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Geochemical Characterlzatlo

of Seaplane

Lagoon Sediments,

1. Background

Qur objective in the characterization of sediments
from Seaplane Lagoon at the Alameda Naval
Air Station (NAS) (Fig. 1) was to determine the

ceochemical interactione that control the narti-

geochernical interactions that control the part
tioning of cadmium, chromium, cobalt, copper,
lead, mercury, nickel, and zinc between the sedi-
ments and the porewaters. Our approach was to
collect several cores at the east outfall location
of the Seaplane Lagoon. We determined the
porewater chemistry by (1) making in situ micro-
electrode measurements, (2) extracting porewa-
ters, and (3) modeling geochemical reactions. We
determined the sediment chemistry by measuring
(1) elemental abundance, (2} mineralogy, and

(3) trace-element speciation. This information
should help the U.5. Navy determine the

Pacific Ocean

East Outfalt
Sample Location

long-term hazard of the sediments if they are
left in place and the short-term hazard if they
are dredged.

We did not fully examine the geochemistry of
sediments from the West Beach Landfill Wet-
lands site, because these sediments were distinct
from the Seaplane Lagoon sediments. Our initial
motivation for studying the Landfill Wetlands
site was to determine the trace-element geochem-
istry in Seaplane Lagoon sediments that had been
dredged and then disposed in the Landfill Wet-
lands. Unfortunately, the location of these
dredged sediments is unknown. The cores we sam-
pled were not from the Seaplane Lagoon.

Oakland

Alameda

san Fraucisco Bay

Figure 1. Study site: Seaplane Lagoon at the former Alameda Naval Air Station.
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2. Sample Storage and Preparation

In this section, we discuss the cores collected at
the Seaplane Lagoon and Landfill Wetlands
sites, the storage of these samples, and the
preparation techniques used for the geochemical
analyses (Table 1; p. 5). Additional details of
sample preparation can be found in Section 3. We
sampled twelve cores at the east cutfall location
in the Seaplane Lagoon and two cores in the
northern pond in the Landfill Wetlands. Table 2
(p. 6} lists temperature, pH, salinity, conductiv-
ity, dissolved oxygen, and turbidity in the Sea-
plane Lagoon at the time of core collection. These
measurements were not made for the cores from

tha Tandfll WWaklande
i€ Lalidiin vyycualiGs.

2.1 Site 17: Seaplane Lagoon,
Gravity Cores

At the Seaplane Lagoon, three 1- to 2-m cores
(GH-CC-Ct, -C2, and -C3) were collected in
acrylic sleeves using gravity coring methods.
These cores were wrapped with insulation
material, stored upright in a 50-gallon drum that
contained dry ice, and transported from the
Alameda NAS to Lawrence Livermore National
Laboratory (LLNL) between 18:00 and 19:00 on
July, 8, 1997. In the LLNL geochemistry labora-
tory, these cores continued to be stored upright at
22°C for 10 to 20 days until they could be sec-
tioned for sediment analysis. No attempt was
made to keep the overlying waters oxygenated.
Geochemical characterization of these cores was
limited to bulk mineralogy and total metal con-
centrations of the sediments with depth, and spe-
ciation of trace metals in a few sediment samples.
Porewaters were not analyzed because gravity
coring disturbed the porewater chemistry. All
three cores contained large (2-8 mm) pockets of
trapped gas and/or water and disturbed “bubble
tracks” up the length of the cores. Over time, sig-
nificant settling of the sediments occurred (e.g.,

3 cm of settling over a 1.2-m depth of sediment
during 2 to 3 days).

2.1.1 Core GH-CC-C1

Core GH-CC-C1 was extruded directly from

its core sleeve into photochemical trays, and

a Teflon spatula was used to section the core into
segments 3 to 20 cm long. The coherent lower-
most sediment sections were extruded first;

consequently, the samples were numbered from
the bottom up. The uppermost 5 cm of sediment
was lost during the extrusion. Sediment subsam-
ples were taken from the top of these sections,
and loaded into airtight bags for use in making x-
ray absorption spectroscopy (XAS} samples (~1 g)
and freeze drying (~10 g}. The remainder of the
material was discarded. The sediment remained
in the bags at lab temperature (~22°C) for 2 hr
before processing. During this time, light gray-
brown streaks formed in the sediment suggesting
that some oxidation occurred.

2.1.2 Cores GH-CC-CZ and GH-CC-C3
To avoid the processing problems that resulted in
significant sediment loss during extrusion of the
GH-CC-C1 core, we chose to process gravity cores
GH-CC-C2 and -C3 using a technique similar to
that described for the push cores in Section 2.2.
We scored the core sleeves with a rotary saw so
that 3-cm sections could be sequentially removed.
The overlying water was siphoned off. A steel
hacksaw blade was used to cut through the wall
of the core sleeve. A Teflon plate was inserted to
isolate the section from the remainder of the core.
The newly exposed sediment at the top of the core
sleeve was then capped with Parafilm and a
clean core cap. From the center of each section, we
removed ~1 g of sediment for trace metal specia-
tion and also removed and froze ~10 g of sediment
at -20°C in freeze-dry flasks for use in x-ray dif-
fraction and bulk chemical analyses. Sediment
nearest to the sleeve walls was discarded.

2.2  Site 17: Seaplane Lagoon,

Push Cores
We chose a push core method to coliect sediments
and porewaters for detailed geochemical charac-
terization because this coring method does not
disturb the sediments. Nine 0.5-m sediment cores
were collected in Plexiglas sleeves (10 cm OD, 9.5
cm ID) fit to a 4 to 5-m plastic pipe, which was
pushed into the sediment by hand from a boat.
A ball valve between the core sleeve and the
extension pipe created a suction that held the
sediment in the sleeve as it was raised to the sur-
face of the water. The bottom of the core sleeve
was capped underwater and then loaded into the
boat, labeled, stored upright in an ice-cocled and
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insulated sample box, and transported to the geo-
chemistry laboratory at LLNL. The cores were
stored upright at 22°C and particulate-free
(HEPA-filtered) laboratory air was bubbled into
the water overlying each core to mimic conditions
at Seaplane Lagoon.

2.2.1 Cores GH-CC-SC1T1 and
GH-CC-SC3

Core GH-CC-5C1 was discarded because it had a
large water-filled void at its base, and the over-
lying sediment had progressively cracked as the
sample stood on the benchtop after arrival at
LLNL. Only solid samples were collected from
core GH-CC-5C3, because it was used to develop
porewater extraction protocols.

2.2.2 Cores GH-CC-SC2 and
GH-CC-5C4

The processing of GH-CC-5C2 was optimized to
provide information about the porewater redox
chemistry. A gold-amalgam electrode was used to
determine the in situ porewater concentrations of
Q,, S(-II), Fe, and Mn in successive 3-cmn sections
down the length of the core. All sample process-
ing (with the exception of the top 5 cm of micro-
electrode measurements, core sleeve scoring, and
porewater squeezing during which the sediment
was enclosed inside the core squeezers) was done
under nitrogen in a glove box.

The processing of GH-CC-5C4 was optimized to
provide information about the trace-metal con-
tent of the sediments. All sample processing
(with the exception of the scoring and cutting of
the core sleeve) was done in a laminar flow hood
that contained positive-pressure, HEPA-filtered
laboratory air to provide a clean work space.

For both cores, the sleeves were deeply scored

[ AP ]
at 3-cm intervals down the length of the core.

The overlying water was then removed with

a syringe. Sectioning of the core was done in a
nitrogen-purged glove box for core GH-CC-5C2
and at ambient laboratory conditions for core GH-
CC-8C4. A steel hacksaw blade was used to cut
through the wall of the sleeve. Care was taken to
ensure that the blade only contacted the sediment
within 5-10 mm of the core sleeve wall. A 10-cm-
wide Teflon plate was inserted to isolate the sec-
tion from the remainder of the core. The core cap

was then removed, and a subcore was made by in-
serting a 3-cm-deep by 7.6-cm-wide Teflon cup
into the sediment. The Teflon-enclosed sediment
was immediately transferred to the laminar flow
hood for trace-element sampling (core GH-CC-
5C4), or was loaded into the core squeezer in a
nitrogen glove box (core GH-CC-5C2). The newly
exposed sediment at the top of the core sleeve
was then capped with Parafilm and a clean core
cap. Samples for trace-metal speciation were
made under a stream of nitrogen or argon gas in
the laminar flow hood, sealed with Mylar tape,
and placed directly into a ~20°C freezer. The re-
mainder of the sediment that had been enclosed
by the Teflon cup (~50 mL) was placed in a freeze-
dry flask and was frozen at -20°C. Excess sedi-
ments outside of the Teflon cup from core GH-CC-
5C4 were used for pH measurements with an
Orion SureFlow semi-microelectrode. All plas-
ticware that contacted the sediment was rinsed in
distilled and deionized water, washed in a
phosphate-free detergent, and then thoroughly
rinsed again in distilled and deionized water
before drying on KayDry paper towels.

2.2.3 Cores GH-CC-SC5 to GH-CC-SC9

Cores GH-CC-5C5 to -5C9 and core GH-CC-5C2
were used to investigate the spatial and tempo-
ral variation of chemistry within the oxic-to-
suboxic-to-anoxic sediments at Seaplane Lagoon.
Samples for trace-metal speciation were also
taken from subcores to investigate the impact of
freezing our samples prior to analysis.

2.3 Site 2, West Beach Landfill
Wetiands, Push Cores
At the Landfill Wetlands site, two push cores
were collected in Plexiglas sleeves (10 cm OD,
9.5 cm ID) by pushing the sleeve directly into the
sediment. The sediment had a high clay content,
which limited the sampling to only the first
21 cm. The bottom of the core sleeve was capped
underwater, labeled, stored upright in an ice-
cooled and insulated sample box, and transported
to LLNL. The cores were stored upright at 22°C
and particulate-free (HEPA-filtered) laboratory
air was bubbled into the water overlying each
core to mimic conditions at Seaplane Lagoon.
Microelectrode measurements of the top 5 cm were

made prior to sectioning the core.

[N
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2.3.1 Cores W1-CC-SC1 and
W1-CC-SC2

Using a technique identical to that used for the
Seaplane Lagoon push cores, we scored the core
sleeves with a rotary saw so that 3-cm sections
could be sequentially removed. The core sleeves
were then uncapped, and the overlying water was
siphoned off. A steel hacksaw blade was used to
make the final cut through the wall of the core
sleeve at the uppermost score. Care was taken to
minimize the blade’s contact with the sediment.

A 10-cm-wide Teflon spatula was inserted to iso-
late the uppermost 3-cm section from the remain-
der of the core. The newly exposed sediment at
the top of the core sleeve was then capped with
Parafilm and a clean core cap. About 1 g of sedi-
ment was removed with a plastic spatula from
the center of each 3-cm-thick-sediment section to
make samples for trace-metal speciation, and
~10 g of sediment were removed from the center of
each section and frozen at -20°C in freeze-dry
flasks to further process sediments. Sediment
nearest to the sleeve walls was discarded.
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Table 1. Summary of cores and geochemical measurements at Alameda Naval Air Station, Califor-
nia: Site 17—Seaplane Lagoon; Site 2—West Beach Landfill Wetlands.

Latitude/ Date
Core longitude cored Time Analysis Notes
Site 17, Seaplane Lagoon, East Outfall
GH-CC-C1 37°46.22'/ 7/8/97 10:00  -X-ray diffraction Samples prepared:
122°17.92 -Bulk sediment Chemisﬁ}" 7/18/98
-Trace-metal speciation
GH-CC-C2 37°46.56'/ 7/8/97 14:02  ~X-ray diffraction Samples prepared:
122°17.94' ~Bulk sediment chemistry 7/22/98
-Trace-metal speciation
GH-CC-C3 37°46.75'/ 7/8/97 15:15  —X-ray diffraction Samples prepared:
122°17.93 —Bulk sediment chemistry 7/28/%
~Trace-metal speciation
GH-CC-8C1 37°46.779°/ 7/10/97 11:15 Discarded
122°17.558'
GH-CC-5C2 37°46.774"/ 7/10/97 11:30  -Porewater redox chemistry Core processing opt-
122°17.965° ~X-ray diffraction mized for porewater
-Bulk sediment chemistry redox chemistry:
-Trace-metal speciation 7/13-14/98
GH-CC-5C3 37°46.803°/ 7/10/97 11:45  —X-ray diffraction Porewater protocol
122°17.968° —Bulk sediment chemistry development:
~Trace-metal speciation 7/11/98
GH-CC-SC4 37°46.783'/ 7/10/97 12:00 -Major- and trace-porewater Core processing
122°17.949" concentrations optimized for pore-
—X-ray diffraction water trace-element
—Bulk sediment chemistry concentrations:
-Trace-metal speciation 7/12/98
GH-CC-5C5 a 11/10/97  ~1200 -Porewater redox chemistry Measurements made:
11/18/98
GH-CC-5Cé6 a 11/10/97  ~12.00 -Porewater redox chemistry Measurements made:
11/19/98
GH-CC-sC7 a 11/10/97 ~12:00 —Porewater redox chemistry Measurements made:
11/19/98
GH-CC-5C8 37°46.750"/ 4/8/98 ~12.00 -Porewater redox chemistry Measurements made:
GH-CC-5C9 37°46.735'/ 4/8/98 ~12:00 -Porewater redox chemistry Measurements made:
Site 2, West Beach Landfill Wetlands
W1-CC-5C1 37°47.138°/ 4/8/98 ~14:00 Measurements made:
122°19.823" 4/9/98
W1-CC-5C2 37°47.088'/ 4/8/98 ~14:00 Measurements made:
122°19.753" 4/9/98

a o .
Global positioning system {(GPS) instrume

ST {hal

nt could not acquire the three satellites necessary for location deter-

mination. Cores GH-CC-5C5 to -SC7 were collected approximately 2 m apart, and from the same general Jocation
as the previous short cores taken from the SE corner of the Seaplane Lagoon.

(4]
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Table 2. Temperature, pH, salinity, conductivity, dissolved oxygen, and furbidity in the Seaplane
Lagoon at the time of core collection.

Temperature Salinity Conductivity Dissolved oxygen
Core (°C) pH {parts per thousand) (mS/cm) {mgiL) Turbidity
GH-CC-C1? 25.1 8.0 273 423 47 59
CH.CC.C2 236 83 273 124 45 78
GH-CC-C3? 253 8.0 273 424 5.1 105
GH-CC-sC2? 21.0 83 283 437 9.0 43
(represents
-5C1 to -5C4)
GH-CC-SC5 to 169 79 355 40.0 84 7
GH-cCsc7P
GH-CC-5C5 to 16.6 8.0 293 448 83 7
GH-cC-sc7¢
GH-CC-SC8 to 142 83 155 256 122 10
GH-CC-5C9°

“Measurement made immediately above sediment-water interface.
b .
Measurement made in surface waters.

‘Measurement made in overlying waters at 1-m depth.
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3. Experimental Methods and Materials

3.1  Porewater Chemistry

Geochemical characterization of porewaters as
a function of sediment depth is limited by the
amount of water maf can De eXU‘aCIBCI. Ifﬁm U.'IE
sediments. We employed three different methods
to obtain dissolved major- and trace-element and
oxidation-reduction species needed to understand
the partitioning of the trace metals from the
sediments to the porewaters. In situ concentra-
tions of dissolved O,, S(-II), Mn(II), and Fe(Il)
were measured with a gold-amalgam microelec-
trode down the length of GH-CC-5C2 and within
the top 5 em of cores GH-CC-SCS to -SC9, and
W1-CC-SC1 and -SC2. Porewater collection from
core GH-CC-5C2 was optimized for Fe(Il), 50,
and HS™ concentrations; porewater from core GH-
CC-5C4 was optimized for trace-element concen-
trations (Cd, Cr, Cu, Ni, Pb, and Zn).

3.1.1 Microelectrode Measurements

Gold-amalgam electrodes were used to determine
the in situ porewater concentrations of O,, S(-1I),
Fe(Il), and Mn({II) down the length of core GH-
CC-5C2 and within the top 5 cm of cores GH-CC-
SC5 to -5C9 from the Seaplane Lagoon and cores
W1-CC-SC1 and -SC2 from the Landfill Wet-
lands. The electrode was a fine-tipped (45 mm x
500 um) glass-based Au/Hg amalgam (100-um)
electrode with AgCl-reference and Pt-counter
electrodes. Calibrations of the electrode using
square-wave voltammetry were conducted with a
MnCl,-4 H;O standard in seawater purged with
nitrogen. Sensitivity ratios of Fe(I) and S{(-1I)
were calculated from relative Mn(Il) ratios
[Brendal and Luther, 1995]. Oxygen sensitivity
(linear-sweep voltammetry) was checked against
the fully aerated water (overlying water from
the core) and Mn(I):O, sensitivity ratios. The
Fe(IIl)- and FeS-colloid signals correspond only
to those particles that can react at the electro-

chemical double layer. Therefore, colloid distri-
hikione are renorted in current, but their absolute

DULONS alC ITPOUIITR LI LTI, DRAL LAt QLoeas

concentrations are unknown. All experiments with
the cores were conducted at room temperature
(19.5-22°C).

3.1.2 Analyses of Porewaters Extracted
by Core Squeezer

Processing of core GH-CC-SC2 was optimized for
porewater oxidation-reduction chemistry. Imme-
diately after we made the microelectrode meas-
urements, we used Reeburgh-type pneumatic core
squeezers to extract the porewaters from succes-
sive 3-cm sections. Core sections were loaded in a
nitrogen-purged giove box and then removed to a
laminar flow hood for water extraction. Individ-
ual vials were filled under a stream of argon to
minimize oxidation. Immediately after collec-
tion, Fe(Il) was measured, total sulfur and carbon
samples were stored at 4°C, and sulfur speciation,
nitrogen and phosphorous samples were stored at
—-20°C. Nitrogen and phosphorous measurements
were not made. Procedural blanks were made by
filtering distilled and deionized water from
trace-metal, clean, high-density polyethylene
(HDPE) bottles through the core squeezers in the
laminar flow hood.

s o Dl srmsarmdon oo

J 1 J Hfl‘dlyab‘a Ul FUIrevwadicro
Extracted by Centrifugation

Processing of core GH-CC-SC4 was optimized for
porewater trace- and major-element concentra-
tions. All sectioning of this core was done at am-
bient laboratory conditions, but great care was
taken to minitize oxidation of sediments by
loading and sealing argon-filled centrifuge tubes
with the sediments under an argon stream. The
sediment samples were centrifuged at 5000 rpm
for 60 minutes to separate partlcles greater than
1-um diam. No attempt was made to control the
temperature of the samples in the centrifuge.
These waters were then filtered with 0.22-pm

il y
Pmycaruor.ate filters and previously cleaned sy-

ringes (ultrapure nitric acid, and distilled and
deionized water). Immediately after collection,
trace- and major-element samples were acidified
to pH < 2 with ultrapure nitric acid and were
stored at 4°C; total chloride samples were stored
at 4°C; and sulfur speciation samples were stored
at —20°C. Samples were taken for nitrogen and
phosphorous analyses, but these measurements

b |
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were not made. Several procedural blanks were
processed through the same protocols as the
porewater sampies. Bottle blanks were aiso run
by leaching acid-cleaned bottles with pH 2 nitric
acid over the sample storage time.

