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1.0 INTRODUCTION

To evaluate the effects of the proposed vegetation treatment methods and aternatives on public lands managed by the
U.S. Department of Interior (USDI) Bureau of Land Management (BLM) in the western continental U.S., and Alaska,
the BLM and its contractor, ENSR, has prepared a Vegetation Treatment Using Herbicides on Bureau of Land
Management Lands in 17 Western Sates Programmatic Environmental Impact Statement (PEIS; USDI BLM 20053).
The PEIS serves to update the following four ElSs developed by the BLM in the mid 1980s and early 1990s:

Northwest Area Noxious Weed Control Program — 1986

Cdlifornia Vegetation Management — 1988

Vegetation Treatment of BLM Landsin Thirteen Western States— 1991
Western Oregon Program Management of Competing V egetation — 1992

As part of the PEIS, an ecological risk assessment (ERA) was conducted on severa herbicide active ingredients (a.i.;
hereafter smply referred to as herbicides) currently used, or proposed for use, by the BLM. The objective of the ERA
was to evauate potentia risks to human health and the environment that may result from exposure to the herbicides
both during and after trestment of public lands.

The 10 herbicides under consideration in the ERA include eight terrestrial herbicides. bromacil, chlorsulfuron,
diflufenzopyr, diflufenzopyr + dicamba, diuron, imazapic, sulfometuron methyl, and tebuthiuron; and two aquatic
herbicides. diquat and fluridone.

1.1 Purpose

This document provides the details of the ERA methodology used to evaluate risks associated with the use of
herbicides for controlling invasive vegetation and to determine if these herbicides are safe for use by BLM. The
protocol on which these methods are based was approved by the BLM in 2003.

In addition to the risk assessment methodology, this document provides an overview of the application of three
software models used to predict the concentrations of herbicide in various environmental media (animal and plant
tissues, soil, and water) due to spray drift, surface runoff, or herbicide transport on wind-blown dust. These programs
are AgDRIFT®, GLEAMS (Groundwater Loading Effects of Agricultural Management Systems), and CAL PUFF.

1.2 Document Organization

The remainder of this document is organized in the following manner:

e Section 2.0 presents ageneral overview of the ERA methodology.
e  Section 3.0 presents a description of the exposure pathways and dose calculations.

e Section 4.0 presents an overview of the application of the three software models used to predict media
concentrations.

e  Section 5.0 presents references.

More extensive descriptions of the specific inputs and methodologies for the three models described in Section 4.0 of
this document are provided in appendices to this protocol and in a supplemental report for the PEIS. This information
may be found in the following locations:

e AgDRIFT® — Appendix A of this document
o GLEAMS-Appendix B of this document

BLM Vegetation Treatment Using Herbicides 1-1 October 2004
Ecological Risk Assessment Protocol
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2.0 OVERVIEW OF ECOLOGICAL RISK
ASSESSM ENT

Ecological risk assessments were produced for 10 herbicides: bromacil, chlorsulfuron, dicamba, diflufenzopyr, diquat,
diuron, fluridone, imazapic, sulfometuron methyl, and tebuthiuron (ENSR 2005&j). The ERAs for each of the
herbicides were produced as separate documents. While the risk assessments have been tailored to address the
potential usage of each particular herbicide, they follow the same essential format and methodology, which is
described below. Each ERA includes the following sections:

e Introduction — covers genera concepts and document overview.

e BLM Herbicide Program Description — describes BLM-specific uses of the product, statistics of use to date,
and incident reports compiled by the USEPA.

e Herbicide Toxicology, Environmental Fate, and Physical-Chemical Properties — discusses the review of
toxicity literature and its results, environmental fate of the herbicide, and specific physical-chemica
properties used in the ERA.

e Ecologica Risk Assessment — evaluates potential risk to ecological receptors resulting from exposure to the
herbicide in a number of different scenarios (discussed in more detail in this section).

e Sendtivity Anaysis — discusses the sendtivity of predicted exposure concentrations to variation in
environmental processes and the models used to represent them. This analysis is provided in order to verify
that most predicted concentrations are overestimates, and to identify Stuations where the genera
assumptions of the models might be relaxed or should be made more stringent.

e Rare, Threatened, and Endangered (RTE) Species — discusses potential direct and indirect impacts to RTE
species, including consideration of taxa for which ecotoxicological dataare not available.

e Uncertainty in the Ecological Risk Assessment — describes data gaps, assumptions, and uncertainties of the
risk assessment.

e Summary — summarizes the overal implications of the risk assessment.
¢ References— presents references considered in the document.
The following appendices are also included in each ERA:
e Summary of Available and Relevant Toxicity Data/Ecological Risk Assessment Literature Review
e Ecologica Risk Assessment Worksheets
e Species Listed Under the Endangered Species Act for 17 BLM States
e Review of Confidential Business Information Memo
e Summary of Tank Mix Risk Quotients
Transport via surface runoff and wind-blown dust, and the resulting exposure concentrations, are not included in the

ERAs for the aguatic herbicides (diquat and fluridone). Therefore, exposure scenarios and appendices relating to
GLEAMS and CALPUFF are not included in the risk assessment documents for these herbicides.

BLM Vegetation Treatment Using Herbicides 2-1 October 2004
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The overdl god of the ERAs is to facilitate risk management decisions for the PEIS and support development of the
Biological Assessment (BA) for the PEIS. An additional goal of this process is to provide risk managers with a tool
that presents a range of generic risk estimates that vary as a function of site conditions. The tool to accomplish this
primarily consists of the Excel spreadsheets (presented in the ERA Worksheets) that may be used to cdculate
exposure concentrations and evaluate potential risks provided in the risk assessment. For further site-specific
evaluation of aparticular herbicide, BLM land managers can modify specific variables in the worksheets.

The genera approach and analytical methods for conducting the ERAs were based on U.S. Environmental Protection
Agency’s (USEPA) Guidelines for Ecological Risk Assessment (hereafter referred to as the “Guidelines’ [USEPA
1998]). The ERA is a structured evaluation of all currently available scientific data (exposure chemistry, fate and
transport, toxicity, etc.) that leads to quantitative estimates of risk from environmental stressors to non-human
organisms and ecosystems. The current Guidelines for conducting ERAs include three primary phases. problem
formulation, analysis, and risk characterization. These phases are discussed in more detail in the following
subsections.

2.1 Problem Formulation

The problem formulation provides a foundation for the entire ERA process by detailing the risk hypotheses to be
evaluated in support of appropriate risk management decisions. The success of the problem formulation depends for
the most part on the assessment endpoints (AE; expressions of the environmental value to be protected), development
of appropriate conceptual models (graphical representations of exposure pathways), and statement of the analysis plan
(specific risk assessment methods).

The problem formulation section presents information related to chemical characteristics, mode of toxic action, and
herbicide usage presented in the BLM Herbicide Program Description and Herbicide Toxicology, Environmental
Fate, and Physical-Chemical Properties sections of the ERA reports. This information is used to help identify
management goals and AESs.

The primary management goa for the ERAs was to provide estimates of ecological risk for the herbicide active
ingredients evaluated in the PEIS and BA. Estimates of ecological risk were necessary to help establish whether
herbicide use may pose unacceptable risk to terrestrial wildlife, non-target plants, and aguatic organisms. More
specificaly, the management goals were to prevent/minimize direct (acute and chronic) and indirect effects of
herbicides to these groups of organisms, including threatened and endangered species. Acute effects are those that
have the potential to occur following a short-term exposure to a relatively high dose of a toxin, and are usualy
measured by mortality (death) of the organism. Chronic effects are those that have the potential to occur after long,
often low-dose exposure, and may include reproductive, developmentd, or cellular-level effects.

Assessment endpoints represent “explicit expressions of the actual environmental value that is to be protected,
operationally defined by an ecological entity and its attributes’ (USEPA 1998). In the context of the screening-level,
programmatic risk assessment, ecological entities include terrestrial invertebrates and vertebrates, non-target plants,
and aguatic organisms (including threatened and endangered species). The essential biologica requirements (i.e.,
survival, growth, and reproduction) for each of these groups of organisms are the attributes to be protected from
herbicide exposure. Assessment endpoints, for the most part, reflect direct effects of an herbicide on these organisms,
but indirect effects were also considered (particularly for threatened and endangered salmonids).

Measures of effect are measurable changes in an attribute of an AE (or its surrogate, as discussed below) in response
to a stressor to which it is exposed (USEPA 1998). For the screening-level ERA, the measures of effect associated
with the AEs generally consist of acute and chronic toxicity data from pesticide registration documents, as well asthe
available scientific literature, for the most appropriate surrogate species. Rather than evaluating potential ecological
risk to the large number of speciesfound on public lands, surrogate species were used to represent classes of receptors
(e.g., small mammalian herbivores, large avian piscivores). In general, the surrogate species selected were those for
which toxicity data were available from tests conducted in support of the USEPA pesticide registration process.
Extrapolating chemical toxicity from a surrogate species to a particular species of concern can introduce extrapolation

BLM Vegetation Treatment Using Herbicides 2-2 October 2004
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uncertainties (Fairbrother and Kapustka 1996, Syracuse Environmental Research Associates, Inc. [SERA] 2000), but
is often necessary in an ERA.

Assessment endpoints (and associated measures of effect) were generated in the problem formulation for each
herbicide. Selection of specific AEs depended on the type of herbicide and its use pattern (e.g., terrestrial vs. aguatic
application) and on the availability of appropriate toxicity data. Assessment endpointsinclude the following:

Assessment Endpoint 1: Acute mortality to mammals, birds, invertebrates, non-target plants. M easur es of
Effect include median lethal effect concentrations (e.g., the dose lethal to 50% of organisms tested [LDx;
median lethal dose] and the concentration lethal to 50% of organisms tested [LCsy; median lethal
concentration]) from acute toxicity tests with these organisms or suitable surrogates.

Assessment Endpoint 2: Acute mortality to fish, aguatic invertebrates, and aquatic plants. M easures of
Effect include median lethal effect concentrations (e.g., L Csp) from acute toxicity tests with these organisms
or suitable surrogates (e.g., data from other coldwater fish were used to represent threatened and endangered
salmonids).

Assessment Endpoint 3; Adverse direct effects on growth, reproduction, or other ecologically important
sublethal processes. Measures of Effect include standard chronic toxicity test endpoints such as the No
Observed Adverse Effect Level ([NOAEL] the concentration tested at which no adverse effects to test
organisms were noted") for both terrestrial and aguatic organisms. Depending on data available for a given
herbicide, chronic endpoints reflect either individual-impacts® (e.g., survival, individual growth, or sub-lethal
responses such as physiological impairment or behavior), or population-level impacts® (e.g., reproduction;
[Barnthouse 1993]). For salmonids, careful attention was paid to smoltification (i.e., development of
tolerance to seawater and other changes of parr [freshwater stage salmonids] to adulthood), thermoregulation
(i.e., ability to maintain body temperature), migratory behavior, and other important life processes, if such
data were available. With the exception of non-target terrestrial plants, standard acute and chronic toxicity
test endpoints were used for estimates of direct herbicide effects on rare, threatened, and endangered (RTE)
species. To add conservatism to the RTE assessment, levels of concern (LOCs) for RTE species were lower
(more sensitive) than for typical species. For terrestrial plant species, the LOC was set at 1 for all scenarios
and different toxicity values were used to provide extra protection for RTE plant species. In the direct spray,
spray drift, and wind erosion scenarios, the selected toxicity endpoints were a 25% Effect Concentration
(ECys) for "typical” species and a NOAEL for RTE species for any toxicity endpoint (i.e., vigor, emergence,
germination). In runoff scenarios, high and low germination NOAEL s were selected to eval uate exposure for
typical and RTE species, respectively. When germination was unavailable, seed emergence data was
acceptable to evaluate surface runoff exposure.

Assessment Endpoint 4: Adverse indirect effects on the survival, growth, or reproduction of salmonids.
Measures of Effect for this AE depended on the availability of appropriate scientific data. Unless literature
studies were found that explicitly evaluated the indirect effects of the target herbicides to salmonids and their
habitat, estimates of indirect effects were qualitative. Such quditative estimates of indirect effects include
general evaluations of the potentia risks to food (typicaly represented by acute and/or chronic toxicity to
aguatic invertebrates) and cover (typicaly represented by potential for destruction of riparian vegetation), as

1 NOAEC (no observed adverse effect concentration) is sometimes used. The terms NOAEL and NOAEC are essentially interchangesble.

2 Individual impacts are those that adversely affect a single individual member of the species. RTE species are evaluated using individual
effects as the measure of effect because each individual isimportant to the maintenance of the species.

3 Population impacts adversely affect the maintenance of a population—group of the same species occupying the same time and place.

BLM Vegetation Treatment Using Herbicides 2-3 October 2004
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well as habitat modification from increased sedimentation and temperature. The USEPA Office of Pesticide
Programs (OPP) is currently applying aPproaches similar to these qualitative evaluations for RTE species
effects determinations and consultations.

Problem formulation also included a graphical conceptual model indicating the possible exposure pathways for each
herbicide, and thus which types of surrogate species (i.e., receptors) were evauated for each herbicide. The
conceptual models for terrestrial and aguatic herbicide active ingredients are presented in Figures 2-1 and 2-2,
respectively. An overal analysis plan was also presented that consists of a general statement of the kinds of data and
decision-making methods that are proposed for use in the ERA. Figure 2-3 presents the trophic levels (TLs) evaluated
for terrestrial and aguatic herbicide active ingredients.

2.2 Analysis

The analysis phase of an ERA consists of two principal steps. the characterization of exposure and the
characterization of ecological effects. The exposure characterization describes the source, fate, and distribution of the
herbicide using standard models that predict exposure point concentrations in various environmental media (e.g.,
GLEAMS). The ecological effects characterization consists, for the most part, of compiling exposure-response
relationships from all available toxicity studiesfor each herbicide.

2.2.1 Exposure Characterization

The BLM uses herbicidesin avariety of programs (e.g., maintenance of rangeland and recreational sites) with severa
different application methods (e.g., application by aircraft, vehicle, or backpack). In order to assess the potential
ecological impacts of these herbicide uses, a variety of exposure scenarios were considered. These scenarios were
selected based on actual BLM herbicide usage under a variety of conditions. It may be noted that there are differences
between the individua herbicide risk assessments based on the actual uses of a particular herbicide. Differences may
include those due to application methodology (ground vs. aerial), area of application (forest vs. non-forest), or
herbicide type (aguatic vs. terrestrial).

The exposure scenarios considered in the ERAS were organized by potential exposure pathways. In genera, the
exposure scenarios describe how a particular receptor group (e.g., terrestria animals, terrestrial plants, and aquatic
species) may be exposed to the herbicide as a result of a particular exposure pathway. These exposure scenarios were
designed to address herbicide exposure that may occur under a variety of conditions:

e Direct spray of the receptor or waterbody

e Indirect contact with dislodgeable foliar residue

e Ingestion of contaminated food items

o Off-ditedrift of spray to terrestrial areas and waterbodies

e  Surface runoff from the application area to off-site soils or waterbodies

e Wind erosion resulting in deposition of contaminated dust

e Accidentd spillsto waterbodies

4 http://www.epa.gov/oppfeadl/endanger/effects

BLM Vegetation Treatment Using Herbicides 2-4 October 2004
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These scenarios were developed to address potentia acute and chronic impacts to receptors under a variety of
exposure conditions that may occur within public lands. These exposure conditions include normal application
situations and associated off-site transport (via drift or wind erosion of dust), as well as accidental spills, and long-
term overland flow to off-site soils and waterbodies (primarily via surface runoff and root zone groundwater flow).

Additional details regarding particular receptors (e.g., receptor size, diet, consideration of threatened and endangered
species), application rates (i.e., typical and maximum application rates and accidental spills), duration of herbicide
exposure (i.e., one time event or longer-term exposure) and toxicity endpoints (i.e., acute, chronic) are discussed
below. Further information can be found in the individual risk assessment spreadsheets compiled for each herbicide
(Appendix B of each ERA; ENSR 2005&).

Because of the differencesin the application methods for terrestrial and aquatic herbicides, there were fewer exposure
scenarios for aguatic herbicides. Off-site transport of the aguatic herbicides via surface runoff and wind erosion were
not considered to be redlistic scenarios for these applications and were therefore not considered for the aguatic
herbicides. However, accidental direct spray and off-site drift of aquatic herbicides onto terrestrial receptors was
considered. The more conservative direct spray scenario was assumed to address any potentia impacts from the other
transport mechanisms. Details of the exposure scenarios considered in the risk assessments are presented in Section
3.0.

Unless application information from the herbicide-use label indicates otherwise, exposure concentrations were
estimated for a single annua application. However, there might be chemical-specific exceptions to this. This
application is evaluated on a case-by-case basis, and reflects a best estimate of maximum possible application rates
and frequency at any one location.

Exposure characterizations depend on the selection of appropriate fate and transport models that predict herbicide
concentrations in various environmental media, such as tissues, soils, and water. Some of these models are fairly
straightforward and only require simple algebraic caculations (e.g., water concentrations from direct spray), but
others require more complex computer models (e.g., aerial deposition rates, transport from soils).

The AgDRIFT® computer model (Section 4.1) was used to estimate off-site herbicide transport due to spray drift.
The GLEAMS computer model (Section 4.2) was used to estimate off-site herbicide transport in surface runoff and
root zone groundwater (Knisel and Davis 2000). GLEAMS is a particularly important model in that it calculates soil
concentrations at the site of application and the amount of herbicide that might be transported in surface water or
contaminated groundwater into adjacent terrestrial areas or aquatic habitats (e.g., ponds, streams). Furthermore, model
inputs are sufficiently flexible such that a wide range of exposure scenarios (e.g., number of annua herbicide
applications, soil characteristics) can be accommodated (Knisel and Davis 2000). Finally, the model predicts longer-
term loading, such as that associated with continued soil erosion. The computer model CALPUFF (Section 4.3) was
used to predict the transport and deposition of herbicides sorbed (reversibly or temporarily attached) to wind-blown
dust.

AgDRIFT® and CALPUFF simulate one time transport events, and estimate herbicide concentrations based on a
single occurrence of herbicide use (e.g., how much herbicide is transported to a pond by off-site drift during a
particular application event). In contrast, soil concentrations reach a steady-state over time using GLEAMS.
Therefore, GLEAMS models 10 years of annual applications to simulate the impact of herbicide accumulation in the
system. Data from the final year of the GLEAMS simulations were used in the ERA. Each model simulation was
approached with the intent of predicting the maximum potential herbicide concentration that could result from the
given exposure scenario.

2.2.2 Effects Characterization

The ecologica effects characterization phase of an ERA entails a compilation and analysis of the stressor-response
relationships and any other evidence of adverse impacts from exposure to each herbicide. Available data consisted
mostly of the toxicity studies conducted in support of USEPA pesticide registration, which generally included the

BLM Vegetation Treatment Using Herbicides 2-5 October 2004
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following (additiona studies may be required depending on herbicide use patterns and characteristics (40 Code of
Federal Regulations[CFR] 158):

e Avianora LDsg

e Aviandietary LCs

e Freshwater fish acute L Csg

e Freshwater invertebrate acute LCs

Additional tests, if required for a particular herbicide, may include honeybee (Apis mellifera) acute toxicity, avian
reproduction, non-target plant toxicity tests, and chronic fish life-cycle tests, among others. These data were identified
during a literature review phase which consisted of an evaluation of the existing literature, including published
manuscripts, unpublished study reports, electronic databases, and information provided by USEPA as part of a
Freedom of Information Act (FOIA) request for available toxicity datarelated to herbicide registrations.

As data were not available for al receptors or for RTE species, extrapolation of risk based on surrogate species data
was necessary. Species for which toxicity data were available may not necessarily be the most sensitive speciesto a
particular herbicide. These species have been selected as laboratory test organisms because they are generaly
sensitive to stressors, yet they can be maintained under laboratory conditions. For example, the mgjority of the
terrestrial plant toxicity data is based on crop species (e.g., tomato [Solanum spp.], soybean [Glycine sp.]) and not
rangeland species more likely to occur on BLM lands. However, it is likely that these tested species are at least as
sensitive, and likely more sensitive, than the rangeland species. The selected toxicity value for a particular receptor is
based on areview of the available data and the sel ection of the most appropriate sensitive surrogate species.

2.3 Risk Characterization

The final phase of an ERA consists of quantitative estimates of the ecological risks, a description of data used in
support of these risk estimates (including data gaps where appropriate), a discussion of uncertainties in this analysis,
and an overall interpretation of the potential ecological impacts of each herbicide.

In order to address potential risks to ecologica receptors, risk quotients (RQs) were calculated by dividing the
estimated exposure concentration (EEC) for each of the previously described scenarios by the appropriate toxicity
endpoint. Each RQ was calculated by dividing the EEC for a particular scenario by an herbicide-specific Toxicity
Reference Vaue (TRV). The TRV may be a surface water or surface soil effects concentration or a species-specific
toxicity value derived from the literature.

The RQs were then compared against LOCs established by the USEPA OPP to assess potential risk to non-target
organisms. Risk quotients and LOCs were tabulated and compared for al appropriate exposure scenarios and
surrogate species described above. The ecologica risk implications of various exposure estimates can be readily
determined by noting which RQs exceed the corresponding LOCs. Over 1,000 RQs were generated in each ERA.
While al RQs are presented in the supporting documentation of the risk assessment and available to BLM field
offices, only selected values (e.g., those exceeding LOCs) will be discussed within the text of each ERA report.

The RQ approach used in the risk assessment provides a conservative measure of the potential for risk based on a
"snapshot” of environmenta conditions (e.g., rainfall, sope) and receptor assumptions (e.g., body weight [BW],
ingestion rates). The ERA reportswill include a discussion of the uncertainties inherent in the RQ methodology.

