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Section 1:

Introduction

This Biological Assessment (BA) addresses effects to Indiana bats (Myotis sodalis), gray
bats (M. grisescens) and bald eagles (Haliaeetus leucocephalus) caused by the proposed
relocation of the U.S. Amy Chemical School and U.S. Army Military Police School from Fort
McClellan to Fort Leonard Wood, Missouri (Figure 1-1). Both bat species are listed as
endangered, and the bald eagle is listed as threatened by the U.S. Fish and Wildlife Service
(FWS).

This BA was prepared by 3D/Intemnational, Inc., Environmental Group, dba
3D/Environmental (3D/E), as a subcontractor to Harland Bartholomew and Associates, Inc.
(HBA), for the U.S. Amy Corps of Engineers, Kansas City District (COE). This BA was
developed in accordance with 50 CFR Part 402 and the Endangered Species Act of 1973, as
amended (ESA).

This BA incorporates information by reference [50 CFR Part 402.12 (g)] from the
Biological Assessment of the Ongoing Mission at Fort Leonard Wood (3D/Environmental 1996a),
and the Preliminary Draft Environmental Impact Statement for Relocation of the -U.S. Amy
Chemical School and U.S. Army Military Police School to Fort Leonard Wood, Missouri (HBA
1996), hereafter referred to as the EIS. These documents are accessible to the public, and have
been previously provided to the U.S. Fish and Wildlife Service, Columbia Missouri Field Office.
Effects of actions proposed in this assessment are similar in nature to those analyzed in the BA
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completed for the Ongoing Mission at Fort Lebnard Wood. This assessment addresses effects to
the same 3 species as the earlier BA. No habitat designated as critical occurs in the action area.

The Environmental Impact Statement assesses altenatives to implement three primary
elements of the proposed BRAC action (HBA 1996). This Biological Assessment addresses only
the preferred alternative (Table 1-1).

TABLE 1-1. Primary elements and altemative approaches analyzed in the Environmental
Impact Statement and this Biological Assessment.

Effects
Addressed

Element Altematives in in
EIS BA

Realign Training Mission

Army's Proposed Land Use and Facility Plan [Combined HQ and Instruction]
No Action Alternative

Relocate Current Practice Altemative =~

ST, KRR A

22 xS AR RN R R P RN
Environmentally Preferr raining Method Alternative .
Alternative 1 Land Use and Facility Plan [Combined Headquarters]

No Action Alterative

Relocate Current Practice Altemative

Optimum Training Method (Army’s Proposed Action)

Altemative

Environmentally Preferred Training Method Aiternative .
Alternative 2 Land Use and Facility Plan [Separate Headquarters]

No Action Altemative

Relocate Curmrent Practice Alternative

Optimum Training Method (Army's Proposed Action)

Alternative
Environmentally Preferred Training Method Alternative .

Provide Support Facilities
No Action Alternative _ °

Alternative 1 Land Use and Facility Plan [Combined HQ]
Alternative 2 Land Use Facility Plan [Separate HQ]

Realign the Population
Action Alternative

R
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Section 2:

Description of the
Proposed Action

2.1 BASE REALIGNMENT AND CLOSURE ACTIONS

This BA addresses effects of preferred alternatives of three primary elements: relocate the
training mission for the Chemical and Military Police Schools, provide facilities to support the new
Fort Leonard Wood mission, and realign the civilian and military population to implement the
mission (Table 1-1). A detailed description of preferred alternatives is provided in Section 3 of the
EIS. In general, altemnatives to relocate the mission indicate what activities are required to train
soldiers at Fort Leonard Wood. Alternatives to provide support facilities describe where
activities/construction will occur. Alternatives of the final element address when realignment of

the population to Fort Leonard Wood will occur.

Portions of this assessment required specific information regarding proposed actions at
Fort Leonard Wood. When this information was not available, 3D/Environmental based analyses
on assumed reasonable worst case scenarios. Descriptions of study methods in this document
state assumptions pertinent to effect findings.
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2.2 RELATED PROJECT DESIGN FEATURES

Fort Leonard Wood proposes certain management activities to assist in recovery of
Indiana bats, gray bats, and bald eagles. Project design features described in this section are

part of the proposed action.

2.2.1 Establish Bat Management Zones Around Freeman Cave

Gray bats are known to use Freeman Cave in all seasons exbept winter (see Section
5.1.1, Gray Bats on Fort Leonard Wood). Fort Leonard Wood will establish 3 bat management
zones around Freeman Cave to limit potentially harmful activity near the cave. Limits on activities
are identical to those currently in force for Saltpeter No. 3 Cave.

2.2.1.1 Restricted Zone'

Freeman Cave is off-limits for military operations. No development will occur in the 20
acre area (162 m radius) surrounding the cave. Foot maneuvers are permitted. No smoke, CS

gas, pyrotechnics, or noise simulators are permitted between 1 April and 30 October.

2.2.1.2 Bat Management Zone 1

Between 162 m and 457 m from Freeman Cave (160 ac), no bivouac, smoke, CS gas, or
use of noise simulators is permitted between 1 hour before sunset to one hour after sunrise. This
restriction applies between 1 April and 30 October. Foot maneuvers are permitted year-round.

Development of training facilities and sites will be given a low priority within Zone 1.

2.2.1.3 Bat Management Zone 2

Between 457 m and 1932 m from the cave, disruptive activities will be given a low priority
or restricted. Training activities resulting in loss of forest canopy must be approved by DPW

Natural Resources Branch.

2.2.2 Establish Landscape-Scale Forest Management Policy

Fort Leonard Wood will develop and implement management to maintain or enhance the
quality of forest on the Installation for endangered bats. Within 1 year of the Biological Opinion

regarding this assessment, Fort Leonard Wood will produce a written policy committing to

BIOLOGICAL ASSESSMENT SECTION 2

BRAC AcTiONS DESCRIPTION OF THE PROPOSED ACTION
US ARMY ENGINEER CENTER AND FORT LEONARD WOOD 5




management to maintain or enhance the quality of forest habitat on a landscape-scale. The
policy statement will specify a 2-year schedule to meet the following objectives.

1. Assess current forest conditions on the installation. Fort Leonard Wood will determine

the current amount, types, and condition of forest on the Installation.

2. Describe a desired future condition for forest habitat on the Installation. The desired
~ future condition will incorporate habitat requirements of endangered bats on a

landscape-scale.

3. Utilize the best available data conceming seasonal habitat requirements of Indiana
bats and gray bats to develop standards and guidelines for forest management

practices on the Installation.

4. Identify unique sites such as areas near certain caves and riparian areas that require
protection or special management considerations. Develop management guidelines
for identified unique sites.

Fort Leonard Wood will coordinate with the U.S. Fish and Wildlife Service (FWS) in
developing and meeting these objectives. Future forest management actions will follow the
standards and guidelines. Fort Leonard Wood will submit annual reports to the U.S. Fish and
Wildlife Service documenting forest management actions and compliance with established
standards and guidelines.

2.2.3 implement Erosion Control Measures During Construction

Fort Leonard Wooq will implement erosion control measures during proposed
construction. These measures will minimize the movement of sediment towards streams utilized
by bald eagles. Standard erosion control measures in pla'ce for all BRAC-related construction are
described below.

e Vegetative and structural erosion control practices will be constructed and maintained
according to standards and specifications.of the State of Missouri Department of
Natural Resources and/or the EPA document entitled Storm Water Management for
Construction Activities.
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o Construction shall follow Missouri Clean Water Law requirements for construction

activities. \

e All erosion and sediment control measures are to be in place prior to or as the first

step in construction.

o All areas disturbed by construction activities shall be seeded and mulched or sodded

and fertilized unless otherwise the area is to be paved or built upon.

2.2.4 Design and Implement Monitoring Program

A biomonitoring program will be prepared to assess effects of the BRAC action. The plan
will develop a moqiton'ng sfrategy to assess changes in habitat of Indiana bats, gray bats, and
bald eagles; alterations of prey populations or prey habitat, or alteration of other elements of the
ecosystem that directly influence survivorship of these species. Biocriteria, chemical specific
parameters, toxicity tests, and prey enumeration techniques will be selected and incorporated in
the biomonitoring plan. Biomonitoring will allow detection of changes and monitoring of physical,

chemical, and biological components of terrestrial and aquatic habitats at Fort Leonard Wood.
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Section 3:

Studies Completed

for the Biological
Assessment

The BA analyzes potential for, and magnitude of, direct, indirect, and cumulative effects
based upon the best available scientific and commercial data, including studies described in this
document. Fort Leonard Wood has completed extensive studies where effects of the proposed

action could not be adequately assessed using information currently available.

Potential effects of proposed BRAC actions on listed species can be grouped in 3 general

categories:
« Habitat modification resulting from proposed range, facility, and other construction.

3D/Environmental applied a habitat suitability index model to quantify effects of proposed
construction projects to Indiana bat summer habitat. Effects to gray bat summer habitat
and bald eagle winter habitat were qualitatively assessed with the use of Geographic

Information Systems and aerial photography.
e Disturbance caused by air- and substrate-borne sound generated by military training.

3D/Environmental completed laboratory studies to assess effects of air- and substrate-
bome sound on hibemating Indiana bats. We monitored the response of a surrogate
species (Myotis lucifugus) to stimuli approximating sounds generated by BRAC training.
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BRAC ACTIONS . STUDIES COMPLETED FOR THE BA
US ARMY ENGINEER CENTER AND FORT LEONARD WOOD 8




We assessed characteristics of sounds reaching caves used by gray bats. We evaluated
potential effects of these sounds using the best available information. A similar approach

was used to assess the effects of military-generated sound on bald eagles.

e Effects caused by exposure to toxicological agents.