3.1.4 Water Analyses

3.1.4.1 Trace Elements

Aluminum, cadmium , chromium, copper, iron,
lead, manganese, nickel, and zinc were measured
in Seaplane Lagoon porewaters using a Hewleit-
Packard HP4500 inductively coupled plasma-
mass spectrometer (ICP-MS5). For aluminum, man-
ganese, and iron analyses, very small (<1-mL)
aliquots of porewater were diluted to a salinity
of 1 psu with ultrapure 2% nitric acid. Diluted
samples were spiked with an internal standard
(10 ng/mL Sc and Y) and run under normal plasma
conditions. Calibration was against matrix-
matched standards prepared by adding known
amounts of Al, Mn, and Fe to a seawater reference
standard (NASS-4) diluted to 1 psu. The calibra-
tion range was 0.05 to 50 ng/mL . The “Al, ®Mn,
and ¥Fe count rates were normalized against **Sc
and ®Y internal standards to account for changes
in instrumental response over time. Detection lim-
its were determined from the reproducibility (3
s.d.) of procedural blanks, and are 1, 0.1, and 100
ng/mL for Al, Mn and Fe, respectively. Stated er-
rors (2 s.d.) are generally less than 5-10%, and in-
clude propagated errors from count rate, calibra-
tion, and blank.

For cadmium, chromium, copper, lead, nickel, and
zing, small (10-mL ) aliquots of porewater were
weighed into 30-mL acid-cleaned Tefion vials,
and were equilibrated with a mixed enriched iso-
tope spike by heating for 48 hours. The enriched
isotope spike solution contained:

e MCd (953 at.%),
s  S%Cr (98.2 at.%),
*+  %Cu (99.6 at.%),
* Pb (99.7 at.%),
e SN (88.8 at.%),
o  577n (94.6 at.%).

Trace metals were extracted from the equili-
brated porewater solutions by precipitating
Mg(OH), from seawater at pH 10, which

scavenges a number of trace metals. Careful
washing of the precipitate with pH 10 ultrapure
ammonium hydroxide solution removes sea saits
(Na, CJ, etc.), and produces a trace-metal concen-
trate suitable for isotope dilution ICP-MS analy-
sis [Boyle and Wu, 1997]. After preconcentration,
samples were analyzed for isotopic composition,
and concentration was determined by applying
the isotope dilution equation to measured:

e 19Cd/MCd and "*Cd/MC,
o BCr/%Cr,

s ®BCu/%Cu,

+  %pb/™Pb and ®Fb/**Fb,

s ®Ni/*Ni and Ni/*'Ni,

o %7n/%Zn.

When two ratios were used, both ratios gave the
same concentration after application of the iso-
tope dilution equation. Chromium and copper
were determined from aliquots of the preconcen-
trated solutions run under cool plasma conditions
to reduce ArC and ArMg interferences. The ®Cu
was corrected for interference from “Ar®*Mg, the
largest source of uncertainty, using measured mass
66/68 count ratio. Lead and zinc were determined
from aliquots of the preconcentrated solutions run
under hot plasma conditions to enhance sensitiv-
ity at high masses. Yields for Cd and Ni by
Mg(OH), precipitation are low, and most of the
Cd and Ni in the original porewater solution ends
up in the supernatant or in the washes. To recover
this majority fraction, the supernatant and
washes were combined, and residual trace metals
were extracted using an automated preconcentra-
tion/matrix elimination system, the Cetac Corpo-
ration DSX-100. Processed solutions were ana-
lyzed under hot plasma conditions.

For all isotope dilution determinations, the error
in the measured ratios was less than 10% (2 s.d.}
and generally in the range of 1-4%. Error was not
propagated though the isotope dilution equation,
but samples were spiked close to the geometric
mean of the natural and spike ratios to reduce the
magnification of the concentration error. A con-
servative estimate of 2-standard-deviation
precision in the concentration measurements is
10-15% for Cr, Ni, Cd, and Pb; and 15-20% for Cu
and Zn. Detection limits were determined from
the 3-standard-deviation reproducibility in
procedural blanks.
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Filtered leachate samples were collected in acid-
cleaned 60- and 120-mL HDPE bottles, and were
adjusted to pH < 2 with uifrapure nitric acid. The
DSX-100 was used to preconcentrate the solutions
5 to 10 times. The preconcentrated solutions were
spiked with an internal standard (10 ng/g Sc¢, Y,
In, Tb, and Bi), and were run under hot plasma
conditions. Quantitation was by external calibra-
tion against a series of standards in 2% nitric
acid, and by internal standardization to correct
for matrix effects and instrument drift. Reported
errors include both measurement and calibration
uncertainties. Yields were determined by process-
ing reference seawater standards to which meas-
ured amounts of analyte metals had been added
and equilibrated. Yields for Mn, Ni, Cu, Cd, Pb,
and U were 60-65%; the yield for Zn was 80%,
and the yield for Cr was 40%. Yields varied by
10-15%, which limited the reproducibility of
this trace-metal analyses. Detection [imits were
determined by processing ion-exchange resin
beads through the DSX-100 chemistry under the
same conditions as the leachate samples. No sig-
nificant differences were seen in different batches
of resin. Accuracy was assessed by determining
metal concentrations in two seawater reference
standards, NASS-4 and CAS5-3. Metals were
also determined in water from Long’s Marine
Laboratory in Santa Cruz, California, collected
at a different time than the water used in the
leachate siady.

3.1.4.2 Major Elements

All aqueous samples were diluted ten times with
distilled and deionized water, and were ana-
lyzed by a Fisons Instruments (Model 3560) induc-
tively coupled plasma-atomic emission spec-
trometer for total dissolved Al, Ca, Fe, K, Mg,
Mn, S, and Si. The reproducibility of this tech-
nique was better than 2%. Calibration curves
were made with 5 standards in distilled and
deionized water. Calibration was checked after
10 sample analyses.

3.1.4.3 Suliur

Sulfur speciation was determined by ion chroma-
tography using a Beckman 421A controller, a LDC
Milton Roy Conducto Monitor III conductivity de-
tector, and a Waters 4.6 x 150 mm IC-Pak Anion
HC column, The mobile phase was 0.45-um fil-
tered (helium-purged) 5-mM sodium phosphate
dibasic. The flow rate was 2 mL per minute. The
injection volume was 100 uL.

Sulfide, sulfate, sulfite, and thiosuifate were ex-
amined. Samples were diluted for the sulfide
analysis, and undiluted for the suifate, suifite,
and thiosulfate analyses. Multi-point calibration
curves of Na,5-9H,O for sulfide, Na,50, for sul-
fate, Na,50), for sulfite, and Na,5,0,; for thiosul-
fate were performed prior to analysis. Calibra-
tion checks were performed before, in the middle
and after sample analysis. Matrix spikes of the
samples were performed and were within 10% of
the true value. The limit of detection for this
analytical method was 5 mg/L for each of the
analytes of interest. Precision and accuracy

were 110%.

3.1.4.4 Chioride

Chloride concentration of the samples were de-
termined using an ion-specific probe. A multi-
point NaCl calibration curve in distilled and
deionized water was made prior to analysis.
Calibration checks were performed before, in the
middle, and after sample analysis. Matrix spikes
of the samples were performed and were within
10% of the true value. The limit of detection for
this analytical method was 0.010 mg/L. Precision
and accuracy were >10%.

3.1.4.5 Total Carbon

Analysis for total inorganic carbon (TIC), total
organic carbon (TOC), and total carbon (TC) were
made with a O. I. Analytical TOC 700 carbon
analyzer. To measure total inorganic carbon, the
water samples were acidified to pH < 4 and were
heated to 100°C; the evolved CO, was trapped in
a cooled in-line molecular sieve; after 2 minutes,
the trap was heated, and CO, was detected with
an infrared cell. Total organic carbon was then
measured by oxidizing dissolved organic carbon
with sodium persulfate at 100°C to CO,, which

wag h"‘Pde and detected. Total carbon was
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measured directly by combining the TIC and TOC
methods into a single step; CO, was trapped and
detected.

3.2 Sediment Chemistry
3.2.1 Mineralogy

Sediment mineralogy was determined by x-ray
diffraction {(XRD} on freeze dried and ground
sediment samples from cores GH-CC-C1 to -C3
and GH-CC-5C2 to -5C4 and four clay-size

(<2-um) fractions from cores GH-CC-SC2 and
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GH-CC-5C4. Data were collected from random
orientation powder samples with a Scintag PAD
V instrument using a Cu K-a source at 45 kV and
35 mA from 2 to 92 deg 26 in 0.02-deg steps. X-ray
entrance slits were 1 X 2 mm and exit slits were
0.3 x 0.2 mm. Raw data were calibrated against
known standards (a Si, W, Ag composite, and a
mica). Calibration was verified every 5 to 6
scans. The mineralogy of each sample was deter-
mined by comparison of sediment patterns with
known standards for pure minerals phases. XRD
cannot detect amorphous solids or minerals that
are present at <2 to 5 wt%.

The clay-size fractions (<2 pm) from two samples
were separated from the top sediment (sections of
cores GH-CC-SC2-1 and -SC4-1) and two samples
from deeper sediment (sections GH-CC-5C2-7 and
-5C4-7) by dispersion in 85 mL of distilled and
deionized water and centrifugation at 500 rpm for
nine minutes to settle out >2-pum particles. The
suspension was decanted, and the process was re-
peated six times. To concentrate the clay miner-
als, MgCl, was added to IN, and the solution was
centrifuged and then decanted. The MgCl, was
removed from clay minerals by rinsing in dis-
tilled and deionized water, spinning down the
suspension, decanting the solution, and repeating
the process. XRD spectra were collected on air-
dried and ethylene-glycol-saturated samples to
separate some of the diagnostic clay peaks (e.g.,
smectite from chlorite). The air-dried samples
were made by drying a smear of the clay slurry in
a 100% humidified environment for 48 hours and
then in air. The sample was then saturated with
ethylene glycol for 12 to 24 hours. Diffraction
patterns were collected from 2 to 62-deg 26 for the
air-dried samples and 2 to 42-deg 26 for the eth-
ylene-glycol-saturated samples.

3.2.2 Bulk Chemistry

The sediments were digested with UJA2 acid mix-
tures (Unisolv, Inc.) in a microwave and neutral-
ized and stabilized with UNSA2 solutions
{Unisolv, Inc.). These solutions were analyzed
for Ag, Al, As, B, Ba, Ca, Cd, Ce, Co, Cr, Cu, Fe,
K, Li, Mg, Mn, Mo, Na, Ni, Pb, S, Sb, Se, 5i, Sn,
Sr, Ta, Th, Ti, TI, U, V, W, and Zn. Analysis
protocol adheres to EPA SW-846 Method 6010A
augmented to include all elements listed above.

A scandium spike was added to all samples to
correct for wscosxty effects resulting from the
high silica content of these sediments. The quartz
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content prevented recovery of silica concentra-
tions because silica did not stay in solution.
The external standard was the National Insti-
tute of Standards and Technology Buffalo
River sediment.

3.2.3 Trace-Element Speciation

Trace-element speciation in the reacted and
leached Seaplane Lagoon sediments were deter-
mined from XAS for Cd, Cr, Pb, and Zn. We were
not able to determine Cu, Hg, or Ni speciation in
the sedimentis because the concenirations were too
low to yield interpretable spectra. Absorption
spectra of defrosted wet sediments (cores GH-CC-
C1, -C3, and -5C4) and fresh sediments (core GH-
CC-5C9) were collected at Stanford Synchrotron
Radiation Laboratory on beamlines 4-1 and 4-3 at
room temperature under dedicated conditions

(3 GeV, 40-90 mA) for Cd, Cr, Pb and Zn using 5i
{220} and Si (111) monochromator crystals and an
unfocused beam. The sediment samples were undi-
luted and fluorescence spectra were collected
with a four-element Ge array detector provided
by P. Allan and colleagues at Lawrence Berkeley
National Laboratory, or a 13-element Ge array
detector provided by the Stanford Synchrotron
Radiation Laboratory. Reference solids (minerals
and fresh precipitates) were collected in trans-
mission-mode using Ar- or Kr-filled ion chambers.
Energy calibration was obtained by simultaneous
collection of an Ag (for Cd}, Cr, Pb, and Zn foil
spectrum. Harmonic rejection was achieved by
detuning the incoming beam by 50% of maximum
intensity. Typically 10 to 35 scans were collected
and averaged for each sample. Data reduction
and analysis and reference phase-shift and am-
plitude functions were generated using FEFF6
[Rehr, 1993; Rehr et al., 1992 ] based on atomic
clusters from known crystal structures and were fit
to expenmental XAS spectra for model compounds

¢ t. ]
to estimate values for ¢% and S

3.3 Leaching Experiments

Three samples of Seaplane Lagoon sediment GH-
CC-SC4-11 were leached with filtered seawater
from the Pacific Ocean (Long’s Marine Labora-
tory, University of California, Santa Cruz) to
determine the rate at which trace elements are

released into waters when exposed to oxygen—rich
waters. The experiments were Pnrfnrrnpd in flow-
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through reactors at room temperature [Knauss and
Wolery, 1986]. An identical control experiment
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with seawater was also run to provide procedural
blanks for the trace-metal analyses. Reaction
vessels and water botties were cleaned in a Class
100 clean room. In these experiments, the rate of
trace element leached is proportional to the
change in concentration between the input and
output solutions. Input and output sclutions were
collected 20 times over a three month period.
Sample pH was measured immediately after the
sample was collected. Samples for trace-element
analysis were acidified with trace-element-
grade acid to prevent precipitation; sample bot-
tles were double bagged and stored in a laminar
flow hood or a class 100 clean room until they
were analyzed by ICP-MS (see Section 3.1.4.1}.
At the end of these experiments, the sediments
were loaded into x-ray absorption holders and
stored at ~20°C until metal speciation analysis at
the Stanford Synchrotron Radiation Laboratory
(see Section 3.2.3).

o 4 I mbomnssinoml BErodonlisera
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The aqueous data were analyzed with the Geo-
chemist’s Workbench geochemical code [Bethke,

1994] and SUPCRT92 database [Johnson et al.,
1992] modified to include zinc-, cadmium-, and
lead-carbonate, and zinc- and cadmium-
hydroxide phases (Table 3, p. 12). For these cal-
culations, we used porewater trace- and major-
element concentrations, HS and 50, concentra-
tions to calculate Eh, sediment pH from core GH-
total inorganic carbon analyses from core GH-CC-
5C2. Manganese concentrations used were an av-
erage of the ICP-AES and ICP-MS measurements;
aluminum, cadmium, chromium, copper, iron,
lead, nickel, and zinc were measured by ICP-MS;
calcium, magnesium, potassium, silica, sodium
were measured by ICP-AES. Alkalinity is taken
as HCO; concentration, and is calculated as a
function of depth for core GH-CC-5C4 from a lin-
ear regression of the inorganic-carbon concentra-
tion measured in core GH-CC-5C2 data. For the
surface sediments at 1.5 cm, alkalinity is calcu-
lated from measured pH and atmospheric CO,,
because the linear extrapolation yielded nega-
tive values. The solution was charge balanced by
adjusting the chloride concentration.




