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ABSTRACT

APPLICATION OF A ONE DIMENSIONAL POLLUTANT FATE MODEL
’ ~ TO THE
' GREAT BAY ESTUARINE SYSTEM

by
John R. Pavlos

A pollutant fate model of the Great.Bay estuarine system
was implemented to support an ecological risk assessment of
the Portsmouth Naval Shipyard located on Seavey Island in
Kittery, Maine.

A one dimensional hydrodynamic model, DYNHYD3, developed
by the U.S. Environmental Protection Agency (EPA) was used to
simulate the flow field in the Greaf Bay estuary. The
hydrodynamic ﬁbdel was calibrated using cross-sectionally
averaged flow data obtained with an Acoustic Doppler Current
Profiler. |

A one dimensional pollutant transport model, TOXIWASP,
was then implemented using the éimulated flow field from
DYNHYD3. The model was calibrated using salinity as a
conservative tracer. The predicted salinity distribution was
within 2% of the measured values.

The fate of lead in the estuary was simulated over a
seven day period. A constant load of.lead was introduced into
the water column of the source junction to simulate the flow

viii



of lead-laden ground water into the estuary. Four sites around
Seavey Island and a site in the‘upper Salmon Falls River wére
used as lead loading sources. Simulations were conducted
using both single and multiple sources. The predicted
distribution of iead concentration in the sediment was
compared to the observed spatial distribution of 1lead in
sediment grab and core samples; as well as indigenous blue
mussels at selected sites within the estuary.

The model predicts that lead loading from the Shipyard
will have a near field effect limited to the lower estuary.
The Salmon Falls loading site in the upper estuary had a
~localized effect with little effect on the sediment lead
concentrations of the lower estuary. The observed lead levels
in the upper estuary could not be simulated using source

locations at the Shipyard.
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CHAPTER 1

INTRODUCTION

The implementation of a one dimensional numerical
hydrodynamic and pollutant transport model, WASP3 (Water
Analysis and Simulation Program), was done as part of‘ a' larger
Estuarine Ecological Risk Assessment of the Great Bay estuary.
A multi-phase Estuarine Ecological Risk Assessment is being
conducted by the United States Navy to ascertain the ext nt
and degree of the environmental impact of ‘the Portsmouth Naval
Shipyard (Shipyard) on the Great Bay estuarine system.

The Portsmouth Naval Shipyard in Kittery, Main is
required to cdmply with the provisions of the Hazardous and
Solid Waste Amenaments (HSWA) permit for storage, treatm nt,
and disposal of hazardous materials used at the Shipyard. The
HSWA permit requires the Navy to condﬁct' an estuarine
ecological risk assessment to identify the potential impact of
hazardous materials on surface waters, sediment and biota
within the estuary. The human exposure and health risks are
also to be evaluated as part of the HSWA permit.

The Estuarine Ecological Risk Assessment consists of both
an on-shore and off-shore investigation. The approach taken
in thié Ecological Risk Assessment is to determine potential
stressors to the environmenf at the Shipyard through the on-

1



shore study, and in the estuary through the off-shore study.
The off-shore study is also to determine if an abnormal
ecological balance exists in the Great Bay estuary, indicating
a stressed ecosystem. A primary goal of the risk assessment
is to provide scientific proof that a»correlation does or does
not exist between contaminant sources at the Shipyard and a
ecological effect in the estuary.

The numerical médeling system WASP3 is intended as a tool
to aid in assessing the impact of water borne heavy metals
which are potentially leaching from the Shipyard into the
estuary. The model possesses the unique ability to predict the
estuarine-wide contaminant distribution resulting from a
single source, which is critical if a cause and effect
relationship is to be determined between any potential source
location and stressed ecological community.

The implementation of the WASP3 modeling system was a
team effort on the part of John Chadﬁick and myself. Mr.
'Chagwick carried out the setup, execution, and calibration of
the DYNHYD3 program, the hydrodynamic model, as his master’s
thesis at the University of New Hampshire. The analysis of
the experimental data required to calibrate the flow field of
the model was performed as a preliminary step Mr. Chadwick and
myself and will not be detailed here as it is discussed in Mr.

Chadwick’s thesis (Chadwick, 1993).
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1.1 Project Objectives

The primary objective of this study was to implement
the numerical pollutant fate modeling system, WASP3, for the
Great Bay estuary. The WASP3 model was used to indicate the
relative degree and spacial extent of elevated concentrations
of lead in surficial sediments resulting from-potential lead
sources in the estuary.

The modeling effort sought to determine if the observed
lead distribution in the estuary could be uniquely the result
of the Shipyard and at what loading levels an impact on the

sediment may be observed.

1.2 Overview

As a consequence of the preliminary field-findings, lead
wes chosen as the heavy metal to be used in the medel. The
implementation of the model required the synthesis of the
environmental data gathered during both the on-shore and off-
shore study with the WASP3 modeling system. A Great Bay
spec1f1c model was created and used to 51mu1ate the response
of the estuarine system to the release of lead from four sites
of concern around the Shipyard, as well as from a site on the
Salmon Falle River. The observed lead distribution in both
the sediment and indigenous blue mussels was compared to the
model’s predicted lead distribution at 23 sites.

The Great Bay Estuarine system will be review d to



identify the physical characteristics and processes which
dominate the dynamics of the estuary. The findings of the on-
shore and off-shore study will be discussed as they determined
the,contaminaht modeled, the source locations, and source
strength for the model.

The calibration of the hydrodynamic model will be reviewed
to assess the accuracy of the model in general. The
principles of the chemical fate model will also be examined to
identify which processes are simulatedvin the WASP3 model.
The application of the model to the estuary will be described.
The results of the single source model simulations will be
presented and discussed. The simulated lead distributions
will be compared with the measured distribution of lead in the
sediment. Finally, the results of a composite 1loading
simulation will be presented which best matched the observed

lead distribution.
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CHAPTER 2

BACKGROUND

2.1 Great Bay Estuarine System

2.1.1 Physical characteristics:

To accurately model the fate and transport of lead in the
estuary it is important to understand the physical
characteristics and processes at work in the estuary. The
Great Bay estuarine system is a drowned river valley with a
drainage area of 2,410 km?. Two-thirds of the estuary is
located within New Hampshire and one third in southern Maine.
The main body of the estuary extends 26 km from the Gulf of

Maine up the lower Piscataqua River, through Little Bay to the

. far reaches of the Great Bay, as illustrated in Figure 1. The

Great Bay estuary is the confluence of seven major rivers. .
The Lamprey, Squamscott, and Winnicut Rivers flow into the
Great Bay, the Bellamy and Oyster Rivers flow into Little Bay,
and the Salmon Falls and Cocheco Rivers combine to form th
upper Piscataqua River. The distinction between the upper and
lower sections of the Piscataqua river occurs at Dover Point.
The main channel of the estuary follows the lower Piscataqua

river from the Gulf of Maine, past the Shipyard, to



i I T
\ Salmon Falis

I

Upper Piscataqua 4370]

. Lower
. Piscotaqua
§ -"."A o e =
— \- S
A | ' Gulf of
- quamsco L 1 1 3 1 | Mdlne

§ ) em 5 :

l/ '
_ | 76°50° ) ' 70°60°

Figure 1.

The Great Bay estuarine system.



Dover Point. At Dover Point the main channel of the estuary
branches from the lower Piscataqua river and leads into Little
Bay, then into Great Bay.

The Great Bay estuary has a low tide volume of

166x10° m* and a high tide volume of 230x10° m’. The tidal

volumes were calculated using depth and area information from
the 1960 NOAA chart (Reichard, 1976). The resulting tidal
prism entering the estuary is estimated at 79.07x106nP (Brown
and Swift, 1983). The tidal waters of the estuary cover
approximately 44 km?’ and are encircled by 160 km of shoreline.
The Great Bay estuary may be conceptualized as a two pért
system connected to the Atlantic ocean, as shown in Figure 2.
The Little and Great Bays may be thought of as forming a large
reservoir which is filled and emptied during each tidal cycl

by the long narrow channel of the lower Piscataqua river.

SIMPLIFIED VIEW OF PISCATAQUA/GREAT BAY SYSTEM

S

GREAT BAY (::) ATLANTIC OCEAN
SEAVEY ISIAND
PISCATAQUA RIVER \

Figure 2. Conceptualized view of the Great Bay estuary.
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The lower Piscataqua acts as the conduit for the tidal
waters from the Gulf of Maine which fill and empty Little and
Great Bays during each tidal cycle. The lower Piscataqua
River is roughly 15 km. long énd dredged to a minimum depth of
10 m with a typical width in the channel of 120 m (NOAA,
1990). The lower Piscataqua holds 56% of the estuary’s volume
at mean high water, yet only receives 39% of the incoming
tidal prism. The lower Piscataqua is dominated by swift tidal
currents averaging 0.6 m/sec and reaching 1.5 to 2 m/sec at
times. The strong tidal currents and twisting topography of
the lower Piscataqua river combine to produce a highly complex
hydrodynamic environment. The flow field in much of the lower
Piscataqua is characterized by a central core of high velocity
water which moves spatially and temporally depending upon the
local bathymetry and stage of the tide (Swenson et al., 1977).
The lower Piscataqua is characterized by large eddies, shear
zones, up welling, down welling and frontal zones. The
dynamic nature of the lower Piscataqua is responsible for the
high degree of_horizontal and vertical mixing which takes
place. The strong tidal currents scour the bottom of the main
channel leaving a gravel-sand substrate.

At Dover Point the main channel of the estuary bypasses
the upper Piscataqua and leads into Little Bay. The upper
Piscataqua river accounts for 5% of the estuary’s high tide
volume and receives roughly 5% of the incoming tidal prism

(Chadwick and Pavlos, 1993). The smaller tidal volume in the




upper Piscataqua results in a much low r energy environment,
characterized by slower tidal currents and a finer grained
bottom éediment.

The Great Bay is an expansive shallow embayment with an
average depth of 2.7'meters, and a water surface area which
varies from 23 km’ at mean high water to 11 km’ at mean low
water. Low tide ekposes more than 50% of the embayment’s
bottom as mud flats and eel grass beds (Short and Webst r,
1992). The large increase in cross sectional area of the
main channel reduces the avéraged currents in Little Bay to
0.2 m/sec. .The‘additional increase in area of the Great Bay
further reduces the averaged currents to 0.13 m/sec (Brown and
Swift, 1983). In contrast to the lower Piscataqua, which sees
a progressive tide, the Great Bay fills and empties as a
single unit with little surface tilt along its length. The
lower energy environment of the Little and Great Bays results
in a bottom characterized by silty sediments. T he
Little and Great Bays act as a large reservoir for the
estuarine system, filling and emptying during each tidal
cycle. Collectively, Little Bay and Great Bay contain 39% of
the estuary’s volume at mean high water. While containing
only 39% of the estuary’s volume, Little Bay and Great Bay
receive 56% of the incoming tidal prism (Chadwick And Pavlos
1993).

It is the majority of the tidal prism moving between the

'upper and lower estuary each tidal cycle, which causes the

9



highly turbﬁlent flow of the lower estuary resulting in the
well mixed nature of the estuary.

The fresh water discharged into the estuary by the
tributaries varies seasonally from 0.2x10° m’/tidal cycle to
2x10° m*/tidal cycle. The fresh water input accounts for less
than 1%4of the estuary’s volume and less than 2% of the tidal
prism (Reichard and Celikkol, 1978; Brown and Arellano, 1979).
Aside from major run off events, the fresh water discharge

plays a minor role in the estuarine dynamics.

2.1.2 Hydrodynamics of the Great Bay Estuary:

By analyzing the Great Bay estﬁary as a two part system
the physical process résponsible for the movement of material
within each part of the estuary becomes clear. Advection and
dispersion are the Ggeneral process responsible for
transporting and dispersing water quality constituents in the
eétuary. Advection is the movement of dissolved or fine
particulate materiél at the current velocity in any direction.

Dispersion is the process by which substances are mixed within

the water column. Dispersive mixing can be viewed as three

processes; molecular diffusion, turbulent diffusion and
dispersion.

Molecular diffusion is the mixing of dissolved chemicals
driven by a concentration gradient in the medium. Molecular
diffusion is a slow process and is not a significant transport

mechanism except for chemical transport though sediment pore

10
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water.

Turbulent diffusion or eddy diffusion is the mixing of
dissolved or fine éarticulate material caused by micro-scale
turbulence. Turbulent diffusion is an advective process
caused by.small scale shear forces in the medium. Turbulent
diffusion is several orders of magnitude larger than molécular
diffusion.

Dispersion is the mixing caused by eddy fluctuations
in a macro scale velocity gradient. The velocity gradients
are caused by shear forcés at the boundaries at the water
body. In addition, velocity gradients can develop within th
water body due to channel morphology. In general, dispersive
mixing or transport is lumped into one parameter, a dispersion
coefficient.

A longitudinal dispersion coefficient of 10 m?/sec was
determined through a dye study in the lower Piscataqua River
(Schmidt, 1980). A similar dye study in the upper Piscataqua ‘
River resulted in a longitudinal dispersion coefficient of 20
m?’/sec (Ballestero, 1988).. Latera; dispersioh coefficients
determined in both the Schmidt and Ballestero studies were two
orders of magnitude smaller than the longitudinal dispersion
coefficient. As the WASP3 model is one dimensional, only the
1ongitudina1 component need be considered. |

It is possible to estimate the relative importance of
advection compared to dispersidn as transport processes by

reviewing the Peclet number.
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Pe=uL/K (1)
Where:
Pe = Peclet number
u = mean velocity, L/T

L = segment length, L

dispersion coefficient, 1?/T

=
0

If the Peclet number is greater than 1.0 then advection is the
dominant transport process for water borne substances. If the
Peclet number is less than 1.0 than dispersion is the dominant
process (Schnoor et al., 1987).

For the a typical reach of the lower Piscataqua river th
Peclet number is on the order of 36 which indicates that
advection is clearly the dominant process. The Peclet number
for a typical stretch in the Great Bay is on the order of 15.
Alﬁhough advection 1is the dominant transport process,
dispersive mixing of the water column is important in
providing a vertically mixed water column.

The Great Bay estuary may be classified as vertically
well mixed with a weak salinity gradient extending from the
Great Bay to the Gulf of Maine. The lack of vertical
stratification is a consequence of the energy dissipaﬁed
through turbulent mixing as the tidal waters are driven
through the lower Piscataqua river between the Great Bay and

the Gulf of Maine.

12




The Great Bay estuary is a tidally driven system,
receiving a semi-diurnal tidal forcing from the Gulf of Maine.
The average tidal range of 2.5 m providés the dominant forcing
for the estuarine system. The tidally induced surface tilt
and resulting pressure gradient is predominantly balanced by
the bottom shéar stress throughout the estuary. Bottom stress
is defined here to include both skin friction and form drag
resulting from topographic feétures. A dynamic analysis based
upon segment averaged current measurements performed by Swift
and Brown inqicates that energy dissipation as a result of the
bottom stress is greater by an order of magnitude in lower
Piscataqua than in Great Bay. The energy dissipation was
found to be mainly the consequence of form drag which results
in dissipative mixing within the water column (Swift and
Brown, 1983).

The high degree of turbulent mixing is further supported
by the lack of vertical stratification within the water
column. Data gathered during thé Great Bay Field Program and
the off-shore study indicate that only a very weak vertical
salinity gradient exists throughout the estuary.

A longitudinal salinity gradient is present, ranging from
seawater at the mouth of the Piscataqua river (31.5 ppm) to
less saline water (24 ppm) in Great Bay (ECOS, 1993).

In summary, the well mixed characteristic of the estuary
is a result of the interaction between a strong central

current core and the topography of the river basin. The high-
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degree of mixing is due to the fact that the majority of the
tidal water entering the estuary on each tidal cycle travels
through the lower estuary to Little and Great Bays. The
constrained channel and strong tidal currents make advection

the dominant process in moving material throughout the

estuary.

2.2 ON-SHORE STUDY
In 1992 an on-shore study was conducted at the Shipyard,
in an attempt to characterize and quantify hazardous
materials and establish their potential pathways into the
environment. The firm of MclLaren/Hart was contracted to

conduct the on-shore study, or Resource Conservation and

Recovery Act (RCRA) Facility Investigation (RFI) of the

Shipyard. The on-shore study was completed in 1992. The RFI
identified thirteen so0lid waste management units (SWMUs)
located throughout Shipyard, as indicated in Figure 3.
Surface and subsurface soil was sampled, as was ground water
in and around each SWMU as part of the RFI. Each sample was
analyzed for the presence of heavy metals and polycyclic
aromatic hydrocarbons (PAHs). The on-shore study did not
provide conclusive proof that the contaminants were entering
the estuary from the Shipyard. The on-shore study did provide

contaminant levels and locations at the Shipyard.
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POSSIBLE SOURCE LOCATIONS

z .

WATTLEBERRY

ISLAND D

§ - INDUSTRIAL WASTE OUTFALLS
6 - DRMO
8 - JAMAICA ISLAND LANDFILL
9 - MERCURY BURIAL SITES
10 - BATTERY ACID TANK .
12 - BOILER BLOWDOWN TANK NO. 25
43 - RINSE WATER TANK NO. 27
16 - RINSE WATER TANK NO. 34 LIse
21 - ACID/ALKALINE DRAIN TANK - 4r,
23 - CIIEMICAL CLEANING FACILITY TANK Qu,
71 .- FUEL OIL SPILLAGE AREA

RIVER [} 200F Y

MENDERSON
FOmY SCALE

Figure 3. Identified Solid Wést_e Management Units(SWMUs).
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2.3 OFF SHORE STUDY:

The goal of the off-shore study was two-fold: first to
determine the background levels'of contaminants (stressors) in
the estuary; ‘and secondly, to determine if a relationship
exists between the Shipyard contaminants and the health of the
estuarine ecology. The off-shore study was conducted in two
" phases. The field sampling for Phase 1 was completed in 1992
and preliminary data analysis was completed in January 1993.
The Phase 2 program is scheduled to be éompleted in 1994.

The.sampling plan called for the preferential sampling of
depositional areas in the estuary, since cohtamiﬂants would
likely accumulate with the fine grained sediments. The
results of the sediment and biological sampling are thus
skewed toward depositional areas along the margins of th
estuary.

Phase 1 involved a detailed assessment of the existing
environmental quality in the lower Piscataqua. The Phase 1
investigation provided the background levels of a wide suite
of contaminants found in the estuary. Contaminant levels in
mussels, macrophytes, sediments, and the water column were
recorded for each of the 23 sampling sfations. Normalization
'of the contaminant data to organic content or grain size of
the sediment has not yet been done. A preliminary comparison
" of contaminant 1levels at sites in close proximity to the
Shipyard with distant sites in the estuary suggests higher

levels in the vicinity of the Shipyard. Lead 1levels, in

1é




particular, are never less than three times the estimated

background levels (Johnston, 1993). The low spacial

resolution of the.Phase 1 sampling plan and the 1lack of
normalized data make jt difficult to determine the sources of
the lead coﬁtamination.

In the Phase I study a control site in the York River
estuary in Maine was selected to establish regional background

levels.

Phase 2 of the off-shore study involves correlation of
the Shipyard associated contaminants, as identified from the
on-shore study, with the estuarine contaminant levels.found in

Phase 1 of.  the off-shore study. The implementation of the

WASP3 modeling system is intended as a tool in performing this

correlation through the model’s ability to isolate the
predicted effect on the sediment concentrations from a single
source. Phase 2 entails further sampling of specific areas
identified during the previous correlation to increase the
spatial resolution of contaminant distribution in the areas of
interest. This aspect of Phase 2 is not yet complete at the

time of this paper.