3D/Environmental assessed the potential for toxicological effects to Indiana bats, gray
bats, and bald eagles. We evaluated effects of training materials to be used in the
proposed action, including fog oil and terephthalic acid obscurants, Biological Integration
Detection System (BIDS) training simulants, FOX training simulants, and non specific
simulants. An Ecological Risk Assessment was completed (Appendix IV).
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Section 4:

Indiana Bat
(Myotis sodalis)

4.1 BACKGROUND

3D/Environmental provides a detailed description of the species in the Biological
Assessment of the Master Plan and Ongoing Mission (1996). Section 4 of that document
describes the species’ life history and existing Installation management guidelines. We

incorporate those sections by reference.

4.1.1 Indiana Bats on Fort Leonard Wood

Indiana bats occur on Fort Leonard Wood year-round. Hibemating populations are
known from Wolf Den, Brooks, Davis No. 2 and Joy caves on the Installation (Figure 4-1).
Indiana bats also hibemnate in Great Spirit Cave, 5.6 km west of the Installation. Caves on and
near Fort Leonard Wood (Table 4-1) support approximately 1000 individuals, or approximately
0.3% of the total species population in 1995.

The Indiana bat population across the species range (as recorded from counts in
hiberacula) has declined since the late 1970's. Declines have been most dramatic in Missouri,
where the highest statewide population (353,000) was recorded in 1979. The 1991 Missouri
population was approximately 54% of the recorded high (MDC, March 1, 1995 letter to Russ
Rommé, 3D/E; MDC, November 24, 1993 Natural Heritage Database).
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TABLE 4-1. Indiana bat populations in hibemacula on and near Fort Leonard Wood,
Missouri. Years or caves without survey data are indicated (-).

Brooks Great Spirit
Year Wolf Den (Priority 2)* Davis No. 2 Joy (Priority 2)*
1954 - - - - 2000
1978 - 19,500 ‘ - : - -
1979 19 19,500 - - -
1980 - - - - 4000
1981 - 12,000 - - 1800
1983 - 11,150 - - 1600
1985 - 5500 - - 500
1987 - - - - 40
1989 - 3050 - - 35
1991 29 2700 - - 450
1992 - 1550 - - 625
1994 - - 95 131 -
1995 - 750 - - 450
1996 3 536 34 19 -

* Priority 1 hibernacula are caves with recorded maximum populations greater than 30,000 since
1960. Priority 2 hibemacula have maximum recorded populations since 1960 between 1000
and 30,000.

Indiana bat populations on Fort Leonard Wood have declined (Table 4-1). Populations
in Brooks Cave have declined over 95% since the 1970’s. The population in Great Spirit Cave
appears stable over the last several years, however the population in 1992 was only 15% of the
highest recorded population in the cave. Data are insufficient to describe population trends in

Wolf Den, Davis No. 2, and Joy caves.

Of Indiana bat hibemacula on, or near the Installation, only Great Spirit Cave has a
barrier restricting human entry. A chain link fence, topped with barbed-wire, surrounds the cave.
A barbed-wire livestock fence surrounds Wolf Den Cave, but does not discourage human entry
into the cave. Access to caves within the Installation boundary is controlied by regulation.
Signs are posted at entrances to Brooks, Wolf Den, Joy, and Davis No. 2 caves indicating dates
when entry is prohibited.

Indiana bats are present on the Installation during spring staging and fall swarming.
Telemetry studies were conducted for the Ongoing Mission BA, and are summarized in Sections
4.4 - 4.6 of that document. Indiana bats used areas between 173 acres and 13,090 acres
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during the spring. Females (n = 2) used areas averaging 844 acres (s.d. = 948 acres), foraging
ranges of males (n = 4) averaged 6837 acres (s.d. = 5300 acres). Indiana bats tracked during

autumn used areas ranging from 809 acres to 15,774 acres.

Indiana bats also occur on the Installation during the surrimer. Females typically arrive at
summer matemity areas in April and May. They form nursery colonies under exfoliating bark of
dead trees, or living trees such as shagbark hickory (Carya ovata) in upland or riparian forest. A
single matemity colony may consist of over 100 individuals (Gardner et al. 1991a). Maternity
colonies are found in a variety of other tree species, including slippery elm (Ulmus rubra),
American elm (U. americana), cottonwood (Populus delfoides), northem red oak (Quercus
rubra), post oak (Q. stellata), white oak (Q. a/ba), shingle oak (Q. imbricaria), sassafras
(Sassafras albidum), sugar maple (Acer saccharum), silver maple (A. saccharnnum), green ash

(Fraxinus pennsylvanica), and bittemut hickory (C. cordiformis).

Females typically give birth between late May and early July. Juveniles begin to fly
between early July and early August. By late September, most females have left summer areas

and returned to hibemacula.

Indiana bats forage during the summer in upland and floodplain forest (Brack'1983,
Humphrey' et al. 1977, LaVal et al. 1977, LaVal and LaVval 1980, Gardner et al. 1991a).
Foraging activities of Indiana bats are generally concentrated from 6 to 90 feet (2 to 30 m)
above the ground near the foliage of trees (Humphrey et al. 1977, Brack 1983). Indiana bats
use stream corridors and forest openings as flight corridors from roosts to foraging areas.

Two reproductively active female indiana bats, and a nonreproductive adult male Indiana
bat were captured within Installation boundaries in 1994 (see Section 4.5.4 of the Ongoing
Mission BA) (Figure 4-1). Capture of the adult male within 3 km of Wolf Den Cave and 4 km of
Brooks Cave was predictable. Males have been docdmented at other hibernacula throughout
the summer (Hall 1962, LaVal and LaVal 1980). Capture of two reproductively active female

Indiana bats indicates the presence of one or more maternity colonies on, or within several

kilometers of the Installation.
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4.1.2 Scope of Analysis

This biological assessment focuses upon portions of the BRAC action with reasonable
potential to affect Indiana bats. We assessed 3 general categories of effects in Sections 4.1.2.1
through 4.1.2.3 below.

4.1.2.1 Effect of Habitat Modification Caused by Proposed Construction

The proposed action includes construction and modification of bUildings, training ranges
and other support facilities (Figure 4-2). We assessed effects to summer habitat suitable for
male, female, and/or juvenile Indiana bats. The quality and quantity of habitat at proposed
construction sites were characterized and evaluated using a habitat suitability index model
(Rommeé et al. 1995).

4.1.2.2 Effect of BRAC-Related Sound on Hibernating Indiana Bats

The proposed BRAC action will bring training to Fort Leonard Wood which will utilize
equipment new to the installation. In addition, new training missions will require relocation of
several existing training ranges. We assessed effects of sound generated by new equipment
(M56 mobile smoke generator and M157 mobile smoke generator), by construction of BRAC
support facilities, and relocated training activities on Range 3, Range 4, Range 6, Range 10,
Babb Airfield (Air Force Base Recovery), and 16 Building MOUT (Military Operations in
Urbanized Terrain) to hibemating Indiana bats in Brooks, Wolf Den, Joy, and Davis No. 2 caves
on Fort Leonard Wood.

Proposed training ranges near Indiana bat hibemacula are described in Table 4-2 and
Figure 4-2. Sound sources from these training ranges which were examined for impacts to

hibermating Indiana bats are summarized in Table 4-3.

We examined only conservative scenarios for potential impacts of sound or vibration to
hibernating Indiana bats. We assumed worst-case sound conditions emanating from BRAC
training ranges (e.g., all smoke generators operating simultaneously). Given a particular sound
source, distance is the most important factor influencing sound levels reaching hibemacula.
Therefore, we examined sound generated only by proposed BRAC construction or training

activities closest to hibemacula (Figure 4-3).
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TABLE 4-2. Proposed training ranges near Indiana bat hibermacula on Fort Leonard
Wood which produce significant levels of sound. Sounds associated with these activities were

examined for effects to hibemating bats.

Proximate Distance Between
Cave Training Ranges Description of Trainirg Cave and Range (m)
Brooks Range 3 Zero Fire M16 1300
Range 4 Night Infiltration Course 1615
Range 6 Fire and Maneuver Course 2250
Range 10 U.S. Weapons 2700
Davis No.2 Mobile Smoke TA Obscurant, Employment 2420
(Bailey/McCann) Proficiency Test
Joy Mobile Smoke TA Obscurant, Employment 1750
(Cannon Range) Proficiency Test
Wolf Den 16 Building MOUT Military Operations in 1188
Urbanized Terrain
Babb Airfield Air Force Base Recovery 1720
BRACATINS DA BAT (HYOTS Sepack)
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TABLE 4-3. BRAC-related sound sources evaluated for impacts to hibemnating Indiana
bats and associated training ranges proposed near Indiana bat hibemacula on Fort Leonard

Wood.