Geochemical Characterization of Seaplane Lagoon Sediments

Table 3. Thermodynamic equilibria and constants K used in the geochemical modeling of
the porewater chemistry in the Seaplane Lagoon sediments.

log K

{25°C) Reference
AlI(OH),(gibbsite) + 2H* = AP* + 3H,0 7.76 Pokrovskii andeelgeson,

1995
AIOOH(boehmite) + 3H* = 2AP* + 2H,0 7.56 Pokrovskii and Helgeson,
1995

CaCOy{calcite) = Ca** + CO,> -8.48 Helgeson et al., 1978
CaMg(CO,),(dolomite} = Ca?* + Mg?** 2CO,* -18.14  Helgeson et al., 1978
CaS0,*2H,O(gypsum) = Ca® + SO, + 2H,0 —4.48  Robbie et al., 1979
Cd* + H,O = CdOH* + H* -10.08  Baes and Mesmer, 1976
Cd* + 2H,0 = Cd(OH),? + 2H* -20.34  Baes and Mesmer, 1976
Cd* + 3H,0 = Cd(OH),” + 3H* -33.29  Baes and Mesmer, 1976
Cd* + 4H,0 = Cd(OH) > + 4H* —47.33  Baes and Mesmer, 1976
Cd* + CO,"= CdCGy’ 300  Stipp et al, 1993
Cd* + 2CO* = Cd(CO,) > 6.40 Stipp et al., 1993
Cd* + CO;” + H' = C4HCO," 11.83  Stipp et al., 1993
Cd* +50,F = CdsO,* —0.003 Wagman et al., 1982
Cd(OR),(beta) + 2H* = Cd** + 2H,0 13.64 Baes and Mesmer, 1976
CdS =S* + Cd* -28.84 Wagman et al.,, 1982
CdSO,(angelsite) = Cd** + SO -0.11  Wagman et al., 1982
CdCOylotavite) = Cd** + COz* -12.1  Stipp et al.,, 1993
CdO(monteponite) + 2H* = Cd* + H,O 15.1 Cox et al., 1989
CrS + H* + 0.250,(aq) = 0.5H,0 + Cr* + 5% 16.46 Dellien et al., 1976
Cr,Oy(eskolaite) + 6H* = 3H,0 + 2Cr™ 7.64 Wagman et al., 1982
CuS(covellite) = 5 + Cu™ -35.77  Helgeson et al., 1978
CuFeS,(chalcopyrite) = Fe** + Cu® + 25% 5843  Helgeson et al,, 1978
Cu,CO,(OH),{malachite) + ZH" = —-4.40  Heigeson et al., 1978
H,0 + COs* +2Cu®
CuOftenorite) + 2H* = Cu®* + H,0 7.66 Helgeson et al., 1978
FeS,(pyrite) + H;O = -85.10  Helgeson et al,, 1978
Fe** + 28" + 0.50,(aq) + 2H*
FeS(pyrrhotite) = Fe®* + 5 -16.65 Helgeson et al.,, 1978
FeCOj(siderite) = Fe** + CO* -10.52  Helgeson et al., 1978
FeOOH(goethite) + 2H* = -7.96  Robbie et al., 1979
Fe”* + 1.5H,0 + 0.250,{aq)
Na 53 Fe,Al 3351 5,0,0(OH),{Na-nontronite) + 532H* -28.51 Wolery, 1978
= 2Fe?* + 0.50,(aq) + 0.33Na* + 3.675i0, + 3.66H,0
MgsALSi,0,,(0H), (7-A chlorite) + 16H"* = 70.61 Helgeson et al., 1978
2AP* + 12H,0 + 38i0,(aq) + 5SMg**

=N
N
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Table 3 {Continued). Thermodynamic equilibria and constants K used in the geochemical

madeling of the porewater chemistry in the Seaplane Lagoon sediments.

log K
{25°C)

Reference

MnS(alabandite) = Mn?* + 8+

MnCQ;(rhodochrosite) = Mn?* + CO,*
NiS,(vaesite} + H,O = Ni** + 25 + 0.50,(aq) + 2H"*

NiS{millerite) = Ni** + §2-
NiCO, = CO + Ni**
Ni(OH}, + 2H* = Ni?* + 2H,0
PbS(galena) = Pb™ + §*

Pb?* + H,0 = PbOH" + H'
Pb** + 2H,0O = Pb(OH), + 2H*

Pb* + 3H,0 = Pb{OH),” + 3H*
Pb* + CO> =PbCO,

Pb* + 2C02 = Pb(CO,*

PbCO,(cerrusite) = Pb* + CO*

Pb;(CO,),(OH),(hydrocerussite) + 2H' =

2CO,.* + 3Pb* + 2H,0
PbSO,(anglesite) = Pb?* + SO
SiO,(quartz) = 5iO,(aq)
SiQ,(u-cristobalite) = SiO,(aq)
Si0,{am. si.) = 5i0,(aq)
ZnS(sphalerite) = Zn** + §
Zn* + H;O = ZnOH" + H*

Zn® + 2H,0 = Zn(OH),® + 2H*
Zn** + 3H, 20 =Zn(OH); + 3H*
Zn®* + 4H,0 = Zn(OH),” + 4H*
Zn* + CO,r + H* = ZnHCO;*
Zn* + CO = ZnCO,°

Zn* + S0,* =ZnS0,°
Zn(OH),(P) + 2H* = Zn* + 2H,0
Zn(OH),(e) + 2H* = Zn?* + 2H,0

Zr(OH)L (v + JHY = Zn?t + 2H.O

AAM\NILESA]T T ians

ZnSO(solid) = Zn?* + SO

ZnCO,(smithsonite) = Zn* + CO,*
Zn{OH)4(CO,), (hydrozincite) + 6H* =

5Zn* + 2COs% + 6H,O

-13.33
-10.52
—87.21
=-20.97
—6.82
7.64
-27.28
-7.7
-17.09

~28.09
6.58

9.40

~-13.54
-18.81

T o

-7.85
—4.0
-3.45
-2.71
-24.38
-8.96
-28.04
—28.83
—41.61
8.91
3.9
-0.026
11.93
11.66

11.88

3.55
-9.87
9.65

Helgeson et al., 1978
Helgeson et al., 1978
Helgeson et al., 1978
Vaughan and Craig, 1978
Wagman et al,, 1982
Wagman et al., 1982
Wagman et al., 1982
Smith and Martell, 1989
Smith and Martell, 1989
Smith and Martell, 1989

Bilinski and
Schindler,1982*

Bilinski and

Crhindlar 108722

PO L ERELE Y L2 Y R F A

Johnson et al., 1992
Smith and Martell, 1989

Helgeson et al., 1978
Heigeson et al., 1978
Helgeson et al., 1978
Helgeson et al.,, 1978
Helgeson et al., 1978
Bourcier and Barnes, 1987
Wagman et al., 1982
Wagman et al., 1982
Wagman et al., 1982
Bourcier and Barnes, 1987
Zachara et al., 1989
Wagman et al., 1962
Wagman et al., 1982
Wagman et al., 1982

Wagman et al., 1982

Wagman et al., 1982
Johnson et al.,, 1992
Schindler et al., 1969

2 Bilinski and Schindler, 1982 experimental values extrapolated to I =0.
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4. Results

4.1 Porewater Chemistry

4.1.1 Porewater Chemistry Across Qxic,

Suboxic, and Anoxic Boundaries

Cycling of trace metals among the water column,
surface sediments, and deeper sediments in estu-
ary sediments is linked to oxygen, manganese,
iron, and sulfur chemistry. For this reason, we
measured dissolved O,, Mn(II), Fe(Il), and total
S(-11) concentrations and relative concentrations
of Fe(Ill)- and FeS- and elemental S-colloids in
the top 5 cm of push cores collected from the east
outfall location of Seaplane Lagoon on July 10,
1997, November 10, 1997 and Apnl 8, 1998 Two
cores were also collected at the Landfill Wet-
lands site on April 8, 1998,

The greatest opportunity for the mobility of Mn,
Fe, S, and associated trace metals is within the
suboxic sediment zone. We define the suboxic zone
at sediment depths below the dissolved-oxygen
minimum and above the dominance of dissolved
sulfide. The results of our study show that depth
or size of the suboxic zone in the Seaplane Lagoon
sediments may exceed 5 cm, and varies spatially
over a short distance and over the course of the
year (Table 4, pp. 41-51; Figs. 24, pp. 20-22).

Although the size of the suboxic zone varies, the
porewater profiles are consistent with general
oxidation-reduction reactions (Fig. 5, p. 23). As an
example, we use the porewater profile from Sea-
plane Lagoon core GH-CC-5C2 (Fig. 2, p. 20). An-
aerobic respiration occurs within the first 3 mm
and is shown by the depletion of dissolved oxygen
from the overlying waters into the surface sedi-
ments. Denitification most probably occurs be-
tween measurable oxygen and Mn(I) (the elec-
trode does not detect nitrogen species). Manganese
reduction is shown by the accurnulation of dis-
solved Mn{I}) at 14 mm. Precipitation of manga-
nese as Mn(IV)-oxides at depths less than 14 mm
and as MnCO; or MnS at depths greater than

18 mum is indicated by lack of dissolved Mn(II} in
the porewaters. Iron reduction begins at 18 min as
dissolved Fe(ll) and Fe(Ill)-colloid increase with
depth. Precipitation of FeS or FeS, is shown by an
increase in dissolved S(-II} and a decrease in dis-
solved Fe(Il) and Fe(IID)-colloids at 40 mm. Note
that dissolved Fe{ll) concentrations include the

Fe(llI)-colloids because Fe(llI}-colloids are re-
duced to dissolved Fe(ll), which is further re-
duced at the electrode surface [Brendal and Lu-
ther, 1995]. At the present time, it is not possible
to quantify the Fe(Ill) colloid component. Sulfate
reduction occurs at depths greater than 40 mm and
is shown by the increase of dissolved S(-II} with
depth. The reproducibility of the dissolved oxy-
gen and sulfide data shows that aerating the
overlymg waters in the core maintains the chem-
istry profile in the core.

Figure 3 (p. 21} shows porewater profiles of cores
GH-CC-8C5, -8Cé, and -5C7 collected within
seven meters of one another on November 10, 1997.
Comparison of these three cores shows that local
disturbances, such as bioturbation, increase the
diffusion of oxygen into the sediments and extend
the size of the suboxic zone. Moving from east to
west, core GH-CC-5C5 is the most reduced with
trace concentrations of Mn{Il) and Fe(II} from 15
to 40 mM and increasing dissolved S5(-1I) concen-
trations at depths greater than 31 mM. The trace-
iron and -manganese concentrations in core GH-
CC-5C5 compared to other cores indicates that
sulfide minerals precipitate at these depths.
Core GH-CC-SC6 is the most oxidized sample
with dissolved oxygen to 10 mM, increasing con-
centrations of dissolved Fe(Il) and Fe(IH)-
colloids from 15 to 50 mM, with no detectable dis-
solved S(-II}. The oxidation-reduction state of
core GH-CC-5(C7 is between that of the other two
cores with higher concentrations of dissolved

Fe(ID) and Fe(IlD-colloids than those in core GH-

CC-5C5.

Figure 4 (p. 22) shows porewater profiles of cores
GH-CC-5C8 and -5C9 collected within a few me-
ters of one another on April 8, 1998. These cores
show similar local heterogeneity observed in the
November 1997 cores, with core GH-CC-5C8 being
more oxidized than core GH-CC-5C9 as is indi-
cated by the absence of dissolved sulfides in core
GH-CC-5C8.

Figure 6 (p. 24) shows the porewater profiles of
Landfill Wetlands cores W1-CC-5C1 and -5C2
taken on April 8, 1998. The porewater profiles are
distinct from one another showing local heteroge-
neity within the wetlands pond. The most nota-
ble difference between the two cores is the
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absence of dissolved Fe(Il) and Fe(lll})-colloids in
core W1-CC-5C2. There are several distinctions
between the Seaplane Lagoon cores and the Land-
fill Wetland cores. The Landfill Wetland cores
have a smaller oxic zone with dissolved O, de-
pletion within 1 mm below the sediment-water
interface, and with dissolved S(-II} increases at
more shallow depths (1 to 9 mm). Additionally,
the Wetlands cores have small amounts of dis-
solved Mn(II} in waters directly above the sedi-
ment—water interface, and in one core, elemental
sulfur was detected.

4.1.2 Porewater Chemistry to
50-cm Depth

The porewater chemistry of the Seaplane Lagoon
sediments is shown as trace- and major-element
chloride, HS", SO,*, SO, and pH for core GH-
CC-SC4; and as HS™, SO,*, SO;7, total carbon, to-
tal inorganic carbon, and total organic carbon for
core GH-CC-5C2 (Tables 5 and 6, pp. 52-53; Fig. 7,
Pp- 25-27). In core GH-CC-5C4, there are distinct
trends in the porewater composition with depth.
Calcium, magnesium, potassium, sodium, and
chloride and sulfide concentrations increase with
depth to 25.5 cm and at greater depths are con-
stant The manganese depth proflle is more com-
plicated. Manganese decreases to a2 minimum at
4.5 cm, increases to a maximum at 16.5 cm, and de-
creases at greater depths. Aluminum concentra-

[ & ava ~oiba lavr and conckant (o -
{10Ms are GUILE 10W ana consant \‘v‘vrlth the ex{.‘er

tion of one outlying data point). Silica concentra-
tions increase by about two times between 1.5 and
4.5 cm and are constant at greater depths. Iron
concentrations could only be detected above 4.5
cm. \..aamlum, crl.l'mmmn, and lead concentrations
increase with depth following similar trends ob-
served for their sediment concentrations. Zinc con-
centrations increase to maximum at 22.5 cm, de-
crease to 28.5 cm, and increase at greater depths.
Copper concentrations are constant to 22.5 cm, and
increase at greater depths. Nickel concentrations
show a slight decrease with depth. In core GH-
CC-8C2, the dissolved total-inorganic and the
sulfide concentrations increase with depth.

4.1.3 Geochemical Modeling

We summarize the porewater geochemistry of
Seaplane Lagoon sediments in Table 7 (pp. 54-55)
as suifide, carbonate, oxide/hydroxide, and sili-
cate saturation versus depth. The thermodynamic
saturation index SI for a solid phase is equal to
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the ratio of its ion activity product IAP and its
equilibrium solubility constant K:

IAP

K

Sl =

. 1)
sp
A solution is supersaturated, undersaturated or at
equilibrium, if log SI is greater than, less than, or
equal to zero, respectlvely The uncertainty of the
log SI values is 0.5.

Dissolved trace-element concentrations are not
limited by sulfide phases, despite the fact that
the Seaplane Lagoon porewaters are dominated
by dissolved sulfides. With the exception of
chromium and manganese, the porewaters are su-
persaturated with respect to all sulfide phases
by several orders of magnitude. The porewaters
are close to MnS saturation, and are 10 orders of
magnitude below CrS saturation (we do not have
thermodynamic data for Cr,5,). Nor are the dis-
solved trace-element concentrations limited by
the solubility of pure secondary carbonates or ox-
ides/hydroxides. Cadmium, copper, lead, nickel,
and zinc are all undersaturated with respect to
CdCO; {(otavite} and Cd(OH),, Cu,CO,(OH),
(malachite), CuO (tenorite), PbCO, (cerussite),
NiCQO,; and Ni(OH),, and ZnCO, (smithsonite),
and p-Zn(OH),. Dissolved chromium concentra-
tions are 10 to 13 orders higher than Cr,O,
(eskolaite) saturation. Dissolved manganese con-

centrations are close to MnCQj; saturation.

Dissolved silica concentrations are close to satu-
ration with respect to B-cristobalite, a quartz
polymorph, but supersaturated with respect to
quartz. This result agrees with many groundwater
studies. The dissolved aluminum concentrations
are close to saturation with respect to AI(OH),,
gibbsite and not 7-A chlorite, which was identi-
fied in the XRD analysis of the sediments. The
dissolved calcium concentrations are undersatu-
rated with respect to CaCO,; {(calcite) in the sur-
face sediments (1.5 em), but supersaturated at
greater depths. In the top 5 cm, dissolved iron
concentrations are closest to FeOOH (goethite)
saturation. At depths greater than 5 cm, iron

solubility decreases to levels below the detection
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4.1.4 Leaching Experiments

The results from the flow-through leaching ex-
periments of Seaplane Lagoon sediment at 31.5 cm
depth (GH-CC-5C4-11) are shown in Figs. 8 and 9
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(pp- 28-29) and Table 8 (pp. 56-57). Cadmium and
zinc are the most reactive, and chromium is the
least reactive trace elements in these sediments.
The net release of the trace elements to seawater
relative to the initial trace-element concentra-
tion in the sediment is plotted versus time in

Fig. 8 (p. 28) (a ratio of 1000:1 means all of the
trace element has leached from the sediment).
These curves are simple integrations of the trace-
element release rates normalized to the sedi-
ment’s trace-element concentrations. After 90
days of reaction, 20~-40% of the cadmium, 6-12%
of the zinc, 1-4 % of the copper, manganese,
nickel, and lead, and less than 0.2% of the chro-
mium have been leached into the seawater.

Figure 9 (p. 29) is a plot of the trace-element con-
centrations measured in the output and input solu-
tions versus time. The difference between the
these concentrations is proportional to the leach-
ing rate at that point in time. Cadmium and zinc
leaching rates increase during the first 20 days,
and then begin to decrease, approaching the
blank concentrations at the end of the experiment.
Copper leaching behavior is similar to cadmium
and zinc, but the absolute concentrations are much
lower. Manganese leaching rates decrease from
the onset of the experiment to near blank concen-
trations at the end of the experiment. Lead-

and nickel-leaching rates are constant and low.
Chromium leaching rates are minimal or
nonexistent.

4.2 Sediment Chemistry

Seaplane Lagoon sediment chemistry was deter-
mined at the east outfall location from three
push cores (GH-CC-5C2, -5C3, and -5C4) and
three gravity cores (GH-CC-C1, -C2, and -C3) at
3-cm intervals from the surface sediments to about
40 am from the push cores and to about 100 cm from
the gravity cores. Major- and trace-element
chemistry is reported in Table 9 (pp. 58-63) (B, K,
Na, 51, and Sn are not tabulated because B and

Sn are present in the digestion solutions, because
of poor recoveries of K and Na, and because Si
was incompletely dissolved in the digestion

procedure).

We discuss the depth profiles of cadmium, chro-
mium, cobalt, copper, lead, mercury, and zinc plus
the depth profiles of iron, manganese, and sulfur
(Figs. 10 and 11, pp. 30-33), because iron, manga-
nese, and sulfur have important roles in the over-
all oxidation-reduction state of the sediments.

Cadmium, chromium, copper, lead, mercury, and
zinc trace-element concentrations increase from
low values in the surface sediments to higher
values at depths greater than 20 to 30 cm below
the sediment-water surface. The concentrations
range from 10 to 400 ppm (1200 ppm in sample
GH-CC-C1-2) for cadmium, from 230 to 1150 ppm
(1730 ppm in sample GH-CC-C1-2} for chromium,
from 100 to 240 ppm for copper, from 180 to 1400
ppm for lead, from 0.6 to 2 ppm for mercury, and
from 240 to 630 ppm for zinc. Trace-element con-
centrations are low in the deepest samples of the
gravity cores. Cobalt and nickel concentrations do
not increase with depth. Cobalt concentrations
are low and vary between 14 and 30 ppm, and
peak concentrations at depths of 20 to 40 cm are as
high as 160 ppm. Nickel concentrations vary from
11¢ to 180 ppm. Iron concentrations increase from
about 4.5 wt% in the surface sediments to about
5.5 wt% at a depth of 16.5 cm, and decrease at
depths greater than 35 cm. Sulfur concentrations
increase from 1 wt% in the surface sediments to
about 1.5 wt% at depths of 30 to 40 cm, and are
constant at greater depths. Core GH-CC-C1 is an
exception, with half as much sulfur as the other
cores. Manganese concentrations are constant with

den“-\ and ars ahout 480 nem (950 iy in camnle
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GH-CC-C1).

4.3 Sediment Mineralogy

The sediments are primarily quartz with about
10-15 wt% in the clay size fraction (<2 pm).
There is no difference in the bulk mineralogy as a
function of depth. Minerals identified in XRD
patterns are 80-90% quartz, ~2 wt% hornblende,

~2 wt% mica, ~2 wt% chlorite, ~2 wit% smectite,
~2 wt% illite, and ~2 wt% pyrite. Reported min-
eral abundances are estimated by assigning mini-
mum XRD detection limits to the trace-mineral

components (~2 wit%).