2.4 Characteristics of Lead
For this paper only the presence and fate of heavy
metals, in particular lead, was examined. Lead was chosen as
the heavy metal of study for three reasons. First, lead was

widely used at the Shipyard. Lead was used at the Shipyard
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for batteries, ballast and radioactive shielding during the
construction and overhauling of submarines during the last 50
years. Disposal practices of lead dufing the past cénturyvat
the Shipyard were lax by today’s standards, as the ecological
toxicity of lead had not yet been realized. As a result,
large quantities of lead may have found their way into the
soil of the Shipyard and in particular to the Jamaica Island
Landfill of Seavey Island. Secondly, lead was found in
concentrations significantly above background level in soil
and groundwater samples at the 13 SWMUs identified in the on-
shore investigation (McLaren/Hart, 1992). Ihirdly, lead was
found to be at least 3 times the background concentration at
all the off-shore sampling locations around the Seavey Island
(Johnston, 1993).

To accurately model the fate of lead in the environment
one must understand its physical and chemical properties.
Lead is found in the environment as a result of both natural
and anthropogenic sources. The natural sources of lead are
from the weathering of rocks and ore deposits (see Section
3.2.4). Lead is ubicuitious in the environment and not unique
to the Shipyard. Anthropogenic sources are common as lead was
widely used in numerous broducts such as paint and gasoline
through.the 1980’s.

The movement of lead in the aquatic environment takes
place in either the ionic, complexed or sorbed state. In

general, heavy metals in the aquatic environment are
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partitioned among three states, as illustrated in Figure 4.

.The lead may either 1) dissolve, 2) form soluble complexes

with organic or inorganic llgands, or 3) sorb onto organic or

inorganic particulates and precipitate. In freshwater roughly

75% of lead is sorbed to suspended sediment and 25% is in

solution, while in saltwater. one reference indicates the
partition is roughly 50% in solution or complexed and 50%

sorbed to particulates (Moore, 1990).

FREE 10N
SOLUBLE COMPLEXES
WITH CRGANIC LIGANDS
PRECIPITATES —] oW
SOLUBLE COMPLEXES
WITH INORGANIC
LIGANDS

ADSORBED SPECIES

© ADSORPTION/COPRECIPITATION ON
MYDROUS IRON/MANGANESE QUDES

* JON EXCHANCE

* ABSORPTION TO CLAYS SILICATES.
OTHER MINERALS

* ADSOAPTION TO CRGANIC SOLIDS

Figure 4. Speciation of metals in the aquatic environment.
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Chemically, lead is a member of the group IV elements of
the periodic table and has stable +2 and +4 oxidation states.
Aqueous or ionic lead exists predominantly as the Pb*?
species. The equilibrium rea'ction Pb** + 2e - Pb*? has a pE
value of over +21, and thus Pb(IV) exists only under extreme
oxidizing conditions. Thus the Pb*? jon is the predominant
dissolved form of lead.

The lead ion may form a number of complexes of low
solubility with many of the major anions, such as hydroxides,
E:arbonates, sulfides, and sulfates, as a function of pH and
medium. The common speciation of 1lead in the aquatic
environment is illustrated in Figure 5. 1In saltwater, at pH
values néar 7, PbCO,; and PbCl* are present in nearly equal
amounts. As the pH increases above 8, PbCO; becomes the
dominant species. | In freshwater, lead forms a number of

hydroxide complexes of which Pb(OH) * dominates at pH above 6.3

(Schnoor et al., 1987).

Pb,(OHJ, /P?.(ou): PbCE
Pb(OH®  Pb,(OH) PbHCO; | bel; Pb,(SO.);  Pb(NO)
! 1 PeCt I T
Pb(OH), Pb,OH” Pb(CO); | PbCI®  PbSOS PbNO;
PB(OH); <-PbOH'«| Pb" | —PbCO; | ——+ PLHPO:
Pb{OH) l Pb°7°’ / - \
_7' Ph,(CO,.(OH), Ph, (PO.)%i . PbH,PO;
=

Figure 5. Speciation of lead.
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Adsorption to sediments plays a dominant role in the
movement of lead in the aquatic environment. Lead is
preferentially sorbed to clays, organic compounds, and the
smallest size fraction of the sediment. Studies indicate that
between 50% to 90% of the lead introduced into the water
column sorbs to suspended or bed sediments. Experimental
evidence has shown that after the initial rapid‘uptake of th
lead by the sediments £hé particulate concentrations remain
stable over time and are not subject to cyclic
desorbtion/sorbtion dynamics (Loring and Prosi, 1986). There
is evidence to indicate that the partitioning between th
aqueous fraction and sorbed fraction of lead is proportional
to the available suspended load (Schnoor et al, 1987).
Although not modeled by TOXIWASP, the role of salinity on the
sorbtion/desorbtion dynamics may be important in tracking
transport of lead in an estuary with a strong salinity
gradient (Uncles, Stephens, and Woods; 1988).

Leéd in the aquatic environment is not subject to many
transformations processes. The majority of lead complexes in
water are not subject to photolysis. Volatilization is also
not an important fate process.

In summary, the dynamics of lead speciation and transport
are complicated, yet on a gross level lead transport in either
the "dissolved phase or with the suspended sediment load

accounts for the movement of lead in the estuary.
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2.5 Source lLocation and Strength

A correlation of the 13 SWMUs (possible sources
identified by the on-shore study) with the findings of the
Phase 1 off-shore study indicate 7 areas of concern around the
Shipyard. A conceptual model regarding potential contaminant
release from Seavey Island was developed by the risk
assessment team as a result of the Phaée I study and is
presented in Figure 6 (Johnston et al., 1993). The conceptual
model presented in Figure 6 indicates that the primary areas
of concern are the Clark Cove embayment, DRMO site, the back
channel of Seavey Island (Back Channel) and Pier No. 2 of the
 Shipyard. Areas of secondary concern are the Battery Acid
Sforage Tank and the Police Dock. Due to the lack of spacial
resolution in the model and the close proximity of the Battery
Acid Storage Faqility to Pier No.2 and the proximity of the
Police Dock to the DRMO, neither the‘Police ﬁock or the
Battery Acid Storage Facility will be considered as source
locations for the model. The Clark Island Embayment and the
DRMO sites were chosen by the Risk Assessment team to be the
initial focus of the modeling simulations.

SWMU #8, lies within the Jamaica Island landfill, is
believed to be impacting the Clark Cove embayment. SWMU #6,
the DRMO 1located at Henderson Point, is believed to be

impacting the waters of the lower Piscataqua.
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REVISED FIRST TIER CONCEPTUAL MODEL
Water Column Transport of Contaminants

From
Great Bay
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+2"°% Areas of Concem

—»l Transport Pathway

Figure 6. Conceptual Model of Contaminant Transport.
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The on-shore study found high levels of lead in the surficial
soil, sub-surface soil, and the ground water at both sites.

Surface capping has eliminéted.wind blown particulate and
surface run-off of contaminated soil as future contaminant
pathways into the estuary (Tayon, 1993). Groundwafer
migration provides a remaining pathway into the estuary for
sub-surface lead from these two sites. For purposes of this
paper the ground water contamination will be pursued as it
presents the most probable pathway for contaminants into the
estuary. A hydraulic analysis based on the findings of the
on-shoré study‘was carried out for the Clark Cove and DRMO
sites to approximate the potential degree of lead loading, see
Appendix A.

The RFI indicated lead contamination of the aquifer at
the Jamaica Island landfill site and the DRMO site. The RFI
also indicates thaﬁ the direction of ground water flow is
toward the estuary at both sites. The priﬁciple ground water
flow being offshore provides a mechanism for lead transport

from Seavey Island into the estuary at both these sites at a

rate of approximately 200 lbs per day. A hydraulic analysis -

was not done for the Back Channel and Pier No. 2 sites. The
loading rate of 200 1lbs per day will be used for all the sites

considered.
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CHAPTER 3

APPLICATION OF THE MODEL

3.1 Water ouality Analysis Simulation Progqram, WASP3

The Water Analysis Simulation Program, WASP3, is a water
quality computer modeling system developed in 1981 and
supported by the U.S. Environmental Protection Agency (EPA).
The WASP3 modeling system has been used successfully
throughout the United States and was chosen due to its wide
acceptance, EPA support, and prior use by the Navy in th
Great Bay estuary.

The WASP3 modeling system consists of two stand alone
programs, DYNHYD3 and WASP3. DYNHYD3 is a one dimensional
hydrodynamic model which simulates the movement of water
through a predetermined grid. WASP3 is the water gquality
model which simulates the movement within, and interaction of_

a pollutant with the aquatic environment. The pollutant fat

model requires the flow field information generated by th

hydrodynamlc model to work.

WASP3 is comprised of two kinetic sub-models, EUTROWASP
and TOXIWASP, which simulate two of the major classes.of water
quality problems. EUTROWASP simulateslconventional pollution
scenarios involving dissolved oxygen, biochemical oxygen
demand, . nutrients and eutrophication. TOXIWASP simulates
toxic pollution scenarios involving organic chemicals and

metals contamination. The EUTROWASP section of the WASP3
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modeling system was not implemented as part of this project
and will not be.discussed (Ambrose et al., 1986).

The WASP3 modeling system was previously applied to the
Great Bay estuarine system by GK&Y Associates under contract
to the U.S. Navy (GK&Y, 1989). The GK&Y study produced a
hydrodynamic model calibrated to point current measurements
setup to predict salinity in the estuary. The experimental
data set supplied by the off-shore study provided an
opportunity to build a more accurate hydrodynamic model of the
estuary. The numerical grid developed in the earlier Navy
study was retained and recalibrated with the off-shore study

results (Chadwick, 1993).

3.1.1 Hydrodynamic Model, DYNHYD3:

A one dimensional hydrodynamic model, DYNHYD3, was
implemented to simulate the flow field throughout the Great
Bay estuary. DYNHYD3 is a one dimensional box model which
represents the estuary as a branching, channel-junction
computational network. The model predicts the movement of
water through the grid system by solving the one-dimensional
equations of continuity and conservation of momentum. The
equations of continuity are based on the conservation of
volume and predict water heights and volumes in each junction
during the simulation. The conservation of momentum equations
predict watér velocity and flows through the channels which

connect the junctions of the grid (Ambrose et al, 1986).
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The movement of watér within the grid is dependant upon
the characteristics of the channel-junction system and the
forcing of the system. The grid system developed for the
Great Bay estuary is illustrated in Figure 7. A expanded view
of the grid system is provided in Figures 8 thru 10. The
computational grid is made up of 122 junctions which store all
the water in the estuary. The cumulative surface area of all
the junctions which make up the grid is 41 km?, which
represents the high tide surface area of the Great Bay estuary
within 7% of the measured high tide surface area. The surface
area of each junction is based on the layout of the grid and
varies from junction to junction. The volume held by each
junction is the product of the surface area and the depth in
the junction at a particular time step of the simulation. The
depth over an individual junction is constant. The Great Bay
Estuarine grid contains 167 channels which link the junctions
together to form the grid. The channels are rectangular with
a uniform cross section and convey water between connected
junctions. The physical parameters which define each channel
are spatially specific and influence the motion of the water
within that channel. The length, cross sectional area, and
roughness coefficient were chosen to represent the physical
characteristics of the area in the estuary wﬁiéh the channel

represents.
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The movement of water through the grid is driven by a
difference in head between adjacent junctions. The dominant
hydrodynamic forcing is provided by a semi-diurnal tide which
induces a head between the Gulf of Maine boundary junctions
and fhe first set of interidr junctions at mouth of the
estuary. To a much smaller degree, fresh water inflow at the
tributaries provides a degree of forcing to the system. Given
a difference in head, the tide propagates into the estuary at
discrete time steps. At each time step the flow between
junctions and the resulting dynamic head is calculated, one
junction at a time, starting from the seaward boundary until
Qalues exist for every junction. The process is carried out
using a Runga-Kutta solution method to solve the explicit
forms of the momentum and continuity equations.

To gain a conceptual understanding, one may envision each
junction as a barrel connected to the adjécent junction by a
sluiceway. The following degcribes the case of a progressive
tide at the oceanic boundary: At the beginning of the first
time step, the barrels at the ocean boundary are filled as
dictated by the tidal ﬁeight, with the remainder of the

junction barrels filled as directed by the initial conditions,

the sluices are dry. The gates between the first barreléé6Xand

and adjacent barrel are opened. Water flows through the
sluiceway to the adjacent barrel for a specified time step.
The velocity and flow rate in the sluiceway is determined by

the cross-sectional area, 1length, and roughness of the
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channel, as well as the dynamic head between the two barrels.
At the end of the time step, the gates are shut and the volume
of each barrel and relative head is evaluated. The procedur
is repeatea moving through the entire grid Jjunction by
junction. For the next time step, the boundary barrel is
filled as dictated by the forcing fﬁnction and the process is
repeated.

The hydrodynamic modei was implemented and calibrated
using experimentally determined flow data. As the model is
one dimensional and based on mass flow through the grid,
calibration to point velocity measurements of the three
dimensional flow field could potentially lead to a high degree
of uncertainty regarding the model’s accuracy. To 6vercom
this problem, the model’s calibration was based upon the
cross-sectionally averaged mass flow rates as méasured by a
vessel mounted Acoustic Doppler Current Profiler (ADCP). The
ADCP transects wefe done at four areas in the estuary. Figure
11 illustrates the close proximity of the East Seavey and West
Seavey ADCP transects to the Shipyard. Use of the ADCP data
fesulted in a well calibrated model in the vicinity of the
Shipyard. The model was calibrated by adjusting junction bed
elevations in an iterative process until an optimum match
between the predicted and measured mass flow rates was

achieved. Figure 12 provides a comparison between the models

prediction and the measured tidal prism through the

experimental transects.
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Figure 11. Experimental ADCP Transects.

The important point from the aspect of the pollutant fat

model is that the mass flow through the grid closely matches
the observed averaged mass flow in the estuary. -~ A more
completé discussion of the hydrodynamic model calibration is

provided by Chadwick, 1993.
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3.1.2 Pollutant Fate Model, TOXIWASP:

TOXIWASP is the pollutant fate model of the WASP3
modeling system. TOXIWASP is a dynamic compartmental model
based on the conservation of mass. Coﬁceptualiy, the model
traces the movement of a single water quality constituent
within the system both spatially and temporally by conserving
mass of the constituent throughout the grid. While the
constituent is transported through the grid TOXIWASP simulates
the processes which affect the water quality constituent.
Figure 13 is a cartoon representing the major processes which

may effect a constituent in the aquatic environment.
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Figure 13. General processes effecting water quality.
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The main processes which effect a water quality
constituent's concentration in any one junction are external
loading, transport, sedimentation, resuspension, bio-
degradation and kinetic transformations of the constituent.
The specific chemical transport and redistribution processes

modeled by TOXIWASP are displayed in Figure 14.
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Process Segment es
a) Mass Loading 1,2 to Water
b) Advection 1,2 Water—Water
¢) Dispersion 1,2 Water-Water
d) Settling 1.2 Water-Water or Water—Bed
¢) Erosion 3 Surface Bed-Water .

1) Pore Water Diffusion
g) Sediment Turnover
h) Percolation

i) Sedimentation

j) Volatilization

3.4 Surface Bed—Water or Bed—Bed
3 Surface Bed—Water

4 Bed-Bed or Bed—Water

4 Bed-Bed

1 Surface Water

Figure 14.

Processes modeled by TOXIWASP.
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Mass loading into the system may be eij:her diffuse, as in
the case'of atmospheric deposition, or direct as in the case
of lead laden groundwater flowing from the Shipyard. TOXIWASP
allows for constituent loading, on a constant or time varied
basis, of any junction or series of junctions. The loading
may be to the water column or bed sediment of the junction.
Transport of a water quality constituent occurs by advection
or dispersion of the material f];'om one junction to the
adjoining junctions. Advection is the transport of the
contaminant with the mass flow between junctions during each
time step of the simulation. Dispersion accounts for
molecular diffusion and turbulent mixing outward in the
horizontal plane of the contaminant during each time step.
The contaminant concentration in every junction is determined
by the quantity of material which is advected and dispersed
into or out bf each junction during a time step of the
simulation.

The sediment and sediment-water column dynamics are
modeled by ATOXIWA_SP. As roughly 50% of the lead in the
saltwater environment is bound to the sediment, the movement
of sediment into and out of each junction needs to be
considered. Sediment may either settle out of the water
column or be scoured from the bed into the water column based
upon the hydraulics of the junction. Lead laden sediment may
also be resuspended into the water colunn. Sediment

resuspension is at a user specified rate on a junction by
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junction basis and is not a function of the hydrodynamic
model. Lead may also diffuse into or out of the sediment pore
water depending upon the concentration gradient with the

overlying water column.

The balance between the dissolved and sorbed state of the
chemical in each junction is depéndant on the equilibrium
sediment pértition coefficient, K. The reaction of the

dissolved chemical with the sediment can be written as:

s/+cl-C./n (2)
Where: ‘
C, = Total chemical»concentration in fhe sediment.
S’ = Sediment concentration (kg.,/Ly)

C,’= Dissolved chemical concentration (conc./L,)

n Unit volume of water.

The sorbtion/desorption reactions are usually fast in

comparison to the model’s time step and thus can be considered

to be in local equilibrium‘(Karickhoff and Morris, 1985).
Given low chemical concentrations and sﬁfficienﬁ sorption

sites the equilibrium sediment partition coefficient is

defined as the following (Ambrose, Vandergrift and Wool,b1986):

_G/n
PE slxC,

(3)



Thus a linear relation can be obtained between the chemical

concentration of the sorbed and the dissolved phases.

CL=K, *Cy, (4)

The partition coefficient depends upon the
characteristics of the chemical and the local sediment type.
The less soluble a chemical is in water and the greater the
organic content of the sediment the more likely the chemical
is to sorb to the surface of the available sediment. For many
non-polar hydrbphobic chemicals there is a strong correlation
between the organic content of the sediment and the sediment
partition coefficient. The partition coefficient is
determined indirectly based on the organic content of the
sediment rather than directly because the organié content of
the sediment can be readily determined experimentally. The

relationship used by TOXIWASP is the following:
KpséKoc*foc - (5)

Where:
K. = Organic carbon partition coefficient, (L,/kg.)-

oC

f.= Organic carbon fraction of the sediment.

The partitioning of the chemical between the dissolved

and sorbed state is not a transformation pathway but only a
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measure of the local solubility of the chemical in wat r which
varies according to the local sediment type.

A transformation is the loss of a constituent due to its
interactions with other chemicals and environmental parameters
within the water column and benthos.  The individual
transformation processes considered by TOXIWASP are
hydrolysis, photolysis, oxidation, volatilization, and
microbial degradation. Photolysis and volatilization do not
have an effect on lead in the aquatic environment. Microbial
degradation or transformation, although potentially important,
was not considered due to lack of information. Hydrolysis and
oxidation . were <considered by wusing a first order
transformation coefficient. In general, due to the high
current regime of the estuary, the tranéformation processes
are considered to be of secondafy significance when compared
with the chemical transpért and redistribution processes at
work in the estuary.

Several simplifications were made in applying the
TOXIWASP model to the Great Bay estuary. The sediment system
was limited to a single layer. Using a single layered system
eliminates percolation of sediment pore water into the water
column due to sediment compaction. Atmospheric loading was
ignored as was volatilization across the water surface. Th
simplified model pollutant fate for lead is conceptually

illustrated in Figure 15.
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Figure 15. Simplified pollutant transport model.

A bi-layered grid consisting of a water column system and
a sediment system must be defined for TOXIWASP. The channel-
junction grid used in the hydrodynamic model was used for the
water column system, retaining the surface areas and flow
paths. A second layer was added beneath the water column g:id
to simulate the sediment system.i

The sediment grid system lies beneath the water column
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grid and has the same layout and number of junctions. The
junction surface areas are the same for a water column
junction and the underlying sediment junction. Figure 16
illustrates the sediment-water column grid relationship.
Water column junctions are odd numbers and the following even
numbers are the corresponding sediment ‘junction number .

