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PREFACE

This manual, Spatially Explicit Exposure Model (SEEM) User’s Manual (Version 4.2), outlines
the theoretical foundation for the modeling work, presents the conceptual mechanics of model
operation and provides stepwise user instructions.

Drawing from user-defined input parameters, SEEM is atool by which to complete awildlife
exposure assessment guided by wildlife habitat preferences and foraging behaviors. SEEM
incorporates habitat suitability indices and two foraging strategies to capture exposures that are
more realistic than assuming uniform exposure across a heterogeneous site (i.e. site-wide
averages). Building off of earlier work (Freshman and Menzie 1996; Hope 2000, 2001), SEEM
offers an accessible and flexible tool by which to capture the foraging activities of all individuals
inalocal population. The modeling approach and level of complexity are user-defined. Asa
result, SEEM can be employed to assess a variety of wildlife exposure problems. Ultimately,
SEEM can assist risk managers and remedia engineers to better understand the costs and
benefits of remediating certain parcels based on the HSI, potential exposures and acreages.
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1 INTRODUCTION
1.1 Background

Thetools for wildlife exposure analysis available to the risk assessment community vary from
simple statistical calculations applied broadly across an entire site (average, maximum, 95%
UCL, and percentiles) to complex GIS modeling. Simple spreadsheet models provide site
assessors with a balance between ease of application and strength/power of the analysis.
Combining the most basic models, the 'Average Concentration with Area Curve Exposure
Model' (ACAC) and the 'Population Effects Foraging Model' (PEF), with more sophisticated
habitat suitability models (E[HQ]), the Spatialy Explicit Exposure Model (SEEM) offersrisk
assessors and risk managers an accessible and flexible wildlife exposure assessment tool that
captures the influence of habitat preferences and foraging behaviors on overall wildlife exposure
(Freshman and Menzie, 1996; Hope, 2000, 2001).

The ACAC examines the change in exposure concentration as the area of asite increases. It has
utility in hotspot analyses and in assisting in remedial decision-making; however it does not
directly incorporate habitat suitability indices. The resulting average concentration with area
curve can be used to review conditions at the site in reference to effects concentrations and the
foraging areas of common wildlife species (Freshman and Menzie, 1996).

The PEF Model generates a pattern analysis incorporating foraging area, spatial distribution of
contamination and soil effect levels. The resulting figure provides the assessor with the percent
of the population affected based on aforaging habitat ratio that varies from 0 to 1 (Freshman and
Menzie, 1996).

The ACAC and PEF Models include a habitat area component, but it is also important to include
a habitat suitability component that is a direct reflection of the ecology of each receptor species.
Regardless of the chemical concentrations, a poor habitat suitability should result in reduced
exposure. In some cases, chemical concentrations might improve habitat. The Habitat Area and
Quality Conditioned Exposure Estimator (E[HQ)]) is a modification of the PEF mode and
incorporates both exposure components (Hope 2000, 2001; Hope 2005). This model adjusts the
concentration of chemical using both the habitat area and habitat suitability and completes
multiple exposure iterations across a grid overlying the site. The model also offersthe
opportunity to incorporate and evaluate the percentage of individual E[HQ]'s that exceed
screening levels, remedial goals etc.

SEEM (Spatialy Explicit Exposure Model ) combines various features from the three models
through an easy to use interface.

1.2 Purposeand Scope
The purpose of SEEM isto provide assessors and managers with a powerful, flexible exposure
assessment tool that more closely approximates redlity. Historically, simplifying assumptions

led to the assessment of an entire site independent from the larger landscape and with limited
recognition of the influence of habitat heterogeneity and the uniqueness of wildlife foraging
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behaviors on wildlife exposure. Often asingle statistic or series of statisticsis used to generate a
site-wide exposure value. SEEM incorporates habitat suitability and foraging habits to improve
the value of wildlife exposure assessment. Also, rather than assessrisk for asingle
representative individual, SEEM tracks the foraging behavior of all individualsin alocal
population.

SEEM isaterrestrial wildlife exposure model designed to evaluate exposures to mammals and
birds. By design, the model isfocused on terrestrial habitat. While the model does not support
the eva uation of fish exposure per se beyond the application of bioaccumulation factors to
sediment concentrations, SEEM could support the assessment of semi-aquatic mammals and
birds that feed on fish. Assessing these pathways using SEEM will be discussed in the Sections
that follow. User’s should consider the unique characteristics of target receptor species, e.g.
home range size, and the heterogeneity of the surrounding habitat when considering the
application of SEEM. Determining how those characteristics will be integrated into SEEM will
provide insightsinto the value of SEEM for answering specific questions. Where ahome range
isvery small and/or habitat is homogeneous, SEEM will be aless valuable assessment tool.

The User’s Manual provides the user with a conceptual introduction to the design and mechanics
of SEEM. In addition, a detailed stepwise description of model operation is provided and will
help users populate and run SEEM. We do not, however, provide guidance regarding the
collection of the datainputs.

1.3 Application

SEEM has been developed for a number of applications. Within the Ecological Risk Assessment
Framework (EPA 1998), SEEM could be applied to examine issues within the exposure and
effects components, in the risk characterization, and SEEM can be an invaluable communication
and decision-making tool during risk communication and risk management (Figure 1).

Examples of applications for SEEM within each of these steps include:

Exposure Assessment: Visualize exposure pathways and identify where chemicals and
habitats intersect; assess the impact of receptor habits on exposure; increase realism because
species are more likely to forage in areas with available habitat;

Effects Assessment: Visualize the intersection of potential effects for different receptors;

Iteration and Sensitivity: SEEM run multiple times with variable inputs can be used to
eva uate risk driving assumptions,

Risk Characterization: ldentify areas of concern; identify local populations and associated
habitat types that are most susceptible;
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ERA Framework
(EPA 1998)

Problem Formulation

1

Analysis As Needed:
Iterate,
Exposure Effects New Data,
Monitor

|

Risk Characterization

|

Risk Management ﬁ Risk Communication

Figurel.  SEEM Applications within the ERA Framework (arrows indicate
that SEEM outputs can inform multiple steps and the results of
different steps can inform SEEM)

Risk Communication: Illustrate problematic portions of the site from the perspective of
each receptor; because habitat is a consideration, avoid highlighting areas with no or poor
quality habitat because exposure unlikely; communicate the cost and benefits of different
remedia strategiesin terms of acreage requiring remediation, habitat loss and risk reduction;
and,

Risk Management: Increase efficiency and effectiveness of remedial strategies by focusing
attention on areas where habitat and chemicals intersect and conversely avoid costly cleanup
in areas where there is no habitat and therefore complete exposure pathways are not present.

Because SEEM includes visualization tools such as criteria screening summary maps and
foraging pathway animation, users are able to observe problem areas in terms of habitat,
chemistry, receptor behavior and acreage. SEEM can be run and re-run under varying scenarios
to assess potential remedial strategies and arrive at afina strategy that best balances risk
reduction, habitat loss due to remediation, cost, and acreage remediated.
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1.4 Installation and Requirements

SEEM* will run on Microsoft Windows® supported systems (Operating System: Windows® 98,
NT 4.0, 2000, XP, 7). The report viewer for SEEM requires Microsoft Excel® (Version: 1997 or
higher). SEEM requires 25 mb of free hard drive space. SEEM isdistributed asasingle zip file.
Download the zip file to any folder on your system (for example, Desktop). Right click the zip
file, select *Extract All,” and select afolder of your choice in which you want to install SEEM.
Within this folder, click on the SEEM 42 shortcut to open the program. There is also a user
manual in thisfolder. If in the future you need to move the program folder, move it as an entire
folder.

The model is designed to open files created during the previous model run automatically each
time a user opens the model. The first time you open the model you will receive a message that
states—‘Model is not found, default model isloaded’. Click OK and begin work on your SEEM
project. Inthe future, SEEM will open with the active model from the last run.

1 Thecurrent version of SEEM isa BETA Test Version. Asaresult, by using, copying, or installing this software,

the user understands that the software is provided ‘AS IS and with no warranties of any kind, whether expressed
or implied. The user acknowledges that the software is still in development and continuesto undergo review.
The devel oper does not warrant, guarantee or make any representati ons regarding the use or the results of the use
of SEEM. The developer does not warrant that the operation will be uninterrupted or error-free.
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2 MODEL STRUCTURE
2.1 Conceptual Description

SEEM has been devel oped to increase the realism of wildlife exposure assessment and improve
the analysis of population risk. In general, “population-level” assessments consider the
individuals that comprise the “population” within the area of interest?’. SEEM tracks exposure of
all of theseindividualsin aloca population (rather than cal culating exposure for asingle
representative individual one-time). In addition, SEEM increases the realism of the exposure
assessment process by incorporating habitat suitability at afiner resolution than the entire site
and by considering foraging behaviors.

The model will track an individual over an ecologically relevant period of time asit travels
across alandscape. Theindividua will move according to aset of pre-determined rules. The
model operates based on aforaging radius/distance. The radius describes the maximum distance
over which an animal may forage in one day and in any direction. Each day an animal forages
over an area defined by aforaging radius. Although the radiusis fixed per day, the actual number
of polygons to which areceptor is exposed may vary based on the geometry of the polygons and
the current position of the receptor®. Exposure occurs during a foraging event. A foraging event
isapoint at which an individual consumes a prey item and associated media (soil, sediment,
water)*. Itislocated by an X,Y coordinate. A user selects the number of foraging events that
occur per day within the foraging radius based upon knowledge of the species habits aswell as
the habitat and food availability.

Receptorsin SEEM are mobile and each individual may follow a unique exposure pathway
across the landscape. The movement algorithm employs Markov Chain Monte Carlo, arejection
method that uses habitat suitability to determine the probability that an individual will remainin
an area and forage, rather than move to another area. Conceptually, the wildlife species do not
necessarily follow a pathway through the most suitable habitat across a landscape and may cross
areas with alow HSI; the species will not forage in areas with an HS| equal to 0. However, in
SEEM, the species are more likely to spend more time and actually forage in areas that have a
higher habitat suitability. Each day, for each individual and foraging event, the Markov Chain
Monte Carlo is employed to generate exposure events. Users may select between two foraging

2 Population as used in this document refers to ‘modeled population’. Thisis a user-defined number of individuals

which may or may not reflect the ecological populationin an area. As discussed in the Sections that follow, we
highly recommend modelers run the model for multiple iterations to capture the inherent variability in exposure.
Therefore, any population number may be interpreted as the number of individual s or the number of iterations
for asingleindividual.

¥ NOTE: the SEEM calculator uses an underlying grid (user-defined number of cells) to efficiently estimate
exposures As users draw polygons or select grid cells, SEEM internally estimates an area-weighted exposure
concentration for each fixed internal grid cell. This concentration is used in the calculations. The same concept
appliesto the HSI values.

A medium in SEEM refers to the non-biological source of chemica exposure — soil, sediment or water. SEEM
uses bioaccumulation factors to estimate tissue concentrations based on exposure to the media. It should be
noted that to date SEEM has only been used to estimate exposures to soils. The opportunity to model exposures
from sediment or water is available but has not been tested in depth.
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submodels. They include: a movement-based free-ranging submodel, and the static home range
foraging model in which the boundary demarcated by the foraging radius does not change,
although the position of theindividua foraging events may change. These submodels are
discussed in detail below.

For each day and each individual, SEEM calculates an ecological hazard quotient (EHQ). The
average daily EHQ captures all of the daily exposure events for each individual. For each
individual, alifetime average and maximal EHQ may be calculated. From the individual EHQ
statistics, population statistics and graphical summaries are calculated including the population
EHQ curves which display the percent of the population potentially impacted.

2.2 Foraging Submodels

SEEM employs two different foraging submodels. The submodels determine how awildlife
species may be exposed to chemicals in the environment. Each submodel contains a set of rules
that determine the position, movement habits and exposure calculations. The submodels do not
include the universe of potential behaviors or unique methods that some species might utilize.
The submodels do, however, provide a broad approximation of foraging habits and SEEM is
flexible and may be used to explore subtlety in foraging behaviors through sensitivity testing,
modification of exposure events, time periods and foraging ranges.