2.3.1 Toxicity Reference Values

In the magjority of cases, toxicological data do not exist for the specific ecological receptors of concern considered in
the risk assessment (i.e, American robin [Turdus americanus] and mule deer [Odeocoileus hemionus)).
Consequently, toxicological data for surrogate species were evaluated and used to establish quantitative benchmarks
for the ecological receptors of concern. These benchmark values are referred to as TRVs. This section of text briefly
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describes the process used to derive TRVs. Once developed, TRVs were compared with predicted environmental
concentrations to determine the likelihood of adverse effectsto ecological receptors.

2.3.1.1 Literature Review

The process for deriving TRVs consisted of assembling relevant literature, evauating these information sources, and
then establishing specific numeric values for each ecologica receptor of concern considered in the risk assessment
worksheets. The first step to derive ecologica TRVs consisted of an evaluation of the existing literature, including
published manuscripts, unpublished study reports, and electronic databases. The primary sources of information are
summarized in Table 2-1.

Once data from these various sources were compiled, the information was reviewed to determine its acceptability for
deriving ecological TRVs for each of the herbicides evaluated. In order to be classified as an “acceptable” study, the
research had to be suitable (i.e., the data were relevant to endpoints of interest) and adequate (i.e., the data were of
high enough quality).

TABLE 2-1
Summary of Information Sour ces Used to Derive Toxicological Reference Values

I nformation Source Representative Examples

Freedom of Information Act (FOIA) | EPA registration studies and related documents (primarily unpublished
requests information)

Peer-reviewed literature Published manuscripts

USEPA Pesticide Database; USEPA Integrated Risk Information System
(IRI1S) database, Hazardous Substance Data Bank; and 12 literature
databases (AGRICOLA, ASFA, Biological Sciences, BIOSIS/Biological
Electronic databases Abstracts, Chem Abstract/Scifinder Scholar, Environmental Science and
Pollution Management, MedLine, Safety Science and Risk, Toxline, Water
Resources Abstracts, Web of Science/Science Citation Index, and
Zoologica Records; searched dates 1970 to 2003)

Forest Service pesticide review documents; USEPA registration and re-
registration documents; and California EPA pesticide registration data

Internet

Data Suitability

For each chemical, the available literature was evaluated to determine if the quality of data was suitable for use in
deriving TRVs. Early in the ERA process, the BLM identified receptors that were representative of ecological guilds
(i.e., general taxonomic groups comprised of animas or plants that perform particular roles in the ecosystem,
including small and large mammals, small and large birds, piscivorous birds, fish, reptiles, amphibians, terrestrial and
aquatic invertebrates, terrestrial and aquatic plants, and algag), as well as their primary routes of exposure. Evaluation
of suitability was based on these ecologica receptors and routes of exposure. Specificaly, a study was considered
suitableif the following criteria were met:

o The material tested was one of the herbicides under consideration
o Thetest specieswasin the same guild as an ecological receptor considered in the risk assessment
e Theroute of exposure matched the primary routes of exposure

e The toxicity endpoint (e.g., mortality, reproductive success, growth) was considered to be ecologicaly
relevant (see Table 2-2)

BLM Vegetation Treatment Using Herbicides 2-7 October 2004
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For the mgjority of studies, the acute statistica endpoints consisted of LDsy, LCso, Or ECsy (median effect
concentration) values. Adverse effect levels in chronic studies were most frequently reported as lowest-observed-
adverse-effect levels (LOAELS). Levels at which no effects were noted were generally reported in chronic studies as
NOAELSs. As discussed in Section 2.1, severa additiona statistical endpoints were evaluated for terrestrial plants,
including EC,s and NOAEL (for any relevant endpoint) to address risk due to direct spray, off-site drift, and dust, and
the highest and lowest germination- or emergence-based NOAEL to address risk due to surface runoff.

Data Adegquacy

Once determined to be suitable, a study was then evaluated to determine whether the data were adequate. For peer-
reviewed literature, two senior toxicologists independently determined data adequacy. Each paper was scored based
on severa selection criteria, including documentation of number of test organisms, statistical analysis, and proper use
and performance of controls. Based on these reviews, the study was classified as either “adequate” or *not adequate.”

Information obtained from the USEPA (e.g., unpublished reports and databases) and from other information sources
was often incomplete and insufficient to independently evaluate the validity of the study. Nevertheless, if the USEPA
had reviewed the study and classified the study as “acceptable,” the study’ s findings were considered “acceptable” for
development of TRV sfor this document.

TABLE 2-2
Overview of Suitable Study Parameters Used to Derive Toxicological Reference Values
Parameter Suitable Not Suitable
Test chemical (technical grade; known active
Test materid ingredient) and mixtures of any combination Mixtures including non-BLM herbicides
of the 10 herbicides
Small mammals (rats, rabbits, mice), large
mammals (dogs, sheep), small birds (quail), Human health effects, bioassaysto cells,
Test species large bird (mallard), honey bee, coldwater and | effectsto target species, marine or estuarine
warmwater fishes, aquatic invertebrates, species, microorganisms, blue green algae,
agquatic plants (including algae), and terrestrial | and terrestrial insects (other than honeybeg)
plants
. g . ' Inhalation, injection (intravenous, inter-
Exposure route Dietary: drinking water (including oral and peritoneal), ocular irritation, skin irritation,
gavage) and dermal L .
and in vitro studies
Metabolism, changesin blood parameters,
Toxicity Mortality, immobilization, growth, changesin behavior, genotoxic effects,
endpoints reproduction, germination, emergence environmental fate and transport, leaching
and analytical methods
BLM Vegetation Treatment Using Herbicides 2-8 October 2004

Ecological Risk Assessment Protocol



S
»
E k) 8

2.3.1.2 Toxicity Reference Value Development

Study findings that meet both data adequacy and suitability criteria were used to develop ecologica TRVs. From
these studies, statistical endpoints were compiled into a matrix for each chemica and for each receptor. Data were
further subdivided into acute adverse effect levels, chronic adverse effect levels, and chronic no adverse effect levels.

Endpoints for a receptor and routes of exposure were converted to the same units (e.g., milligrams per kilogram
[mg/kg] BW) for comparison and selection of the appropriate TRV. Endpoints for aquatic receptors and terrestria
plants were reported based on exposure concentrations (milligrams per liter [mg/L] and pounds per acre [Ibs/acre],
respectively). Dose-based endpoints (e.g., LDsoS) were used for birds and mammals. When possible, dose-based
endpoints were obtained directly from the literature. When dosages were not reported, dietary concentration data were
converted to dose-based values (e.g., LCs to LDsy) following the methodology recommended in USEPA risk
assessment guidelines (Sample et al. 1996). Table 2-3 summarizes anima BWs and feeding and drinking ingestion
rates that were used to convert concentration endpoints to dose-based endpoints using the following general equation:

Dose-based endpoint mgg swiday) = [Concentration-based endpoint (mgikg food) X f00d ingestion rate g foodiday)]/BW (ig)
Toxicity Reference Value Derivation

Once the data were expressed in comparable units, the numeric values from studies classified as “acceptable” were
compared to derive TRVs. For each chemical, receptor, and route of exposure, the lowest reported acute statistical
endpoint was selected as the acute TRV. Acute TRVs were derived first to provide an upper boundary for the
remaining TRV, chronic TRVs selected for the risk assessment (generally NOAELs) were always equivaent to, or
less than, the acute TRV.

Thetoxicity endpoint for most acute studies was mortality, immobilization, or failure to germinate, as assessed during
a short-term exposure. In some cases, acute data were not available and chronic TRV's, based on longer exposure
periods and associated endpoints such as growth and reproduction, were devel oped to provide supplementary data to
the risk assessment. Conversely, when no valid statistical endpoints from chronic studies were available, the chronic
TRV was extrapolated from the acute TRV (see next section for a discussion of the uncertainty factor included in this
extrapolation). In the majority of cases, however, chronic data were available. Before the chronic NOAEL TRV was
determined, a chronic LOAEL was identified, which was the lowest concentration that was found to cause significant
adverse effects in a chronic study. Once a LOAEL was established, the chronic NOAEL TRV was established as the
highest NOAEL value that was less than both the LOAEL and the acute TRV.

Use of the Uncertainty Factor

In some cases, TRVs had to be extrapolated from available toxicity data using an uncertainty factor. Based on a
review of the application of uncertainty factors (Chapman et a. 1998), an uncertainty factor of 3 was considered to be
appropriate for ecologica TRV derivation in this document. This value was used to extrapolate TRVs when
appropriate TRV s were not identified in the literature.

For example, a chronic LOAEL (e.g., 100 mg/kg BW) could be divided by an uncertainty factor of three to obtain an
extrapolated chronic NOAEL TRV (e.g., 33 mg/kg BW).

2.3.2 Levdsof Concern

To facilitate the trand ation of RQs into readily applicable estimates of risk, the cal culated RQs were compared against
LOCs used by the USEPA in screening the potentia risk of pesticides (Table 2-4). These LOCs are used by the
USEPA’s OPP to analyze potentia risk to non-target organisms and the need to consider regulatory action. Distinct
USEPA LOCsare currently defined for the following risk presumption categories:

e Acutehigh risk —the potential for acuterisk is high.

BLM Vegetation Treatment Using Herbicides 2-9 October 2004
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e Acuterestricted use - the potential for acute risk is high, but may be mitigated.

e Acute RTE species—thereis potential for risk to RTE species.
e Chronicrisk - the potential for chronic risk ishigh.

Additional uncertainty factors may aso be applied to the standard LOCs to reflect uncertainties inherent in
extrapolating from surrogate species toxicity datato obtain RQs. A “chronic RTE species’ risk presumption category
for aquatic animals was added for the risk assessment; the LOC for this category was set to 0.5 to reflect the
conservative two-fold difference in contaminant sensitivity between RTE and surrogate test fishes (Sappington et al.
2001). Risk quotients predicted for acute scenarios (e.g., direct spray, accidental spill) were compared to the three
acute LOCs, and the RQs predicted for chronic scenarios (e.g., long-term ingestion) were compared to the two
chronic LOCs. If al RQs were less than the most conservative LOC for a particular receptor, comparisons against
other, more elevated (less sensitive) LOCs were not necessary.

TABLE 2-3
Parameters Used to Convert Concentr ation-based Data to Dose-based Endpoints
Organism Body Weight Food Ingestion Rate | Water Intake Rate

(kg) (K food wet weight /day) (L/day)
M ouse (Peromyscus spp.) 0.03 0.0055 0.0075
Rat 0.35 0.028 0.046
Rabbit 3.8 0.135 0.268
Dog (Canis domesticus) 12.7 0.301 0.652
Chicken 1.6 0.11 0.081
Mallard (Anas platyrhynchos) 1 0.1 0.059
Japanese quail (Coturnix japonica) 0.15 0.0169 0.017
Bobwhite quail (Colinus virginianus) 0.154 0.093 0.130
Ring-necked pheasant (Phasianus colchicus) 1 0.058 0.059

2.3.3 Rare, Threatened, and Endangered Species

To specificaly address potential impacts to RTE species, two types of RQ evauations were conducted. For RTE
terrestrial plant species, the RQs for ‘typical’ and RTE species were calculated using different toxicity endpoints but
keeping the same LOC (set at 1) for al scenarios. The plant toxicity endpoints were selected to provide extra
protection to the RTE species. In the direct spray, spray drift, and wind erosion scenarios, the selected toxicity
endpoints were an EC,s for “typical” species and a NOAEL for RTE species based on any relevant toxicity endpoint.
In runoff scenarios, the highest and lowest germination based NOAECs (No Observed Adverse Effect
Concentrations) were selected to evaluate exposure for typical and RTE species, respectively. Emergence data were
used to address risks due to surface runoff when germination data were unavailable.

The evaluation of RTE terrestrial animals and aquatic species was addressed using a second type of RQ evaluation.
The same toxicity endpoint was used for both typical and RTE speciesin all scenarios, but the LOC was lowered for
RTE species (see Table 2-4).

2.4 Uncertainty Analysis

For any ERA, athorough description of uncertainties is a key component that serves to identify possible weaknesses
in the analysis and to elucidate what impact such weaknesses might have on the final risk conclusions. In genera, an
uncertainty analysis lists the uncertainties, followed by alogical discussion of what bias, if any, the uncertainty may
introduce into the risk conclusions. This bias would be represented in qualitative terms that best describe whether the
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uncertainty might: 1) underestimate risk; 2) overestimate risk; or 3) be neutral with regard to the risk estimates, or be
unable to be determined without additional study. Key categories of uncertainty for the herbicides ERAs include:

Limited toxicity data available for a given herbicide. For some herbicides, the only toxicity data available
may be those studies conducted as part of the USEPA pesticide registration process. In this case, chronic
toxicity data may be limited or non-existent, and may not include sublethal studies of importance in
particular to AE 4—Adverse indirect effects on the survival, growth, or reproduction of salmonids (see
Section 2.1). Where relevant studies existed, then this type of uncertainty was limited; however, where they
did not exist, the uncertainties were discussed as thoroughly as possible.

The potential indirect effects of herbicides on RTE salmonids. Unless actual field studies were identified for a
given herbicide, this discussion was limited to only qualitative estimates of potential indirect impacts to
salmonid populations and communities. Such qualitative estimates were limited to agenerd evauation of the
potential risks to food (typically represented by acute and/or chronic toxicity to aguatic invertebrates) and
cover (typically represented by potential for destruction of riparian vegetation, or aquatic vegetation if
appropriate). The USEPA OPP is using similar approaches for RTE species effects determinations and
consultations.

Extrapolating from laboratory to field studies. It is preferable to base any ecological risk analysis on reliable
field studies that can clearly identify and quantify the amount of potential risk from particular exposure
concentrations of the chemical of concern. When available, incident reports for the USEPA’s Environmental
Fate and Effects Division (EFED) were reviewed in an attempt to validate exposure models and/or hazards to
ecological receptors. For many of the new herbicides, however, such studies were not available. Most
available incident reports present incomplete data, and explicit information linking herbicide exposure and
effect are difficult to interpret. In these cases, best professiona judgment was used to evaluate the potential
bias, if any, the lack of field studies had on risk conclusions. It should be noted, though, that in most cases,
laboratory studies actually overestimate risk relative to field studies (Fairbrother and Kapustka 1996).

Ecological risks of inerts, adjuvants, and mixtures. From an ecologica point of view, it is desirable to
estimate risks not just from the a.i. of an herbicide, but from the cumulative risks of all potentially harmful
ingredients. However, deterministic risk calculations (e.g., exposure modeling, effects assessment, and RQ
caculations) can only be conducted for the ai. using currently available models (e.g., GLEAMS). An
attempt was made to qualitatively estimate the potential additional risks (if any) posed by chemicals added to
the ai. of an herbicide, such as inerts (anything other than the a.i. in a product; not having active properties
though still potentialy toxic), adjuvants (chemicals used to enhance the pharmacological or toxic agent effect
of the ai.), and surfactants (a surface active agent that may be used to increase solubility; usually an organic
compound whose molecules contain a hydrophilic [chemically attracted to water] group at one end and a
lipophilic [chemically attracted to fats] group at the other), and degradates (chemicals created during the
natural breakdown or decomposition of another chemical). The BLM received Confidentiad Business
Information (CBI) clearance from the USEPA and reviewed the CBI data on al inert compounds. The
toxicity evaluation is fully disclosed in each risk assessment report, although the names of specific chemicals
cannot be disclosed.

Evaluating the potential additional/cumulative risks from mixtures of pesticides is substantially more difficult. While
many pesticides are present in the natural environment along with other pesticides and toxic chemicals, it is extremely
difficult to estimate the potential cumulative risks of such mixtures, particularly at the level of a programmatic EIS.
The composition of such mixtures is highly site-specific, and thus nearly impossible to address at the programmatic
level. However, the label information from each of the 10 herbicides mentions that most can be “tank mixed” with

® http://www.epa.gov/oppfeadl/endanger/effects
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other herbicides and insecticides. Thus, for each herbicide, a qualitative evaluation was made of the potentia
additional risk that might occur from applying each as part of alabel-approved tank mix. It should be emphasized that
this evaluation was only qualitative, based on risk conclusions from existing ERAs conducted for earlier EISs (USDI
BLM 1991), for the U.S. Department of Agriculture (USDA) Forest Service, or by USEPA for registration and/or re-
registration. Such an analysis can only be qualitative unless reliable scientific evidence exists to suggest whether their
joint action is additive, synergistic, or antagonistic.

TABLE 2-4
Levelsof Concern
Receptor | Risk Presumption RQ LOC
Terrestrial Animals®
Acute high risk EEC/LCs, 0.5
Birds Acute restricted use EEC/LCs, 0.2
Acute RTE species EEC/LCs, 0.1
Chronic risk EEC/NOAEL 1
Acute high risk EEC/LCs, 0.5
Wild mammals Acute restricted use EEC/LCs, 0.2
Acute RTE species EEC/LCs, 0.1
Chronic risk EEC/NOAEL 1
Aquatic Animals?
Acute high risk EEC/LCs, or ECsy 0.5
. . Acute restricted use EEC/LCsy or ECs 0.1
E\f;?ggr;ﬁ;m ¢ Acute RTE species EEC/L Cop 0f ECep 0.05
Chronic risk EEC/NOAEL 1
Chronic risk, RTE species EEC/NOAEL 05
Plants
Terrestrial/semi-aquatic Acute high risk EEC/EC 1
plants® Acute RTE species EEC/ NOAEL 1
. 2 Acute high risk EEC/ECs, 1
Aquatic plants Acute RTE species EEC/NOAEL 1
! Estimated Environmental Concentration has units of MY prey wet weight/ KO s fOr acute scenarios and mg ey we weight/ K sw/day for
chronic scenarios.
2 Estimated Environmental Concentration has units of mg/L
? Estimated Environmental Concentration has units of Ibs. a.i./acre

o Estimates of herbicide exposure concentrations. As in any screening or higher-tier ERA, a discussion of
potential uncertainties from fate and exposure modeling is necessary to identify potential overestimates or
underestimates of risk. In particular, the uncertainty analysis focused on which environmental characteristics
(e.g., soil type, annua precipitation) exert the most significant numeric impact on model outputs. The results
of the uncertainty analysis have important implications for the ability to apply risk calculations to different

site characteristics from arisk management point of view.
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Figure 2-1 Conceptual Model — Terrestrial Herbicides
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Figure 2-2 Conceptual Model — Aquatic Herbicides
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Figure 2-3 Trophic Levels Evaluated — Terrestrial and Aquatic Herbicides
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3.0 EXPOSURE PATHWAYSAND DOSE
CALCULATIONS

As described in Section 2.2.1, a number of exposure scenarios were devel oped to address potential acute and chronic
impacts to receptors under a variety of exposure conditions that may occur within public lands. These exposure
conditions include normal application situations, accidental spills, and associated off-site transport via spray drift,
windblown dust, or surface runoff and root zone groundwater. In general, the exposure scenarios describe how a
particular receptor group (e.g., terrestrial animals, terrestrial plants, aquatic plants) may be exposed to an herbicide in
a complete exposure pathway. Exposure scenarios vary significantly between terrestrial and aguatic herbicides
because off-site transport via drift, surface runoff/root zone groundwater discharge, and wind erosion are not redlistic
scenarios for the aguatic herbicides and were, therefore, not considered in the aquatic herbicide risk assessments. The
selected pathways and relevant dose cal culations are described in more detail in the following sections.

Ecologica receptors, including terrestrial and aquatic species, were selected to address the potentia risks due to
unintended exposure to herbicides. A variety of generic terrestrial receptors were selected to cover the range of
species and feeding guilds that might be found on public lands. Unless otherwise noted, receptor BWs were selected
from the Wildlife Exposure Factors Handbook (USEPA 1993).This list represents genera surrogate species; not al
species will be present within each actual application area. Theterrestrial animal receptors include the following:

e A pollinating insect with a BW of 0.093 grams (g; 0.003 ounces). The honeybee was selected as the
surrogate species to represent pollinating insects. This BW was based on the estimated weight of receptors
required for testing in 40 CFR 158.590.

e A smal mamma with a BW of 20 g (0.7 ounce) that feeds on fruit (e.g., berries). The deer mouse
(Peromyscus maniculatus) was selected as the surrogate species to represent small mammalian frugivores
(i.e, fruit eaters).

e A large mammal with a BW of 70 kilograms (kg; 154 Ibs) that feeds on grasses. The mule deer was selected
as the surrogate species to represent large mammalian herbivores, including wild horses and burros (Hurt and
Grossenheider 1976).

e A large mamma with a BW of 12 kg (26.4 Ibs) that feeds on smal mammals. The coyote (Canis latrans)
was selected as the surrogate species to represent large mammalian carnivores (Hurt and Grossenheider
1976).

e A small bird with a BW of 80 g (2.8 ounces) that feeds on insects. The American robin was selected as the
surrogate species to represent small avian insectivores.

o A large bird with a BW of approximately 3.5 kg (7.7 Ibs) that feeds on vegetation. The Canada goose
(Branta canadensis) was selected as the surrogate species to represent large avian herbivores.

e A piscivorous bird with a BW of approximately 5 kg (11 Ibs) feeding on fish in the pond. The Northern
subspecies of the bald eagle (Haliaeetus leucocephalus alascanus) was selected as the surrogate species to
represent |arge avian piscivores (Brown and Amadon, 1968°).

® As cited on the Virginia Tech Conservation Management Institute Endangered Species Information System website
(http:/fwiefw.vt.edW/WWW/es s).
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In addition, potential impacts to non-target terrestrial plants were considered by evaluating two non-target plant
receptors: the “typica” (i.e.,, non-RTE or common) species and the RTE species. Aquatic exposure pathways were
evaluated using fish, aguatic invertebrates, and non-target aquatic plants for two types of generic aguatic habitat: 1) a
small pond (¥acre pond of 1 meter [m; 3.3 feet] depth, resulting in a volume of 1,011,715 L [267,295 gallong]); and
2) asmall stream representative of Pacific Northwest low-order streams that provide habitat for critical life-stages of
anadromous salmonids. The stream size was established a 2 m (6.6 feet) wide and 0.2 m (0.66-foot) deep with a
mean water velocity of approximately 0.3 m (1 foot) per second, resulting in a base flow discharge of 0.12 cubic
meters (0.16 cubic yards) per second (cms).

