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1.0 EXECUTIVE SUMMARY

Contaminants enter shalow coastd waters from many sources, including ships, shoreside facilities,
munidpd outfdls spills, and non point-source runoff. Sediments arety picaly considered aprimary
sk for these contaminants. Sediments in many bay s, harbors and coasta waters used by DoD are
contaminated with potentialy harmful meta and organic compounds. The DaD is required by the
Comprehensive Environmenta Resource Conservation and Liability Act, as amended by the
Superfund Amendment and Reauthorization Act of 1986 (CERCLA/SARA), to assess and if
necessary remove and remediate these sites and discharges in order to protect the public health or
wefare of the environment. To determine whether contaminants are moving into, out of, or
remaining immobilized within the sediments, adetermination of contaminant flux must be made.

This project addresses the DoD/Navy requirement for compliance, cleanup assessment, and
remediation decisions using an innovative technology to directly quantify the mobility and
bioavailability of contaminants in marine sediments. The environmentd risks posed by these
contaminants are determined largely by the degree to which they remobilize into the environment.

Theprget included demonstrations of the commerciaized Benthic Flux Sampling Device (BFSD?2)
a sites in San Diego Bay (Padeta Creek) and Pearl Harbor (M iddle Loch and Bishop Point). The
demonstrations were used by evauators from Caifornia EPA as part of ther Technology
Catification program process. T he demonstrations were successful in showing accurate, precise and
repeatable results a both locations. The San Diego sites were used to emphasize repeatable
pafomence andthe Pearl Harbor sites were used to emphasize the range of conditions for operation.
Routine and standardized methods and procedures were used throughout the operations.

T echnicd performance, schedule and cost data were collected during the demonstrations which
document the utility of the technology to measure, in situ, the mobility of contaminants in marine
sediments effectively, efficiently and in a timey manner. This new approach has no directly
comparable technology in current use and thus represents an innovative and new resourceto the
environmenta community .
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2.0 TECHNOLOGY DESCRIPTION

Vaigionsinsediment chemica and physical properties make it impossibleto rely on bulk sediment
contaminant concentrations aone to predict contaminant mobility (or flux), bioavailability, and
therefore toxicity. Diagenetic reactions in surface sediments control contaminant pore water
gadients, and the direction and magnitude of these gradients control the diffusive flux across the
sediment-water interface. Although fluxes can be caculated from measurements of contaminant
porewater gradients and sediment physical properties, in some coasta areas pore water gradients
aevay steep and therefore difficult to measure. 1n addition, flux calculations based on pore water
gadients only provide the diffusive component of acontaminant flux. Also of concernin coasta
aress is that biologcd irrigation by infauna and wave or current induced flushingmay provide a
larger component of flux through advection of water through the sediments. To avoid these
problems, a direct measurement of contaminant flux in coasta aress is often the best method to
assess contaminant mobility across the sediment-water interface. This direct measurement can be
made with a flux chamber that isolates a volume of seawater over the sediments to quantify
contaminant flux across the sediment-water interface.

A uniqueinstrument for measurement of contaminant fluxes from marine sediments is the Benthic
Flux Sampling Device 2 (BFSD2), shown in Figure 1 with key components labeled.
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Fi gur‘é 1. BenthicFl uxisampl ing Device 2

TheBFD2isthe commercidized version of the orignad prototy pe BFSD used during development
and is adapted from benthic flux chamber technology developed in oceanography for studyingthe
cycles of mgor dements and nutrients on the seafloor. It is an autonomous instrument for in-situ
messurement of toxicant flux rates from sediments. A flux out of or into the sediment is measured
by isddingavolume of water above the sediment, drawing off samples from this volume over time,
and andyzing these samples for increase or decrease in toxicant concentration. Increasing
concentrations indicate that the toxicant is fluxing out of the sediment. Decreasing concentrations
indcatethet the toxicant is fluxinginto the sediment. In Figure 1 the pyramid-shaped tubular frame,
opatbattomed chamber, and associated sampling and control equipment can be seen. At thetop of
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theframe is an acousticaly released buoy for BFSD2 recovery. At the bottom of theframe arethe
open-bottomed chamber and associated sampling gear, flow-through sensors, data acquisition and
control unit, video camera sy stem, power supply, and oxygen supply system. Figure 2 lists and
illustrates the events occurring duringasampling period. Further details and individua component
discussion are provided in Section 111.

TheBFD2isfundamentdly asample collection instrument. The methods established, and resulting
Oeta aevdid when the BFSD2 standard operating procedures, the laboratory quaity assurance and
control procedures, and the internd quality assurance checks, such as silicaflux, oxygen and pH
stability, and statistica tests, have been met. The BFSD is capable of:

ok wNE

~

10.
11.

12.

13.

14.