The three primary foraging parameters for free-ranging and static home range submodels are the
foraging radius, the foraging event, and habitat suitability indices. EPA (1993) defines a
foraging radius as “the distances the animals are willing to travel to potential food sources’.
Although it isasimplification for heterogeneous habitats, SEEM operates within aforaging area
defined by the foraging radius, i.e. acircular area (EPA 1993). In SEEM the foraging radius
defines the area over which an individual will search for food each day. A foraging eventisa
point at which an individual consumes a diet item and may ingest soil or sediment incidentally or
water. Thelocation of aforaging event is an X,y coordinate, therefore foraging is not directly
associated with polygon locations. A user specifies the number of foraging events that occur
each day and the location of each event (x,y) is determined through a Monte Carlo rejection
method which uses habitat suitability to guide the selection of alocation (SEE INSERT A). A
habitat suitability index (HS) compiles the suite of measurable parameters that reflect the
preference awildlife species might have for one area over another. In the case of SEEM, the
measurable parameters are combined and expressed as asingle index value (0-1) for each habitat
polygon within the landscape. SEEM provides an HSI calculator for assistance with habitat
suitability estimation (Kapustka et al. 2005; Kapustka et a. 2004a, 2004b; K apustka 2003;
Kapustka et a. 2001; Terrell and Carpenter 1997). Each model requires species-specific habitat
parameters and will generate an HSI. The calculator isintegrated directly into SEEM. The HSIs
are used to determine the probability that a receptor will visit and/or forage at a given location.
An HSI equal to zero indicates that there is no suitable habitat for the specific species, e.g. a
paved parking lot. However, depending on the contiguous extent of the non-habitat area and the
foraging radius for the receptor, an individual may cross non-habitat aress.

In the sections that follow, the two submodels are explored in detail .
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2.2.1 Free-Ranging Foraging Submodel

In the free-ranging foraging submodel, wildlife move across a landscape guided by habitat
suitability and species-specific foraging areas. Initially, each individual in the population is
placed into a starting position (x,y) on the landscape. The position is influenced by habitat
suitability, but also utilizes arandom component (See Insert A). Each day, wildlife forage at a
specified number of locations (Figure 2). An average of the exposures for all foraging events for
each individual is calculated and tallied. Each day the starting point is the last location visited by
each individual receptor the previous day. The foraging area shifts so that the new starting point
isthe center of the circle. Over time and for each individual, the circles defined by the foraging
radii move across the landscape. For each individual, movement is independent from the
movement of other individuas, i.e. paths may cross. Although each individual will not
necessarily visit the areas with the highest habitat suitability, the probability to foragein areas
with better habitat is higher than the probability to forage in an areawith lower HSIs or poor
habitat.

Each day a
receptor visits M ovement occurs acrossthe
exposur e points landscape with the
within the probability of foragingin

any given location based on
habitat suitability (Markov
Chain Monte Carlo)
Starting point each day is
selected from within the
foraging area from the
previous day (probability of

foraging radius

O —
Each polygon contains a
habitat suitability index, soil

concentration and diet item gtartingin a particular
concentration (BAF) location is based on habitat
= daily foraging confined suitability)
by foraging radius

= foraging location/event — number is
user -specified; location guided by
habitat suitability
(Adapted From: Wickwire et a. 2004)

Figure2.  SEEM — Free Ranging Foraging Submodel — Conceptual Overview
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2.2.2 Satic Home Range Submodel

In contrast to the free ranging foraging submodel, the foraging area for each individual in the
static home range submodel does not change each day, but remains fixed. This may
approximate the function of a nest from which an individual |eaves each day to gather food, only
to return at night and begin the routine the next day (Figure 3). It also may characterize a species
that forages more locally. Asaresult, the circular area defined by the foraging radius remains
fixed on the landscape for each individual throughout the modeling period. However, the
location of the foraging events may change each day.

@ =nest Ipcation _ Each day an animal

e =foraging Iocatlor_l_— visits a specified
number user -specified, number of locations
location guided by habitat within the foraging
suitability; locations may area. Each

change each day successive day the
/ location of foraging
@ / boundary remains
Each polygon contains a the same
habitat suitability index, soil

concentration and diet item = areain which foraging

concentration occursfrom a nest
(location does not change
during exposur e period)

(Adapted From: Wickwire et a. 2004)

Figure3.  SEEM — Static Home Range Foraging Submodel — Conceptual Overview

2.2.3 Biota or Plant Tissue Concentrations

Food item” tissue concentrationsin SEEM are cal culated using a bioaccumulation factor (BAF).
Higher order species may consume plants, small mammals, invertebrates or other lower order
species that may have independent exposures as well. The food item bioaccumulation
calculation is made for every polygon in which there is suitable habitat for the consumer; the

®  Food items and diet items are used in SEEM to refer to different model components. A food item is not assessed
directly inthe moddl. Instead, a BAF is used to estimate the body burden. A diet itemis either afood item or
another receptor that is consumed by an assessed wildlife species. Receptor concentrations when serving as diet
items are based on the receptors diet composition and the concentration of the diet (excluding excretory and
digestive | 0ss).
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assumption follows that if the habitat is suitable for the receptor, food items will occur in the
polygon aswell. For example, afox may consume a meadow vole. The meadow voleis
assumed to obtain atissue concentration of site chemicals viathe soil through the diet.
Therefore, every polygon with any suitable habitat (an HSI > 0) will contain a non-diminishing
food item; though not every receptor will consume every food item type. The tissue estimation
ismade for all food items that comprise the diet of a higher order species.

2.3 Calculations

SEEM compl etes exposure calculations each day for each individual. The calculations are
summarized in Insert B.  For each individual, daily exposure estimates are tallied for the entire
lifetime. Individual lifetime statistics (average and maximum, currently) are compiled to create
the population effects curves.

Additional calculations on a cell-by-cell basis® (e.g. intake, ecological hazard quotient) are
generated automatically when the input parameters are entered.

® SEEM calculations uses an underlying grid (user-defined number of cells) to efficiently estimate exposures . As

users draw polygons or select grid cells, SEEM internally estimates an area-weighted exposure concentration for
each internal grid cell. This concentration is used in the calculations. The same concept applies to the HSI
values.
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INSERT A
M ovement Detail

In contrast to other exposure models, foraging within SEEM does not occur at the level of agrid cell or entire
polygon. Foraging within SEEM occurs at specific points (x,y coordinates) caled foraging events. The
number of foraging events that occur per day is a user-specified parameter. The polygons (or grid cells) are
used to define the landscape in terms of chemical concentration distribution and habitat suitability. Inthe case
of both the free-ranging and static home range submodel s, foraging event locations change from event to
event and each day. In the case of the free-ranging submodel only, the boundary defined by the foraging
radius al so changes position each day, i.e. the center point of the circle defined by the foraging radius shifts
each day.

Positioning aforaging event or nest in the landscape and determining the movement of aforaging areain the
free-ranging scenario are both accomplished using elements of a Markov Chain Monte Carlo approach. This
methodology combines randomized direction and distance within foraging area constraints with habitat
suitability indicesin argection method to select the position for aforaging event. Foraging is not entirely
random, nor does a receptor necessarily follow the pathway of perfect habitat suitability. Conceptualy, this
approach aso does not mean that a receptor cannot cross poor habitat; a receptor may forage in an areawith
poor habitat, but it islesslikely.

Polygon data are trand ated into a fixed grid for calculations using area-weighted averaging to arrive at avalue
for each cell; in some cases multiple polygons may intersect asingle cell.

A random number sequence is employed to locate the starting cell taking into account the HSIs assigned to the
cell (using the Rejection Method). An additional series of random numbers are generated to locate a
receptor’s position within the cell. In this case those random numbers, al and a2, are used to calculate x and
y coordinatesin: x=x_lower_left_corner_of the cell+cell_width*al; they coordinate is calculated in the
similar way.

Movement is simulated using another algorithm, but it uses the same basic pseudo-random sequence used to
select aninitia position. For the purposes of explanation, assume that an animal islocated at x0,y0 on the
map with aforaging radius of R and the free-ranging foraging strategy. Movement to a new position begins
when two random numbers are generated from the pseudo-random sequence. The first number is used to
simulate the direction angle for movement. Thisangle falls uniformly from O to 2*pi: angle=2* pi*al, where
“al” isthefirst random number for this series. Movement distanceis simulated as follows:
distance=R*sgrt(a2), where “a2” is the second random number. Given adirection and distance, SEEM
calculates anew position as follows: x1=x0+distance* cos(angle),yl=yO+distance*sin(angle). However, this
will not necessarily be afinal position or become aforaging event. Up to this point the position has not taken
habitat suitability into consideration. To account for the habitat suitability and determineif this temporary
location will become aforaging event, SEEM employs arejection method. In this method, amaximal HSI is
calculated (HSImax). The HSImax is defined as the maximal habitat suitability within the circle of foraging
radius R centered in X0, y0. A temporary position is located by the method discussed previously. The HS| at
thislocation, x1,y1, isrecorded. Next theratio HSI(x1,y1l)/HSImax is caculated. Thisratio can be
interpreted as the “ probability to remain and forage at x1,y1”. Then, SEEM generates the next random number
from our basic sequence. If this number islessthan HSI (x1,y1)/HSImax, then x1,y1 becomes the receptor’s
position. If the number is greater than HSI (x1,y1)/HSImax, the algorithm begins by generating a new
temporary position x2,y2 (using random numbers and the direction and distance algorithms). The HSI ratio is
generated for the new position and the comparison is made until aforaging event position is identified.
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INSERT B
Exposure Averaging

Asdiscussed in Insert A, SEEM employs components of aMarkov Chain Monte Carlo to simulate the
locations of foraging events within aforaging radius and to position foraging starting points and nest locations
assuming that the probability distribution of spatia positions of the foraging eventsis proportional to the HSI.
The actual exposures are averaged across the positions of the foraging events, and since the foraging events
happen more frequently in the higher HSI areas, the result is effectively HSI exposure weighting.

The calculations are discussed below:

Exposureis calculated for each (i-th) foraging event using the following equation (additional media may also
be included):

Ei=Exposure Dose (mg/kg/day) = {[chemical]si X |Rsi} +
{[chemical]prey-1 X | Rprey-1} ...+ {[chemical] preyk X IRpreyt (1)

[chemical] = chemical concentration
IR = ingestion rate

prey-i isthe number of diet items

k istotal number of potential diet items

This exposureis recorded for each event and averaged at the end of each day. Because habitat suitability is
employed in locating foraging events, the foraging event locations are effectively weighted by habitat
suitability. Therefore, an average of the eventsis cal cul ated each day:
Esay=1Un(E1+E2+E3+ ...4+En) (2)
Eqay = average daily exposure dose for an individual
Ei = individua exposure dose in the i-th foraging event
n = number of foraging events
For each day in the modeling period an ecological hazard quotient (EHQ) is calcul ated for each individua :
Daily EHQ = Ego/TRV (3)
TRV = toxicity reference/benchmark value
After the model has been run for the full modeling period, an average EHQ and a maximum EHQ is

calculated for each individual in the population. Statistical distributions of individual EHQs are used to
devel op the population effects curves.
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3 STEPWISE INSTRUCTIONS (GUIDED INPUT)
3.1 Input Introduction

Dataentry in SEEM occurs through guided input. For new users the guided input provides an
introduction to the required data through input screens that are split with data entry occurring on
the left-hand side and guidance text provided on the right-hand side. Also, it isan efficient way
to organize data entry for experienced users of the model. The entry point (home screen) for
SEEM isthe main form displayed below (Figure 4). From this page a user may initiate the
development of a new model, modify an existing model, open a saved model, save data entry,
run a completed model, view output reports, access/view/edit the habitat suitability database and
shutdown/close the model.
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Figure4.  Home screen in SEEM’

" SEEM will open with a project aready |oaded from the previous session or from the default library. New

projects may be created directly or past projects may be opened from the home screen.
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Thefoca point of the model interface isthe site base map. The map orients the user, organizes
spatial chemical and habitat suitability data and also provides a clear way to identify different
portions of the site in terms of potential for harm. In addition to the different file options, users
may also run a screening tool, modify inputs directly by jumping to a specific step and use the
real-time summary information at the bottom of the entry window.