3.1 Direct Spray

Plant and wildlife species may be unintentionally impacted during normal application of either aterrestrial or aquatic
herbicide as a result of adirect spray of the receptor or the waterbody inhabited by the receptor, indirect contact with
dislodgeable foliar residue after herbicide application, or consumption of prey items sprayed during application.
These exposures may occur within the application area (e.g., consumption of prey items) or outside of the application
area(e.g., terrestria plants accidentally sprayed during application of aquatic herbicide). Generally, impacts outside of
the intended application area are accidental exposures that are not typical of BLM application practices.

3.1.1 Exposure Scenarios Within the Application Area

These scenarios address potential impacts to non-target organisms within the area where the herbicide is being
applied.

3.1.1.1 Direct Spray of Terrestrial Herbicide on Terrestrial Wildlife

Scenarios involving direct spray of an herbicide consider acute exposures of vertebrate and invertebrate species
considered most sensitive to herbicide exposure under laboratory conditions. It was assumed that small mammals are
the most senditive terrestrial vertebrate species, and that mobile pollinating invertebrates that spend time foraging
among different plant species (e.g., a honeybee) are the appropriately sensitive terrestrial invertebrate receptor.
Because the objective is to consider impacts to the most sensitive terrestrial vertebrate and invertebrate receptors, if
available literature data for a particular herbicide suggested that other terrestrial vertebrates (eg., birds) or
invertebrates (e.g., earthworms [Oligochaeta spp.]) were more sensitive, the more sensitive receptor was used for this
scenario.

The extent of exposure from direct spray of a receptor is based on three variables: the herbicide application rate; the
surface area of the receptor species, and the rate of dermal absorption. Both typical and maximum herbicide
application rates were evaluated for each herbicide for both the small mammal and the honeybee, or other more
sensitive species. For each receptor it was assumed, based professional judgement, that exposure occurred over %2 the
body surface (i.e., ¥2 the organism was covered by direct spray of the herbicide). The surface area calculation was
obtained from the Wildlife Exposure Factors Handbook (USEPA 1993).

Two scenarios were evaluated for the honeybee and small mammal to address the potential differences in absorption.
The first case considered 100% absorption (intake through the skin) over 24 hours (i.e., al of the herbicide falling on
the receptor was assumed to penetrate the skin). The second scenario considered the absorbed dose over 24 hours
assuming first order dermal absorption (i.e., absorption occurs over 24 hours, taking into consideration the potential
for some herbicide to not be absorbed).

The dose calculation for 100% absorption over 24 hours for the small mammal and the honeybee is a function of the
portion of the body that is sprayed (set at %2), a conversion factor (CF) of 0.01121 (mg/cm? [centimeters] per Ib/acre),
the application rate (R), the surface area of the receptor (A), and the body weight of the receptor (BW).

Dose estimate mgkg) = [0.5 X CF (mgem?y(ibiacre)) X R (baisacre) X A (em3)] / BW (kg)
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The first-order dermal absorption calculation was based on an evaluation presented in support of herbicide ERASs for
the USDA Forest Service (SERA 2000). This evaluation found that first-order absorption rate coefficients (k) were
best estimated based on both molecular weight (MW) and the log K, (partition coefficient):

log ka = 0.233255(l0og K o) - 0.005657(MW) - 1.49615

The dose assuming first-order dermal absorption is a function of the portion of the body that is sprayed (set a %), a
conversion factor (CF) of 0.01121 (mg/cm? per Ib/acre), the application rate (R), the surface area of the receptor (A),
the proportion of herbicide that is absorbed (ky), the duration of the exposure (T), and the body weight of the receptor
(BW).

Dose estimate (kg = [0.5 % CF (mgiem2(iiacre)) X R (bai/acre) X A (emg X 1-€ T 1BW
3.1.1.2 Indirect Contact with Foliage After Direct Spray of Terrestrial Herbicide

Scenarios involving direct spray of an herbicide consider only acute exposures. Foliage that has been sprayed with
herbicide may transfer this herbicide to terrestrial animals through dermal contact with disodgeable foliar residue.
However, there is little information available on the potential magnitude of this transfer from plant to animal.
Therefore, it was assumed that the amount of herbicide transferred to the anima was /4 the amount the animal
received during direct spray scenarios. This assumption was based on the work of Harris and Solomon (1992). It was
also assumed that al herbicide transferred to the outside of the animal was completely adsorbed within 24 hours.

3.1.1.3 Ingestion of Prey Items Contaminated by Direct Spray of Terrestrial Herbicide

Scenarios involving ingestion of prey items consider both acute and chronic exposures. As described previoudly, the
terrestria receptors considered for these scenarios included small and large mammals and small and large birds. Food
ingestion rates for the species consuming contaminated prey items were obtained from field studies cited in or based
on allometric equations presented in the Wildlife Exposure Factors Handbook (USEPA 1993). It was conservatively
assumed that the exposed receptors obtain 100% of their diet from the herbicide contaminated prey items and that
100% of the applied herbicide drifts onto the prey item. Concentrations of the herbicide on vegetation and insects
were predicted using individua herbicide application rates and generic residue relationships for different types of
vegetation derived by Hoerger and Kenaga (1972). The residue rate for forage crops was used as a surrogate for
contaminated insects. Residue rates were not available for small mammals. Concentrations of the herbicide on small
mammals were predicted using the individual herbicide application rates and the surface area of the prey item; the
amount of herbicide on the small mammal was the same as that used in the assessment of direct spray of herbicide
onto the small mammal.

Two exposure scenarios were considered for the ingestion of contaminated food items (i.e., prey or vegetation). The
first scenario assumes that the food item is consumed on the same day it is contaminated with herbicide (no
degradation period). Ingested doses for this scenario were compared against acute toxicity endpoints. The second
scenario assumes the food item is consumed up through 90 days after the application of the herbicide. Assuming first-
order decay rates, the herbicide dose is predicted as atime-weighted average of the herbicide mass on the foliage over
the 90-day period. This dose is compared to chronic toxicity endpoints.

Herbivores and | nsectivores

The estimated dose at Day 0 is afunction of the amount of food consumed (F), application rate (R), the residue rate of
the herbicide on the vegetation or insect (rr), and the body weight of the receptor (BW).

Dose estimate mgyxgw) = [F kgiday) X R (baiacre) X IT ((mykg veg) / (baiacre))] / BW k)

The estimated dose at Day 90 is a function of theinitial concentration of herbicide on the food item and the amount of
herbicide remaining on the food item after 90 days. The initia concentration of herbicide (Cy) is a function of the
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application rate (R), the residue rate of the herbicide on the vegetation or insect (rr), and the proportion of the
application rate that drifts onto the food item (D).

Co (mgikg) = R (baisacre) X I (mgikg) / (baisacre) X D (unitiess)

A variable for decay (k) based on the foliar half-life of the herbicide is used to estimate the concentration of herbicide
at Day 90.

K days = In(2) + t % (day9)

The chronic exposure scenario uses a time-weighted average concentration (CTWA) to account for the decay of the
herbicide over 90 days. The CTWA on vegetation or insectsis afunction of the initial concentration on the vegetation
or insect (Cy), the decay coefficient (k; e.g., based on the foliar half-life), and the duration of exposure (T).

CTWA (ngkg) = Co (mgkg) X (1-€XP (- K (days1) X T (day9)) / (K (days ) X T (deys)

The estimated dose at Day 90 is a function of the same variables described for the previous scenario, plus the surface
area of the receptor (A) and the proportion of the diet that is contaminated (P).

Dose estimate (mgigtw) = [CTWA (mgkg) X A (kgday) X F] / BW (g

The drift proportion (D) and the contaminated diet proportion (P) were both conservatively assumed to be 100%.

Carnivores

The estimated dose at Day 0 is afunction of the amount of food consumed (F), application rate (R), the amount of the
herbicide deposited on the prey item (Amnt), and the body weight of the receptor (BW).

Dose estimate mgkgbw) = [F kgiday) X R (baisacre) X AMNE (mgaiy] / BW ()

The estimated dose at Day 90 is a function of the initial concentration of herbicide absorbed by the small mammal
assuming 100% absorption over 24 hours ([Ci] see Section 3.1.1.1), the proportion absorbed by the prey item
assuming first order absorption rate (PropAb), the amount of food consumed, and the body weight of the receptor
(BW).

Dose estimate (mg/kg bw) = [F (kglday) X Ci (mgai.) X H’opAb] / BW (kg)
3.1.1.4 Direct Spray of Terrestrial Herbicide on Non-target Terrestrial Plants

In the direct spray scenario, a non-target plant is sprayed during normal application of the terrestria herbicide.
Unintended direct spray of a non-target receptor is considered an accidental exposure scenario that is not typica of
BLM application practices. The typical and maximum application rates (R) were used to represent the amount
accidentally sprayed on the non-target species. These application rates were directly compared against appropriate
toxicity endpoints to determine potential impacts to typical and RTE non-target plants.

Dose estimate (p aijacre) = R (baijacre)
3.1.1.5 Direct Spray of Aquatic Herbicide onto Pond

The normal application of aguatic herbicides to a pond was considered to evaluate potentia impacts to aquatic
receptors other than the target plant species. For this scenario, the typical and maximum application rates (R) of the
herbicides were applied directly to the pond, and the associated instantaneous water concentration was calculated
based on the pond area, pond volume (VL ), and a conversion factor (CF).

Dose estimate mgai.) = [R (baiare) X PONd Aréa e X CF mgin] / VL )
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Neither degradation nor sorption of the herbicide to sediments, aquatic vegetation, or suspended solids was
considered, o this represents a conservative estimation of the concentration of herbicide in pond water. The pond
water concentrations were compared against appropriate acute and chronic toxicity endpoints to evaluate potentia
impacts to fish, aguatic invertebrates, and non-target aquatic plants.

3.1.2 Exposure Scenarios Outsidethe Application Area

These scenarios evaluated the accidental direct spray of an herbicide outside of the original intended application area.
Such impacts outside of the intended application area are accidental exposures that are not typical of BLM application
practices.

3.1.2.1 Accidental Direct Spray

It is possible that terrestrial receptors may be accidentally sprayed during the normal application of the aguatic
herbicide to ponds. The doses received by terrestrial receptors were calculated in the same manner as direct spray of
terrestrial animals by aterrestrial herbicide (see Section 3.1.1.1).

3.1.2.2 Indirect Contact with Foliage After Direct Spray of Aquatic Herbicide

Indirect contact with foliage accidentally directly sprayed with an aguatic herbicide may aso impact terrestrial
animals. The doses received by terrestrial receptors were calculated in the same manner as indirect contact with
foliage after direct spray of aterrestrial herbicide (see Section 3.1.1.2).

3.1.2.3 Ingestion of Prey Items Contaminated by Accidental Direct Spray of Aquatic Herbicide

Impacts to terrestrial wildlife receptors were also evaluated for the accidental direct spray of prey items during the
normal application of an aquatic herbicide to ponds. The doses received by terrestrial receptors were calculated in the
same manner as ingestion of prey items contaminated by direct spray of aterrestrial herbicide (see Section 3.1.1.3).

3.1.2.4 Accidental Direct Spray of Aquatic Herbicide on Non-target Terrestrial Plants

Non-target terrestrial plants may be accidentally sprayed during normal application of aquatic herbicide on ponds.
The doses received by terrestrial receptors were calculated in the same manner as direct spray of a non-target
terrestrial plant by aterrestrial herbicide (see Section 3.1.1.4).

3.1.2.5 Accidental Direct Spray of Terrestrial Herbicide over Pond

A pond surface may be accidentally sprayed during the normal application of a terrestrial herbicide. The typica and
maximum application rates (R) of the herbicides were applied directly to the pond, and the associated instantaneous
water concentrations were cal culated based on the pond area, pond volume (VL ), and a conversion factor (CF).

Dose estimate (mgaiL) = [R baisace) X PONd Aréa (zre) X CF mgin)] / VL )

Neither degradation nor sorption of the herbicide to sediments, aquatic vegetation, or suspended solids was
considered, so this represents a conservative caculation of the pond water concentration. The pond water
concentrations were compared against appropriate acute and chronic toxicity endpoints to evaluate potentia impacts
to fish, aquatic invertebrates, and non-target aquatic plants.

3.1.2.6 Accidental Direct Spray of Terrestrial or Aquatic Herbicide over Stream

Aquatic and terrestrial herbicides may be accidentally directly sprayed onto the surface of a stream. The typical and
maximum application rates of the herbicides were applied directly to the stream segment (assumed to be adjacent to a
100 acre application area), and the associated water concentrations were calculated. Degradation and sorption of the
herbicide and transport from flow of the stream were not considered, so this represents a conservative calculation of
the stream water concentration (essentially an instantaneous concentration). The stream concentrations were
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compared against appropriate acute and chronic toxicity endpoints to evauate potential impacts to fish, aquatic
invertebrates, and non-target aquatic plants.

Dose estimate (mgai/L)= [R (Ib ai Jacre) X Waterbody Area (acre) X CF (mg/lb)] /VL L)

3.2 Off-gteDrift

During normal application of herbicides, it is possible for a portion of the herbicide to drift outside of the treatment
area and deposit onto non-target receptors. To simulate off-site herbicide transport as spray drift, the AQDRIFT®
model was used to evaluate a number of possible scenarios (see Section 4.1 and 4.2 of this document).

Ground applications were modeled using a low- or high-placed boom and aeria applications were modeled from
either a helicopter or a plane. In addition, aerial applications were modeled at two different heights to mimic
conditions that depend on whether the land being treated is forested or non-forested. Actual model runs depended on
the specific BLM uses of each herbicide. Drift depositions were modeled at 25, 100, and 900 feet from the application
areafor each scenario. The AQDRIFT® model determined the fraction of the application rate that would be deposited
on the off-site location without considering herbicide degradation.

3.2.1 Off-gteDrift of Terrestrial Herbicide onto Plants

Surface soil concentrations calculated by AgDRIFT® were directly compared against appropriate toxicity endpoints
to determine potential impactsto typical and RTE non-target plants.

3.2.2 Off-siteDrift of Terrestrial Her bicide onto Pond

As described previoudy, during normal application, is possible for a portion of the terrestrial herbicide to drift outside
of the treatment area. This off-site drift may eventually reach a pond and contaminate the waterbody. AgDRIFT® was
used to calculate pond water concentrations of the herbicide in the various application scenarios using the variables
described in Section 3.2. The pond concentration calculated by AgDRIFT® does not consider herbicide degradation,
sorption, or dissipation, and likely overestimates actual concentrations. AQDRIFT® does consider the dilution of the
herbicide in the volume of the pond.

The predicted surface water concentrations in the pond as a result of various application scenarios were compared
against the appropriate acute and chronic toxicity endpoints for each of the three aguatic receptors.

3.2.3 Off-siteDrift of Terrestrial Herbicide onto Stream

As described previoudly, during normal application, is possible for a portion of the terrestrial herbicide to drift outside
of the treatment area. This off-site drift may eventualy reach a stream and contaminate the waterbody. AQDRIFT®
was used to calculate in-stream concentrations of the herbicide in the various application scenarios using the variables
described in Section 3.1. The stream concentration calculated by AQDRIFT® does not consider herbicide degradation
sorption, or dissipation, and likely overestimates actual concentrations. The rate of deposition estimated by
AgDRIFT® was diluted into the stream based on the flow rate (0.12 cms) described in Section 3.0.

The predicted surface water concentrations in the stream as a result of various application scenarios were compared
againgt the appropriate acute and chronic toxicity endpoints for each of the three aquatic receptors.

3.24 Consumption of Fish from Pond Contaminated by Drift of Terrestrial
Herbicide

Off-site drift of herbicide may eventually reach the off-site ponds and contaminate the resident fish population, which
may be consumed by piscivorous bird species. In this scenario, impacted pond water is modeled using the AGDRIFT®
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inputs described above. The pond concentration calculated by AgDRIFT® does not consider herbicide degradation,
sorption, or dissipation, and likely overestimates actual concentrations. Exposure for the piscivorous bird was
evaluated by modeling fish tissue concentrations from pond surface water (Cpong) USINg bioconcentration factors
(BCFs) and food chain multipliers (FCMs) for different TLs. Food chain multipliers assumed a TL3 for fish and a
TL2 for the prey of fish (e.g., aquatic invertebrates). Food chain multipliers were obtained from USEPA (1995a).

C fish (mg aikg fish) = C pond (mgaiL) X BCF (Likgfisn) X FCMTL2 X FCMT3

The calculated dose to the piscivorous bird is a function of the concentration in the fish tissue (Csig,), the food
ingestion rate in wet weight (FIR,,), the proportion of the diet that is contaminated ([P] assumed to be 100%), and the
body weight of the bird (BW).

Dose estimate (mg aikg-day) = [C fish (mg ai kg fish) X FIRww (kgwwiday) X Pl / BW ()

The dose estimate to the piscivorous bird was compared to appropriate chronic toxicity vaues.

3.3 Surface Runoff

Precipitation may result in the transport of herbicide applied to soils from the application area via surface runoff and
root-zone groundwater flow. This transport to off-site soils or waterbodies was modeled using GLEAMS software
(see Section 4.2 and Appendix B for GLEAMS details and assumptions). Model variables include soil type, annua
precipitation, size of application area, hydraulic slope, surface roughness, and vegetation type. The range of values for
each variable used in the GLEAMS simulations was selected to bracket a large possible range of conditions, and
values were not selected to predict concentrations at any particular site. These variables were altered to predict soil
concentrations of the herbicides in various watershed types at both the typical and maximum application rates.

The surface runoff scenarios are not considered relevant for the aquatic herbicides.

3.3.1 Surface Runoff of Terrestrial Herbicideto Off-site Soils

To evauate the potential impact of surface runoff on off-site non-target plants for each herbicide, the GLEAMS
model was configured to provide 52, 7-day average loadings from the application area for the final year of the
GLEAMS run (when the model reaches a quasi-steady state). The maximum of the 7-day average loadings calculated
by GLEAMS was assumed to affect a soil area immediately downdope of the application area. The loading was
expressed as a proportion of the total herbicide loading to the application area. For example, if 30% of the applied
herbicide was found to run off, the soil concentration off-site was predicted to be 30% of that in the application area.
These off-site soil concentrations were compared against appropriate toxicity endpoints to determine potential impacts
to typical and RTE non-target plants. This particular exposure pathway (exposure in the root zone rather than foliar
deposition) may impact seed germination. Toxicity data relevant to seed germination, a sensitive endpoint, were used
for evauation.

3.3.2 Surface Runoff of Terrestrial Herbicide to Off-site Pond

As described previoudly, precipitation may result in the transport of terrestrial herbicides via surface runoff and root-
zone groundwater flow. This overland flow of herbicide applied to soil in runoff and groundwater may eventualy
reach an off-site pond resulting in the contamination of the waterbody. The daily predictions of herbicide export rates
from the GLEAMS model were used to calculate ambient water concentrations of herbicide in the various watershed
scenarios. GLEAMS considers the subsequent runoff and the natural decay processes that reduce the ambient pond
water concentrations over time. Pond concentrations were calculated by assuming a fixed pond volume and a daily
inflow of mass and water to the pond depending on recent precipitation, runoff, and percolation characteristics.

The GLEAMS exports were used to caculate two pond water concentrations for comparison against acute and
chronic toxicity endpoints for the aquatic receptor species. To estimate potential acute exposure, the maximum 3-day
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average herbicide export rate from the final year of the GLEAMS run was used (the year when the model reaches a
guasi-steady state). To estimate potential chronic exposure, the overall average herbicide export rate from the fina
year of the GLEAMS run was used. The surface water concentrations in the pond calculated from these two export
rates were compared against the appropriate acute and chronic toxicity endpoints for each of the three aguatic

receptors.
3.3.3 Surface Runoff of Terrestrial Her bicideto Off-site Stream

As described previoudly, precipitation may result in the transport of terrestrial herbicides via surface runoff and root-
zone groundwater flow. This flow of herbicide bound to soil in runoff and root zone groundwater may eventually
reach an off-site stream resulting in the contamination of the waterbody. The GLEAMS model daily predictions of
herbicide export rates were used to caculate stream water concentrations of the herbicide in the various watershed
scenarios.

The GLEAMS exports were used to calculate two stream concentrations for comparison against acute and chronic
toxicity endpoints for the aguatic receptor species. To estimate potential acute exposure, the maximum 3-day average
herbicide export rate from the final year of the GLEAMS run was used (the year when the model reaches a quasi-
steady state). To estimate potential chronic exposure, the overall average herbicide export rate from the final year of
the GLEAMS mode run was used. The stream water concentrations calculated from these two export rates were
compared against the appropriate acute and chronic toxicity endpoints for each of the three aguatic receptors.

3.3.4 Consumption of Fish from a Pond Contaminated by Surface Runoff of
Terrestrial Herbicide

Surface runoff containing herbicide bound to soil may eventualy reach an off-site pond, and resident fish may
accumulate herbicide. The fish may in turn be consumed by piscivorous bird species. In this scenario, impacted pond
water was modeled using the GLEAMS model described above. Because bioaccumulation is a long-term process, the
chronic exposure concentration (i.e., the overal average concentration from the fina year of the GLEAMS run) was
used to predict fish tissue concentrations. A BCF and FCM for different TLs were included in the estimate. Food
chain multipliers assumed a TL3 for fish and a TL2 for the prey of fish (e.g., aquatic invertebrates). Food chain
multipliers were obtained from USEPA (19953).

C fish (mg ai kg fish) = C pond (mgai) X BCF (g fish) X FCMt3 X FCM112

The calculated dose to the piscivorous hird is a function of the concentration in the fish tissue (C f«), the food
ingestion rate in wet weight (FIR,,), the proportion of the diet that is contaminated ([P] assumed to be 100%), and the
body weight of the bird (BW).

