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CONVERSION FACTORS AND ABBREVIATIONS

Multiply By To obtain
acre 0.004047 square kilometer
acre-foot (acre-ft) 1,233.49 cubic meter
centimeter (cm) 0.3937 inch
foot (ft) 0.3048 meter
inch (in.) 254 millimeter
liter (L) 0.2642 gallon (US)
micrometer (jm) 0.00003937 inch
milliliter (mL) 0.03381 ounce
mile (mi) 1.609 kilometer
square mile (mid) 2.590 square kilometer

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:
°F = 9/5 (°C) + 32.

The following terms and abbreviations also are used in the report:
microgram per liter (ug/L)

microsiemens per centimeter at 25 degrees Celsius (uS/cm)
milligram per kilogram (mg/kg)

milligram per liter (mg/L)

nanocurie per square meter (nCi/m?)

picocurie per gram (pCi/g)

picocurie per liter (pCi/L)

year (yr)

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NG VD of 1929)--a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
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Characterization of Selected Radionuclides in
Sediment and Surface Water in Standley Lake,
Great Western Reservoir, and Mower Reservoir,
Jefferson County, Colorado, 1992

By David W. Clow and David A. Johncox

Abstract

Sediment and surface water from Standley
Lake, Great Western Reservoir, and Mower Reser-
voir, near Denver, Colorado, were sampled and
analyzed for selected radionuclides during
August through October 1992. These reservoirs
are located about 1.5 to 3.3 miles east of the
U.S. Department of Energy’s Rocky Flats Envi-
ronmental Technology Site, formerly the Rocky
Flats Plant, which was a manufacturing site for
nuclear bomb triggers. In the 1960’s, drums con-
taining oil contaminated with plutonium leaked
onto the ground. Some of these contaminated soils
were subsequently dispersed offsite by wind. In
198384, plant operators sampled reservoir sedi-
ment from Standley Lake and Great Western
Reservoir and determined that some sediment
was contaminated with plutonium-239,240

(23 9’240Pu). However, the data from the

198384 study lacked the quality-assurance crite-
ria currently (1992) required by the Rocky Flats
Field Office. In 1992, the U.S. Geological Survey,
in cooperation with the U.S. Department of
Energy, undertook a study to: (1) Characterize
concentrations of selected radionuclides in lake
sediment and surface water at Standley Lake,
Great Western Reservoir, and Mower Reservoir;

and (2) compare 23%240py |ake-sediment data
obtained in 198384 to results from co-located
lake-sediment samples obtained in 1992 by the
U.S. Geological Survey.

Median 23%:249py concentrations in lake-
sediment grab samples from Standley Lake, Great
Western Reservoir, and Mower Reservoir were

0.037, 0.105, and 0.351 picocuries per gram
(pCi/g), and the differences between the reservoirs
were statistically significant at p<0.05. The high-

est 23%240py concentrations were measured in
lake-sediment grab samples collected from reser-
voirs closest to Rocky Flats Environmental Tech-
nology Site, which is consistent with the spatial

pattern of 239,240py, concentrations identified in
soil surrounding the site in previous studies.

The maximum concentration of 23%240py
dissolved in lake water was 0.009 picocuries
per liter, well below limits suggested by the
Colorado Department of Public Health and
Environment. Dissolved gross alpha and uranium
isotope concentrations were below National
Drinking Water Standards in all water samples.

There was no statistically significant differ-

ence between 23%240py concentrations in lake-
sediment grab samples collected from Standley
Lake in 198384 and in 1992; however, there was
a small, but statistically significant difference at
Great Western Reservoir (p<0.05). Mean

239.240py concentrations at Great Western Reser-
voir were 0.140 pCi/g lower in 1992, and median
concentrations were 0.040 pCi/g lower. One pos-
sible explanation for the difference in concentra-
tions in lake-bottom-sediment grab samples is that

new sediments with relatively low 239,240py con-
centrations may have buried older sediments con-

taining higher concentrations of 239.240py;: the
grab-sampling technique collects only the top 2 to
4 inches of sediment from the lake bottom.

In lake-bottom-sediment cores, trends in

239.240py; concentrations with depth in 1992 were

Abstract 1



similar to trends identified in the 1983—84 study.

Maximum 23%2%0Py concentrations occurred at
depths ranging from 13 to 31 inches below the
sediment-water interface at most sites. There was
a small, but statistically significant (p<0.05) dif-

ference in 23%240py concentrations in co-located
lake-bottom-sediment cores collected in 1983—84
and in 1992. Measured concentrations tended to
be higher in 1983—84 than in 1992. The median
difference between data sets was 0.050 pCi/g, and
differences tended to increase with concentration;
in samples with concentrations above 1.5 pCi/L,
concentrations were 10 to 30 percent higher in
1983—84 than in 1992. The differences in concen-
trations could be attributable to spatial variations

in sediment and 23%240py deposition.