The primary model functionality available from the main form of the model is summarized

below (Figure 5). A user may create, modify, open, save, run, view and open the HS| database
(2). In addition, users may jump to specific guided input series focusing on chemical information
or receptor information and view different polygon/grid sets (if already entered) (2). Along the
top of the window, next to the SEEM version number, isthe active file name. A screening tool is
availableto allow a user to screen the cell defined grid® based on ecological hazard quotients,
intake, and concentration (3). Finaly, astatus bar presents location, concentration, habitat
suitability, intake and EHQ summaries by area (4).
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Figure5.  Overview of home screening functionaity

8 NOTE: the SEEM calculator uses afixed grid (25 x 25 cells). As users draw polygons or select grid cells, SEEM
internally estimates an area-wei ghted exposure concentration for each fixed internal grid cell. This concentration
isused in the caculations. The same concept applies to the HSI values.
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Data entry and internal model guidance are organized by data entry ‘steps’. Whether an
advanced or a new user of SEEM, the data entry steps are organized to provide users with the
ability to assemble the required datain alogical way. The structure of each step is consistent
(Figure 6). On the left-hand side of the split screen users enter the required data. Data entry may
entail direct entry of values or text, multiple choice selections or highlighting of previously
entered dataltext (1). Along the right-hand side of the split screen, users will find step-specific
guidance® (2). In addition, where applicable, the right-hand side of the screen is also used to
reference data entry to a position/polygon on the map. Starting in Step 8, when users click on
data entry cells with a spatial component, the base map will pop-up on the right-hand side with
the active polygon or cdl highlighted.
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Figure6.  Example of split screen input screen

Reviewing the guidance for each step prior to entering datais recommended for first-time users.

°®  The guidance text may extend beyond the active window. In those cases, a scroll bar is available to view the

full-text.
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Users navigate through the input steps using three buttons in the lower right-hand corner of the
input window. Click Next to move forward and click Back to view the previous window. Enter
the required data before advancing through the model; SEEM will block forward movement if
input data are missing from a Step. Save and Exit is used to exit the guided input. However,
this option is only available on the last data entry step for anew model. When modifying a
completed model, users may navigate to the appropriate step, input an edit and then click Save
and Exit to exit the updating process. A fourth button is also available, Save™. Because data
entry is atime-consuming process, the Save button allows a user to save the inputs up to acertain
point™! in an external file. Thisfile may betransferred to another computer or user. In addition
to saving data to an external file, data are automatically saved as a user proceeds through the
guided input steps. If auser closes SEEM midway through data entry, the datawill be available
(up to the last completed input step) upon the user’ s return by clicking on Modify Model or New
Model; these functions in this context will generate a pop-up message asking if the user would
like to continue with dataentry. If auser selects*No’, previously entered datawill be
permanently lost.

In the Sections that follow, each of the specific data entry stepsis introduced in series.
3.2 Step 1: Define Time Scale

SEEM operates over a user-defined time period. The time period selected provides users with
the opportunity to examine exposure for an extended period of time; in some cases, the time
period may capture alife time of a species. Coupled with optional seasonal adjustments,
extended analytical periods improve the realism of the wildlife exposure assessment.

The time scal e entered will determine the number of days for which exposure will be assessed
for each individual within a population (1) (Figure 7). There are two selection buttonsin the
lower |eft-hand corner of the screen (2): default seasons or no seasons. Each is described
briefly below:

Default Seasons: By selecting the default seasons button, SEEM will create season-based
time categoriesincluding: Winter, Spring, Summer and Autumn and the # of daysin each. A
user may overwrite the number of days and the names; and,

No Seasons: By selecting this default button, a user selects asingle time period and enters
the total number of days. By default, 365 days are applied if no seasonsis selected, but this
value may be modified by the user.

1 In earlier versions of the mode this was called Intermediate Save. In the current version there is a button called
SAVE. Thefunctions are the same.

' Save captures the data entered through one step prior to the step in which the Save button is selected in an
external .MDL file.
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Figure7.  Time-Scale date entry screen

In both cases, a user may overwrite and define a site specific time period. In addition, a user
may type site specific time periods directly into the table without selecting either button (1).

After entering the time period, the user may navigate to the next step by clicking Next. At any
point in the data entry process a user may save the data entered to that point using Save.

33 Step 2: List Chemicals

SEEM will operate on any chemical for which users have a bioaccumulation factor or co-located
soil and tissue concentrations for diet items for the assessed receptors. If BAFs are not available
in the literature, then site-specific studies may be necessary to collect the data required to run
SEEM.

In this step, enter the name of all chemicals that will be assessed in the current model file (1)
(Figure 8). In addition, enter the chemical abstracts service registry number (CASRN or CAS
No.); auser may eect to enter the CAS No. with hyphens or without. After all inputs have been
entered, users may run the model for each receptor and all chemicals in sequence without
returning to the input screens.
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Figure8.  Chemical dataentry screen

Navigate to the next step when the chemical names and CASRN have been entered.
34 Step 3: Define Food Items and Bioaccumulation Factors

A subset of species are considered food items™. As such, they are not evaluated directly in
SEEM; however they are consumed by higher order species. SEEM is not a bioaccumulation
model, but includes the capability to incorporate BAFs to estimate food item concentrations
(Figure 9). SEEM assesses exposure to higher order receptors based on dietary dose and
compares the estimated intakes to dose-based toxicity reference values.

To begin data entry to characterize the food/diet items, enter the name of each food item (1).
Next, select the medium in which each food item occurs, e.g. soil, water (1), by double-clicking
the medium input box and selecting from the pull-down menu. If the same food item occursin
multiple media, inputs must be entered for each receptor-medium combination.

Chemical names entered in Step 2 appear in the chemical list. If achemical isnot inthelist,
then return to Step 2, enter the chemical name and return to this Step to complete data entry.
Select/highlight the chemical of interest (2).

12" Definition: food items are consumed by other species and risk is not assessed directly by SEEM, as compared to
diet items which may include food items in addition to receptors for which risk is estimated.

Page 22 of 70



SEEM User’s Manual
Version: 4.2

S DEFINE FOOD ITEMS AND BIOACCUMULATION =/

wabset of species are coasidersd food ibems. As sach, they
e ol cvalsated directhy in SEEM, howoever they are
onsamed by bigher ovdier species. Twn options are

ovided for predicimg body burden concentrations for these
items wsing a bsooc cummilation factor (BAF)

s, enler the mome of each food frem, Next, seect the
iwrmt i which the food e ocnws, e g sodl, waten

fal foinat A

scal mamen entered m Step 2 appear m the chermeal

ood fem BAFs are spectied for food item-chemicnl pars
: a feod ftem ond a chemscal. Then, enter the BAF
&g oo of the following opbons:

1 Enter a mieasiired fivvue concentration
and co-locoted measured miedium
concentration. Based on these valsey
SEEM will calculate a BAF value which wil
appear in the BAF cel

Figure9.  Food item and bioaccumulation data entry

Two options are provided for predicting body burden concentrations for these food items using a
bioaccumulation factor (BAF) (3)*2. Food item BAFs are specified for food item-chemical pairs.
Highlight afood item and achemical. Then, enter the BAF using one of the following options:

Option1:  Enter ameasured tissue concentration and co-located measured medium
concentration. Based on these values SEEM will calculate a BAF value
which will appear in the BAF cdll.

OR

Option 2:  Enter aBAF valuedirectly in the BAF cell.
A user may enter reference information for aBAF or measured datain the allotted space at the
bottom of the entry screen (4). References and input values are tracked and presented in the
model report.
Repeat these steps for each food item and chemical pair.

NOTE: The information for each receptor and chemical is active and may be edited when that
receptor’s and chemical’ s name/row are highlighted.

3 SEEM accepts either aBAF or a co-located soil & tissue concentration. Becauseit isunlikely that astudy site
will have tissue data for every soil sampling location, SEEM uses a BAF to estimate food item concentrations for
each sampling location. If asite has multiple media-tissue concentration pairs, estimate a BAF statistic outside
of SEEM and input the single BAF value.
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Click Next to continue data entry.
3.5 Step 4: Define Receptors

SEEM assesses exposure to receptors. SEEM is aterrestrial wildlife exposure model designed to
evaluate exposures to mammals and birds. The model does not support the eval uation of fish per
se beyond the application of bioaccumulation factors, but can support the assessment of semi-
aquatic mammals and birds that feed on fish. Receptors may only feed on a water-based food
item if the user alows for water-based foraging for that receptor during data entry.

Receptor selection considers the site management goal's, assessment endpoints, habitat
availability and the availability of exposure parameters. Exposure for species entered as food
items in previous steps is not assessed directly; however, these items serve as a primary route (as
diet items) for bioaccumulation by the receptors.

In this Step, receptor-specific exposure parameters are entered (Figure 10). Begin by entering
the receptor names (1). Receptors include wildlife that consume food items and forage in the
study area habitats. SEEM will assess exposure to receptors that occupy habitats with soil,
sediment and/or water, though SEEM was designed primarily for terrestrial or semi-aquatic
Species.
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Figure 10. Defining receptors (Species for which exposure is model ed)
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After entry of the receptor names, highlight a receptor and proceed to enter receptor-specific
exposure parameters (2). These parameters characterize the behaviors of the receptors and will
impact the extent of exposure.

Thefirst exposure parameter to select isthe foraging type (2). There aretwo options. free
ranging foraging (the foraging area moves around a landscape guided by habitat suitability) or
static home range foraging (the foraging area remains fixed each day, but specific foraging
events may be located in varying locations each day). In SEEM, aforaging event is
operationally defined as the simultaneous action of locating and consuming afood item. Whilea
simplification, this characteristic may be modified to reflect specific life stage requirements.
When considering the foraging type, consider the life stage and general habits of the receptor. A
group of bird and mammal species may spend a period of timein anest (or mammalian
equivalent) foraging in the same area for an extended period of time, while during different times
of the year or for some species, the foraging area shifts each day. In some cases food items and
other resources may shift forcing receptors to move. The options for this exposure parameter
represent two of the primary foraging strategies. While a simplification of the range of foraging
type variants, when combined with foraging radius and foraging events, the tool offers users
flexibility in creating unique foraging strategies.

After selecting the foraging type, enter the foraging radius (2). The foraging radius defines the
circular area over which awildlife species foragesin asingleday. The radius defines the area,
but does not define the number of actual foraging events occurringin asingleday. The foraging
radius may be calculated from the home range using the area of acircle (jr®) and solving for the
radius (r).

Finally, check off the habitat types that a receptor may visit during an exposure period. Choose
terrestrial, water or both. This selection should include the habitats that a user will definein the
exposure assessment. If, for example, water is not deemed a pathway requiring quantification for
one receptor, but it is for another, receptor preferences are defined using these check boxes.
Terrestrial and aquatic habitat qualities are defined in alater step. Depending on the available
data for water, drinking water sources may or may not be impacted by site-related chemicals. If
auser knows that a drinking water source is unavailable, then water can be excluded as a
pathway. In such acase, the receptor may consume water, but because chemicals are not
discovered in the water, it is excluded from the SEEM anaysis. In other cases the water may be
impacted by site-related chemicals and the user may want to define the water pathway.

At the bottom of the entry page, users may enter references for the parameters on this page (3).
The references will be carried through to the report.

Repeat these steps for each receptor.
Click next to continue data entry for the active model.

NOTE: Data entry must be completed for each receptor. The information for each receptor is
active and may be edited when that receptor’s name/row is highlighted. Also, if a user triesto
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rename a receptor prior to advancing to the next step, the programwill generate an error (see
Section 5.0).

3.6 Step 5: Define Diets
In this Step, the diet for each receptor and receptor-specific ingestion rates are entered

(Figure 11). Note: The food items and the information required to generate food item
concentrations for each receptor were entered in Step 3.
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Figure11l. Defining receptor diets

First, highlight areceptor (1). Inputs apply only to the highlighted (active) receptor. If a
receptor of interest does not appear in thelist, return to Step 4 to enter the receptor.