Dose estimate (mg ai kg-day) = [C fish (mg i kgfish) % FIRuww (kgwwiday) X P] / BW (k)

3.4 Wind Erosion and Transport Off-site of Terrestrial
Herbicide

Dry conditions and wind may also alow transport of herbicide from the application area as wind-blown dust onto
non-target plants some distance away. This transport due to wind erosion of the surface soil was modeled using
CALPUFF software (see Section 4.3 for CALPUFF details and assumptions). Five distinct watersheds were modeled
using CALPUFF to determine herbicide concentrations in dust assumed to deposit on plants. The concentrations were
modeled after awind event, with dust deposition estimates calculated at distances ranging from 1.5 to 100 km (0.9 to
62 miles) from the application area. At each radius considered, the maximum predicted rate of herbicide deposition in
a given wind event was calculated. The dust estimates calculated within the model were then compared against the
appropriate non-target plant toxicity values.
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This scenario was considered relevant for the terrestrial herbicides only. The dust exposure scenario was not

considered for aquatic herbicides.

3.5 Accidental Spill of Terrestrial Herbicideto Pond

Two spill scenarios were modeled to represent worst-case potential impacts to the pond. The scenarios included a
helicopter or a truck spilling entire loads (140-gallon spill and 200-gallon spill, respectively) of herbicide mixed for
the maximum application rate into the ¥4 acre, 1 m (3.3 feet) deep pond. These volumes represent the typical load
sizes used on BLM lands. To represent an acute exposure event for the three types of aguatic receptors, the pond
concentration was compared against the appropriate toxicity endpoint for the fish, aguatic invertebrates, and non-
target aguatic plants.

The concentration of herbicide in the pond water is based on the concentration in the spilled solution (C), the volume
spilled (VS), and the volume of the pond (VL), and a conversion factor (CF) assuming instantaneous mixing.

Concentration in pond (mg/L) = [VS(gd) x CF (Ligd) %X C (mglL)] /VL (liters)
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4.0 MODELSUSED TO PREDICT MEDIA
CONCENTRATIONS OF HERBICIDE

As described in Section 2.2.1, exposure characterization depends on the selection of appropriate fate and transport
models for predicting herbicide concentrations in various environmental media (e.g., soils, water). Three computer
models were selected to calculate the more complex processes. Concentrations used in aerial deposition calculations
were predicted by AgDRIFT®, herbicide transport in surface runoff and root-zone groundwater flow was predicted by
GLEAMS, and transport of herbicide sorbed to windblown dust was predicted by CALPUFF.

The following sections present general overviews of the three models, more detailed information is presented in
Appendix A for AgDRIFT, Appendix B for GLEAMS, and in the Vegetation Treatment Programmatic EIS Air
Quality Impact Assessment Protocol (ENSR 2004) for CALPUFF.

4.1 AgDRIFT®

Off-site spray drift and resulting terrestrial deposition rates and waterbody (pond and stream) concentrations were
predicted using the computer model, AgDRIFT® (Spray Drift Task Force [SDTF] 2002).

AgDRIFT® Version 2.0.05 (SDTF 2002) is a computer model that is a product of the Cooperative Research and
Development Agreement between the USEPA’s Office of Research and Development and the SDTF (a codlition of
pesticide registrants). It is based on, and represents an enhancement of, the computer program for agricultural
dispersion (AGDISP [agricultural dispersion model]). AGDISP was developed by the National Aeronautics and
Space Administration, the USDA Forest Service, and the U.S. Army. AgDRIFT® was developed for usein regulatory
assessments of off-target drift associated with agricultural use of pesticides through aerial, ground, or orchard/airblast
applications. AgDRIFT® is based on the idea that pesticide or herbicide drift is primarily a function of application
technique (e.g., droplet size, release height), environmental conditions, and physical properties of the spray solution,
and is not a function of the chemical properties of the a.i. itself. The computational approach employed by AgDRIFT®
is based on a method that has evolved over a period of more than 20 years and yields high correlation with field
measurement data sets. The model was selected for use in this risk assessment because of its existing use in regulatory
assessments of off-target drift and its suitability to this particular application.

AgDRIFT® enables the user to take atiered approach to the modeling of drift by allowing the user to choose between
three tiers of increasingly complex evaluations of off-target drift and deposition. The basic difference between the
three tiers (1, 11, and 111) is the number of model input variables the users can change. Further, Tier | supports the
evaluation of aerial and ground application scenarios, whereas Tiers |1 and |11 support the evaluation of only aeria
application scenarios (for agricultural and forestry applications).

Tier | is based on a set of standard “Good Application Practices,” requires little knowledge of the actua application
conditions or herbicide properties, and alows the user to modify a small number of model variables. Tiers 11 and I11
are based on the same set of “Good Application Practices’ as Tier |. However, to implement either Tier |1 or Il the
user must have a progressively greater knowledge of the specific conditions under which herbicides will be applied.
These tiers allow the user to modify variables to make the scenario eval uated representative of these conditions. Tier |
was used in the PEIS to evaluate off-target drift associated with ground application scenarios. Ground applications
may be conducted using either a high boom (spray boom height set at 50 inches above the ground) or a low boom
(spray boom height set at 20 inches above the ground), and deposition rates vary by the height of the boom (the
greater the height of the spray boom, the greater the off-target drift). Tier 1| was used to evauate off-target drift
associated with agriculture-like (e.g., rangeland) and forestry application scenarios in the PEIS risk assessment. The
implementation of the Tier | ground and Tier 1l aerial application model and the model input variables (including the
variables specific to the application method and environmental setting and specific to the herbicide being evaluated)
are discussed and presented in Appendix A.
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411 Terestrial and Pond Herbicide Concentrations

The concentrations resulting from the terrestrial deposition rates predicted using the AgDRIFT® Tier 1| model were
used to evaluate the potentia risk to off-site non-target terrestrial plants. The concentrations resulting from the
deposition onto the pond were cal culated using the deposition rates predicted using the AgDRIFT® Tier [1 model and
the pond volume.

4.1.2 Instream Dilution of Herbicide

The stream herbicide concentrations predicted using AgDRIFT® represent static conditions (smilar to pond
scenarios). Exposure in the stream, however, will change instantaneously due to downstream flow and movement of
the herbicide. For modeling purposes, the length of the immediately affected stream reach is 636 m (2,087 feet). The
width and depth of the stream channel are 2 m (6.6 feet) and 0.2 m (0.7 feet), respectively; the flow rate is 0.12 m®
(0.16 cubic yard)/sec and the flow velocity is 0.3 m (1 foot)/sec, as indicated in the risk assessment protocol. Because
the airspeed of the plane spraying the herbicide is assumed to be 120 mph, covering 20 passes takes approximately 4
minutes and for al intents and purposes is assumed to occur instantaneoudly. Therefore, the volume of water that
receives the herbicide deposition can be approximated as the spray length multiplied by the product of the stream
width and depth. This results in a stream volume of 254 m® (332 cubic yards) that, at a velocity of 0.3 m (1 foot)/sec,
would pass by a downstream receptor over approximately 2,120 seconds (0.58 hours).

Volume of Stream Receiving Herbicide from Drift = 636 (n) X 2 (m) % 0.2 (m) = 254 ()
Amount of Time for Water to Flow Through Affected Areaof the Stream = 636 () / 0.3 (see) = 2,120 (se) = 0.58 (t)

Redligtically, an instream organism will have an exposure duration greater than 0.58 hours. Therefore, the maximum
concentration was averaged over a volume of water equivalent to the amount that would pass by a downstream
receptor in 3 hours (a conservative estimate of acute exposure duration of an instream organism). To determine the
dilution offered by this increased volume, the volume over 3 hours was divided by theinitial Slug volume, resulting in
anet dilution ratio of 5.1.

Dilution = Volume (eqosuretime) / V 0lUME (sream water)
or
Dilution = (Flow Rate X 3 ) / (Length () x Width () % Depth ()
or

Dilution = (012 (mslsec) x 3 (hrg) X 3600 (g;/hr)) / (636 (m) X 2 (m % 0.2 (m)) =51

4.2 GLEAMS

GLEAMS was used in this risk assessment to calculate soil concentrations at the site of application, transport of
herbicides to adjacent soils, and the amount of herbicide that might runoff into aguatic habitats (e.g., ponds, streams).
One benefit of GLEAMS is the ability to estimate a wide range of potential herbicide exposure concentrations as a
function of site-specific parameters, such as soil characteristics and annual precipitation. The following subsections
present a general overview of the GLEAMS model and the calculation of media concentrations in a variety of
different exposure scenarios. A more detailed discussion is presented in Appendix B. Each herbicide risk assessment
contains an herbicide-specific description of the model outputs.

GLEAMS is a modified verson of the CREAMS (Chemical Runoff Erosion Assessment Management System)
model that was originaly developed to evaluate non-point source pollution from field-size areas. Specificaly, the
hydrology, plant nutrient, and pesticide components of the CREAMS model were modified to consider movement of
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water and chemicals within and through the root zone. These modifications alow the GLEAMS mode to smulate
edge-of-field and bottom-of-root-zone loadings of water, sediment, pesticides, and plant nutrients from the complex
climate-soil-management interactions. Agricultural pesticides are simulated by the GLEAMS using three mgor
components:

e Hydrology — considers the effects of precipitation, surface runoff, and percolation through the unsaturated
zone of the soil and simulates the effect of vegetation on surface water runoff, infiltration, and
evapotranspiration.

e Erosion — considers the movement of sediment over the land surface using the Universal Soil Loss Equation
(USLE) and pesticide loss associated with particle erosion.

o Pesticide — considers chemical-specific characteristics (i.e., soil adsorption, decay) and application methods
to determine the amount of herbicide that is available for extraction into surface runoff and/or movement into
the soil profile.

The GLEAMS model has evolved through several versions from its inception in 1984 to the present, and has been
evaluated in numerous climatic and soil regions around the world. The model was selected for usein thisinvestigation
because of its widespread acceptance, its suitability to this particular application, and the previous use of the model to
support similar Risk Assessments for the USDA Forest Service (SERA 2003).

4.2.1 Data Requirements

The information required for a GLEAMS simulation includes a wide variety of herbicide specific information and
site-specific data to describe the climate, surficial topography, subsurface soils, vegetation type, and growing
potential. The following briefly describes a subset of the data required to successfully simulate the effects of an
herbicide on an agricultural siteusing GLEAMS:

e Precipitation — Daily rainfall records for the entire simulation period are required to provide input to the
hydrologic simulation. The volume of precipitation strongly influences the amount of runoff and percolation
of associated herbicides.

e Climate — Daily averages of standard meteorological data are necessary to define precipitation as either rain
or snow and to caculate variations in monthly evapotranspiration. Since evapotranspiration is a large
component of the hydrologic cycle, the climate (e.g., temperature and humidity) can affect the volume of
water moving through the application area.

o Soil Characteristics — Soil characteristics (as identified by soil type) are applied to the GLEAMS model to
facilitate the calculation of runoff and percolation from the application area.

e Vegetation/Ground Cover — Plant growth controls the partitioning of pesticide to either the soil or foliar
surfaces and controls the rate of evapotranspiration.

e Herbicide Properties — The varying distribution of pesticide concentrations predicted by GLEAMS in an
agricultural system is largely dependent on the chemical-specific properties used in the model, such as
sorption coefficients and decay rates. As these values are herbicide-specific and can vary significantly,
concentrations predicted by GLEAMS can be quite different among herbicides.

422 GLEAMSModd Scenarios

The GLEAMS model was run using a variety of model inputs designed to simulate a broad range of redistic
environmental conditions. The effect of changing environmental conditions on the export of herbicide from an
application area was assessed in two distinct phases:
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1. Variable soil type and annual precipitation — The effects of soil type and cumulative annual precipitation
were investigated by developing a single redistic GLEAMS scenario, and then varying these two
components. Soil type and precipitation were selected for the first phase of the modeling application because
they are the factors most likely to affect the outcome of a smulation. Three soil types—sand, loam, and
clay—and their respective soil characteristics were applied to the model. The model was then used to
calculate herbicide export in environments with the three soil types, assuming annual precipitation rates of 5,
10, 25, 50, 100, 150, 200, and 250 inches. In total, there were 24 simulation combinations in this first phase
of the modeling application. Precipitation was held constant at 50 inches for each of these simulation runs.

2. Variable physical characteristics — The effect of varying six physical parameters (soil type, soil erodibility
factor, size of application area, hydraulic slope, surface roughness, and vegetation type) was investigated by
changing each parameter individually. There were three variations for each of the six parameters, resulting in
18 smulationsin this second phase of the modeling application.

The combination of scenarios included in each of the two phases of GLEAMS modeling produced results for 42
simulations. These smulations provide an indication of the effects of a variety of environmenta conditions on the
export of herbicide to off-site receptors. These scenarios were used to predict herbicide concentrations in soil and in
the surface water of a stream and a pond.

The GLEAMS model predicts daily herbicide export rates. As a result of the conservative assumptions used in the
model, it is likely that the export rates predicted by GLEAMS are higher than actua rates. This hypothesis of over-
prediction is substantiated by the comparison of the GLEAMS export rates modeled here to measured data presented
by Lerch and Blanchard (2003). GLEAMS-predicted export rates were higher than measured rates. Details of this
comparison are presented in Appendix B.

The daily export rates were used to calculate both surface soil and ambient water concentrations. The predicted runoff
and percolation rates, and the mass of herbicide associated with each of these exports, were used to determine the
amount of herbicide deposited at the edge of the application field.

The soil concentrations were calculated as 52, 7-day average concentrations from the final year of the GLEAMS run.
Ambient water concentrations were caculated usng GLEAMS model daily predictions of herbicide export rates for
acute and chronic exposure scenarios in a river and a pond immediately adjacent to the application field. Acute
exposure scenario concentrations were calculated from the maximum 3-day average herbicide export rate from the
last year of the simulation. Chronic exposure scenario concentrations were calculated from the daily average herbicide
export rate from the last year of the smulation.

4.3 CALPUFF

One of the exposure scenarios in the ERA is the potential migration of the herbicide from the area of application by
windblown soil (fugitive dust). The USEPA’s guideline air quality Cdifornia Puff (CALPUFF) air pollutant
dispersion model, (referenced in Appendix W of 40 CFR Part 51) was used to predict potential impacts of herbicide
particulate matter (i.e., total suspended particulates ranging between 0.1 and 50 micrometers (um) in diameter [TSP],
particulate matter 2.5 um in diameter and smaller [PM55], and particulate matter 10 wm in diameter and smaller
[PMyg]) on receptors located between 1.5 and 100 kilometers (km; 0.9 and 62 miles) from the assumed emission
locations (the center of the application site). CALPUFF “lite” version 5.7 was selected because of its ability to screen
potential air quality impacts within and beyond 50 km (31 miles) and its ability to simulate plume trajectory over
several hours of transport based on limited meteorological data. The details of the CALPUFF model are further
described in the Vegetation Treatment Programmatic EIS Air Quality Impact Assessment Protocol (ENSR 2004).

4.3.1 Source Characterization

A high wind event and associated wind erosion may cause the surface soil (with the herbicide) to migrate from the
application area. It was assumed that all of the applied herbicide was adsorbed by the top 1 mm (0.039 inch) of soil.
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This assumption determines the rate of herbicide deposition as a function of the rate of dust deposition at the
downstream receptor location. The depth of 1 mm is believed to be conservative, and this depth is less that that
assumed by others (e.g., SERA [2003] assumed 1 cm [0.39 inch]). The modeling assumed a square, flat area of 1,000
acres was treated with herbicide applied from the air using a fixed-wing aircraft. For suspended particulate matter,
modeled impacts were directly proportional to the modeled emission rate. Therefore, the modeling assumed a unit rate
of chemical application/deposition (1.0 g per m? [0.035 ounces per 1.2 square yards). For varying application rates to
bare, undisturbed soil (if converted to the same units), the model results can be scaled directly. The modeling results
were expressed as the fractional downwind deposition based on thisinitial application.

4.3.2 Determination of Wind Erosion Event

The CALPUFF model was used to estimate acute exposures. The maximum 1-hour and 24-hour, as well as annua
average deposition rates from a conservative impact migration event (i.e., an event modeled using very conservative
properties such that the potential for dust to move is high) were computed for the distance ranges being modeled (1.5
to 100 km [0.9 to 62 miles] from the center of the 1,000 acre application site). Although a given area would be
sprayed with herbicide only once per year, a full year was modeled to consider a large range of meteorological
conditions that could influence the herbicide migration potential for that single event. The highest impact was
considered to represent a “reasonable, but conservative” impact under the range of the meteorological conditions
tested. The modeling conservatively assumed that the herbicide application (and subsequent migration) could occur
any day of the year, should meteorological conditions trigger awind erosion event (except as noted below).

The herbicide was assumed to adhere to undisturbed surface soil, which can be picked up and transported by
sufficiently high winds. The threshold wind speed for such an event is linked to the “friction velocity,” which is a
measure of the mechanical turbulence at the soil-atmosphere interface, and thus is a good gauge of the ability of the
wind to pick up surface particles. The friction velocity is the square root of the surface shearing stress divided by the
air density (a quantity with units of wind speed), and the surface shearing stress is related to the vertical transfer of
momentum from the air to the earth’s surface. Shearing stress, and therefore friction velocity, increases with
increasing wind speed and surface roughness. Shearing stress and friction velocity are also nearly constant with height
near zero (roughly lower than the height of the surface roughness elements). Generaly, for areas with average
roughness, the friction velocity is on the order of one-tenth of the 10-m wind speed.

Threshold friction velocities for undisturbed soils were determined from Gillette (1988), as described in the
Vegetation Treatments Programmatic EIS Air Quality Impact Assessment Protocol (ENSR 2004). The BLM
(Y psilantis 2003) identified appropriate soil types for each of the “example” modeling analysis locations, as discussed
in more details in this protocol. When the friction velocity (provided as an output from PCRAMMET) is above the
threshold friction velocity, off-site migration of surface soil particles to which herbicide has adhered could occur, and
is modeled to occur for a potential migration event.

The CALPUFF modeling procedures assumed that, for each modeled hour of the entire year, the friction velocity
exceeded the threshold friction velocity for undisturbed soil. A portion of the herbicide spray mass from the 1,000-
acre area therefore became airborne, subject to additional conditions listed below. This assumption is conservative
because it also assumes that al of the chemica herbicide would be present in the soil at the commencement of a
windy event, and that no reduction due to vegetation interception/uptake, leaching, solar or chemica half-life would
have occurred since the time of aerial application. However, the use of afull year of meteorological data provides a
robust procedure to assess the maximum meteorological condition (i.e., the weather most likely to cause dust to be
picked up and blown) for short-term impacts.

In addition to the threshold friction velocity requirement for hourly fugitive emissions of windblown soil, other
triggering conditions need to be considered:

e Wet soil adjustment — assume no hourly particulate matter emissions when there is measurable hourly
precipitation (at least 0.01 inch).
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e Frozen soil adjustment — assume no hourly particulate matter emissions when the hourly ambient
temperature is at/below 28 °Fahrenheit.

e  Snow cover adjustment — assume no hourly particulate matter emissions when the hourly snow depth is at
least 1 inch.

e Operationa adjustment — assume only one application of chemical herbicide per given 1,000-acre location in
the same year.

For these conditions, the surface soil is resistant to movement because it is wet, frozen, and/or covered with an
insulating layer of snow. It was assumed that there would be no spraying on a snow-covered surface, although alayer
of snow could appear after a spraying event.

4.3.3 Determination of Herbicide Emission Rates

The initial incorporation depth of herbicide, applied as an equally distributed aerosol over an application area, was
assumed to be 1 mm (0.039 inch); the applied herbicide was therefore assumed to adhere to the upper 1 mm of soil.
This depth determines the concentration of herbicide on eroded dust and defines the depth of erosion at which the
mass of herbicide would be exhausted. This incorporation depth (also known as a mixing depth) is based on fast-
acting physical processes and does not include leaching of herbicide into the soil as a result of precipitation. The
mixed layer depth is estimated to account for three processes:

e Settling of the applied herbicide at different depths relative to a given elevation as a result of an uneven sail
surface

o Preferentid erosion of fine-grained soils by the wind resulting in segregation of soil particles and essentially
mixing of the surface layer

e Physicd infiltration of the herbicide into the soil (thisis likely a minor factor as little herbicide volume is
available to drive infiltration)

A 2-mm (0.079 inch) incorporation depth has been previously assumed for herbicides that have high adsorptivity and
low leachability (Haney et al. 2002). For groundwater modeling applications, the GLEAMS model assumes a 1-cm
(0.37 inch) surface-soil-layer thickness or mixing depth (Leonard et a. 1987). Because thinner affected soil depths
result in elevated herbicide emissions during fugitive dust events, assuming an incorporation/mixing depth of 1 mm is
highly conservative.

It was also assumed that there is an even distribution of the herbicide across the soils, and that the mass of the
herbicide is negligible compared to the mass of the soil. Given atypical soil density of 1 g/cm® (0.035 ounce/0.06 insz
the mass of a 1-mm depth of soil occupying a m? is 1,000 g (35 ounces). This represents the total mass of soil per m
that may be removed by the wind before all of the herbicide has been re-suspended. Using the meteorological datafor
each site and emission source equation, the mass of soil removed by the wind was calculated for every hour that
herbicide re-suspension is possible. The fraction of the herbicide applied to the area that could be released was
determined by dividing the mass of soil removed per m? by 1,000 g (per m?) for each hour. This percentage was
applied at each herbicide's maximum application rate. The resulting value represented the amount of herbicide
potentially released each hour, which was assigned to each of the three particle sizes (PM,s, PMyo, and TSP) to
estimate potential herbicide deposition.

4.3.4 Calculation of Herbicide Deposition

Air quality modeling focuses upon the emissions and subsequent concentrations of soil particulate matter deposited as
a result of high wind events. Particle size distribution affects deposition velocities; therefore, CALPUFF predicted
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deposition of windblown particulate matter to compute the total potential soil particulate-matter deposition at each
downwind receptor.