Deployment from asmdl surface craft using light duty handling equipment;

Operation in amarine environment a depths to 50 meters and bottom currents to 2 knots;
Remote real-time video imaging of the bottom site prior to autonomous operations;
Programmable, microprocessor-controlled autonomous operation for up to 96 hours;
Placement (bottom landing) with minimal disturbance of bottom sediments;

Isolation and maintenance of homogenous conditions in approximatey 30 liter volume of
bottom water for the period of sample collection;

M aintenance of oxy gen content in the sample chamber within one milliliter per liter (ml/L)
of initid conditions;

Collection of up to twelve 250 milliliter water samples from the chamber a selected
intervas;

M easurement and storage of sample chamber depth, dissolved oxy gen, pH, conductivity/
sdinity, and temperature data at selected intervas throughout deploy ment;

Recovery using aportable acoustic signa deviceto activate atethered marker buoy;
Quantification of flux rates for selected trace metads based on a least-squares, linear
regression of concentrations from 6 to 12 samples,

Idetification of statisticaly significant flux rates based on comparison of rates measured in
a"blank" BFSD chamber;

Vatficetion of proper flux chamber seal and sample collection based on silica concentrations
within the chamber during the measurement period;

Identification of environmentdly significant fluxes on the basis of comparisons/reations
such as:

other known contaminant sources

hy drody namic flushing rates of the basin

remobilization due to other mechanisms such as sediment resuspension
fluxes measured prior to placement of acontainment sy stem such as acap
fluxes measured prior to remova of contaminated sediments
bioaccumulation in marine organisms at the site

mass balance anaysis of input and loss rates for sediment contaminants.
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The primary advantage of the BFSD2 is that it provides a unigue means of evauating the
significance of in-place sediment contamination. Knowledge of the degree to which contaminants
remobilize is essentid in defining the most cost-effective remedid action a impacted sites. At
present, thereis no other viable method for direct quantification of sediments as sources. At sites
whereit can be demonstrated that remobilization of contaminants is limited, significant cost savings
may be achieved through reduction of cleanup costs. This may often be the case because many
contaminants are strongy sequestered within the sediment and not likely to leach out. Estimated
dsposal costs for contaminated sediments range from $100-$1000/cubic yard. A recent survey of
Navy shareside facilities indicated that of the 31 facilities that responded, 29 reported the presence
of contaminated sediment sites. Theactua volume of contaminated sediment at these sites is not
well documented however even conservative estimates suggest that millions of cubic yards of
meterial may exceed typica sediment quality quiddines. The primary disadvantage of the BFSD2
is that it is currently limited to quantification of meta fluxes. Plans are in place to expand
measurements to include organic contaminants. Other limitations include deploy ment time, depth
and other physical conditions normaly not factors for coasta measurements.



3.0 DEMONSTRATION DESIGN
31 OBJECTIVES OF THEDEMONSTRATIONS

The primary objective of the demonstrations of the BFSD2 was to perform deployments at
aontaminated sites in San Diego Bay, Cdiforniaand Pearl Harbor, Hawaii under the observation of
California EPA certification evduators and other observers, including locd, state and federd
regulators, Remediation Program M anagers, academic, industry and other DoD. Each site offered
different vdidation opportunities: San Diego Bay was used to show instrument repesatability and
comparison with historicad trends and Pearl Harbor was used to show site differences and
geochemicd trend andysis. The specific planned objectives of the demonstrations wereto:

1. evauate the quality of water samples collected using the BFSD2; specificaly for usein
dedeminingif astatisticaly significant flux was occurring a the test locations in comparison
to the blank flux results for the BFSD2.

2. evauatethe BFSD2 for repeatability .

3. evaluate thelogstica and economic resources necessary to operatethe BFSD2.

4. evauate therange of conditions in which the BFSD2 can be operated.

Other objectives included exposure of various user communities to the technology to encourage
continued interest and gpplications.

3.2 PHYSICAL SETUP AND OPERATION

During deploy ment thetest siteis surveyed for obstacles with alight-aided video camera mounted
on the upper frame of the BFSD2 using a on-deck television monitor. As shown in Figure 3, a
deployment cable and relesse line is used to lower the BFSD to its intended depth for the video
ingpedtion. Following either rapid or slow descent to the bottom, the minimum depth of collection
chamber insertion is sensed by pressure-compensated switches, which activate lights mounted on
the chamber frame. Theselights are TV-monitored on deck.
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Figure 3. BFSD Deployment



Asshown in Figure 4, during recovery acoded acoustic signd is transmitted to a BFSD2-mounted
receiver. This activates a burn-wire sy stem and releases amarker buoy which carries an attached

reovay lineto thesurface. Thelineis used to lift the BFSD2 off the bottom and onto the surface
vessd.

Figure 4. BFSD Retrieval
3.3 SAMPLING PROCEDURES

Discrete samples are drawn from the collection chamber, Figure 5, using a vacuum collection
goproech consisting of sample bottles, fill lines, in-linefilters (with 0.45 micron membrane filters),
chek vaves (Figure 6) connected to sy nchronized paralle rotary vaves connected to the collection
dharba. Samples are drawn from the chamber through a4-mm T eflon tube connected to the rotary
vaves and into the sampling bottles. Samplingis initiated by the control system when it activates
thevavesa preprogrammed intervals. Seawater is drawn through the sampling sy stem by avacuum
of 25 inches of mercury (minimum) which is applied to al sample bottles through check vaves
mounted in the bottle lids. Filtered seawater flows into each bottle until pressure is equalized,
normaly yieldingat least 240 ml.