Because soil ingestion is often presented as a percentage of the food ingestion rate, SEEM
provides users with the option to enter the soil ingestion rate as a percentage (2) (enter as awhole
number, not adecimal, i.e. enter 5% as 5)'*. Click on the selection box to enter the soil ingestion
rate as a percent. Next, enter species-specific ingestion rates for all applicable media (soil,

14 A food ingestion rate must be entered in order to use a percentage of that rate as the soil ingestion rate.
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sediment, water, food)™ (3). Theingestion rate data are entered in the unitsindicated in
parentheses™®,

The diet items that appear in this Step were entered in aprevious step. If arequired diet itemis
missing from the pull-down menu, return to the Food Item (Step 3) entry step to add the new diet
item. Create adiet for each receptor. Select the diet composition using the pull-down menu to
select each diet item (4). Then enter the percent of each diet item in the diet. For each receptor,
the sum of diet item percentages must equal 100%; SEEM will generate an error message and
block further dataentry if the percentages do not sumto 1.

Ingestion rate references may be entered at the bottom of each page and will be carried through
to the output report (5).

Repeat these steps for each receptor.

SEEM offers users advanced analytical tools to explore the exposures in more detail (Figure 12).
If astudy areaincludes species that are highly migratory, then options under the Advanced Diet
and Migration I nput tab may enhance the analysis (6). The advanced features are available for
projects with atime scale that is divided into at least two different units and will have no effect if
only asingle time period is specified. Seasons are the common unit of time, but users may
define any time period of interest. To access the advanced features associated with this data
entry step, click on Advanced Diet and Migration | nput to access this screen (6). On the
advanced screen users begin by selecting areceptor (7) and the season (8) and may modify onsite
versus offsite probabilities (when offsite it is assumed that receptor exposure = 0) by season (9).
In addition, diet percentages of existing diet items may be modified by season (10); however,
diet items may not be added. For each season, the sum of diet item percentages must equal
100%. Anitem may be assigned 0% of the diet, as long as the percentage of the remaining items
equals 100%.

The sources for the advanced features data inputs may be added and tracked in the reference
section (11). Click Ok to exit the advanced features area.

Click Next to continue data entry for the active model.

% |n this version of SEEM, breathing rate and the air pathway are not functional. This route may be added in
future versions of this software product.

16 Users are responsible for using inputs that are consistent in terms of the dry weight or wet weight basis.
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Advanced Input: dieis and migration by seasons E|

SELECT RECEPTOR
{Receptor 1 -

| SELECT SEASON/PERIOD

| Winter | Q
Spring -7
sLmmer
| Auturmn
_ SEASONAL MIGRATION Q ¥ALUE
Probability to find the receptor onsite....[ 1
| DIET ITEMS O IN DIET
Food 1 75
|Food 2 10 =
. RY,
REFERENCES:

11

J Ok X Carcel

Figure12. Advanced input for diet and migration activity

3.7 Step 6: Define Benchmarks

Toxicity reference values (TRVS) or benchmarks are used to assess the estimated exposure dose
through an ecological hazard quotient (EHQ), i.e. Exposure Dose/Benchmark. In this Step, the
toxicity benchmarks are defined and entered for each receptor (Figure 13).

The processis similar to previous stepsin that a user first activates a dataset for data entry or
editing. Thefirst step isto highlight areceptor (1). Next, highlight achemical (2). Then enter
the benchmark names (e.g. Chronic NOAEL — Reproduction). The level of detail expressed in
the benchmark name is user-determined. Users may enter unique benchmark name(s) and
TRV(s) for every chemical-receptor-endpoint combination (3). Finally, enter the TRVsin

mg/kg/day (3).
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Figure13. Defining chemical benchmarks

At the bottom of the entry page a user may enter reference information that will be carried
through to the report (4).

Repeat these steps for each receptor and chemical.

Click Next to continue data entry. A user may also click Save to save al data entered up to this
step in an externd file (5).

3.8 Step 7: Define Study Area

The component of SEEM that differentiates it from the more traditiona wildlife exposure
models is the consideration of the spatial context. By parsing the site into concentration
polygons and speci es-specific habitat suitability polygons, exposureis tuned to the
characteristics of each receptor. Then, by assessing the exposure to a number of individualsin a
population, SEEM assistsin the identification of population exposure trends. SEEM tracks the
exposure of apopulation of individuals, each starting the exposure from a different location,
proceeding to forage over the landscape.

In order to define the modeling landscape for a specific site and species, a polygon mapping tool
isapplied. Thetool isused to draw chemical exposure areas and to map the habitat suitability of
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different portions of the Study Area. In this step, abase map isimported and the polygons are
drawn (Figure 14). In the steps that follow chemical concentrations and habitat suitability
indices (HSI) are entered for each polygon. To orient the user and the model, use of a base map
or site plan is recommended.

B S 0 A, (0L E Strp 5 b Sl Area [ ESTEP 013 Bvei Fedbeb WAL ARG ARG Go Gl

DEFINE STUDY AREA

In ooder i define the modeling landscape a polvgos mappieg.
rood i applied. The teol s used fo draw chemssial exposare
a5 s 1o iiaap the habitat suitabdty of diffeent portons of
the Study Area [n thes step, 8 base map & mported and the
pobpoes are deavn. In the steps that follow chemical
concemtrations and habitnt stabity ndices (HSI) are
eniered for each pohvgon. To orient the wser mod the mode,
s oof B Base map o site plas i recomanended

The 4t step i be Jmiport @ base map. Chek on the
Fmiport @ Base MWap bufton asd select an mage Be 1o
tutd [ Fport There are a number of accepable file formats
mchucng but pot brsted toc g, bmp, of, ko, end, wenf,
L L

Ohce o bade map 1 anported enter the 3ize af the imap to
B festabbish an ntermal coordmate system  Enter the length m the
Nocth-South and East-West deection m meters. MNOTE:

(SEEM estenates & ratio of pixels (N-5E-W). The poel

P B ines vl appesr i the Noth-South and Enst-Went

tonckaves after i o ploaded. A user may overwrite

s vilnes, but the pinel ratio determined sstomateally by

M will be mamtamed 18 o nser edits one of the lengths, a

beox appears to mdicate that SEEM b peforning an
o-coaTecton bo maintan the same N-5E-W ratio, Ths =l

Figure14. Defining the study area

Thefirst step isto Import a base map. Click on the Import a Base Map button and select an
image fileto import (1). There are anumber of acceptable file formats including but not limited
to: .jpg, .bmp, .tif, .ico, .emf, .wmf, and .dxf.

Once a base map isimported (2) enter the size of the map to establish an internal coordinate
system (3). Enter the length in the North-South and East-West direction in meters. NOTE:
SEEM estimates aratio of pixels (N-S:E-W). The pixel values will appear in the North-South
and East-West windows after amap is uploaded (3). A user may overwrite these values, but the
pixel ratio determined automatically by SEEM will be maintained. If auser edits the N-Sratio, a
dialog box appears to indicate that SEEM is performing an auto-correction to maintain the same
N-S:E-W pixé ratio. Section 5 discusses in more detail the preferred map format/size. The scale
set in this step will be used to set the foraging area for the exposure each day. SEEM does not
currently provide users with the functionality to electronically pinpoint geographic locations.
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However, important features may be added to the base map externa to SEEM and then, when
imported, those features may be used to guide polygon drawing.

The next step is to draw polygons to capture site chemistry and habitat suitability. A polygonis
defined as an area over which chemical concentrations are the same (or samples have been
averaged in some way to obtain asingle polygon value) or habitat suitability isthe same. The
size, position and shape are al user-defined based on the available data.

To activate the polygon tool, click on Draw Site Areas (4) (Figure 15).

Drawr Site Areas @

e —,
il :_]’,’*thgemical Concentiations
i i _E
TEED 45 Y1146 .9'1:,"/_ /

¥ Define Grid [= |[E]%]

Mumber af ezllziny |0

=]

Mumber of cells in'y'

GridName:

X Cancel

v ] x| ] L

Figure15. Drawing site polygons/Polygon tool
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There are three (3) pull-down menus at the bottom of the Drawing Tool screen (5-7). They alow
the user to select the medium (map™’, soil, sediment, water) (5), the map type (chemical
concentration or HSI) (6) and the chemical (for chemical concentration) or the receptor (for HSI
entry) (7). Once the category of polygon is selected, then the user may draw applicable pol ygons
(8a). Alternatively, the user may elect to use agrid of fixed cell size (described below) (9). To
orient users spatialy, the x,y coordinates of the cursor are displayed in the lower |eft-hand corner
of the drawing window (15).

Polygon Drawing

If the base map covers areas that are outside of the study area, then area user can assign asite
value The site polygon is generated automatically and used to assign auser value to any area
that is not defined by any user-defined polygons. The areas outside of all polygons can be
assigned a non-site related chemical concentration, e.g. background, zero; SEEM.

Polygon drawing continues from large to small, nesting each smaller polygon within larger
polygons as applicable. Polygons may intersect and overlap. The value for any given location is
the value of the last polygon (the top polygon when overlapping) drawn over an area. Various
drawing methods are available (e.g. ellipse, rectangle, and polygon — free form) (8a).

Rectangles, ellipses and polygons may all be assigned values and influence the cal culations
within SEEM as they are closed geometric shapes. Rectangles and ellipses are sized asa
completed shaped, but polygon drawing requires the user to draw every side and at the end to
double-click where the polygon should close®. Polyline and line are used for drawing landmarks
and other references that do not directly influence the calculations. Also, auser may click select
(8a), then select (click on) a polygon and click the copy button to place a copy on another
polygon layer (10). The user may then choose a destination for the copied polygon from the
polygon table of contents'®. The copy feature increases the efficiency of polygon creation.

Users may also click on a shape and move it around the map to a new location. Some polygons
may be assigned to one portion of the project, but may provide a useful reference in other areas
of the model. Users have an option to turn a selected polygon into a visible layer that will be
displayed in all windows (11); however, visible layers are only active in calculations on the
window in which they were drawn. Items drawn under the map option in the first pull-down
menu will appear as a base layer under all polygon layers in the report, but do not impact
calculations. Visiblelayersare only atool for model development and will not appear in each
report map. After drawing each polygon, the program will request a polygon name (12). This

" The map option refers to any map drawing created by the user that does not impact the calculation but is used for

reference purposes only.

Polygon drawing requires a user to use the mouse to draw each side of the polygon by holding down the mouse
and dragging it. Each subsequent line begins where the previous line ends and the polygon is closed by double-
clicking on the point of closure. For rectangles and ellipses, place mouse pointer at the preferred location,
depress the mouse button and drag the shape to the preferred size.

Only asingle polygon may be copied at atime. A copied polygon is fully functional. This polygon may be
assigned a chemical concentration or an HSI and will be active in the calculations. In contrast, the visible layers
button displays polygons on multiple windows/pages, but the visible layers are for reference only and are only
active on the window in which the drawing occurred.

18

19
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should be aunique identifier and will be used to reference the polygon in future data entry steps.
SEEM will auto-name polygons and grid cells, but for clarification, users may want to provide
site-specific names for polygons; grid cells are named based on the cell location, e.g. cell 1,1.
After drawing a polygon, users may decide to delete polygons. Polygons may be deleted by first
selecting the target polygon and then clicking delete (13). Also, polygon colors may be selected
from the standard color palette (14). The user can click on Select then click on a polygon to
modify the name or color after the polygon has been drawn and saved. For each medium-
chemical combination, draw polygons representing the different concentrations across the
landscape. Draw polygonsfor all receptor-HSI combinations as well. For particularly complex
polygons and/or sites, consider importing the base map that includes important landmarks or
even the polygons; these reference areas may be traced in SEEM?.

Using A Grid

In addition to free form polygon creation, SEEM includes an option to use a grid of cells of fixed
cell size. Grid sampling offers a comprehensive method for assessing chemical concentrations;
although intensive habitat assessments may use a grid, general surveys based on aerial
photographs and other readily available resources are likely to be polygon-based. Depending on
the grid resolution, sampling may be very intensive. Depending on the sampling intensity,
geospatial averaging may not be required to estimate exposures in al portions of asite.