Both the hourly particulate-matter emission rate, and the particle-size-mass distribution at each location followed the
guidance provided in the USEPA’s AP-42 (USEPA 1995b), including the aerodynamic-particle-size multipliers
(adjustment factors): TSP = 1.0, PMyg = 0.5, and PM,5 = 0.2. The actual mass distribution of adsorbed pesticide
material is related to the surface area of each particle size category, with small particles having a larger surface area
relative to their mass than large particles, and therefore, carrying the mgjority of the herbicide mass, as shown in
Table 4-1.

The deposition algorithm in CALPUFF simulated the effective mass distribution of the adsorbed herbicide, based on
particulate matter size. The model accounted for the effect of deposition in removing particulate matter from the
plume as it moves downwind. Dispersion modeling estimated the maximum 1-day and 30-day deposition values at
each receptor distance. The results were scaled for typical and maximum application rates and were applied to the risk
assessment analysis.

TABLE 4-1
Mass Distribution of Particlesfor Adsorbed Herbicide
Parameter FineParticles | Small Particles | LargeParticles
Size category (diameter) PM3s PM o TSP
Assumed mean diameter (micrometer [um]) 2 5 20
Mass (or volume) fraction 0.2 0.3 0.5
Assumed surface area per particle (um®) 13 79 1,257
Mass (r131|crogram [ua]) per particle (assuming density of 4.9ES 6.5E5 49E3
1g/cm’)
Number of particles per g of suspended soil (accounting for +4 +3
mass fraction) 4.8 4.6E 119
Total surface area (um?) available per g of suspended soil 6.0E* 3.6E™ 1.5E"
Assumed chemical herbicide deposition fraction of total
modeled deposition 0.54 0.32 0.14

435 Watershed Evaluated

Three watersheds were used in the simulation:
e 1990 MT94008 Glasgow/International Airport (Glasgow, Montana)
e 1990 OR24225 Medford/Jackson County Airport (Medford, Oregon)
e 1990 WY 24021 Lander/Hunt Field (Lander, Wyoming)

These locations were selected as representative of various regions of the western states addressed by the Vegetation
Treatments Programmatic EIS. Because it is assumed that no chemica treatment will be applied to vegetation in
Alaska under each of the five treatment aternatives, Alaska was not included in the CALPUFF modeling anaysis
(ENSR 2004).

For each location included in the model, 1 year of surface meteorological data from the Solar and Meteorologica
Surface Observation Network (SAMSON) data set that has been produced by National Climatic Data Center was

BLM Vegetation Treatment Using Herbicides 4-7 October 2004
Ecological Risk Assessment Protocol



ENR
used.” After a review of available data capture, the most recent SAMSON year with complete surface and mixing
height data was selected for each station. The SAMSON data set is particularly applicable for CALPUFF modeling
because it contains hourly values of relative humidity and solar radiation, which are needed for chemica
transformation calculations. Mixing height data for these sites were aobtained from the USEPA’s “Technology
Transfer Network Support Center for Regulatory Air Models.” ® The highest impact was considered to represent a
“reasonable, but conservative” impact under the range of meteorological conditions tested.

The CALPUFF model was run in a screening mode, where meteorological conditions are assumed to vary from hour-
to-hour, but are uniform throughout the modeling domain within each hour. In addition, because specific treatment
locations are unknown, the terrain is assumed to have no meteorological influences (i.e., it is assumed to be “flat”).

Further details about the CALPUFF model inputs and assumptions can be found in the Vegetation Treatments
Programmatic EIS Air Quality Impact Assessment Protocol (ENSR 2004).

! http://ols.nndc.noaa.gov/pl ol store/pl sgl /ol store. prodspeci fic?prodnum=c00066-CDR-S0001

8 http:/Awww.epa.gov/ttr/scram/
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M’ TERNA r !bNAL
LIST OF ACRONYMS, ABBREVIATIONS, AND SYMBOLS
ai. Active ingredient
BLM Bureau of Land Management
°C Degrees Celsius
cms Cubic meters per second
°F Degrees Fahrenheit
ft Foot (feet)
in Inches
ga/acre Gallons per acre
kg/ha Kilograms per hectare
L/ha Liters per hectare
Ib/acre Pounds per acre
m Meters
mg Milligrams
mph Miles per hour
m/s Meters per second
pm micrometers
NASA National Aeronautics and Space Administration
SDTF Spray Drift Task Force
USDA U.S. Department of Agriculture
USDI U.S. Department of the Interior
USEPA U.S. Environmental Protection Agency
BLM Vegetation Treatment Using Herbicides A-ii October 2004

Ecological Risk Assessment Protocol



S
»
E N, ®

INTERNATIONAL

1.0 AGDRIFT® MODELING FOR THE
ECOLOGICAL RISK ASSESSMENT

Off-site spray drift and resulting terrestrial deposition rates and waterbody concentrations were predicted using the
computer model AgDRIFT®, Version 2.0.05 (Spray Drift Task Force [SDTF] 2002). AgDRIFT® isa product of the
Cooperative Research and Development Agreement between the U.S. Environmental Protection Agency’s
(USEPA) Office of Research and Development and the SDTF (a coalition of pesticide registrants). AGgDRIFT® was
developed for use in regulatory assessments of off-site drift associated with agricultural use of pesticides through
aerial, ground, or orchard/airblast applications; it is based on the computer program AGDISP, which was
developed by the National Aeronautics and Space Administration (NASA), the U.S. Department of Agriculture
(USDA) Forest Service, and the U.S. Army. AgDRIFT® was created in response to the idea that pesticide drift is
primarily a function of application technique (e.g., droplet size and release height), environmental conditions, and
physical properties of the spray solution and is not a function of the specific active ingredient. The computational
approach employed by AgDRIFT® is based on a simple model that has evolved over a period of more than 20
years and yields high correlation with field measurement datasets. This model was selected for use in the risk
assessment because of its acceptability for use in regulatory assessments of off-site drift and its suitability to this
particular application.

AgDRIFT® allows the user to choose between three tiers (Tiers |, 11, and 111) of increasingly complex evaluations
of off-site drift and deposition. The basic difference between the three tiers is the amount of control users havein
selecting model input variables. Tier | represents a screening level model and supports the evaluation of aerial and
ground application scenarios, whereas Tiers Il and 111 permit an increasing level of access to model details for
evaluation of aerial application scenarios only (e.g., agricultural and forestry applications). Tier | is based on a set
of standard “Good Application Practices’ and requires little knowledge of the actual application conditions or
herbicide properties. Tier | alows the user to modify a small number of model variables. Tiers Il and Il are based
on the same set of “Good Application Practices’ as Tier |; however, Tiers Il and 111 alow the user to modify a
progressively larger set of variables to make the scenario more representative of actual environmenta conditions.
Tier | was used in the risk assessment to evaluate off-site drift associated with ground application scenarios. Tier 11
was used to evaluate off-site drift associated with aerial applications in agriculture-like (e.g., rangeland) and
forestry scenarios in the risk assessment. Both Tier | and Tier |1 were used to evaluate impacts to terrestrial areas
and to small waterbodies. The ground and aeria application models and the model input variables (including
variables specific to the application method, environmental setting, and herbicide evaluated) are discussed below.

1.1 Ground Applications

Ground applications were modeled using Tier 1 of the AgDRIFT® model for both low- and high-placed boom
application techniques. The actual model runs conducted were based on the specific U.S. Department of Interior
Bureau of Land Management (USDI BLM) uses of each herbicide. Off-site spray drift and resulting terrestrial
deposition rates and waterbody concentrations were predicted at 25, 100, and 900 feet (ft) from the application area
for each herbicide application scenario. The AgDRIFT® model determined the fraction of the application rate that
is deposited on the off-site location without considering herbicide degradation. Waterbody concentrations were
determined from the predicted deposition rates through a process representative of simple mixing, also without
considering herbicide degredation.

The Tier | ground-application model variables (most of which cannot be changed by the user) are summarized for
each herbicide in Tables A-1 to A-10, and those model inputs that can be modified are discussed below:

e Boom height — The Tier | ground application model allows selection of alow (20 inches [in]; 0.51 meters
[m]) or a high (50 in [1.27 m]) boom height. The AgDRIFT® software default setting is the low boom
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height, but as mentioned above, off-site spray drift associated with ground-level herbicide application was
modeled using both the low- and high-boom options. Higher boom heights will result in increased
predicted off-site drift and deposition.

e Drop size distribution — The drop size distribution of the released herbicide spray mixture is a major
controlling variable in off-site drift of herbicides; finer drop sizes will result in greater predicted off-site
drift and deposition. The Tier | ground application model allows the user to select from two drop size
distributions: very fine to fine or fine to medium/coarse. The AgDRIFT® software defauilt setting is a very
fine to fine drop size distribution; however, for this risk assessment the BLM was able to supply
information regarding the equipment typically used in herbicide application that supports the use of afine
to medium/coarse drop size distribution. Therefore, this drop size distribution has been assumed for the
evaluation of off-site spray drift associated with ground-level herbicide applications.

e Datapercentile—The Tier | ground application model allows bounding of predicted deposition rates based
on the field data collected in support of the SDTF model development. The AgDRIFT® user manual
recommends the 90" percentile of this data for regulatory use and the 50™ percentile for public use. The
90" percentile was utilized in this risk assessment.

e Number of swathes — The Tier | ground application allows modification of the number of application
swaths required to cover an application area. The default assumption of 20 swaths (13.72-m [45-ft] wide)
was used in this risk assessment.

1.2 Aerial Applications

The Tier Il AgDRIFT® model was used in this risk assessment to evaluate off-site drift associated with
agricultural-like (rangeland) and forestry aeria herbicide applications. The Tier Il AgDRIFT® evaluation is
dependent on a large number of modeling inputs specific to the herbicides considered in the risk assessment, the
spraying conditions (e.g., the environmental setting), the spray system to be used, and the meteorological
conditions under which the herbicides will be applied. These inputs are discussed below and presented in Tables A-
1to A-10.

Off-site spray drift and resulting terrestrial deposition rates and waterbody concentrations were predicted at 100,
300, and 900 ft from the application area for each herbicide application scenario. The AgDRIFT® model
determined the fraction of the application rate that is deposited on the off-site location without considering
herbicide degradation. As with ground applications, waterbody concentrations were determined from the predicted
deposition rates through a process representative of simple mixing without considering herbicide degradation.

The Tier |1 aerial evaluation of off-site drift depends on the following model inputs:

e Drop size distribution — The drop size distribution of the released herbicide spray mixture is a major
controlling variable in off-site drift of herbicides. Smaller herbicide drop sizes will increase off-site spray
drift. The Tier Il aeria application model alows the user to choose from four drop size distributions (very
fine to fine, fine to medium, medium to coarse, and coarse to very coarse). |If the herbicide product label
does not mandate a specific drop size classification or dictate equipment usage to achieve this
classification, then the AgDRIFT® default fine to medium distribution will be assumed. Distributions
specific to the 10 herbicides, if available, are identified in Tables A-1 to A-10.

e Aircraft type — It is possible to choose the specific aircraft type to be used in applying the herbicide
product. There are four aircraft to select from:

= AgHusky slow, fixed-wing aircraft

= Air Tractor AT-502 fast, fixed-wing aircraft

BLM Vegetation Treatment Using Herbicides A-2 October 2004
Ecological Risk Assessment Protocol



S
»
E N, ®

=  Wasp Helicopter

= Air Tractor AT-401 slow, fixed-wing aircraft

The Air Tractor AT-401 is the default aircraft set in the AGDRIFT® model. Aircraft type affects drift
primarily through airspeed; faster airspeeds will increase predicted off-site drift. Unless a specific
aircraft type was identified in an individual herbicide label as being most appropriate for aerial
applications, the Air Tractor AT-401 was used for the evaluation of off-site drift associated with
agriculture-like and forestry applications.

e Boom length — Boom length is defined as the percent length of the spray boom relative to the wing span or
rotor diameter of the aircraft. Default values are available for each of the above aircraft; however, users
can define boom widths ranging from 0 to 85% of the wing span or rotor diameter. Depending on aircraft
type (discussed above), default boom widths range from approximately 69 to 76% of aircraft wing span or
rotor diameter. These defaults have been utilized in this risk assessment.

e Boom height — Boom height is the height of the spray boom above the ground in agricultural-like
applications and the height of the spray boom above the canopy in forestry applications. AgDRIFT® users
can define a specific boom height within a range of 3 to 30 ft (0.9 to 9.1 m) above the ground or above the
forest canopy. For this risk assessment the default boom height of 10 ft (3.05 m) was used for agricultural-
like applications, and a boom height of 20 ft (6.1 m) was assumed for forestry applications because it is
expected that under most aerial forestry application scenarios a pilot will fly closer to 20 ft above the
forest canopy to avoid colliding with individual trees that may be taller than the average canopy height.
Increased assumed boom heights will result in greater predicted off-site drift.

e Number of flight lines — This represents the number of aircraft flight lines located a swath width apart
within an application area. Users can specify between 1 and 20 flight lines; a default of 20 flight lines was
used in thisrisk assessment. A greater number of flight lines may produce increased off-site drift.

e Swath width — Swath width measures the distance between flight lines. A swath width ranging from 15 to
100 ft (approximately 4.5 to 30.5 m) can be defined. The default value of 1.2 times the aircraft wingspan
was used in this risk assessment. Smaller swath widths will result in increased off-site drift.

e Swath displacement — Swath displacement is the horizontal ground distance from the farthest downwind
flight line to the edge of the application area. All calculations assume a default of ¥z the swath width as the
swath displacement. This default can be overridden by a user-defined swath displacement representing a
fraction of the maximum application rate or a fixed distance downwind. User-defined swath displacement
can range from %2 to 2 swaths. A value of -2 swath displacement is used if the farthest downwind flight
line (the aircraft centerline) coincides with the edge of the application area. Decreased swath displacement
will increase off-site drift.

e Meteorological parameters — Wind speed, relative humidity, and temperature can be user-defined or set at
the Tier Il defaults of 10 miles per hour (mph; 4.47 meters per second [m/s]), 50%, and 86 degrees
Fahrenheit (°F) (30 degrees Celsius [°C]), respectively. These defaults are the meteorological conditions
used for generic herbicide labels. Hot and dry conditions with light to moderate winds would generally
result in the greatest amount of drift and deposition. The average meteorological conditions for Phoenix,
Arizona, between May and October (i.e., hot and dry) were obtained from the AGDRIFT® model library of
meteorological data and used in this risk assessment.

e Herbicide mixture-specific inputs — The Tier Il evaluation allows user-defined inputs regarding the
following usage characteristics of the herbicides being evaluated:

» Herbicide carrier type (water or ail).
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= Spray volume rate (gallons per acre [gal/acre] or Liters per hectare [L/ha]) — volumetric rate at
which final herbicide mixture is pumped through the spray booms and nozzles.

Active rate (Ib/acre or kilograms [kg]/ha) — rate at which the herbicide active ingredient is applied.

*= Nonvolétile rate (pounds per acre [Ib/acre] or kg/ha) — rate at which the nonvolatile components
of the final herbicide mixture are applied. If volatility information was not provided in the
individual herbicide labels, the non-volatile rate was assumed to be equal to the active rate.

These inputs are specific to the herbicides being considered; therefore, the herbicide labels were reviewed and
inputs identified. In addition, in a Tier 11 assessment of aerial forestry applications the Active Rate and Nonvolatile
Rate are expressed as the Active Fraction and the Nonvolatile Fraction of the final herbicide mixture (as pumped
through the spray boom and nozzles), respectively. Herbicide-specific values for these parameters are presented in
Tables A-1to A-10.

1.3 Aquatic Assessment

In this risk assessment, herbicide impacts to waterbodies via aquatic exposure pathways are predicted to result
from off-site drift, deposition to a hypothetical waterbody, and simple mixing of an individua herbicide within the
hypothetical waterbody. Two types of hypothetical waterbodies are considered in this risk assessment: 1) a small
pond 0.25 acres in surface area (0.10 hectares) and 1-meter (3.3 ft) deep and 2) a small stream representative of
Pacific Northwest low-order streams that provide habitat for critical life-stages of anadromous salmonids. The
stream size was established as 6.6-ft (2-m) wide and 0.7-ft (0.2-m) deep with a mean water velocity of
approximately 0.3 m/s (1.0 ft/s), resulting in a baseflow discharge of 0.12 cubic meters per second (cms; 4.2 cubic
feet per second). For ground application scenarios, pond and stream concentrations were predicted at 25, 100, and
900 ft (8, 31, and 274 m) from the application area. For aerial application scenarios, pond and stream
concentrations were predicted at 100, 300, and 900 ft (31, 91, 274 m) from the application area.

1.4 Terrestrial Assessment

For both the Tier | and Tier Il AGDRIFT® models, it is necessary to identify the following parameters for the
terrestrial assessment (i.e., the evaluation of the impact of off-site drift on terrestria receptors):

o Terrestrial field definition — This field defines the type of terrestrial field to evaluate (point or area
average). The “point” terrestrial field definition was utilized in this risk assessment. Point terrestrial fields
produce more conservative results.

o Distance to the point or area— Thisis the distance from edge of the application area to the terrestrial point
or area to be evaluated. A range of distances were considered in this risk assessment. To evaluate off-site
herbicide drift from ground-level applications, distances of 25, 100, and 900 ft (8, 31, and 274 m) to the
point terrestrial field were considered. To evaluated off-site herbicide drift from aerial applications,
distances of 100, 300, and 900 ft (31, 91, 274 m) to the point terrestrial field were considered. A smaller
distance between the evaluated terrestrial field and the area of application will result in greater estimated
impact from off-site drift. A default input of 200 ft (60.96 m) is presented in the AgDRIFT® software.

The results of the AgDRIFT® modeling conducted for the herbicides considered in the ERA are summarized in
Tables A-11 to A-20 and are presented in the chemical-specific reports associated with that evaluation (ENSR
2005a)).
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TABLE A-1
Chemical-Specific Inputsfor AgDRIFT® Model - Bromacil
Scenario Parameter Input Options Units Value
Boom height (high = 1.27 m; .
Tier 1 low = 0.508 m) Low or high m 1.27 and 0.508 m
Ground U Very finetofineor fineto : ;
(Agricultural) Drop size distribution medium/course -- Fine to medium/coarse
Activerate Ib/acre | 41012
It is assumed that bromacil is used only in ground application scenarios.
BLM Vegetation Treatment Using Herbicides A-5 October 2004
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TABLE A-2
Chemical-Specific Inputsfor AgDRIFT® Model - Chlorsulfuron
Scenario Parameter Input Options Units Value
Boom height (high
=1.27m; Low = Low or high m 1.27 and 0.508 m
Tier 1 0.508 m)
Grou_nd Drop size Very fineto fine
(Agricultura) distributi or fineto - Fine to medium/coarse
istribution :
medium/course
Activerate Ib/acre 0.047t00.14
Ag Husky, Air
Tractor AT-502,
Aircraft type Wasp helicopter, -- Air Tractor AT-401 and Wasp helicopter
or Air Tractor AT-
401
Boom length m < 85% of wingspan or helicopter rotor width
Boom height m 3.05
#flight lines -- 20
Swath V\.’idth 1.2x wingspan or . . .
(separation between | ™ defined 2 1.2x aircraft wingspan or rotor width
flight lines) User
Aircraft centerline,
Tier 2 Aerial | Swath displacement | {Xe0 distance, ~ | 05 swathwidth?
(Agricultural) width
Very fineto fine,
Drop size fme_to medium, _ _
AL medium to coarse, -- Fine to medium
distribution
coarseto very
coarse
Wind speed m/s 10
Temperature degC 31
Relative humidity % 25
Spray material Qil or water based -- Water
Activerate Ibsa.i./acre | 0.047 to 0.062
Non-volatile rate Ibs/acre | 0.0626 to 0.0827
Spray volume rate gal/acre 5-gal herbicide mixture/acre.

! Assumesatotal of 20 flight lines, 60 ft apart are applied to an agricultural field.

2 AgDRIFT® users manual does not identify a specific assumption, but rather defines the setting as that required to ensure that ¥ the
application rate is recovered at the edge of the application area. In AQDRIFT Tier |1 documentation thisis defined as equivalent to
approximately %2 of a swath width.

% Swath width can be expressed as a distance (m or ft) or the default assumption of 1.2x the aircraft wingspan or rotor width.

BLM Vegetation Treatment Using Herbicides
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TABLE A-3
Chemical-Specific Inputs for AGQDRIFT® Model - Dicamba
Scenario Parameter Input Options Units Value
Boom height (high = 1.27 m; .
Tier 1 low = 0.508 m) Low or high m 1.27 and 0.508 m
Ground ST Very fineto fine or fineto . ;
(Agricultural) Drop size distribution m ed%um /COUrse -- Fine to medium/coarse
Activerate Ib/acre | 0.18751t0 0.3125
It isassumed that dicambais used only in ground application scenarios.

TABLE A-4
Chemical-Specific Inputs for AGDRIFT® Model - Diflufenzopyr
Scenario Parameter Input Options Units Value
Tier 1 Eg\?vnl%e%%rg E:)igh =larm Low or high m 1.27 and 0.508
gglrjir(]:ﬂltural) Drop size distribution %;%J;T/ig?j:;ge or fineto - Fine to medium/coarse
Activerate Ib/acre | 0.0751t0 0.125

It is assumed that diflufenzopyr is used only in ground application scenarios.
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TABLE A-5
Chemical-Specific Inputs for AgDRIFT® Model - Diquat
Scenario Parameter Input Options Units Value
Boom height (high =
. 1.27m; Low =0.508 | Low or high m 1.27 and 0.508
Tier 1 m)
Ground Very fineto fine or fineto
(Agricultural) | Drop size distribution Y -- Fine to medium/coarse
medium/course
Activerate Ib/acre 1.0t04.0
Ag Husky, Air Tractor AT-
Aircraft type 502, Wasp helicopter, or Air -- Air Tractor AT-401
Tractor AT-401
< 85% of wingspan or
Boom length helicopter rotor width
Boom height m 3.05
#flight lines -- 20
Swath width . : .
. 1.2x wingspan or user 2 1.2x aircraft wingspan or
(s_epara_ttlon between defined rotor width
flight lines)
Aircraft centerline, fixed
Swath displacement distance, fraction of swath -- 0.5 swath width®
Tier 2 Aerial width
(Agriculturdl) Very fineto fine, fineto
Drop sizedistribution | medium, medium to coarse, -- Fine to medium
coarse to very coarse
Wind speed m/s 10
Temperature °C 31
Relative humidity % 25
Flux plane m 0
Spray material Oil or water based -- Water
Activerate Ibsai./acre | 1.0t04.0
Non-volatile rate Ibs/acre | 1.0to 4.0*
Spray volume rate gal/acre 5-gal herbicide mixture/acre

! Assumes atotal of 20 flight lines, 60 ft apart are applied to an agricultural field.