Figur 5. Collection Chamber Figure 6. Sample Bottles



34  ANALYTICAL PROCEDURES

Oxy gen Control: Over the course of adeploy ment, conditions in theisolated volume of seawater
within the flux chamber begn to change from theinitia conditions observed in the bottom water.
Oxygn content is one factor that changes becauseisolated volumes of seawater in contact with the
sediment surface will become anoxic without any resupply of oxygen. Sincethe fluxes of many
aontaminants, especidly metds, are sensitive to redox conditions, the oxy gen content is one of the
most important factors that must be monitored and regulated within the flux chamber. An oxy gen
aontrd sy stem maintains the oxy gen leves in the chamber within a user-selected window about the
messured ambient bottom water oxy gen levdl.

Theaygmreglating sy stem consists of asupply tank, pressure regulator, control vaves, diffusion
coil, oxygen sensor, and control hardware and software. Oxygen is monitored using the oxygen
saor in the BFSD 2 flow-through sensor sy stem and control vave (pressurize or vent) activation
is incorporated into the control sy stem software program.

Duingatypical deployment, after the flux chamber isinitialy submerged, the ambient oxy gen leve
inthewae is measured. The user then establishes a maximum and a minimum oxy gen control limit,
besad onausar-specified range around the stable ambient level. Figure 7 isatypica set of data The
control limits are entered into the operationa control program and downloaded to the submerged
BF2 Duringautonomous operations if the level drops below the dlowable minimum, a control
vave is momentarily opened, the diffusion coil is pressurized, and the oxy gen leve in the chamber
begns to increase. When the oxygen level reaches the maximum dlowable level, another control
vave is activated and the pressurized tubing is vented. This sequence is repeated continuously
during deploy ment, maintaining the oxy gen leve in the chamber near the ambient level. Figure 8
isatypica set of dataobtained from a72-hour deploy ment.
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Figure 7. Ambient Oxygen Data Figure 8. Operational Oxygen Control Data

Performance Indicators: A series of performance indicators are used to evauate the data obtained
during operationa deployments. One performanceindicator is the chemistry time-series datafor
dlica Slica, acommon nutrient used in constructing the hard parts of some planktonic organisms,
typicaly shows a continuous flux out of the sediments dueto degradation processes. Thelinear
increase in silica concentration with time in the collected sample bottles is therefore used as an
interna check for problems such as a poor chamber sed at the lid or sediment surface. A field
anaytica test set (Hach M odd DR2010) is used to assess the silica concentrations immediately
fdlowing retrieva and before sending collected samples to the andytica laboratory. Figure9isan
example of silicaflux indicating an adequate chamber sed with the sediment.
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Figure 9. SilicaFlux for Good Chamber Seal

Also, with a good chamber sedl the ongoing bacterial degradation of organic materia in the sediment
consumes oxy gen and generates carbon dioxide. This gradudly lowers the chamber pH and Figure
10 is an example of this datafor agood chamber sed with the sediment.
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Figure 10. pH Data for Good Chamber Seal

Although the expected relationships of these performanceindicators aid in determining normal or
suooessful deployments, naturd variability is dways present to cloud theserelationships. Variaions
inthe pore water reactions a the various sites lead to differences in the observed fluxes of oxy gen,
silica, and aso the other contaminants. One mgor factor contributing to the large variations in
fluxes may be burrowing activity . Enhanced biologcd irrigation (pumping of the overlying seawater
through sediment burrows by infauna organisms) increases the surface area of the sediment-water
interface and flow rates across the interface, and may aso increase the observed fluxes. The
organisms responsible for this biologica pumpingwill aso affect oxy gen uptake rates and may add
to the complexinterpretation of the andytica results.

Blak Tests Prior to the BFSD2 demonstrations, atriplicate blank test was performed to determine
thelower limit of resolution for flux determinations of various metals. A polycarbonate panel was
SHlal anossthe bottom of the chamber and the BFSD2 was lowered to within several meters of the
sgimat surface. A standard operationd program identica to the demonstration deploy ments was
run for 70 hours. Theresults are shown in Table 1 below.
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Table 1. Blank Test Results Summary

Met al Blank Flux (yg/m%day) Repeatability (ug/m?%day)
Jest 112 Jest2(6) Jest3 (O BAverage Fluxl +/- 0000 Cl 1otd Deviation}

Coobper €u 25 -13 15 2.82 873 197

Cadmium (Cd) 53 -0.8 -0.09 -0.52 0.75 2.8
Lead (Pb) 28 5 1 3.16 159 2.0
Nickel i 23 20 -6.7 10.28 7.34 164

Manaanese mMn) -289 -248 -250 -264.85 7.49 28
Zinc (zn) -194 -13 200 -3.38 -68.61 197

Silica (sio2y -4 -33 14 -1.97 2.88 2.9
(*mg/m2/day)|

Compudions: Fluxes are computed from the trace metd concentrations in each sample bottle using
alinear regression of concentration versus time after the concentrations are corrected for dilution
effects. These dilution effects result from intake of bottom water from outside the chamber to
replace the water removed for each collected sample. The corrected concentrations are obtained
from the following equation:

c=ls] v {(E1T)- -3

Whae[C] is the corrected concentration, [S] is the measured sample concentration, n is the sample
number (1 through 12), v is the sample volume, and V is the chamber volume. Fluxes are then
cdculated as follows:

Fqu:m—V
A

Wheremis the slope of the regression of concentration versus time, V is the chamber volume, and
Aisthe chamber area

Aningativecomputational spreadsheet processes most data Andytica laboratory results, sensor
and other measured data, performance indicator results and blank test results are entered into the
spreadsheet templae and processed. A series of tables, charts and grgphs are computed and
displayed, incuding statistica confidence and other figures of merit. Appendix XX includes a set
of spreadsheet products.