For study areas with grid data, SEEM provides atool for creating a grid followed by importing
grid data directly from a spreadsheet (9) (importing occurs using the SEEM XL utility described
in Appendix B). To usethefixed grid option, click on the define button with the grid icon (9).
Enter thegrid size”. A grid nameis required before continuing with grid creation. Click ok and
agrid outline will appear on the base map (8b). The grid is specific only to the specific
selections under which it was created (e.g. soil, chemical concentration, chemical A). Other
parameters may be defined by free form polygon drawing within the same study site.

When all of the polygons have been drawn and/or grids defined, click OK to return to the main
screen for this Step (16). Because polygon creation can be a time-consuming activity,
performing an Save is recommended.

Infrequently the drawing tool may generate an error. See Section 5.0 for further discussion and
workaround.

Then click Next to proceed to the next data entry step.

2 Currently, SEEM does not include advanced GIS functionality. Landmarks that are important for polygon
definition should be included on the imported base map and can then be traced within SEEM.

% Grid cell shapeis based on the length entered in the N-S and E-W directions. A user specifies the number of
cells.
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In previous Steps, a map was imported and medium- and chemical-specific polygons or grids
were drawn. Inthis Step, the chemical concentrations (3) and bioavailability adjustments (4) for
each polygon areinput (Figure 16). Data entry is completed for each medium-chemical (1-2)
combination. The polygon map is displayed for reference, but cannot be modified in this Step.

SELECT MEDIUM

soil

- sediment

water
air
SELECT CHEMICAL

| Lead

N

DoD

DDE

SELECT AREA

CONCENTRATION| EIDAVATLABIITTY

| ma/ka

Site:

40

| FACTOR

SoilPb

100

2

J

Imiport Grid Data

Figure 16.

EFINE CHEMICAL CONCENTRATIONS

- [In previous Steps, a map was imported and medium- and

chemical-specific polygons or grids were drawn. In this
Step, the chemical concentrations for each polvgon are
input. Data entrv is completed for each medium-chemical
combination. The polvgon map is displayed for reference,
but cannot be modified in this Step.

[First, highlight a medium and a chemical. Next, click on an
area (or polygon) name. The 'Site’ polygon is generated

polygon; if the user does not want this area included in the
assessment, assign a concentration of 0 mg'ke to this area
(When an area is selected a map will appear in the right-hand
window highlighting the location of the selected area. Enter
the concentration for each medium-chemical combination.

If a grid was defined in the previous step and the data are
available in a spreadsheet that matches the defined grid, then
click on Import Grid Data. This feature allows a user to
directly load spreadsheet-based data into the grid cells. To
Ifacilitate the use of this function, confirm that the grid size in
the spreadsheet is equal to that defined within SEEM, ie_if

the grid in SEEM is 9 columns by 10 rows, then the
spreadsheet dimensions should also be 9 cohunns by 10
Irows_ Also, it is recommended that the spreadsheet

automatically to include all areas that are not enclosed by any

|»

=l

Defining chemical concentrations — guided input view

First, highlight a medium and achemical. Next, click on an area (or polygon) name. The‘Site
polygon is generated automatically to include al areas that are not enclosed by any polygon; if
the user does not want this areaincluded in the assessment, assign a concentration of 0 mg/kg to
thisarea. When an area is selected, a map will appear in the right-hand window highlighting the
location of the selected area (Figure 17). Enter the concentration (3) for each medium-chemical
combination. In addition, a user may assign a unit less bioavailability factor (4). Thisfactorisa
fraction greater than 0 and less than or equal to 1, where one represents a chemical that isfully
available for uptake. A default value of 1 isautomatically entered, but may be changed. The
factor may be unique to each polygon and is chemical-specific.
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ﬁ SEEM 4.2 (2012): Step 8: Define Chemical Concentrations (.-986 ESTCP\2012\SEEM Software\Test\Cher
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Figure17. Defining chemical concentrations— map view

The import grid functionality has been replaced by another file management tool called SEEM
XL Utility. Appendix B summarizes the use of this utility to import data directly from Excel.
References may be entered in the space provided at the bottom of the page (5).

After concentrations and, if needed, bioavailability adjustments are entered for all medium-
chemical combinations, click Next to continue data entry.

3.10 Step 9: Define Habitat Suitability
In previous Steps, a map was imported and medium- and receptor-specific polygons were drawn
reflecting habitat suitabilities. In this Step, the habitat suitability indices for each receptor are

input. Dataentry iscompleted for each medium-receptor combination independently
(Figure 18). The polygon map is displayed for reference, but cannot be modified in this Step.
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Figure18. Adding habitat suitabilities

First, select amedium (1) and receptor (2)%. Next, click on an area (polygon or grid cell) name
(3& 6). Inthe same way that the chemical concentration entry screen toggled between guidance
and an interactive map, the HSI screen will also display a map and the specific polygon or cell

2 Each combination may have an entirely different polygon or grid design and what is high quality habitat for one
species, may be poor habitat for another species.
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when aname is selected. A ‘Site’ polygon is also generated automatically to include all areas
that are not enclosed by any polygon; if the user does not want this areaincluded in the
assessment, assign aHSI = 0. Enter the HSI for each medium-receptor combination directly in
the appropriate input cell (3). HSI values are decimals between 0 and 1 with 1 representing
perfect habitat for the selected species. References may be entered for tracking the source of
each HSI (4).

A user may develop the HSI outside of SEEM. In addition, SEEM includes an HSI calculation
tool developed by Kapustka, et al. 2005, In order to apply the tool, select a polygon from the
list of names selected previously (3). To access the calculator, click on calculate suitability
index (5). Users can toggle back to the guidance by clicking on the map or in the area labeled
(6). Thelmport Grid Data (7) button functionality has been replaced by another file
management tool called SEEM XL Utility. Appendix B summarizes the use of this utility to
import data directly from Excel. To advance, move to the previous slide and save click on the
respective buttons at the bottom of this screen (8).

When a user clicks on calculate suitability index (5), the window that opens includes three
primary tabs: equations (10), input variables (11) and calculated variables (12). The Equation
tab stores the programming code that underlies an HSI for a given species (Figure 19). The
Input Variables tab is the primary data entry window for estimating an HSI (Figure 20). The
reguired inputs are described and the final HSl is estimated. Finally, the calculated variables tab
is used to review intermediate HSI calculations (Figure 21). Each of these tabbed windowsis
displayed below. Figure 22 provides an image of the home screen for the HSI calculator.

Equation Tab
HS| Calzulshon Senpt
M Dima, Woodcock Example with Area \Weighting, 8/8/2005 %/ ~

WREA _DF :: "Deciduous Forest Cover, Ha'' = 45;

MREA_EF o “Evergreen Forest CoverHa' = 35;

AREA_DS 0 "Deciduous Shrublands Cover Ha" = 15;

WREA_ES :: "Evergreen Shrublands Cover Ha" = 74;
WREA_DPw :: "Deciduous Forested 'welland Ha'' = EO0;
WREA_FFW - "'Evergreen Forest wetland Cover Ha'' = 2.1
WRAEA_DSW - "Decidunus Shrublands Wetland Cover Ha' = 122
AREA_ESW o "Evergreen Shrublands Wetland Cover, Ha'" = 25;
AREA_DTS : "Deciduous Tree Savanna CoverHa' = 15;
WREA ETS » "Ewergreen Tree Savanna CoverHa'' = 4;
MREA_DSS o "Deciduous Shiub Savanna CoverHa'' = BE;
BREA_FSS - "Evergreen Shiuh Savanna Cover Ha' = 85

ARES_TOTAL =
ARES_DF+AREA_EF 1AREA_DS+AREA_ES tAREA_DFWHAREA_EFWAREA_DSW
AREA ESu/+AREL DT5+AREA ETS+AREA DS5+AREA E55

PERCENT_DF :: "Deciduous Forest Cover, %" = ARES_DF/AREA_TOTAL*100:

PERCENT_EF :: "Evergreen Forest Cover, %" = ARE&_EF/AREA TOTAL<IO0;

FERCEMT_DS : "Decidwous Shblands Cover, %' = ARES_DSJ/ARES TOTALTO0;

FERCEMT_ES - "Evergraen Shublands Cover, %" = AREA_ESAAREA_TOTAL*100:

PERCEMT_DPw @ "Decidusus Farested Wetland, %' = AREA_DPw/AAREA_TOTAL=00: “

Equations |InpulVariab\es] Ealcu\aled\fariab\es]

Figure19. Equation tab — calculate HS|

% The US Geologica Service (USGS) compiled a number of habitat suitability models. The user should review
and decide if any specific model is appropriate for use a agiven site. The models can be found on the USGS
website: http://www.nwrc.usgs.gov/wdb/pub/hsi/hsiindex_bynumber.htm
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Input Tab
YARIABLE ‘ DESCRIPTION YALUE o
BREA_DF Deciduous Forest Cover, Ha 45
SREA_FF Evergreen Forest Cover,Ha 35
AREA_DS Deciduous Shrublands Cover,Ha 15
BREA_FS Evergreen Shrublands Cover,Ha 74
AREA_DFW Deciduous Forested YWetland,Ha 60

~

Equations  |nput Yarishles | Caleulated Varisbles

Figure20. Input Tab —caculate HSI

.
Calculation Tab

YARIABLE | DESCRIPTION YALUE 5
BREA_TOTAL 5481

PERCENT_CF Deciduous Forest Cover, % g.21

PERCEMNT_FF Eergreen Forest Caver, % 6. 386

PERVCEMT_DS Deciduous Shrublands Cover, % 2,737

PERCENT_ES Evergreen Shrublands Cover, % 13.5

PERCENT_DFW Deciduous Forested Wetland, % 10,95

~

Equations | Input Variable: Ealcu\aledVarlahlesJ

Figure21. Calculation tab — calculate HS
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Calculate Habitat Suitability Index

Receplor - Woodcock
Calculated HS1 = 0.5

YARIABLE DESCRIPTION

AREA_DF Decijunus Forest Cover, Ha

ARES_EF Evergreen Fatest Cover,Ha

£
AREA_DS Deciduous Shrublands Caver Ha 1 4 15

ARELE Ewergrifet Shyflands Cover Ha 4
Referenice:

Cade B. 5 1386 Habitat subability ndex

nodes: Amnerican%od [#intering].

LS. Fish znd WilditR S Inlagical
AREA_DF Deciuaus Fiested Wetland Ha AL Renot B210105)

\

Equations | [nput Variahles /| Zalculated Varijh\EsJ

J b|s m i.; % ] | o Heceuanmyup'X—j

%A

ufondcock PA
Muskrat [herbaceous rivenne]

Lesser scaup [wintering)

Osprey (lacustrine rivering]

Bullfrog

Snapping Turtls

Great Blue Heron

Eastein Meadowlark

Marsh 'wren

Bald Eagle

Mink. acustine]

Mink [marsh)

Mirk. [zuwamp<400 ha)

Mink, [zwamp>400 ha)

Muskrat [estuarine] ™

Figure22. Home Screen for HSI calculation

In the equation tab, the core programming for underlying the HSI is presented (Figure 19).
Generally, users should have no need to access this tab during model operation. Advanced users
may wish to modify an equation or use existing programming to create anew HSI.

Theinput variablestab is the primary user access point to the HSI calculator (Figure 20). This
tab displays the required variables and the input cells for each variable. Enter the site-specific
values into the appropriate cells. The calculated variables tab presents the results of the
intermediate HSI calculations and the final calculated HSI value (Figure 21).

