites B3.5 and B4, fig. 8B) suggest that
this is possible.

DDD, DDE, and DDT were detected in all box
core samples (fig. 8B). As with the gravity core, DDE
had the largest concentrations, composing 56 to 66
percent of total DDT. DDD and DDT had similar
concentrations. Concentrations of total DDT were
largest at the box coring location B4. Sites B3.5 and B4
had greater total DDT and DDE values than those in the
gravity core. These box cores were collected along the
sediment front where the water depth changes from
shallow, riverlike conditions to deep, lakelike
conditions. A large portion of the sediment load carried
by the Rio Grande drops out of suspension here as the
water becomes deeper and the flow velocity slows. The
deposition of sediment and associated sediment-bound
contaminants in this area may contribute to the elevated

" total DDT concentrations at box coring locations B3.5

and B4. Total DDT concentrations in these two
samples (3.23 and 4.53 ng/kg, respectively) are below
threshold-effect levels (table 6). As was the case for
PCB’s, total DDT concentrations in Cochiti Lake

. sediments are similar to those in other Rio Grande
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reservoirs for comparable time intervals (Van Metre
and others, 1996a) and smaller than those in urban and
agricultural reservoirs in Texas and Georgia (Van
Metre and others, 1997).



Table 6. Organic sediment-quality guidelines compared tgncentration ranges, in micrograms
per gram, in Cochiti Lake gravity core

[CCME, Canadian Council of Ministers of the Environment; ISQG, interim sediment-quality guideline, PEL,
probable-effect level. --, no guidelines defined. ER-L, effects range-low. ER-M, effects
range-median. <, less than. Median values are in parentheses]

Sediment-
guality Benz(a)- Benzo(a)-
Agency guideline Total PCB  Total DDT anthracene pyrene
CCME ISQG 34.1 6.2 317 319
(1998) PEL 277 20.0 385 782
Long and others ER-L 23 1.6 - --
(1995) . ER-M 180 46 - v --
Cochiti Lake <3.8-62 1.12-256 164-775 1.74-102
(<6.1) (2.00) (2.43) (2.95)
- Sediment- —
quality Fluoran- Phenan-
Agency guideline thene threne Pyrene Total PAH
CCME ISQG 111 419 53.0
(1998) PEL 2,355 515 875
Long and others ER-L - - - 4,000
(1995) ER-M - - - 45,000
Cochiti Lake 464-12.8 291-113 438-13.8 134-240
(7.46) (5.40) (6.82) (190)

Polycyclic Aromatic Hydrocarbons

PAH’s are a group of organic compounds
composed of two or more fused benzene rings with
hydrogen atoms attached and side chains of alkyl
groups possible. These chemicals are very
hydrophobic, relatively unreactive, and sorb strongly to
sediments. PAH’s are formed through pyrolysis (high
temperature) reactions during the burning of wood,
coal, oil, and petroleum products, and occur in
uncombusted oil and petroleum products as well. They
have both anthropogenic and natural sources, which
include emissions from vehicles, power plants, and
residential heating devices; used crankcase oil; crude
oil; and forest fires. Some PAH’s are carcinogenic and
(or) toxic to humans and aquatic life through multiple
exposure pathways (Harvey, 1991). Concentrations of
PAH’s increased in the environment during the 20th
century in response to increased burning of fossil fuels
(Hites and others, 1981). Urban areas, recreational
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areas, LANL, and forest fires within the watershed of
Cochiti Lake could be historical contributors of PAH’s
to the sediments stored in the reservoir.

Sixty-one PAH’s were analyzed for in the botton
sediments of Cochiti Lake. Fifteen of the 23 parent
PAH’s and 17 of the 38 alkyl-homologs were detectec
in one-half or more of the gravity core samples (table
2). Naphthalene alkyl-homologs containing one or tw¢
alkyl groups (C1-128 and C2-128 isomers,
respectively) had the highest concentrations, with the
exception of perylene, and were detected in 16 of 17
samples from both the gravity and box cores. Alkyl-
homologs of phenanthrene/anthracene (C1-178 and
C2-178 isomers) and fluoranthene/pyrene (C1-202
isomers) also have high concentrations relative to the
other PAH compounds. The concentration of perylen:
in the gravity core is especially high compared to othe
compounds. Perylene, though, is believed to form in
place (LaFlamme and Hites, 1978) and is not
considered a PAH contaminant from the drainage are









