4.4 Trace-Metal Speciation

Table 10 (pp. 64-65) and Figs. 12-18 (pp. 34-40)
show XAS results of cadmium, chromium, lead,

and zinc spasiaban in roenrocontablive cadimante at
ane Zind S5pedadin In Ieprosciiiailve seQinenis at

the Seaplane Lageoon, Concentrations of cobalt,
copper, mercury, and nickel are too low to yield
interpretable x-ray-absorption spectra. We
present our results with both the absorption
edge spectra and x-ray absorption fine structure
(XAFS) spectra. We examine speciation
differences in the surface sediments (samples
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GH-CC-5C4-1 at 1.5 cm and GH-CC-5C9-1 at

0 cm) and the deeper sediments (samples GH-CC-
SC4-12 at 34.5 cm and GH-CC-5C9-12 at 30 cm);
speciation differences between sediments leached
with oxygen-rich seawater for three months
(GH-CC-5C4-11 at 31.5 ¢m) and the above sam-
ples; and speciation differences resulting from
freezing samples to preserve them {core GH-CC-
54} and fresh (core GH-CC-5C9) samples.

We also show results from samples GH-CC-C1-2
at 55 cm for cadmium and GH-CC-C3 at 55 cm

for zinc.

4.4.1 Cadmium

Cadmium is present as a disordered CdS solid in
the deeper Seaplane Lagoon sediments [Table 10
(pp- 64-65); Figs. 12 and 13 {pp. 34-35)]. Cadmium
XAFS spectra are identical (despite the poor
data quality for GH-CC-8C9-12) and indicate
cadmium coordination by only first-neighbor sul-
fur atoms, which is characteristic of crystalline
CdS(s) compounds (greenockite and hawleyite).
However there is no evidence for Cd or Fe atoms
beyond the first-neighbors, which is expected
from well-crystallized CdS or CdS-FeS mixtures.
We compare the sediment spectra with freshly
precipitated CdS-FeS spectra to distinguish be-
tween sorbed or precipitated cadmium. For all
precipitated samples, regardless of the initial
solution ratio of cadmium-to-iron, the spectra are
identical and show only first-neighbor sulfur at-
oms, and no evidence for second-neighbor cad-
mium or iron neighbors. Quantitative results from
least-squares fits are the same for the sediment
samples and these laboratory precipitates. These

lie ariopoact a2 hi

ooy Aaoroa of 1aral Aicaordar
Tesiiis st O ¢

~h
Sy £ I.I.I.E.[( uca:cc
precipitated CdS(s) and no evidence for solid so-
lution with iron. Cadmium concentrations in the
surface sediments are below the detection limit of
the analytical technique. '

in
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Cadmium speciation changes when the sediments
are exposed to oxygen-rich seawater. In the
leached sample, cadmium is associated with an
oxide or carbonate solid as well as with a sulfide
as is shown by the first-neighbor oxygen and sul-
fur distances. However, the absence of second-
neighbor atom(s) in the spectrum precludes direct
identification of this new “oxygen” component.
We estimate that 66% of the Cd is present as the
oxide or carbonate solid, and 33% is present as the
sulfide phases from the ratio of fitted peak
heights for sulfur and oxygen.
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4.4.2 Chromium

Chromium is present as Cr(III} sorbed to clay or
iron hydroxide surfaces in the surface and deeper
Seaplane Lagoon sediments [Table 10 (pp. 64-65);
Figs. 14 and 15 {pp. 36-37)]. The absorption edge
of chromium is rich in spectral features and re-
flects the Cr(III} or Cr{VI) oxidation states. From
qualitative comparison with reference solid com-
pounds, it is readily apparent that the sediment
spectra lack the prominent pre-edge feature in-
dicative of Cr(VI); the sediments contain only
Cr(lI). The absorption edge features are very
similar among the surface and deeper sediments
and among the fresh and frozen sediments. Fur-
ther comparison of the sediment edge spectra
with reference spectra indicates chromium is not
squares fits of XAFS spectra, which show Cr-O
bonding. In the fresh sediments, we fit only the
first-neighbor Cr-O distances typical of Cr(IIl) in
octahedral coordination. Sample GH-CC-5C4-12
has better signal-to-noise than the other two
samples and, consequently, more distant atomic
neighbors were fit. In addition to a first-neighbor
Cr-O distances, two second-neighbor iron atoms
can be fit, although it should be noted that other
third-row transition metals near to iron will also
produce an adequate fit. The nearest second-
neighbor peak is at 3.43 A, which is a character-
istic distance for bidentate corner-sharing among
transition metal octahedra, that can be ex-
plained by chromium sorption to a clay or hy-
droxide surface. The absence of second-neighbor
atoms at =3.0 A suggests that Cr is not nucleating
a CrOOH-like phase and forming edge-shared
clusters with iron or manganese as found in Iabo-
ratory studies of chromium sorption and co-
precipitation. We have not yet analyzed chro-
mium in the leached sample.

4.4.3 Lead

Lead is associated with an oxide or carbonate
phase in the deeper Seaplane Lagoon Sediments
[Table 10 (pp. 64-65); Fig. 16 (p. 38)]. Comparison
of the energy position of lead absorption edges of
model spectra and sediments shows that lead in
the sediments is bonded by oxygen and not by sul-
fur. Two distinct Pb-O distances (2.39 A and 2.63—
2.65 A) can be resolved in two of the sediment
spectra (GH-CC-5C9-12 and GH-CC-5C4-12), al-
though the relative peak amplitudes for the two
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distances are very different between the two
samples. The fitted Pb-O distances fall with the
range of those found for a variety of lead oxide,
hydroxide, and carbonate minerals. However,
the spectra do not support the possibility of lead
associated with residual paint that may have
been used at Alameda NAS, primarily in the
form of lead chromate (PbCr,O,) and lead oxides
(PO, PbO,). The shorter Pb-O distance of 2.39 A
in the sediment spectra does not match the short-
est Pb-O distance in lead chromate (2.52 A), and
there is no evidence for chromium atoms at 3.32 to
4.14 A, which should be apparent in a crystalline
mineral. Likewise, both forms of crystalline lead
oxide (PbO-tetrahedral and PbO-orthorhombic)
and lead dioxide (PbO,) have first-neighbor oxy-
gen atoms at distances shorter than those found
for lead in the sediments (2.15-2.32 A) and sec-
ond-neighbor lead atoms at distances less than

4 A, which are not evident in the spectra of the
sediment sample.

We observe no changes in iead speciation when
the sediments are exposed to oxygen-rich seawa-
ter. The edge spectrum of the leached sample is
identical to that of the other samples. On the ba-
sis of the similarity among the lead-edge spec-
tra, we assume that lead is still associated with
oxide, hydroxide, or carbonate mineral. We only
collected lead-edge spectrum on the leached
sample, because of limitations of the beamline
setup at the time.

4.4.4 Zinc

Zinc is present as two solid components in the sur-
face and the deeper Seaplane Lagoon sediments
[Table 10 (pp. 64—65); Figs. 17 and 18 {pp. 39-40)].
Analyses of zinc XAFS spectra show first-
neighbor sulfur and oxygen atoms, with sulfur
atoms dominating the total signal (=70-85%
based on the ratios of fitted peak heights).

Least-square fits show that the spectra can be de-
convoluted into a sulfide component with intera-
tomic distances matching the sphalerite {Zn5)
structure, and an oxide component with distances
consistent with the substitution of zinc into clay
minerals or sorption onto edge sites of the octahe-
dral layers. In the sphalerite structure, first-
neighbor atoms are suifur, and the nearest second-
neighbor atoms are zinc at a distance of 3.82 A. In
the sediment spectra, there are clearly second-
neighbor atoms at 3.13-3.16 A that are not present
in sphalerite and must be associated with the ox-
ide component. The oxide component contains a
first-neighbor oxygen (1.96-2.02 A), and scatter-
ing from the second-neighbor atoms can be rea-
sonably, although not uniquely, fit with iron. The
fitted distances are similar to metal-metal dis-
tances found for edge-shared octahedra in phyl-
losilicates and layered hydroxides with brucite-
like structures. Fits to the XAFS spectra can be
improved by including second-neighbor Zn-Si at
3.47-3.48 A, consistent with interatomic distances
found for the substitution of zinc into the octahe-
dral layer of phyllosilicates.

Zinc speciation changes when the sediments are
exposed to oxygen-rich seawater. The zinc spec-
trum for the leached sediment sample shows a
significant reduction in amplitude of the sulfide
component (about 25%) and a corresponding in-
crease in the oxide component (about 75%). In-
teratomic distances from the fitted spectrum are
the same (within error) as the other samples for |
the sulfide component. The oxide component pres-
ent after leaching is different from that found in
the other samples. Second-neighbor atoms are
best fit with either iron or zinc, or a mixture of
the two at 3.13 and 3.32 A, rather than with sil-
ica atoms. This result suggests that as the zinc
sulfide dissolves, it reprecipitates in the sedi-
ment as a zinc-iron oxyhydroxide.
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Figure 2. Microelectrode results of porewater chemistry from Seaplane Lagoon core GH-CC-SC2
measured on July 10, 1997 {dashed lines) and July 13, 1997 (solid lines).
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Figure 3. Microelectrode results of porewater chemistry from Seaplane Lagoon cores CC-GH-SC5,
-SC6, -SC7 collected on Nov. 10, 1997 and measured on Nov. 18 and 19, 1997.
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Figure 4. Microelectrode results of porewater chemistry from Seaplane Lagoon cores CC-GH-SC8
and GH-CC-5C9 collected on April 8, 1998 and measured on April 10, 1998.
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Oxidation of organic carbon

Anerobic respiration:

CH.O + O.{g) = COL{e) + HLO
CHLO + Oy{g) = COyg) + HO
Denitrification:
CH;O+ 4/5NC; + H=
CO,(g) + 2/5Ny(g) + 7/5HO
Manganese reduction:
CH,O + 2MnO, + 4H'=

CO,{g) + 2Mn2* + 3H,0

Iron reduction:
CH,0 + 4Fe(OH),(am) + 8H*=
COyig) + dFe? + 11H,0

Sulfate reduction:
CH,0 + 1/250% + 1/2H*=
CO,(g) +1/2H5 + H,0O

Water

Sediment

Secondary redox and precipitation reactions

Iron and manganese oxidation:

MNAnd* L AFICCYS & O (ol =
EIVLIEL T ARSI T URES T

2MnQO; + 4C0O4(g) + 2H,O

4Fe?* + 8HCO; + O,(g)+ 2H,0 =
4Fe(OH)(am) + 8CO5(g)

2Fe?* + MnO, + 2ZHCO5 + 2H;0 =
2Fe{OH)3{am) + Mn?* + 2CO,(g)

Carbonate and sulfide precipitation:
Fe?* + 2HCO3 = FeCOy + CO4(g) + HO
Mr?* + 2HCO; = MnCO; + COx{g) + HyO
Fe?* 4+ 2HCO3 + HyS = FeS + 2CO4(g) + 2H;0
Mn2* & 2HCO3 + H,S = MnS + 2C0,(g) + 2H,0

Figure 5. Generalized oxidation-reduction and precipitation reactions with depth in estuary sedi-

ments, where CH:0 is generic organic carbon.
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Aqueous species (uM)
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Figure 6. Microelectrode results of porewater chemistry from West Beach Landfill Wetlands cores
W1-CC-5C1 and -SC2 collected on April 8, 1998 and measured on April 9, 1998,
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Figure 7. (Continued.)
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Figure 8. Total trace elements dissolved during the leaching experiments (GH-CC-SC4-11) relative
to Initial trace element concentration in the sediment.
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Figure 10. Chemical composition of Seaplane Lagoon sediments from cores GH-CC-C1, -C2,
and -C3.
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Figure 12. (a) Cadmium XAFS, and (b) radial distribution functions (not corrected for phase shift)
for Seaplane Lagoon sediments CdS and CdozsFeorsS precipitates.

34




Carroll, Esser, Randall, O'Day, Bono, and Luther

Normallzed absorbance

%K) x i

~| GH-CC-SC4-l, Leached, 31.5 cm

GH-CC-5Cg-12, 30.0 cm

GH-CC-C1-2,55.0cm

GH-CC-5C4-12,34.5¢cm

N I RS BT |
26700 26720 26740 26760 26780 26800
ey

®)

- | | | | ] |
— (GH-CC-SC4-ll: Leached

[ [ |
Cd-sulfide

"

Fourier transform magnitude

k{A™

R (A
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tion functions {not corrected for phase shift) for the leached sediment showing Cd-S and Cd-O
components.
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Figure 14. Chromium adsorption edge spectra, comparing Cr:0s, Cr2Ss, and K.Cr;O; references with
surface and deeper sediments from Seaplane Lagoon; (b) chromium XAFS of surface and deeper
sediments from Seaplane Lagoon.
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Figure 15. (a) Chromium XAFS and (b) radial distribution functions (not corrected for phase shift)
for Seaplane Lagoon sediment from 34.5-cm depth (sample GH-CC-8C4-12). Dashed lines are fits
to the data. -
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Figure 16. (a) Lead adsorption edge spectra comparing PbS and PbCOs references with unreacted
and leached Seaplane Lagoon sediments, (b) lead XAFS, and (c) radial distribution functions {not
corrected for phase shift) for unreacted sediments showing two Pb-O distances at 2.39 and 2.85 A,
Dashed lines are fits to the data.
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Figure 17. (a) Zinc XAFS and (b) radial distribution functions (not corrected for phase shift) for
Seaplane Lagoon sediments at 2.5-, 34.5-, and 55-cm depth.
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Figure 18. (a) Zinc XAFS and (b) radial distribution functions (not corrected for phase shift) for un-
reacted and leached Seaplane Lagoon sediments showing Zn-sulfide and Zn-oxide components.

Dashed lines are fits to the data.

40




Carroll, Esser, Randall, O'Day, Bono, and Luther

Table 4. Dissolved O2, Mn(ll), Fe(ll), and total S{(-Il) concentrations and relative concentrations of
Fe(lll)- and FeS- and elemental S-colloids in the top 5 cm of the push cores collected from the east
outfall location of Seaplane Lagoon on July 10, 1997, November 10, 1997, and April 8, 1998, and
at the West Beach Landfill Wetlands on April 8, 1998.

Table 4-1. Seaplane Lagoon, Core GH-CC-SC2.
Analyzed on July 10, 1997,

Depth 0: S(-1 Fe(It)
{mm) | @M) £ | @M) ] (A
-100 | 2327 97

-15 | 2573 137

-1.0 | 2382 67

0.0 1235 86

1.0 158 96

20

100

120 17 00
140 21 00
16.0 25 03
180 29 01
200 33 04
20 33 04
240 44 03
280 28 00
300 25 00
320 30 02
340 28 03
360 25 01
380 25 00
400 82 27| 25 04
420 450 54| 26 01
420 450 34

440 27 00
440 26 02
460 18 00
460 662 49

50.0 2455 182
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Table 4-2. Seaplane Lagoon, Core GH-CC-SC2. Analyzed on July 13, 1997.

Depth Oz Mn{ll) Fe(ll) $205" S(-1) £ [ Feqm
{mm) (M) i (M) | M) t (M) t {uM) {nA) t
-100 | 2191 119

-15 | 2145 63

-10 | 2140 76

0.0 1863 43

1.0 79 12

20 148 50

120 16 03
140 16 30 26 01
160 137 00 23 04
180 105 00| 386 42 23 03
200 90 21 18 02
20 55 0.1 30 01
24.0 485 120 39 11
260 85 17 35 06
280 90 21 37 01
300 55 59 37 02
320 535 51 36 02
340 N7 42 20 02] 30 03
360 00 00 00 00| 21 03
380 00 00 67 08| 19 03
400 46 168| 22 o4 66 10| 24 02
400 694 20| 423 154] 33 82| 31 02
420 793 91| a2 47| 87 s3] 30 01
440 862 294| 684 90| 510 72| 25 00
460 694 120 73 31| 0 69| 21 01
480 575 20| m3 18| 53 77| 18 00
50.0 664 45| 921 35| s1 74] 17 01
50.0 1189 88
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Table 4-3. Seaplane Lagoon, Core GH-CC-SC5. Analyzed on November 18, 1997.

Depth
(mm}

0Oz
(uM)

+

Mn(ll)
(uM)

*

Fe(ll)
(M)

+

S(-11)
()

t+

S

{uiv)

+

Fe(lt)
{nA}

i

FeS

(nA)

*

-100.0
-1.5
-0.5

0.0
05
1.0
1.5
20
25
35
16.5
17.5
185
19.5
205
215
25
235
245
255

265
275

]

285
315
325
325
335
345
35.5
365

a7

T

38.5
395
395
40.5
415
25
43.5
445

AEE
i e R

465
475
48.5
49.5

2438
246.3
227.2
2229
1759
124.9
90.8
390
250
0.0

30
144
22

11

6.3

4.1

32

6.6

3.1

232
19.7
202

7.1

56
71
5.6
81

202

19.7
0.0

43
38
2.1
00
35
130
5.6
6.7
29

43
29

43

0.0

0.0
339

482
77.2
749

367
664

o0

0.0

04
79
3.7

0.0
37

M9

425
529
67.7
786
854
121.9
155.3

[ Ay

37

24
19
03
1.2
9.9
77

11.8
19.1
18.1
43
6.3
49
43
35

36
7.0
296
338
38.1

25
0.6
0.4
09
0.5

17

0.6

nr

68
99
53
72

6.5
nr
21
0.0

nr = not reported.
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Table 4-4. Seaplane Lagoon, Core GH-CC-SC6.
Analyzed on November 19, 1997.

Depth Q. Fe(ll) Fe(lll)
(mm) | (WM) £ | WM ¢+ (nA)
5.0 2337 26

~1.5 2288 7.3

-1.0 2264 38

0.5 230.0 35

(H11] 227.5 1.2

0.5 2279 50

15 190.2 1.2

25 158.3 51

35 342 38

45 248 1.0

55 250 12

75 169 25

95 145 33

11.5 0.0

145 86.2 nr

16.5 67.0 nr

205 543 nr

25 108.6 nr

245 95.8 nr

26.5 124.5 nr

285 798 nr 24
335 734 nr 26
365 79.8 nr 18
385 143.7 nr 27
40.5 166.0 nr 31
425 1373 nr 29
45 2171 nr 35
465 290.5 nr 5.6
485 325.7 nr 39
505 3448 nr 40

nr = not reported.
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Tabhle 4-5. Seaplane Lagoon, Core GH-CC-SC7. Analyzed on November 19, 1997.