Click oninput variables. An HSI is comprised of an equation that tallies the status of various
attributes of the habitat that define habitat suitability for a specific species or species group. The
equations are species and habitat specific. For example, some species may seek habitat with tree
densities > X and canopy cover of > Y. Inthelower right-hand corner of the HSI screen, click
on Receptor Lookup (9A). Users may aso navigate using the forward and reverse arrow keys
(9B) (Figure 22). The scrolling list includes all of the species with an established HSI equation;
additional species/equationswill be added as they become available.
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Users may also enter site-specific equations (discussed below) (10). In some cases substituting
the equation for a species with similar habitat requirements, but lacking an HSI may facilitate
site analysis. Select the appropriate species (9A). Once the HSI equation has been selected for a
particular receptor, enter the site-specific values for each of the variables on the input variables
tab (11 & 14). The supporting and final calculations are displayed on the calculated variables
tab (12). The active polygon is displayed on the insert map (13) and, consistent with the other
input screens, users may enter reference information for the HSI; references for the provided HSI
equations are already included in the calculator but additional text may be appended (16). Click
Accept HSI to assign the estimated HSI to the selected polygon (17). To exit the HSI calculator
without accepting an HSI calculation, click Cancel (18). Figure 23 provides aclose up view of
the navigation buttons on the HSI calculator.

When HSIs have been entered for all medium-receptor combinations, then click Next to continue
with dataentry. In some cases, User’s experience difficulty if an HSI is entered first and then a
User decides to use the HSI calculator to replace the value. SEEM will continue to use the
originaly entered HSI unless the user clicks another row in the HSI entry table. Click — Accept
HSI within the calculator, then navigate back to Step 9. Locate the new HSI cell, and click on
the next HSl in thetable. Thiswill lock the new HSI valuein.

Appendix A presentsinstructions for entering new HSI records.
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First MNext Bookmark Edit

Cancel

Back

Last Insert Post

Pri
rior Forward  Append Delete Refresh

First — go to the first database record;

Back —returns to the prior record when accessing database randomly;

Prior — one record back;

Next — one record forward,

End — go to the database end;

Bookmark — create bookmark on the current record or select previous bookmark to return to;
Insert — insert new record;

Delete — delete current record;

Edit — start editing database;

Post —write editing in the database (it is a so done automatically when you just edited the data);
Cancel — undo changes just done;

Refresh — refresh database view (if somebody el se corrected database in multitasking mode the
new changes will appear after this)

Figure23. Habitat suitability index calculator — key to navigation buttons for receptor lookup
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3.11 Step 10: Define Modeling and Report Parameters

SEEM estimates exposure to a population of individuals rather than a ‘ representative’ individual.
The user defines the size of the population assessed. The user is responsible for selecting a
reasonabl e population size given the size and available habitat limitations. In this step, the user
selects the model population size®* to be assessed for each receptor and selects the report options
(Figure 24). A number of SEEM outputs are available. Depending on the information needs of
each user, some options may be more applicable than others.

Highlight a species of interest. Enter the population size (1). Repeat for each receptor.
Check/select all of the preferred output/report options (2).

Click Next to continue to the last step.

AODELING AND REPORT
PARAMETERS

by this step, the user selects the population size to
e assessed for each receptor and selects the
IFeperr opfions. A nisnber of SEEM outputs are
aidable. Depending on the mformation needs of
ach nser, some options may be more apphcable
otherd

[Highlight & species of mterest. Enter the population
jze. Repeat for each receptos

ICheck select all of the preferred options

ICHck Nexr to contmme to the last step

Hapoat Dplenng
W Inchode sareed maps
 Irwhuide BB dirhriwston in popidation

¥ Inchude EFQ iabior by ok
[ Irsshate EH vt mpa izrer
[ lishite fabhierli ey vl mdd ibivms

- S foumgang arwsation L ot

Figure 24. Defining modeling parameter and Report preferences

% The model population sizeis not indented to capture the true population size. When using these types of models
it isimportant to understand how the ‘ population’ might be influenced by chemicals in the environment.
Whereas running the model for the true number of individualsin an areawould yield a snapshot of exposure,
running the model for that group for many days would provide a better exposure estimate. Ultimately, the same
goal will be accomplished whether a small population isrun for alarge number of days or alarge population is

run for asmall number of days. We recommend running the model with alarge ‘modeled’ population for alarge
number of days.
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3.12 Step 11: User Input is Finished
The last step provides users with the opportunity to close and exit the guided input (Figure 25).

When auser clicks finish for amodel that has not been previously saved, SEEM will open a
standard dialog for saving inputs in an external file.

[ st 8.2 (20125 Shep L1 ier bnpat i Flnahend {_ ESTCEUM et He i 201 x}
INISH

Congranidations! Diaga cntry s now coamplete. Please ciek fSmisk

H bo et the pded nput.  Then chick Save Wodel and'or Run
User Inpl"It Is compIEtEd' Wode!, The moddel mest be nun before 8 mode reposet can be
enerated. If a wser updates any inpat vakes, the vpdated mpuot file
hotld be re-1m befoce viewng the new output

When R Madiel is selected n ssmilaton seloction window will
appear, [ this windoor & nser will see the selected pecepion; o
SEEM nm is specific to a single receptor, The popufation size
wian enbered i the gosded mput, but may be modéGed forther here
fUsers may choose to visualize the foraging process g foraging
aren mintmation of a uier-defined color. Also, f weers are

ccndias tng & sendadthity anadvsas the ramdom generaror may be
aspeeled (o allow for comparative moded nns.  Frally, a user
telects the mmnber of foraping evernts that coow each day for each
g il

NOTE- For mew modals. the firiirh. button only occurs on the
Jasr graided inpud st However, aiter the uwier complanes all of
e ot andry steps ored, o Fimizh burron will appear on each
incded (mpur step.  TRas allows g wser ro make o chaoige fo an
prisiing model in gne oF a_few geided inpud sorearr avd exir the
usar [yl sereens mmedialely, radher than pagieg ol all
jof the scraans fo the last guided wiput ttep.

e ppa |l i Wil :-w!l—:-['

/

Figure25. Completion of data entry — Final input screen

To save updated existing files with a different name click Save and Exit from the home screen
and either choose a new file name or choose to over write the existing file®.

Recently, an Excel macro called SEEM XL was created to facilitate data input reviews and

modification of inputs for sensitivity analyses. The macro operates within SEEM and allows a
user to import existing SEEM files (.mdl). The datafor each guided input step are displayed on
separate Excel worksheets. A subset of those data are avail able for modification/editing within

% NOTE: For new models, the finish button only occurs on the last guided input step. However, after the user
completes al of the data entry steps once, a Finish button will appear on each guided input step. Thisalows a
user to make a change to an existing model in one or afew guided input screens and exit the user input screens
immediately, rather than paging through all of the screensto the last guided input step. Pressing ‘ Finish’
automatically saves the updated data in the associated externa file. Closing the input form without pressing
‘Finish’ will not save the changes to the external file content and the updated data will be lost.
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the XL tool. Upon completion the modified data are exported back into an .MDL file that can be
read within the SEEM program. The utility does not currently allow modification of the drawn
polygons — only the assigned values for the polygons. A detailed description of SEEMXL and
the capabilities of the macro is provided in Appendix B.

3.13 Run Modd

After all of the required inputs have been entered, the user may run the model (Figure 26). A
SEEM model run is specific to areceptor, however the model will run for all chemicalsin the
data set. The receptor that will be run is the active receptor appearing in the receptor window at
the top of the home screen in SEEM. To change the receptor to be run, select a new receptor
from those entered/available in the specific dataset by using the pull-down menu. In SEEM a
model run and report generation are two separate user-initiated activities. When anew dataset is
completed or an existing dataset is updated, the model must be re-run to update the Report.
Within a dataset, the report generator will compile the model run for each receptor (and
chemical) allowing users to access all outputs for receptors with complete model runs.

i Optionz:
B Mew Mudel

£} 138 M adify Madel
= Oper Mode!
5 ave Model
¥ m Fur M odel
: Wiews Feport
¥ £ HE| Database

B Close SEEM

+ o+ o+ + F o+ F o+ o+ o+ A

Figure 26. Running the model

When Run Modd is selected a simulation selection window will appear (1) (Figure 27). Inthis
window a user will see the selected receptor; a SEEM run is specific to asingle receptor (1). The
model population size?® was entered in the guided input, but may be modified further here (2).
Users may choose to visualize the foraging process using foraging area animation (3) and a
user- defined color for the foraging boundaries (Line Color) (6). In addition, a user may choose
to suspend the random number generator. The starting seed number may be held constant

% The model population sizeis not indented to capture the true population size. When using these types of models
it isimportant to understand how the ‘ population’ might be influenced by chemicals in the environment.
Whereas running the model for the true number of individualsin an areawould yield a snapshot of exposure,
running the model for that group for many days would provide a better exposure estimate. Ultimately, the same
goal will be accomplished whether a small population isrun for alarge number of days or alarge population is
run for asmall number of days. We recommend running the model with alarge ‘modeled’ population for alarge
number of days.
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(uncheck 3 & complete 4) or may be random; holding the starting number constant would aid in
sensitivity analyses and comparative model runs, for example (3). Finaly, auser selectsthe
number of foraging events that occur each day for each individual (5).

x|

Recepint I F. actrers Bl Bad
Inuz veision of SEEM smulalons e rdependert 3

It i tpenpitons. Fodigrs of the clsiont inceplo will
I emulabed newe. Concanimatons in olhes e
B condkdiora ny

=2

Figure 27. Simulation window for running the model

When all of the Simulation options have been reviewed and sel ected, click Ok to run the model.
A status bar across the top of the model home screen tracks the progress of the run (Figure 28).
The time required to complete a model run depends on the number of individualsin the
population, the number of daily foraging events, the number of days selected for the model run,
and the computer processor speed. A meter is provided to allow a user to track modeling
progress.

& SEEM ver 4.0, 2005 (...y\New Yersions 200519-21-2005\Test #2 10062005.mdl)

Isoil L] @ ]Ehem E
o =— ]
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o] i Sl P B Mew Mudel
9 Sk A 128 M adify Model
Ak Rt 5 Open Model
+ '4+-. + FHE Loy
w B e S ave Model
ek i ] RurModel
+\‘=0\\ + L e \iew B
5 o N . =L Views Report
G Sy + o+ &P HS| Database
L s B Close SEEM
4+ 4
Hi: S + o+
+ + o+ + o+

Figure28. Model run progress bar
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3.14 Data Analysisand Reporting

3.14.1 SEEM Report

SEEM provides users with areport generation option for assembling and summarizing model
results. The report is generated using Microsoft Excel®. In order to generate a report, the model
file/data should be run by SEEM. In the event that a user enters the required input data, but does
not run the model, an informational pop-up will appear reminding the user to run the model.

Once the model has been run, click on View Report from the main Options menu. A report
options window will appear (Figure 29). First, select the receptor to summarize (1). A report in
SEEM is specific to areceptor and a chemical combination. Therefore, also choose a chemical
for the report (2). Users may also choose the content of the report (3). A full report includes a
summary of saved maps, tabular summaries, population distributions of EHQs and concentration
with area curves. Inputs are generated in the report facilitating quality control reviews. Any
maps saved during operation of the map-based viewer (discussed below) are generated in the
Report.

SEEM Report Options
eleetFrEcaptar for the Fleport: T““\‘\
'Hece_pl-:ul 2 L ,ﬂ}
S_EAE.DL-_GI:'ren'ritEI'h:-r the Hepoit; __I-‘\_-_-r—‘-:—...,_‘

QChem B Z =P

v |nclude EHO distibution in population
& Include EHO tables by cells
v nelude EHO with area curves

Wm centration with area
q"’ (18 x Cancel |

Figure29. Report option selection

A progress bar is provided to track the progress of the report generator (Figure 30). The progress
bar presents the progress by report page. The required time to complete the report generation
will depend on the complexity and size of the model dataset.

When the report viewer compl etes report generation, Microsoft Excel will open and display the
results across multiple worksheets.
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Figure 30. Report generation progress bar

3.14.2 Map-based Viewer

SEEM User’s Manual
Version: 4.2

In addition to the SEEM report, users may also apply user-specified criteria to each of the
exposure values to screen the site (Figure 31) (left-hand side of home screen). As discussed
previously, SEEM trand ates site characteristics into afixed grid using area-weighted averaging.
The result is alandscape of cells, each with an HSI and media concentration(s). Based on these
values users may enter criteriaand identify cells that meet or exceed those criteria. The criteria

may be applied to any of the following:

Daily intake of current chemical;
Concentration of current chemical; and,
Habitat suitability index for current recipient.