Training Range(s) Sound Source
Range 3 Small Arms - 5.56 mm (M16)
Range 4 Night Infiltration Training - 5.56 mm (M16),

7.62 mm (M60), Ball and Tracer, Demolition
and Artillery Simulators

New Construction Projects Construction Equipment - bulldozers, earthmovers,
clamshells, graders, and scrapers

Range 6 Small Arms - 5.56 mm (M16)

Range 10 - Claymore Mines, 7.62 mm (M60), 40 mm Grenades

(M781 and M406) launched from M203 and AT4

Mobile Smoke Training Areas M56 Smoke Generator
Mobile Smoke Training Areas M157 Smoke Generator

16 Building MOUT Military Operations in
Urbanized Terrain (MOUT) - 5.56 mm
(M16) and 7.62 mm (M60)

Babb Airfield Air Force Base Recovery - sirens, vehicles,
generators and blowers,
decontamination apparatus
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4.1.2.3 Effect of Exposure to Toxicological Agents

Indiana bats may be exposed to training substances when they roost in trees or forage
during spring staging, during the summer matemity season, and during fall swarming. Indiana
bats hibemating in Brooks, Davis No. 2, Wolf Den, and Joy caves on the Installation, and in
Great Spirit Cave near Fort Leonard Wood may also be exposed. 3D/Environmental assessed
the potential for toxicological effects from exposure to a variety of training materials (Appendix
IV, Attachment A).

o Certain materials were excluded from detailed analysis in a preliminary screening. Exclusion
was based upon an assessment of toxicity, quantity to be used, storage and use location,
and method of deployment (Appendix IV, Attachment A).

¢ Certain other training materials were assumed to be of limited threat to listed species, and
were not evaluated in detail. Potential effects of these substances will be assessed in a
biomonitoring plan to be impiemented by the Installation (see Section 2.2.4).

o Certain materials were excluded from detailed analysis based upon results of a screening
level risk assessment (Appendix IV, Attachment A).

« Remaining training materials were evaluated in detail in an Ecological Risk Assessment
(Appendix 1IV). We evaluated effects of fog oil (obscurant), terephthalic acid (grenades and
smoke pots), and titanium dioxide (grenades).

We assumed exposure to toxic concentrations of any stressor would result in an effect.
Maximum concentrations at which stressors were nontoxic were converted to toxicity valués or
doses (e.g. NOAEL = No Observable Adverse Effects Level) not expected to result in adverse
health effects. Because toxicity data were derived from studies of laboratory animals (e.g. rats),
uncertainty factors (UF) were applied when deriving toxicity values for receptors. Uncertainty
factors account for anatomical, physiological, taxonomic, or morphological differences between

species for which the dose was calculated and the species of concem.

Toxicity Reference Values (TRV) were developed by applying uncertainty factors to the
doses (TRV = NOAEL/Uncertainty Factors) following Department of Army guidelines (Wentsel et
al. 1994) and procedures outlined in Calabrese and Baldwin (1993). TRVs provide conservative
estimates for toxicological effects levels where species-specific toxicity data are lacking. For
example, most Indiana bat TRVs in this BA were derived by reducing toxicity values of other
mammals by a factor of 1600 (1600 is the product of several multiplicative uncertainty factors).
The TRV approach is similar to the RfD approach used in human health risk assessments. Most
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RfDs developed for humans are derived from non-human toxicity values reduced by uncertainty

factors ranging from 10 to 10,000.

For fog oil, BIDS simulants, FOX Training simulants, and non-specific simulants, we
determined acute and chronic toxicity values available in the literature. We calculated acute and
chronic toxicity of TPA using BATS.XLS (3D/Environmental 1996).

Toxicological effects exhibited by test species from which TRVs were derived may or
may not adequately characterize effects likely to be manifested in receptors we evaluate here.
Common test species, such as rats, mice, and guinea pigs may demonstrate different effects
than can be expected in bats or eagles. "Critical Effects" listed in Appendix IV, Section IX are
manifested by test species, not Indiana bats. Where we predict receptors will be exposed to
unsafe concentrations, we do not necessarily expect Critical Effects will result. We list Critical
Effects as a reference only. Inferences from Critical Effects must be made with caution. Our

description of specific effects likely to be manifested by Indiana bats is limited by available

toxicity data.

Development of acute and chronic toxicity values for the receptors in this analysis is
beyond the scope of this Biological Assessment. These tests, if completed for the numerous
potential contaminants evaluated, are expensive, time consuming. It is common practice to

extrapolate toxicity values from test species to the species of interest.

Fog Oil

Fog oil has had several designations in its history which may lead to confusion. There
are two types of fog oil, "old" fog oil and "new" fog oil. Fog oil also has letter designations used
by the military for purchasing or issuing requests for production from manufacturers. Types A
and B are "old" fog oil (also referred to as SGF 1) that were manufactured under specifications
A and B before 1986. "New" fog oil, designated as type D, is also referred to as SGF 2 fog oil
(Standard Grade Fuel 2). It is the primary material used by the military to produce smoke at Fort
McClellan and other Department of Defense installations.

Fog oil designated as D is currently used at Fort McClellan, Alabama. Fog oil type D or
E will be used at Fort Leonard Wood. The chemical composition of Type D and E is the same.
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The different designations indicate tests required of manufacturers. Mutagenicity tests are

required for fog oil type D, mutagenicity and carcinogenicity tests are required on type E.

Mobile fog oil training (Training Activities 7.3 and 7.4 in the Environmental Impact
Statement assessing effects Relocation of U.S. Army Chemit_:al School and U.S. Army Military
Police School to Fort Leonard Wood, Missouri) is proposed in 4 areas: Musgrave Hollow,
Ballard Hollow, Cannon Range (Mush Paddle Hollow), Bailey/McCann Hollow. Static training
(Training Activity 7.2) is proposed only at Range 30F (FiQU(e 4-4). The number of fog oil
generators and fog oil consumption varies by training activity (Table 4-4), and training area
(Appendix IV, Section 5.3 and Attachment |, Table I-5).

We assessed effects assuming contaminants reach watercourses. We believe fog oil
will not cause indirect effects to listed species. 3D/Environmental (1996c) evaluated the
environmental fate of fog oil at Fort McClellan, Alabama. No increase of fog oil hydrocarbons
were noted in soil, surface water, sediment, tree bark, leaf, insect, or bat tissue samples taken
from fog oil exposure sites. Fog oil is biodegradable and will remain in soil only a few days,
depending on soil fauna present and time of year fog oil is released.

Harmful quantities of fog oil are not expected to accumulate in the environment at Fort
Leonard Wood because fog oil is readily biodegraded by aerobic microorganisms. Large
quantities of fog oil will not reach caves, groundwater, or other water systems via soil erosion,
deposition, or storm water runoff. When fog oil enters water, it is rapidly attenuated due to its
water solubility. Fog oil is biodegraded by microorganisms, and undergoes chemical
degradation in aqueous environments. We do not anticipate accumulation of fog oil or its
components in soil, groundwater, or surface water at Fort Leonard Wood. Prey are unlikely to

be affected by exposure to fog oil through aquatic pathways.

Terephthalic Acid

Terephthalic acid (TPA) will replace hexachloroethane (HC) by fiscal year 1999. HC is being
replaced by TPA because TPA is noncarcinogenic and it's combustion products are less toxic than
those of HC. TPA is used in floating or ground smoke pots, and in smoke grenades. TPA is ignited
and bumed to produce smoke. It is used alone, or in combination with fog oil to fill in incomplete fog

oil screens.
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TABLE 4-4. Proposed fog oil use at mobile and static training areas. The amount of fog
oil to be used at each mobile smoke training area is described in Appendix IV, Attachment |,

Table {-5.
Training Activity*
7.4 Mobile
7.2 Static 7.3 Mobile Field
Training Operations Training .

Maximum number of generators - 20 12 12
Maximum gallons fog oil per year 8500 20,000 56,000
Maximum gallons fog oil per day -—— 1200 gallons total from all sources--——
Fog oil Eroduction rate per generator (gpm) 0.66 0.66 0.66

*-see Table 3.1 (HBA 1996)

Terephthalic acid smoke grenades (M83) will be used at 22 sites across the Installation.
TPA smoke pots will be used at the 4 mobile smoke training areas (Figure 4-4) and 5 smoke pot
training sites (Figure 4-5). The frequency and magnitude of use varies by TPA device (Table 4-
5).

Prey species are unlikely to be affected by exposure to TPA through aquatic pathways.
The primary combustion products of TPA are carbon monoxide, carbon dioxide, sulfur dioxide,

TABLE 4-5. Proposed TPA smoke grenade and smoke pot use on Fort Leonard Wood.
TPA grenades will be used in Training Activities 1.2, 1.4, 1.7, 4.3, 4.4,6.1,6.2, and 6.4. TPA
smoke pot use is proposed in Training Activities 1.2, 7.3, and 7.4. See Table 3.1 (HBA 1996).

Maximum
Device Daily Expected Frequency of

Number Number Use/Year
Smoke grenade 141 3136 per year 131 days
release at any time
Smoke grenades to be 141 2242 from 93 days
released from November 1 -
November 1 - March 15 March 15
Smoke pot 59 950 per year 16 days
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benzene, toluene, and formaldehyde. These compounds are released in a gaseous state. ltis
very unlikely they will accumulate in soil or water because they volatilize and are transformed by
photochemical reactions. If small quantities enter groundwater or surface water systems, they
will be biodegraded by microorganisms. The particulate matter of TPA may be removed from
the atmosphere by dry or wet deposition. TPA is relatively insoluble in ‘water, but certain
combustion products may enter water systems. Quantities that entér water systems (i.e.
groundwater or surface water) will be rapidly degraded through photochemical reactions or
through biodegradation as TPA is an organic acid that many terrestrial and aquatic

microorganisms can use in metabolic processes.

Titanium Dioxide

Titanium dioxide is the major component of M82 grenades, used to simulate brass grenades.
Titanium dioxide grenades produce particles that obscure troops and equipment from infrared
detection. These grenades will be used at 22 sites across the Installation (Figure 4-5).
Approximately 48 grenades will be used per year, with no more than 24 grenades used per day

at any location. Training will occur approximately 2 days each year.