35 DEMONSTRATION SITEBACKGROUND
Two locations were sdected for BFSD2 demonstrations. Thefirst was San Diego Bay, Cdifornia

(PdeiaCrek ares); and the second was Pearl Harbor, Hawaii (M iddle Loch and Bishop Point). The
locations and sites were sdected based on the following criteria
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1. The sites were known to have metd-contaminated marine sediments, and had been at lesst
patidly characterized. The sediment contaminant levels were anticipated to be high enough
to demonstrate statisticaly significant fluxes a the sediment-water interface.

2. Two deployments a the same San Diego Bay, Pdeta Creek site would demonstrate
repestability; two deployments a geogaphicdly different Pearl Harbor sites would
demonstrate characteristicdly different data and showcase anay sis/interpretation results.

3. The contaminated sediments were located in shalow aress (less than 50 meters degp) and
readily accessible.

4, Damonstration logstica support requirements would be demonstrated by deploymentsin
Pearl Harbor.

5. Daafrom prototy pe BFSD deploy ments conducted at the Pdeta Creek site were available
for use as reference dataand for comparison with demonstration results.

3.5.1 Demonstration Site Characteristics

Sn Diego Bay, Cdifornia With no mgor inputs of fresh water, the currents and residence time of
wae inSnDiego Bay aretiddly driven. The average depth of the bay is aout 5 meters. Thetidd
range from mean lower-low water to mean higher-high water is @out 1.7 meters. The maximum
tida velocity is about 0.05 to 0.1 meters per second. Dissolved oxy gen concentrations range from
4to8milliliters per liter; scawater pH varies from 7.9 to 8.1; and temperatures range from 14 to 25
°C. The sediments of San Diego Bay consist primarily of gray, brown, or black mud, silt, grave,
and sand The sources of contamination in San Diego Bay have varied over time and include sewage,
industrid wastes (commercid and military), ship discharges, urban runoff, and accidentd spills.
Curat sourass of pollution to San Diego Bay include underground dewatering, industries in the bay
area, marinas and anchorages, Navy instadlations, underwater hull cleaning and vessd antifouling
pants, and urban runoff. Known contaminants in the bay include metds, tributyltin, poly nuclesr
aoomatic hydrocarbons (PAH), petroleum hydrocarbons, polychlorinated biphenyls (PCB),
chlordane, diddrin, and DDT.

The Paeta Creek site, Figure 11, is located in San Diego Bay in San Diego County, Cdifornia,
adjacent to Navd Saion San Diego. The Pdeta Creek site is located on the western shore near
Navd SaionSn Diego where Paeta Creek empties into the bay, slightly inland from the Navy Pier
8 and M ole Pier and north of Seventh Street.

12
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Figure 11. San Diego Bay, Paleta Creek Demonstration Site

Two demonstrations were conducted two weeks gpart: June 6-8, 1998 and June 18-22, 1998. The
locations for the tests were within 10 feet of one another and within the same proximity to two
previous prototype BFSD deployments. Thetests were conducted a about 18 +/- 3 feet depth,
Ogadngontidd flow, and offshore about 30 feet from aquay wal. Deploy ment and retrieva was
from the SSC SD research vessd RV ECOS Tables 2 and 3 bdow summarize theresults of the
two Pdeta Cresk demonstrations.

Table 2. BFSD 2 Results from the Paleta Creek Pre-Demonstration (PCPD)

Metal Flu x +-95% C.L. Flux rate Con fidence Triplicate Blan k Flux w1m /day) Bulk Sediment Overlying Water
(4p//day) (yo/m7day) (% Average +- %% CL. 09/9) 09/L)
Copper (Cu) -175 19.71 381% 282 873 165 154
Cadmium (Cd) 964 414 100.0% -052 a75 116 0.148
Lead Pb) 11.06 794 100.0% 316 159 989 0.1561
Nclel (N) 2524 462 100.0% 0.8 7.34 191 09262
Manganese (Mn) 7133 70154 80.7% -26485 749 405 2812
Mang anese (Mn)l 5763.99 2362174 100.0% -264.85 749 405 2812
Zinc (Zn) 71502 257.38 100.0% -338 6522 356 890
Other
xygen (Oy)* -1050.87 8.5 na na na na 52
¢mim’/day)
Silica (SiO2y 3029 n.33 100% -197 288 na 081
¢mgim “iday)
LI VERdl = latadl tae-b b ik r‘l L
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Table 3. BFSD 2 Results from the Paleta Creek Pre-Demonstration (PCP)

Metal Flux +-95% C.L. Flux rate Confidence Triplicate Blank Flux (ug/m /day) Bulk Sediment Owerlying Water
(ug/im7day) (W/miday) (% Average +-95%C L. (ngig) fo/L)
Copper (Cu) 657 17.74 80 ™6 282 873 165 146
Cadmium (Qd) 702 g 100.0% -052 075 1.16 006897
Lead (Pb) 432 1239 656% 316 159 989 Q0m79
Nickel (N) 194 87 99.8% 1038 734 191 083
Manganese (Mn) 10394 957.14 3 264.85 749 405 2402
Manganese (Mn)* 419424 101841.32 99.9% 26485 749 405 2402
Zinc (zn) 57426 2714 100% -338 661 356 838
Qher
Oxygen (Oz) -1341.12 16018 na na na na 47
(*mi/mPiday)
Silica(SiQ)* 287 1563 100% -197 2388 na 079
(*mgim?iday)
1 Ao fl ol latad thalbag et th, L < k3 L it