) Anode Cathode
Depth G2 Mn(ll} Fe(ll) S(-i) S(-II) Fe(lil)
(mm) | @M) ] M) + | M) + | M) = | @M) | (hA) +
-330.0 2434 24
-15 2120 53
~0.5 197.2 4.1
0.0 1527 64
0.5 80.7 57
10 54.2 5.6
15 328 5.6
20 133 23
25 7.3 19
40 0.0
80 0.0
9.5 19.5 08
10.5 30.9 08
115 471 39
125 61.1 B4
135 613 73
145 4538 9.3
155 53.9 0.6 0.0
155 1785 407 0.0
16.5 40 120} 2662 24 5.4 28
175 379 105 | 2799 196 111 34
185 307 215 | 3003 225 17.0 15
19.5 357 26.1 3293 327 172 52
205 309 152 | 3195 175 201 03
215 259 880 | 3055 220 193 23
n5 35 582 ] 3102 165 203 0.0
245 35.9 283.5 3.0 221 35
265 288.5 9.0 243 1.2
285 309.2 9.0 201 1.1
305 3148 729 19.2 0.6
325 44 2120 2168 172 04
335 225.2 210 0.0 0.0 130 15
355 2498 1020 2247 1109] 152 34 9.6 4.6
355 838 392} 2122 1.0 195 00| 249 19 0.0
365 547 307 | 1605 1229] 276 23| 448 87
375 891 04| 734 0.4
38.5 426 238| 457 5.6
40.5 57.7 41
425 62.1 11
445 80.0 4.6
46.5 1227 15
48.5 1608 25
50.5 93.3 200 1910 117

F9
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Table 4-6. Seaplane Lagoon, Core GH-CC-SC8. Analyzed on

April 10, 1998.

Depth | O Mn(ll) Fe(l) = | Fe(l)
(mm) (M) £ | @M)  + | M) (hA) £
870 | 2495 130

20 | 206 52

10 | 1798 151

0.0 358 42

1.0 106 32

20 0.0 00 00

3.0 44

40 63 31

5.0 128 50

6.0 151 63

7.0 144 42

8.0 153 33

8.0 100 42

90 48 09

100 8.8

150 44 42

160 60 33

17.0 73 55

180 00 00

190 75 00

200 82 16

220 84 39

240 56 00

260 69 31

280 56 00

300 44 00

320 00 00

380 00 00| 00 00
400 88 59| 23 05
20 166 81| 26 04
440 212 81| 44 00
460 285 59| 64 03
480 26 00| 75 16
500 45 81| 114 04
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Table 4-7. Seaplane Lagoon, Core GH-CC-SC9. Analyzed on April 10, 1998.

Depth | O, Mn(il) Felil) S(-1) Fe(lll) FeS
{mm) M) t (HM) £ (nM) i (LM) * (nA) t (nA) +
880 | 2793

20 | 2828 155

10 | 2182 81

0.0 2206 114

10 1442 229

20 454 192

30 28 12

40 00 00| o0 00

5.0 44 44

6.0 38 39

7.0 65 60

7.0 60 28

80 63 111

9.0 69 22| 00 00 00 00
100 52 39| 285 22 19 21
11.0 71 39| 365 27 41 15
120 75 00| 399 22 8 21
130 78 55| 357 55 62 18
140 85 11} 350 27 66 05
15.0 82 44| 33 55 56 13
160 91 11| 30 27 58 02
170 19 31| 306 98 38 03
180 135 11| 269 98 32 10
19.0 165 33| 207 59 25 04
200 154 11| 207 81 23 00
210 119 00] 202 78 30 05
20 1m0 33| 218 55| 00 00| 49 03
23.0 78 11| 23 o0o]| o5 02| 52 12
240 60 11| 342 07 01| 49 23
250 63 2095 00| o9 03| 75 68
26.0 00 00| 124 23 o5| 13 10| en 62
26.0 55 01

27.0 10 29| 00 00
280 ny 27| 96 47

29.0 171 110| 81 34

30.0 25 82| 66 29

310 241 82

320 233 39 15

33.0 218 55| 34 06

340 0.0 26 00

350 21 04 30 41
35.0 85 37

36.0 137 102
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Table 4-7 (Continued). Seaplane Lagoon, Core GH-CC-5C9. Analyzed on April 10, 1998.

Depth | O Mn(l1) Fe(ll) S(-11) Fe(tll) FeS
mm) | @M) + ] @M + | @) | @ £] (MA) £ ]| (bA) £
370 148 137| 85 26

380 75 594 77 11

390 00 o00{ 83 11

390 184 48

400 344 129

41.0 507 50

20 515 28

430 90 93

440 21 67

450 28 92

46.0 216 69

47.0 137 46

480 105 48

490 128 45

500 169
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Table 4-8. Landfill Wetlands, Core W1-CC-5C1. Analyzed on April 9, 1998.

Depth [ O; Mn(Il) Fe(ll) S(-11) Fe(!ll)

{mm} ()  + | @M} | (uM) T | {nM) * nA) +
25 | 2764 162

5 | 2739 398| oo 00

0.0 160.1 15

1.0 79 15 00 00
20 00 00| 48 40 08 04
35 60 00 00 0.5

45 70 112

55 84 162| 260 212 0.4

65 42 47| 267 225 04

7.5 69 89| 48 96 07 04
85 84 54| @7 261 09 02
95 81 21| s38 38 15 07
105 96 15| s¢7 10 14 04
115 87 23| 497 05 15 00
125 48 22 51 24| 00 00| 16 01
135 91 60| 505 11| 02 @1| 16 00
145 81 107 s40 45| 04 01| 23 02
155 62 23| 545 187 03 00| 19 01
165 72 573 93} 02 01| 19 o2
175 76 91| 563 80| 02 02| 15 12
185 7.2 514 13| 05 00} 21 02
195 67 1781 486 24| 06 04| 20 00
205 125 152| 385 15| 17 10| 21 04
215 16 04| 20

25 31 448 18 04| 18 14
235 247 191} 645 49| 33 04| 17 06
245 72 47| 63 /7| 38 06| 15 05
255 i83 152 371 261] 46 01| 15 00
265 00 00| 00 59 06 18 02
275 64 041 19 04
285 67 01| 16 00
295 69 04| 17 o5
305 71 03| 14 04
315 62 04| 09 07
25 57 01| 12

35 69 06| 00 00
M5 88 04

355 105 10

365 118 04

375 131 08

385 134 01

395 19 03

S
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Table 4-8 {Continued). Landfill Wetlands, Core W1-CC-SC1. Analyzed on

April 9, 1998.
Depth Oz Mn(ll) Fe(ll) S(=I1) Fe(lll)
{mm) M) {nM) (uM) {um) £ (nA) t
405 94 18
415 103 27
415 119 06
£25 95 04
25 13 04
435 139 25
45 1“2 01
455 169 05
475 151 20
495 182 04
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Table 4-9. Landfill Wetlands, Core W1-CC-SC2. Analyzed on

April 9, 1998.

Depth 0: Ma(ll) S(0) S(-11)

{mm) M) | M) t {nA) | @M x
20 | 2788 46| 149 34| 06 01

10 | 2634 295| 169 o0 | o4
0.0 1984 354| 148 13| 00 00
1.0 96 15| 251 00
20 00 00| 201 09 00 00
30 179 13 05 03
40 182 00 04 02
5.0 48 13 05 02
7.0 10 13 07 06
9.0 91 04 07 04
110 72 04 31 10
130 47 04 54 10
150 31 00 35 23
170 38 00 17 09
19.0 0.0 22 08
210 48 10
230 169 23
250 209 03
27.0 27 05
290 217 05
310 180 04
330 B4 10
35.0 573 196
370 920

390 760 319
410 640 147
430 599 128
450 54 92
470 664 35
490 604 111
50.0 732 230
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Table §. Porewater trace- and major-elements extracted from Seaplane Lagoon core GH-CC-SC4
on July 10, 1998 Calclum iron, potassnum magnessum manganese, sodium, and silica were

measured Uy |b|"-HI:D P\IUIIIIIIUHI, bdul"lulll

b s pen £0

Mt aTe e ar-Ta

land
cnrdimium, Copper, on, 18ad, Mmanganese, nickel,

and zinc were measured by ICP-MS. Uncertainty for potassium was not reported.

Lrml

52

ICP-AES
Depthj Ca Fe K Mg Mn Na Si

Sample ID__| (cm) | (ppm) + [(ppm) £ | (ppm) | (ppm) = | (ppm) + [(ppm) + | {(ppm) *
GH-CC-$C4-1ME 1.5 3270 11 220 0.009] 3179 10168 18] 0366 0.002] 7869.0 150 | 1438 0.03
GH-CC-5C4-2ME 4.5 3545 05 020 0.005] 3399 11329 20{ 0195 0.003] 8438.0 203 | 2090 0.02
GH-CC-5C4-3ME 75 3495 16} <02 3459 11924 23| 0.182 0.004] 86018 335 | 2239 0.07
GH-CC-5C4-4ME | 105 3883 10| <02 373.7 13679 34| 0275 0.002] 95387 229 23.04 007
GH-CC-8C4-5SME | 135 3904 13| <02 3979 1413.8 44| 0375 0.001]| 98027 373 | 2125 (.08
GH-CC-SC4-6ME | 165 4098 23] <02 434.8 14926 34| 0431 0.001] 104225 156.3| 2088 (.04
GH-CC-5C4-7ME | 195 4302 15| <02 473.6 15456 54| 0.271 0.002] 108555 586 | 21.33 0.06
GH-CC-SC4-8ME | 225 4444 24 069 0.001] 4868 16198 55| 0173 0.001)115206 783 | 2140 0.06
GH-CC-SC4-9ME { 255 4378 1.1 <0.2 495.8 16044 3.7 <0.1 114212 651 ) 2157 0.07
GH-CC-5C4-10MEl 285 4341 171 <02 560.3 16326 39 <0.1 117248 293 ] 21.15 0.06
GH-CC-SC4-11ME| 315 4356 30| <02 461.1 16388 29 <0.1 117771 294 | 2165 003
GH-CC-8C4-12ME| 345 4274 15| <02 509.4 1639.8 46 <{).1 11766.6 94.1 | 21.89 0.09
ICP-MS

Depth| Al Cd Cr Cu Fe Mn Ni

Sample D {cm) |(ppb) + [(ppb) + J(ppb) * |(ppb) x| (ppb) x| (ppd) £ jlppb) *
GH-CC-SC4-1TE 1.5 24 02 019 002 053 0.06] 052 0.09] 3000 60 395 40| 200 024
GH-CC-5C4-2TE 4.5 6.2 .1 014 0.02 189 0.23| 0.46 008] 1400 70 165 1.7]| 138 017
GH-CC-SC4-3TE 7.5 26 0.1 0.8 010 235 028] 035 0.06] 1000 70 i75 357 134 016
GH-CC-SC4-4TE | 105 6.6 0.1 012 00 280 034] 055 0.09] 500 263 53] 137 016
GH-CC-SC4-5TE 135 22 0.1 020 0.02 291 035]| 092 0.16] <110 462 921 125 0.15
GH-CC-5C4-6TE 16.5 38 0.3 008 001 419 0.50| 1.00 0.17] <110 536 1071 123 015
GH-CC-SC4-7TE 19.5 53 0.2 012 0.01 540 0.65{ 076 0.13] <110 304 30 118 0.4
GH-CC-SC4-8TE| 225 35 02 025 (.03 574 0.69f 267 045| <110 1B8 19 119 014
GH-CC-SC4-9TE] 255 82 03 | <0.06 604 072] 197 033] <110 52 05 «0.2
GH-CC-5C4-10TE} 285 384 08 029 003 751 0.90] 1.08 0.18]| <110 10 03] 120 014
GH-CC-SC4-11TE| 315 44 02 024 003 961 1.15| 0.69 0.12] <110 2 01]| 100 012
GH-CC-SC4-12TE| 3.5 83 0.2 0.63 0.08 | 15.38 1.85] 0.94 0.16] <110 <1 097 0.12
ICP-MS (Continued)

Depth | Pb Zn
Sample ID (cm) |(ppd) = |{ppb) =

GH-CC-SC4-1TE 1.5 019 002 | 412 070

GH-CC-SC4-2TE 4.5 043 005 1400 068

GH-CC-SC4-3TE 7.5 030 0.04 | 282 048

GH-CC-5C4-4TE 10.5 046 .06 | 321 055

GH-CC.5C4-5TE | 135 | o038 o005 {56 095

GH-CC-SC4-6TE 16.5 086 010 | 683 116

GH-CC-SC4-7TE 19.5 106 013 173 125

GH-CC-5C4-8TE 225 105 013|945 161

GH-CC-SC4-9TE 255 067 008 | 628 107

GH-CC-5C4-i0TE | 285 | 158 0.9 [ 504 086

GH-CC-5C4-11TE 315 165 020 | 688 117

GH-CC-5C4-12TE 345 407 049 | B.64 147
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Table 6. Porewater concentrations of HS™, SO,Z, SOs, total carbon (TC), total inorganic

carbon (TIC), and total organic carbon (TCC) Cl- and pH from Seaplane Lagoon cores
collected on July 10, 1008

L L

TR

Core GH-CC-5C2

Depth HS™ SO& SOy Depth TC TIC TOC
Sample ID  (¢f) (ppm) (ppm) (ppm) Sample 1D (cm) (ppm) (ppm) {(ppm)
GH-CC-5C2-0 S 848 118 294 GH-CC-5C2-0C NA NA MNA
GH-CC-5C2-1 8 15 B&9 109 236 GH-CC-5C2-1C 1.5 NA NA NA
GH-CC-5C2-2 5 4.5 977 163 322 GH-CC-5C2-2C 45 80 <14
GH-CC-8C2-3 5 7.5 816 99 195 GH-CC-5C2-3 C 7.5 95 86 <14
GH-CC-8C24 S 105 w7 110 209 GH-CC-5C24 C 105 100 18
GH-CC8C25 S 135 786 101 21s GH-CC-8C2-5C 135 123 17
GH-CC-8C2-6 5 16.5 866 90 202 GH-CC-8C2-6 C 165 147 <14
GH-CC-5C2-7 5 19.5 782 79 147 GH-CC-5C2-7 C 19.5 182 NA NA
GH-CC-5C2-8 5 225 839 55 205 GH-CC-8C2-8 C 225 230 250 <14
GH-CC-5C295 255 836 106 241 GH-CCS8C29C 255 250 NA  NA
Core GH-CC-SC4
Depth HS™ SO& S04 cr pH
Sample 1D (cm) (ppm) (ppm) (ppm) Sample ID (ppt)
GH-CC-5C4-1 5 1.5 2593 119 204 GH-CC-SC4-CL1 17.1 7.35
GH-CC-5C4-2 5 45 935 115 211 GH-CC-5C4-CL2 17.9 7.52
GH-CC-5C4-3 S 75 973 240 564 GH-CC-5C4-CL3 287 8.05
GH-CC-5C44 5 10.5 1024 19 356 GH-CC-5C4-CL4 202 3.9
GH-CC-5C4-5 S 13.5 1053 185 204 GH-CC-SC4-CL5 217 7.74
GH-CC-5C4-6 S 16.5 1207 315 575 GH-CC-5C4-CL6é 2.6 7.583
GH-CC-5C4-8 8 19.5 1196 316 734 GH-CC-SC4-CL7 247 7.68
GH-CC-8C4-7 S 225 1274 208 215 GH-CC-5C4-CL8 252 7.75
GH-CC-5C4-9 S 255 1242 248 163 GH-CC-SC4-CL9 255 7.56
GH-CC-5C4-10 S 285 1242 315 483 GH-CC-5C4-CL.10 26.1 7.35
GH-CC-5C4-11 § 315 1438 191 108 GH-CC-5C4-CL11 26.0 7.76
GH-CC-8C4-128 345 1398 194 162 GH-CC-5C4-CL12 275 7.39

N
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Table 7. Porewater water chemistry from Seaplane Lagoon, Alameda NAS compared with sulfide,
carbonate, oxide, hydroxide, and silicate minerals reported as the saturation index at 25°C (log SJ).
Calculations used trace and major elements; sulfide and sulfate are from core GH-CC-SC4, and
total inorganic carbon is from core GH-CC-SC2.

Sulfides
Depth CuS CuFeSz FeS; FeS MnS NiS PbS Zns
Sample (D (cm) CdS CrS Cowvellte Chalcopyrite Pyrite Pyrhotite  Alabandite Millerite Galena Sphalerite
GH-CC-5C4-1 15 06 -108 9.0 19.7 14.4 46 0.5 5.9 10.4 95
GH-CC-5C4-2 4.5 101 -107 8.4 17.7 12.5 33 -0.1 55 10.4 9.2
GH-CC-5C4-3 7.5 125 -105 83 0.5 6.1 107 96
GH-CC-5C44 10.5 106 -104 83 0.7 6.2 10.7 9.7
GH-CC-5C4-5 135 105 -104 85 0.6 58 10.3 9.6
GH-CC-5C4-6 16.5 102 -102 8.6 0.8 59 10.7 9.8
GH-CC-5C4-7 195 102 -101 B4 0.4 57 102 9.7
GH-CC-5C4-8 22.5 106 -10.0 89 02 5.8 10.6 9.8
CH-CC-5C4-9 25.5 -10.1 8.8 05 102 95
GH-CC-5C4-10 285 101  -100 8.5 -15 5.3 10.5 9.1
GH-CC-5C4-11 N5 ws 97 83 -17 58 10.7 97
GH-CC-5C4-12 345 106 -96 85 5.4 10.9 9.4
Carbonates
Depth CaCQi; CdCO; CuxCO3(0H): FeCOs; MnCO; PbCOs ZnCOs
Sample 1D {cm) Calcite  Otavite Malachite Siderite Rhodochrosite NiCQ; Cerussite Smithsonite

GH-CC-5C4-1 15 -1.1 6.0 273 -1.4 -22 -8.1 -3.7 -4.7
GH-CC-5C4-2 45 0.7 -5.9 -27.4 21 =22 ~7.9 31 -4.6
GH-CC-5C4-3 7.5 0.4 -3.1 -26.7 =11 -6.8 2.4 =37
GH-CC-5C4-4 10.5 09 -4.5 -26.1 =05 —-6.4 -2.0 -3.2
GH-CC-5C4-5 135 0.8 —4.4 -25.8 0.0 -6.5 =21 -3.0
GH-CC-SC4-6 16.5 1.0 4.6 -25.6 -01 6.3 -17 =27
GH-CC-8C4-7 19.5 1.0 -45 -25.9 -0.4 6.4 -1.6 ~2.8
GH-CC-5C4-8 225 1.1 -4.1 ~24.9 -0.5 62 -1.6 =2.6
GH-CC-5C4-9 255 1.0 -25.2 -1.1 -1.8 -2.8
GH-CC-5C4-10 285 09 -4.3 -25.8 2.0 -6.5 -15 =31
GH-CC-5C4-11 315 15 -39 -26.0 =23 -6.1 -1.3 -2.5
GH-CC-5C4-12 345 1.0 -3.8 -25.9 -65 -1.0 =27
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Table 7 (Continued). Porewater water chemistry from Seaplane Lagoon, Alameda NAS compared
with sulfide, carbonate, oxide, hydroxlde and silicate minerals reported as the saturation index

~t ACor™ f SN Malacdadl
at 25°C {log SY). Calculations used trace and major elements; sulfide and sulfate are from core

GH-CC-SC4, and total inorganic carbon is from core GH-CC-SC2.