INTRODUCTION

Standley Lake, Great Western Reservoir, and
Mower Reservoir are man-made water bodies used for
domestic water supply and irrigation in northeastern
Jefferson County, Colorado (fig. 1). These reservoirs
(hereinafter referred to as lakes) are located 1.5 to
3.3 mi east of the Rocky Flats Environmental Technol-
ogy Site (RFETS, formerly known as the Rocky Flats
Plant), which is about 16 mi northwest of Denver,
Colorado. The RFETS, which is owned by the
U.S. Department of Energy (DOE) and operated by
contractors, was built in 1951 and has been used for
plutonium processing, purification, and machining in
the manufacture of triggers for nuclear bombs. In the
1960’s, drums containing oil contaminated with pluto-
nium leaked onto the ground at the 903 pad (fig. 1), and
contaminated soil was subsequently transported offsite
by wind erosion (Krey and Hardy, 1970). Investiga-
tions in the 1970’s, 80’s, and 90’s indicated that soil
near the RFETS was contaminated with plutonium-
239,240 (33%240py, which is plutonium-239 + pluto-
nium-240) and americium-241 (**!Am), which is a
daughter product of p'utonium-241(?*'Pu) (Krey and
Hardy, 1970; Hardy and others, 1980; Thomas and
Robertson, 1981; Setlock, 1983; Setlock and Paricio,
1984; Litoar and others, 1994). 1n 198384, the
RFETS contractor measured elevated levels of
239.240py in bottom sediment from Standley Lake and
Great Western Reservoir (Setlock, 1983; Setlock and
Paricio, 1984). However, the data were not collected

using the quality-assurance criteria currently required
by the DOE-RFETS. Between August 27 and

Oct. 14, 1992, the U.S. Geological Survey (USGS), in
cooperation with the DOE, collected lake-sediment
grab samples, lake-bottom sediment cores, and water
samples from Standley Lake, Great Western Reservoir,
and Mower Reservoir.

Purpose and Scope

This report summarizes concentrations of
selected radionuclides in sediment and water samples
collected in 1992 from Standley Lake, Great Western
Reservoir, and Mower Reservoir. The report also

describes the results of comparisons between 239.240p,
concentrations in sediment collected from Standley
Lake and Great Western Reservoir in 1983—84 and
1992. Analytical results for radionuclide, trace ele-
ment, major-element composition, and other selected
water-quality constituents in individual sediment and
water samples are presented in the appendixes at the
back of this report.

Description of the Study Area

Standley Lake is a reservoir in the city of
Westminster, a suburb of Denver, in northeastern Jef-
ferson County and is about 3.3 mi southeast of the
RFETS (fig. 1). This lake is formed by an earthen dam
on Big Dry Creek and originally was constructed in
about 1910 to supply water for irrigation. Standley
Lake supplies drinking water for the cities of Westmin-
ster, Thornton, and Northglenn, which are located 4 mi
southeast, 8 mi east, and 7 mi northeast of Standley
Lake. About two-thirds of the lake water is municipal
water supply, and the other one-third is for irrigation.
The full capacity of the lake is about 43,000 acre-ft; the
mean depth is about 36 ft, and the maximum depth is
96 ft—based on the original land surface (Ruddy and
others, 1992). Almost all the inflow to Standley Lake
is delivered by canals flowing from the southeast which
do not pass through the RFETS. Woman Creek, which
drains the southern side of the RFETS, flows intermit-
tently into Standley Lake. Standley Lake is owned and
operated by the Farmers Reservoir and Irrigation Com-
pany of Brighton.

Great Western Reservoir is in northeastern Jef-
ferson County about 1.5 mi east of the RFETS (fig. 1).
Great Western Reservoir has an earthen dam that was
built in 1904 and originally was designed to supply
water for irrigation. The lake is owned and operated by
the city of Broomfield, which is located 2 mi to the
northeast of Great Western Reservoir and supplies
drinking water to the city. The full capacity of the lake

2 Characterization of Selected Radionuclides in Sediment and Surface Water in Standley Lake, Great Western Reservoir,
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in 1983—84 and in 1992 at Great Western Reservoir.

Lake-Bottom-Sediment Core Samples

1992 Data

As with the lake-sediment grab samples, concen-

trations of 2°>2*%Py and 2*!Am in many of the
lake-bottom-sediment core samples were greater than
the range of background concentrations expected from
natural processes and fallout (U.S. Environmental
Protection Agency, 1973, 1975). Concentrations of

239.240py; in lake-bottom-sediment cores ranged from
about 0 pCi/g in Standley Lake and Mower Reservoir
to 4.030 pCi/g in Great Western Reservoir (table 4) and

had a median of 0.101 pCi/g. Concentrations of >*! Am
ranged from 0 pCi/g in Standley Lake and Great West-
em Reservoir to 1.016 pCi/g in Great Western Reser-

voir (table 4) and had a median of 0.021 pCi/g. 1n most

cores, 23%-240py and 24! Am concentrations exhibited a
prominent peak at about the same depth, which
occurred at depths ranging from 13 to 31 in. An exam-
ple is shown in figure 12; 23%24%Py and 2*! Am concen-
trations both peak at a depth of 18 in. in core
SED08392. Previous investigators have reported a
prominent peak in the concentrations of these radionu-
clides at similar depths (Hardy and others, 1980;
Setlock, 1983; Sackschewsky, 1985; Cohen and others,
1990).