Figures 12 and 13 below illustrate graphica comparison of the results.
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Paleta Creek Demo Flux Summary Chart
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Figure 13. Paleta Creek Demonstration Results

Peal Harbor, Hawaii: Pearl Harbor, Figure 14, contains 21 square kilometers of surface water areg;
the mean depth is 9.1 meters. Tidd flow and circulation are week and variable, with amean tidd
aurent velocity of 0.15 meter per second and amaximum ebb flow of 0.3 meters per second in the
atrancechannd. Sinity in Pearl Harbor ranges from 10 to 37.5 parts per thousand, with ayearly
argapd 3.8 pats per thousand. Harbor water temperatures annudly range from 22.9 to 29.4°C,
and dissolved oxygen vaues range from 2.8 to 11.0 milligrams per liter. Pearl Harbor is most
gopropriady described as ahigh-nutrient estuary .
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Figure 14. Pear| Harbor, Middle Loch and Bishop Point Demonstration Sites

Middle Loch is located in the northwestern end of Pearl Harbor, north and west of Ford Island,
within the Pearl Harbor Navd Base. Sediments arefine grain silts and day's of basdtic origns and
aortan various concentrations of metas, toxic organic compounds and hy drocarbon contaminants.
Bishop Poaint is an active operationa and industrid location on the entrance channd to the harbor.
Sziments are more coarse than Middle Loch as aresult of stronger tidd flows and contain calcium
(cxrd) components. These differences affect the mobility and availability of metdsto flux as well
as the chamber sed integrity with the sediment.

The first demonstration was conducted Feb. 5-8, 1999 within the Nava Inactive Ship M ooring
Fadlity (NISVIF) & M iddle Loch where gpproximatdy 70 moored ships await disposition (disposd,
sde, temporary storage, etc.). The second demonstration was conducted Feb. 11-14, 1999 within
theaeaknown as Alpha Docks, M arine Diving and Sdvage Unit One (M DSU-1) located a Bishop
Point. Tables 4 and 5 summarize the results of the Pearl Harbor M iddle Loch and Bishop Point
demonstrations.
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Table 4. BFSD 2 Results from the Pear|l Harbor Middle Loch (PHML) Demonstration

Metal Flux +- 95%C.L. Flux r ate Confid encq Triplicate Blank Flux fagit /day) Bulk Se diment Qv erlyingWater
(ug nf /day) g /day) 06) Average +/-95% CL. (ug/q) (ug/L)
Cop per (Cu) 14.79 346 99.9% 2.82 8.73 195 0.80
Cadmium (Cd) 180 031 100.0% 052 0.75 0.2 0.02277
Lead (Pb) 0.12 043 95.2% 3.16 1.59 34 0.03879
Nic kel (N) 27.17 15.91 100.0% 10.28 7.34 214 09472
Man ganese (Mn) 468 .18 683.35 97.9% 264.85 7.49 1180 52.19
Mangane s2 (Mn} 213159 90457 100.0% 264.85 7.49 1180 52.19
Zinc (Zn) 49.74 17.25 93.5% 3.38 65.22 314 2.28
Other
Oxygen (02)* 1085.82 64.84 na na na na 4.17
¢mi/nt day )
Silica@SiQ)* 65.03 42.43 100% 197 2.88 na 1.19
(*m g/mzlday)
1Mo £l I/ lLatad thab. i o fi TR \/ & 1o L b

Table 5. BFSD 2 Results from the Pear| Harbor, Bishop Point (PHBP) Demonstration

Metal Flux +-95%C.L. Flux rate Confidence Triplicate Bl ank Flux (pg/m /day) Bulk Sed mert Owerlying Water
(pg m /day) g/m /day) (%) Average +/- B%C L. (ugg) (ug'L)
Copper (Qu) 11246 17.60 100.0% 28 873 241 036
Cadmium (Cd) 186 196 99.4% -052 Q75 03 0.009
Lead (Pb) a7 111 78.7% 316 159 93 0.06519
Nicke (Ni) 2108 1541 96.3% 10.28 734 429 0DH
Manganese (Vn) 22333 847 100.0% -264.85 749 R4 178
Marpanese (Mm1 217745 19260 100.0% -264.85 749 4 178
Zirc (Zn) 19118 5.07 100.0% -338 65.2 D4 143
Other
xygen (Q)* -567.12 54.96 na e na na 65
(¢l im’/day)
Silica SIQy 11861 2162 10% -197 288 na 031
(mgm’/day)
1 MeEl loulatod-ontho-basie-d-firsith Les-due-t Lineskit

The results for Bishop Point were significantly different than those of Middle Loch with the
exception of Cadmium, which was nearly identica. Figures 15 and 16 below grgphicaly illustrate
results.
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Pear| Harbor Middle Loch Demonstration Results

PHBishopPoint Flux Summary Chart
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Figure 16. Pearl Harbor Bishop Point Demonstration Results
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4.0 PERFORMANCE ASSESSMENT

Paleta Cresk and Pearl Harbor Demonstrations Assessment: BFSD2 performance assurance
indcatasdowthat: (1) aproper sed was achieved during both sets of demonstration deploy ments
and chamber isolation of test water was mantained; (2) oxygen levels were maintained dose to
arbiat leids, and; (3) silica, oxygen and pH trends varied as expected. The samples collected were
thus considered vdid for laboratory andysis The resulting flux cdculations demonstrated
statisticdly significant meta contamination mobility.