Initial conditions for the sediment layer, including density

and bed thickness, must be specified for each junction in the

sediment grid.
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Figure 16. Bi-layered grid system.
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3.1.3 TOXIWASP, GOVERNING EQUATIONS:

The TOXIWASP model uses the flow field predicted by
DYNHYD3, and the finite difference form of thé conservation of
mass equation, to predict the constituent fate. The
differential form of the mass balance equation used in the

TOXIWASP model is:

- -2 (0 - %(U,-C) - a%(Uz-c) + 2 (5,55 “
a_i,(Ey"g_'g) + a_az (Ez"g—g) + S5, + 5p+ S¢
where
C = concentration of water quality constituent, M/L3.
t = time. |
U,, Uy ,ﬁz = Advective velocities, L/T;

longitudinal, lateral, and vertical.
E,,E,,E, = dispersion coefficients, L?/T.

longitudinal, lateral, and vertical.

S, = direct and diffuse loading rates, M/L/T.
Sz = boundary loading rate, M/L%/T
Sx = total kinetic constituent transformation rate,

M/L3/T.
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Expressing the differential equation as a Taylor series
expansion and linearizing, a finite difference form of the

mass balance equation is obtained. The equation becomes

(Ambrose, Vandergrift and Wool,1986) :

) . = - . . - ' :
=2 (V3G =3 Qi Cy ¥ Y. Ry (CimCy) 7)
W+ Y Vs Se, *X o Vi Sk

where:

V; = volume of segment Jj

C... = Concentration of chemical constituent in segment 3

irj
Q; = advective flow between segments i and j

W, = sum of loading in segment j

dispersive coefficient between segments i and j

Ry

constituent concentration advected between segment i

4

and segment j
Sz = boundary loading rate in segment j
Sg; = total kinetic constituent transformation rate in

)

segment j.

This is the general equation incorporatéd into TOXIWASP to
solve mass transport. The general mass balance equation is

then modified to simulate four general cases (Ambrose,

Vandergrift, and Wool 1986):
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1. Sediment in the water column.
2. Chemical in the water colunn.
3. Sediment in the upper benthic layer.

4. Chemical in the upper benthic layer.

For sediment in the water column, the mass transport

equation becomes:

and chemical in the water column becomes:

A(V; - Cy)

At
+ W

Lic + zWBj + EVJ' * Skjc .

Sediment in the upper benthic layer is calculated as

46
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(9)
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Cheni

cal in the upper benthic is solved by

- . . CA.. - . ¢!
= 2;(0s5 " Cluij " Wooais " A1 " Cs * Opj " Cluy

Rp;; AC i) + ZiWpje - ZpWpic *+ V5 * Skjc

= total kinetic transformation source of the

chemical in segment j.

Wp, = sum of boundary loading rates of the chemical in

segment j.

sum of direct and diffuse loading rates of the

chemical in segment j.

W, = sum of direct and diffuse loading rates in the
sediment column.
Wp; = sum bf boundary loading rates of segment j in
the sediment.
C = chemical conceﬁtration, total.
= dissolved chemical concentration in segment j

Cl

wij
C’y; = dissolved chemical concentration in segment j

C’y = sorbed chemical concentration in segment j

S; = sediment concentration

W.. = settling velocity in water

sij

W, = sediment velocity in bed
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Q, = pore water flow generated by sediment compaction
Rp; = pore water diffusive exchange flow
t. = average tortuosity of segments

average porosity of segments

&
[

At = Time step.

Once the mass derivative is known, it can be incorporated
into the following equation using concentrations and volumes
at time t to solve for the new mass at time t +at (Ambrose,

Vandergrift and Wool, 1986):

0

3¢ (Vi G)) - At (12)

(Vj : Cj) teAt = (Vj : Cj)t +

Once the new mass is known, the constituent concentration
can be found by dividing through by the volume of each
junction as calculated by DYNHYD3 for the corresponding time

step.

(V; * Cj) pear

(13)
Vi, teae

Ci, teat =

Thus the constituent concentration in each junction may
' be evaluated for every junction at each time step (Ambrose,

Vandergrift and Wool, 1986).
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3.2 Building the Great Bay Estuarine Model
The application of the WASP3 modeling system to the Great

Bay Estuary requires that a grid be established that is both
hydrodynamically specific and accurate as well as
environmentally specific and accurate. In this way the model
presents a synthesis of the field data collected during the
off-shore study. Two levels of environmental information
exist: 1) model-wide environmental constants of which there
are 66, and 2) junction specific environmental parameters of
which there are 18 for each of the 244 junctions which
represent both the water column and sediment of the estuary;
The environmental constants and junction specific parameters
must reflect the physical environment for the model to
accurately simulate the physical and chemical processes which

govern the distribution of lead within the estuary.

3.2.1 Environmental Constants:

Disregarding biological transformations, photolysis, and
volatilization, and considering only the heavy metal dynamics
of solubility and sbrbtion, three environmen£a1 constants are
required. These are the molecular weight (MWTG),_solubility
(SOLG), and the organic carbon partition coefficient (KOC) of
‘the chemical to be modeled. These constants need to be input
into the model. To determine these values a speciated form of

lead, rather than the elemental form of lead, must be used for
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the environmental constants. Lead carbonate, PbCO;, was used
because it is the dominant species at pH > 7 (Schnoor, 1987).

The following are the values used (Smith, 1989):

MWTG: 267.2 g/mole
SOLG: 0.8658 ppb

KoCc: 5 x 10’ L,/kg,

The organic carbon partition coefficient (KOC) was chosen
through an iterative process to produce nearly a 50/50
distribution between the dissolved and sorbed state of lead.
The value listed represents a fine tuning of the model and

deviates from the published KOC value of 1x10’ L,/kg,.

3.2.2 Junction Specific Parameters:

The junction specific parameters were detefmined from the
field data collected during Phase I whenever possible. The
following is a 1list of the 9 relevant junction specific
environmental parameters:

" TEMPM - Average temperature of the segment.

DEPTHG Depth of segment.

VELOC Average velocity of the water in segment.

OXRAD Molar concentration of environmental oxidants in
segment.

ocs Organic carbon fraction of the sediment as a

fraction of dry weight.
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PCTWA Percent water in the benthic sediments.
DSPSED Fraction of sediment volume that mixes.

PHG Hydrogen ion activity in segment.

+WS Settling velocity of suspended sediment.
-WsS Erosional velocity of surface bed sediment.

The organic carbon fraction and settling velocity of the

suspended sediment were determined for each segment from the

'~ water quality data. The model calculates settling rates based

upon the settling velocity and the mass of suspended sediment
in a junction. The model was unstable with the spatially
variable settling velocities, based upon the surficial
sédiment distribution, 1listed in Appendix B. A stable
solution was arrivéd at with a settling velocity of 5
meters/day for all the junctions, which corresponds to
pérticle on the order of 0.01 mm (Gibbs et a1,11971). The
0.01 mm particle reasonably represents the suspendedvsediment
load in the water column. Because spatially variable settling
velocities corresponding to bed sediment types were not used,
the model may not accurately predict sediment deposition. The
settling velocity used and the‘settling velocities listed in
Appendix B are for still saltwater conditions. It is
important to note that studies have shown that turbulent

conditions may reduce particle settling times by 30% (Murray,

1970).
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All of the water column segmehts were assigned an organic
carbon fraction of 1.5% which is based upon the water quality
survey conducted for the off-shore study and the 1975 Great
Bay Study (Langan, 1993; Loder, 1975).

The junction specific parameters for the sediment system
are related to the dominant particle size as determined by
surficial sediment sampies. The surficial sediment map used
was prepared by Ward from the Phase I off-shore study, Figure
17. The surficial sediment map is based upon the Wentworth
classification system which allows a small variation of mean
particle sizes within each category. The grab sample data was
reviewed and compared against the .more general Folk
classification scheme to give sediment type for each junction
‘bed. As the junction areas are large and encompass more than
one sampling area, the more general Folk sediment
classification was used (Blatt, 1980).

The bulk properties of the sediment were not measured as
part of the Phase I sampling plan. Average bulk properties
for coastal sediments as a funcﬁion 6f particle size were used
(see Table i (Hamilton, 1974)). The sediment classification
was further simplified due to the low degree of spatial
resolution in the grid. The sediment classification scheme
used is presented in Table 1. A comparison of the measured
'grain size with the approximations used for each junction is

presented in Appendix B.
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Figure 17. Surficial sediment map.
(Ward, 1993)
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Sediment Classification

(Hamilton, 1974) Density  Porosity
' (g/co) (%)
Sand
Coarse 2.034 38.6
Fine 1.957 448
Very fine 1.866 49.8
Silty Sand 1.806 53.8
Sandy Silt 1.787 525
Silt 1.767 54.2
Sand-Silt-Clay 1.583 67.2
Clayey Siit 1.469 72.6
_|Silty Clay 1.421 75.9

Average Values
ECOS: JEL 92 Porosity Org. Carbon

(%) (% drywt)
29.25 0.34  York

i
-h

Gravely-S n

25.25 0.27  York

Sand n=1

- |Muddy-Sa n=8 33.31 0.81
Sandy-Mu n=5 56.50 1.94
Mud n=5

67.15 2.31

Approximation used
Density Porosity Org. Carbon
(g/cc) (%)  (%drywt)

Sandy Gravel 2.00 30 0.30
Sand 1.90 40 . 0.30
Muddy Sand 1.70 : 50 0.80
Sandy mud 1.50 60 1.90
Mud 1.40 .70 230

Table 1. Sediment classification.
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The organic carbon fraction of the sediment as a funcfion
of grain size was determined for the surficial sediment
samples collected by Ward durlng the Phase I study. A least
squares regression analysis done by Ward revealed that
combustible content of the sediment varied linearly with the

grain size (PHI) according to the following relationship

(Ward, 1993):

$ Combustibles = 1.208 * Mean Grain Size.

as illustrated in Figure 18.

MEAN GRAIN SIZE VS ORGANIC CONTENT OF PH SAMPLES
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Figure 18. Grain size vs organic content of the sediment.
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A least squares regression was then. performed on a limited
number of samples to determine the relationship between
particulate carbon (PC) content of the sediment and per»cent
combustibles. Percent combustibles may be easily and
inexpensively measured, while directly measuring particulate
carbon 1is time consuming and expensive. Particulate carbon
was taken to be organic carbon for the model input parameter
ocS. The relationship was found to be linear as shown in

Figure 19 and of the form (Ward, 1993):

$ PC = 0.269 * § Combustibles.

PARTICULATE CARBON VS COMBUSTIBLES OF PH SURFACE
AND CORE SAMPLES
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Figure 19. Particulate carbon vs % combustible.
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The 0.269 value obtained differs from the widely accepted
value of 0.500. Upon consﬁltation with Ward, it was decided
that the 0.500 value should be used to calculate the organic
content of the sediment as a function of grain size for the

model.

The percent water of the sediment (PCTWA) was also
determinéd as a function of particle size. The percent water
(PCTWA) in'the'benthic sediments were found to vary linearly
with particle size according to the foilowing relationship

(Ward 1993):

PCTWA = 7.46 * Grain Size.

The fraction of the sediment that is resuspended (DSPSD)
was set to 3.0 cm for all the sediment junctions. This value
is based upon sediment resuspension flume studies (Jonge and
Bergs, 1987).

A junction specific erosion rate could not accurately be
defined. The erosion rate of the sediment bed (WS) was>taken

to be zero for this study.

The thickness of the sediment bed is initialized at 0.33

feet for all sediment segments.

3.2.3 Boundary Conditions:

The model requires boundary conditions for both the water
column and sediment systems. Boundary conditions are needed

at the Gulf of Maine boundary and the heads of the tributaries
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which feed'the estuafy.

| The water column boundary condition at the Gulf of Maine
was set at a lead concentration of 3.0 ppb. The concentration
of lead in seawater is found to be between 0.02 ppb and 0.4
ppb (Smith, 1989). The incoming fresh waterlof the tributaries
were also set to 3.0 ppb of lead. The 3.0 ppb value used
represents a conservative upper limit because the water
quality analfsis performed during the off-shore study found
lead leQels in the surface water of the estuary to be below
the detection limit of 3.0 ppb.

The sediment boundary conditions reflect the suspended
load of the incoming water. The Atlantic Ocean boundary
condition was set at 3.0 ﬁg/l of suspended sediment. The
tributaries boundary éondition was set at 12.0 mg/1l (Laﬁgan,

1993; Loder, 1975).

3.2.4 Initial Concentrations:

The initial concentrations of lead in the water column
and sediment are based on a crustal-ratio model. The crustal
ratio model is based upon the fact that trace metals such as
lead occur naturally in the environment due to the weathering
of the earth’s crust. Aluminum is used as the measure against

which the ratio of other trace metals are measured, because

" historically, aluminum has had a very low anthropogenic impact

on the environment. The naturally occurring ratio of aluminum

to other trace metals is known based upon the geology of th
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earth’s crust. Aluminum is a common crustal element which is
a major constituent of fine grained silts and clays that have
a high capacity fof‘complexing with, and sorbing to, trace
metals. The concentration of naturally occurring lead is well
correlated with the amount of aluminum found in the sedim nt.

The crustal ratio model was found to be a valid for the
Great Bay estuary, (Johnston, 1993). The background leyel for
lead in the sediment was determined to be between 5 and 40
ppm. A background level/initial concentration of 10 ppm was
used in all the sediment junctions.

An initial concentration of 3.0 ppb of lead in the water
column was used, which matched the seaward boundary condition
as wéll as the upper bound of water colﬁmn lead levels. 3.0
ppb represents the upper bound of lead in the water column
pecause lead was not detected above the detection limit of 3.0
ppb.

The initial values for suspended sediment concentrations
were determined from the Phase 1 water quality data and the
Loder et al. study (Loder et al., 1977). The initial water

column Jjunction values reflect the observed positive

' longitudinal suspended sediment gradient from the Gulf of

Maine to the Great Bay as shown in Figure 20. Figure 20
represents a longitudinal transect along the main channel up

the estuary from the Gulf of Maine (Station 1) to the Great

Bay (Station 7).
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Figure 20. Measured suspended sediment distribution.

3.2.5 Source Loading:

As stated previously, the sourcés to be used are the
DRMO, Pier No. 2, the inner junction of cClark Cove, the
eastern junction of the Back Channel, and a jtmction in the
uppef Salmon Falls River. The contaminant loading will be on

a constant basis to the water column of the source junction.

3.2.6 Simulation Length:

The maximum simulation length possible for the Toxiwasp
model is 10 days (GK&Y, 1989). The results from the first 3

days of the simulation are considered unreliable, because
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during this period the model is reaching numerical stability.
A reliable simulation length of 7 days makes it impossible to
simulate the build up of lead in the estuary during the time
the Shipyard has been in existence. Therefore, it will not be
possible to compare the absolute levels of lead found in the
estuary with the results of the model. However, a simulation
of 7 days may be suitable in providing the relative
distribution of lead within the estuary.

The time scale lfor the dynamics of dissolution and
sorbtion of lead in the environment is on the order of hours
(Kafickhoff & Morris, 1985). . The
simulation length of seven days is appropriate in light of
previous experimental and theoretical studies of the flushing
time for the lower estuary. Brown and Arellano have egtimated
that the flushing time for the lower estuary from Dover Point
to the Gulf of Maine is on the order of 5.75 té 5.89 tidal
cycles (Brown and Arellano, 1979). The Brown and Arellano
work is. based upon a version of Ketchum’s segmented tidal
prism model (Ketchum, 1951). An experimental study done for
the proposed Newington»nuclear power station estimated the
flushing time for the lower Piscataqua to be 46.4 hours or
3.86 tidal cycles (EBASCO, 1968). In light of the short tim
scales involved with the flushing of the estuary and the
chemical dynamics involved,'the lead concentrations predicted
by’the-model after seven days are useful in describing the

spacial distribution of lead within the estuary.
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3.2.7 Suitability and Limitation of the WASP3 Modeling System:

The assumptions made in implementing the model and the
limitations of the computer code should be known if the
model results are to be interpreted correctly. Although the
model has limitations; it is well suited to discerning th

gross distribution of lead within the estuary.

The foundation of the modeling system is the hydrodynamic

model, DYNHYD3. Limitations of and simplifications made in
the hydrodynamic model carry over to the pollutént fate model.

DYNHYD3, which is a one dimensional box model, can only
provide vertically and horizontaliy averaged flow rates and
velocities at the junction locations. Three dimensional and
unconstrained two dimensional flow fields can not be modeled.

The assumptions made by a one dimensional hydrodynamic
model are the following: the flow is predominantly along the
channel, no vertical stratification of the water column
exists, the Coriolis force may be neglected, bathymetric
irreqularities are insignificant, and the bottom slope is
gradual between junctions;

The Great Bay estuary is a good candidate for a branching
one dimensional model if one expects only large scale
transport processes to be simulated. As discussed in Section
2.1, the irregular geometry and bathymetry of the lower
Piscataqua River, combined with the high tidal currents and
low average fresh water inflow, produce a non stratified

water column. Flow in the lower estuary is predominantly
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along the main channel and the Coriolis effect is negligible
due to the short length of the estuary.

The branching channel-junction grid does allow a quasi
two dimensional flow field to be simulated in the estuary.
The great limitation is that the flow is constrained to follow
the geometries of the grid. Two dimensional flow patterns
not provided for in the grid layout will not be obéerved in
the simulation. This problen could be alleviated if the
spacial resolution of the grid could be made fine enough'to
account for all the possible two dimensional flow patterns.

The limited spacial resolution of the Great Bay estuarine
grid is a consequence of the number of junctions used,
relative size of each junction, and the time step. The
maximuﬁ number of junctions allowed by DYNHYD3 (122) werevused
in building the grid. For reasons of numerical stability of
the finite difference method, the largest channel can only be
three times the size of the smallest channel. The limited
number of junctions coupled with the stability 1limitation
dictated the spacial resolution of the model. Finer
resolution was prdvided in the area around the Shipyard at the
expense of spacial resolution in the upper estuary. The
spacial resolution provided by the model rules out the
simulation of small scale circulation patterns which may be
significant in modeling localiZed»depbsitional areas. - Another
limitation of the DYNHYD3 model is that it does not allow

junctions to go completely dry during the simulation. The
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model is not able to accurately simulate the flow field in
Great Bay as roughly 50% of the tidalharea may go dry at low
tide.

The spacial resolution of the pollutant fate model is the
same as the underlying hydrodynamic model. The spacial
resolution is sufficient to predict large scale transport of

material around the estuary.

The pollutant fate model simulates the fate of heavy
metals but it simplifies the processes involved. The most
important simplification, from the point of view of the risk
assessment, is that the model does not allow for speciation of
the metal. Speciation of lead is important because the
ultimate fate and toxicity of the lead in the environment is
species dependant. Toxiwasp does not predict metals
speciation, distinguishing only between the dissolved and

sorbed state of the metal. Another simplification made by the

model is that only the dissolved metal concentration is

considered, combining all solublé complexes with the free
metal ions. All sorbed species and precipitated metal are
also lumped together to give the sorbed metal concéntration.
In addition to the simplifications inherent in the model,
there is the potential 1limitation that pH driven

transformations can not be modeled by TOXIWASP. The

" literature indicates that pH driven transformations may be

important in determining sediment-water column exchanges of

lead (Baudo et al, 1990).
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In spite of the limitations of the WASP3 system, it is
useful in that it can provide a qualitative view of the gross

movement and fate of a water quality constituent within the

Great Bay estuary.
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CHAPTER 4

WASP3 MODEL RESULTS

To analyze the predicted lead distribution from each
simulation, 23 of the 122 sediment junctions were reviewed.
A subset of the model junctions were selected to simplify the
analysis. The 23 junctions used, which are shown in Table 2,
were chosen to examine the areas of concern in the vicinity of
the Shipyard as well as the boundaries of the model. The 23
junctions provide a more linear view of the estuary and make
visual comparison of the lead distribution patterns easier.