4.2 EFFECTS ANALYSIS AREA

Effects of the proposed action on Indiana bats are assessed within the Fort Leonard
Wood boundary. Where effects extend beyond the Installation boundary, impacts to Indiana

bats or important Indiana bat habitat are addressed.

4.3 AFFECTED HABITAT DESCRIPTION

A detailed description of the physical environment on the Installation, including
topography, physiology, climate, geology, seismicity, soils, air quality, water resources, and
vegetation is contained in Section 5 of the Environmental Assessment of the Master Plan and
Ongoing Mission (Harland Bartholomew and Associates 1995). The description of thése
resources is incorporated by reference. Additional information is included in Section 4.1 of the
Appendix IV to this BA.
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3D/Environmental (1996a) describes Indiana bat hibemacula, and habitat surrounding
the caves in Section 4.3 of the Ongoing Mission BA. The descriptions are incorporated by

reference.

4.4 STUDY METHODS
4.4.1 Effect of BRAC-Related Construction to Indiana Bat Summer Habitat

3D/Environmental investigated habitat within proposed construction areas (Figure 4-2).
We used a habitat suitability index model (Rommé et al. 1995) to assess suitability of proposed
construction areas to support summer foraging and roosting of Indiana bats. Habitat variables
important to summering Indiana bats were described for forested areas to be cleared.

Evaluated using the Indiana bat HSI model, the following habitat variables were

assessed at construction sites:

percent overstory canopy cover,
average diameter at breast height (dbh) of overstory canopy trees,
density of trees greater than 22 cm dbh,
density of trees greater than 22 cm with exfoliating bark (suitable roost trees),
percent vegetation cover from 2 m to bottom of overstory canopy,
- percent of trees 5 to 12 cm dbh, '
distance to permanent water, and
percent forest cover within 1 km of study site.

Habitat variables were measured within nested circular plots (0.05 acre and 0.0167
acre). We sampled 3 plots per forested acre. Representative sample sites were subjectively

selected within each proposed construction site.

3D/Environmental calculated the habitat suitability (HSI) of construction sites based upon
measured habitat variables. The HSI is a numerical index between 0.0 and 1.0 (0 = no value, 1

= optimal). Habitat quality (HSI) and quantity (acres) were evaluated to determine the number of

habitat units (HU) impacted by projects.

4.4.2 Effect of BRAC-Related Sound on Hibernating Indiana Bats

We measured and recorded sound from BRAC-related training activities. We examined
the potential impacts of BRAC-related sound on hibemating Indiana bats by presenting
recordings of training activities to 3 groups (replicates) of littie brown bats (Myotis lucifugus)
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hibemating under laboratory conditions. Little brown bats served as a model (surrogate) species

for Indiana bats. The assumption that littie brown bats and Indiana bats are similar in their

response to auditory stimuli is supported by several aspects of the biology of both species.
They are similar in size and morphology. The species share hibemacula and often roost near
each other, although different microclimates are selected (Henshaw 1965). Echolocation
signals of the two species are similar in their frequency range and peak frequencies (Fenton and
Bell 1981). Audiograms (measures of hearing ability) for little brown bats indicate the frequency
of greatest auditory sensitivity is near the peak frequency (frequency with the greatest energy)
of the echolocation signal (Henson 1970). Although audiograms are not available for Indiana
bats, we assume a similar relationship with their echolocation signals and thus a similar hearing

ability to little brown bats.

The experiment was replicated with 3 groups of bats (i.e., sounds were presented to one
group of bats, the bats were released, sounds were presented to a second group of bats, etc.).
For each replicate, sixteen littie brown bats were collected from a cave in Lawrence County,
Indiana. Hibemnating bats were removed from cave ceiling roosts by hand and placed in a cloth
bag. Sex of each individual was determined. Right forearm length was measured to the
nearest 0.5 mm, and weight to the nearest 0.1 g. A colored, numbered, split-ring plastic band
wés placed on the forearm for individual identification. After each bat was measured and
banded, it was placed in a transportation box designed to minimize stress during transport
(Kurta and Fujita 1988). The transportation box was placed on moistened foam rubber in a
thermoelectric cooler maintained at 8°C. Bats were transported from thé cave and placed in
roost cages in hibemation chambers within approximately 4 hours of their capture. Allocation of
individuals to experimental or control conditions was randorﬁ. Each group of 16 bats was
maintained in the laboratory for 7 days before sound presentations began.

We designed and constructed a special laboratory to study potential effects of sound on
hibernating bats. The laboratory (Figure 4-6) was designed to attenuate extraneous noise
sources while providing conditions to support hibernating bats and sound stimuli presentations.

The interior of the laboratory was a thermally insulated, near-anechoic chamber.

Control and experimental hibemation chambers were established on opposite ends of
the laboratory. In the control hibemation chamber, 6 bats were maintained in individual roost
cages. These bats were isolated from sound stimuli. We monitored body surface temperature
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of control bats to document pattemns of arousal in the absence of experimental sound stimulation.

Ten bats in the experimental hibermnation chamber received stimuli to determine whether
sound representing BRAC-related training activities caused hibernating bats to arouse (Figure 4-
7). Stimuli are described below. Hibemation roost cages were triangular in shape and
constructed of acrylic. Cages were lined on two surfaces with plastic mesh that provided a
surface from which bats could hang. Two Type T thermocouples were placed in each roost
chamber so that the tip protruded 2 mm above each mesh covered surface. As bats hung from
the mesh, they rested against one of the two thermocouples. Water was provided in a dish in the

bottom of each roost cage. Sound and air entered the roost cages through holes in the doors.

We constructed economical hibemation chambers from commercial refrigerators. Rubber
seals were removed from the doors and replaced with porous foam strips to permit air exchange
and eliminate pressure changes when chamber doors were opened. We isolated compressors
and coils to eliminate vibration. Climatic conditions in hibernation chambers were maintained to
represent natural hibemacula. Air temperatures ranged from 4°C to 8°C. Humidity varied
between 70% and 90%. Humidity was maintained by a tray of water placed in the bottom of
hibernation chambers. Limestone was placed in the water to facilitate temperature regulation (by
providing thermal mass) and to add a natural cave odor to the chambers.

Recordings of training activities made in the field were used as stimuli. Methods used to
record sounds are described in Section 4.4.5.1 of the Biological Assessment of the Master Plan
and Ongoing Mission (3D/Environmental 1996a). These methods are incorporated by reference.

We made the following assumptions regarding stimuli:

1. Recordings of activities on Range 1 represented sound generated on Range 3 and Range 6.
2. Sounds generated by construction activities are represented by recordings from TA 244.

3. Detonation of 40 mm grenades'and claymore mines on Range 10 are represented by
demolitions recorded on Range 38.
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FIGURE 4-7. Hibemation chamber used for exposing hibernating bats to BRAC-
related sound stimuli. An infrared video camera (not shown) was mounted in front
of lower group of roost cages.




Seven sound stimuli (recordings) were presented to 10 bats per replicate (experimental
subjects). Sound recordings used as stimuli are presented in Table 4-6. Smoke generator (M56
and M157) recordings were made at Edgewood Aréa, Aberdeen Proving Ground, Maryland.
MOUT and Air Force Base Recovery recordings were made at Fort McClellan, Alabama. All other
recordings were made at Fort Leonard Wood. Ten minutes was chosen as a reasonable duration
because it was not feasible to present the variety of possible duration of different training

activities.

Recordings presented represented worst-case conditions (i.e. the highest sound pressure
level of a particular sound reaching any hibemaculum). Sound level was determined for the
worst-case distance (i.e. closest) from a particular stimulus to a hibernaculum. Methods used to
model sound propagation (25 Hertz (Hz) to 20,000 Hz) are described in Section 4.4.5.4 of the
Biological Assessment of the Master Plan and Ongoing Mission (3D/Environmental 1996a).
These methods are incorporated by reference. Sound propagation was modeled during different
weather conditions using combined sound levels for those activities with multiple sources. For
example, mobile smoke training areas operate several smoke generators at one time. Sound
levels are increased when more than one smoke generator is running, however the sound from
two generators is not “twice as loud” as one generator (i.e., the relationship is not strictly additive).
For mobile smoke training areas, we assumed 12 generators running simultaneously. Because
.recordings and measurements were made of sound produced by a single generator, we used
standard methods for addition of sound levels (Harris 1991) to determine at source overall sound
pressure levels for 12 generators. Likewise, the siren on the mobile command vehicle, the

generator and blower, and the light decontamination apparatus from Air Force Base Recovery

“training were combined.

Sound propagation modeling incorporates the frequency spectrum of sounds measured.

We conducted a spectrum analysis of sound generated by MOUT training and found only

frequencies up to 4000 Hz were detectable at 65 m. Other BRAC-related sound contained
frequencies from 25 Hz to 20,000 Hz. Sound propagation modeling for 25 Hz to 20,000 Hz was
completed for the ongoing mission biological assessment (3D/Environmental 1996a). Sound

propagation modeling for 25 Hz to 4000 Hz was completed for this analysis.
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TABLE 4-6. Duration and sound levels of stimuli presented to hibernating little brown bats
in the laboratory.