Hardy and others (1980) used the ratio of 4! Am
to 239240py, to identify the predominant sources of

239.240py, in lake sediment. Krey and others (1976)
reported that the ratio of 24!Am to 23%-240Py in soil
contaminated with Rocky Flats debris was 0.15.
Livingston and Bowen (1976) noted that global fallout
from 1961—62 nuclear testing averaged about 0.24.
Hardy and others (1980) stated that the mean ratio of
241 Am to 239:240py in lake sediment below the
239.240py, concentration peak matched that of fallout.
The 24! Am to 23%-24Py ratio above the 23%-24%py
concentration peak was equal to the ratios typical of
contaminated Rocky Flats debris (Hardy and others,
1980). Hardy and others (1980) estimated that 74 to
90 percent of 29-240Py in sediment above the 23%-240py
concentration peak was derived from Rocky Flats.

By following the method described in Hardy and
others (1980), an attempt was made to identify the pre-

dominant sources of 2>°240Py in lake-bottom-sediment
cores collected in this study. 1t should be noted that the
ratio of 2! Am to 23%-240py increases with time due to
decay of 24!Pu (half-life = 14.4 yr) to?*! Am after dep-
osition. The ratio of 24! Am to 2%24%Pu in the core
from the middle of Standley Lake is plotted with depth
in figure 13. In general, the lowest ratios (fig. 13)
occurred near the same depth as the highest concentra-
tions of 239-240py and 24! Am (fig. 12) in this core, but
the ratio had considerable scatter, and the data were
inconclusive. Assignment of sources based on these
results is not warranted. Furthermore, a plot of

18 Characterization of Selected Radionuclides in Sediment and Surface Water in Standley Lake, Great Western Reservoir,
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239.240py concentration against 241 Am:239.240py con-
centrations in lake-bottom-sediment cores collected
from Standley Lake and Great Western Reservoir in
1992 indicates that there is no relation (fig. 14A). A
relation was expected because the source of sediment

that has high 239,240py concentrations is likely to have
been Rocky Flats debris, which has a relatively low

241 Am to 239240y ratio (Krey and others, 1976; Hardy
and others, 1980). The reason for the lack of relation

between 23%240Py concentration and 24! Am:23%240py
concentrations is unknown.

There is a linear relation (r*=0.986, p<0.02)
between concentrations of 23-240Py and 24! Am
(figure 14B). This result was expected because 24 Am

is a decay product of 24!Pu (half-life = 14.4 yrs) and is
useful as an indication of the validity of the analytical
results.

Comparison Between 198384 and 1992 Data

In 1992, lake-bottom-sediment core samples
were collected at four of the sites sampled in 1983—84.
Two of these sites were in Standley Lake, and two were
in Great Western Reservoir. At each lake, one site was
in the deep part of the lake, and the other was in the
middle or shallow part. For each coring location, data
from 1983—84 and 1992 were matched after taking
recent sedimentation into account, assuming a sedi-
mentation rate of 1.2 to 1.5 in./yr in Standley Lake and
0.9 to 1.2 in/yr in Great Western Reservoir. A range of
rates was used for each lake because sedimentation
rates generally were higher in the deeper parts of the
reservoirs than in the shallow parts (Cohen and others,
1990). Sedimentation rates were estimated based on
matching of peaks and inflection points in plots of

239.240py concentration against depth using 198384
and 1992 lake-bottom-sediment core data. The sedi-
mentation rates used were reasonable based on rates
reported by Hardy and others (1980), who estimated an
average sedimentation rate of 1.3 in/yr for Standley
Lake; sedimentation rates were unavailable for Great
Western Reservoir.

Concentration of 23%-240py in sediment cores col-
lected in 1983—84 and in 1992 is plotted with depth for
each of the four sites in figures 15A through 15D. In
general, trends in concentration to depth were consis-
tent between 1983—84 and 1992 at all of the sites.

Boxplots of 2>%240py concentrations, and the differ-
ences between matched pairs of data, are shown in
figure 16A. Measured concentrations tended to be
somewhat higher in 198384 than in 1992. Although
the median difference between the two data sets was
statistically significant at p<0.05, most differences
between the matched pairs were small. The median

difference was 0.050 pCi/g, which is almost 100 times
smaller (two orders of magnitude) than the peak

239.240py concentrations measured in this study. The
mean difference was 0.200 pCi/g. Differences in con-
centrations tended to increase at higher concentrations

(fig. 16b). At >3*240py concentrations between 1.5
and 5.5 pCi/g, values from the 1992 study are 10 to
30 percent less than values reported in the 1983—84
study. The differences in measured concentrations may
be attributable to spatial variations in sediment and

239.240py deposition.

Lake-Water Samples

Summary statistics of dissolved and total radio-
nuclide concentrations in lake-water samples are pre-
sented in table 5. The median concentration of

dissolved 239:240py in lake water was 0.001, and the
maximum concentration was 0.009 pCi/L (table 5).