Ecological Hazard Quotients for current recipient and chemical,;
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Figure31. Conditional map based query

Users define the criteria (must be entered in increasing order) and select the input to be reviewed
(Figure 32). For example, auser may select the ecological hazard quotient (EHQ) and elect to
evauate three EHQ ranges: <1, 1-2 and >2. The viewing tool will highlight the cells that meet
each of these criteriain aunique way. It isimportant to note that the calculations evaluated in
this viewing tool are independent of habitat suitability. The doses are calculated for a specific
receptor based solely on the soil (sediment & water) concentrations and the prey items
concentrations. Population results are presented in the Viewer only. Users may also wish to
evaluate how the position of the largest EHQs compares to the position of the most suitable
habitat. Thistool can be employed to answer those questions. The user can run the tool for the
EHQ criteriafirst, and then re-run the tool to evaluate HSI’ s on the same map. Thisalowsa
user to identify cells where an elevated EHQ is co-located with ahigh HSI. In addition, this tool
can evaluate soil concentrations compared to soil screening values. The tool provides an
important function in conjunction with the population eval uation viewers.

Screening Criteria Applied

To:
=3’ gelect condition to highligl - 1ol x|

Criteria:

I Cancentration of cument contaminant

EHO far cunrent recipient and contaminait

« !
=

Figure 32.  Screening criteria options

To access thistool, click on ¥ from the main model menu. The user is provided with a suite
of options. First, select the parameter to be screened (1). The criteriamay be applied to the
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ecological hazard quotients, the daily intake of current chemical, the concentration of the current
chemical, or the habitat suitability index for the current receptor. Next, select the parameter
specific entry type if applicable (2). Inthe EHQ comparison, the user may select the benchmark
underlying the EHQ calculation for the comparison and for the chemical concentration, the user
may select the medium for comparison.

In the final entry area (3), auser enters the actual comparative criteriain increasing order, e.g.
target EHQs, HSI' s, or media screening criteria (ECO Soil Screening Levels, sediment ERLS
etc.). SEEM can accommodate up to six different ranges of criteria, e.g. EHQ<1, EHQ 1-5,
EHQ>5, etc. For each criterion the user may enter alegend text description and select a unique
shading pattern and color to distinguish each criterion from the others (4). After providing all
inputs, click Ok and cells that meet each criterion will be highlighted consistent with the selected
format.

An example of the output of an analysis of EHQs across a landscape is provided below. In this
sample dataset, the high HSI’ s are located in the upper left-hand corner and lower HSI’ s are
located in the lower right-hand corner.

After running this viewer, the user may clear the screen by clicking v , Or the user may save

the specific view/map by clicking . When saved, amap will appear in the View Report.
Finally, the user can clear al saved maps by clicking * .

Note also that as you run the cursor over the map grid there is areal-time display along the
bottom of the model screen that summarizes cell-specific information including: cell coordinates
(x,y) (5), media chemical concentrations (6), habitat suitability indices (7), doses/intake (8), and
ecological hazard quotients (9) (Figure 33).

[i=14075.0¢ br=2580,48 5al=110____ [Sediment=0 [iatzr=0 |&ir=0 hs1=0,75 fintake=0.395 mofkg-day__
{reproduction-chronic-noael EHQ=0.09, reproduction-chronic-loael EHD=0 v

Figure 33.  Status bar on model home screen
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3.14.3 SEEM Data Output/Figures
SEEM generates three primary types of figures:
SEEM Output: Concentration with Area Curves (OUT_Area )

SEEM Output: Ecological Hazard Quotient with Area Curves (OUT__ EHQ Area )
SEEM Output - Population_Plots _( OUT_Popul_Plot )

SEEM Output: Concentration with Area Curves (OUT Area )

The areawith concentration curve provides users with aview of the datain terms of geographic
cover (Figure 34). Thefigure is developed by ranking the concentration data from high to low
and then sequentially averaging each point/group with the next. The result provides the user
with information regarding the coverage of concentrations that may be problematic to wildlife.
While the figure does not examine concentrations that are next to one another necessarily, the
data do provide users with a sense of the geographic scale of the different concentrations.

12000

10000
8000 \
6000 \

4000

Concentration of Lead in soil mg/kg

2000

0 50000000 100000000 150000000 200000000

Area Meter”2

Figure 34. Example of an Areav Concentration Curve (OUT_Area )
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In some cases the remedial requirements may be specified by the areal coverage of a
concentration greater than a specified vaue (Figure 35). An example is provided below:

Hotspot 1
(high HSI)

- &,,\—

Eco Hazard Quotient Summary
by Cell:
red=>6, blue=3-6, brown=1-3,
orange <1

(low HSI)

Figure35. Example of map output specifying screening criteria exceedances
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SEEM Output: Ecological Hazard Quotient with Area Curves (OUT EHQ Area )

Another output figure is the EHQ versus Area Curve (Figure 36). An example of thisoutput is:
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Figure36. Exampleof an Areav EHQ Curve (OUT_Area EHQ )

SEEM Output - Population Plots ( OUT Popul Plot )

The primary summary figure for SEEM is the population — Environmental Hazard Quotient
curve (Figures 37aand 37b). It includes a summary of maximal and average exposures for the
toxicity reference values entered. These curves summarize the exposure of al of theindividuals
in the modeled population. Two examples of the population — EHQ curves are provided below.
In one example a species employs the random walk foraging strategy, while in the other example
the species forages from a nest.
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4 UNCERTAINTY

General Uncertainties

Asisthe case with any model, simplifying assumptions are employed. SEEM isdesigned to
answer large questions regarding the interaction of wildlife with chemicals accounting for habitat
preferences across alandscape. As Stephens and Krebs (1986) describe, foraging behaviors are
extremely complex and may involve the interaction of energy expended, energy gained,
availability of prey, behaviors such as search versus stay in different area and discrimination
among prey items. SEEM cannot capture all of the complexities of biological activities.
However, working with the model, users can begin to explore more of the complexitiesin
foraging behavior. For example, varying the number of foraging events per day could be used to
examine different levels of effort in combination with variable HSI’s. The magnitude of the
foraging radius might also be used as a surrogate for effort — the larger the radius the greater the
area over which areceptor must forage. While SEEM does not incorporate a direct assessment
of caloric needs, quitting rates and energy cost-benefit analysis for different prey items,
modification of the available inputs can allow modelers to ask and begin to answer questions
beyond the basic exposure analysis.

The original design of SEEM was based on afixed grid of cells. The current version retainsthis
grid for internal calculations, however users may draw polygons to characterize the chemistry
and habitat suitability of the study area. As noted previously in this Manual, the polygon data
are trandlated into the intersected cells using area weighted averaging of al polygons that
intersect agiven cell. Theresult visually isthat some foraging areas appear to fall outside of the
study area (map) when the foraging areas are visualized. Figure 38 below highlights this issue.
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Figure38. Example of potential uncertainty in image
processing

The arrow points at foraging areas that extend beyond the base map. Thisis because the base
map include a boundary beyond the image and because the polygon data are averaged to give
valuesto the grid cells below. The grid boundary is at the edge of the image —in thiscase a
white border. To avoid thisissue, the image should be imported without a boundary. Receptors
may forage in any grid cell with a habitat suitability greater than O.

Version 4.2.1 Notes

With each subsequent version of SEEM, SEEM standal one becomes more stable and more user
friendly. However, some issues remain and new issues may arise as the platforms are updated
and the model is used more often. We are aware of afew issues that remain in the latest version.
We are in the process of transitioning to a Gl S-based platform for the model. The standalone
version works well, but the GIS platform will increase the power of the model and allow for
greater spatial integration.
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The issues that we are aware of include:

a  Map Geometry. For certain base maps the values of the top row of CC and HSI grid cells
are calculated incorrectly. They are off by about 4% from what they should be. The issue
is due to the specifications of the image file imported. The problem arises when a user
selects an image file that scales to non-integer length and width. SEEM doesn’t currently
correct for thisissue. Thisissueisfixed by using a base map which is drawn to proper
scale with integer values for the North-South and East-West dimensions. For example,
this error occurs one model because the map length in North-South is 1510 meters, but
the length in East-West is 1166.81818181818. If the user selected a 15001200 meter
map there would not be an issue. We suggest that users import proper orthophotos from
say USGS or Pictometry which have apixel size of exactly 10 meters. This will
eliminate thisissue.

b. The minimize button does not work.

c. If auser addstwo new receptorsin step 4, but then goes back and renames the first
receptor added, SEEM will crash. The workaround if areceptor requires renamingisto
go to the next step, then go back.

d. SEEM occasionally crashes with an “OLE error” when generating reports. This seemsto
occur with newer versions of Excel and when a user is doing anything in the Excel
window while the report is being written. The workaround is to just |leave SEEM/Excel
alone until the report is finished generating.

e. SEEM occasionally becomes unstable (though doesn’t entirely crash) after drawing
polygons and saving changes. Error message is “ External Exception.” Changes are not
saved and the polygon drawing tool no longer works until the program is restarted. Seems
to occur when a user draws one polygon, draws another which may nearly overlap, then
goes back and selects the previous polygon to make changes such as name, color, etc.
The error isvery intermittent. Restarting the model resolves this issue.
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CREATING A NEW HSl CALCULATOR RECORD

The development of HSIs is atime-consuming process requiring the assembly of expertson a
particular speciesto reach consensus about the habitat features most important to that species.
For users wishing to add HSI equations to the database, general guidance on the processis
provided below. Also, working with an existing HSI and modifying the equation as necessary
will provide users with a starting point.

When constructing an HSI equation and defining the variables, editoria functions are available.
These may be accessed by pressing the right mouse button when the target text is highlighted.
Choose “Edit” to initiate the editor from which additional options may be accessed such as
different fonts, styles and colors. Each equation must be finished with asemicolon “;”. There
arethree types of variablesin an HSI equation. They include: the definition of an input variable,
the definition of a calculating variable and the definition of alookup variable. Each are
introduced bel ow.

A. Definition of “Input variable’ i.e. a variablerepresenting a characteristic of the
habitat —theinput isa simple numeric value. Theinput variableis defined as:

Variable :: “Extended Comment on the Variable” = Value

The“Variable” refersto a name which will be used in an equation verbatim (e.g. V2, V3),
whereas the “Extended comment on the Variable” is any string of text enclosed within “” that
defines the variable, e.g., description, units. The extended comment is not required to complete
an equation, however avariable and avalue are: Variable = Value;

B. Definition of “Calculating variable’ i.e. avaluethat istheresult of a mathematical
equation/expression —theinput variables are used to calculate a ‘calculating variable’. The
calculating variable is defined as:

Variable :: “Extended Comment on the Variable” = Expression; Or
Variable = Expression;

This variableis anaogous to the simpleinput variable, but a mathematical expression is used
instead of ssimple value. Any previously defined variable can be used in the expression.
Example:

A=2;

B=2,

C=(A*B)"0.5;
Astheresult of thisscript C=2 (if we replace “C=(A*B)"0.5" with “C=SQRT(A*B)” the result
will be the same)
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C. Definition of “Lookup Variable’, i.e. a categorical variable defined by a selection of
multiple choice options. Thelookup variableis defined as:

Variable:: “Extended Comment on the Variable’ =
?“Option 1” = Vauel
?“Option 2" = Vaue2

?"“Last Option” = Last_Value;

Inthis case, “Vaduel”,...”Last_Vaue’ are ssmple numbers like 3.14, 1e10 etc.

“Option 17, “Option 27, etc. are descriptions of the value to assist the user in value selection.
This text appearsin the SEEM pull-down menu. When a user chooses, an “Option” a
corresponding value will be applied in the model. For example,

A=?"“choice1” =1?"“choice2” =2 ?"“choice3"=3;
B=A+3;

If the user selects “choice 2” from the corresponding combo box in the SEEM interface, the
value of variable A becomes 2, and B then =5. This example also demonstrates that extended
descriptions/comments for variables and using separate lines for each option is not necessary.

Reviewing New Programming

There are 3 Tabsin the HSI caculation dialog: “Equations’, “Input Variables” and “Calcul ated
Variables’. Move through each tab to confirm that the programming is functioning correctly.