It was concluded that the two sets of deployments of BFSD2 a Pdeta Creek and a Pearl Harbor,
Hawaii demonstrated consistent performance and the ability to measure trace metd mobility a
ddinctly different sites. The gpplicable performance capabilities and the demonstration objectives
liged inSation |1 were met. Ease of operation and rdiability were dso demonstrated. It was further
conduded thet BFSD 2 provides accurate and repest able measurements of the mobility of trace metd
contaminants to and from shalow water marine sediments when the prerequisite performance
assurance indicators mentioned above are met. These sediment flux rates can be established with
hich corfidence when the routine procedures, standard methods and protocols included in Appendix
B and demonstrated during this study are followed. The BFSD2 and its support equipment are
mobile by ar transport, field portable and can be operated with a minimum of resources. One
tednician experienced with standard BFSD operationa procedures and the part-time assistance of
adeck hand plus askilled smal boat operator are required for BFSD2 operations. Comparison of
measured sediment fluxes with blank-chamber fluxes provides a statisticad benchmark for the
significance of the measured flux rates. Where statisticaly significant fluxes are observed,
evaluation of impacts on water qudity can be caried out, or comparisons can be made to
bioaccumulation measurements to help identify exposure pathways. The resultinganay sis will
provideasgificant new tool in evauating potentid cleanup options a contaminated sediment sites.

The demonstration results discussed in Section |11 met the objectives listed in 111.A. Both the
tedhndogy damorstration team and the Cdifornia EPA certification evaluators tasked with assessing
thepeformance and results concluded that the gpplicable cgpabilities listed in Section |1 were met.
Officid Sate of Cdifornia Performance Certification processes are underway and a30-day Public
Notice has been issued.
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5.0 COST ASSESSMENT

Theepected operationa costs for the Benthic Flux Sampling Device 2 (BFSD2) arelargdly driven
by andyticd laboratory costs. Other BFSD2 expected operaiond costs are driven primarily by
labar, supplies and transportation costs duringthe pre-operationa, operationd and post-operationd
phesss of deploymat. The costs incurred for the reported demonstrations cosdy reflect the expected
adsforgperationd deployments. Figures 17, 18 and 19 illustrate expected costs and schedules for
the three phases of operations.

Month 1 T Month 2 T Month 3. | Mo

" it | cog _LI_I_Iw a1z T T T2 T al oo T T T T[T
[ 1 [PreOperational Phase $33.230 ™ L : N - B

2 Site Research $6,580 —— 1 ' ' '
B Historica Reports 51,000 i 51000 H
[ | Current Reports $1,000 l""'-:sl,uoc
5 | Site Survey 2,580 | 52580

G Analysis/inter pretation/Report 2,000 ' 52,000
77 | Logistics Planning/Scheduling $7,000 \ FT——-
En Prepare Plan $1,000 H 1000
EB FacilitiesEquip/Support 52,000 ' ‘_-l.l_- $2000 )
E Access/Clearance/Per mits 52,000 ' p r————— 000 !

11 Support Contract $2,000 ' $2000
| Equip Maint and Repair 6,300 H 3 y
En Supplies $500 H | r——————— 55

0 Readiness Preparation $13,350 ' [
En Test/Checkout $10,600 : > - -
En Supplies $1,400 ' v T ] $1,400
ER Packing $1,350 ' ' H 1 $1,350

Figure 17. Pre-Operational Phase Schedule and Cost

| Month 3 Month 4 Month 5 Month 6 Mo
No Activity Cost 1|12]|18[ 4] 15]16]17] 8] 19]20] 21 [22] 23 [24] 25[26 | 27|28 | 29
Operational Phase $70,340 [, " " T —— " N
Equipment Transportation $1,300
Personnel Travel $2,640
Equipment/Facilities setup/checkout $2,800
Blank Test $20,200

Blank Test $8,200
Lab Anaysis $12,000

.
=N 512,000

wlnl ol nlvIn Nl 2l e
Slo|l ol N|o|a|s|e| NS|F| S| o]

Site#1 $21,700
Decon/Deploy/Recover $9,700
Lab Analysis $12,000 : : : : : : : "M $12,000
Site#2 $21,700 3 i -
Decon/Deploy/Recover $9,700 i $9,700 :
Lab Analysis $12,000 n* - =l $12,000