Total 239:240py concentrations in lake water were
somewhat higher; the median concentration was
0.003 pCi/L, and the maximum concentration was
0.030 pCi/L. There are no National Drinking Water

Standards for 2%240Py, but the Colorado Department
of Public Health and Environment has set a water-

quality standard of 15 pCi/L and a site-specific water-
quality standard of 0.030 pCi/L for Standley Lake and
Great Western Reservoir (Colorado codes and regula-

tions, 3.8.0, SCCR102-8). 23240py and 24! Am are
alpha emitters that contribute to the gross alpha con-
centrations in lake water in Standley Lake, Great West-
ern Reservoir, and Mower Reservoir. The median
dissolved gross alpha concentration was 0.52 pCi/L,
and the maximum was 1.9 pCi/L (table 5). These con-
centrations are substantially below the National Drink-
ing Water Standard for gross alpha concentration of
15 pCi/L (U.S. Environmental Protection Agency,
1995). Uranium concentrations also were well below
the National Drinking Water Standard of 15 pCi/L
(U.S. Environmental Protection Agency, 1995); the

median dissolved concentrations for 233 ’234U, 235 U,

and 238U were 0.500, 0.024, and 0.270 pCi/L, and
maximum dissolved concentrations were 1.2, 0.71 and

0.73 pCi/L (table 5). The maximum dissolved 24! Am
concentration was (.116 pCi/L, and the maximum total

24l Am concentration was 0.026 pCi/L. The maximum
total tritium concentration was 144.3 pCi/L (dissolved
trititum was not measured). National Drinking Water

Standards for 24! Am and tritium do not exist. In sum-
mary, concentrations of all radionuclides measured in
lake water at Standley Lake, Great Western Reservoir,
and Mower Reservoir were below National Drinking
Water Standards for constituents where standards exist.
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Figure 14A. Relation between 241 Am to 239.240py concentration ratio and

239,240py, concentration in lake-bottom-sediment core samples collected from
Standley Lake and Great Western Reservoir.

4 T T I T

o L _
=

(&) n

2 m ]
£ - m

: "o

= n

©

=

c 2 — —
3 ]

Q [ ]

c

] - | ] .
o

3 ] n

o [ ] u
o 1 —
N

s [ ]
2 | ]
& L n i
0 w 1 l 1 l 1
0 0.5 1.0 1.5

241 Am concentration, in pCi/g

Figure 14B. Relation between concentrations of 239240py and 24'Am in
lake-bottom-sediment core samples collected from Standley Lake and Great
Western Reservoir.

26 Characterization of Selected Radionuclides in Sediment and Surface Water in Standley Lake, Great Western Reservoir,
and Mower Reservoir, Jefferson County, Colorado, 1992



'Z661 PUE €861 U1 axe] As|puElS WOy palos|ieo Z6180Q3S S USWIPSS-WONOG-dXE| 18 YIASP O} Nd g,z IO SUOHBIUSOUOD JO Uoie|eY YL enbid

09

6/17d ui ‘uoneljuasuod Ndgyz'6cz

0’ o'y 0e

0¢

oL

T I T

66l —m——

¥8-€86L ---0O0---

o€

14

(14

Sl

oL

$8YdU| U] “90B}I91U| 191BM-1UBWIPAS Mojaq YidaQg

27

STATISTICAL ANALYSES OF RADIONUCLIDE CONCENTRATIONS



'266} Pue ¥8-£861 Ul a¥e AsjpuelS Woy pajds||od 26E8003S BMS UBWIPaS-WOROG-3XE| B YIdap 0} Nd, ,+c» JO SUOIIBIUSDUOD JO UolejeY "aS) 8inbiy

6/19d u1 ‘uoneUAIU0D N, s

9L vl L oL 8’0 90 o A 0

‘90e4191U1 J91EM-1UBWIPAS mojaq yidaQg

66l ——m——

B #8-€86L ---OF--- 4z

sayoul Ul

28 Characterization of Selected Radionuclides in Sediment and Surface Water in Standley Lake, Great Western Reservoir, and

Mower Reservolr, Jefferson County, Colorado, 1992



'¢661 Pue 8861
Ul JIoAIBSBY UIBISA JBBID) WO PaJOBI|0d Z6LE0ATS BXS JUBLIPIS-WOHOG-3XE| 1 YIdBP 0} Ndy,7:aes JO SUOHBAUBOUOD JO UOHEjRY 0S| @4nbiy

29

¥o

€0

B/10d ul ‘U011BIIUBOU0D Nd ), e

[4

L0

66l ——m——

¥8-€86L ---11---

€

$8YoU| Ui ‘90e)l81Ul Jalem-luswipas mojaq yidag

STATISTICAL ANALYSES OF RADIONUCLIDE CONCENTRATIONS



Lo

6/10d u1 ‘u0neIIUBIU0D Nd e

2661 pue
¥8—£861 Ul II0AIBSBY UIBISBM JBDID WOJJ Palda||od 265800 S 8NIS JUaWIPas-WoN0G-aXe| 1B Yidep 0} Ny, o.cc JO SUOHBAUSUO JO UoejsY *ast e4nbid

90 50 0 £0 o Lo 0
T T T ! ' _ =
- 0c
D.nuunnnuunnunuunummuu ||||||||||||
L 18
L oL
266l —m—— ]
¥8-£86L --- O ---
. \ | 1 | ] 0

SaYoul U} ‘@0eylajul JaleM-JUaWIpas mojaq yidag

30 Characterization of Selected Radionuclides in Sediment and Surface Water in Standley Lake, Great Western Reservoir, and

Mower Reservoir, Jefferson County, Colorado, 1992



6
B EXPLANATION 7

S 3rd QUARTILE N
2 - MEDIAN 1
(8]
Q4 m [ MEAN —
=
c - 1st QUARTILE .
°
s 3 m
=
[ - .
3
c 2 — —
5]
o -
° L
o
g 1T (] -
o~ ]
=) | 4
Q

| — ]
0| = _
1
1983-84 1992 Difference
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only the upper 2—4 in. of sediments; thus, it is possible
that only newer, relatively uncontaminated, sediments
were sampled in 1992.