Sound Level
Stimulus Duration Presented
(min) (dB SPL)
Range 4 - Night Infiltration Training 10 70
TA 244 - Construction Equipment | 10 , 65
Range 3 and Range 6 - Small Arms 10 73
Range 10 - Mines and Grenades 7 115
M56 Smoke Generator 10 68
M157 Smoke Generator 10 65
Military Operations in Urbanized Terrain 10 65
(MOUT) - Small Arms
Babb Airfield - Air Force Base Recovery 10 65
Presentation Control 10 0

Stimuli (Table 4-6) were presented to experimental bats with a digital audio tape (DAT)
player, 300 watt amplifier, and 200 watt speaker. The speaker was too large for installation inside
the hibemation chamber so the door to the hibemation chamber was opened during
presentations. The large speaker was chosen because of its superior low frequency response.
The protocol for stimulus presentations was as follows: The tape player and amplifier were
tumed on and adjusted to appropriate settings for the desired sound level. The hibemation
chamber door was opened and the speaker moved into position. The stimulus was played for 10
min, the speaker was removed, and the door to the hibernation chamber closed. Because this
procedure could have created a disturbance and caused a temporary increase in hibermation
chamber temperature, a control stimulus was also presented to experimental bats which inciuded
all activities associated with stimulus presentations except sound. A double layer of black felt
was suspended over the front of the interior of the experimental hibemation chamber to maintain

the temperature and eliminate visual disturbance during stimulus presentations.
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Following a 7-day acclimation period, one stimulus was presented each day between 1530
h and 1630 h. The order of presentation was randomized for each replicate (i.e., the stimuli were

not presented in the same order for each replicate).

Experimental and control study animals were retumed to their hibemaculum following an
experimental replicate. In the first replicate, one bat escaped from its hibernation cage and was
not found. Another died after becoming trapped in the door of the cagé. They were the only
mortalities during the study. On subsequent collection trips to the hibernaculum, many banded

individuals from previous replicates were observed in apparent good health.

Surface body temperatures for control and experimental bats were plotted for each day of
the experiment. We examined each plot to determine whether individual bats aroused from
hibemation. Because we were interested in unnecessary energy expenditures, we conservatively
defined an arousal when a bat's surface temperature remained one degree (°C) or more above
the air temperature for greater than 30 min. A natural arousal of a control bat is shown in Figure
4-8.

We assessed short-term and latent responses. Short-term responses were assessed by
examining temperature charts for experimental bats during the 4-hour period following a stimulus
presentation. The analysis window was extended to the 8-hour period following a stimulus
presentation to include latent responses (Thomas 1995). Because arousals occur naturally and
circadian rhythms for arousals have been shown in some species (Twente and Twente 1987), we
calculated an expected number of arousals for control and experimental bats for these post-
stimulus periods. Expected results (assuming no difference between control and experimental)
were calculated by averaging the observed experimental and control arousals. For each stimulus
presentation, we compared the observed and expected number of arousals for each post-
stimulus period. Our null hypothesis predicted no difference between observed and expected.
Significant differences (chi-square, 1 d.f., p < 0.05) between observed and expected numbers of
arousals would be attributed to experimental stimuli. Because of the small sample sizes, Yates
correction factor for continuity was applied. - An interaction chi-square analysis (Zar 1984)
indicated data were homogeneous among replicates and could be pooled. Pooled chi-squares

were conducted for each stimulus.
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Infrared-sensitive video cameras were used to monitored bat behavior during the
experiment. One camera monitored 3 control bats while another monitored 5 experimental
bats. Bats’ behavior was continuously recorded with a time-lapse video recorder. We used
video monitoring to detect immediate responses (e.g., startle) to presented stimuli which

might not be detectable with body temperature monitoring.

4.4.3 Effect of Toxicological Agents

A detailed description of methods used to assess toxicological effects to receptors is
provided in Appendix IV. In general, receptors were characterized by reviewing available
information describing seasonal occurrence, activity periods, habitat preferences,
physiology, morpholon, diet, behavior, and other aspects of life history (Appendix IV,
Section Ill).

Descriptions of pertinent information regarding the study site were prepared. Local
geomorphology, soils, groundwater, surface water, climate, natural resources were
characterized (Appendix IV, Section IV).

Information describing evaluated substances was gathered. Chemical composition,
physical properties, anticipated location and frequency of use, anticipated environmental
transformation and stressor transport, and environmental fate were evaluated (Appendix IV,
Section V). The toxicity of potential stressors through inhalation, ingestion, and dermal

absorption was described (Appendix IV, Section VIi).

Indiana bat hibemacula and gray bat matemity caves on FLW were mapped, and
climatic conditions in the caves were characterized using sophisticated meteorological
equipment. Data collected were used to model the movement of airbome contaminants into
and out of the caves (Appendix |V, Section VI). No mapping or meteorological information
was collected for Great Spirit Cave. Effects to Indiana bats and gray bats at Great Spirit
Cave were assessed based on contaminant concentrations expected to reach the cave.

3D/Environmental evaluated air dispersion models (ISC 3.0, INPUFF 2.3, and
TREMS1) for use in predicting movement of airborne substances from their source to
receptors (Appendix IV, Section VI). The TREMS1 model was selected for application in
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this BA. Dispersion and deposition of stressors in various atmospheric stabilities were

mapped (Appendix IV, Section VIlI).

The potential for receptors to be exposed to stressors was characterized (Appendix
IV, Section VIIl). Selected substances were eliminated from detailed evaluation if a
complete exposure pathway was not present (Appendix IV, Section VIIi). - Other substances
were eliminated from detailed analysis due to their low toxicity, or the limited quantity to be

used (Appendix |V, Attachment A).

We calculated the amount of stressor receptors will intake during single training
events (acute intake) and during repeated exposures over their lifetime (chronic intake).
The potential for acute and chronic exposures was calculated (Appendix 1V, Section IX).
Where specific information describing proposed training, receptors, or contaminants was
not available, assumptions were critical in characterizing risks (Appendix 1V, Section X).
Effects to receptors are expected where the anticipated exposure exceeds safe levels.
Effects are indicated by Hazard Quotients,.ue Or Hazard Quotient:nonic greater than 1.0
(Appendix IV, Section IX).

4.5 RESULTS
4.5.1 Effects of BRAC-Related Construction to Indiana Bat Summer Habitat

Approximately 42,580 acres of forested land occur within Installation boundaries.
Construction activities for 17 of the 56 proposed projects remove 178 acres of forested
habitat (Tables 4-7 and 4-8). Forest at construction sites provides suitable foraging habitat,
but quality of roosting habitat at most sites limits overall habitat suitability (Table 4-8).
Construction activities at 12 sites require removal of currently suitable roost trees. The
mean density for high, moderate, and low quality suitable roost trees at portions of the 12
sites containing suitable roost trees is 1.7/acre (n=226), 1.7/acre (n=224), and 1.5/acre
(n=300) respectively. Optimal habitat, as defined by the Indiana bat HSI model provides

over 5 suitable roost trees per acre (Rommeé et al. 1995).
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TABLE 4-7. Location, acreage, and quality of Indiana bat summer habitat to be
affected by construction to support BRAC activities at Fort Leonard Wood, Missouri.
Numbers in the “Map Label No.” column correspond with locations on Figure 4-2.

Acreage and

Project Requirements Map Proposed Location Quality of Forest to
Label No. be Removed
Cantonment Projects
Base Operations 100 Renovation inside Lincoln and | No Tree Clearing -
Administration Hoge halls | Open Fields
Chemical, Administration 101 New Construction north of No Tree Clearing -
Lincoln Hall Open Fields
Chemical, FOX 102 Renovation of Building 5265 No Tree Clearing -
Maintenance and ' Renovation Only
Maintenance Training
Chemical FOX 103 Construct fenced parking area | No Tree Clearing
Organizational Vehicle near Training Area 250
Parking
Chemical, Library 100 Located at Clark Hall No Tree Clearing -
Renovation Only
Chemical, Museum 104 New Construction, Museum No Tree Clearing -
addition to Walker Museum Mowed Area
Chemical, NCO General 101 New Construction, NCOA No Tree Clearing -
Instruction included in General Instruction | Open Fields
Facility north of Lincoin Halil
Chemical, Officer General 101 New Construction north of No Tree Clearing -
Instruction Lincoln Hall Open Fields
Chemical, OSUT (DATF) 105 New Construction, Chemical 3 acres of Moderate
DATF located north of South Quality Habitat
Dakota Avenue, west of
Alabama Avenue, and west of
the 800 Area barracks
Housing, Enlisted Barracks 106 Reallocation of existing No Tree Clearing -
(reallocation) barracks: 600-700 Engineer Existing Buildings
OSUT; 800 MP OSUT; 700
Chem OSUT; south Speacker
to ITRO; north Speacker to
junior Perm Party, Diversion of
Indiana Street Housing
Housing, Enlisted Barracks 101 New Construction, New 1.0 acre of Low
(new construction) barracks north of the General | Quality Habitat and
instruction Facility additionto | 1.4 acres of
Lincoln Hall Moderate Quality
Habitat
Housing, Enlisted Dining 107 Reactivation of dining facility No Tree Clearing -
(reactivation) at Speacker Existing Buildings
Housing, Enlisted Dining 101 New Construction, No Tree Clearing -
(new construction) Construction of Dining Facility | Open Fields
at barracks north of Lincoin
Hall
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TABLE 4-7. Continued.