Oxides/Hydroxides
Depth  Ai{OH), Crs0s CuQ FeOOH
Sample 1D {cm)  Gibbsite Cd(OH)z Eskolaite Tenorite Fe(OH), Goethite Ni(OH): Mn(OHk B_zn(OH),
GH-CC-5C4-1 1.5 0.5 =103 10.0 -12.7 4.2 -09 -6.1 ~6.4 -5.1
GH-CC-SC4-2 45 0.8 -10.2 11.5 -12.8 5.0 -1.6 5.9 6.4 —4.8
GH-CC-5C4-3 75 0.1 7.4 125 -12.4 49 5.4 40
GH-CC-5C44 10.5 0.2 92 127 -12.4 48 52 -39
GRH-CC-5C4-5 135 0.1 5.7 12.2 -125 -5.6 5.7 —4.3
GH-CC-8C4-6 165 0.2 -10.0 127 -12.4 5.4 -55 -4.1
GH-CC-8C4-7 19.5 0.5 -10.1 127 -12.7 5.7 -6.0 4.4
GH-CC-5C4-8 225 03 9.7 12.8 =122 -5.6 6.0 —42
GH-CC-5C4-9 255 0.8 125 -12.5 7.0 -47
GH-CC-6C4-10 285 17 -10.4 12.3 -129 6.4 -8.1 52
GH-CC-8C4-11 315 0.4 -97 13.3 -128 ~5.6 -8.1 43
GH-CC-SC4-12 345 1.0 -10.0 13.0 -13.0 6.4 -49
Siticates
Depth Si0; SiO;, MgsALSiaOvw(OH)s

Sample iD (cm} Quartz  P-Cristobalite 7A-Chlorite

GH-CC-5C4-1 15 0.7 .3 0.0

GH-CC-5C4-2 45 0.9 £01 238

GH-CC-8C4-3 7.5 0.8 -0.2 6.4

GH-CC-5C4-4 10.5 0.9 0.2 7.7

GH-CC-8C4-5 13.5 0.8 -0.2 4.0

GH-CC-5C4-6 16.5 0.8 0.2 52

GH-CC-8C4-7 195 08 -0.1 %4

GH-CC-5C4-8 225 0.8 0.2 4.7

GH-CC-5C4-9 25.5 09 -0.1 39

GH-CC-5C4-10 285 09 0.1 35

GH-CC-5C4-11 315 0.8 -0.1 49

GH-CC-5C4-12 345 09 -01 26

14
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Table 8. Results of leaching experiments with sediment GH-CC-SC4-11 (runs A, B, C, and blank) as
dissolved trace-metal concentrations.

Table 8-1. Core GH-CC-SC4-11-A.
Time | Flow rate Cd Cr Cu Ni Pb Zn
Sample ID {(days)| (g/day) | pH | (ppb) + |(ppb) £ |(ppb) + |[(ppb) * |(ppb) + |(ppb) =
SC4-11-A-1 0.47 a 801| 078 002|075 o051 382 011]298 008|126 001{ 1645 037
S5C4-11-A-2 142 41.92 7781 212 003 | 044 024 129 Q10| 220 003|192 002] 1139 010
SC4-11-A-3 235 42.65 781| 395 005|024 013] 134 004 | 179 003|267 003] 1659 029
SC4-11-A-4 334 42.97 782| 650 006|031 011} 147 005 142 004 | 298 001] 1755 (.23
SC4-11-A-5 4.41 43.47 787| na na na na na na na a ra na na na
SC4-11-A-6 542 43.58 7.87 n na na na na ra na na -] na na na
SC4-11-A-7 8.3% 43.91 783) 11.20 014022 0117 18 013 ;15 003728 001} 1716 037
SC4-11-A-8 7.37 43.75 7.81 na na na na na na na na ma na na ra
SC4-11-A-9 | 11.36 44,64 793 | 1614 025] 032 005|266 0310|218 004 | 282 003] 2343 016
SC4-11-A-10 | 14.19 45.04 782 1374 011 ] 028 004|268 012 ] 190 002|265 001] 2248 043
SC4-11-A-11 | 1843 45.31 782 1277 016 ]| 031 006]| 264 007 ] 152 004 | 251 003] 1888 0.14
5C4-11-A-12 | 21.23 45.53 78| 11.54 004 | 026 010 234 007 | 180 003]25 001} 1741 024
SC4-11-A-13 | 25.72 46.56 77711092 013 039 028] 331 004 | 203 002} 3.01 001] 1863 024
SC4-11-A-14 | 33.86 4691 782) %45 011§ 041 005] 243 008|200 004|232 005| 1282 020
SC4-11-A-15 | 399N 47.81 7.87 na ra na ra na na ra na na na na na
SC4-11-A-16 | 47.75 41.16 8451 ma ra 038 009 193 0087221 0307230 028) ma na
SC4-11-A-17 | 5475 44.60 781} 1011 023 | 044 011} 290 009 ] 210 007 } 313 001 ] 1808 041
SC4-11-A-18 | 6291 44.80 785| 693 014 ] 041 015|239 006|176 001|221 006 1191 022
SC4-11-A-19 | 7690 48.08 787 | 281 004 | 041 013]| 177 004 ] 116 00318 002] 758 0.08
SC4-11-A-20 | 91.41 47.53 7941 134 o010]| 036 021 100 001|088 002]102 005] 391 036
Table 8-2. Core GH-CC-SC4-11-B.
Time | Flow rate Cd Cr Cu Ni Pb Zn
Sample ID j(days) (g/day) | pH |(ppb) + |(ppb) * |(ppb) + Hppb) £ |(ppb) + |(ppb) =
$C4-11-B-1 0.47 a 796 042 o002)| od rd 091 004|126 004 |18 005] 688 025
SC4-11-B-2 142 4152 78| ma na na m na na ra na na -] na na
SC4-11-B-3 2.35 42,12 782 | 489 005] od nd 1.06 006118 005|351 003|136 016
§C4-11-B-4 | 3.34 42.59 7861 971 o011] 032 0113 141 009|221 004 | 387 004 ] 1759 026
SC4-11-B-5 4.41 43,10 7.86 na na na na na na na na mna na na mn
SC4-11-B-6 ; 542 a 78 1 ma na na na na na na na m na na m
SC4-11-B-7 | 639 43.73 786 | 1159 013] 037 0114|207 006145 005|303 002] 1962 033
SC4-11-B-8 7.37 43.84 78411212 042| 028 0074|185 012 ] nd rd | 254 008] 1994 106
SC4-11-B9 | 11.36 44.77 793 f 1820 018]| 036 0053|257 012|204 003369 004F2371 028
SC4-11-B-10 | 1419 45.36 770 | 1987 0151 037 0045|285 012|212 007 | 3.72 0.05| 2453 0.16
SC4-11-B-11 | 18.43 46.43 780 | 2120 02¢4] 033 0057{301 007|225 004|361 004|245 017
SC4-11-B-12 | 21.23 46.81 780 | 2301 009 | 045 009|296 0111222 004|338 004 | 2265 0.18
SC4-11-B-13 | 25.72 47.68 780 | 1843 029 033 0276|266 011|217 0061299 006 | 1927 (.32
SC4-11-B-14 | 33.86 4892 781 | 1420 141] 038 0050{266 010 1.85 004 | 3.09 029 ] 2252 377
§C4-11-B-15 | 3991 50.83 7861 827 o009l 037 00451331 0071161 001F262 007)1525 025
S5C4-11-B-16 | 47.75 41.34 78 | 742 128 042 0087|235 006|184 013|331 035] ma ra
SC4-11-B-17 | 54.75 44.49 779 | 774 o028]| 040 0112|261 011170 005] 368 010 19.64 102
SC4-11-B-18 | 62.91 4476 780 1 670 074| 044 0.148] 249 008 146 005|336 023 | 1542 217
SC4-11-B-19 | 76.90 4220 787 | 349 006 038 0134]| 208 006|110 004 | 257 006 868 012
SC4-11-B-20 | 91.41 49.85 787 | 1524 o029)] 046 0214]| 184 003|416 005] 262 021} 1379 036

? Flow rate not recorded.

)]
[+

nd = not detected;

na = not analyzed.
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Table 8-3. Core GH-CC-SC4-11-C.

Time | Flow rate Cd Cr Cu Ni Pb Zn
Sample 1D |(days)| (g/day) | pH |(ppb) % l(ppb} =+ |{ppb) = [(ppb) + |(ppb) + [(ppb) <
5C4-11-C-1 047 a 796 | 052 0011100 051] 1371 026] 49 012 ] 213 002 | 2243 (.31

SC4-11-C-2 | 142 41.64 766 | 1.15 001 ] 030 024 | 209 010] 197 006 | 196 000)] 109 0.15
SC4-11-C-3 { 235 42.49 784 | 250 000] 034 013 ]| 207 006| 165 003|221 002]) 1331 0.13

[orar UL IV o A% nn T o
.00

SC4-11-C-4 3.34 43.00 nnm n a2 n11 207 nng 1 40 nng I NA nm 17 nia

A B
. V.U VidL V.11 FN A At 127 vaUL ey [EEVRY Frav LV v ]

SC4-11-C-5 | 441 4367 7.85 na ra na na na ra na na na na na n

SC4-11-C-6 | 542 43.84 786 | 1459 020 | 045 007 ¢{ 138 007] 117 003 | 397 0032149 0.16
SC4-11-C-7 | 6.39 4.19 784 | 1604 0061 029 011 | 154 005) 167 0061409 0042171 013
SC4-11-C-8 7.37 4433 786 | 1570 007 | 027 0.07 154 008 na na 363 004 | 2065 023
SC4-11-C-9 | 11.36 4542 791 ] 2354 011028 005| 205 012 230 00371634 005| 2954 033
SC4-11-C-10 | 14.19 46.02 783 ] 228 024039 004 | 243 015 233 008 | 473 006 | 31.06 037
SC4-11-C-11 | 18.43 47.27 78011952 017 ] 029 006 | 280 019 221 002|630 007 | 2826 036
SC4-11-C-12 | 21.23 47.04 774 11952 010 026 010 | 297 006 | na na | 418 0037 2556 009

5C4-11-C-13 1 25.72 48.10 78112394 3551 «d 028§ 595 0227207 011394 041 na na
SC4-11-C-14 | 3386 50.50 786 | 1377 026 041 005} 373 014 208 003 | 441 004 ] 2181 011
5C4-11-C-15 | 39.%1 54.43 785 | 1033 113 043 004 | 237 006| na ra | 297 023]| 1358 222

SC4-11-C-16 | 47.75 39.49 782 | ma na 051 009 410 0C19 | ma m 426 054| ma na

SC4-11-C-17 | 54.75 45.85 787 ] 1053 021 ]| 040 011 | 354 @11 ] 257 009|459 015] 2981 057
SC4-11-C-18 | 6291 46.58 783 | 361 007|057 015]| 369 010]| 1.76 004|519 004 | 2420 026
SC4-11-C-19 | 76.90 51.01 788 | 159 028|038 013 217 005] 113 010 | 337 040 | 1289 3.12

Table 8-4. Blank.

Time | Flow rate Cd Cr Cu Ni Pb Zn
Sample ID |(days)| (g/day) | pH |(ppb) + |(ppb) * |(ppb) = |(ppb) & {(pPb) * {(ppb} *
B-1 047 a 801106 o002/ 04 o0510| 26 0048]| 37 0207]030 0010] 201 115
B-2 142 40.14 804 f 020 o0003f 03 0244| 16 0026| 09 O020]012 0002| 61 015
B-3 235 41.16 3802 (015 00037 G5 ©1307 1.1 0047 07 00237009 0002 45 006
B-4 i 41.55 8 012 o002 | 02 01131 09 0054) 07 0015{008 0002] 44 0.10
B-5 4.41 42.10 802|014 0003 ] 03 0173] 09 0020]| 07 0026]007 0002) 38 006
B-6 5.42 a 7971 013 0005] 03 0069| 06 0044| 07 0039]005 0001| 29 007
B-7 6.39 4287 796 | 010 0004 | d 0114] 05 0025]| 05 0031]|004 0001| 27 004
B-8 7.37 42.96 81 | 012 o004 | 02 o0074f 05 0029{ 07 00231006 0001 33 004
B-9 1136 44.27 796 | 010 o005 | 03 0053| 04 0037f 09 0032}004 0001| 24 004
B-10 14.19 44.61 8 013 0002 ] 03 0045| 05 ©030| 09 0028|004 0001] 27 002
B-11 18.43 45.35 7941011 o002 | 02 0057| 05 0015]| 09 0017]|003 0001] 24 003
B-12 21.23 45.53 8 020 0007 | 09 0096 08 0035) 13 0033004 0001 30 00
B-13 25.72 46.33 79 | 010 0014 | nd 0276} 05 0022] 10 0075 o na 25 039
B-14 33.86 47.11 7.92 a 0000) 01 o0050|] 04 0030) 09 0152] nd na 21 037
B-15 39.91 49.35 792| na 0000 01 0045| 04 0029| na 0000| nd na na  0.00
B-16 47.75 39.18 787l 011 0017 | d 0087]| 04 0017 ma 0.000]| ra 0000] ma 000
B-17 54.75 41.97 789 | 011 0017 | 02 o012} 04 0030] 1.0 01081003 0002} 31 045
B-18 62.91 43.29 so6 |l 010 0014 | 02 0148 04 O0016] 10 0092} nd na na 000
B-19 76.90 46.33 8 011 0016 | 02 0134| 04 0025] 11 0064 | nd na 35 0.65
B-20 91.41 49.13 7921000 0002 | 02 0214| 06 ©015| 09 0009|001 0000) 35 011
?Flow rate not recorded. nd = not detected; na = not analyzed.
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Table 9. Bulk sediment chemistry from Seaplane Lagoon cores GH-CC-C1, GH-CC-C2, GH-CC-C3,
GH-CC-8C2, GH-CC-8C3, and GH-CC-5C4; reported as the average (+ uncertainty) of 24 replicate

prnn macdfieblad ko 4 mmernnt far onbdinn ianaa P Tty F-TN P | hoar sae

dlldleUb llli.l“.lpllt:u uy 1 "I'l tU COIMect 107 stiuduon wauuai\y II no Ulleltdlllly I:'.i 1epulieu, lIIGII lcpli'
cate analyses were not made. Mercury analyses were made by cold vapor extraction of a separate

fraction of the sediment sample and did not require a viscosity correction.

Table 9-1. Core GH-CC-C1.

Depth | Ag Al As | Ba Ca Cd Co cr Cu

SamplelD | (cm) {(ppm) = |(ppm) = |(ppm){(ppm) | (ppm) & |{ppm) x |(ppm} 1t | {ppm) £} {ppm) =

GH-CCC1-1] 750 | <3 34657 4445 | <36 | 163 15| 9461 345] 14 02| 215 18| 159 9| 396 39

GH-CC-C1-2} 550 | 446 85|31975 3840 | <36 | 127 26| 21925 630]| 12220 s519| 189 08| 1726 93| 2320 81

GH-CC-C1-3] 400 | 3.9 2641841 5212 [ <36 [ 106 28] 8680 255 719 38 ] 265 12] 470 26] 1645 73

GH-CC-C1-4| 300 <3 44646 5048 <36 160 231 8949 334| 293 1.0 340 21 424 25| 1771 55

GH-CC-C1-5| 200 | <3 46458 4773 | <36 | 167 19] 8811 198| 298 17 ]| 281 20| 346 4 | 1504 38

GH-cCC16| 135 | <3 48344 4849 | <3¢ | 135 30f 8930 192| 204 09§ 269 12| 300 11| 1372 33

GH-ccC1-7| 105 | <3 47775 4131 | <36 | 120 30| 8857 201| 151 05 249 16| 271 11)] 1184 69

GH-cCC1-8! 75 <3 48511 6381 | <36 t 156 37| 10038 3331 137 10| 248 14] 262 12] 1160 60

GH-CC-C19] 45 <3 48245 4623 | <36 | 131 38| 9402 288} 113 17| 266 15| 259 16] 1158 &6

GH-CC-C1-10] 15 <3 47045 6121 | <36 | 106 27| 9213 347| 154 14| 263 20| 264 9| 1231 102
Depth| Fe Hg 1 Mg Mn Ni P s

SampleiD |[(cm) | (ppm) £ |(ppm) £ jlppm) t| (ppm) t {(ppm) | (ppm) + [lppm) £ | {ppm} ¢

GH-CC-C1-1] 750 | 46131 4095 ] 05 003 | 264 26| 9673 2943] 952 51| 1287 66 | 57 24 | 3944 81

CH-cC-C1-2] 550 | 48393 3590 | 18 010 | 304 30] 12284 3482| 400 18| 1131 52 | 1396 135 | 4774 475

GH-CC-C1-3| 400 | 51589 4088 | 16 009 | 379 33| 1323¢ 3776| 308 20 1539 92| 645 69 | 4546 59

GH-CC-C1-4| 300 | 54136 4305 | 24 013 | 410 42| 13216 3774 | 427 23| 1830 46 ] 475 53 | 4739 479

CH-cCC1-5| 200 | 55136 2990 | 16 0091 416 18| 13187 4235] 479 6 | 1454 47| 347 55 | 4785 46

GH-cCcC1-6| 135 | 57634 3507 | 12 o007 | 444 09| 1385 3870 508 19| 1451 34| 241 27 | 5004 397

GH-CC-C1.7]| 105 | 56564 2514 | 1.1 006 | 433 12| 13726 3757 508 17| 1442 26 | 195 24 | 4899 189

CH-cC-C1-8) 75 | s5796 4057 | 1.1 006 | 409 02| 14220 4693| 505 25| 1402 96 | 18 37 | 4702

GH-CCC19| 45 | 54732 2973 | 12 007 | 41.7 15| 13871 3956| 478 29] 1330 06| 188 21 | 4590

GH-CC-Ci-i0] 15 | 52559 4461 ] 13 007 | 364 05 13560 4550 430 231 1308 103 206 45 | 4463
Depth | Se Sn Sr Th Ti v Zn

Sample I (em) |epm) & |(ppm) <+ |(ppm} =t | {(ppm) * |(ppm) £ | (ppm) £ | (ppm} 2

CHCC-C1-1! 750 V1os 4] 28 724961 391 452 6412179 31311300 621} 108 14

GH-CcCec1-2| 550 112 62| 245 45 |1553 56| 408 60| 2255 332 1404 63| 574 6l

GH-ccc1-3| 400 | 140 96| 216 50 | 868 35| 544 87| 2608 389| 1739 89| 3713 42

GH-cC-C1-4| 300 | 132 68| 211 71| 875 38| 584 77 ] 2626 362| 1816 109| 399 43

GH-cc-C1-5| 200 | 116 67] 250 62 | 892 13| 581 1492753 297 1719 27 | 344 48

GH-ccc1-6| 135 | 136 57| 242 79 | 853 30| 593 85| 285 388| 1758 79] 313 33

GH-cCcC17{ 105 {101 72} 240 78| 832 27| 537 38|2775 3312|1719 73| 282 27

GH-cc-C1-8| 75 131 47| 205 59} 894 43| 572 1198|2857 479| 1665 61| 280 a4

GH-CcC-C19| 45 | 134 51| 215 76 | 882 49| 601 102 2820 400 1661 97| 285 31

cHccc1-10] 15 | 286 511| 202 63 | 843 83| 569 139} 2820 276| 1578 56| 295 51

L]
o0




Carroll, Esser, Randall, O'Day, Bono, and Luther

Table 9-2. Core GH-CC-C2.