Trends in 23%24Pu concentrations with depth
identified in the 1992 study were similar to trends
observed in the 1983-84 study and other previous stud-

ies. In the 1992 investigation, maximum 239,240p,,

concentrations occurred at depths ranging from 13 to
31in. below the sediment-water interface at most sites.
There was a small, but statistically significant, differ-

ence (p<0.05) in median 23%240Py concentrations in
co-located lake-bottom-sediment cores collected in
1983-84 and in 1992. The median difference between
data sets was 0.050 pCi/g, and differences tended to
increase with concentration; in samples with concen-
trations above 1.5 pCi/L, concentrations were 10 to
30 percent higher in 1983-84 than in 1992. The differ-
ences in concentrations could be attributable to spatial

variations in sediment and 23%240py deposition.
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Table B1. Lake-bottom-sediment core descriptions

[in., inches]
Depth from
top Color Texture Other features/observations
(in.)
Standley Lake (Site ID: SED08192)
September 8, 1992
0-0.50 Olive Silt Abundant fine-grained organic particles, wet
0.50-3.5 Olive gray Clayey silt Very wet, fine-grained organic particles
3.5-6.0 Dark olive gray Clayey silt Roots, stems, slight H,S odor, wet
6.0-8.0 Olive gray Clayey silt Less organics, no roots/stems, wet
8.0-9.0 Dark gray Silty clay Wet, some stems
9.0-14.0 Olive gray Silty clay Abundant root hairs, stems, organic particles, wet
14.0-17.0 Olive gray Silty clay Root hairs, stems, fine-grained organic, wet
17.0-19.0 Black Clay Drier, root hairs
19.0-22.5 Olive gray Clay Mottled, H,S odor, root hairs
22.5-25.0 Dark olive gray Clay Stems, root hairs (long strands)
25.0-26.5 Olive gray Sand (silty) Very coarse, stem and bark pieces
26.5-28.5 Dark olive gray Silty clay Coarse root, stems, root hairs
28.5-30.5 Olive gray Silty clay Finer root hairs, no stems, drier
30.5-35.0 Dark olive gray Clay Drier, few root hairs, some grass
35.0-36.0 Black Clay Very few organics, slight H,S odor
Standley Lake (Site ID: SED08392)
September 8, 1992
0-0.75 Olive gray Silt Very wet, fine-grained organics
0.75-3.0 Dark olive gray Silt Strong H,S odor, very wet
3.0-4.0 Olive Silt Strong H,S, more fine-grained organics
4.0-9.0 Very dark gray Clayey silt Strong H,S odor, some root hairs, wet
9.0-12.0 Dark olive gray Clayey silt Strong H,»S odor
12.0-15.5 Black Clayey silt Strong H,S odor, slightly drier
15.5-22.0 Olive gray Clay Very dry, root hairs and stems, abrupt contact at 15.5 in.
22.0-22.5 Olive gray Clay Drier, compacted, coarser vegetative material
Standley Lake (Site ID: SED08292)
September 9, 1992
0-0.50 Olive brown Sand Quartz grains, muscovite, pyrite, slight H,S odor large bark and stem
0.50-1.5 Olive gray Silty sand Mineral grains, coarse vegetation, some roots
1.5-2.5 Dark olive gray Silty sand Smaller grain minerals, root and root hairs
2.5-4.0 Very dark gray Silty sand Abundant root hairs and stems
4.0-5.0 Olive gray Sand Mostly quartz, very coarse stem and root material
5.0-6.0 Very dark gray Clayey silt Drier, coarse roots
6.0-8.0 Dark gray Clayey silt Dry, very fine-grained minerals, finer roots and root hairs
Standley Lake (Site ID: SED08492)
September 9, 1992
0-1.0 Olive Silty sand Very wet, very fine-grained organics
1.0-4.0 Olive gray Sandy silt Coarse quartz grains, very fine-grained organics
4.0-5.0 Very dark gray Sand Coarse organics fragments, detrital stems, some roots, slight H,S odor
5.0-6.0 Dark gray Silty sand Coarse pebbles, roots and stems, moist
6.0-9.0 Olive gray Clayey sand Abundant root hairs and roots, quartz grains
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Table B1. Lake-bottom-sediment core descriptions--Continued