The junctions are arranged inbfour groups as indicated in
Figure 21. The four groupings are as follows: the lower
estuary, the Clark Cove/Back Channel area, the upper estuary,
and the tributaries. The lower estuary grouping follows the
main channel from the Gulf of Maine (junction 4), to Pier No.
2 (junction 98), on the western COﬁner of Seavey Island. The
Clark Cove area‘grouping runs from Clark Cove (junction 38),
oﬁt and west along the Back Channel. A junction in Spruce
Creek (junction 48), is included at the end of the Clark Cove
area group. Thé upper estuary grouping represents a track
down thé Piscataqua river from Badgers Island (junction 90),
through Liftle Bay and into Great Bay (junction 222). The
tributaries grouping represents junctions near the head of

66




Junction Station

JUNCTION LOCATIONS

Location

67

4 22 Atlantic Ocean.

20 2 Portsmouth Harbor, Coast Guard Station.
78 11 Little Harbor.

36 9 S. Seavey Island, Police Dock.
88 10A S. Seavey Island, DRMO.

86  (10A) S. Seavey Island, Goat Island.
104 10 S. Seavey Island, Battery Acid Tank.
96 14 Pierces Island.

98 12 pier No. 2

38 7,8 Ciark Cove, Inner.

40 4,5 clark Cove, Outer.

42 (3) E. Seavey Island.
110 19 Back Channel, East.

108 18 Back Channel, West.

48 21 Spruce Creék. '

90 (13) W. Seavey Island.

136 24 Piscataqua River, Center.

148 27 Dover Point.

190 28 Little Bay.

222 30 Great Bay, Central.

156 26 Ssalmon Falls River.

182 Bellamy River.

198 Ooyster River.

Table 2. Sub-sampled model junctions.




PISCATAQUA RIVER
ESTUARINE SYSTEM

UNH OCEAN ENGINEERING

BELAMY RIVER %,

DOVER SALMON FALLS RIVER

ELIOT

N, Legend

Lower Estuary
CC/BC Area
Upper Estuary
Tributaries

DURHAM ;’ )

Ce®

T T LY A LSS PISCATAQUA RIVER
OYSTER RIVER <, 7 . P

89

CROMMET CREEK YORK

S,

. [“‘J/" MEWMARKETST 7/ o
S i)
3ol LAMPREY RIVER Sy ;o
I N AO B
VRV o P 1 1/2_0 i
L tugserRLND Y TS C_L 1 ]
TERRVER o gy NAUTICAL MILES

. - |

o~

g/’\(

/
A ((\ . WINN:CUT RIVER

* ATLANTIC
OCEAN

ryE U

Figure 21. Sub-sampled model junctions



each of the tributaries; the Salmon Falls river, the Bellamy
river and the Oyster river.

The total chemical concentration in each of the 23
junctions was calculated by the model. The model calculates
the chemical concentration in both the sediment and the water
column. The water column chemical concentrations were
consistently ten thousand (10%) times less than the sediment
concentrations. only the sediment concentrations were
evaluated in this study. The reported lead concentrations for
the sediment system include the pore water and the sorbed
chemical concentration for a Jjunction or collection of
junctions. |

For compérative purposes, ‘area Wwide averages were
calculated for the lower estuary, the Clark Cove/Back Channel
area, the upper estuary, and the tributaries. Area wid
averages'exclude the source junction where applicable.

Sediment concentrations are after ten days of simulation

unless otherwise noted.

4.1 No Load Simulation

The no load simulation was conducted to provide a
baseline against which to compare the effect of lead releases
into the estuary. The results of -the no load simulation are

shown in Figure 22. The no load simulation represents the
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Figure 22. No-load simulation.
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natural redistribution, retention and flushing of lead within
the estuary as a result of the hydrodynamics and sediment-
water column interactions: During the no load, or background
simulation the only new input of lead into the estuary is from
the oceanic seawater carried in on each tide. As mentioned
previously, the lead concentration of 3 ppb was used for the
incoming seawater (Smith, 1989).

After 10 days of simulation, all the stations showed an
increase of lead in the sedimenté bfrom the initial
concentration of 10.0 ppm. In general, the lower estuary
shows a greater accumulation of lead than the upper estuary.
The 'observed distribution indicates that 1lead is being
sﬁripped from the water column as it travels up thé estuary.
Even though the dissolved lead concentration in the incoming
seawater is low, the volume of water introduced each tidal
cycle is large which results in a sufficient quantity of
available lead to enrich the sediments. Given that the
sediment distribution places finer grained sediments which
have a greater affinity for lead in the upper eétuary, this
result is unexpected. The lead gradient from the ocean toward

Great Bay may be the result of the limited tidal intrusion as

observed in the Phase I water COiumn results (Langan, 1993).

The Back Channel and Clark Cove areas show an

accumulation of lead relative to sites along the main channel

of the Piscataqua River. The finer .sediments and quiescent

hydrodynamic conditions of Clark Cove and the Back Channel
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would account for the observed buildup.

The model results after day 3 compared to day 10 indicate
a steady buildup of lead in certain areas, while other areas
have reached equilibrium, as shown in Figure- 22.

The no-load simulation indicates that there is a small
lead loading originating at the oceanic boundary. To overcome
this bias in the specific site loading simulations, the no-
load distribution will be provided for reference as will the

relative increase over the no-load background concentrations.

4.2 Specific Site Loading

The simulated release of lead into the estuary was
conducted for the four areas of concern around the Shipyard
as well as an upper estuary site. The simulated release of
lead was into the water column of the source junction. The
sites are the DRMO, Pier No. 2, the Clark Cove embayment, and
the Back Channel of Seavey Island as illustrated in Figﬁre 23.
The hatched area on Figure 23 indicates the junction area for
each site. The source junction is loaded over the entire
junction area, and not only along the shore as would be
‘physically expected. A site in the upper reaches of the
Salmon Falls river, junction 156, was also used to examin the
effects of an upper estuary source on the estuary. The intent
is to determine the unique lead distribution pattern in the
estuarine sediments resulting from each specific source. For

each source location a simulation was run using the predicted
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loading rate of 200_lbs/day.for the length of the simulation.
Loading rates an order of magnitude less, 20 lbs/day, and an
order of magnitude greater, 2000 lbs/day, were alsc used to
determine the sénsitivity of the estuary's response to
differeht.loading rates. Prior to each simulation all the

junctions are returned to the background concentrations. All

‘subsequent referenceé to background concentrations are for the

simulated no-load sediment concentrations and not to the

experimentally measured values.
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Figure 23. Simulated source locations on‘Seavey Island.
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4.2.1 DRMO, SWMU #6:

The DRMO lies on the southside of Seavey Island with the

lead loading entering the main channel of the lower

Piscatagqua. It is through the DRMO junction that roughly 63%

of the tidal prism passes on its way in or out of the estuary.
Accordingly, The DRKO junctioh, No. 88, is characﬁerized by
high currents and a sandy gravel substrate.
The results of the DRMO simulation are presented in
_ Figure 24. The relative increase in sediment lead levels over
the background concentration in the sub-sampled segménts is
presented in Figure 25. The background concentration of lead
in the DRMO junction indicates no accumulation relative to the
-adjacent segments. A loading of 20 1lbs. of lead per day from
the DRMO produces only 0.1% effect on the DRMO junction and
only increases the lead level in the lower estuary by 0.1%,

and to a lesser degree in the other areas, Table 3.

DRMO % iﬁcrease over background
Loading (Ibs/day)
Source not inc. 20 200 2000
Lower estuary 0.08% ) | 0.89% 8.79%
CC/BC area 0.08% 0.77% 7.56%
Upper estuary 0.02% 0.43% = 3.99%
Tributaries 0.00% _ 0.07% 0.46%

Table 3. Area averaged sediment concentrations.
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PREDICTED LEAD DISTRIBUTION
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Figure 24.

DRMO source; predicted lead distribution.
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Figure 25. DRMO source; predicted increase over background
' lead levels.

76



A loading of 200 1lbs. per day increases sediment
concentration 1.5% at the DRMO, with an average increase over
background levels of 0.9% in the sediments of the remaining
lower estuary junctions. The Clark Cove area shows an average
enrichment of 0.8%. The upper estuary shows an average
increase in sediment concentration of 0.4%, half the impact
seen by the lower estuary. The tributaries show an average
increase in sediment lead concentration of 0.1% over
background levels.

The 2000 1lbs. per day simulation results in a . lead
distribution pattern consistent with the lesser loading rates.
Lead levels at the DRMO and surrounding sites are selectively
elevated with the DRMO showing the highest sediment enrichment
of 14.3% over background. The lower estuary, excluding the
DRMO, is enriched an average of 8.9%. Lead levels from the
DRMO down to Dover Point, junction 148, are elevaﬁed abbve
5.0%. The Gulf of Maine and Coast Guard Station junctions as
well as Little and Great Bay show a much lower accumulation of
lead.

Lead entering the estuary from the DRMO is evenly
dispefsed throughout the lower estuary and the Clark Cove
area, with limited enrichment of the source junction. The
source junction shoﬁs very little enrichment relative to the
other junctions in the Seavey Island area. There is, however,
a distinct difference between the junctions up estuary from

Dover Point. Little Bay, Great Bay, and the tributaries

77



consistently show an average impact 10 times less than the
lower estuarine junctions. The reduced impact is partially
the result of the increased surface area of Little and Great
Bays.

The lead concentration in the sediment shows a linear

response to the increased loading rate.

4.2.2 Pier No. 2:

Pier No. 2 lies on the southwest end of Seavey Island
with the lead lqadingientering the estuary one junction north
of the main channel.

The low background sediment concentrations relative to
the adjacent junctions indicate that the Pier No. 2 area is
one of the best flushed of all the sites around Seavey Island.
The results of the Pier No. 2 simulation are presented in
Figure 26. The percent increase over background levels are in
'Figure 27. The loading rate of 20 1lbs. per day results in a
0.2% increase inAsediment lead levels at the loading site and
a 0.1% enrichment of the lower estuary. The Clark Cove/Back
Channel area shoﬁed a 0.08% average enrichment and the upper
estuary a 0.04% enrichment over background. The tributaries

showed no increase at the 20 lbs/day loading rate from Pier

No. 2. Table 4 presents the predicted area wide sediment.

enrichment.
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Pier No. 2 % increase over background
Loading (Ibs/day)
Source not inc. 20 200 2000
Lower éstuary 0.10% 0.84% © 8.49%
CC/BC area 0.08% 081%  8.01%
Upper estuary 0.04% 0.57% 5.49%
Tributaries 0.00%  0.07% _ 0.72%

Table 4. Area averaged sediment concentrations.

A loading rate of 200 lbs per day of lead from Pier No.

> increases the sediment concentration 1.9%- at the loading

site and the remaining lower estuary lead levels by an average
of 0.8% over background. The other areas showed a

proportional increase following the same pattern as in the 20

- 1bs/day simulation.

The 2000 lbs per day loading rate does produce selective
enrichment of -the loadlng site and adjacent junctions. The
sediment at the source location is enriched by 18.2%. The
lower estuary is enriched by an average of 8.5%. The Clark
Cove and the Back Channel are enriched by an average of 8.0%.
As was observed in the corresponding DRMQ simulation, the
'\sediment enrichment decreases as one moves away from the

shipyard down river toward the Gulf of Maine or up river
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Figure 26. Pier No. 2 Source; predicted lead distribution.
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SEDIMENT ENRICHMENT OVER BACKGROUND

Lead Source: Pier No. 2
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Figure 27. Pier No. 2 source; Predicted increase over
: background lead levels.
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toward Dover Point. Ther is a lower rat of enrichment of
5.5% over background, in the upper estuary cémpared to the
lower estuary’s average enrichment of 8.5% over background
levels.

Lead entering the estuary at Pier No. 2 is dispersed
rather evenly to the junctions encircling Seavey Island with
é localized impact at the source. Lead loading coming from
the Pier No. 2 junction results in a doubling of the sediment
" concentration at the source relative to the rest of the lower
~ estuary. The sediments are slightly enriched down to Dover
Point. There is little impact on the upper estuary and the
tributaries as a result of a Pier No. 2 source. The
distribution pattern is very similér to that produced by a

lead source at the DRMO.

4.2.3 Clark Cove Embayment:

Clark Cove is located on the south of Seavey Island with
the lead loading occurring at the inner junction. Sinc
Clark Cove is a small relatively deep embayment, the exchange
of water is limited to roughly 30% of the cove’s high tide
volume. This would provide a reasonable flushing rate if the
suspended sediment load were to remain in the water column.
'The significance of'the embayment is that it provides a
quiescent pool during most of the tidal cycle. The weak
currents allow suspended sediment carried in during the flood

cycle to settle out, as evidenced by the muddy sediment.
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Clark Cove -is the only area to receive a sediment
classification of mud in the off-shore sediment map. The
Cclark Cove sediments have a great affinity for lead as a
result the small sediment size and high organic carbon
content. -

Thé background lead concentrations in the sediment

indicates a positive gradient from the main estuary into the

" embayment, which is consistant with the oceanic loading

hypothesis. The results of the Clark Cove simulations are
presented in Figure 28. The relative increase over background
levels are in Figuré 29. The lead loading of 20 lbs. per day
results.in a slight enrichment of the source junction of 1.2%
and little effect, < 0.1% increase in the rest of the estuary.

Table 5 provides the area wide sediment enrichment values.

Clark Cove % increase over background
Loading (Ibs/day)
Source not i'nc. 20 - 200 2000
Lower estuary 0.06% 057%  5.65%
C.C/BC area 0.17% 1.87% 18.52%
|upper éstuary 0.02% 021%  2.46%
Tributaries 0.00% | 0.00% 0.26%

rable 5. Area averaged sediment concentrations.
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PREDICTED LEAD DISTRIBUTION
Lead Source: Clark Cove
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Figure 28. Clark Cove source; predicted lead distribution.
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SEDIMENT ENRICHMENT OVER BACKGROUND

Lead Source Clark Cove
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Figure 29. Clark Cove source; predicted increase over
background lead levels.
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A loading rate of 200 lbs per day greatly increases the
enrichment of the Clark Cove and Back Channel areas. With the
source in Clark Cove, the Clark Cove and Back Channel areas
are selectively enriched by an average of 3.9% in comparison
to the 0.57% enrichment felt by the rest of the lower estuary.
The 1lead distribution pattern is:characterized by a steep
concentration gradient starting at the source location and
leading out of clark Cove and down the Back Channel. The
loading site in Clark Cove isvenriched by 11.9% as compared to
an average increase of 0.57% in the lower estuary and 0.21% in
the upper estuary. It is interesting to note that Little‘Bay,
Great Bay, and the tributaries show no increase in lead
concentration over background leVelé at the 200 1lbs. per day
loading rate from Clark Cove. | |

The 2000 1lbs/day simulation resulted in a similar

distribution pattern as the 200 lbs per day run, with a 10-

fold increase in accumulation - at all the sites. The

tributaries start to be impacted, showing a 0.3% increase in
sediment concentration. The loading site at the inner
junction of Clark Cove shows a 119% increase in lead
concentration as was expected due to the hydrodynamics and
sediment type of the basin:

With Clark Cove as the source, the background lead
distribution is changed using even the smallest loading rate
of 20 lbs per day. The higher loading rates of 200 and 2000

lbs. per day result in a distinct lead distribution pattern
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characterized by a steep concentration gradient from the
loaaing site, out of Clark Cove and down the Back Channel.
The lower estuary sites show a fairly uniform response to the
clark Cove loading which then tapers off at Dover Point.
Areas further up the estuary from Dover Point show a very weak

impact as a result of lead input into Clark Cove.

4.2.4 Back Channel:

The Back Channel runs along the north shore of Seavey

Island. The shallow, narrow channel is characterized by

~moderate tidal currents and a muddy sand substrate. The small

quiescent pockets located along the shore are not modeled due
to the coarse resolution of the model. The Back Channel is
modeled by two junctions. Junction 108 represents the east
end and junction 110 represents the west end of the channel.
The 1ead'loading was input at junction 110 which simulates
leaching from the Jamaica Island landfill.

The background concentration indicates that the east end
of the channel has a higher concentration than the west end.
Because the sediment types are identical, the increased lead
concentration must be due to thé hydrodynamics of the area.

The results of the Back Channel simulation are presented
in Figufe 30. The relative increase in sediment lead levels

over background concentrations is presented in Figure 31.
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distribution.
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SEDIMENT ENRICHMENT OVER BACKGROUND
Lead Source: Back Channel
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Figure 31. Back Channel source; predicted increase over
background lead levels.

89




A loading rate of 20 lbs per day produces a localized
increase in lead concentration of 1.0% in the source junction
‘and an average increase in the Clark Cove area of 0.2%. The
remainder of the estuary shows an average responée an order of
magnit;ude less. Table 6 1lists the area wide sediment

enrichment levels resulting from the Back Channel source.

Back Channel % increase over background

| Loading (Ibs/day)
Source not inc. 20 200 2000
Lower estuary 0.03% 0.48% 4.89%
CC/BC area 0.17% 1.81% 18.19%
Upper estuary 0.02% 0.53% 3.19%
Tributaries 0.00% 0.03% 0.39%)

Table 6. Area averaged sediment concentrations.

A loading raﬁe of 200 1lbs. per day results in the
selective enrichment of the Back Channel area. The source
locatlion shows a 10.7% increase in sediment concentration
while the remainder of the Clark Cove Area shows an average
incrgase of 1.8%. The lower estuary sites and the upper
estuary sites are enriched 0.5% over background
concentrations. The tributaries show an order of magnitude

smaller enrichment of 0.03%.

At a loading rate of 2000 1lbs per day, the lead
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distribution pattern exhibited under a loading condition of
200 lbs per day is magnified 10 times. The loading site at
the east end of the Back Channel shows a 107.0% increase in
sediment lead concentrations,; while the adjacent junction at
the west end of the Back Channel shows a 48.5% increase in
lead concentration. The entire Clark Cove area receives an
average increase of 18.2% in lead levels over background. The
transport of lead is limited as indicated by the small averag
increase of 4.9% in the lower estuary and 3.2% in thelupper
estuary. The tributaries show an order of magnituée smaller
increase of 0.4% as compared to the upper and lower estuary.
Lead loadingvof the Back Channel results in iocalized

contamination of the Back Channel and the Clark Cove area.

4.2.5 Salmon Falls River:

The Salmon Falls River is the main tributary of the Upper
Piscataqua River. Earlier studiés of heavy metals pollution
in the Great Bay estuary have found high levels of lead in the
sediments of the Salmon Falls River (Armstrong, 1974; Nelson,
1986). Early industrial activity along the Salmon Falls River

is suspected of introducing heavy metals including lead into

the river. Junction 156, which is located in the upper Salmon

Falls river, was chosen as a source 1oca£ion to test the
hypothesis that lead entering the estuary from industrial-
sites on the Salmon Falls River could be migrating down to th

Shipyard.
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- The source location was on the main channel of the Salmon
Falls River, junction 156. The results of the simulation are
'presented in Figure 32. The relative increase in 1lead
sediment concentrations over béckgr_ound levels are illustrated
»in Figﬁre 33. Table 7 lists the area wide sediment
enrichment levels' resulting from the upper Salmon Falls

source.

Salmon Falls % increase over packground
Lo;diﬁg (Ibs/day)
Source notinc. - 20 200 2000
Lower estuary 0.01% 0.17% 1.71%)
CC/BC area 0.02% 0.15% 1.59%)
Upper estuary 0.02% 0.26% 2.59%
Tributafies | | 0.00% 0.10% 1.41%

Table 7. Area averaged sediment concentrations.

The 20 lbs/day lead load produced a 1.1% increase in lead
levels in the sediment of the source junction. The remainder
of the estuary showed a weak response with area sediment lead

averages increasing less then 0.1%. A lead loading of 200
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Figure 32.