Figure 18. Operational Phase Schedule and Cost

Thegpeadiond phase costs for one site, which includes the costs for transportation, setup and one
blank test, are $48,640, of which 49% is for andysis of the samples. Each additiond site adds
$21,700 to thetotd, of which 55% is for andysis of the samples. The operaionad phase schedule
islikevisestrongy driven by the standard 60-day |aboratory andysis time, which can be shortened
to 0ckysarless & additiond cost. The 5-day operations period for aBFSD2 72-hour deploy ment,
recovay adtunaround cy defits conveniently with astandard workweek schedule. An accderated
schedule, which shortens turnaround time and indludes weekend work periods, can achieve two
deploy ments per week.
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onth 4| Month$ Month§ Month T Month§ Month $ Month 1D M
Ng Activity Cost 13111§1§2q21222%24252q2"2t125|3q3 PR R e e I S I I M
31|Post-Operational Phase $62,260 |mm — — . — - —
[32]  Equipment Packing/Transportatic $2,500 1 $2,50(:) E
[33]  Personnel Travel $2,640 1&$2,64:10j : : o ;
34| DataProcessng, Analysis Interpr | $33120 |+ i 1 : I-F'—‘wa $33120
35|  Report Preparation $24,000 E E : v : : r.aaﬁ $24

Figure 19. Post-Operational Phase Schedule and Cost

Thepos-opeadiond phase costs are largely thelabor costs to process, andyze, interpret and report
the results of the BFSD2 deployments. The costs are goproximatey the same regardless of the
number of deploy ments as long as the sites have generdly common geophysica and geochemica
characteristics. The schedule is driven by theinactive period of timewhile avating results from
laboratory andysis of the samples.

Asdsussd in key reference 3, dternative sample collection methods to BFSD2's in situ collection
andfiltering of samples from the sediment-water diffusiveinterface are avalable. Aswith BFSD2,
samples collected using dternative methods require equivaent specidized laboratory andysesin
order to determine contaminant flux rates. Andysis costs would be equivdent. Thus a direct
aompaison focusing on the method of sample collection is useful. Available dternate methods fall
into twogpproethes, ex situ and in situ.  Either of the gpproaches introduce error sources not present
with BFSD2. Minimizingthe affects of the error sources increases costs and complexity. Sample
integrity becomes asignificant factor dso. Theseissues aside, ex situ gpproaches can be as much
as 50% chegper for the fidd work, but this advantage quickly disgppears with added sediment
processing costs. Alternative In Stu gpproaches, where gpplicable, may yidd even greater savings
then S0%forthe fiedld work, but careful consideration of the factors discussed below may discourage
ther use

Both dternative goproaches involve isolation of sediment porewater. With ether gpproach, the
primary source of error is the oxidation of anoxic pore water, which can significantly dter the
agueous phase trace metads. To prevent oxidation, samples must be processed and handled in an
inert amosphere, normdly nitrogen or argon. Ex Stu methods typicdly first collect sediment
samples which then reguire additiond processing to extract pore water (requiring an inert
amogphad. Centrifuging or squeezing the sediment are acoepted practices, but they too introduce
arar sources including solid-solution interactions.  Sectioning samples prior to extraction to resolve
sarple depth for gradient determinations aso adds cost and introduces errors. In addition, Ex Stu
samplers must be rugged enough for field use yet provide isolation of the sediment samplefrom
meid components. Thisis particularly difficult for dredgng and grab sampling equipment however
coring equipment can incdlude non-metalic sleeves. Alternativein situ methods collect pore water
samples at the sediment interface using ether suction filtration techniques or didysis. In Stu
filtretion tedniques are limited to coarse grain sediments and do not offer depth resolution. Didysis
techniques incur minimum error sources, but suffer sample collection times as long as 20 days and
produce smdl sample volumes. Periodic sample collection comparable to BFSD2 could require
months, which in turn raises additiona issues.
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6.0 |IMPLEMENTATION I SSUES

6.1 COST OBSERVATIONS

The key factor affecting cost of BFSD2 deployment is andyticd laboratory costs. Lab costs are
gpraimetdy 50% of overdl costs and account for about the same proportion of the time required
for acomplete project. Lab costs are driven by thelow detection limits necessary to achieve useful
results. Other factors include labor, travel and per diem costs. These costs can be minimized by
cdul planningto avoid unnecessary delay's and by scheduling operaions to meke efficient use of
theregured BFSD2 operaiond scenario. The average cost per site drops steadily as the number of
sites increases.  This results from amortizing the costs for pre-deploy ment, blank test and report
preparaion over alarger number of sites.

6.2 PERFORMANCE OBSERVATIONS

Accurate, precse and repeatable performance can be achieved with the BFSD2 when dose
ahaeneto established methods and procedures is followed. Use of the performanceindicators to
assess chamber performance prior to submitting samples for andysis reduces the chances of
expending approximately 50% of overdl time and money on compromised samples.

6.3 OTHERSIGNIFICANT OBSERVATIONS

As discussed above, BFSD2 cost and performance is rdatively well established but andysis and
interpretation of flux resultsis not. The complex variaions that influence and affect the mobility
of contaminants a the sediment-waer interface require careful consideration of dl avalable
information to reach useful condusions. Experts in marine chemistry, biology, geology and other
related fields dl have important contributions to make to the andyses. And as with current
Ecologcd Risk Assessment methods, aweight of evidence approach, which considers as many
factors as possible, is necessary to interpret theimpact from measured fluxes.