Depth from
top Color Texture Other features/observations
(in.)
Great Western Reservoir (Site ID: SED08592
August 31, 1992
0-0.25 Dark yellowish Sandy silt Very wet
0.25-4.0 Very dark gray Silty clay Wet, minor roots
4.0-8.0 Black Clay Lots of fine root hairs
8.0-9.5 Dark gray Clayey silt Some root hairs
9.5-11.0 Black Clay Some lighter clay bands
11.0-13.5 Grayish brown Clay Very wet
13.5-14.5 Black Sandy clay Some organic materials
14.5-15.5 Very dark grayish brown Clay Lots of fibers and some iron oxide
Great Western Reservoir (Site ID: SED08792
September 1, 1992
0-0.50 Dark yellow brown Sandy silt Very wet
0.50-3.0 Very dark gray Clayey silt H,S odor, no roots, wet
3.0-4.5 Very dark gray Silty clay Pebbles, H,S odor, wet
4.5-5.5 Very dark gray Silty clay Black crumbs (carbonaceous)
5.5-10 Very dark gray Clay Lots of roots, root hairs, stems,
(possibly original land surface)
Great Western Reservoir (Site ID: SED08692)
September 1, 1992
0-0.50 Light olive brown Silt Oxidized, small worms present, very wet
0.50-2.0 Very dark gray Silt/clayey H,S odor, black area, organics
2.0-8.0 Dark olive gray Clayey silt Fine-grained organic material, moderately wet
8.0-10.5 Olive gray with black streaks  Clayey silt Strong H,S odor, moderately wet
10.5-12.5 Olive Clayey silt Slight H,S Odor
12.5-17.0 Dark olive gray Silt with some Moderately wet
17.0-19.5 Very dark gray clay Strong H,8S, slightly moist
19.5-27.0 Very dark gray Silty clay More organic thin roots/fibers
27.0-27.5 Black Silty clay Less fibers, moderately H,S odor
27.5-28.5 Dark olive gray Silty clay Very slight H,S odor
Silty clay
Great Western Reservoir (Site ID: SED09192)
September 2, 1992
0-1.0 Light olive brown Silty Oxidized, some organics, very wet
1.0-4.5 Olive gray (some black) Clayey silt Fine-grained organics, very wet
4.5-6.5 Dark olive gray Clayey silt Strong H,s odor, some black streaks, wet
6.5-9.0 Olive gray Clayey silt Less wet, less streaky
9.0-9.75 Black Clayey silt Some root hairs, stronger H,S odor
9.75-11.0 Olive gray Silty clay Fine-grained organic particles, wet
11.0-18.5 Olive gray Silty clay Few root hairs, wet
18.5-21.0 Dark olive gray Silty clay Drier, few root hairs
21.0-24.0 Black Silty clay Stem fragment, root hairs, dder still
24.0-31.25 Black Clay Pods of organic material, drier
31.25-31.5 Black Clay Mineralization
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Table B1. Lake-bottom-sediment core descriptions--Continued

Depth from
top Color Texture Other features/observations
(in.)
Great Western Reservoir (Site ID: SED09292)
September 15, 1992
0-0.5 Light olive brown Silty sand Very wet, fine grained, few organics
0.5-2.0 Light olive brown Sandy silt Wet, few organics, mottled
2.0-2.5 Olive brown Silty clay Wet, very fine-grained, abundant organics, roots, iron stains
2.5-4.0 Dark grayish brown Clay Some roots and root hairs
4.0-6.0 Light olive brown Silty clay Drier, pods of oxidized organics, roots, root hairs
6.0-6.5 Light yellowish brown Clay Abundant organics, oxidized and reduced areas
6.5-8.5 Light yellowish brown Clay Crumbly root hairs, many small oxidized organics
8.5-9.0 Pale yellow Clay Relatively homogeneous, few organics
9.0-9.5 Light gray Clay Few organics, distinct oxidized bands
Mower Reservoir (Site ID: SED08892)
September 14, 1992
0-1.0 Very dark gray with black Silt Very reduced, abundant organic matter, aquatic vegetation, very wet
1.0-3.5 Dark olive gray Sandy silt Very wet, abundant fine-grained organics
3.5-6.5 Very dark gray Sandy silt Very fine-grained sand, slight H,S odor, less organic, very wet
6.5-8.5 Very dark gray Sandy silt Drier, root hairs and roots, stronger H,S odor
8.5-11.5 Olive gray Clayey silt Slight H,S odor, some root hairs
11.5-13.0 Very dark gray Sandy silt H,S odor, root hairs, roots, stems
13.0-14.5 Dark gray Clayey silt Very fine-grained organics, wet
14.5-15.5 Very dark gray Sandy clay Drier, fine root hairs
15.5-16.5 Dark gray Clayey silt Abundant roots and root hairs, wet, very slight H,S odor
16.5-18.0 Dark grayish brown Sandy clay Dry, abundant stems and roots
18.0-19.0 Very dark grayish brown Sandy clay Drier, dense layer of coarse organic stems, roots and root hairs
19.0-20.5 Gray Clay Very little organics, root hairs, dry
Mower Reservoir (Site ID: SED08992)
September 14, 1992
0-1.5 Black Sandy silt Very wet, abundant aquatic plants and fine-grained organics
1.5-3.5 Very dark gray Silt Abundant fine-grained organics, very wet
3.5-5.0 Dark gray Clayey silt Wet, slight H,S odor
5.0-10.0 Very dark gray Silt Wet, H,S odor
10.0-11.0 Olive gray Clayey silt Drier
11.0-13.5 Dark gray Clayey sand Wetter, H»S odor
13.5-17.0 Olive gray Sandy clay Wet
17.0-17.5 Dark gray Sandy clay Coarser grain
17.5-20.5 Very dark gray Sandy clay Finer grain
20.5-22.0 Gray Clay Drier
Mower Reservoir (Site ID: SED09092)
September 14, 1992
0-0.5 Dark olive gray Silty sand Abundant fine-grained organics, some aquatic plants, very wet
0.5-1.5 Dark gray Sandy silt Wet
1.5-2.0 Black Silty sand Wet, H,S odor, coarse organics
2.0-2.5 Olive Clayey silt with  Some pebbles, stems, roots, and root hairs
2.5-3.0 Dark olive gray sand Wet, pebbles, roots and root hairs
3.0-4.5 Dark grayish brown Silty sand with Lots of roots and root hairs, gravels
4.5-7.0 Grayish brown gravel Abundant root and root hairs, gravelly with iron stain
7.0-10.25 Very dark grayish brown Sandy clay Finer grained, drier, root hairs
10.25-10.75 Very dark gray Very sandy clay ~ Some root hairs
Sandy clay
Silty clay
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Table C1. Field measurements at lake-water-sampling sites