Salmon Falls river source; predicted lead
distribution. :
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SEDIMENT ENRICHMENT OVER BACKGROUND

Lead Source: Salmon Falls River
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lbs/day resulted in a 10.5% enrichment of the source junction.
With a 200 lbs/day loading rate, thé migration of the lead
down the Salmon Falls river and,downstream toward the Gulf of
Maine is observed. The pattern is more evident in the 2000
ibs./day simulation. A loading rate of 2000 lbs./day results
in a sediment enrichment of 104.9% in the seaiment of the
source junction. The Dover Point junction (junction 148),
where the upper Piscataqua river meets the main channel of the
estuary, shows the next highest enrichment over background
levels with a 5.2% increase. The lead levels decrease as one
moves down the estuary toward the Gulf of Maine. The lower
estuary sediment lead levels increase an average of 1.7% and
the Clark Cove érea shows a smaller average increase of 1.6%
over background levels. The upper esthary.shows a similar
trend of decreasing concentration with increasing distanc

from the upper Piscataqua. The central junction of Little Bay
shows an increase of 1.7% and the central junction of Great
Bay shows a smaller increase of 0.7% due to the 2000 lbs/day
loading in the Salmon Falls river.

Simulated lead loading of the Salmon Falls river has a
very localized effect with most of the contaminant being bound
to the sediments of the Salmon Falls river. The respons to
different loadingblevels Qas linear in nature, which is

consistent with the previous simulations.
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.4.2.6 _Flushing Study:

A slug input flushing study was done to examine the flushing
time of lead input into the water column around the Shipyard.
The DRMO, Clark Cove and the Back Channel source sites were
ﬁhe loading junctions used. The total resident mass of lead
in the estuary was monitored to determine the flushing time of
the water column. To avoid the problem of contaminant loading
from the oceanic boundary and Sediment desorbtion, lead
céncentrations were set to zero in the sediments, water
column, and boundaries 6f the model. The lead input was
introduced as an initial condition of the water column in the
junction site to be studied. The results of the slug input
flushing study are presented in Figure 34. The TOXIWASP
simulation ran from day 3.85 to day 9.85. The tidal influence
" on thé flushing is evident in the step-wise removal of lead
from the estuary. The study indicates that within 4 tidal
cycles all the lead not bound to the sediments will flush out.
These results are consistent with the previously mentioned
(section 3.2.6) flushing times of 3.86 tidal cycles and 5.75
tidal cycles. The flushing study also indicates that the back
channel is the best flushed, followed by the DRMO site. The
inner Clark Cove junction is the least well flushed, which is

consistant with the previous model simulations.
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Figure 34. Water column flushing study.
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4.3 Sensitivity Study

Two sensitivity studies were performed to judge the

pollutant fate model’s response to changes in organic carbon’

content of the sediment (OCS) and storm forcing of the oceanic

boundary.

4.3.1 Organic Carbon Content of the Sediment (OCS):

The model’s sensitivity to changes in the O0CS was
explored 'because the relationship between grain size and
organic carbon content determined by the off-shore study was
twice the commonly excepted value for estuarine sediments.
The sensitivity study was conducted to see if this discrepancy
would significant;y effect the predictions of the model. The
OCS sensitivity study was conducted under a nb load situation.

A simulation was conducted reducing the 0OCS values used for
all the.junctions by half. A simulation was also conducted in
which the 0ocs values for all the junction were increased 10-
fold. The results of the OCS sensitivity study are presented
in Figure 35 which illustrates the change relative to the
accepted OCS values. Table 8 lists the area wide sediment
lead levels resulting from the different organic carbon

contents.
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OoCs
% increase over background

12 10X

Lower estuary -0.82% 1.19%

CC/BC area -0.94% 1.54%
Upper estuary -0.33% 0.55%
Tributaries -0.13% 0.10%|

Table 8. Area averaged sediment concentrations.

.The ocs/2 simulation yielded a small reduction in th
predicted lead concentrations in all the junctionms. A
reduction in sediment lead levels with a reduction in the 0CS
values is expected as the adsorption potential of the sediment
is a function of the organic content of the- sediment. The
distribution pattern of the reiative change indicates that th
lower estuary shows a higher sensitivity than the upp r
estuary, withia 0.8% decrease in the average sediment lead
levels in the lower estuary versus an average decrease of 0.3% .
in sediment lead levels of the uppef estuary. The Clark
Cove/Back Channel area showed the greatest sensitivity with a
0.9% deérease in sediment lead levels. |

Increasing the OCS values for all the junctions result d

"in a small increase in lead .concentrations in all the
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junctions. Thé'results of the 0CS X10 simulation is presented
in Figure 35. The percent increase in background lead levels
as a result of é 10 fold increase in the OCS values is
presented in Figure 35. The results of the OCS X10 simulation
are consistent with the reduced OCS predictions. The lower
estuary appears more sensitive than the upper estuary,
responding with an average increase of 1.2% in the sediment
lead concentration as compared with a 0.6% increase‘in the
upper estuary. The Clark Cove area again showing largest
average increase of 1.54%.

The pollutant fate model does appear to be sensitive to
a change in the O0CS vaiues. The degree of sensitivity is
small - and the discrepancy between the experimentally
determined OCS coefficient and the commonly accepted value

used in the model will not effect the results significantly.

4.3.2 Storm Forcing:

The sensitivity of the pollutant fate ﬁodel to a
simulated storm forcing was)explored. It is hypothesized that
the transport and redistribution of sediment and relat d
contamihants is episodic in nature and driven primarily by
storm events. A simulation was conducted to determine if th
spatial lead distribution would change as a result of a storm
event. A ten day storm event was simulated by driving th

hydrodynamic model‘with a tidal height 50% greater than that
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previously used. The no load simulation was run using the
storm flow field which resulted in a new background 1lead
distribution. The results of the storm forced, no load

simulation are presented in Figure 36 which illustrates the

A relative increase over the simulated background lead 1evels}

The storm forcing resulted in increased lead concentrations in
all the junctions, ranging from 0.2% to 1.4%. The increased
lead levels are the result of a greater amount of seawater

entering the system. The junctions are uniformly enriched by

',the storm forcing with a few notable exceptions.

The Back Channel area shows the largest increase in lead
concentration due to the storm forcing. The Little Harbor
junction and the Pierces Island Junction both show a increase

over the adjacent junctions. The upper estuary junctions in

‘ Little and Great Bays, the Salmon Falls river, and the Bellamy

river show the smallest effect due to the storm forcing. Th
diminished effect of the storm forcing in the upper estuary

can be explained by the damping effect the large area of the

.upper estuary has on current velocities.

Periodic storm forcing of the estuary may present a
mechanism by which the sediment of the Back Channel is
selectively enriched. The degree of enrichment does not

appear to be significant according to the predictions of the

model.
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Figure 36.

Storm forcing sensitivity study.
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CHAPTER 5.

COMPARISON OF THE MODEL PREDICTIONS TO FIELD DATA

The spacial distribution of lead sediment concentrations
in the estuary as predicted by the model were compared to the
observéd distribution. As part of the off-shore study, lead
lévels were méasured at some of the 23 sampling locations in
surficial and sub-bottom sediments, as well as in indigenous
blue mussels. The abserved lead measurements were sub-sampled
to corréspond to the chosen ﬁodel juﬁcﬁions. The experimental
sampling‘locations are biased toward.nea: shofé depositional
areas and do not represent junction-wide averagés as pfedicted
by the model. Based upon the single soﬁrce model predictions
a composite loading was developed which best fit the 6bserved

lead distribution. -

5.1 SURFICIAL SEDIMENTS

The surficial sediment samples should theoretically
provide the best match to the predicted sediment
concentrations. The observed surficial sediment
concentrations in the vicinity of \the Shipyard> typically
represent an average value of four Qrab samples taken in thé
same location on the same day (Ward, 1993). The surficial
sediment values from the upper estuary and the tributaries are
from an two earlier studies (Armstrong, 1974; Nelson, 1986).
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The surficial sediment sampling technique, although averaging
out local spacial variability, is susceptible to short term
temporal . variations. Short term temporal .variations in
sediment lead levels due to environmental conditions such as
pH and salinitf have been reported (Uncles et al., 1988).
Seasonal variability is aiso possible, but could not be
evaluated from the off-shore data set. The results of the
surficial sediment sampling are presented in Figure 37. The
mean lead levels in the surficial sediments in the lower
estuary were 53.66 + 33.38 ug/g. The standard deviation from
the mean represents an uncertainty of *62% when interpreting
the experimental data.

The distribution pattern in the vicinity of the shipyard
will be considered first. There is no experimental data from
the off shore site near the DRMO. The first point of interest

is the prominent peak in the Pier No. 2 area. The second

distinguishing feature is the high lead level at the inner

Clark Cove site with a decreasing concentration gradient out

of the embaymeht.' The third significant feature is the high
level at west end of Clark Cove.

The upper estuary is characterized by lower lead levels
than in the 1lower estuary, with the exception of the
tributaries. Using the model results as a guide, it is
unlikely that the elevated lead levels in the tributaries are

a result of lead input at the Shipyard.
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Figure 37. Measured surficial sediment lead distribution.
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-

5.2 Sub-Bottom Sediments‘

The sub-bottom sediment concentrations provide a lbng
term'record of the 1lead concentrations which should average
out short term variability and exhibit long term trends. The
reported values represent the mean for each station. As this
- study is concerned with the estuarine sediment distribution
and not the history of each site, the vertical sediment
structure will not be discussed here. The sediment core
average lead concentfations are presented in Figure 38. The
mean value for all the stations was 79.17 * 83.66 ug/g.

The sites are limited to the Phase I sampling stations in
the vicinity of the Shipyard. The core snmples reveal three
‘prominent features. The first is high levels in the vicinity
of Pier No. 2 and the battery acid storage tank on the south
' side of Seavey Island. The second highest lead concentration
"was found in the Clark Cove embayment. The third area showing

elevated levels is the Back Channel area.

5.3 Indigenous Blue Mussels

Indigenous blue mussels were collected at all the Phase
I sampling stations. The mussels were collected in the
sumner. The mussel samples were located subtidally in near
shore locations. fhe'blue mussel is a filter feeder and
bioaccumulates heavy metals found in phytoplankton and

suspended sediment. The mussels may provide a means of
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Figure 38. Measured sub-bottom sediment lead distribution.
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evaluating the relative concentration of lead associated with

the suspended sediment of each site. The observed lead levels

in the mussei tissue are present in Figure 39.

The estuarine lead distribution, as recorded by the blue
mussel bioaccumulation, show a number of interesting features.
The highest lead levels in the indigenous mussels were found
in the DRMO and the adjacent site. The Pier No. 2 site, the
inner Clark Cove site and the west end of the Back Channel
show elevated leadvlevels. The mussels deployed at the Coast

Guard Station also show relatively high levels of lead.

5.4 Composite loading simulation

An iterative study was performed using the model to‘match
the observed lead distribution in the estuary. The estuarine
lead distribution pattern resulting from each source was
compared to the experimentally observed distribution patterns.
The findings from the experimentally determined sediment lead
distribution program indicate that Pier No. -2, the Back
Channel, and Clark Cove are areas of lead accumulation. The
observed surficial sediment lead distribution is not
indicative of a single source location based upon the

simulation results.

109



30

1561

Pb in Tissue (ppm)

107

o_

- SAMPLED LEAD DISTRIBUTION

Indigenous Blue Mussels

51/.

4

% ¥ ¢ ¢ ¢ X 3
78 88 104 98 40 110 48 136 190
20 36 8 96 38 42 108 90 148 222
Junction #

Mussels
156 198
182

/

Figure 39. Measured indigenous mussel concentration.
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Thé observed accumulation of lead in the Pier No. 2 area rate
at the Pier No. 2 junction. While the concentration in the
area of the inner junction of Clark Cove and the east end of
the Back Channel are increased due to the Pier No. 2 loading,
additional lead input is required in Clark Cove and thebBack
Channél if the observed lead distribution is to be matched by

the computer simulation.

5.4.1 Pier No. 2, Back Channel, and Clark Cove (20:2:1):

The experimental distribution could roughly be replicated

by the model using a composite loading consisting of the three

sites: Pier No. 2, the inner junction of Clark Cove, and the
western junction of the Back Channel. A lead loading ratio
from the Pier No. 2, Back Channel and Clark Cove sites of
20:2:1 respectively was found to roughly reprodﬁce the
" observed lead distribution in the surficial sediments. The
results of the composite simuiation are presented in Figure
39. The relative _concentratibn maxima as seen in the
experimental data are reproduced at Pier No. 2, the Back
Channel, and the inner junction of.Clark Cove. The simulated
lead distribution is not characterized by the large
differences between main and off channel sites aé seen in the
observed lead distribution due to the averaging nature of the

model.
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Figure 40. Composite loading simulation.
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CHAPTER 6.

SUMMARY AND CONCLUSION

The WASP3 model has proven to‘ be a useful tool in
assessing the relative impact on lead levels in the surficial
sediments of the Great Bay estuary resulting froﬁ specific
sources in the esﬁuary. The model has been able to answer two
main questions facing the ecological risk assessment teamn.

The first question was whether possible contamination was
in‘the near field around the Shipyard or a far field problem
extending throughout the estuary. Although the model lacks
»ﬁhe spacial resolution to simulate small scale phenomena, it
was able to simulate the 1large scale movement of lead
throughout the estuary. The model predicts that potential
lead contamination stemming from the Shipyard is a near fi 1d
problem. This is a significant result because it validates
approach téken in the near field sampling program. |

The second question is which areas of concern identified
from the on-shore study have the greatest potential impact on
thevestuary. The working hypothesis regarding contaminant
dispersal from the ShipYard into the Great Bay estuary has
been éxplored. Using computer simulations, the’estuarine lead
diétribution resulting from each area of concern in isolation
has been predicted. The loading sites along the main channel
of the Piscataqua River, the DRMO and Pier No. 2, have the
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effect of diffuse loading of the sediments of the lower
estuary. The lack of lead accumulation in the sediments in
these areas is a cohsequence of the strong currents and
resulting advection of suspended sediment away from the source
location.. The loading sites off the main channel of the
Piscataqua River, Ciark4Cove'and the Back Channel of Seavey
Island, result 1n the accumulation of lead in the source
junctlon and to a lesser degree enrich the sedlments of the
lower estuary. _

The observed sediment lead distribution in .the vicinity
of thé Shipyard was roughly reproduced using a composite
loading from the Pier No. 2, Back Channel and the Clark Cove
sites. A loading ratio of 20:2:1 ffom Pier No. 2, the Back
Channel and Clark Cove respectively was needed to produce the
relative sediment concentration maxima seen in the observed
lead distribution. The 2:1 ratio of lead loading in the Back
Channel relative to Clark Cove bears a high degree of
confidence based upon the junction size and hydfodynamics of
the area. The high 20:1 loading ratio of Pier No. 2 relative
to Clark Cove, which is needed to reproduce the observed
relative lead ievels, is brobably exaggerated. The sediment
sampling plan targeted small scale depositional areas which
are beyond the spacial accuracy of the model to simulate.

The impact on the levels of lead in the sédiment du to
a source(s) at the Shipyard appears to be limited to the lower

estuary. The greatest impact appears to be in the sediments
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surrounding the Shipyard, and in particular the Back Channel
and Clark Cove areas. The observed sediment lead levels in
the upper estuary are probably due to other sources in the
estuary.
| The simulations involving the Salmon Falls river source
indicate that sediment contamination is 1localized in the
source area. Little lead migratéd from Salmon Falls source
into the lower estuary. Conversely, the tributaries showed
little impact from lower estuarine contaminant sources.

The limitations of the model should be considered in
- evaluating the results of the model. The primary limitation
is that the model representé the estuary as a one dimensional
environment with 1limited spacial accuracy. The actual
 estuarine system is characterized by three dimensional flow
fields and their resulting scour and deposifional zones. Th
second limitation of this version of the model is the limited
simulation length of ten days. The third limitation is that
the model does not allow for speciation of the lead in the
environment, which is important in determining the
bioavaiability of the lead. 1In light of the model’s
limitations, the results should not'be'viewed as a map of
contamination in the estuary, but rather as a tool to provide
some insight when interpreting the results of the extensive
environmental sampling work.

Future work in this area would be to develop a near field

model with greater spatial resolution. The near field model
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will be valuable in assessing the impact of future mitigation
strategies at the Shipyard. Future work may also involve
including the biota as a sink for contaminants in each

junction.
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Appendix A

Hydraulic Analysis
of the

Jamaica Island landfill and DRMO.
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Hydraulic Analysis of DRMO and Jamaica Island landfill

‘A loading analysis was performed, based upon the
hydraulic information from 'the- on-shore RFI conducted by
McLaren/Hart. As part of the on-shore study both filtered and
unfiltered monitoring well water samples were analyzed for
lead. Lead concentrations from the unfiltered éamples were
used in the analyéis when possible. The hydraulic analysis is
not intended to accurately reflect the true levels of leéd
loading, as the interaction between the estuarine waters and
the Seavey Island aquifer has been ignored to simplify the

analysis. This analysis is only intended as-a rough guess to

provide a starting point for the WASP3 model.

SWMU_#8, Jamaica Islénd Landfill

The Jamaica Island was annexed to Seavey Island in the
middle of this century by filling in the area between the two
islands with unconsolidated material. Some time later the
Jamaica Island landfill was established to receive the common
and industrial waste geherated by the Shipyard. Monitoring
wells placed on the site indicate elevated lead levels as
listed in Table A-l; Based upon the porosity and conductivity
of the soil an average ground water velocity was calculated by
McLaren/Hart for each monitoring well and is listed in Table

A-1. The ground water flow was détermined to be toward the
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SWMU #6

LOCATION

Dw-s
DW-7
Dw-2
DW3
Dw-8
oW

SWMU #8

LOCATION

JW-10
JW-12
JW-13
JW-14
JW-16
JW-4

AREA

(~2)
1491
2688
4794
4181
7183
11073

AREA

-2
1680
4022
6047
3387
2129
1805

CON.
(ug/M
1964
4270
446
448
4040
895

CON.
(ug
595
2549
170
4485
2408
54.5

* mean value for site

(fday)
226.06
$8.74
82.82
82.92
38.22
52.56

(tvday)
171.99
88.7
86.7
88.7
86.7
12.04

FLOW
(tt~ 3/day)
337,055
268,101

* 397,518
* 346,889

281,717
581,997

2.2E+08

FLOW
(ft~ 3/day)
288,943
348,707
524,275
203,653
184,584
21,732

* % #» @

1.7E+06

LOADING
(Ibs/day)
41.24
71.31
11.04
9.63
70.90
3248

236.57 Ibs. Pb per day.

LOADING
(ibs/day)
1071

55.37
5.55
82.04
27.69
0.07

181.44 Ibs. Pb per day.

Table A-1. Values used in loading calculations.
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Clark Cove embéyment as shown in Figure A-1. The distance
from ground water to bedrock in the shoreside wells and the
distancé along the shore of'Clark Island cove was used to
calculate a cross-sectional area through which ground water
could fiow into the estuary. Figure A-2 illustrates the cross
sectional view .of the geology and monitoring well locations
parallel to shore. Partitioning the input concentration from

each well along the shore evenly resulted in an estimated net

flow of 181 lbs of lead per day into Clark Island Cove from

the Jamacia Island landfill. Ground water seeps were observed
along the Clark Cove shoreline indicating a flow of ground

water into the estuary.

SWMU #6, DRMO

The second SWMU of interest is the DRMO site located at
Henderson Point on Seavey Island. The DRMO was used to store

and process hazardous material at the shipyard. Monitoring

~wells placed on the site indicate elevated lead levels as

listed in Table A-1. Based upon the porosity and conductivity
of the soil an aﬁerage ground water velocity was calculated by
McLaren / Hart for each monitoring well. The ground water
flow was determined to be toward the lower Piscataqua as shown
in Figure A-3. The distance from ground water to bedrock in
the shoreside wells and the distance along the south shore of

the DRMO was used to calculate a cross sectional area through
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which ground water could flow into the estuary. Figure A-4
illustrates the cross sectional view of the geology and
monitoring well locations parallel to shore. Partitioning the
input concentration from each well along the shore evenly
resulted in an estimated net flow of 236 lbs of lead per day

into the main channel of the Piscataqua river from the DRMO.