Acreage and
Map Quality of Forest to
Project Requirements Label No. Proposed Location be Removed
Housing, General Officers 108 New Construction, Northeast 1.4 acres of
Quarters (GOQ) side of Piney Hills Drive Moderate Quality
Habitat
Housing, Officer 109 Renovation of Sturgis Heights | No Tree Clearing -
Unaccompanied (UOQ) UPH(O)s, Diversion of Indiana | Renovation Only
Street Housing
Military Police, 101 New Construction north of No Tree Clearing -
Administration Lincoln Hall Open Fields
Military Police, Library 100 Located at Clark Hall No Tree Clearing -
Renovation Only
Military Police, Museum 104 New Construction, Museum No Tree Clearing -
addition to Walker Museum Mowed Area
Military Police NCO 101 New Construction, NCOA No Tree Clearing -
General Instruction included in General Instruction | Open Fields
‘ Facility north of Lincoin Hall
Military Police, Officer 101 New Construction north of No Tree Clearing -
General Instruction Lincoln Hall Open Fields
Military Police, OSUT 110 New Construction, located 7.5 acres of
southwest of the 800 Area Moderate Quality
Habitat
Vehicle and Equipment 111 Assign an existing unit No Tree Clearing -
(Organizational), maintenance facility ( with Existing Facilities
Maintenance in the parking area) to the 11th .
Cantonment Chemical Company.
Maintain the remaining
vehicles at existing Directorate
of Logistics Maintenance
facilities.
Vehicle and Equipment 205 Construct a new maintenance | No additional tree
(Organizational), facility for the Military Police clearing - included in
Maintenance outside of the vehicles used in Evasive Evasive Driving
Cantonment Driving Training near the Training area
training area. analysis.
Vehicle and Equipment 111 Assign an existing unit No Tree Clearing -
(Organizational), maintenance facility (with Existing Facilities
Parking/Storage in the parking area) to the 11th
Cantonment Chemical Company.
Maintain the remaining
vehicles at existing Directorate
of Logistics Maintenance
facilities.
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TABLE 4-7. Continued.

) Acreage and
Map Quality of Forest to
Project Requirements Label No. Proposed Location be Removed
Vehicle and Equipment 205 Construct a new maintenance | No additional tree
(Organizational), facility (with parking area) for | clearing - included in
Parking/Storage outside of the Military Police vehicles Evasive Driving
the Cantonment used in Evasive Driving Training area
Training near the training area. | analysis.
Warehouse/ Storage 112 New Construction requirement | No Tree Clearing -
temporarily deferred through Renovation Only
the renovation of buildings
2310 and 2311
Soil Disposal Area 101 Excess soil from construction | 2.85 acres of
will be placed in a gulley south | Moderate Quality
of the Housing, Enlisted Habitat
Barracks
Range Modification
Projects :
16 Building MOUT 200 New Construction, North of 0.8 acre of Moderate
Babb Airfield Quality Habitat and
3.2 acres of Low
Quality Habitat
Chemical Defense Training 201 New Construction near TA 19.67 acres of
Facility (COTF) 246, southwest of the Airfield | Moderate Quality
and northeast of Normandy Habitat and
Training Area 2.5 acres of Low
Quality Habitat
9mm Pistol (FATS 202 New Construction at Range 21 | No Tree Clearing -
Simulator) Mowed Area
Air Force Base Recovery 203 New Construction at Babb No Tree Clearing -
Airfield Mowed Airstrip
Air Force Gas Chamber 204 New Construction at TA 101 No Tree Clearing -
Open Field
Evasive Driving 205 New Construction at TA 109A | 5.0 acres of
Moderate Quality
Habitat
Flame Range 206 New Construction at Range 4.3 acres of
27A Moderate Quality
Habitat
FOX Vehicle Swim 103 New Construction at TA 250 No Tree Clearing
HMMWYV Driving 205 New Construction at TA 109A | No Tree Ciearing -
Open Field
M60 Range 207 New Construction, Overlay at | No Tree Clearing -
Range 18 Open Field
Marine 9mm Pistol 208 New Construction, Overlay at | 0.1 acre of Low
Range 17 Quality Habitat
Marine Combat Pistol 208 New Construction, Overlay at | No Additional
Range 17 Ciearing - Combined
with Marine 9mm
Pistol
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TABLE 4-7. Continued.

Acreage and
Map Quality of Forest to
Project Requirements Label No. Proposed Location be Removed
Marine NBC Training 204 New Construction, Overlay at | 0.5 acre of Low
TA 101 Quality Habitat
Marine Shotgun 208 New Construction, Overlay at | No Additional
Range 17 Clearing - Combined
with Marine 9mm
Pistol
Mobile Smoke Training 209 Cannon Range No Tree Clearing -
Areas - Existing Roads
210 Ballard Hollow 1.0 acre of Moderate
Quality Habitat and
0.4 acre of Low
Quality Habitat
211 Musgrave Hollow 0.4 acre of Low
Quality Habitat
212 Bailey/McCann Hollow 4.05 acres of
Moderate Quality
Habitat and
2.35 acres of Low
Quality Habitat
Mark 19 Familiarization 213 New Construction, Overlay at | 100 acres of
Range Range 19 Moderate Quality
Habitat and
15 acres of Low
Quality Habitat
Mark 19 Qualification 207 New Construction, Overlay at | No Tree Clearing -
Range Range 18 Open Field
Special Reaction Team 214 New Construction at Ranges No Tree Clearing -
Marksman/ Observer 15 Open Field -
Range
Special Reaction Team 214 New Construction, Overlay at | No Tree Clearing -
Range Range 15 Open Field
Static Smoke Training Area 215 New Construction at Range 30 | 0.25 acre of Low
Quality Habitat
Static Smoke Relocate 216 New Construction, Overlay at | No Tree Clearing -
Range 30 Day/Night | Range 11 Open Field
Static Smoke Relocate 217 New Construction, Overlay at | No Tree Clearing -
Range 29 Range 4 Open Field
Static Smoke Relocate 218 New Construction, Overlay at | No Tree Clearing -
Range 30F ‘ Range 6 Open Field
Range Support Addition 219 New Construction near Range | 1.4 acres of Low
Control Quality Habitat
Small Arms Range 220 New Construction, Overlay at | No Tree Clearing -
Range 3 Open Field
Mark 19 / US Weapons 221 New Construction, Overlay at | No Tree Clearing -
Range 10 Open Field
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TABLE 4-8. Habitat suitability index analysis of proposed BRAC project
requirements that impact forested habitat. For each requirement the number of forested
acres to be cleared, and suitability of roosting habitat (LRSI Roosting), foraging habitat
(LRSI Foraging), and overall summer habitat (HSI) is indicated. Habitat units affected by
each project are provided (HU). HSI and HU are quality values with 0 equaling no value
and 1.0 equaling optimal value. The associated map label numbers, [#], correspond with
locations on Figure 4-16.

Forested LRSI LRSI
Project Requirements Acres Roosting Foraging HSI HU

Housing, General Officer Quarters [108] 1.40 0.43 065| 0.37] 0.52
Housing, Enlisted Barracks, new [101]

Buildings/Parking Lot 1.00 | 0.00 0.56| 0.00} 0.00

Road A 0.90 0.45 0.80| 036! 0.32

Road B , 0.50 0.50 093 037 0.19
Chemical, OSUT [105] 3.00 0.33 0.86| 0.28| 0.84
Military Police, OSUT [110]

Woodlot A 6.25 0.63 0.90| 048] 3.00

Woodlot B 1.25 0.57 0.77| 043| 0.54
Soil Disposal Area [101] 2.85 0.21 0.78 | 0.17{ 0.48
16 Building MOUT [200]

Woodiot A 0.80 0.67 093} 060 0.48

Woodlot B 3.20 0.00 0.34|( 0.00| 0.00
Chemical Defense Training Facility [201]

Facility 19.30 0.44 0.59{ 0.39| 7.53

Pipeline 1.00 0.00 0.54}{ 0.00| 0.00

Road 1.00 0.00 0.99| 0.00| 0.00

Small Building NE of Facility 0.50 0.00 0.81] 0.00| 0.00

Powerline . 0.37 0.44 0.59| 0.39| 0.14
Evasive Driving Course [205]

Woodiot A 3.50 0.57 046 | 039 1.37

Woodlot B 1.50 0.55 066| 046 | 0.69
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TABLE 4-8. Continued.

, Forested LRSI LRSI
Project Requirements Acres Roosting Foraging HSI HU
Flame Range [206]

Trail from 27A to McCann Hollow 1.30 0.32 0.63| 0.29{ 0.38

FFE Training Area 3.00 0.36 0.83| 0.33| 0.99
Marine 9mm Pistol [208]

Buildings 0.10 0.00 0.89| 0.00} 0.00
Marine NBC Training [204] 0.50 0.00 0.89] 0.00{ 0.00
Mobile Smoke - Bailey/McCann [212]

Road A 0.60 0.52 0.70| 0.47| 0.28

Road B 0.90 0.61 0.70f 0.51]| 0.46

Road C 1.75 0.00 0.62| 0.00]| 0.00

Road D 1.05 0.55 091! 0.37] 0.39

Road E 1.50 0.37 062| 0.26] 0.39

Road F 0.20 0.00 069| 0.00{ 0.00

McCann Tower 0.40 0.00 0.71] 0.00} 0.00
Mobile Smoke - Musgrave [211]

Northwestern Tower 0.40 0.00 0.85| 0.00| 0.00
Mobile Smoke - Baliard [210]

Road 1.00 0.46 069| 041| 0.41

Tower 0.40 0.00 040 0.00/| 0.00
Range Support Addition [219] 1.40 0.00 0.71] 0.00| 0.00
Mark 19 Familiarization Range [213] :

Woodiot A 15.00 0.00 0.79{ 0.00| 0.00

Woodiot B 7.30 0.34 077 031 2.26

Woodiot C 39.0 0.26 0.81| 023| 8.97

Woodlot D 22.7 0.48 0.78 | 043 | 9.76

Woodlot E 4.00 0.43 0.74| 039 1.56

Woodlot F 27.00 0.23 082 021] 5.67
Static Smoke Range [215]

Fuel Storage Building 0.25 0.00 0.62] 0.00| 0.00
Totals: 178.07 48.74
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None of the forested areas evaluated with the HSI model provide both high quality roosting and
high quality foraging habitat for Indiana bats (Table 4-8). HSI values ranged from 0.0 to 0.6 with
a mean of 0.24 (Table 4-8). Construction will remove 48.74 Habitat Units (Table 4-8).