[ft, feet; °C, degrees Celsius; mg/L, milligrams per liter; pS/cm, microsiemens per centimeter at 25 degrees Celsius]

Site . Sample Sample Depth emperature Dissolved Specific
number! Reservoir? datt tim’; (ef;t') T '(’°C) 7:1?}:;‘ PH eo?:;,zt:‘r;ce
SW00992 SL 09/08/92 9:02 1 18.1 8.2 8.2 224

9:02 5 18.1 8.1 8.1 224
9:03 10 18.1 8.0 8.1 224
9:04 15 18.1 7.9 8.1 224
9:05 20 18.1 79 8.1 223
9:06 25 18.1 79 8.1 224
9:07 30 18.1 7.8 8.1 224
9:08 35 18.1 7.8 8.1 224
9:09 40 18.0 7.7 8.1 223
9:10 45 18.0 73 8.0 223
9:11 50 17.9 6.5 8.0 223
9:11 55 17.0 5.6 79 224
9:12 60 17.3 3.1 7.9 228
9:13 65 17.1 24 7.8 228
9:14 70 17.0 1.9 7.7 229
9:15 72.5 16.4 0.4 7.6 234
9:16 75 15.1 03 7.5 246
9:17 80 14.8 0.3 7.5 249
SW01092 SL 09/09/92 9:52 1 17.7 7.2 8.0 226
9:52 5 17.7 7.2 8.0 226
9:53 10 17.7 7.2 8.0 226
9:54 15 17.6 7.1 8.0 226
9:55 20 17.6 7.1 8.0 226
9:56 21 17.5 7.0 8.0 226
SW01192 SL 09/08/92 11:00 1 18.4 8.0 7.8 226
11:01 S 18.3 8.0 7.8 226
11:01 10 18.1 79 7.8 228
11:02 15 18.0 79 7.8 227
11:03 20 18.0 7.8 7.8 227
11:03 25 18.0 7.8 7.8 227
11:04 30 18.0 7.6 7.8 226
11:04 35 18.0 7.2 7.8 226
11:05 40 17.9 6.7 7.7 227
11:06 45 17.9 6.0 7.7 225
11:07 50 17.8 5.7 7.6 224
11:08 55 17.7 54 7.6 224
11:09 60 17.7 5.1 7.6 224
11:09 65 17.4 4.0 7.6 225
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Table C1. Field measurements at lake-water-sampling sites--Continued

Dissolved Speclfic
nuﬁ:tl';r‘ Reservoir? Szl:tzle S:I':‘:h D(efr:)th Tem??é)ature oxygen pH con:uclance
(mg/L) (uS/cm)
SW01292 SL 09/09/92 11:24 1 18.3 7.2 79 223
11:24 5 18.2 7.2 7.9 224
[1:25 10 8.1 7.1 79 224
11:25 15 18.0 7.1 79 224
11:26 20 18.0 7.1 79 225
11:27 25 17.9 7.1 79 225
11:28 30 17.9 7.0 7.9 225
11:29 35 17.8 7.0 79 224
11:30 40 17.7 7.0 7.8 224
11:31 42 17.7 6.9 7.9 224
SW03192 SL 10/13/92 10:14 I 139 8.8 8.1 229
10:15 5 13.9 8.6 8.1 229
10:16 10 13.7 8.3 8.1 229
10:19 15 134 7.8 8.0 229
10:20 16 13.2 7.7 8.0 229
SW03292 SL 10/14/92 9:54 1 144 7.9 8.3 226
9:54 5 144 7.9 8.3 227
9:55 10 144 7.9 8.3 230
9:55 15 143 7.9 8.3 232
SW03392 SL 10/13/92 8:56 [ 14.0 8.5 8.1 229
8:58 5 14.0 8.4 8.1 229
9:00 10 139 8.4 8.2 229
9:01 13.5 13.7 8.3 8.2 229
SW03492 SL 10/13/92 11:12 1 14.3 8.7 8 229
11:13 5 14.2 8.6 8 229
11:14 10 14.2 8.6 8.1 229
11:15 15 14.1 8.4 8.1 228
11:16 20 14.1 8.3 8.1 229
11:17 22.5 14.0 79 8 228
SW03592 SL 10/14/92 8:55 1 14.7 8 8.2 229
8:57 5 14.7 79 8.2 231
8:58 10 14.7 7.9 8.2 233
8:58 15 14.7 7.8 8.2 236
8:59 20 14.7 7.8 8.2 236
9:00 25 14.7 7.8 8.1 237
9:00 30 14.7 7.8 8.1 241
9:01 40 14.7 7.7 8.1 240
9:02 50 14.7 7.5 8.0 238
9:03 60 14.5 6.8 7.8 249
9:05 70 14.5 6.5 7.7 244