2 swath width can be expressed as a distance (m or ft) or the default assumption of 1.2x the aircraft wingspan or rotor width.

3 AgDRIFT® users manual does not identify a specific assumption, but rather defines the setting as that required to ensure that ¥ the
application rate is recovered at the edge of the application area. In AGDRIFT Tier |1 documentation, thisis defined as equivalent to
approximately ¥z of a swath width.

* Because the vol atil ity of the product is unknown, the nonvolatile rate was set equal to the active rate.
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TABLE A-6
Chemical-Specific Inputs for AgDRIFT® Model - Diuron
Scenario Parameter Input Options Units Value
Boom height (high = 1.27 m; .
Tier1 Low = 0.508 m) Low or high m 1.27 and 0.508 m
Ground e Very fineto fine or fine to , .
(Agricultural) Drop size distribution m ed}i/u m/COUrse -- Fine to medium/coarse
Activerate Ib/acre | 6to 20
It is assumed that diuron is used only in ground application scenarios.

BLM Vegetation Treatment Using Herbicides
Ecological Risk Assessment Protocol

A-9

October 2004




ENCR

TABLE A-7
Chemical-Specific Inputs for AGDRIFT® Model - Fluridone
Scenario Parameter Input Options Units Value
Boom height (high =
1.27 m; Low = Low or high m 1.27 and 0.508
Tier 1 Ground | .0-508 m)
(Agricultural) Qrop size Very fineto fineor fineto _ Fine to mediunm/coarse
distribution medium/course
Activerate Ib/acre 0.045t00.41
Ag Husky, Air Tractor AT-
Aircraft type 502, Wasp helicopter, or Air -- Air Tractor AT-401
Tractor AT-401
< 85% of wingspan or
Boom length m helicopter rotor width
Boom height m 3.05
#flight lines -- 20
Swath width . . .
(separation between 1.2?< wingspan or user 2 1._2x aircraft wingspan or rotor
. . defined width
flight lines)
Aircraft centerline, fixed
. . Swath displacement | distance, fraction of swath -- 0.5 swath width®
Tier 2 Aerid ;
; width
(Agriculturd)
Drop size Very finetofine, fineto
rop SiZ medium, medium to coarse, -- Fine to medium
distribution
coarse to very coarse
Wind speed m/s 10
Temperature °C 31
Relative humidity % 25
Spray material Qil or water based -- Water
Activerate Ibsa.i./acre | 0.045t00.41
Non-volatile rate Ibs/acre | 0.045to 0.41*
Spray volume rate gal/acre 5-gal herbicide mixture/acre

! Assumes atotal of 20 flight lines, 60 ft apart are applied to an agricultural field.

approximately ¥z of a swath width.

2 Swath Width can be expressed as a distance (m or ft) or the default assumption of 1.2x the aircraft wingspan or rotor width.
3 AgDRIFT® users manual does not identify a specific assumption, but rather defines the setting as that required to ensure that %2 the
application rate is recovered at the edge of the application area. In AQDRIFT Tier 11 documentation, thisis defined as equivalent to

* Because the volatil ity of the product is unknown, the nonvolatile rate was set equal to the active rate.
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TABLE A-8
Chemical-Specific Inputs for AgDRIFT® Model - Imazapic
Scenario Parameter Input Options Units Value
Boom height (high
=1.27m; Low = Low or high m 1.27 and 0.508
Tier 1 Ground | .0-508 m)
(Agricultural) | Drop size Very fineto fine or fine to _ ' .
distribution medium/course Fine to medium/coarse
Activerate Ib/acre 0.0313t00.1875
Ag Husky, Air Tractor AT-502,
Aircraft type Wasp helicopter, or Air Tractor -- Air Tractor AT-401
AT-401
< 85% of wingspan or
Boom length m helicopter rotor width
Boom height m 3.05
#flight lines -- 20"
Swath width
(separation . . 2 1.2x aircraft wingspan or
between flight 1.2x wingspan or user defined rotor width
lines)
Tier 2 Aeria Swath Aircraft centerline, fixed _ 3
(Agricultural) | displacement distance, fraction of swath width 0.5 swath width
Dro size Very fineto fine, fineto
rop S medium, medium to coarse, -- Fine to medium
distribution
coarseto very coarse
Wind speed m/s 10
Temperature °C 31
Relative humidity % 25
Spray material Qil or water based -- Water
Activerate Ibsai./acre | 0.0313to 0.1875
Non-volatile rate Ibs/acre 0.0313 t0 0.1875*
5-gal herbicide
Spray volume rate gal/acre mixtureacre
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TABLE A-8 (Cont.)
Chemical-Specific Inputs for AgDRIFT® Model - | mazapic
Scenario Parameter Input Options Units Value
Ag Husky, Air Tractor AT-502,
Aircraft type Wasp helicopter, or Air Tractor -- Air Tractor AT-401
AT-401
< 85% of wingspan or
Boom length helicopter rotor width
Boom height ft 20
Canopy height Must be less than boom height < boom height
#flight lines -- 20
Swath width . . . . . .
. . X Aircraft centerling, fixed distance, 2 1.2x aircraft wingspan or
Tier 2 Aerial | (separation between fraction of swath width rotor width
(Forestry) flight lines)
. Aircraft centerline, fixed distance, I
Swath displacement fraction of swath width -- 0.5 swath width
Very fineto fine, fineto medium,
Drop size distribution | medium to coarse, coarse to very - Fine-to-Medium
coarse
Wind speed m/s 10
Temperature °C 31
Relative humidity % 25
Flux plane m 0
Spray materia Qil or water based -- Water
Active fraction of Fraction | 0.00075 to 0.0045"
Spray material
Non-volatile fraction Fraction | 0.00075 to 0.0045°
of the spray material
Spray volume rate gal/acre | 5-gal herbicide mixture/acre

! Assumes atotal of 20 flight lines, 60 ft apart are applied to an agricultural field.

2 Swath Width can be expressed as a distance (m or ft) or the default assumption of 1.2x the aircraft wingspan or rotor width.

8 AgDRIFT® users manual does not identify a specific assumption, but rather defines the setting as that required to ensure that 2 the
application rate is recovered at the edge of the application area. In AGDRIFT Tier 11 documentation, thisis defined as equivalent to
approximately ¥z of a swath width.

4 Calculated assuming a5 gallon per acre spray volume rate, atypica application rate of 0.0313 Ib a.i./acre, and a maximum
application rate of 0.1875 |b a.i./acre.

® Becauise the volatility of the product is unknown, the nonvolatile rate was set equal to the active rate.
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TABLE A-9
Chemical-Specific Inputs for AgDRIFT® Model — Sulfometuron Methyl
Scenario Parameter Input Options Units Value
Boom height (high =
1.27 m; Low =0.508 | Low or high m 1.27 and 0.508
Ground Drop size Very fineto fine or fine to
(Agriculturd) distribution medium/course - Fine to medium/coarse
Activerate Ib/acre 0.141t0 0.375
Ag Husky, Air Tractor
Aircraft type AT-502, Wasp helicopter, -- Label specifiesahelicopter
or Air Tractor AT-401
Boom length m < 85% of helicopter rotor width
Boom height m 3.05
#flight lines -- 20"
Swath width . . .
(separation between 1.2?< wingspan or user 2 1._2x aircraft wingspan or rotor
. . defined width
flight lines)
Aircraft centerline, fixed
Swath displacement | distance, fraction of swath -- 0.5 swath width (c)
width
Very fineto fine, fineto
Tier 2 Aeria | Drop size medium, medium to B 05
(Agricultural) | distribution coarse, coarse to very :
coarse
Wind speed m/s 10
Temperature °C 31
Relative humidity % 25
Spray material Oil or water based -- Water
Activerate Ibsai./acre | 0.141-0.375 Ib/acre
Label identifies sulfometuron-
Non-volatile rate Ibs/acre methyl as nonvolatile; 0.188-0.5
Ib/acre (d)
Label specifies 5-40 gal herbicide
Spray volume rate gal/acre mixture/acre; BLM typical spray

output rate for helicopter is 5-gal
herbicide mixture/acre
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TABLE A-9 (Cont.)
Chemical-Specific Inputs for AGDRIFT® Model — Sulfometuron Methyl
Scenario Parameter Input Options Units Value
Ag Husky, Air Tractor AT-
Aircraft type 502, Wasp helicopter, or -- Label specifiesahelicopter
Air Tractor AT-401
Boom length < 85% of helicopter rotor width
Boom height ft 20
. Must be less than boom )
Canopy height height < boom height
#flight lines -- 20
Swath width Aircraft centerline, fixed 1.9x aircraft winasoan or rotor
(separation between | distance, fraction of swath 2 . 9P
. ! . width
flight lines) width
Aircraft centerline, fixed
Swath displacement | distance, fraction of swath -- 0.5 swath width®
width
E;rij Very fineto fine, fineto
(Forestry) Drop size medium, medium to _ >150-200 micrometers, equivalent
y distribution coarse, coarse to very to Fine-to-Medium
coarse
Wind speed m/s 10
Temperature deg C 31
Relative humidity % 25
Spray material Qil or water based -- Water
Active fraction of Fraction | 0.0038 to 0.0090"
spray material
Non-volatile fraction Fraction | 0.0045 to 0.012°
of the spray material
Label specifies 5-15 gal herbicide
mixture/acre; BLM typical spray
Spray volume rate gal/acre output rate for helicopter is 5-gal
herbicide mixture/acre

! Assumes atotal of 20 flight lines, 60 ft apart are applied to an agricultural field.
2 Swath width can be expressed as a distance (m or ft) or the default assumption of 1.2x the aircraft wingspan or rotor width.
3 AgDRIFT® users manual does not identify a specific assumption, but rather defines the setting as that required to ensure that %2 the

application rate is recovered at the edge of the application area. In AgDRIFT Tier I documentation thisis defined as equivalent to
approximately ¥z of a swath width.

4 Calculated assumi ng a 5-gallon-per-acre spray volume rate, atypical application rate of 0.141 Ib a.i./acre, and a maximum
application rate of 0.375 Ib a.i./acre.
S Label identifies the herbicide product as nonvolatile; therefore, nonvolatile rate and nonvolatile fraction were cal culated assuming
the active ingredient comprises 75 percent of the final product.

BLM Vegetation Treatment Using Herbicides A-14 October 2004
Ecological Risk Assessment Protocol
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TABLE A-10
Chemical-Specific Inputs for AGQDRIFT® Model - Tebuthiuron
Scenario Parameter Input Options Units Value
Boom height (high = 1.27 m; .
Tier1 Low = 0.508 m) Low or high m 1.27 and 0.508 m
Ground ' i i
(agricultural) Drop size distribution \r;;)i/lj:rr:/i(t)%gge or fineto -- Fine to medium/coarse
Activerate Ib/acre | 0.5t04.0

It is assumed that tebuthiuron is used only in ground application scenarios.

BLM Vegetation Treatment Using Herbicides A-15
Ecological Risk Assessment Protocol

October 2004
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TABLE A-11
AgDRIFT® Exportsfor Spray Drift Scenarios - Bromacil
Typical Application Rate Maximum Application Rate
N Distance Terrestrial Stream Pond Terrestrial Stream Pond
A?)Ap(ljic(j:i\g];n |'_A|‘ gglr:tclz'ilfg/%ne From Conce_ntr ation Concentration Concentration Conce_ntr ation Concentration Concentration
Receptor (ft) | (Iba.i./acre) (mglL) (mg/L) (Ib a.i./acre) (mglL) (mgl/L)
Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 NA NA NA NA NA NA
Plane Non-forested 300 NA NA NA NA NA NA
Plane Non-forested 900 NA NA NA NA NA NA
Helicopter Forested 100 NA NA NA NA NA NA
Helicopter Forested 300 NA NA NA NA NA NA
Helicopter Forested 900 NA NA NA NA NA NA
Helicopter Non-forested 100 NA NA NA NA NA NA
Helicopter Non-forested 300 NA NA NA NA NA NA
Helicopter Non-forested 900 NA NA NA NA NA NA
Ground Low Boom 25 5.03E-02 2.50E-02 2.73E-03 1.51E-01 7.51E-02 8.18E-03
Ground Low Boom 100 1.77E-02 7.33E-03 1.49E-03 5.32E-02 2.20E-02 4.49E-03
Ground Low Boom 900 2.70E-03 7.59E-04 2.89E-04 8.20E-03 2.28E-03 8.66E-04
Ground High Boom 25 8.31E-02 4.18E-02 4.38E-03 2.49E-01 1.26E-01 1.31E-02
Ground High Boom 100 2.79E-02 1.19E-02 2.31E-03 8.38E-02 3.56E-02 6.92E-03
Ground High Boom 900 3.50E-03 1.00E-03 3.66E-04 1.05E-02 3.01E-03 1.10E-03

NA = Not Applicable.
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TABLE A-12
AgDRIFT® Exportsfor Spray Drift Scenarios - Chlorsulfuron
Typical Application Rate Maximum Application Rate
L Distance Terrestrial Stream Pond Terrestrial Stream Pond

M ode of Application From : . . . . .

Application  Height/Type  Receptor Conce_ntratlon Concentration  Concentration Conce_ntratlon Concentration  Concentration
(1) (Ib a.i./acre) (mg/L) (mglL) (Ib a.i./acre) (mgl/L) (mg/L)

Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 3.30E-03 1.85E-03 2.54E-04 4.50E-03 2.50E-03 3.44E-04
Plane Non-forested 300 1.10E-03 6.12E-04 1.10E-04 1.60E-03 8.42E-04 1.53E-04
Plane Non-forested 900 5.00E-04 2.74E-04 5.26E-05 7.00E-04 3.73E-04 7.30E-05
Helicopter Forested 100 NA NA NA NA NA NA
Helicopter Forested 300 NA NA NA NA NA NA
Helicopter Forested 900 NA NA NA NA NA NA
Helicopter Non-forested 100 2.80E-03 1.59E-03 2.07E-04 3.90E-03 2.19E-03 2.88E-04
Helicopter Non-forested 300 8.00E-04 4.55E-04 8.09E-05 1.20E-03 6.33E-04 1.14E-04
Helicopter Non-forested 900 4.00E-04 1.96E-04 3.81E-05 5.00E-04 2.72E-04 5.27E-05
Ground Low Boom 25 6.00E-04 2.94E-04 3.20E-05 1.80E-03 8.76E-04 9.54E-05
Ground Low Boom 100 2.00E-04 8.61E-05 1.76E-05 6.00E-04 2.57E-04 5.23E-05
Ground Low Boom 900 3.20E-05 8.92E-06 3.39E-06 9.55E-05 2.66E-05 1.01E-05
Ground High Boom 25 1.00E-03 4.92E-04 5.15E-05 2.90E-03 1.47E-03 1.53E-04
Ground High Boom 100 3.00E-04 1.39E-04 2.71E-05 1.00E-03 4.15E-04 8.07E-05
Ground High Boom 900 4.10E-05 1.18E-05 4.30E-06 1.00E-04 3.51E-05 1.28E-05

NA = Not Applicable.
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TABLE A-13 3
AgDRIFT® Exportsfor Spray Drift Scenarios - Dicamba 3
9
Typical Application Rate Maximum Application Rate ;
L Distance Terrestrial Stream Pond Terrestrial Stream Pond
Mode of Application From ; . . i . .
Application  Height/Type  Receptor Concentratlon Concentration ~ Concentration Concentration ~ Concentration ~ Concentration
() (Ib a.i./acre) (mg/L) (mg/L) (Ib a.i./acre) (mg/L) (mg/L)
Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 NA NA NA NA NA NA
Plane Non-forested 300 NA NA NA NA NA NA
Plane Non-forested 900 NA NA NA NA NA NA
Helicopter Forested 100 NA NA NA NA NA NA
Helicopter Forested 300 NA NA NA NA NA NA
Helicopter ~ Forested 900 NA NA NA NA NA NA
Helicopter Non-forested 100 NA NA NA NA NA NA
Helicopter  Non-forested 300 NA NA NA NA NA NA
Helicopter  Non-forested 900 NA NA NA NA NA NA
Ground Low Boom 25 2.40E-03 1.17E-03 1.27E-04 3.90E-03 1.57E-03 2.13E-04
Ground Low Boom 100 8.00E-04 3.43E-04 7.01E-05 1.40E-03 4.58E-04 1.16E-04
Ground Low Boom 900 1.00E-04 3.55E-05 1.35E-05 2.00E-04 4.75E-05 2.26E-05
Ground High Boom 25 3.90E-03 1.97E-03 2.05E-04 6.50E-03 2.63E-03 3.42E-04
Ground High Boom 100 1.30E-03 5.80E-04 1.08E-04 2.20E-03 7.43E-04 1.80E-04
Ground High Boom 900 2.00E-04 4.70E-05 1.72E-05 3.00E-04 6.28E-05 2.86E-05
NA = Not Applicable.
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TABLE A-14

AgDRIFT® Exportsfor Spray Drift Scenarios - Diflufenzopyr

Distance

Typical Application Rate

Maximum Application Rate

M ode of Application Erom Terr&strigl Stream_ Pond _ Terrestrigl Stream_ Pond _

Application  Height/Type  Receptor Concentratlon Concentration ~ Concentration Concentration  Concentration ~ Concentration
(1) (Ib a.i./acre) (mg/L) (mg/L) (Ib a.i./acre) (mg/L) (mglL)

Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 NA NA NA NA NA NA
Plane Non-forested 300 NA NA NA NA NA NA
Plane Non-forested 900 NA NA NA NA NA NA
Helicopter Forested 100 NA NA NA NA NA NA
Helicopter Forested 300 NA NA NA NA NA NA
Helicopter Forested 900 NA NA NA NA NA NA
Helicopter Non-forested 100 NA NA NA NA NA NA
Helicopter Non-forested 300 NA NA NA NA NA NA
Helicopter Non-forested 900 NA NA NA NA NA NA
Ground Low Boom 25 9.00E-04 4.69E-04 5.11E-05 1.30E-03 6.26E-04 6.82E-05
Ground Low Boom 100 3.00E-04 1.37E-04 2.80E-05 4.00E-04 1.83E-04 3.74E-05
Ground Low Boom 900 5.11E-05 1.42E-05 5.41E-06 6.82E-05 1.90E-05 7.22E-06
Ground High Boom 25 1.60E-03 7.86E-04 8.21E-05 2.10E-03 1.05E-03 1.09E-04
Ground High Boom 100 5.00E-04 2.23E-04 4.33E-05 7.00E-04 2.97E-04 5.77E-05
Ground High Boom 900 6.55E-05 1.88E-05 6.87E-06 8.73E-05 2.51E-05 9.16E-06

NA = Not Applicable.
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TABLE A-15

AgDRIFT® Exportsfor Spray Drift Scenarios - Diquat

Typical Application Rate

Maximum Application Rate

i Distance Terrestrial Stream Pond Terrestrial Stream Pond

M ode of Application From ; . : i . .

Application  Height/Type ~ Receptor Concentratlon Concentration ~ Concentration Concentration  Concentration  Concentration
() (Ib a.i./acre) (mg/L) (mg/L) (Ib a.i./acre) (mg/L) (mglL)

Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 NA NA 8.08E-03 NA NA 3.89E-02
Plane Non-forested 300 NA NA 4.15E-03 NA NA 1.99E-02
Plane Non-forested 900 NA NA 1.96E-03 NA NA 5.85E-03
Helicopter Forested 100 NA NA NA NA NA NA
Helicopter Forested 300 NA NA NA NA NA NA
Helicopter Forested 900 NA NA NA NA NA NA
Helicopter Non-forested 100 NA NA 6.82E-03 NA NA 3.23E-02
Helicopter Non-forested 300 NA NA 3.24E-03 NA NA 1.48E-02
Helicopter Non-forested 900 NA NA 1.58E-03 NA NA 2.55E-03
Ground Low Boom 25 NA NA 6.82E-04 NA NA 2.73E-03
Ground Low Boom 100 NA NA 3.74E-04 NA NA 1.49E-03
Ground Low Boom 900 NA NA 7.22E-05 NA NA 2.89E-04
Ground High Boom 25 NA NA 1.09E-03 NA NA 4.38E-03
Ground High Boom 100 NA NA 5.77E-04 NA NA 2.31E-03
Ground High Boom 900 NA NA 9.16E-05 NA NA 3.66E-04

NA = Not Applicable.
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TABLE A-16
AgDRIFT® Exportsfor Spray Drift Scenarios - Diuron
Typical Application Rate Maximum Application Rate

M ode of Application Distance Terrestrial Stream. Pond _ Terrestria)l Stream. Pond .

Application  Height/Type From Conceptratlon Concentration  Concentration Conceptratlon Concentration  Concentration
Receptor (ft) (Ib a.i./acre) (mg/L) (mg/L) (Ib a.i./acre) (mg/L) (mg/L)

Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 NA NA NA NA NA NA
Plane Non-forested 300 NA NA NA NA NA NA
Plane Non-forested 900 NA NA NA NA NA NA
Helicopter Forested 100 NA NA NA NA NA NA
Helicopter Forested 300 NA NA NA NA NA NA
Helicopter Forested 900 NA NA NA NA NA NA
Helicopter Non-forested 100 NA NA NA NA NA NA
Helicopter Non-forested 300 NA NA NA NA NA NA
Helicopter Non-forested 900 NA NA NA NA NA NA
Ground Low Boom 25 7.54E-02 3.75E-02 4.09E-03 2.51E-01 1.25E-01 1.36E-02
Ground Low Boom 100 2.66E-02 1.10E-02 2.24E-03 8.87E-02 3.67E-02 7.48E-03
Ground Low Boom 900 4.10E-03 1.14E-03 4.33E-04 1.36E-02 3.79E-03 1.44E-03
Ground High Boom 25 1.25E-01 6.28E-02 6.57E-03 4.15E-01 2.10E-01 2.19E-02
Ground High Boom 100 4.19E-02 1.78E-02 3.46E-03 1.40E-01 5.93E-02 1.15E-02
Ground High Boom 900 5.20E-03 1.50E-03 5.49E-04 1.75E-02 5.02E-03 1.83E-03

NA = Not Applicable.
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TABLE A-17

AgDRIFT® Exportsfor Spray Drift Scenarios - Fluridone

Typical Application Rate

Maximum Application Rate

— Distance Terrestrial Stream Pond Terrestrial Stream Pond

M ode of Application From ; . . . . .