4.5.2 Effect of BRAC-Related Sound on Hibernating Indiana Bats

To model sound propagation from BRAC-related training ranges to Indiana bat
hiberacula, measurements of peak sound levels at each sound source (i.e., on each range) were
required. We measured peak sound pressure levels in decibels (dB SPL) for all sound sources
examined in this study (Table 4-9). We conducted spectral and time series analyses of sounds
generated by BRAC training activities. Characteristics displayed in these analyses were required
for sound modeling and are provided as reference material in Appendix | of this document and
Appendix | of the Biological Assessment of the Master Plan and Ongoing Mission
(3D/Environmental 1996a). All sound sources, except for MOUT training, have frequency ranges
from 25 Hz to 20,000 Hz. No frequencies above 4000 Hz were measured from MOUT training.

Sound propagation under summer and winter weather conditions was modeled for mobile
smoke training areass, MOUT training, and Air Force Base Recovery (Appendix Il). Propagation
of sound from other ranges (e.g., Range 4 and Construction Equipment) was modeled for the
Biological Assessment of Fort Leonard Wood's Master Plan and Ongoing Mission
(3D/Environmental 1996a). These results are incorporated by reference. Frequency specific
sound propagation modeling results for MOUT training are included in Appendix lll. Sound
modeling results show all sounds examined can travel significant distances under appropriate
weather conditions. For example, decontamination training generated a peak SPL at its source of
107 dB (Appendix Il, Table 1c. 8) which was the lowest SPL of modeled sounds. On a clear,
windy, winter day, the predicted sound level at 2000 m is 10 dB above background. Sound levels
of stimuli presented to bats (Table 4-6) represent worst-case modeled sound levels reaching

hibernacula for each source.

Results of our presentations of sound stimuli to hibemating little brown bats are shown in
Tables 4-10 and 4-11. None of the experimental stimuli resulted in a statistically significant
treatment effect (i.e., experimental bats did not arouse more frequently than expected).
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TABLE 4-9. Peak sound pressure levels (SPLs) measured from BRAC-related sound
sources proposed to be located near Indiana bat hibernacula on Fort Leonard Wood.
Measurements represent peak SPLs at 0 m from the source.

Peak Sound Pressure

Sound Source and Associated Training Range(s) _ Level (dB SPL)
Night Infiltration Training - Range 4 142
Construction Equipment - BRAC Facilities Construction Locations ' 125
Small Arms - Range 6 | 122
Mine and Grenade Detonations 194
M56 Smoke Generator - Mobile Smoke Training Areas | 122
M157 Smoke Generator - Mobile Smoke Training Areas 112
Military Operations in Urbanized Teﬁain - 16 Bldg MOUT 120
Siren: Air Force Base Recovery - Babb Airfield 128
Generator and Blower: AF Base Recovery - Babb Airfield 102
Light Decontamination Apparatus: AF Base Recovery - Babb Airfield 107

No immediate responses were observed on video tapes (e.g., folding of pinnae or startle).
Recorded arousals showed bats awakening, becoming active for a short period of time, resting at
increased body temperatures, and re-entering hibemation. We did not observe behavior which
would lead us to believe bats were not in a normal state of hibernation. Quantitative analyses of

video tapes have not been conducted.

4.5.3 Effect of Toxicological Agents

Information pertinent to this toxicological evaluation describing seasonal occurrence, activity
periods, habitat preferences, physiology, morphology, diet, behavior, and other aspects of life
history are provided in Section ill of Appendix IV. Descriptions of local geomorphology, soils,
groundwater, surface water, climate, and natural resources are provided in Section IV of

Appendix IV.
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4.5.3.1 Fog Oil
Toxicity

Chemical properties and a general description of fog oil is provided in Appendix IV,
Section V. Section 7.2 of Appendix IV describes the toxicity of fog oil via ingestion, dermal
absorption, and inhalation exposure. The carcinogenic/teratogenic properties of fog oil are

discussed in Appendix IV, Section 7.2.1.5.

Exposure

We summarize information regarding seasonal occurrence, activity periods, habitat
preferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix
IV, Section lil. In general, there is potential for exposure nearly installation-wide when Indiana
bats forage or roost during spring staging, during the summer matemity season, and during fall
swarming. Indiana bats in hibemacula also have potential for exposure. Characteristics of local
geomorphology, soils, groundwater, surface water, climate, and natural resources that may affect

exposure are described in Appendix IV, Section IV.

The dispersion of fog oil in air, and the rate at which fog oil is deposited in various
atmospheric conditions are described in Appendix IV, Section VIIl. Figures 4-9 and 4-10 are
representative examples of fog oil dispersion from static and mobile smoke training areas in
Pasquill atmospheric stability category E. Dispersion of fog oil in Pasquill categories B - E is
described and plotted in Appendix IV, Section VIIl. Figures 4-11 and 4-12 are representative
examples of fog oil deposition downwind of static and mobile training areas in Pasquill
atmospheric stability category E. Additional estimates of fog oil deposition are provided in
Appendix IV, Attachment B. Appendix IV, Section VIl summarizes meteorological conditions in

caves that affect exposure of receptors.

Intake

Calculations of acute (single exposure) and chronic (lifetime) intake are described in
Appendix IV, Section 8.4. These calculations address distance from the source, exposure
frequency, exposure duration, body weight, stressor concentration, life span, intake rate, and a
number of other variables. Calculations of intake are include in Appendix IV, Attachment C.
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Risk

The risk of acute and chronic effects (at varying distances from the fog oil source and in
varying atmospheric stabilities) is summarized in Appendix IV, Section IX; and detailed in
Appendix IV, Attachment F. Effects to Indiana bats are expected where the Hazard Quotient

(HQ) exceeds 1.0. Effects to Indiana bats are summarized in Table 4-12.

4.5.3.2 Terephthalic Acid

Toxicity

Chemical properties and a general description of terephthalic acid is provided in Appendix
IV, Section V. Section 7.2 of Appendix |V describes the toxicity of TPA via ingestion, dermal
absorption, and inhalation exposure. The carcinogenic/teratogenic properties of fog oil are
discussed in Appendix IV, Section 7.2.2.6.

Exposure

_ We summarize information regarding seasonal occurrence, activity periods, habitat
preferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix
IV, Section lll. Indiana bats occur nearly installation-wide when they forage or roost during spring
staging, during the summer matemity season, and during fall swarming. Indiana bats in
hibemacula also have potential for exposure. Characteristics of local geomorphology,'soils,
groundwater, surface water, climate, and natural resources that may affect exposure are

described in Appendix IV, Section IV.

The dispersion of TPA in air is described in Appendix IV, Section VIll. Figures 4-13 and
4-14 are representative examples of TPA dispersion from grenades and smoke pots in Pasquill
atmospheric stability category E. Dispersion of TPA in Pasquill category B is described and
plotted in Appendix IV, Section VIll. Appendix IV, Section Vill summarizes meteorological

conditions in caves that affect exposure of receptors.
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TABLE 4-12. Summary of toxicological effects anticipated from implementation of the propose
and foraging gray bats are not equivalent to distances between contaminant release sites and hibernacu
wide, "perching" along Roubidoux Creek and Big Piney River, and "nesting" at three sites along the Gas¢

indiana Bat
Proposed Activity Foraging/Roosting In Hibemnacula Foraginc
Static fog oil
Acute
Inhalation
Ingestion
Dermal absorption

Chronic

Inhalation within 7000 m|Davis No. 2 and Joy caves from Bailey McCann within 70
Hollow and Cannon Range (Mush Paddie
Hollow) mobile TAs;

McCann Hollow TA
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sted from implementation of the proposed action. Shading indicates no effects are anticipated. Distances specified for for.
contaminant release sites and hibernacula or maternity caves. We evaluated the potential for bald eagles to be exposed v
~d "nesting” at three sites along the Gasconade River.

Bat Gray Bat Bald Eagle
In Hibernacula Foraging in Maternity Caves Traveling Perching

Davis No. 2 Cave

TN YRR

1 Joy caves from Bailey McCann within 7000 m| Saltpeter No. 3 Cave Musgrave Hollow,

d Cannon Range (Mush Paddie Bailey McCann Hollow and Cannonj g
Hollow) mobile TAs; Range (Mush Paddle Hollow) mobile
TAs

§from McCann Hollow TA R
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g indicates no effects are anticipated. Distances specified for foraging/roosting Indiana bats,
“traveling " installation-

aves. We evaluated the potential for bald eagles to be exposed while

Bald Eagle
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Traveling Perching Nesting

. 3 Cave Musgrave Hollow,
cCann Hollow and Cannon
.ush Paddie Hollow) mobile
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TABLE 4-12. Continued.