127




- EOGE OF DRAO

Q
A20

STORAGE YARD
’ 172 ’
9967

ov-8,
‘ 314

ov-828 a
w73 a73l 298
pv-82 o 510\dbm
" - —x -p3 grz3 |2 B ssm9
”" * x % 9]

8¢t

PISCATAQUA RIVER

LEGEND: NOT TO SCALE

N FIGURE 4-3
ORMAO (SWHAU =6

72 - HOUR AVERAGE GROUNOVATER EL EVATIONS .
ma ! AVERAGE GROUNDVATER
SEPTENBER 24-27. 1991 FEET. AHT ELEVATIONS AND SHALLOV

NN @  SHALLOV GROUNDVATER ELEVATION CONTOLR FEET. AHT GROUNDVATER FLOV DIRECTIONS

MNcL AREN/HART

4§ NONITORING VELL LOCATION

—d SHALLOV GROUNOVATER FLOV OIRECTION

Figure A-3. DRMO: Ground water flow.



1
A A
Vst © o0 1080 vre vt Latiad ot .. o ., CA_SY

L . . e o' -t10.08
ne.0 1 - —~— F0IO Mok
&J
) o enles e $ é:z & R > Drm -
N « [N Cu s (1) q b
4~ 4 ~ 3 . - |- 109,00
105.00 -] —-—.\ i - . -
- K o :
1 . H i ) - :ln L
] g : ! -
] ’ : H : H H 3 C
] : : 1 g ’ : :
4 H H o wa H ]
e ] é P E ~| E " :
] : I i 1 o
Loy ’ - H -
: ] % ! i - i ¥
: - : ne
o seorooK E N -
] scoRoox H [ e
.00 E L
] i e
[ .0 o SeomoK N
O i _
E - ..
ne -
b o
: ...
n.” - -
] LLEGEND -
4 PHASE | AND PHASE LI SOIL - o0
. SAAPLE INTERVAL VIMH RESULY .
g p CONCENTRATIONS EXCEEDING H i
g NEV JERSEY ECRA AND/GR em 8 H Y H N
] OPOSED FEDERAL ACTION s whi B s
] EVELS Smm- 000 hew H [ v
LE N ORANGE « AETALS E [
b YELLOV + TOTAL SEAI-VOLATILES -
b PURPLE « PCBe -
1 RED ~ » VOLATILES N o :
] . ..
CONC| EXCEEDS PROP
ne- + RIS EES Gy sae w reet FIGURE 3.6
SCREENED INTERVAL DRAO (SVAU =6 )
E VERTICAL DXAGGERATION + 18X GEOLOGIC CROSS
NOTE: ELEVATION 189.08° AEAN HIGH TI0C. PORTSATUTH NAVAL SECTION A-A
S4IPYARD SYSTEA 18 EOUAL TO 3.604° U.8.0.3. SYSTEA l DEPTH OF BORING )
]__ S : NclLAREN/HART

Figure 21. Sub-sampled model junctions



Appendix B

Junction Specific Sediment Parameters



TOXI Density Porosity

Sediment Classification
Sediment

Location

(g/ec)
ATLANTIC 2 2
ATLANTIC 4 1.9
ATLANTIC 6 2
MOUTH 8 2
MOUTH- 10 2
MOUTH 12 1.9
MOUTH 14 2.7
MOUTH 16 1.9
MOUTH 18 1.9
PORT. HARBOR 20 2
PORT. HARBOR 22 1.9
PORT. HARBOR 24 2
PORT. HARBOR 26 19
PORT. HARBOR 28 1.9
PEP. COVE 30 1.7
PEP. COVE 32 1.5
PEP. COVE 34 2
S. SEAVEY 36 2
CLARK COVE 38 14
CLARK COVE 40 1.5
E. SEAVEY 42 . 2
SPRUCE CREEK 44 1.7
SPRUCE CREEK 46 1.7
SPRUCE CREEK 48 1.7
SPRUCE CREEK 50 1.7
SPRUCE CREEK 52 1.7
SPRUCE CREEK 54 1.7
SPRUCE CREEK 56 1.7
LUITTLE HARBOR 58 1.7
LTTLE HARBOR 60 1.7
LITTLE HARBOR 62 1.7
UTTLE HARBOR 64 1.7
UTTLE HARBOR 66 1.7
LITTLE HARBOR 68 1.7
LITTLE HARBOR 70 1.7
LITTLE HARBOR 72 1.7
LITTLE HARBOR 74 1.7
LITTLE HARBOR 76 1.7
LITTLE HARBOR 78 1.7
UTTLE HARBOR 80 1.7
LITTLE HARBOR 82 1.7

0.26
0.38
0.40
0.40
0.28
0.38
0.32
0.38
0.38
0.26
0.38
0.26
0.38
0.38
0.63
0.69
0.26
0.28
0.80
0.69
0.26
0.63
0.63
0.63

063

0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63
0.63

SED
-(mafl)

1739630
1515859
1603654
1603654
1739630
1515859
2377857
1515859
1515859
1739630

. 1515859

1739630
1515859
1515859
1065587

814258
1739630
1739630

588221

814258 -

1739630
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587
1065587

131

Mean grain sz.
(mm)
ideal measured
0.5 0.44
0.2 0.151
0.2 0.162
0.2 1.24
0.5 3.13
0.2 0.467
0.5 0.451
0.2 0.31
02  5.389
0.5 0.012
0.2 0.136
0.5 1.647
0.2 1.765
0.2 1.765
0.018 0.129
0.008 3.41
0.5 3.41
0.5 1.28
0.002 0.008
0.008 0.03
0.5 0.934
0.018 0.059
0.018 0.059
0.018 0.03
0.018 0.03 -
0.018 0.03
0.018 0.03
0.018 0.03
0.018 0.018
0.018 0.093
0.018 0.093
0.018 0.018
0.018 0.018
0.018 0.018
0.018 0.018
0.018 0.093
0.018 0.093
0.018 0.018
0.018 0.093
0.018 0.018
0.018 0.018




Sediment Classification
Sediment
Location TOXI Density Porosity
(g/ce)
S. SEAVEY 84 2 0.26
S. SEAVEY 86 2 0.28
S. SEAVEY 88 2 0.26
W. SEAVEY 90 2 0.26
W. SEAVEY 92 2 0.26
W. SEAVEY 94 2 0.26
W. SEAVEY 96 2 0.26
DRY DOCK 98 1.7 0.63
DRY DOCK 100 2 0.26
DRY DOCK 102 2 0.26
" BATT. STORE 104 1.5 0.69
BACK CHANNEL 106 1.5 0.69
BACK CHANNEL 108 2 0.26
BACK CHANNEL 110 2 0.26
BADGER t12 2 0.26
BADGER 114 2 0.26
PISCAT. 116 2 0.26
MILL POND 118 15 0.69
MILL POND 120 1.5 0.69
MILL POND 122 1.7 0.63
PISCAT. 124 2 0.26
PISCAT. 126 2 0.26
SPINNEY CK. " 128 1.5 0.69
SPINNEY CK. 130 15 0.69
PISCAT. 132 2 0.26
PISCAT. 134 2 0.26
PISCAT. 136 2 0.26
PISCAT. 138 2 0.26
PISCAT. 140 2 0.26
FRANKFORT 142 1.7 0.63
FRANKFORT 144 1.7 0.63
FRANKFORT 146 1.7 0.63
DOVER PT. 148 2 0.26
UPPER PISCAT. 150 1.9 0.38
UPPER PISCAT. 152 1.7 0.63
UPPER PISCAT. 154 1.7 0.63
UPPER PISCAT. 156 1.7 0.63
SALMON FALLS 158 1.7 0.63
SALMON FALLS 160 1.7 0.63
COCHECO 162 1.7 0.63
COCHECO 164 1.7 0.63

SED
(mo/L)

1739630
1739630
1739630
1739630
1739630
1739630
1739630
1085587
1739630
1739630

814258

814258
1739630
1739630
1739630
1739630
1739630

814258

814258
1065587
1739630
1739630

814258

814258
1739630
1739630
1739630
1739630
1739630
1065587
1065587
1065587
1739630
1515859
1065587
1065587
1065587
1065587
1065587
1065587
1065587
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Mean grain sz

(mm)
ideal
0.5
05
05
05
05
05
0.5
0.018
0.5
05
0.008
0.008
05
05
0.5
05
0.5
0.008
0.008
0.018
0.5
05
0.008
0.008
05
05
05
05
05
0.018
0.018
0.018
0.5
0.2
0.018
0.018
0.018
0.018
0.018
0.018
0.018

measured
0.02
2.87
0.914
1.414
0.02
0.02
4.823
0.08
1.094
1.98
.0.008
0.027
0.536
0.157
3.88
0.824
6.348
0.008
0.008
0.008
6.768
1.866
0.008 -
0.008

1.832 -

2.694
0.8
0.8
0.8
0.6
0.6
0.8
0.8

0.31

0.027

0.027

0.027

0.027

0.027

0.027

0.027



Sediment Classification
Sediment
Location TOXI Density Porosity
(g/ec)

LITTLE BAY 166 2 0.26
BROAD COVE 168 1.7 0.63
UTTLE BAY 170 2 0.26
BELLAMY 172 1.9 0.38
BELLAMY 174 1.7 0.63
BELLAMY 176 1.7 0.63
BELLAMY 178 1.7 0.63
BELLAMY 180 1.7 0.63
BELLAMY 182 1.7 0.63
BELLAMY 184 1.7 0.63
UTTLE BAY 186 2 0.26
LITTLE BAY 188 2 0.26
UTTLE BAY 190 2 0.28
OYSTER 192 © 1.7 0.63
OYSTER 194 17 0.63
OYSTER 196 1.7 0.63
OYSTER 198 1.7 0.63
OYSTER 200 1.7 0.63
LITTLE BAY 202 1.9 0.38
UTTLE BAY 204 1.9 0.38
UTTLE BAY 206 1.9 0.38
LAMPREY 208 .15 0.69
GREAT BAY 210 14 0.80
GREAT BAY 212 14 0.80
GREAT BAY 214 1.4 0.80
GREAT BAY 2186 1.4 0.80
GREAT BAY 218 14 0.80.
GREAT BAY 220 1.4 0.80
GREAT BAY 222 14 0.80
GREAT BAY 224 14 0.80
GREAT BAY 226 1.4 0.80
GREAT BAY 228 1.4 0.80
GREAT BAY 230 1.4 0.80
GREAT BAY - 232 1.4 - 0.80
GREAT BAY 234 14 0.80
GREAT BAY 236 14 0.80
GREAT BAY 238 14 0.80
GREAT BAY 240 14 0.80
GREAT BAY 242 1.4 0.80
DOVER PT. 244 2 0.26

SED
(mg/L)

1739630
1065587
1739630
1515859
1065587
1065587
1065587
10685587
1065587
1065587
1738630
1739630
1739630
1065587
1065587
1065587
1065587
1065587
1515859
1515859
1515859
814258
598221
598221
$98221
598221
598221
598221
598221
598221
598221
598221
598221
598221
598221
598221
598221
598221
598221
1739630
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Mean grain sz

{mm)
ideal
0.5
0.018
0.5
0.2
0.018
0.018
0.018
0.018
0.018
0.018
0.5
0.5
0.5
0.018
0.018
0.018
0.018
0.018
0.2
0.2
0.2
0.008
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.5

measured
0.08
0.08
0.08
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.08
0.08
0.06
0.02
0.02
0.02
0.02
0.02
0.08
0.08
0.08
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
.0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.8



Sediment Classification
Sediment
Location TOXI % Water
ideal
ATLANTIC 2 15.221
ATLANTIC 4 25.085
ATLANTIC 6 25.085
MOUTH 8 25,085
MOUTH 10 15.221
MOUTH 12 25.085
MOUTH 14 15.221
MOUTH 16 25.085
MOUTH 18 25.085
PORT. HARBOR 20 15.221
PORT. HARBOR 22 25.085
PORT. HARBOR 24 _  15.221
PORT. HARBOR 26 25.085
PORT. HARBOR 28 25.085
PEP. COVE 30 51.009
PEP. COVE 32 59.739
PEP. COVE 34 15.221
S. SEAVEY 36 15.221
CLARK COVE 38 74.664
CLARK COVE 40 59.739
E. SEAVEY 42 15.221
SPRUCE CREEK 44 51.009
SPRUCE CREEK 46 51.009
SPRUCE CREEK 48 51.008
SPRUCE CREEK 50 51.009
SPRUCE CREEK 52 51.009
SPRUCE CREEK 54 51.009
SPRUCE CREEK 56 51.009
UTTLE HARBOR 58 51.009
LITTLE HARBOR 60 51.009
UTTLE HARBOR 62 51.009
LITTLE HARBOR 64  51.009
LITTLE HARBOR 66 51.009
UTTLE HARBOR 68 51.009
LITTLE HARBOR 70 51.009
" UTTLE HARBOR 72 51.009
LITTLE HARBOR 74 51.009
LITTLE HARBOR 76 51.009
UTTLE HARBOR 78 51.009
UTTLE HARBOR 80 51.009
UITTLE HARBOR 82 51.009

PCTWA
1.180
1.335
1.335
1.335
1.180
1.335
1.180
1.335
1.335
1.180
1.335
1.180
1.335
1.335
2,041
2.484
1.180
1.180
3.947
2.484
1.180
2.041
2.041
2.041
2.041
2.041
2.041
2.041
.2.041
2.041
" 2.041
2.041
2.041
2.041
2.041
2,041
2.041
2.041
2.041
2.041
2.041

measured

16.597
28.111
27.354
5.443
4.526
15.956
16.331
20.367
-10.375
§5.374
29.237
2.387
1.642
1.642
29.806
5.448
-5.448
5.101
59.739
45.510
8.494
38.228
38.228
45.510
45.510
45.510
45.510
45.510
51.009
33.329
33.329
51.009
5§1.009
51.009
51.008
33.329
33.329
51.009
33.329
51.009
51.009
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PCTWA
1.199
1.391
1377
1.058
0.957
1.190
1.185
1.256
0.906
2.241
1.413
1.024
1.017
1.017
1.425
0.848
0.948
1.054
2484
1.835
1.093
1.619
1.619
1.835
1.835
1.835
1.835
1.835
2.041
1.500
1.500
2.041
2.041
2.041
2.041
1.500
1.500
2.041
1.500
2.041
2.041

Org. Carbon (OCS)

(% dry wt)

ideal
0.094
0.892
0.892
0.892
0.094
0.892

0.094

0.882
0.892
0.094
0.892

0.094

0.892
0.892
2.991
3.697
0.084
0.094
4.805
3.697
0.094
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2.991
2991
2.991

measured
0.205
1.137
1.076
0.687
-1.504
0.153
0.184
0.511
-1.978
3.344
1.229
0.945
-1.005
-1.005
1.275
-1.579

-1.579

-0.725
3.697
2.548

-0.451

1.956.

1.956
2.546
2.546
2.546
2.546
2.546
2.991
1.560
1.560
2.991
2.991
2.991
2.991
1.560
1.560
2.991
1.560
2.991
2.991

Settling

(miyr)

ideal
5409
1365
1365
1365
5409
1365
5409
1365
1365
5409
1365
5409
1365
1365

184

5409
5409
0.04

5409
164
16.4
16.4
164
16.4
16.4
164
16.4
164
16.4
16.4
16.4
1684
16.4
16.4
164
164
16.4
16.4
164



Sediment Classification
Sediment .
Location TOXI % Water
ideal

S. SEAVEY 84 15.221
S. SEAVEY 86 15.221
S. SEAVEY 88 15.221
W. SEAVEY 90 15.221
W. SEAVEY 92 15.221
W. SEAVEY 94 15.221
W. SEAVEY 96 15.221
DRY DOCK 98 51.009
DRY DOCK 100 15.221
DRY DOCK 102 15.221
BATT. STORE 104 59.739

BACK CHANNEL 106 §9.739
BACK CHANNEL 108 15.221
BACK CHANNEL 110 16.221

BADGER 112 15.221
BADGER 114 15.221
PISCAT. 116 15.221
MILL POND 118 59.739
MILL POND 120 59.739
MILL POND 122 51.008
PISCAT. 124 15.221
PISCAT. 126 15.221
SPINNEY CK. 128 59.739
SPINNEY CK. 130 59.739
PISCAT. 132 15.221
PISCAT. 134 15.221
PISCAT. 136 15.221
PISCAT. 138 15.221
PISCAT. 140 15.221
FRANKFORT 142 51.009
FRANKFORT 144 51.009
FRANKFORT 146 51.009
DOVERPT. 148 15.221

UPPER PISCAT. 150 25.085
UPPER PISCAT. 152 51.009
UPPER PISCAT. 154 51.009
UPPER PISCAT. 156 51.009
SALMON FALLS 158 51.009
SALMON FALLS 160 51.009
COCHECO 162 51.009
COCHECO 164 51.009

PCTWA
1.180
1.180
1.180
1.180
1.180
1.180
1.180
2.041
1.180
1.180
2.484
2.484
1.180
1.180
1.180
1.180
1.180
2.484
2.484
2.041
1.180
1.180
2.484
2.484

_1.180
1.180
1.180
1.180
1.180
2.041
2.041
2.041
1.180
1.335
2.041
2.041
2.041
2.041
2.041
2.041
2.041

measured

49.875
~3.592
8.727
4.029
49.875
49.875
9.181
38.047
8.791
0.404
58.471
46.644
14.472
27.692
-6.838
9.843
-12.138
59.739
59.739
$9.739
-12.825
1.043
59.739
5§9.739
0.668
-2.911
10.161
10.161
10.161
13.258
13.258
13.258
10.161
20.367
46.644
46.644
46.644
46.644
46.644
46.644

46.644 .
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PCTWA
1.995
0.865
1.096
1.042
1.995
1.995

0.916

1.614
1.073
1.004
2.408
1.874
1.169
1.383
0.936
1.109
0.892
2.484
2.484
2.484
0.886
1.011
2.484
2.484
1.007
0.972
1.113
1.113
1.113
1.163
1.183
1.183
1.113
1.256
1.874
1.874
1.874
1.874
1.874
1.874
1.874

Org. Carbon (OCS)

(% dry wt)

ideal
0.094
0.094
0.094
0.094
0.094
0.094
0.094
2.991
0.094
0.094
3.697
3.697
0.094
0.094
0.094
0.094
0.094
3.697
3.697
2.991
0.094
0.094
3.697
3.697
0.094
0.094
0.094
0.094
0.084
2.991
2.991
2.991
0.094
0.892
2.991
2.991
2.991
2.991
2.991
2.991
2.991

measured
2.899
-1.429
0.432
0.812
2.899
2.899
-1.881
1.842
-0.588
-1.105
3.595
2.637
0.033
1.103
-1.691
0.341
-2.120
3.697
3.697
3.697
-2.176
-1.054
3.697
3.697
-1.084
-1.374
0.316
£0.318
0.318
-0.065
-0.065
-0.065
-0.318
0.511
2.637
2.637
2.637
2.637
2.637
2.637
2.637

Settling

{miyr)

ideal
5409
5409
5409
5409
5409
5409
5409

16.4

5409
5409

16.4
164
16.4

1365
16.4
164
164
164
164
16.4
16.4



Sediment Classification

Sediment
Location TOXI % Water

ideat

LTTLE BAY 166 15.221
BROAD COVE 168 51.009
LITTLE BAY 170 15.221
BELLAMY 172 25.085
BELLAMY 174 51.009
BELLAMY 176 51.009
BELLAMY 178 51.009
BELLAMY 180 51.009
BELLAMY 182 - 51.009
BELLAMY 184 51.009
UTTLE BAY 186 15.221
UTTLE BAY 188 15.221
LUITTLE BAY 190 15.221
OYSTER 192 51.009
OYSTER 194 51.009
OYSTER 196 51.009
OYSTER . 198 51.009
OYSTER , 200 51.009
UTTLE BAY 202 25.085
LITTLE BAY . 204 25.085
UTTLE BAY 206 25.085
LAMPREY 208 59.739
GREAT BAY 210 74.664
GREAT BAY 212 74.664
GREAT BAY 214 74.664
GREAT BAY 216 74.664
GREAT BAY 218 74.664
GREAT BAY 220 74.664
GREAT BAY 222 74.664
GREAT BAY 224 74.664
GREAT BAY 226 74.664
GREAT BAY 228 74.664
GREAT BAY 230 74.664
GREAT BAY 232 74.664
GREAT BAY 234 74.664°
GREAT BAY 236 74.664
GREAT BAY 238 74.664
GREAT BAY 240 74.664
GREAT BAY T 242 74.664
DOVER PT. 244 15.221

PCTWA
“1.180
2.041
1.180
1.335
2.041
2.041
2.041
2.041
2.041
2.041
1.180
1.180
1.180
2.041
2.041
2.041
2.041
2.041
1.335
1.335
1.335
2.484
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
3.947
1.180

measured

38.047
38.047
38.047
49.875
49.875
49.875
49.875
49.875
49.875
49.875
38.047
38.047
38.047

49.875 -

49.875
49.875
49.875
49.875
38.047
38.047
38.047
49.875

 49.875

49.875
48.875
49.875
49.875
49.875
49.875
49.875
49.875
49.875
49.875

49.875

49.875
49.875
49.875

49.875
49.875
10.161
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PCTWA
1.614
- 1.614
1.614
1.995
1.995
1.985
1.995
1.995
1.985
1.995
1.614
1.614
1.614
1.895
1.995
1.995
1.995
1.995
1.614
1.614
1.614
1.995
1.995
1.9985
1.995
1.995
1.985
1.995
1.995
1.885
1.995
1.995
1.985
1.985
1.995
1.995
1.995
1.995
1.995
1.113

Org. Carbon (OCS)

(% dry wt.)

ideal
0.094
2.991
0.094
0.892
2.991
- 2.991
2.991
2.981
2.991
2.991
0.084
0.084
0.094
2.991
2.991
2.991
2.991
2.991
0.892
0.882
0.892
3.697
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
4.905
0.094

measured
1.942
1.842
1.942
2.899
2.899
2.899
2.899
2.898
2.899
2.899
1.842
1.942
1.842
2.898
2.899
2.899
2.898
2.899
1.842
1.942
1.942
2.899
2.899
2.899
2.899
2.899
2.899
2.889
2.899
2.899
2.899
2.899
2.899
2.899
2.899
2.899
2.899
2.899
2.899
0.316

Settling
(mfyr)
ideal
5409
18.4
5409
1365
164
164
164
164
18.4
16.4
5409
5409
5409
164
16.4
16.4
16.4
18.4
1365
1365
1365

0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
5409



APPENDIX C

TOXIWASP Input File



Input File for TOXIWASP
Composite Loading Simulation
Pier No. 2, Back Channel, and Clark Cove (20:2:1).