Application  Height/Type Receptor Concentratlon Concentration  Concentration Concentr ation Concentration  Concentration
() (Ib a.i./acre) (mg/L) (mg/L) (Ib a.i./acre) (mg/L) (mg/L)

Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 NA NA 2.94E-03 NA NA 1.13E-02
Plane Non-forested 300 NA NA 1.43E-03 NA NA 5.94E-03
Plane Non-forested 900 NA NA 6.31E-04 NA NA 2.80E-03
Helicopter Forested 100 NA NA NA NA NA NA
Helicopter Forested 300 NA NA NA NA NA NA
Helicopter Forested 900 NA NA NA NA NA NA
Helicopter Non-forested 100 NA NA 2.50E-03 NA NA 9.42E-03
Helicopter Non-forested 300 NA NA 1.09E-03 NA NA 4.62E-03
Helicopter Non-forested 900 NA NA 5.15E-04 NA NA 2.01E-03
Ground Low Boom 25 NA NA 2.79E-04 NA NA 9.13E-04
Ground Low Boom 100 NA NA 1.53E-04 NA NA 5.01E-04
Ground Low Boom 900 NA NA 2.96E-05 NA NA 9.67E-05
Ground High Boom 25 NA NA 4.49E-04 NA NA 1.47E-03
Ground High Boom 100 NA NA 2.36E-04 NA NA 7.73E-04
Ground High Boom 900 NA NA 3.76E-05 NA NA 1.23E-04

NA = Not Applicable.
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TABLE A-18

AgDRIFT® Exportsfor Spray Drift Scenarios - | mazapic

Distance

Typical Application Rate

Maximum Application Rate

Mode of Application From Terr&etrigl Stream_ Pond _ Terrestrigl Stream_ Pond .

Application  Height/Type  Receptor Concentratmn Concentration  Concentration Concentranon Concentration ~ Concentration
(1) (Ib a.i./acre) (mg/L) (mg/L) (Ib a.i./acre) (mg/L) (mg/L)

Plane Forested 100 8.50E-03 4.74E-03 6.79E-04 5.58E-02 3.13E-02 4.54E-03
Plane Forested 300 3.00E-03 1.69E-03 2.88E-04 2.04E-02 1.14E-02 1.95E-03
Plane Forested 900 9.00E-04 4.99E-04 9.37E-05 6.20E-03 3.46E-03 6.53E-04
Plane Non-forested 100 2.10E-03 1.17E-03 1.56E-04 1.47E-02 8.25E-03 1.15E-03
Plane Non-forested 300 7.00E-04 3.57E-04 6.41E-05 5.40E-03 3.02E-03 5.38E-04
Plane Non-forested 900 3.00E-04 1.55E-04 2.93E-05 2.30E-03 1.31E-03 2.50E-04
Helicopter Forested 100 5.80E-03 3.19E-03 3.26E-04 3.49E-02 1.94E-02 1.99E-03
Helicopter Forested 300 1.00E-03 5.71E-04 9.59E-05 6.30E-03 3.48E-03 5.81E-04
Helicopter Forested 900 2.00E-04 1.37E-04 2.55E-05 1.50E-03 8.31E-04 1.55E-04
Helicopter Non-forested 100 1.80E-03 1.01E-03 1.32E-04 1.29E-02 7.23E-03 1.00E-03
Helicopter Non-forested 300 5.00E-04 2.91E-04 4.89E-05 4.30E-03 2.40E-03 4.21E-04
Helicopter Non-forested 900 2.00E-04 1.20E-04 2.26E-05 1.70E-03 9.57E-04 1.81E-04
Ground Low Boom 25 4.00E-04 1.96E-04 2.13E-05 2.40E-03 1.17E-03 1.28E-04
Ground Low Boom 100 1.00E-04 5.74E-05 1.17E-05 8.00E-04 3.43E-04 7.01E-05
Ground Low Boom 900 2.13E-05 5.91E-06 2.26E-06 1.00E-04 3.54E-05 1.35E-05
Ground High Boom 25 6.00E-04 3.27E-04 3.43E-05 3.90E-03 1.23E-03 2.05E-04
Ground High Boom 100 2.00E-04 9.29E-05 1.81E-05 1.30E-03 1.94E-04 1.08E-04
Ground High Boom 900 2.73E-05 7.82E-06 2.87E-06 1.83E-06 7.80E-06 1.72E-05

NA = Not Applicable.
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TABLE A-19

AgDRIFT® Exportsfor Spray Drift Scenarios - Sulfometuron Methy!

Typical Application Rate

Maximum Application Rate

N Distance Terrestrial Stream Pond Terrestrial Stream Pond

Mo_de c_)f Ap_pllcatlon From c . c trati C trati c trati c trati c trati

Application  Height/Type ~ Receptor oncentration oncentration oncentration oncentration oncentration oncentration
(1) (Ib a.i./acre) (mg/L) (mg/L) (Ib a.i./acre) (mg/L) (mg/L)

Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 NA NA NA NA NA NA
Plane Non-forested 300 NA NA NA NA NA NA
Plane Non-forested 900 NA NA NA NA NA NA
Helicopter Forested 100 2.95E-02 1.64E-02 1.69E-03 7.10E-02 3.95E-02 4.06E-03
Helicopter Forested 300 5.30E-03 2.94E-03 4.92E-04 1.28E-02 7.04E-03 1.18E-03
Helicopter Forested 900 1.30E-03 7.03E-04 1.32E-04 3.00E-03 1.68E-03 3.15E-04
Helicopter Non-forested 100 9.70E-03 5.43E-03 7.54E-04 2.98E-02 1.67E-02 2.32E-06
Helicopter Non-forested 300 3.30E-03 1.81E-03 3.16E-04 1.04E-02 5.75E-03 1.01E-03
Helicopter Non-forested 900 1.30E-03 7.19E-04 1.36E-04 4.60E-03 2.59E-03 5.01E-04
Ground Low Boom 25 1.80E-03 8.82E-04 9.61E-05 4.70E-03 2.35E-03 2.56E-04
Ground Low Boom 100 6.00E-04 2.58E-04 5.27E-05 1.70E-03 6.87E-04 1.40E-04
Ground Low Boom 900 9.60E-05 2.68E-05 1.02E-05 3.00E-04 7.11E-05 2.71E-05
Ground High Boom 25 2.90E-03 1.48E-03 1.54E-04 7.80E-03 3.93E-03 4.11E-04
Ground High Boom 100 1.00E-03 4.18E-04 8.13E-05 2.60E-03 1.11E-03 2.16E-04
Ground High Boom 900 1.00E-04 3.54E-05 1.29E-05 3.00E-04 9.41E-05 3.43E-05

NA = Not Applicable.
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TABLE A-20

AgDRIFT® Exportsfor Spray Drift Scenarios - Tebuthiuron

Typical Application Rate Maximum Application Rate

M ode of Application Distance Terr&driql Stream_ Pond _ Terrestrig] Stream_ Pond .

Application  Height/Type From Concentratlon Concentration  Concentration Concentra'uon Concentration  Concentration
Receptor (ft) (Ib a.i./acre) (mg/L) (mg/L) (Ib a.i./acre) (mg/L) (mg/L)

Plane Forested 100 NA NA NA NA NA NA
Plane Forested 300 NA NA NA NA NA NA
Plane Forested 900 NA NA NA NA NA NA
Plane Non-forested 100 NA NA NA NA NA NA
Plane Non-forested 300 NA NA NA NA NA NA
Plane Non-forested 900 NA NA NA NA NA NA
Helicopter Forested 100 NA NA NA NA NA NA
Helicopter Forested 300 NA NA NA NA NA NA
Helicopter Forested 900 NA NA NA NA NA NA
Helicopter Non-forested 100 NA NA NA NA NA NA
Helicopter Non-forested 300 NA NA NA NA NA NA
Helicopter Non-forested 900 NA NA NA NA NA NA
Ground Low Boom 25 6.30E-03 3.13E-03 3.41E-04 3.33E-02 2.50E-02 1.58E-03
Ground Low Boom 100 2.20E-03 9.16E-04 1.87E-04 9.60E-03 7.33E-03 7.85E-04
Ground Low Boom 900 3.00E-04 9.49E-05 3.61E-05 1.20E-03 7.59E-04 1.31E-04
Ground High Boom 25 1.04E-02 5.24E-03 5.47E-04 6.59E-02 4.19E-02 3.00E-03
Ground High Boom 100 3.50E-03 1.48E-03 2.88E-04 1.77E-02 1.19E-02 1.40E-03
Ground High Boom 900 4.00E-04 1.25E-04 4.58E-05 1.70E-03 1.00E-03 1.75E-04

NA = Not Applicable.
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1.0 GLEAMSMODELING FOR THE
ECOLOGICAL RISK ASSESSMENT

GLEAMS (Groundwater Loading Effects of Agricultural Management Systems) is a modified version of the
CREAMS (Chemical Runoff Erosion Assessment Management System) model that was originally developed to
evaluate non-point source pollution from field-sized areas. The disadvantage of the CREAMS model was that it only
considered surface processes, and any pesticide below the surface 1-cm of the soil was not considered. Specificaly,
the hydrology, plant nutrient, and pesticide components of the CREAMS model were modified to consider movement
of water and chemicals within and through the root zone. The GLEAMS model was developed for field-sized areasto
evaluate the effects of agricultural management systems on the movement of agricultura chemicals within and
through the plant root zone (Leonard et a. 1987). The mode simulates edge-of-field and bottom-of-root-zone
loadings of water, sediment, pesticides, and plant nutrients from climate-soil-management interactions. Agricultural
pesticides are simulated by the GLEAM S model using three major components:

e  Hydrology — The hydrology component of the GLEAMS model simulates the movement of water through
an agricultural system by considering the effects of precipitation, surface runoff, and percolation through the
unsaturated zone of the soil. The model simulates runoff using the Soil Conservation Service (SCS) curve
number method, simulates evapotranspiration using the Priestly-Taylor or Penman-Monteith methods, and
simulates the percolation of water through a multi-layered soil system. The hydrology component of the
GLEAMS model adso simulates the effect of vegetation on surface water runoff, infiltration, and
evapotranspiration.

e  Erosion — The erosion component of GLEAMS simulates the movement of sediment over the land surface
using the USLE (Universa Soil Loss Equation). The GLEAMS model also calculates pesticide loss
associated with the erosion of soil particles.

e  Pedticide — The pesticide component of the GLEAMS model simulates the movement of pesticides through
an agricultural system by associating the pesticides with both water and sediment. Pesticides are aerially
applied and may be intercepted by foliage. The chemica characteristics of the pesticide are used to
determine whether the pesticide will be held or released by soil organic carbon, or adsorbed to or washed of f
from living and dead plant tissue, and to predict the rate of pegticide degradation. The concentration of
pesticide at the soil surface determines the amount that is available for extraction into surface runoff and/or
movement into the soil profile.

The GLEAMS model has evolved through severa versions from its inception in 1984 to the present, and has been
evaluated in numerous climatic and soil regions around the world. The model was selected for usein thisinvestigation
because of its widespread acceptance, its suitability to this particular application, and the previous use of the modd to
support similar risk assessments for the U.S. Department of Agriculture (USDA) Forest Service (Forest Service;
Syracuse Environmental Research Associates, Inc. [SERA] 2001).

1.1 Application of GLEAMSto an Application Area

The GLEAMS model can be applied to simulate the short-term and long-term loads of pesticides from an application
area over a wide range of hydrologic and soils conditions. In this application, the model was used to represent
herbicidesinstead of insecticides. However, it was assumed that vegetation density is not altered by the application of
an herbicide. Since the herbicides in the model are selective and new native growth is expected to repopulate the
treated areas, the general vegetative characteristics of the application area are not expected to change dramatically.
This application is consistent with previous risk assessments conducted for the Forest Service (SERA 2001) and
provides an adequate representation of the fate and transport of herbicide in field-sized application areas.

BLM Vegetation Treatment Using Herbicides B-1 October 2004
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Hydrologic predictions are developed in GLEAMS using an array of standard equations, including erosion and
pesticide characteristics, to predict the fate and transport of specific pesticides in a field-sized area. In addition to
considering characteristics of precipitation, the soil, and the pesticide applied, the GLEAMS model estimates plant
coverage over the agricultural field and the resultant effect on the Leaf Area Index® (LAI) as it changes throughout
the year. By incorporating the effect of vegetation on the hydrologic cycle, the GLEAMS model is able to effectively
capture the temporal distribution of pesticides both exported from the agricultural site and retained within the site. The
model predicts the loads of pesticidesin surface runoff and in percolated groundwater.

The data required for a GLEAMS simulation include a wide variety of descriptions of the climate, surficia
topography, subsurface soils, vegetation type, and growing potential, as well as herbicide-specific information (i.e.,
chemical properties that may affect the behavior of the herbicide in the model). The following briefly describes a
subset of the data required to successfully simulate the effects of an herbicide on an application areausing GLEAMS:

e  Precipitation — Daily rainfall records for the entire simulation period are required to provide input to the
hydrologic simulation. The volume of precipitation strongly controls the amount of runoff and percolation
of associated herbicides.

e Climate — Daily averages of standard meteorological data are necessary to characterize precipitation as
either rain or snow and to calculate variations in monthly evapotranspiration. Since evapotranspiration is a
large component of the hydrologic cycle, the climate (e.g., temperature and humidity) can affect the volume
of water leaving the application area as runoff or subsurface flow.

e  S0il Characteristics — Soil characteristics (as identified by soil type) are applied to the GLEAMS model to
facilitate the calculation of runoff and percolation from the application area.

e  Vegetation/Ground Cover — Plant growth on agricultural fields controls the partitioning of pesticide to either
the soil or foliar surfaces and controls the rate of evapotranspiration, which can be a significant component
of the hydrologic balance.

e Herbicide Properties — The varying distribution of pesticide concentrations predicted by GLEAMS in an
agricultural system is largely dependent on the chemical-specific properties used in the model, such as
sorption coefficients and decay rates. These values are herbicide-specific and can vary significantly. Export
rates predicted by GLEAMS, therefore, can be quite different between herbicides.

Given the many parameters associated with a GLEAMS simulation, the potentia range of values for each parameter,
and the variation of these parameters on public lands, a large number of application scenarios are possible. This
summary identifies the most important parameters and provided a review of the impacts of their variation on the
loading and concentration of the predicted herbicides.

1.2 GLEAMSModd Scenarios

The GLEAMS model was applied using a variety of model inputs to investigate the variahility in the predicted export
of a specific herbicide in response to a variety of realistic environmental conditions. The effect of changing
environmental conditions on the export of herbicide from an application area was assessed in two distinct phases:

e Phase |: Variable soil type and annual precipitation — The effects of soil type and cumulative annual
precipitation were investigated by developing a single redlistic GLEAMS scenario and then varying these
two components. Three soil types—sand, loam, and clay—and their respective soil characteristics were
applied to the model. The model was then used to calculate herbicide export in environments with an annual

! Leaf Arealndex (LAI) refersto the amount of land in a given area covered by leafy vegetation when viewed from directly overhead. An
LAI of 1, for example, would indicate the entire area is covered by leafy vegetation.
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precipitation of 5, 10, 25, 50, 100, 150, 200, and 250 inches. In total, there were 24 simulation
combinations in thisfirst phase of the modeling application.

e Phasell: Variable physical characteristics — The effect of varying six physica parameters (soil type, soil
erodibility factor, size of application area, hydraulic ope, surface roughness, and vegetation type) was
investigated by changing each of the parameters individually and then recording the results. Precipitation
was held constant at 50 inches. There were three variations for each of the six parameters, resulting in 18
simulationsin this second phase of the modeling application.

The combination of scenarios included in each of the two phases of GLEAMS modeling produced results for 42
simulations. These simulations provide an indication of the effects of a variety of environmental conditions on the
export of herbicide to offsite receptors. Each GLEAMS simulation was used to provide estimated exposure
concentrations (EECs) for several exposures scenarios (e.g., pond, stream, off-site soil). A summary of the input
characteristics used in Phase | and Phase Il of the GLEAMS modeling is presented in Table B-1.

1.2.1 Scenario ldentification Phase |

As discussed above, soil type and precipitation were varied in Phase | of the modeling. Each scenario was labeled
indicating the soil type and precipitation level. For example, in the label “G_BASE _SAND_005" (Table B-1), “G”
refersto the GLEAMS model, and “BASE” indicates that it isa Phase | (or base level) scenario. “SAND” refersto the
soil type (other labels may be “LOAM” or “CLAY™"), and the number “005” indicates the amount of precipitation (5
inches). The application area, hydraulic ope, surface roughness, USLE soil erodibility factor, and vegetation type
remained constant. Eight levels of precipitation were used, ranging from 5 to 250 inches.

1.2.2 Scenario ldentification Phasel |

In Phase Il of the modeling, the precipitation rate remained constant, while each of the other six parameters were
varied, using three different values. The labels for Phase 1l (e.g., G VGV1 050, Table B-1) identify the data as a
GLEAMS run (*G”), indicate the amount of precipitation (e.g., 050 for 50 inches), and identify which parameter was
varied (application area [ARV], hydraulic dope [SLV], surface roughness [RGV], USLE soil erodibility factor
[ERV], vegetation type [VGV], or soil type[STV]) and a which interval (i.e., 1, 2, or 3).

1.3 Sourcesof DataUsed in GLEAMS Simulations

Several model-input scenarios were developed to simulate the effect of a variety of soil conditions and annual rainfall
totals on multimedia herbicide concentrations in a hypothetical watershed. Toward this end, a smple watershed was
described in the GLEAMS model using climatic characterigtics typical of a site in Medford, Oregon. Physica
characteristics of the watershed were not based on any particular characteristics of watersheds in the vicinity of
Medford, but were instead representative of a typical watershed in a temperate climate. Medford was selected as a
representative site because of its inclusion in the dust transport modeling (ENSR 2004) completed as part of the
ecological risk assessment (ERA)for the PEIS.

1.3.1 Precipitation

Rainfall distribution was described in the GLEAMS model using a daily hyetograph (i.e., a chart that shows the
average distribution of rainfall in a given area) from Medford, Oregon, from 1990, when atotal of approximately 13.5
inches of precipitation was recorded. The GLEAM S model used the hyetograph to describe the annual distribution of
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TABLE B-1
Parameters Used in GLEAM SModeling

Scenario Name from Prgcinp?iz;atlion App;l\ircgion Hyg;zlélic Surface IlEJrSoﬁillzblsl\ﬂl)l/ Vegetation Sail

GLEAMS (incheslyear) (acres) (feet/fect) Roughness (t;a]l/c;(:)rre) Type Type

Phasel
G_BASE_SAND_005 5 10 0.05 0015 0401 Weeds (78) Sand
G_BASE_CLAY_005 5 10 0.05 0.015 0.401 Weeds (78) Clay
G _BASE LOAM_005 5 10 0.05 0.015 0.401 Weeds (78) Loam
G_BASE_SAND_010 10 10 0.05 0.015 0.401 Weeds (78) Sand
G_BASE _CLAY_010 10 10 0.05 0015 0.401 Weeds (78) Clay
G_BASE_LOAM_010 10 10 0.05 0015 0401 Weeds (78) Loam
G_BASE_SAND_025 25 10 0.05 0.015 0.401 Weeds (78) Sand
G BASE CLAY_025 25 10 0.05 0.015 0.401 Weeds (78) Clay
G_BASE_LOAM_025 25 10 0.05 0.015 0.401 Weeds (78) Loam
G_BASE_SAND_050 50 10 0.05 0.015 0.401 Weeds (78) Sand
G_BASE CLAY_050 50 10 0.05 0015 0401 Weeds (78) Clay
G_BASE LOAM_050 50 10 0.05 0.015 0.401 Weeds (78) Loam
G_BASE_SAND_100 100 10 0.05 0.015 0401 Weeds (78) Sand
G_BASE _CLAY_100 100 10 0.05 0.015 0.401 Weeds (78) Clay
G _BASE LOAM_100 100 10 0.05 0.015 0401 Weeds (78) Loam
G_BASE_SAND_150 150 10 0.05 0015 0401 Weeds (78) Sand
G_BASE CLAY_150 150 10 0.05 0.015 0.401 Weeds (78) Clay
G_BASE_LOAM_150 150 10 0.05 0015 0401 Weeds (78) Loam
G_BASE_SAND_200 200 10 0.05 0.015 0.401 Weeds (78) Sand
G BASE CLAY_200 200 10 0.05 0.015 0401 Weeds (78) Clay
G_BASE_LOAM_200 200 10 0.05 0.015 0.401 Weeds (78) Loam
G_BASE_SAND_250 250 10 0.05 0.015 0.401 Weeds (78) Sand
G_BASE CLAY_250 250 10 0.05 0015 0401 Weeds (78) Clay
G_BASE LOAM_250 250 10 0.05 0.015 0.401 Weeds (78) Loam
Phasell

G_ARV1 025 50 1 0.05 0.015 0.401 Weeds Loam
G_ARV2_025 50 100 0.05 0.015 0.401 Weeds Loam
G_ARV3 025 50 1000 0.05 0015 0401 Weeds Loam
G_SLV1 025 50 10 0.005 0.015 0.401 Weeds Loam
G SLV2 025 50 10 001 0.015 0401 Weeds Loam
G_SLV3 025 50 10 0.1 0.015 0.401 Weeds Loam
G_RGV1 025 50 10 0.05 0.023 0.401 Weeds Loam
G_RGV2_025 50 10 0.05 0.046 0.401 Weeds Loam
BLM Vegetation Treatment Using Herbicides B-4 October 2004
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TABLE B-1 (Cont.)
Parameters Used in GLEAM S Modeling
_ . USLE Soil

Scenario Name from A.nr?ual. Application Hydraulic Surface Erodibility Vegetation Sail

GLEAMS I?rem pitation Area Slope Roughness Factor Type Type

(incheslyear) (acres) (feet/feet)
(ton/acre)
Phasell (Cont.)
G RGV3 025 50 10 0.05 0.15 0401 Weeds Loam
G_ERV1 025 50 10 0.05 0.015 0.05 Weeds Loam
G _ERV2 025 50 10 0.05 0.015 0.2 Weeds Loam
G_ERV3_ 025 50 10 0.05 0.015 0.5 Weeds Loam
G_VGV1 025 50 10 0.05 0.015 0.401 Shrubs Loam
G_VGV2_025 50 10 0.05 0.015 0.401 Rye Grass Loam
G_VGV3_ 025 50 10 0.05 0.015 0.401 Conifer + Loam
Hardwood
G_STV1 025 50 10 0.05 0.015 0.401 Weeds Silt Loam
G_STV2_ 025 50 10 0.05 0.015 0.401 Weeds Silt
G_STV3 025 50 10 0.05 0.015 0.401 Weeds Clay
Loam

Note: Parameters changed in each scenario are presented in boldface text.

precipitation during the model simulations and eight different precipitation totals: 5, 10, 25, 50, 100, 150, 200, and
250 inches per year (infyr). The annual distribution of rainfal (Figure B-1) was scaled using the eight hypothetical
precipitation totals. During Phase Il of the GLEAMS modeling, precipitation was held constant (50 in/yr), and some
of the watershed characteristics and erosion properties were varied.