Depth| Ag Al As Ba Ca Cd Co Cr Cu
SampleID | {cm) J{ppm) =z | {ppm) £ |{ppm}| (ppm) =|(ppm) £ |(ppm) & |{ppm) =+ |{ppm) + | (ppm) =
GH-CC-C2-1| 15 | <3 44086 6031 <36 | 108 27| 9280 966 | 147 13| 267 18| 265 24 | 126 13
GH-CC-C22| 45 | <3 43771 6473 <36 | 138 28] 9688 1315| 134 20| 272 26| 264 32 | 131 14
GH-CC-C2-3| 75 | <3 43772 6185] <36 | 108 35} sev7 1033 183 21| 280 26| 281 30| 137 11
GH-CC-C24| 105 | 59 33| 44984 6170] <36 | 112 21} 9168 1057 | 581 71| 281 21| 373 37 | 150 13
GH-CC-C25| 135 | <3 46145 6547| <36 44 57§ 9120 1103 | 164 19| 274 26| 278 29| 132 12
GH-CCC2-6| 200 | <3 48379 6929] <36 90 31} 9150 1124 | 198 25)] 280 27| 309 33| 146 13
GH-cC-C2-7| 30.0 | 37 30| 44990 6096) <36 | 117 10} 9177 1039| 396 41| 437 39| 455 44 | 167 13
GH-CC-C2-8{ 400 | 92 45| 35060 4862| <36 96 12| %439 1018| 729 97| 1569 172] 54¢ 51| 227 19
GH-CC-C2-9] 55.0 { 178 43) 33388 4301| <36 94 812167 1280 2743 339] 198 14| 774 M| 199 14
GH-CC-C2-10} 750 | <3 31154 3710] <36 | 100 17{12290 773 | 11 04| 144 07| 100 & 1% 3
Fe Hg Li Mg Mn Ni P S Se
SampleID | (cm) j{ppm) = |(ppm) = |{ppm) t | (ppm) * [{ppm) = |{ppm) + |{ppm} = | (ppm}|(ppm) =
GH-CCC2-1] 1.5 |51388 459¢| 1.3 o007] 382 21| 14689 3980 43¢ 41] 136 12f 234 e fj1s9| 95 42
GH-CC-C2-2| 45 |51725 s5988) 1.2 007 387 51| 14710 4001| 442 56| 130 18| 231 49 | 13014 | 112 52
GH-CC-C2-3| 7.5 |52575 54354 13 007] 390 13| 14528 3962 441 49| 135 15| 269 64 | 13450 | 79 42
GH-CC-C2-4| 105 |53888 5140} 14 008| 443 59| 15485 4079| 458 47| 140 15} 451 89| 14193 | 8 50
GH-CC-C2-5| 135 |53297 5437§ 12 007| 427 3.4 15139 4039| 460 52| 141 16} 266 52 | 14322} 92 42
GH-CC-C2-6| 20.0 | 55273 5547 | 13 007| 483 114 16160 4304| 484 53| 150 17| 313 67 | 14933 § 98 37
GH-CC-C2-7| 300 |51980 4955| 1.8 0.10| 43.0 47] 15775 4214| 414 41| 154 15| 514 96 | 14513 | 79 55
GH-CC-C2-8| 40.0 |49204 4875| 1.8 010| 349 36| 14807 3958| 350 35| 173 20| 1169 231| 13482 | 88 52
GH-CC-C2-9] 55.0 {46153 4218| 19 0.11] 284 05| 13524 3467{ 406 38| 114 12| 895 162] 16272 | 116 46
GH-CC-C2-10} 750 [23337 1613| 03 o002} 180 18| 6550 1798] 341 24| 73 5] 55 13 ] e57 79
Sn Sr Th Ti v Zn

SampleiD | (cm) |(ppm) x| {(ppm) 2 |[(ppm) =+ l{ppm) + |(ppm) £ |({ppm) *
GH-CCC2-1| 15 188 50| 863 47| 55 17 } 2694 439| 159 14 | 318 55
GH-CCC2-2] 45 | 185 61] 919 61{ 58 16| 2720 434| 158 19| 322 61
GH-CCC2-3] 75 | 184 65| 831 461 63 13| 2732 445| 160 16| 236 61
GH-CC-C24} 105 | 181 60} 857 52| 68 19| 2790 443] 168 16| 361 62
GH-CC-C2-5] 135 | 180 69| 678 60| 62 11| 2783 433} 166 18| 322 57
GH-cCc-C2-6| 200 | 181 55| 829 55| 62 19| 2882 404| 177 20| 351 &2
GH-CC-C2-7| 300 | 184 64| 819 47| 61 14 | 2755 346| 180 17| 395 68
GH-cCcC2-8| 400 | 18 50| 877 48| 59 10 2456 323| 160 15| 518 92
GH-CC-C2-9| 550 | 199 52| 1049 62] 51 13| 2257 264| 145 14| 492 82
CH-CcC-C2-10| 750 | 184 1] 1320 39] 29 12]1677 117] 83 51 85 14
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Table 9-3. Core GH-CC-C3.

Ag Al As Ba Ca Cd Co Cr
SampleID | (cm) l{ppm) + | (ppm) t |pem)| (ppm) £ | (ppm) * |(ppm} £ |{(ppm) = l(ppm) =
GH-cC-C3-1] 15 | <3 46260 5613 | <36 36 18| 9579 584 77 06] 260 07| 238 14
GH-CC-C3-2| 45 <3 47903 6175 | <36 38 26| 1072 760| 97 10] 249 12| 252 16
GH-CC-C3-3| 75 <3 50566 6076 | <36 88 25| 9324 63| 108 06} 257 17| 264 16
GH-CC-C3-4| 105 | <3 49165 6719 | <36 50 17| 9396 83| 107 12] 244 25| 262 20
GH-CCC3-5| 135 | <3 51323 7138 | <36 37 18| 9259 672| 161 20| 276 30| 282 15
GH-CC-C3-6] 200 | <3 46931 5789 | <36 4 17 | 9723 620 182 15| 256 21| 276 15
GH-cc-C3-7] 300 | <3 54123  15518| <36 8 79| 983 1489] 284 51| 367 72| 475 &9
GH-CC-C3-8] 400 | 63 25| 40888 5348 | <36 44 18| 9333 5421 678 47| 1029 57| 511 24
GH-CC-C3-9f 550 | 185 44| 39818 5448 | <36 52 20 | 10299 58612142 162| 279 17| 792 34
GH-CC-C3-10| 750 | 219 44| 31053 4113 | <36 18 1| 9999 659 | 3913 33.3] 183 16| 869 43
GH-CcC-C3-11| 950 | <3 41747 5100 | <36 8 9 | 10521 60| 0% 06 240 13| 184 9
Cu Fe Hg Li Mg Mn Ni Pt
SampleID | (em) jppm) = | (ppm) x llppm) * | (ppm) * [(ppm) 2 [{ppm) | (ppm) *|{ppm) +
GH-CC-C3-1] 15 [1153 &3]51603 3120f 1.2 007]| 389 06 | 15023 4014 43¢ 28] 132 9| 182 29
cH-ccC3-2| 45 |1242 88| 55027 3934| 1.1 006 408 1.6 | 15801 4337| 461 35| 136 11{ 201 39
GH-CC-C3-3] 75 |1212 138 56944 3597| 1.1 006]| 464 42| 16580 4408| 528 36| 146 10§ 209 38
GH-CC-C3-4] 105 | 1165 11.8| 55934 4637| 1.0 006| 469 82 | 16375 4604] 518 44| 148 15| 196 40
GH-CC-C3-5F 135 |1323 95| 57584 4209] 1.1 006| 456 44 | 16963 5046| 523 34 153 13| 233 46
GH-CC-C3-6| 200 |1271 70| 53039 3299 12 oo7| 401 17 | 15654 4220| 466 30| 138 9| 276 48
GR-CcC-C3-7| 300 | 2212 48.4] 58198 1164 499 176| 18221 4279| 478 86| 176 31| 600 124
3
GH-cCc-C3-8| 400 | 1703 79| 49382 3128] 17 010| 365 5215141 3524 364 18| 177 10| 739 102
GH-CC-C3-9| 550 |2049 109] 47523 2893| 23 013| 353 35| 14354 3519 379 19] 136 9| 1371 220
GH-cc-C3-10] 750 | 2143 106| 49072 2742| 17 o010 289 44 | 13887 3204f 503 30| 119 7| 1005 137
GH.CC-C3-11] 950 | 400 4352210 2944] 06 003] 271 43 | 12642 2792 490 23] 155 9| 73 11
Depth | S Se Sn Sr Th Ti v Zn

Sample ID | {cm) |(ppm)|(ppm) + |{ppm) {ppm) & {(ppm) +|(ppm} 2 [(ppm) #*[{ppm) =
GHCC-C3-1| 15 [9464| 93 51| 175 64 | 763 56| 60 11| 2450 157| 158 10| 285 42
GH-CC-C3-2] 45 {12333] 100 21| 180 59| 83 61| 56 13} 2608 202| 165 11| 311 50
GH-cC-C3-3] 75 [14310] 105 73| 178 64| 806 32| &3 14| 2753 348| 175 10| 321 49
GH-cc-C34} 105 |14103| 73 32| 176 66| 778 49| 56 12| 2663 212| 172 13| 297 51
GH-CC-C3-5| 135 |14476| 66 95| 176 49| 817 44| 69 13| 2718 265| 178 9| 329 54
GH-CC-C3-6| 200 |14963| 90 45| 176 65| 855 36| 55 15| 2559 184{ 166 9| 325 50
GH-cCcc3-7| 300 |27965) 97 30| 185 90| 905 199 54 23| 2942 902| 206 34| 531 123
GH-CC-C3-8] 400 |15762| 76 36| 172 54| 821 45| 58 13{ 2420 183| 167 7| 426 56
GH-CC-C39| 550 |16887| 65 521 157 46| 850 27| 57 15| 2439 206]| 155 6| 48 69
GH-cc-C3-10] 750 |14707| 72 47| 187 57| €69 51| 52 17| 2147 186| 144 B| 428 61
GH-CC-c3-11] 950 [10948| 122 86| 168 64| 541 58] 57 17| 2297 135| 149 6| 125 17

60




Carroll, Esser, Randall, O'Day, Bono, and Luther

Tahle 94. Core GH-CC-SC2.

Depth | Ag | A As Ba Ca cd Co cr
Sample ID | {cm) [(ppm)[(ppm} £ | (ppm)| (ppm) = | (ppm) £ |(ppm) £ |{ppm) * [{ppm) %
GH-CC-5C2-1| 15 <3 41695 4934| <36 102 49| 11014 908| 110 20 | 22 29] 230 24
GH-CC-5C2-2| 45 <3 [45278 4168 <36 159 23| 9841 206| 127 04 | 246 01] 248 7
GH-CC-5C2-3] 75 | <3 |46325 3936| <36 196 23 8512 334| 188 0.2 247 081 284 14
GH-CC-5C2-4] 105 | <3 |49016 3434] <36 148 43| 8822 405] 281 18 | 293 05 355 21
GH-CC-5C2-5| 135 | <3 |48353 3882 <36 111 37| 8733 531] 327 29 | 310 28] 38 32
GH-cC-5C2-6] 165 | <3 |45134 3247] <36 | 209 8| 8508 408] 304 08 | 281 05| 386 20
CH-CC-5C2-7] 195 | <3 |45476 4811| <36 | 144 39| 20918 560{ 331 19 | 269 17} 392 20
GH-CC-5C2-8] 225 | <3 |44165 4045| <36 | 164 39| 7773 z213{ 389 09 | 302 11| 425 18
GH-cC-sC29] 255 | <3 |45794 4279| <36 177 16| 8037 220f 534 11 | 506 24| 494 27
Depth | Cu Fe Hg Li Mg | Mn Ni M s
SamplelD | {em) |(ppm) £ | (ppm) & { (ppm) = | (ppm} £ |(ppm}|{(ppm} | (ppm} = {(ppm)} = |{ppm)
GcH-cc-sC2-1 15 | 980 72| 41343 4728] 11 o006| 284 67| 7353 | 382 36| 1078 11.8] 183 21| 9954
GH-cCsC2-2l 45 (1076 16f 48682 1621} 12 o007] 354 41 9177 | 447 8] 1251 19| 200 21]13395
GH-cCc-5C2-3] 75 ]1292 3451752 1707| 13 o007]| 389 22| 9837 | 456 17| 1360 13| 240 43]15756
GH-cC-sC2-4l 105 | 1565 83| 53706 2584 | 16 009 433 38| 10303| 467 24| 1478 94| 365 27]16587
GH-CC-5C2-5{ 135 | 1641 105| 53371 3942 | 18 0.10| 423 63|10326] 459 33| 1466 10.8] 415 28] 16624
GH-CC-5C2-6] 165 |162.8 54| 50425 1380 18 o010] 392 10| 9887 424 16| 1391 24| 387 46]|15769
GH-CC-5C2-7] 195 | 1744 56| 48963 23225 19 o011] 402 58| 9438] 402 19| 1281 81{ 414 4414233
GH-CC-5C2-8] 225 | 1676 38| 46914 1643 20 012] 370 16| 9434 386 12| 1374 3.2] 453 36]12934
GH-CC-5C2-9] 255 | 1633 51| 47983 2750| 18 o010 379 26| 9792 384 17| 1460 40| 568 42]|13242
Se Sn Sr Th Ti v Zn
Sample D | {em) {(ppm) + fppm) <+ | (ppm} £ | (ppm) = |(ppm) = [(ppm) T |(ppm)
GH-cC-sc2-1| 1.5 97 54 | 237 113 1068 74| 421 13] 2299 245| 1264 125] 240 22
CGH-CC5C2-2| 45 | 111 48| 219 77| 957 23] 439 105] 2601 296| 1483 41| 268 31
GH-CC-5c2-3] 75 | 163 99| 180 61 | 904 23| 479 86) 2720 393| 1586 80| 298 28
cH-ccsc2-4] 105 | 157 90| 236 98| 958 51| 624 73| 2842 327 1691 108| 357 29
GH-CC-5C2-5| 135 | 142 114 241 125]1 895 47| 588 18| 2842 318| 1704 146)] 395 25
cHccsc26| 165 | 114 83| 217 92| 908 37| 499 70| 2722 353| 1652 BB | 363 36
GH-CC-sc2-7| 195 | 145 63| 223 98 | 1438 63| 534 120| 2689 415| 1658 7.9 | 373 41
GH-CC.sC2-8] 225 | 121 77| 214 78 | 881 27| 465 14| 2687 386| 1626 73| 373 39
GH-cC-sc29| 255 | 127 77| 215 86 | 870 44| 479 18] 2723 380| 170.0 88| 389 39
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Table 9-5. Core GH-CC-SC3.