APPENDIX C



Table C1. Field measurements at iake-water-sampling sites--Continued

Dissolved Specific
nuﬁ::er' Reservolr? Sadr::;le S:il:‘;;le D(af':)th Tem;()oeé)ature oxygen pH con:uctance
(mg/L) (uS/cm)
SW01392 GW 08/31/92 9:00 1 18.5 7.6 8.3 184
9:01 5 18.4 7.5 83 183
9:02 10 18.3 7.5 83 184
9:03 14.5 17.5 7.6 8.3 185
SW01492 GW 09/01/92 11:50 1 18.3 7.6 8.3 182
11:51 5 18.3 7.6 8.3 183
11:52 10 18.3 7.5 8.3 185
11:53 15 18.3 7.5 8.3 189
11:54 20 18.2 7.5 8.2 190
11:55 25 18.2 74 8.2 192
11:56 30 18.2 74 8.2 195
11:57 35 18.1 7.1 8.1 197
SW01692 GW 09/02/92 8:35 1 17.8 7.7 83 184
8:35 5 17.8 7.7 8.3 184
8:36 10 17.8 7.6 83 185
8:37 15 17.8 7.6 8.2 191
8:38 20 17.8 7.5 8.2 193
8:39 25 17.8 7.5 8.2 194
8:40 30 17.7 7.5 8.2 196
8:41 35 17.6 7.5 8.2 199
8:42 38 17.4 7.4 8.1 204
SW01592 GW 09/01/92 9:16 1 18.0 7.6 8.3 183
9:17 5 18.0 7.6 8.3 183
9:18 10 18.0 7.6 83 183
9:20 15 18.0 7.6 83 185
9:21 18 17.7 74 8.2 191
SW01792 GW 09/15/92 9:17 1 18.3 84 83 187
SW02192 GW 10/02/92 12:18 1 17.0 8.2 83 181
12:19 5 16.7 8.2 83 183
12:20 8 16.4 8.2 83 187
SW02292 GW 10/02/92 11:11 1 16.2 8.1 83 183
11:12 5 15.8 8.1 83 184
11:13 10 15.6 8.0 8.2 189
11:14 15 15.5 8.1 83 191
11:15 17 15.4 8.2 83 191
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Table C1. Field measurements at lake-water-sampling sites--Continued

. Dissolved Specific
nuﬁ::)eer’ Reservoir? Sa:‘mtple S:il:lzle D(ef%t h Tem ;()ae é;“u re oxygen pH conductance
ate (mg/L) (uS/cm)

SW02392 GW 10/02/92 8:37 1 15.6 7.8 8.0 183

8:39 5 15.6 7.8 8.0 185

8:40 10 15.6 7.8 8.0 189

8:40 15 15.6 7.7 8.0 191

8:41 20 15.6 7.7 8.0 194

8:42 25 15.6 7.6 79 196

8:43 30 15.5 7.5 7.9 196

8:45 33 15.5 7.3 7.8 198

SW02492 GW 10/02/92 10:30 1 16.1 7.9 8.2 179

10:31 2.5 16.1 79 8.2 181

SW01892 M 09/14/92 10:05 1 17.3 7 10.3 276

10:09 3 16.9 4.8 10.1 271

10:10 5 16.6 20 9.7 268

10:11 6 16.4 0.6 9.6 270

10:52 1 17.3 9.7 104 282

10:53 3 16.9 83 10.2 276

10:55 5 16.3 2.0 9.8 269

SW02092 M 09/14/92 13:02 0.5 22.0 12.5 99 272

SW02692 M 10/08/92 1 8.4 9.6 10.1 270

3 8.1 8.8 10.1 271

SW02792 M 10/08/92 12:04 1 9.5 9.6 10.2 269

12:05 3 8.7 9.2 10.2 268

SW02892 M 10/08/92 11:20 1 9.6 8.2 10.1 268

11:22 3 9.4 7.6 10.1 269

SW02992 M 10/08/92 8:56 1 7.7 59 10.0 267

SW03092 M 10/08/92 10:30 1 9.3 7.6 10.1 268

10:31 4 9.1 6.6 10.1 268

ISee figure 2 for location of sites on Standley Lake, figure 3 for sites on Great Western Reservoir, and figure 4 for sites on Mower Reservoir.
2Codes for lakes include: SL=Standley Lake, GW=Great Western Reservoir, and M=Mower Reservoir.
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