1.3.2 Climatelnformation

The meteorological information used to support the GLEAMS simulations was derived from a station in Medford,
Oregon. This site was selected to provide climatic data because it was also used in the dust modeling completed for
this risk assessment, and because it does not receive very much precipitation in the form of snowfall. Use of snowfall
in GLEAMS smulations affects model outputs by predicting a large pulse of runoff and percolation, which is caused
by the melting of a substantial snow pack that develops during the winter months. The timing and magnitude of such
events is highly variable and difficult to generalize across sites. The omission of this scenario should not result in
under-prediction of risk because of the inclusion of high precipitation scenarios among the simulations. Such high
precipitation events yield high runoff similar to hypothetical snowmelt events.

Climate data included maximum and minimum daily average temperatures, daily average solar radiation, wind
movement, and dew point temperature for each month (Table B-2). This information was used primarily to calculate
monthly average evapotranspiration rates, which have a strong effect on the overall hydrologic budget. High
evapotranspiration rates result in a net loss of water to the application area. Percolation rates are low because minimal
water migrates vertically through the unsaturated soil zone, and runoff is also low because of the reduced moisture
conditionsin the unsaturated soil zone. Climate data did not vary during any of the Phase | or Phase || simulations.
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1990 Precipitation at Medford, Oregon
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Figure B-1 Daily Rainfall Totalsfor 1990 at Medford, Oregon
TABLE B-2
M eteor ological Values Used to Represent the Climate in M edford, Oregon
Input Unit Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec
Maximum °F | 4517 | 5278 | 5816 | 64.85 | 7284 | 80.62 | 89.80 | 89.19 | 82.44 | 69.03 | 5320 | 45.03
temperature
Minimum °F | 3003 | 3213 | 3482 | 3809 | 4348 | 49.77 | 5450 | 5369 | 47.40 | 40.06 | 34.23 | 3166
temperature
Solar
radiiation Langley | 114 | 210 333 477 588 | 647 | 697 | 602 | 444 | 276 149 92
Wind Miles | o0 | 272 | 201 | 204 | 200 | 301 | 300 | 285 | 256 | 240 | 245 | 252
movement per day
Dew point °F 32 4 35 38 42 46 49 49 45 43 37 34

1.3.3 General Hydrology

The hydrology and erosion components of the GLEAMS model require a basic description of the field application
area for calculation of runoff intensity, evapotranspiration, and sediment erosion and export. The values selected for
the Phase | GLEAMS simulations are representative of the size and shape of a typical application area with a
moderate slope in the vicinity of Medford, Oregon. None of the general hydrology components were atered during
the Phase | GLEAMS simulations, but some were included in the Phase || variation (Table B-3).

TABLE B-3
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General Characteristics of Watershed Used in Phase| GLEAM S Simulations
Phase | Phasell
I . Value Value Value
Description Units | Value | yriable1 | Variable2 | Variable3

Drainage area of field acres 10 1 100 1,000
Hydraulic slope of field ft/ft 0.050 0.005 0.01 0.1
\r/;/t?(t)ermed length to average width ft/ft 1 (square) 1 (sguare) 1 (sguare) 1 (square)
Mean sealevel elevation ft 1,300 1,300 1,300 1,300
Latitude degrees 42.37 42.37 42.37 42.37

1.34 Soil Characteristics

To quantify the effects of variable soil characteristics on herbicide export rates, the GLEAMS model was applied to
application areas described by three different soil types in Phase I: sand, loam, and clay (Table B-4). These three
categories are reflective of a wide range of expected runoff characteristics, which directly affect the export of water,
via both overland flow and percolation, and associated herbicide. For example, sandy soils tend to favor percolation
instead of overland flow, and relatively little water is held in the soil matrix and available for evapotranspiration.
Since a large portion of the residua herbicide is exported from the application area via subsurface flow, the export
rate is more constant with time from sandy soils than under the conditions of clay soils. In contrast to the sandy soils,
clay soils tend to favor overland flow instead of percolation, and export rates are more storm-dependent and therefore
more variable. Furthermore, clay soils do not facilitate a high degree of evapotranspiration because of the relatively
low field capacity and tendency of the soil matrix to store water. Loam soils tend to facilitate the percolation of water,
but then act as a reservoir that supports high rates of evapotranspiration. Therefore, the total export rate of water from
aloam soil isless than that from either a sand or clay soil. In Phase |1, three new soil types were evaluated: silt loam,
clay, and clay loam (Table B-4).

1.35 Eroson

The erosion of sediment from the soil surface can provide a major source of offsite transport of herbicide and
sediment. The erosion of sediment from a watershed is dependent on both the volume and intensity of rainfall and on
the relative vulnerability of the soil surface to erosion induced by rainfall and associated runoff. The GLEAM S model
uses the USLE to predict sediment export from a field with applied herbicide. The USLE incorporates several factors
to consider the effects of storm intensity, soil erodibility, and erosion vulnerability, and to calculate a mass of materid
that is disodged and moved within a representative watershed. The determination of how much sediment is actualy
exported from the watershed, presumably into an adjacent stream or pond, is determined using a watershed delivery
ratio. These properties are summarized in Table B-5.

1.3.6 Herbicide

The GLEAMS modd predictions of herbicide export rates and concentrations are dependent on the physical and
chemical characteristics associated with each specific herbicide (Table B-6). The parameters that most strongly
control the model predictions include coefficients that describe the equilibrium partitioning between the dissolved and
particulate phase of the herbicide and the decay rate of the herbicide due to environmental conditions.
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TABLE B-4
Physical Characteristics of Soil Types Considered for GLEAM S Smulations
Soil Type Units Sand Loam Clay Silt Loam Silt Clay Loam
Parameters
Soil evaporation parameter | ----- 3.3 4.5 3.5 45 4.0 4.0
Porosity in%in® 0.40 0.40 0.47 0.43 0.47 0.40
Field capacity infin 0.16 0.26 0.39 0.32 0.27 0.35
Wilting point infin 0.03 0.11 0.28 0.12 0.03 0.22
Saturated conductivity in/hr 0.40 0.15 0.01 0.20 0.20 0.10
Organic matter content % 0.5 25 5.0 35 4.0 45
Percent clay % 5 20 50 20 10 35
Percent silt % 5 35 30 60 85 30
Curvenumber | - 49 69 84 79 79 84
TABLE B-5
Erosion Properties Applied to GLEAMS Simulations
Phase| Phasell
. . Value Value Value Value
Description units Variable1 | Variable2 | Variable3
Drainage area represented by profile acres 10 1 1000 1,000
Length of overland profile ft 2,087 2,087 2,087 2,087
Slope of overland profile ft/ft 0.050 0.050 0.050 0.050
Soil erodibility factor ton/acre 0.401 0.05 0.2 0.5
Soil lossratio for overland profile | - 0.1 0.1 0.1 0.1
Contouring factor for overland profile | -—--- 0.5 0.5 05 0.5
Manning' sroughnessfor overland profile |~ ----- 0.015 0.023 0.046 0.15
TABLE B-6
Herbicide Characteristics Applied to GLEAM S Simulations
— c
§ 2 o 5 c T ;
2] N = =2 3 S 8 =
Description = o § T3 £ 5 £ 3
= = = ko) o | 2
a @ = 5
Water solubility mg/L 5,850 36,000 244 2,500 42 815 | 7,000
Foliar half life days 30 30 10 30 30 20 30
Soil-water partitioning | (mg/kg)/
coefficient (mg/L) 87 160 99 71 389 75 40
Fraction on foliage
avalablefor washoff | T 0.71 0.62 0.65 0.90 045 | 0.75| 0.75
Soil half life days 9 116 30 1,077 372 275 30
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1.4 Summary

The GLEAMS model has been used to predict the rate of herbicide loading from application areas to nearby potential
ecological receptors. Potential application areas in public lands include a variety of different site-specific conditions.
While it is not possible to model each of these conditions separately, an effort was made to identify important model
inputs and then to vary them over a meaningful range. Varying model inputs has been done to support the evaluation
of model uncertainty (i.e., to highlight the potential range in estimated exposure concentration with site conditions), as
well as to help the BLM land manager understand those conditions that are likely to result in significant changes in
exposure and potentially evaluate those conditions on a site-specific basis.

From this general evaluation, it is clear that the annual precipitation amount and soil type are important predictors of
herbicide loading. At very low annual precipitation rates, the amount of off-site herbicide loading is very low as most
or al of precipitation is lost to evapotranspiration and none is available to carry herbicide offsite. As the annua
precipitation amount increases beyond the annual evapotranspiration amount, both surface and groundwater runoff
and associated herbicide loading increase. Similar trends are seen with soil type. Soils that alow infiltration, but hold
water in the root zone tend to yield less herbicide to off-site receptors. On the other hand, soils that yield high surface
runoff (i.e., clays) or sub-surface runoff (i.e., sands) are predicted to have higher off-site loadings of herbicide. Other
model input parameters aso affect the amount of herbicide predicted to leave the application area in runoff. These
include land dope, vegetation type, etc. The following section describes the process used to summarize the effects of
these variables on predicted exposure. The results of this “sensitivity analysis’ are presented in the ERAS for the
various herbicides.
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2.0 SENSITIVITY ANALYSIS

The variability and uncertainty associated with the GLEAMS model predictions was evaluated through a sensitivity
analysis of severa key model input parameters. The goa of the sensitivity analysis was to investigate the influence
that moddl input parameters (and the characteristics of the watershed that they represent) have on the exposure
concentrations predicted by GLEAMS.

The sensitivity analysis consists of changing given variables within the range of feasible values while holding al
other input parameters constant, and then calculating the change in the estimated exposure concentration. For
insensitive parameters, a significant change in the input value (e.g., factor of 10 or, adternatively, across the entire
range of feasible values) might result in little or no change in the estimated exposure concentration. On the other
hand, a factor of 10 change in a sensitive parameter might result in a greater than 10-fold increase in the estimated
concentration. For example, as annual precipitation begins to exceed evapotranspiration and runoff is generated, the
offsite transport of herbicide is predicted to increase substantially.

Variables for evaluating sensitivity (soil type, soil erodibility factor, size of application area, hydraulic sope, surface
roughness, and vegetation type) were selected based on their likelihood of influencing model predictions, and their
ease of determination in a typica field application. The base case for the senditivity analysis used the annual
precipitation rate of 50 inches and aloam soil type. The only scenarios that deviated from this arrangement were those
that investigated the importance of soil type.

The presentation of parameter sensitivity is intended to support the assessment of uncertainty in the ERA process. As
importantly, it highlights the importance of certain site characteristics so that land managers may consider the need to
evaluate risks on a site-specific basis.

2.1 Senditivity Variables

A sensitivity anadlysis of the GLEAMS model was performed for each of the terrestria herbicides (bromacil,
chlorsulfuron, diflufenzopyr, diuron, imazapic, sulfometuron methyl, and tebuthiuron). The results of these analyses
are presented in the herbicide-specific ecological risk assessments. As discussed above, a total of six variables were
selected for the sengitivity analysis of the GLEAMS model, based on their potential to affect the outcome of a
simulation, and the likelihood that these variables would change from site to site:

1. Annual Precipitation - The effect of variation in annual precipitation on herbicide export rates was investigated to
determine the effect of precipitation, or more specifically runoff, on predicted stream and pond concentrations. It
is expected that the greater the amount of precipitation, the greater the expected exposure concentration.
However, this relationship is not linear because it is influenced by additional factors, such as soil porosity. The
lowest and highest precipitation values evaluated were 25 and 100 inches per year, respectively.

2. Application Area — The effect of variation in field size on herbicide export rates was investigated to determine the
effect of application area on predicted stream and pond concentrations. The lowest and highest values for
application areas evaluated were 1 to 1,000 acres, respectively.

3. Field Sope — The effect of variation in field ope was investigated during the sensitivity analysis to determine
the degree to which application areas with steep sopes either diminished or enhanced runoff and herbicide
export. The slope of the application field affects both the predicted runoff and percolation and the degree of
sediment erosion resulting from rainfall events. The lowest and highest values for slope evaluated were 0.005 to
0.1 (unitless), respectively.

4. Surface Roughness — The effect of variability in the roughness of the application area was investigated during the
sengitivity analysis by adjusting the Manning Roughness value. This parameter is a measure of surface roughness
and is used in the GLEAMS model to predict runoff intensity and erosion of sediment. The Manning Roughness
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value is not measured directly, but can be estimated using the general surficial characteristics of the application
area. The lowest and highest values for surface roughness evaluated were 0.015 to 0.15 (unitless), respectively.

5. Erodibility — The effect of variation in soil erodibility was investigated during the senditivity analysis to
determine the effect of soil erodibility on predicted river and pond concentrations. The soil erodibility factor is
the average long-term soil and soil-profile response to the erosive powers of rainstorms. This is a lumped
parameter representing an integrated average annual vaue of the total soil and soil profile reaction to a large
number of erosion and hydrologic processes. These processes consist of soil detachment and transport by
raindrop impact and surface flow, localized redeposition due to topography and tillage-induced roughness, and
rainwater infiltration into the soil profile. The lowest and highest values for erodibility evaluated were 0.05 to 0.5
tons per acre, respectively.

6. Pond Volume or Sream Flow Rate — The effect of variability from pond volume and stream flow on herbicide
concentrations was evaluated as part of this sengitivity analysis. The lowest and highest pond volumes evaluated
were 0.41 and 1,640 cubic meters (0.54 and 2,145 cubic yards), respectively. The lowest and highest stream flow
values evaluated were 0.05 to 100 cubic meters per second (cms; 0.07 to 131 cubic yards per second),
respectively.

7. Soil Type — The significant influence that soil characteristics have on predicted herbicide export rates and
concentration was investigated by simulating different soil types within the application. In this sensitivity
analysis, clay, loam, and sand were evaluated.

8. Vegetation Type — The effect of variability in the type of vegetation cover on the application area was
investigated. Since the type of vegetation cover strongly affects the evapotranspiration rate, this parameter was
expected to have a large influence on the hydrologic budget. Plants that cover a greater proportion of the
application area for longer periods of the growing season will remove more water from the subsurface, and will
therefore result in diminished percolation rates through the soil. Vegetation types included in this sensitivity
analysis were weeds, shrubs, rye grass, and conifer and hardwood trees.

The effects of the eight different input model variables were evaluated to determine the relative effect of each variable
on model output concentrations. A base case was established using the following values:

Annual precipitation rate of 50 in/yr,
Application area of 10 acres,

Slope of 0.05 ft/ft,

Roughness of 0.015,

Erodibility of 0.401 tons/acre,

V egetation type of weeds, and
Loam soils.

Once the base case was established, one input variable was adjusted. The difference between the result obtained from
the base case and the new case, with one adjusted input variable (+/- a factor of 10 from the base case), provides a
measure of sensitivity of output concentrations from that variable.

2.2 Summary

The sensitivity analysis was conducted to investigate the effect of changing general physical parameters on the
predicted export loads of herbicide from the application area. Variables not included in the sensitivity analysis were
those considered to have to greatest uncertainty in field application areas and for the most part cannot be measured or
are a least difficult to measure. The results of the herbicide-specific senditivity analyses are presented in each
herbicide-specific ERA report.
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3.0 COMPARISON TO MEASURED DATA

The ERAs rely on different models to predict the off-site impacts of herbicide use. For example, the GLEAM S model
is used to predict the loading of herbicide to nearby soils, ponds, and streams from overland runoff, erosion, and
groundwater runoff. The models have been developed and applied in order to develop a conservative estimate (i.e., an
over-estimate) of herbicide loss from the application area to the off-site locations.

The conservative nature of GLEAMS model predictions can be illustrated by comparing these predictions to the
recent work by Lerch and Blanchard (2003). These authors evaluated the rate of loading of six herbicides from several
watersheds and found that the median rate of loading ranged from 0.33 to 3.9% of the mass applied. Lerch and
Blanchard found that these rates of loss were “ considerably higher” than those observed in other parts of the country.
While the herbicides monitored by these authors were different than those assessed in the ERA, they have similar
physical-chemical properties®.

Using the GLEAMS model, the BLM has predicted median loss rates of 0.27 to 36% (median loss rates for each
herbicide are presented in the herbicide-specific ERAS), which is similar to or greater than the rates observed by
Lerch and Blanchard. This finding confirms that the GLEAMS modeling approach either approximates or over-
estimates the rate of loadings observed in the field.

2 Both sets of herbicides exhibit a range of properties that generally overlap one other. For example, the set evaluated by Lerch and
Blanchard exhibit arange of |og octanol-water partition coefficients of 1.7 to 3.5, while the set subject to the ecological risk assessment
have arange of 1.1 to 2.9. Other properties that drive watershed fate and transport are also likely to vary as much within the two sets as
between them.
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4.0 CHRONIC AND ACUTE AMBIENT
WATER CONCENTRATIONS

The GLEAMS model daily predictions of herbicide export rates were used to calculate ambient water concentrations
of herbicide for both acute and chronic conditions. Ambient water concentrations were calculated for both ariver and
apond immediately adjacent to the application field, using runoff and percolation rates predicted by the model and the
mass of herbicide associated with each of these exports. Concentrations were calculated using an entire year of
predicted results that were extracted once the model had reached a quasi-steady state. Chronic concentrations were
calculated as the annual daily average from the last year of the simulation. Acute concentrations were calculated as
the maximum 3-day average from the last year of the simulation.

4.1 River Concentrations

Chronic and acute herbicide concentrations in river water were calculated by diluting the predicted daily runoff and
herbicide export into a stream flowing at 4.23 ft*/second (sec) (0.12 m%sec).® The following equation was used to
calculate river concentrations during a 1-year quasi-steady period:

Runoff + Perc. MassRate
Runoff + Perc.Flow ;, + River Flow

River Concentration 0=

4.2 Pond Concentrations

Ambient water concentrations of herbicide for a representative pond were calculated using an approach similar to that
used to calculate river concentrations. Pond concentrations were calculated by assuming a fixed pond volume and a
daily inflow of mass and water to the pond, dependent on recent precipitation, runoff, and percolation characteristics.
Because the pond has a fixed volume, the concentration resulting from an influx of runoff and percolation water
replaces an equa volume of pond water. Therefore, there are three unique possibilities that can occur as a daily
volume of runoff and percolation enters the pond. In addition to the effect of runoff and percolation water, there are
natural decay processes that influence the ambient water concentrations of herbicide in the pond.

1. Pond Concentration (if export volumeis zero): If there isno predicted export of water and associated herbicide
to the adjacent pond, then the pond concentration is ssimply the decayed concentration from the previous day. The
following equation was used to caculate pond concentrations on days when there was no predicted runoff or
percolation to the pond:

—kt
Pond Conc;, =Conc;_;, * &

2. Pond Concentration (if export volumeis greater than zero and less than the pond volume): If there is some
export of water and associated herbicide to the adjacent pond, but the volume of water exported is less than the
volume of the pond, then the resulting pond concentration is a volume weighting of the previous day’s pond
concentration and the runoff concentration. The following equation was used to cal culate pond concentrations on

3 As described in the main document, the stream size was established at 2 meters (6.6 feet [ft]) wide and 0.2 meters (8 inches) deep with a
mean water velocity of approximately 0.3 meters (12 inches) per second, resulting in a base flow discharge of 0.12 cubic meters per
second (cms; 0.16 cubic yards).
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days when runoff and/or percolation was predicted to enter the pond at a volume less than the pond maximum

volume:

Runoff + Perc Mass Rate ;) _ ( Runoff + Perc Vol J

Pond Conc ;, =
Runoff + Perc Flow Pond Vol
.kt Runoff + Perc Vol
+Conc ;4 *e 1-
Pond Vol

3. Pond Concentration (if export volume is greater than the pond volume): If the volume of water in the export
is greater than the volume of the pond, than the pond concentration is simply the concentration of the water
entering the pond. The following equation was used to calculate pond concentrations on days when the predicted
runoff and percolation volume exceeded the volume of the pond:

Runoff + PercMassRate;,
Runoff + Perc Flow g

Pond Conc ;) =
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