Depth | Ag Al As Ba Ca cd Co Cr
Sample 1 | (cm) |(epm) = | {ppm} = | ppm) = |{ppm} 2 |(ppm) + | (ppm) £ | tppm) * [(ppm) <+
GH-CC-8C3-1| 15 <3 41559 4266 | <36 88 31| 9276 216 166 09| 226 02] 248 8
GH-CC-5C3-2| 45 <3 42782 3767 | <36 105 37 | 10285 428 155 12| 214 18f 240 12
GH-CC-5C3-3| 75 <3 42935 4477 | <36 187 30 | 13237 289 127 02| 227 05| 242 8
GH-CC-SC3-6 | 165 { <3 41114 23377 ] <36 99 20 |10123 387 | 462 08] 428 17| 419 16
GH-CC-sC3-7| 195 | 59 15| 44527 5055 <36 54 46| 9109 555 | 88 521 691 47| 550 51
GH-CC-SC3-8| 225 | 3.6 10| 45771 6644 | <36 158 309332 1095 812 121 332 26| 481 &8
GH-CC-5C3-9| 255 | 195 1.1] 33548 3133 | <36 129 14| 1003¢ 335 | 3467 143| 261 17| 876 57
GH-CC-SC3-10{ 285 | 245 25{ 238217 4292| <36 140 12| 9966 45 | 2848 82| 197 02| 865 33
GH-CC-5C3-11| 315 | 216 27| 37383 4041 | <36 159 1611217 573 | 3582 237 222 19| 1151 9
GH-CC-8C3-12| 345 [ 197 2.8 34611 5085 <36 198 14 114118 1110 3157 327 190 17] 830 74
GH-cC-5¢c3-13| 375 | 158 30| 35405 4935 | 393 3vo| 11 27 | 10393 660 | 2691 232] 200 16| 691 57
Depth | Cu Fe Hg Li Mg Mn Ni Pb
Sample ID {cm) |(ppm) * ) (ppm) = | (pm} 2 l(ppm) ]| epm) t |(ppm) = |(ppm} £ { (ppm} +
GH-CC-SC3-1| 15 |1067 41143743 1424 | 10 006 303 24| 9417 2009} 384 7 [1124 28| 210 26
GH-cC-sC3-2| 45 |1074 06| 43839 1606 | 10 005] 334 46| 10113 2879 | 392 16 ;1119 44| 210 6
GH-CC-8C3-3| 75 |1066 27| 46845 1610 | 09 005] 361 25| 10944 3321 | 425 11 {1174 12| 199 15
GH-CC-5C3-6] 165 | 1494 50| 45091 877 | 1.8 010 346 08| 11128 2365 | 371 10 | 1469 10| 516 47
GH-cC5C3-7 | 195 | 1990 141] 49439 4574 | 19 o011 405 85| 12260 3331 | 382 32 | 1863 10.1] 898 70
GH-cCc-sC3-8| 225 | 1622 17.0] 56249 8423 | 15 008| 425 86| 13372 3450 | 436 60 | 1626 23.0] 676 103
GH-ccsC39| 255 | 2164 94| 47721 2873 | 18 o010) 374 84| 12413 3575 | 440 24 | 1472 74| 955 63
GH-CC-5C3-10| 285 | 2069 41| 49248 2493 | 22 0137 389 85| 12513 4032 | 429 12 | 1189 55| 1121 129
GH-CC-SC3-11] 315 | 2364 103] 52792 4420 | 19 o011} 354 24| 12442 3537 | 399 28 | 1504 98| 1127 111
GH-CC-sC3-12]| 345 | 2412 182| 48793 5956 | 24 013 | 330 48| 11146 3613 ] 364 34 | 1367 160 1226 188
GH-CC-8C3-13| 375 2245 13.0f 49317 5337 | 26 015 339 55 11374 3354 | 385 301248 11.6] 784 108
Depth | S Se Sn Sr Th Ti v Zn
samplelD | (ppm) [(ppm) = | (ppm) % | (ppm) £ [{ppm) £ |(ppm) £ |(ppm} * l(ppm) = j(ppm) *
GH-CC-8C3-11 15 110719 110 44| 204 88| 884 18] 449 098] 2447 2351|1310 43| 257 30
GH-cC-8C3-2| 45 |12280 w2 86| 215 98| 1000 23| 425 77] 2344 348|1334 75| 251 23
GH-CC-8C3-3| 75 |13405 113 49| 216 87| 1096 22| 443 98| 2501 403 | 1410 51 ) 256 29
GH-CC-5C3-6 | 165 {13737 104 47| 220 8] 903 29|505 71| 2862 358)1562 63 | 354 41
GH-CC-SC3-7 | 195 | 14066 1177 52| 248 84| 764 44| 527 122| 2759 37231779 155| 45 40
GH-CC-5C3-8 | 225 |16358 152 133| 260 100] 911 99| 642 72| 2846 4071731 235| 377 40
GH-cc-sc39| 255 |13659 124 70| 248 61| 933 55| 490 96 2937 352| 1463 102| 386 38
GH-CC-5C3-10] 285 |17871 126 51 7 50| 872 22| 482 139| 2601 417 | 1494 45 ) 525 7
GH-CC-5C3-11} 315 | 20902 101 67| 258 81| 955 66| 521 85| 2524 3458|2003 168] 631 62
cu-ccsca-12| 345 |18926 938| 145 80| 233 46| 1047 68| 486 119] 2472 347 | 1502 129| 481 72
cH-cC-sC3-13| 375 [18923 167| 157 97 ]| 268 61| 950 58| 556 135] 2462 377 ] 1529 11.7| 475 58
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Table 9-6. Core GH-CC-SC4,

Depth | Ag Al As | Ba Ca cd Co Cr
Sampie 1D (em) | (ppm) + |(ppm) + |(ppm)|(ppm} | (ppm) t | (pPm} £ 1 (ppm} £ [{ppm) =
GH-CC-8C4-1| 15 <3 44303 6128] <36 | 8 22| 11184 1061 147 18| 235 21| 243 23
GH-CC-5C4-2 | 45 <3 46904 6463] <36 | 75 23] 9750 1119| 171 24 | 248 17| 275 27
GH-CC5C4-3| 75 | <3 47132 6117] <36 | 74 47| o7a0 1103| 187 15} 253 11| 278 28
GH-CC-5C4-4] 105 | <3 48311 6115] <36 | 115 50| 10178 1212| 154 23| 263 14| 279 29
GH-CC-5C4-5 | 135 | <3 48004 4864} <36 | 110 23| 10259 89| 210 19| 256 15| 280 21
GH-CC-sC4-6 | 165 | 45 2.1|48528 4836| <36 | 64 26| 10574 878 385 32| 266 15| 327 2
GH-CC-5C4-7| 195 | <3 47785 4641| <36 | 174 14| 9194 780 376 34| 278 22 351 26
GH-CC-5Ca-8| 225 | 44 26| 46820 4552 <36 | 90 19| 9743 719{ 557 46| 321 23] 42 27
GH-CC-5C49| 255 | 58 2746857 4325| <36 | 82 17| 8923 635; 657 54| 363 17| 456 26
GH-CC-SC4-10] 285 | 37 1.7]48223 4000] <36 | 168 17| 9630 304| 776 33| 466 13| 493 15
GH-CC-sC4-11} 315 | 61 32}44703 7021 <36 | 89 29| 14820 1280| 1356 143| 270 18} 584 38
GH-CC-sC4-12| 345 | 158 47| 46200 6211] <36 | 53 20 10632 744 | 1917 17.9]| 307 19| 766 45
Depth| Cu Fe Hg u Mg Mn Ni b
Sample D |(em) | (ppm) + 1} (ppm) £ |(ppm} x| (ppm) + j{ppm) * {(ppm) £ [(ppm) t](ppm) +
GH-CC-SCa-1] 15 | 1077 78| 44009 3936] 1.0 006] 316 22| 11860 3406| 429 40| 120 11} 214 40
cH-cc-sca-2| 45 | 1226 150| 45103 4730| 12 007} 405 36| 13601 3683| 443 46| 130 15| 242 49
GH-cCc-sca-3| 7.5 | 1308 104| 50650 4558] 1.2 o0o07] 414 46| 14027 3567| 474 48 | 132 12| 249 45
GH-ccsCa-4 | 105 | 1332 83| 52627 s5140] 12 o007] 416 19) 14656 3633| 504 54 | 138 17| 242 42
cH-ccsca-53 135 1 1283 11.1] 51097 3726 12 o007 291 3415925 3139] 503 38| 137 12| 251 33
GH-ccsca6 | 165 | 1286 129] s1132 36311 13 o007 398 19| 15798 3226| 543 40 | 139 10| 338 47
GH-cC-sC4-7 | 195 | 1478 11.6| 50759 3558] 1.5 008 427 42| 15875 3159 528 40| 140 12 393 55
GH-CC-5C4-8 | 225 1724 11.31] 49628 3134| 1.8 0.10] 420 371 15619 3232| 541 35 145 10] 593 79
CH-cCsc4-9 | 255 | 1663 105| 49696 2848] 18 o0.10] 388 05 15668 3110| 526 30| 148 10| 562 69
GH-CC-SC4-10] 285 | 1858 129] 53770 1758] 1.8 0.10) 39.5 @3 15383 3840 518 21 173 4 831 &
GH-CC-SC4-11| 315 | 201.8 132} 54212 4831| 15 008 367 09 14949 4738| 435 35| 155 13| 946 192
GH-CC-sC4-12] 345 | 2008 13.8] 53495 3871| 26 015 374 22| 15163 4342] 422 301 155 11 1269 225
Depth| S Se Sn sr Th Ti v 2n
sample D { (cm) | (opm) {(ppm) £ | (ppm) <+ [(ppm) £ } (ppm) % {(ppm) * | (ppm) % |(ppm) +
GH-CCSC4-1f 15 | 10059 | 125 43 18 73| 1057 e6| 48 152312 193] 138 12] 287 52
cH-ccsca-2| 45 | 11987 | 99 34| 18 587931 61| 56 16| 2589 295| 154 16| 322 57
cH-cCsca3| 75 | 12830 89 55| 180 62| 890 46| 59 16| 2663 396 158 16| 318 53
GH-CC-5C4-4 | 105 | 13282 ¢ 115 45| 189 &7 | 890 47] 68 19| 2758 42| 164 16| 326 54
cHccscas) 135 [ 13242 95 46| 156 s0|se5 38| 54 122878 337) 161 12| 3BT 40
GH-CC-5C4-6 | 165 | 14672 | 98 28] 155 50187 32| 59 112829 320| 161 11| 346 4
GH-CC-sca7| 195 | 15200 | 74 51| 159 54| 901 42| 48 7 | 2891 324| 165 12| 374 45
GH-cC-sc4-8) 225 | 14850} 92 24| 163 48| 878 34| 61 15| 2834 304 166 11| 426 52
GH-CCSC4-9 | 255 [ 15279 | 94 39| 155 47§ 840 28f 53 9 12910 359| 171 10| 432 47
GH-CC-5C4-10] 285 [ 16573 | 152 105} 215 8 [ 9i9 15 63 9 [27i4a 254) 18 6 | 483 35
GH-cC-sca-11| 315 | 16702 ] 115 45| 200 48 |1010 71| 58 12| 2487 312] 165 11| 49 90
GH-CC-5C4-12| 345 | 171451 109 65| 185 590|876 45] 58 18 ]|2625 229 168 10| 515 84
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Table 10. Trace-metal specziati:pn from XAFS, where R(A) is the distance between atom pairs, N is
the coordination number, o {A') and AE, (eV) are fitting parameters.

Table 10-1. Cd XAFS.

Sediments Precipitates
R al AE R ol AT
Core A N Ay (V) (Ay  N® A V)
GH-CC-C1-2 Cd-s 250 41 00050 -1.6 cd,s 251 47 0.0064 -1.5
55 cm
GH-CC-5C4-12 Ca-s 250 39 (.0038 -14 Cd, S 2.51 42 00051 =21
345cm
GH-CC-SC%-12  Cd-S 250 44 00046 -1.6 cd,,S 251 45 0.0053 -14
30 cm
GH-CC-$C411  cqgb 249 27  0.0054 -1.5 CdosS 251 46 0.0056 2.7
Leached cd-oP 227 33 0.0194
31.5cm
AScale factor (5,3 = 1.4.
br_ /R, =0.33

Table 10-2. Cr XAFS.

Oxide Component
. R o a? AE,
Core (A} N ( AZ) (eV)
GH-CC-5C4-12 Cr-O 197 57 0.00313 -7.0
34.5cm Cr-Fe 343 37 0.0100
Cr-Fe 479 34 0.0039
GH-CC-5C9-1 Cr-O 201 53 0.0041 -1.5
25cm Cr-Fe — — —
GH-CC-5C9-12 Cr-O 197 57 0.0050 ~7.2
300com Cr-Fe — — —
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Table 10-3. Pb XAFS.

Oxide component

b3

o AE,
Core (A N (A2) (V)
GH-CC-SC4-12 Pb-O 239 36 0.0202 -10.3
345cm Pb-O 2.65 29 0.0174
GH-CC-8(9-12 Pb-O 239 2.1 0.0213 -56
300 cm Pb-O 263 35 0.0147
Table 10-4. Zn XAFS.
Sulfide component Oxide component
Core R ol R ol AE, RJR2
GH-CC-C3-9 n-S 231 41 0.0056 Zn-Q 202 1.1 0.0064 -8.7 0.16
55.0 cm Zn-Zn 382 32 0.0144 Zn-Fe b
Zn-S 441 123 0.0210 Zn-5i b
GH-CC-5C4-1 Zn-S 231 40 0.0072 Zn-O 200 13 0.0075 -7.7 0.19
25cm Zn-Zn 382 15 0.0058 Zn-Fe 313 0.6 0.0030
Zn-S 442 73 1.0177 Zn-5i 347 1.0 0.0030
GH-CC-5C4-12 Zn-S 232 4.0 0.0072 Zn-0O 196 1.2 0.0038 -7.9 0.27
34.5cimn Zn-Zn 382 11 0.0034 Zn-Fe 214 04 0.0049
Zn-S 443 6.2 n.0118 Zn-Si 348 1.1 0.0045
GH-CC-5C4-11 Zn-S8 233 0.8 0.0116 Zn-O 203 52 0.0096 —7.6 310
Leached Zn-Zn 382 03 0.0036 Zn-Fet 313 1.2 0.0052
315cm Zn-S 444 101 00228 | yppec 332 09 0.0093

?Ratio of fitted first-shell peak heights of the oxide (R,) and sulfide (R,) components of the spectrum.

bBar:lcscatteri.ng from these shells is present, but too weak to be reliably fit.

“This component can be fit with either Fe or Zn atoms, or a mixture of the two.
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5. Discussion of Results

The increase in trace-element concentrations with
depth indicate that the Seaplane Lagoon sedi-
ments have been contaminated with cadmium,
chromium, copper, lead, mercury, and zinc (Figs.
10 and 11, pp. 30-33). Clearly, sediments deeper
than 20 to 25 cm are more contaminated than
shallower sediments. Nickel appears to be an ex-
ception when compared with the other trace ele-
ments. Nickel concentrations decrease slightly
from the surface to the deeper sediments.

In this section, we discuss the mobility of trace
elements from the sediment to the porewater for
the sediments as they exist today and for dredged
sediments. We are concerned about the trace-
element reactions between the porewaters and

the sediments, because these reactions are related
to the hazard of these sediments. Simply stated,
the trace elements are more bioavailable if they
are dissolved in the waters than if they are asso-
ciated with the sediments.

Although the sediments are a long-term source for
trace elements in porewaters, the absolute concen-
trations are limited by sorption, dissoiution, and
precipitation reactions with the clays, carbon-
ates, and sulfides. The importance of these reac-
tions in limiting the trace-element concentrations
in the porewaters can be seen by comparing the
porewater concentrations with the sediment con-
centrations (Fig. 7, pp. 25-27; Figs. 10 and 11,

pp- 30-33). Trace-element concentrations in the
sediments {100s of ppm) are several orders of
magnitude greater than trace-element concentra-
tions in the porewaters (10s of ppb).

5.1 In Situ Geochemical Reactions of
Seaplane Lagoon Sediments

Trace elements are transferred from sediments to
porewaters in the suboxic region of the sediments
to 10-cm depth and potentially by diffusion from
the deeper sediments. Because we cannot measure
trace-element porewater concentrations directly
with the microelectrode, we show trace-element
mobility in the top 5 cm with the range of iron,
manganese, and sulfur measured in porewaters
(1) with the microelectrode across the oxic-
suboxic-anoxic boundaries (Figs. 24, pp. 20-22),
and(2) with the trace-metal leaching rates
(Figs. 8 and 9, pp. 28-29).

Iron, manganese, sulfur, and associated trace met-
als are transferred from the sediments to the
porewaters as the sediments cycle from oxidizing
to reducing environments and vise versa. Impor-
tant oxidation-reduction reactions from surface to
deeper sediments are organic carbon oxidation by
dissolved oxygen, then by nitrite, then by manga-
nese {IV) solids, then by iron (I1I) solids, and then
by dissolved sulfate. As the oxidation of organic
carbon produces dissolved CO,, Mn(II), Fe(Il), and
S(-1I), manganese and iron form carbonate and /or
sulfide minerals decreasing the porewater concen-
trations. As sediments are oxidized, cadmium and
significant portion of zinc and some cadmium will
be removed from solution by sorbing to an oxide
phase such as a clay or an iron-hydroxide. When
oxidized sediments are reduced, cadmium, iron,
and zinc concentrations will increase as the iron-
hydroxides and iron-rich clays dissolve, and then
decrease as CdS and ZnS precipitate. Copper,
mercury, and nickel may behave similarly, but
we do not know with which minerals these trace
elements are associated because their concentra-
tions were too low to determine speciation by
XAS. Transfer of chromium and lead from the
sediments to porewaters within the suboxic zone
is minimal. Both chromium and lead are associ-
ated with oxide (possibly carbonate for lead).
The dissolution of these phases is much slower
than the dissolution of CdS and ZnS.

Below the suboxic region, trace elements may also
diffuse from more concentrated porewaters in the
deeper sediments to the less concentrated shal-
lower sediments (Fig. 7, pp. 25-27), although we
have not calculated the porewater diffusion rate.
This process would be enhanced as porewaters
sediments compact under the burden of new sedi-
ments. The higher porewater concentrations at
depth cannot be explained with the available
thermodynamic data. It is likely that the trace
elementis complex with dissolved organics in-
creasing the total solubility. The concentration of
these organics need only be a few ppb, therefore
we would not expect to see the difference between
total organic carbon and total inorganic carbon
digsalved in the porewaters (Fig. 7, pp. 25-27).
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5.2 Impact of Dredging on
Trace-Element Mobility

There are two major concerns regarding sediment
remediation by dredging. One concern is that
sediments will be oxidized, and the hazardous
metals will dissolve into the waters making
them more bioavailable. Another concern is that
after dredging, the contaminated sediments must
still be disposed. If the Alameda sediments are
dredged, our results show there is greatest concern
for cadmium, then zinc, then copper, nickel, and
lead, and the least concern for chromium (Figs. 8

and 9, pp. 28-29).

Cadmium and zinc are reactive when the reduced
sediments are exposed with seawater, because
they are present as sulfides, which are not stable
in the presence of dissolved oxygen. After cad-
mium and zinc dissolve, they partially sorb to
secondary oxide minerals. Eventually the leach-
ing rates are controlled by these sorption reac-
tions, which significantly lower the net amount

o
=]

of cadmium and zinc in the water. Cadmium is
more of a concern than zinc because cadmium does
not efficiently sorb to the secondary oxides. After
90 days, about 40% of the cadmium in the initial
sediment was lost to the seawater compared with
a loss of only 12% for zinc. This is also reflected in
the residual sediments, which contain about 30%
Cd-O component compared with about 70% Zn-0
component.

Chromium- and lead-leaching rates are low and

constant because they are present as stable or me-
tastable oxides or carbonates in both reduced and
oxidized sediments. Less than 2% of the lead and
less than 0.2% of the chromium was leached into
seawater after 90 days.

It is not possible to say much about the reactivity
of copper and nickel, because we were not able to
determine their speciation in the solid phases.
We can only say that their net leaching rates are
less than zinc and greater than chromium.
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