When a change is made in the script, those scripts should be automatically interpreted and all
variables should be recalculated. All calculations are repeated automatically a'so when avalueis
changed on the “Input Variables’ page of the tabbed dialog. If a script has mistakes, error
messages will be generated.
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Microsoft® Excel® Data Utility

In the latest release of SEEM, programmers added a Microsoft® Excel® data utility (SEEMXL).
The utility was added to serve the following purposes:

Provide easy access to input data through the commonly used spreadsheet program Excel;

Allow usersto cut and paste chemical data and habitat suitability indices into the model
file

Facilitate data quality control reviews; and,

Increase the efficiency of changing select input parameters in order to evaluate model
sensitivity and variability.

Within Excel, users can modify existing SEEM model files. SEEM remains the primary model
development vehicle, while the Excel tool only operates on existing SEEM files.

Setup

The SEEMXL data utility isdistributed in a.zip file. After extracting the zip file, the user clicks
on the setup.exefileto initiate installation.

Mame = | Type |
Application Files File folder

E-'j; SEEMEL. vsto VSTO Deployment Manifest

'lél;j SEEMXL. xltx Microsoft Office Excel Templ...

Application

If not already installed, a window may appear for the EULA for Microsoft Visual Studio 2010
Tools for Office Runtime, click Accept.
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After thisinstallation, the computer will require areboot and SEEMXL installation will resume
automatically. Because the utility has been custom devel oped for use with SEEM, the softwareis
not publisher verified and an installation warning may appear — see below. To continue to install

the utility, click Install.

oot ofce Costomzation mtater ——

Publisher cannot be verified

Are you sure you want to install this customization?

Name:
From:

Publisher:

@ ‘While Office customizations can be useful, they can potentially harm your computer.

If you do not trustthe source, do not install this softwareddage Information..,
@‘ Don't Install
~—

SEEMXL

file:fffC:/Us ers/wickwire/AppDatajLocal/Temp/Temp1_SEEMXL.zip/SE

EMXL/SEEMXL.vsto
Unknown Publisher

gy

Once ingtalled, the program is accessed by returning to the original program folder and clicking
on SEEMXL.XLTX to open the utility.

r SEEMYL-1.0-20120510.7ip = SEEMXL -

ttract all files
Mame * Type
Application Files File folder
5_3,-?1 SEEMXL vsto YSTO Deployment Manifest

@ setup

JEXE

Micrasoft Office Excel Templ...

Application
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Application of Utility

SEEMXL operates in the same way as an Excel Workbook; standard Excel functionality®’ is
accessible when working on a SEEM model file  The one exception is a new tab under which
the user will find an Import, Export and Saving toolbar specific to the Utility. The utility does
not interact directly with SEEM but serves as an interface between the SEEM modeling file
(.MDL file) and Excel functionality. Although the Excel fileitself can be saved, the primary
model fileisthe .MDL file. Excel filesare not compatible with SEEM directly. The utility
converts an existing .MDL file generated in SEEM, into an Excel file allowing editing of certain
inputs and once editing is completed, the utility will re-convert the Excel file back to an .MDL
filefor direct use in the SEEM model. The utility will not work on .MDL fileswith grid site area.

The stepsinvolved in using the SEEM Utility include:

1) Create anew modd file within the SEEM Program or locate an MDL file created during
aprevious session of SEEM modeling.

2) Open the SEEM Utility. At this step there are two options. (1) The most common will be
to import an active MDL file for review and editing. To import an MDL, click Import
MDL, locate the file and click Open. Data from the MDL will populate the nine
worksheets. (2) In some cases, a user may have started the review of an existing MDL,
saved the Excel file and returned to complete the review at alater time. In this case the
user would open the Excel file and continue to edit and review. To import an MDL, click
Import MDL, locate the file and click Open. Data from the MDL will populate the nine
worksheets.

@.H T T —

|=

3 5 Eﬂl
Import Export  Save
MDL  MDL Changgf

Maodel

3) There are ten worksheetsin the SEEM utility. They generally mirror the guided input
stepsin SEEM. Review of the actual drawn polygons or modification of the polygonsis
not possible within this utility. Editing of polygon locations, number and names occurs
within the SEEM model. Within each worksheet, a subset of the entered data may be
modified. Column headersin red indicate data that may be changed in the tool. The
tool aso does not run SEEM. The focusis on displaying the datain an easy to review
format and allowing editing of variable, key input data. Users cannot add rowsto any
worksheet. One of the key functionsin the SEEM tab is‘SAVE changes' auser must
save changes (to the MDL — saving to an Excel file works the same way as any Excel
saving function) in order to Export those changes back to SEEM.

58
AERSUBLN o[- B Seasons ( Chemicals o€ 2l
Ready | /5 |

_CLE L T Dist  Migmtion (€ :LIGHLL Ll _Habitat Polygons =0

" User's must have Excel installed on the machine used for SEEM Modeling.
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4) The M odel worksheet presents background data on the file and model run. There are no
inputs that can be modified in the SEEM utility on this worksheet.

5) On the Seasons worksheet, users may modify the number of daysin each season. In
order to modify the names of the seasons and number of seasons, users will need to return

to SEEM.
B _! C
Elieme Moo B
2 | Winter 92
3 | Spring 81
& Summer o
5 | Autumn 21,

6) The Chemicals worksheet cannot be modified in the Excel utility.

B C
1 Bl cas v
2 |Lead 7439-52-1

7) The Food Items worksheet summarizes the names of food items, the chemicals
applicable to each, tissue concentration and medium concentration and a bioaccumulation
factor (BAF). Thetissue concentration, medium concentration and BAF may all be
modified in the Excel utility. Note that when atissue concentration and medium
concentration are entered a BAF will automatically be calcul ated, over-writing any BAF
entered previously.

(Il Hame M CAS > v -
_2 |plants Lead T438-82-1 1] 0 0.0388

3 |insects Lead 7439-62-1 0 0 23.8301

4 |earthworms Lead T435-92-1 o o 332

8) The Receptorsworksheet summarizes the movement inputs specific to each receptor
assessed in the study. The user may modify the population size, migration type and
foraging distance. There are two migration types available to SEEM users — the options
can be selected using a drop-down box for each receptor.

B | ik D E F G
Hame _Pﬂpu lation Size kd MigrationType M ForagingDistance [ TerrestrialHabitat hd
Vole 10000 free ranging foraging 16 TRUE FALSE
3 |Shrew 10000 free ranging foraging 35 TRUE FALSE
4 | Mouse 100 free ranging foraging 20 TRUE FALSE

=t
2

9) The Diet worksheet specifies the diet items by each receptor, the ingestion rate specific
to the receptor and diet item and the percent of each type of diet item in the diet of each
receptor. Theingestion rate and diet proportion may be changed in the Excel Utility.
For the more complex changes involving seasonal -specific values, please initiate these
changes within the SEEM guided input in the primary model.
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] - E i G H |
1_ Receptor pll Dietltem IngestionRate M DietProportion A
2 |[Vole plants 017 Winter 1
3 |Vole plants 0.17 Spring il
4 Vole plants ) 017 Summer H
5 | Vole _plants 07 Autumn 1
6 Vole =oil i 0.00408 Winter 1
7 Vol 50il | 0.00408 Spring 11
5 Vole sai 0.00408 Summer 1
5 Vole soil . 0.00408 Autumn 1]
10) The Migration worksheet captures an advanced modeling feature accessed within the
model from the Diet guided input tab. A user can modify the insite probability from the
Utility Tool. Outsite probability is automatically cal culated when the user saves changes.
C B E F
1 5 Insite Probability  Outsite Probability bl
2 |Vole Winter 1 0|
3 |Vole -Spring 1 0
& Vol Summer 1 o
5 Vo Autumn 1 0
6 |Shrew Winter 1 o
7 Shrew Spring 1 0
8 Shraw Summer 1 1]
8 |Shrew Autumn 1 o

11) The Benchmar ks worksheet summarizes the benchmarks selected for use in the model.
Users may modify the benchmark name and the actual benchmark value by receptor and
chemical combination.

1] | E F G H
1 ¥ |
"2 [vole NOAEL Lead 7439-92-1 47
3 |Vole LOAEL Lead 7438-82-1 407
4 [Shrew NOAEL Lead 7438821 47
5 |Shrew 'LDAEL Lead 7439-92-1 407
£ Mouse NOAEL Lead 7435-82-1 . 47|
7 Mouse LOAEL Lead 7438521 407)

12) The Habitat Polygons worksheet displays the polygon-specific data related to habitat
suitability. The SEEM Utility does not facilitate modification of the actual drawn
polygons, but allows users to modify the name and habitat suitability index (HSI) value
for existing polygons. Names of polygons must be unique. To add or remove polygons,
users should return to the drawing tool within the program’s guided input.
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] E | F 3 H | J
i Laye ; : Ml HabitatPolygonName - -
_ 2 |sediment sHabitat Suitability Shraw 1 Nonriverine Swamp and Wet Hardwoi 1
2 |sediment Habitat Suitability Shraw 1 Distrubed/Successional Shrub Regen 1
4 sediment Habitat Suttability Shraw 1 Developed Low Intensity 1
S |sediment  Habitat Suttability Shrew 1 Evergreen Plantation or Managed Pine 1
& |sediment Habitat Suitability Shrew 1 Road o 1
7 | sediment Habitat Suitability Shrew 1 Evergreen Plantation or Managed Pine 1]
& sediment _Habitat Suitability Shrew 1 Dry and Dry Mesic Oak Forest 1
8 | sediment Habitat Suitability Shrew 1 Dry and Dry Mesic Oak Forest 1
10 |sediment Habitat Suitability Shrew 1 Road 1
11 |zediment Habitat Suitability Shrew 1 Evergreen Plantation or Managed Pine 1
12 |zediment Habitat Suitability Shrew 1 Developed Open Space 1
12 |zediment  Habitat Suitability Shrew 1 Dry and Dry Mesic Oak Forest 1
1£ |zediment Habitat Suitability Shrew 1 Small Backwater River Floedplain Fore 1
15 |zediment Habitat Suitability Shrew 1 Evergreen Plantation or Managed Pine 1]
16 |sediment _Habitat Suitability Shrew 1 Small Backwater River Floodplain Fore 1
17 |sediment Habitat Suitability Shrew 1 Dry and Dry Mesic Oak Forest 1

13) Thelast worksheet in the SEEM Utility Tool focuses on the Chemical Polygons
concentrations. Consistent with the habitat worksheet, the SEEM Utility does not
facilitate modification of the actual drawn chemical polygons, but allows usersto
modify the name, chemical concentrations and bioavailability adjustment factor for
existing polygons. Names of polygons must be unique. To add or remove polygons,
users should return to the drawing tool within the program’s guided input.

| E | F e H | J K i
B siteAdjFactor B ChemicalPolygoniame [ ChemicalConcentration (4 BicavailabilityAdjustment

Chemical Concentrations Lead 270

L 1 0-25 Percentile 270 1
3 |soil Chemical Concentrations Lead 270 1 25-50 Percentile 1200 1
4 | soil Chemical Concentrations Lead 270 1 50-T5 Percentile 3000 1
5 |sail Chemical Concentrations Lead 270 1 75-95 Percentils 20000 1
6 soil Chemical Concentrations Lead 270 1 95-100 Percentile 130000 1,

For advanced GI S users, a standalone SEEM GI S Integration tool is available upon request.
Because it requires GIS software and knowledge of GIS functionality, it is not distributed with
the primary software and Excel Utility.

14) Upon completion of all changes, click save changes in the SEEM tab and then
click export mdl. Users can either create anew mdl file (recommended) or
save over the original file.
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SEEM REVIEW REPORTING FORM

DATE:

NAME:

ORGANIZATION:

EMAIL ADDRESS:

SEEM VERSION

NUMBER &
DATE:
ERROR REPORTING
ERROR ID DESCRIPTION LOCATION OR OCCURRED

WHEN

SUGGESTIONS

PLEASE RETURN TO:
Exponent, Attn: Ted Wickwire, 1 Clock Tower Place, Suite 150, Maynard, MA 01754 or Fax to:
(978) 461-4699 OR Email: wickwire@exponent.com
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