1 1 1244 2 1 1 5 41950 - A:MODEL OPTIONS

LEAD3BCP: P2 (2000 Ibs), BC (200 Ibs) & CC (100 Ibs)

TIME VARIABLE SIMULATION

00 .

4 298 B: EXCHANGES

1. 1. ‘
10. 14450.3454.3454. 1 7 10. 35700.3852.3852. 3 7
10.  24900.3620.3620. 3 9 10. 49400.3385.3385. 3 11
10. 40500.2272.2272. T 9 10. 73780.1908.1908. 9 11
10. 18300.3603.3603. 5 11 10.  7914.3361.3361. 9 13
10. 15846.2931.2931. 11 15 10. 40227.2648.2648. 11 17
10. 6365.3135.3135. . 5 17 10. 55253.1432.1432. 13 15
10. 64088.1612.1612. 15 17 10. 32580.2262.2262. 15 19
10. 36208.2189.2189. 15 21 10. 40081.2441.2441. 19 21
10.  4942.3049.3049. 21 27 10.  3273.2417.2417. 27 29
10.  2780.1962.1962. 29 31 10. 1062.3994.3994. 31 33
10.  57256.2202.2202. 19 27 10. 33610.2050.2050. 25 27
10. 47747.2118.2118. 19 25 10. 18312.2529.2529. 19 23
10. 63112.1863.1863. 23 25 10. 10791.2450.2450. 23 41
10. 26355.1913.1913. 25- 41 10.  3713.1365.1365. 41 43
10. 740.2862.2862. 43 45 10.  9479.3407.3407. 43 47
10.  6204.2791.2791. 47 49 10.  5870.2881.2881. 49 51

4582.2009.2009. 51 55
17281.2348.2348. 23 39
- 37407.1463.1463. 35 87
3825.2678.2678. 57 59
1941.1208.1208. 61 71
2226.2343.2343. 65 67
2723.2913.2913. 69 71
'5328.2011.2011. 71 75
10472.2673.2673. 77 719
1941.2053.2053. 77 81
7137.1608.1608. 77 85
3531.1601.1601. 83 93
48433.1572.1572. 85 87
9918.2513.2513. 85 101
25793.1566.1566. 95 101
16200.1639.1639. 95 97
11419.1816.1816. 89 95
7631.2673.2673. 41 109
4198.2088.2088. 105 107

10.  2836.1824.1824. 51 53
42629.2657.2657. 23 35
'4379.1182.1182. 37 39
18800.3393.3393. 7 59
1172.1479.1479. 59 61
1768.2532.2532. 63 65
2045.1397.1397. 67 69
2944.1737.1737. 71 73
1175.2249.2249. 75 79
13803.1450.1450. 73 77
2102.2188.2188. 77 83
1294.1657.1657. 91 93
587.1280.1289. 83 85
16934.2483.2483. 85 103
8851.2124.2124. 85 95
8856.1544.1544. 95 99
15033.1710.1710. 89 97
1461.2243.2243. 89 93
3065.2493.2493. 107 109
9600.2132.2132. 89 105 17422.1924.1924. 89 111
3838.1923.1923. 105 113 . 14972.2193.2193. 113 115
28903.1784.1784. 111 115 10. 30100.2033.2033. 115 123
10.  5130.2003.2003. 117 119 10. 783.2120.2120. 119 121
10. 939.2443.2443. 121 123 10. 15108.1926.1926. 123 125
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10.

et bt et pd b b b
©cooo099959

NS UL UUNUNE ERE NG =W

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10

5381.2312.2312.
15494.3352.3352.
34059.2556.2556.
32949.2320.2320.

. 14074.2092.2092.

31714.1448.1448.
11441.2810.2810.
49997.1673.1673.
9434.3149.3149.
19071.8379.8379.
11590.6538.6538.
2961.1675016750
2966.5521.5521.
18341.2443.2443.
40454.2778.2778.
54046.1977.1977.
5502.2216.2216.
5858.5844.5844.
'2970.4792.4792.
1770.2699.2699.
13537.2343.2343.
31763.2375.2375.
15660.2493.2493.
3725.3390.3390.
1430.2027.2027.
4677.2803.2803.
58545.3780.3780.
9306.4250.4250.
22525.4198.4198.
28043.2801.2801.
9295.4657.4657.
20911.4265.4265.
7838.5790.5790.
9048.6289.6289.
5555.3023.3023.
11671.5060.5060.
14999.3823.3823.
21890.4776.4776.
14531.4649.4649.
8179.4724.4724.

125
125
133
137
139
139
143
145
149
149
153
157
155
147
165
167
171
175
179
167
1m
185
187
193
197
185
201
205
205
209
209
211
219
223
217
221
223
225
219
227

127
131
135
139
141
143
243
243
243
151
155
159
161
149
167
169
173
177
181
185
185
187
191
195
199
189
203
207
209
213
221
221
221
225
219
227
229
231
235
229

16429.5644.5644. 231 233
1084.1437514375 237 239

28150.2999.2999.
27630.2185.2185.

11
17

.00001 11146000.24.35 .333

.00001
.00001
.00001
.00001
.00001
.00001
.00001

8567000.10.60 .333

7323000.24.35 .333 1
3521000.28.20.333 1
4664000.28.75 .333 1

4152000.26.55 .333

4841000.11.15 .333 2
981200. 5.65 .333 31 32

13
21
3 4

7 8

1 12
S 16
9 20

23 24

7 28

10.

10.
10.
S.

4633.2926.2926.
20196.2476.2476.
40466.2428.2428.

3228.2043.2043.

6871.2853.2853.

3876.2068.2068.
16855.2637.2637.
14977.2684.2684.
33381.2874.2874.
8581.4685.4685.
4706.4671.4671.
36313.1955.1955.

588.1041710417
22986.2339.2339.

24958.3098.3098.
36302.1843.1843.
12264.1858.1858.
4043.2378.2378.
1067.5260.5260.
30749.1943.1943.
18348.2996.2996.
31498.2218.2218.

5894.2696.2696.
3421.6614.6614.
40786.1609.1609.
68834.3860.3860.
22820.5511.5511.

- 8178.4907.4907.

25162.4689.4689.
12331.5171.5171.
11457.5132.5132.
16286.4043.4043.
5682.4203.4203.
1931.6147.6147.
21445.3892.3892.
19299.3254.3254.
19767.4389.4389.
21087.5491.5491.
6429.4826.4826.
6837.4821.4821.

127 129
131 133
135 137
137 141
139 243
141 143
143 145
147 243
145 149
151 153

155 157

213 223
161 163

147 165
165 169
169 171
173 175

177 179

181 183

169 185

171 187
187 189
191 193

195 197

189 191
189 201
203 205
207 209
205 213
209 211
211 219
213 221
221 223
215 217
219 227
221 229
223 231
225 233
227 235
229 231

1441.1125011250 235 237

1073.5458.5458.
15509.1335.1335.

239 241
39 41

.00001 10386000.16.65 .333 1 2

.00001 10078000.10.05 .333

5 6

.00001 6049000.16.65.333 9 10
.00001 4295000.12.80.333 13 14
.00001 5720000.17.20.333 17 18

.00001 7424000.12.80.333 21 22

.00001 2875000.26.00.333 25 26
.00001 2788000. 5.65 .333 29 30
.00001 4838000. 5.65 .333 33 34
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.00001 2966000.28.20 .333 35 36
.00001 1530000.16.10.333 39 40
.00001 3124000. 7.30 .333 43 44
.00001 8403000. 6.20 .333 47 48
.00001 3329000. 5.65 .333 51 52
.00001 2079000. 5.65 .333 55 56
.00001 6068000. 6.20 .333 59 60
.00001 8255000. 5.65 .333 63 64
.00001 628700. 5.65 .333 67 68
.00001 2869000. 5.65 .333 71 72
.00001 2935000. 5.65 .333 75 76
.00001 23270000. 5.65 .333 79 80
.00001 1621000. 5.65 .333 83 84
.00001 1512000.32.05 .333 87 88
.00001 1349000. 5.65 .333 91 92
.00001 2766000.15.00 .333 95 96
.00001 439100.31.50.333 99 100
.00001 521200.34.80 .333 /103 104
.00001 1192000. 9.50 .333 107 108
.00001 1702000.19.18 .333 111 112
- .00001 2830000.17.53 .333 115 116
.00001 1783000. 5.65 .333 119 120
.00001 2982000.16.98 .333 123 124
.00001 3495000. 5.65 .333 127 128
.00001 2563000.19.84 .333 131 132
.00001 4933000.14.89 .333 135 136
.00001 4414000.14.89 .333 139 140
.00001 3650000.13.24 .333 143 144
.00001 4945000.11.04 .333 147 148
.00001 7991000. 7.85 .333 151 152
.00001 9378000. 5.20 .333 155 156
.00001 5847000. 4.90 .333 159 160
.00001 2096000. 4.90 .333 163 164
.00001 5869000. 8.44 .333 167 168
.00001 5006000. 7.84 .333 171 172
.00001 5096000. 4.90 .333 175 176
.00001 2884000. 4.90 .333 179 180
.00001 612000.-4.90 .333 183 184
.00001 4955000.11.44 .333 187 188
.00001 3680000. 6.40 .333 191 192
.00001 6151000. 4.90 .333 195 196
.00001 753500. 4.90 .333 199 200
.00001 20630000. 6.64 .333 203 204
.00001 6414000. 4.90 .333 207 208
.00001 14040000. 4.90 .333 211 212
.00001 1624000. 4.90 .333 215 216
.00001 15610000. 4.90 .333 219 220
.00001 14630000. 5.20 .333 223 224
.00001 11930000. 4.90 .333 227 228
.00001 17760000. 4.90 .333 231 232
.00001 18450000. 4.90 .333 235 236
.00001 7679000. 4.90 .333 239 240

.00001 476300.13.90 .333 37 38
.00001 2569000.13.90 .333 41 42
.00001 1525000. 5.65 .333 45 46
.00001 4281000. 6.20 .333 49 50
.00001 658900. 5.65 .333 53 54
.00001 16410000. 5.65 .333 57 58
.00001 1492000. 5.65 .333 61 62
.00001 1757000. 5.65 .333 65 66

.00001 936800. 5.65 .333 69 70

.00001 2049000. 5.65 .333 73 74

.00001 3287000. 5.65 .333 77 78

.00001 4081000. 5.65 .333 81 82

.00001 2274000.27.65 .333 85 86

.00001 778800.19.73.333 89 90

.00001 1674000. 5.65 .333 93 94

.00001 843900.22.70.333 97 98

.00001 635400.33.15 .333 101 102
.00001 1328000.10.60 .333 105 106
.00001 2649000.10.05 .333 109 110
.00001 1050000. 8.18 .333 113 114
.00001 605600. 5.65 .333 117 118
.00001 1785000. 8:60 .333 121 122
.00001 2802000.17.42 .333. 125 126
.00001 2148000. 5.65 .333 129 130
.00001 4702000.15.99 .333 133 134
.00001 4251000.17.09 .333 137 138
.00001 2517000. 5.65 .333 141 142
.00001 3505000.12.69 .333 145 146
.00001 16910000. 8.29 .333 149 150
.00001 9864000. 5.20 .333 153 154
.00001 10570000. 4.90 .333 157 158
.00001 5853000. 4.90 .333 161 162
.00001 5733000. 9.64 .333 165 166
.00001 5285000.11.14 .333 169 170
.00001 6337000. 4.90 .333 173 174
.00001 5230000. 4.90 .333 177 178
.00001 1591000. 4.90 .333 181 182
.00001 3806000.12.04 .333 185 186
.00001 8128000.12.04 .333 189 190
.00001 4337000. 4.90 .333 193 194
.00001 3025000. 4.90 .333 197 198
.00001 14770000. 8.44 .333 201 202
.00001 14130000. 9.40 .333 205 206
.00001 13890000. 4.90 .333 209 210
.00001 12020000. 6.40 .333 213 214
.00001 2797000. 4.90 .333 217 218
.00001 17190000. 4.90 .333 221 222
.00001 26860000. 4.90 .333 225 226
.00001 9835000. 4.90 .333 229 230
.00001 25910000. 4.90 .333 233 234
.00001 9901000. 4.90 .333 237 238
.00001 2614000. 4.90 .333 241 242
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.00001 4000000.11.44 .333 243 244 1.

1.
10.
10.
10.

00
2 24
1.0
331.34
193.06
188.38
140.78
58.85
69.29
55.77
197.74
20.89
24.67
49.19
29.28
36.30
27.88
17.38
24.21
25.50
138.25
85.82
125.36
68.69
171.28
60.77
134.77
50.38
345.91

161.44

32.48
312.14
301.11
20.80
5 131
1.0
3 1
1 3

00

309.1472914729 163 O
772.2866.2866. 199 O
579.7718.7718. 241 O

122506.5118.5118.

1.0
3.46
2.01
1.90
.96
1.61
.86
1.43
5.46
.59
.68
1.36
.26
.28
44
.35
.59
72
1.42
1.17
3.28
1.95
1.76
1.74
1.27
1.44
4.92
4.63
.93
8.94
8.63
.87

1.0
3 5

511.63
336.27
251.64
106.30
157.19
46.83
40.08
78.43
7.50
35.29
19.50
16.22
25.92
22.63
94.96
97.06
96.18
125.85

.106.20

119.39
24.66
107.18
33.51
165.56
71.46
359.25
163.16
181.27
-138.53
214.01
133.94

3 0

3.7
2.44
1.55
1.61
.99
1.04
1.11
2.02
21
.98
.54
45
.15
.40
.94
.99
.85
1.47
1.65
3.12
.70
1.67
.96
1.65
2.05
6.87
4.68
5.20
3.97
6.14
1.33

1.
10.
10.
10.

200.58
107.08
185.18
33.39
12.85
18.35
7.93
17.89
11.22
39.57
118.30
20.12
39.41
52.95
7.25
93.21
143.54
29.48
278.84
123.93
157.10
73.61
18.49
287.85
35.15
376.01
199.84
199.80
114.32
92.81

1556.2368423684 159 O

576.7438.7438. 183 O
1042.8692.8692. 215 O

17887.4884.4884.
71306.4764.4764.

C: VOLUMES

3.36
1.43
2.47
.93
.16
S1
.22
.50
31
1.09
.76
.56
21
.88
.20
.93
1.57
.84
5.63
3.52
1.91
2.11
.53
2.71
1.01
4.71
4.00
5.712
3.28
3.30

179.16
186.39
207.49
11.77
47.39
109.26
25.04
97.46
34.48
280.37
90.73
80.30
33.89 -
62.22
21.35
41.48
140.65
93.10
125.58
68.72
137.36
59.20
7.11
61.14
8.76
74.51
18.87
184.73
206.39
61.48

D: FLOWS

1 O
S O

2.85
1.17
1.38
.33
Si
2.80
.69
2.75
.96
1.75
.50
.92
17
57
.59
1.16
1.64
1.22
2.66
1.95
1.95
1.70
.20
1.23

2.14
54
4.87

5.91
2.56

5 7 9 11 13 15 17 19 21 23 25 27 29 31

33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63

65 67 69 71 73 75 77 79 81 83 85 87 8 91 93 95

97 99 101 103 105 107 109 111 113 115 117 119 121 123 125 127
129 131 133 135 137 139 141 143 145 147 149 151 153 155 157 159
161 163 165 167 169 171 173 175 177 179 181 183 185 187 189 191
193 195 197 199 201 203 205 207 209 211 213 215 217 219 221 223
225 227 229 231 233 235 237 239 241 243
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19 E: BOUNDARY CONCEN.
1 1.
003 1 .003 3 .003 5 .003 159  .003 163
003 183  .003 199  .003 215  .003 241 -
1 9. E: BOUNDARY CONCEN.
1. 1.
3.1 3 3 35 12.159 12, 163
12. 183 12, 199 12 215 12. 241
1 3 F: WASTE LOADS
1. 1. '
200. 109  100. 37  2000. 97
1 0 F: WASTE LOADS
18 G: ENVIRON. PARAM.
AE+01 .1E+01 .IE+01 .1E+01 .1E+01, .1IE+01 .1E+01
1E+01
1E+01 .IE+01 .IE+01 .l1E+01 .lE+01 .1E+01 .1E+0l
1E+01
AE+01 .1E+01
TEMSG  25.DEPTH 16.650VELOC  .OWINDG  O.TYPEE.
BACTO 100000.ACBAC  1.BIOMS  O0BIOTM  25. POHG
OXRAD .1E-09 OCS .0ISPCTWA .0000DSPSD 0. PHG
WS  S.CMPET  3.TOTKG .000010 "
TEMSG  25.DEPTH  .333VELOC  .OWINDG  O.TYPEE
BACTO 100000.ACBAC  1.BIOMS  O0BIOTM  25. POHG
OXRAD .0E+00 OCS  .00IPCTWA 1.1800DSPSD  .003 PHG
WS  0.CMPET  0.TOTKG .000010
TEMSG  25.DEPTH 24.350VELOC  .OWINDG  O.TYPEE
BACTO 100000.ACBAC  1.BIOMS  0.BIOTM  25. POHG
OXRAD .1E-09 OCS .015SPCTWA .0000DSPSD 0. PHG
WS  5.CMPET  3.TOTKG .000010
TEMSG  25.DEPTH  .333VELOC  .OWINDG  O.TYPEE
BACTO 100000.ACBAC  1.BIOMS  0.BIOTM  25. POHG
OXRAD .0E+00 OCS  .009PCTWA 1.3350DSPSD  .003 PHG
WS  O0.CMPET  0.TOTKG .000010
TEMSG  25.DEPTH 10.050VELOC  .OWINDG ~  O.TYPEE
BACTO 100000.ACBAC - 1.BIOMS  0.BIOTM  25. POHG
OXRAD .1E-09 OCS  .0ISPCTWA .0000DSPSD 0. PHG
WS  S.CMPET  3.TOTKG .000010
TEMSG  25.DEPTH  .333VELOC  .OWINDG  O.TYPEE
BACTO 100000.ACBAC  1.BIOMS  0.BIOTM  25. POHG
OXRAD .0E+00 OCS  .009PCTWA 1.3350DSPSD  .003 PHG
WS  O.CMPET  0.TOTKG .000010 |
TEMSG  25.DEPTH 10.600VELOC  .OWINDG  O.TYPEE
BACTO 100000.ACBAC  1.BIOMS  0.BIOTM  25. POHG
OXRAD .1E09 OCS .015PCTWA  .0000DSPSD 0. PHG
WS  S5S.CMPET  3.TOTKG .000010
TEMSG  25.DEPTH  .333VELOC  .OWINDG  O.TYPEE
BACTO 100000.ACBAC ~ 1.BIOMS  0.BIOTM  25. POHG
OXRAD .0E+00 OCS  .009PCTWA 1.3350DSPSD  .003 PHG
WS  O0.CMPET  0.TOTKG .000010
TEMSG - 25.DEPTH 16.6S0VELOC ~ .OWINDG  O.TYPEE
BACTO 100000.ACBAC  1.BIOMS  O0.BIOTM  25. POHG
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS -
5.CMPET
25.DEPTH
100000.ACBAC

.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
24.350VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS -0.BIOTM
.009PCTWA  1.3350DSPSD
0.TOTKG .000010
12.800VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010 .
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001IPCTWA  1.1800DSPSD
0.TOTKG .000010
28.200VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010-
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.009PCTWA  1.3350DSPSD
0.TOTKG .000010
17.200VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.009PCTWA  1.3350DSPSD
0.TOTKG .000010
28.750VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM
.009PCTWA  1.1800DSPSD
0.TOTKG .000010
12.800VELOC .OWINDG
" 1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM
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0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG

7.