6.4 REGULATORY AND OTHER ISSUES

Reaglaay acceptance has been afundamentd dement of this project fromthestart. The gpproach
indudes gpplication to the Cdifornia Environmentd Protection Agency (CA EPA), Depatment of
Tadc Sigtances Control (DT SC) Technology Evaduation and Certification Program known as " Cd
Gat". In addition, CA EPA membership inthe Interstate Technology and Regulatory Cooperation
(ITRC) goup of the Western Governors Assocdiaion (WGA) and the resulting multi-state
recognition of certified technologes by a least the 26 member states' environmentd protection
apndes promotes recognition and acceptance the BFSD2. Recognition and acceptance by the U.S
Ewvironmatd Protection Agency (USEPA), as wel as private sector, Naive American and foreign
ineeds is dso promoted by ther active participation inthe I TRC. And, USEPA, stae, locd and
private environmentd professionds, as well as CA EPA evduators were in atendance a fied
darordrations, which included technology briefings and displays. Findly, certification by CA EPA
includes public notifications and listings officidly distributed to awide range of recipients.
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6.5 LESSONS LEARNED

Flexibility - As with any multi-faceted program which involves a complex technology, flexibility
must be maintained in order to accommodate any number of emergent issues. Plans and schedules
must flex to dlow for changes. This project suffered ddayed fundingat severd points, but plans
were flexible enough to dlow work around efforts which ultimately recovered schedule losses.
Technicd gpproaches must flex to dlow for changes. This project benefitted from anumber of
inrementa and continuing product improvements which were accommodated within the technica
goproach without invaidating demonstration results.

Maher Nature - It agan became clear from demonstration results that contaminated sediments are
non-homogeneous and are subject to influences involving benthic organisms, complex marine
godamdry, and other factors. Accommodation of differences between blank measurements made
afew days gpat and site measurements made afew feet gpart were necessary .

Satistics - With consideration for the very low leves of contaminants being measured (parts per
billion and lower!) metrics involving statisticd methods were needed to put meaning to results.
Aaommodcdtion for results in terms of probabilities and confidence levels must be made to tease out
the true meaning of some flux measurements.
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APPENDIX A
Points of Contact

Project M anager and Principd Investiggtor:

Tom Hampton

Sace and Navd Warfare Sy stems Center, Code D3604
53475 Srothe Road, Bldg 111

San Dieggo, CA 92152

Tdephone 619-553-1172

Fax 619-553-1177

Emall: thampton@spawar.navy.mil

Co-Investiggtor:

Bart Chadwick, Ph.D.

Face and Navd Warfare Systems Center, Code D362
53475 Srothe Road, Bldg 149

San Diego, CA 92152

Tdephone 619-553-5333

Fax 619-553-6305

Email: chadwick @spawar.navy.mil

CdiforniaEPA Certification:

Bill Saack, Esq., P.E.

Depatment Of Toxic Substances Control
301 Cepitol M dl, 1st floor

Scramento, Cdifornia95814
Tdephone 916-322-5591

Fax: 916-327-4494 or 445-2939

Email: BStaack@DTSC.Ca.Gov

John Wesnousky

Depatment of Toxic Substance Control
Cdifornia Environmenta Protection Agency
301 Capitol Mdl, 1st Floor

Scramento, CA 95814

Teephone 916-322-2543

Fax 916-327-4494

Emall: JWesnousky@DTSC.Ca.Gov

Pearl Harbor Navd Complex:

Peter Nakamura

Navd Fadilities Command, Pacific Division
Honolulu, HA

Tdephone 808- 474-4505

Fax 808- 474-4519

Emall: NakamuraPM @efdpac.navfac.navy.mil
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Commercidization:

Kim M cCoy

Ocean Sensors, Inc

4901 M orena Blvd, Suite 1001
San Diegp, CA 92117
Tdephone 619-274-9893
Fax 619-274-9895
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Fax 202-685-1569

Email: del colloa@navfac.navy.mil
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Emall: marqusj @acq.osd.mil
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APPENDIX B

Data References

All documents except field and engneering notes are archived as dectronic files. Steno-pads with
fidd and engneering notes, as well as hard copies of many of the documents listed are kept in SSC
SD Code D 3604 file cabinets. The files bdow are stored on SSC D, Code D36's Locd Area
Newark Share Drive. Backup tgpes areroutingy mede of dl files and are availablefromthe LAN
Administrator. Thefilesindude

1

M icrosoft Word:

S Draft and Find Demonstration Plans

Draft and Find Reports

Individua Demonstration Test Reports

Ex Stu, In Stu, Test and Checkout Reports
Protocols and Procedures

Officid Correspondence

Narrative and Contract Data Requirements Reports
CA EPA Certification Agreement

nuumm' m ' wm

Microsoft Exce:

S Batdle M arine Sciences Anadyticd Daa
S Computationd Spreadsheat Workbooks
S Ex Stu, In Stu, Test and Checkout Data
S Financid Data

M icrosoft Power Point:

S Proposd Viewggph Presentation

S In Progress Review Viewgaph Presentations
S SERDP/EST CP Viewgaph Presentation

M icrosoft Project:

S Program Execution Schedule

S Individud Demonstration Schedules, Budgets, Tasking
S Ex Stu, In Stu, Test and Checkout Schedules

Qudcomm Eudora Pro:
S dl emails (with atachments)

M icroGraphics Picture Publisher:

- Photographic Images
S Composite Display Poster
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