1.

7.
7.

7.



OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
ws
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.OE+00 OCS
0.CMPET
25.DEPTH

100000.ACBAC

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
1E-09 OCS -
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS -
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.009PCTWA  1.1800DSPSD
0.TOTKG .000010
26.550VELOC .OWINDG

1.BIOMS 0.BIOTM

.0ISPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.009PCTWA  1.3350DSPSD
0.TOTKG .000010
26.000VELOC .OWINDG

1.BIOMS 0.BIOTM .

.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.00IPCTWA  1.1800DSPSD
0.TOTKG .000010
11.150VELOC .OWINDG

1.BIOMS 0.BIOTM

.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.009PCTWA  1.3350DSPSD
0.TOTKG .000010
5.650VELOC .OWINDG

1.BIOMS 0.BIOTM

.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

_.009PCTWA  1.3350DSPSD
0.TOTKG .000010
5.650VELOC .OWINDG

1.BIOMS 0.BIOTM

.01SPCTWA  .0000DSPSD
3.TOTKG .000010 ,
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

03TPCTWA  2.4840DSPSD
0.TOTKG .000010

28.200VELOC
1.BIOMS

.OWINDG
0.BIOTM
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

O0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

" 0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG

1.
7.



OXRAD
WS
TEMSG
BACTO

OXRAD .

wSs
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
wSs
TEMSG
BACTO
OXRAD
wSs
" TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
wSs
TEMSG
BACTO
OXRAD
wSs
TEMSG
BACTO
OXRAD
wS
TEMSG
"BACTO
OXRAD
wSs
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0OE+00 OCS
0.CMPET
25.DEPTH

100000.ACBAC

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000. ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000. ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000. ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC

.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010

13.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.O15PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.00IPCTWA  1.1800DSPSD
0.TOTKG .000010

16.100VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA 3.9470DSPSD
0.TOTKG .000010

13.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.O15PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.037PCTWA  2.4840DSPSD
0.TOTKG .000010

7.300VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
O15PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

6.200VELOC OWINDG
1.BIOMS 0.BIOTM
.O15PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
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0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG

7.

N

w



OXRAD
WS
TEMSG
BACTO
OXRAD
ws
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS

"TEMSG

BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
ws
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS .
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.020PCTWA 2.0410DSPSD
0.TOTKG .000010

6.200VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA 2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA 2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA 2.0410DSPSD
0.TOTKG .000010

6.200VELOC .OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG 000010
5.650VELOC  .OWINDG

1.BIOMS  0.BIOTM
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE

25. POHG

0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE |
25. POHG

Na.

7.



OXRAD
ws
TEMSG
BACTO
OXRAD
ws
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
‘TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS -
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1IE-09 OCs
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS.
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
S5.CMPET -
25.DEPTH
100000.ACBAC

.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.029PCTWA 2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.O015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
:333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA 2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.O15PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC OWINDG
1.BIOMS 0.BIOTM
.OISPCTWA  .0000DSPSD
3.TOTKG .000010
:333VELOC .OWINDG
1.BIOMS 0.BIOTM
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0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE

' 25. POHG

.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
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OXRAD
WS

. TEMSG

BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
ws
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

- OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

wS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

ws
TEMSG
BACTO
OXRAD

ws
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO

OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA 2.0410DSPSD
0.TOTKG .000010

5.650VELOC OWINDG
1.BIOMS 0.BIOTM
.O1SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM
.029PCTWA  2.0410DSPSD
0.TOTKG .000010
5.650VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.650VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

27.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
32.050VELOC OWINDG
1.BIOMS 0.BIOTM
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE

. 25. POHG

003 PHG

0.TYPEE
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
' OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD

. WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCs
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC

.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001IPCTWA 1.1800DSPSD
0.TOTKG .000010
19.730VELOC .OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.00IPCTWA  1.1800DSPSD
0.TOTKG .000010
5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010 :
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.O15SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001PCTWA 1.1800DSPSD
0.TOTKG .000010
15.000VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM
.001PCTWA 1.1800DSPSD
0.TOTKG .000010
22.700VELOC .OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001IPCTWA  1.1800DSPSD
0.TOTKG .000010
31.500VELOC OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
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0.TYPEE
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.003 PHG

0.TYPEE
25. POHG
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0.TYPEE
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0.TYPEE
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0.TYPEE
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
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0.TYPEE
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
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TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG

. BACTO

.OE+00 OCS
0.CMPET
25.DEPTH

100000.ACBAC

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.029PCTWA  2.0410DSPSD
0.TOTKG .000010
33.150VELOC .OWINDG

1.BIOMS 0.BIOTM

.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010
34.800VELOC .OWINDG

1.BIOMS 0.BIOTM

.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010
10.600VELOC .OWINDG

1.BIOMS 0.BIOTM

.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM °

.037PCTWA  2.4840DSPSD
0.TOTKG .000010
9.500VELOC .OWINDG

1.BIOMS 0.BIOTM

.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.037PCTWA  2.4840DSPSD
0.TOTKG .000010
10.050VELOC .OWINDG

1.BIOMS 0.BIOTM

.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.00lPCTWA  1.1800DSPSD
0.TOTKG .000010 '
19.180VELOC .OWINDG

1.BIOMS 0.BIOTM

.0ISPCTWA  .0000DSPSD
3.TOTKG  .000010
.333VELOC .OWINDG

1.BIOMS 0.BIOTM

.00lPCTWA  1.1800DSPSD
0.TOTKG .000010
8.180VELOC .OWINDG

1.BIOMS 0.BIOTM
150
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0.TYPEE
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0.TYPEE
25. POHG
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0. PHG

0.TYPEE
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
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TEMSG
BACTO
OXRAD
WS
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BACTO
OXRAD
WS
TEMSG
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1IE-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC

.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010

17.530VELOC = .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3. TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.O15PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010

5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.037PCTWA  2.4800DSPSD
0.TOTKG .000010

8.690VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.037PCTWA  2.4800DSPSD
0.TOTKG .000010

16.980VELOC .OWINDG -
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

17.420VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3. TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
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0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG

7.



OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS

‘TEMSG

BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
wS
TEMSG
BACTO
OXRAD
wS
TEMSG
BACTO
OXRAD
wSs
TEMSG
BACTO
OXRAD
wS
TEMSG
BACTO
OXRAD
wSs
TEMSG
BACTO
OXRAD
wSs
TEMSG
BACTO

.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
~.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
“.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC

.0E+00 OCS

0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS -
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.001PCTWA  1.1800DSPSD
0.TOTKG .000010
5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
5.650VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
..333VELOC .OWINDG
1.BIOMS 0.BIOTM
.037PCTWA  2.4840DSPSD
0.TOTKG .000010

19.840VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.037PCTWA  2.4840DSPSD
0.TOTKG .000010

15.990VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA:-  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
14.890VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
" 1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010 '
17.090VELOC .OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
14.890VELOC .OWINDG
1.BIOMS 0.BIOTM
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE

~ 25. POHG

0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG

1.

7.



OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD
ws
TEMSG

BACTO -

OXRAD
WS
TEMSG
BACTO
OXRAD
wSs
‘TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD

. WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1IE-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC

.0ISPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010

5.650VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.001PCTWA 1.1800DSPSD
0.TOTKG .000010

13.240VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

12.690VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010
11.040VELOC .OWINDG

1.BIOMS 0.BIOTM

.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG

1.BIOMS 0.BIOTM

.029PCTWA 2.0410DSPSD
0.TOTKG .000010

8.290VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.001PCTWA 1.1800DSPSD "

0.TOTKG .000010

7.850VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
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0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG

7.



OXRAD
WS

' TEMSG

BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS

TEMSG .
- BACTO

OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WwS§
TEMSG

" BACTO

OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WwS§
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO

.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET

25.DEPTH

100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.089PCTWA  1.3350DSPSD
0.TOTKG .000010

5.200VELOC .OWINDG
1.BIOMS 0.BIOTM
0ISPCTWA  .0000DSPSD
.3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

5.200VELOC .OWINDG
1.BIOMS 0.BIOTM
".015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC - OWINDG
1.BIOMS 0.BIOTM

.029PCTWA 2.0410DSPSD
0.TOTKG .000010
4.900VELOC .OWINDG
‘1.BIOMS 0.BIOTM
.015PCTWA - .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.029PCTWA 2.0410DSPSD
0.TOTKG .000010

4.900VELOC OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010
9.640VELOC OWINDG

1.BIOMS 0.BIOTM
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

O0.TYPEE
25. POHG
.003 PHG

O0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE

. 25. POHG

0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG

7.



OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCs
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC

.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

8.440VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.001PCTWA  1.1800DSPSD
0.TOTKG .000010

11.140VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

7.840VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.001IPCTWA 1.1800DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.009PCTWA  1.3350DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
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0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
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1.
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
wS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO
OXRAD

WS
TEMSG
BACTO

.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
~ 25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1IE-09 OCS
5.CMPET
25.DEPTH
100000. ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.029PCTWA  2.0410DSPSD
0.TOTKG .000010
4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.029PCTWA  2.0410DSPSD
0.TOTKG .000010
4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.O1SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM
.029PCTWA  2.0410DSPSD
0.TOTKG .000010
4.900VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.029PCTWA  2.0410DSPSD
0.TOTKG .000010
12.040VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA.  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.029PCTWA 2.0410DSPSD
0.TOTKG .000010
11.440VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
12.040VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
. 3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
6.400VELOC .OWINDG
1.BIOMS

0.BIOTM
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.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC

015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.001PCTWA  1.1800DSPSD
0.TOTKG .000010
4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD

0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

-.029PCTWA  2.0410DSPSD

0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD

0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD

0.TOTKG .000010

8.440VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.029PCTWA  2.0410DSPSD

0.TOTKG .000010

6.6400VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
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0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE
25. POHG
0. PHG

0.TYPEE
25. POHG
.003 PHG

0.TYPEE

. 25. POHG
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0.TYPEE
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0.TYPEE
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0.TYPEE
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS

"TEMSG

BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO
OXRAD
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TEMSG
BACTO
OXRAD
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TEMSG
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WS
TEMSG
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OXRAD
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TEMSG
BACTO
OXRAD
WS
TEMSG
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.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000. ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.00SPCTWA  1.3350DSPSD
0.TOTKG .000010

9.400VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.009PCTWA  2.0410DSPSD
0.TOTKG .000010
4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM
.009PCTWA  1.3350DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.OI5SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.037PCTWA  2.4840DSPSD
0.TOTKG .000010

4.900VELOC OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010

6.400VELOC - .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC - .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010

4.900VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010
4.900VELOC .OWINDG

1.BIOMS 0.BIOTM
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OXRAD
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OXRAD
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.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

- .1E-09 OCS

5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH

100000.ACBAC

.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC

.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010

4.900VELOC OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010

5.200VELOC .OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA . 3.9470DSPSD
0.TOTKG .000010

4.900VELOC OWINDG
1.BIOMS 0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

. .049PCTWA 3.9470DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.O1I5PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS

0.BIOTM
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WS
TEMSG
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WS
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OXRAD
WS
TEMSG
BACTO
OXRAD
WS
TEMSG
BACTO

.OE+00 OCS
0.CMPET
25.DEPTH

100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH

100000.ACBAC.

OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCs
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.0E+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC
.1E-09 OCS
5.CMPET
25.DEPTH
100000.ACBAC
.OE+00 OCS
0.CMPET
25.DEPTH
100000.ACBAC

.049PCTWA  3.9470DSPSD -
0.TOTKG .000010
4900VELOC  .OWINDG
1.BIOMS  0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
333VELOC  .OWINDG
1.BIOMS  0.BIOTM
.049PCTWA  3.9470DSPSD
0.TOTKG .000010
4900VELOC  .OWINDG
1.BIOMS  0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
333VELOC  .OWINDG
1.BIOMS  0.BIOTM
.049PCTWA  3.9470DSPSD
0.TOTKG .000010
4.900VELOC  .OWINDG
1.BIOMS  0.BIOTM
.O1SPCTWA  .0000DSPSD
3.TOTKG .000010
333VELOC  .OWINDG
1.BIOMS  0.BIOTM
.049PCTWA  3.9470DSPSD
0.TOTKG .000010
4900VELOC  .OWINDG
1.BIOMS  0.BIOTM
.015SPCTWA  .0000DSPSD
3.TOTKG .000010
333VELOC  .OWINDG
1.BIOMS  0.BIOTM
.049PCTWA  3.9470DSPSD
0.TOTKG .000010

4.900VELOC OWINDG
1.BIOMS 0.BIOTM
.01SPCTWA  .0000DSPSD
3. TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010

4.900VELOC .OWINDG
1.BIOMS 0.BIOTM
.015PCTWA  .0000DSPSD
3.TOTKG .000010
.333VELOC .OWINDG
1.BIOMS 0.BIOTM

.049PCTWA  3.9470DSPSD
0.TOTKG .000010
11.440VELOC .OWINDG
1.BIOMS 0.BIOTM
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7.

OXRAD .1E-09 OCS  .015PCTWA  .0000DSPSD 0. PHG 7.
WS 5.CMPET 3.TOTKG .000010
TEMSG 25.DEPTH  .333VELOC .OWINDG 0.TYPEE 3.
BACTO 100000.ACBAC 1.BIOMS 0.BIOTM 25. POHG 7.
OXRAD .0E+00 OCS  .001IPCTWA 1.1800DSPSD  .003 PHG
wSs 0.CMPET 0.TOTKG .000010
66 H: CONSTANTS
EBHG1 0. EBHG2 0. EBHG3 0. ENHG1 0. ENHG2 0.
ENHG3 0. EAHG1 0. EAHG2 0. EAHG3 0. KAHG1 0.0
KAHG2 0.0KAHG3 0.0KBHG1 0.0KBHG2 0.0KBHG3 0.0
KNHG1 0. KNHG2 0. KNHG3 0. EOXG1 0. EOXG2 0.
EOXG3 0. KOXG1 0. KOXG2 0. KOXG3 0. KBCW1 0.000001
KBCW2 0.000001 KBCW3 0.000001 QTBW1 0. QTBW2 0. QTBW3
0.
KBCS10.0000001 KBCS20.0000001 KBCS30.0000001 QTBS1 10. QTBS2
0.
QTBS3 0. KOC .SE+08 KOW 0.0 OCB 0. :
MWTG 267. HENRY 0.0 VAPRG 0.0
KVOG 0.00001 SOLG .865ESOLG 0. EVPRG 0. EHENG 0.
FAC 0.1 KDPG 0. RFLAT  39.9
CLOUD 3.0 LATG 43.6 DFACG 1.5 QUAN1 0. QUAN2 0.
QUAN3  30.0 XJTR 0. CTRIG 0. DTOPT 0. DTINT 5.
5 I: TIME FUNCTIONS
TEMPN 2
1. 0. 1 200.
WINDN 2
S W 0. 1 200.
PHN 2 .
1. 0. 1 200.
POHN 2
1. 0. 1 200.
LIGHT 2
1. 0. 1 200.
J: INTTIAL CONC
CHEM .003CHEM 100CHEM .003CHEM  10.0
CHEM .003CHEM 10.0CHEM .003CHEM 10.0
CHEM .003CHEM 100CHEM .003CHEM 10.0
CHEM .003CHEM 100CHEM  .003CHEM 10.0
CHEM .003CHEM 10.0CHEM .003 CHEM  10.0
CHEM .003CHEM 10.0CHEM .003CHEM  10.0
CHEM .003CHEM 10.0CHEM  .003 CHEM  10.0
CHEM .003CHEM 100CHEM .003CHEM 10.0
CHEM .003CHEM 10.0CHEM .003CHEM 10.0
CHEM .003CHEM 10.0CHEM .003CHEM 10.0
CHEM .003CHEM 10.0CHEM .003CHEM 10.0
CHEM .003CHEM 10.0CHEM .003CHEM 10.0
CHEM .003CHEM 10.0CHEM .003 CHEM  10.0
CHEM .003CHEM 10.0CHEM .003CHEM  10.0
CHEM  .003CHEM 10.0CHEM  .003 CHEM  10.0
CHEM .003CHEM 10.0CHEM .003CHEM  10.0
CHEM .003CHEM 10.0CHEM .003CHEM 10.0
161




CHEM
CHEM
CHEM
CHEM
CHEM

CHEM.

CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM

- CHEM

CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
SED
SED
SED
SED
SED
SED
SED

" SED

.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM _ 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
.003. CHEM 10.0 CHEM
.003 CHEM 10.0 CHEM
3. SED 1740000. SED

3. SED 1600000. SED

3. SED 1740000. SED

3. SED 2380000. SED

3. SED 1520000. SED

3. SED 1520000. SED

3. SED 1520000. SED

5. SED 1070000. SED

.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM

.003 CHEM -

.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM

.003 CHEM.

.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
.003 CHEM
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.003 CHEM
-.003 CHEM
.003 CHEM
.003 CHEM
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SED 12. SED 600000. SED 5. SED 1740000.,

SE+15 3000000. K: STABILITY
0.0 0.0
0.0416667 50.0 L: PRINT CONTROL
01
20 0.30 M: INTEGRATION CTL.
1.0 0.0 :

1
0.0041667 9.84
CHEM CHEM1 CHEMS CHEMB DISSF SEDF MASS BMASS
N:DISPLAY TABLE ' :
1 319 35 87 85 89 97103
1 41 37 39 47109107 77 95
1135147155189181197221
1 420 36 88 86 90 98104
1 42 38 40 48110108 78 96
1136148156190182198222

SED DEPTH TOTKL PHOTKL HYDRKL BIOLKL OXIDKL VOLKL
1 420 36 88 86 90 98104
1 42 38 40 48110108 78 96
1136148156190182198222

21 O: TIME PLOTS
0.0 100.
86 88
01
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