Indiana Bat
Proposed Activity Foraging/Roosting in Hibemacula Foraging
TPA grenades
Acute
Inhalation within 3000 m| Davis No. 2 Cave from Sapper TA within 3000 1
Joy Cave from Sapper TA
Wolf Den from TA243, TA238, TA238B, R33,
and Smoke Training Road
Brooks Cave from TA125, TA194
Chronic
inhalation within 3000 m Davis No. 2 Cave from Sapper TA within 3000 ¢
Joy Cave from Sapper TA
Woif Den from TA243, TA238, TA238B, R33,
and Smoke Training Road
Brooks Cave from TA125, TA194

N
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Bald Ea

Joy Cave from Sapper TA

en from TA243, TA238, TA238B, R33,
and Smoke Training Road

Brooks Cave from TA125, TA194| |

'diana Bat Gray Bat
in Hibemacula Foraging In Maternity Caves Traveling Perching
Davis No. 2 Cave from Sapper TA within 3000 m| Saltpeter No. 3 Cave from Sapper TA within 3000 m|  Roubidoux Ck.
from 240N,
Joy Cave from Sapper TA 2408, 241, R28,
Sapper TA,
en from TA243, TA238, TA238B, R33, TA234, and
’ and Smoke Training Road Smoke Training
Road
Brooks Cave from TA125, TA194
Big Piney River|
from TA126,
TA125, and
TA194
Davis No. 2 Cave from Sapper TA Within 3000 m| _ Saftpeter No. 3 Cave from Sapper TA] &




Bald Eagle
amity Caves Traveling Perching Nesting

3 Cave from Sapper TA within 3000 m{  Roubidoux Ck.

3 Cave from Sapper TA
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TABLE 4-12. Continued.

Titanium dioxide grenades

Indiana Bat
Proposed Activity Foraging/Roosting in Hibemacula Foraging
TPA smoke pots
Acute
Inhalation within 3000 m| Davis No. 2 and Joy caves from Cannon Range| | within 300C
(Mush Paddle Hollow) and Bailey/McCann
»+  Hollow Mobile Smoke TA
Wolf Den Cave from R33
Chronic
Inhalation within 3000 m| Davis No. 2 and Joy caves from Cannon Rangel within 300C
(Mush Paddle Hollow) and Bailey/McCann
Hollow Mobile Smoke TA

Acute

I Inhalation

Chronic

Inhalation
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na Bat Gray Bat Bald Eagle
In Hibermacula Foraging In Matemity Caves Traveling Perching

2 and Joy caves from Cannon Range| | within 3000 m Saltpeter No. 3 Cave from Cannon Range] | within 3000 m Roubidoux§
1 Paddie Hollow) and Bailey/McCann (Mush Paddle Holiow) and Bailey/McCann Creek from
Hollow Mobile Smoke TA| | - - Hollow Mobile Smoke TAs} Cannon Range

Wolf Den Cave from R33 Holiow)

TAs, and R28

landJoyeavesﬁunCmmngel within 3000 m|  Saltpeter No. 3 Cave from Cannon Range
1 Paddie Hollow) and Balley/McCann (Mush Paddle Holiow) and Bailey/McCann
Hollow Mobile Smoke TA Hollow Mobile Smoke TAs

Wolf Den Cave from R33
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Intake

Calculations of acute (single exposure) and chronic (lifetime) intake are described in
Appendix IV, Section 8.4. These calculations address distance from the source, exposure
frequency, exposure duration, body weight, stressor concentration, life span, intake rate, and a
number of other variables. Calculations of intake are include in Appendix IV, Attachment C

Risk

The risk of acute and chronic effects (at varying distances from the TPA source and in
varying atmospheric stabilities) is summarized in Appendix IV, Section IX; and detailed in
Appendix IV, Attachment F. Effects to Indiana bats are expected where HQs exceed 1.0. Effects
of proposed TPA training on Indiana bats are summarized in Table 4-12. '

4.5.3.3 Titanium Dioxide
Toxicity

Chemical properties and a general description of titanium dioxide is provided in Appendix
IV, Section V. Section 7.5 of Appendix IV describes the toxicity of titanium dioxide via ingestion,
dermal absorption, and inhalation exposure. The carcinogenic/teratogenic properties of titanium

dioxide are discussed in Appendix IV, Section 7.5.1.5.

Exposure

We summarize information regarding seasonal occurrence, activity periods, habitat
‘preferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix
IV, Section lll. In general, there is potential for exposure nearly installation-wide when Indiana
bats forage or roost during spring staging, during the summer matemity season, and during fall
swaming. Indiana bats in hibemacula also have potential for exposure. Characteristics of local
geomorphology, soils, groundwater, surface water, climate, and natural resources that may affect

exposure are described in Appendix IV, Section |V.

The dispersion of titanium dioxide in air in Pasquill category E is described in Appendix IV,
Section VIl (Figure 4-15). Appendix IV, Section VIl summarizes meteorological conditions in

caves that affect exposure of receptors.
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Intake

Calculations of acute (single exposure event) and chronic (exposure over lifetime of
receptor) intake are described in Appendix IV, Section 8.4. These calculations address distance
from the source, exposure frequency, exposure duration, body weight, stressor concentration, life
span, intake rate, and a number of other variables. Calculations of intake are include in Appendix

IV, Attachment C.

Risk

The risk of acute and chronic effects (at varying distances from the titanium dioxide source
in Pasquill category E) is summarized in Appendix IV, Section IX; and detailed in Appendix IV,
Attachment F. Effects to Indiana bats are expected where HQs exceed 1.0. Effects to Indiana

bats are summarized in Table 4-12.

4.6 EFFECTS ANALYSIS/DISCUSSION
4.6.1 Effect of BRAC-Related Construction to Indiana Bat Summer Habitat

| During the summer of 1994, 3D/Environmental conducted extensive mist net surveys (52
sites) throughout the Installation for the Biological Assessment of the Master Plan and Ongoing
Mission for the US Ammy Engineer Center and Fort Leonard Wood (3D/Environmental 1996a).
Two reproductive females and one male were captured, documenting use of the Installation by
Indiana bats during summer (Figure 4-1). Although this species appears to be present in small
numbers during summer, removal of suitable summer habitat may affect Indiana bats using the

area.

Proposed construction at Fort Leonard Wood will remove approximately 178 acres of
forested habitat. There will be a loss of 48.74 Habitat Units (the equivalent of 48.74 acres of
optimal Indiana bat summer habitat). Seventeen construction sites contribute to the loss of
suitable forested habitat (Figure 4-16). Construction activity may kill or injure individuals if they
are roosting in trees when the trees are cut or otherwise cleared. Forest clearing also may

degrade foraging habitat.
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4.6.1.1 Roost Habitat

Proposed construction may directly affect indiana bats roosting in trees felled during
construction. Indiana bats roost in trees during several seasons of the year at Fort Leonard

Wood (Table 4-13).

Removing suitable roost trees could affect Indiana bats in two ways: 1) if bats are roosting
in a tree when it is cut, mortality could occur; and 2) energy used to find new roost sites may
stress the bats. Female Indiana bats tend to retum to the same matemity areas and in some
cases the same tree annually (Gardner et al. 1991a). Because some matemnity roost trees remain
suitable for only a few years, Indiana bats may have to find different summer nursery roosts
several times during a decade. By the time most Indiana bats arrive at their new summer areas,
they may have limited fat reserves. Searching for a new roost tree or maternity area will cause a
bat to expend additional energy. This effort could be especially costly to a pregnant female.

Construction activities at 12 sites will remove trees containing suitable roosting sites for
maternity colonies and/or solitary individuals. Female Indiana bats form matemity colonies under
exfoliating bark or in hollows of trees. Matemity colonies generally require large, high quality,
suitable roost trees to accommodate many individuals. Over 100 individuals have been
documented in Indiana bat matemity roosts (J. Whitaker, pers. comm.). Males generally are
solitary and do not require roost trees with as much suitable roosting space. Trees over 22 cm
dbh with >25% exfoliating bark provide high quality habitat for matemity roost sites; individual
bats may roost in trees as small as 8 cm in diameter (3/D Environmental 1996b). The highest risk

TABLE 4-13. Seasons in which Indiana bats roost in trees.

Season Approximate Dates Use
Spring early March - late May staging (females and males)
Summer April 15 - September 15 matemnity colonies (females and young), males

roost in trees

Autumn August 15 - early November swarming (females and males)
BIOLOGICAL ASSESSMENT
BRAC ACTiONS ) INDIANA BAT {Mvonss gm

US ARMY ENGINEER CENTER AND FORT LEONARD W0OD 62




of direct injury or mortality of summer Indiana bats is associated with removal of high quality
suitable roost trees. Approximately 226 trees to be removed during construction have
characteristics of high quality suitable roost sites. The number of high quality suitable roost trees
currently existing on Fort Leonard Wood is estimated at 72,386 (1.7 per acre X 42,580 acres of

forest).

Construction activities are unlikely to affect summer roosts used by Indiana bats captured
on the Installation during 1994 because capture sites are not close to construction areas and the
size of habitat disturbance areas is small. All construction sites requiring removal of suitable roost
trees are at least 3.5 km from sites where female Indiana bats were captured. Removal of

suitable roost trees will not occur within 3.0 km of the site where the male bat was captured

(Figure 4-16).

Gardner et al. (1991a) reported the mean distance traveled between a matemity roost and
foraging areas for pregnant and lactating females was 1.054 km (n=5) and 1.035 km (n=12),
respectively. Males are typically solitary during summer and travel a mean distance of 0.557 km
(n=9) from roosts to foraging areas (Gardner et al. 1991a). Although construction sites requiring
tree removal will occur well outside the mean travel distances, these sites are within known
maximum travel distances for Indiana bats. 3D/Environmental (1995) found the maximum
distance Indiana bats traveled from a roost (presumably during foraging) was 4.7 km for aduit
females (n=3) and 3.7 km for an adult male. Indiana bats utilizing habitat where other Indiana
bats were captured in 1994 may utilize roost habitat within the construction areas. Construction
sites comprise a small percentage of suitable roosting habitat available within the maximum travel

distances of the capture sites.

Almost any trees over approximately 8 cm dbh, with exfoliating bark, may provide roost
habitat Indiana bats during spring staging and fall swarming, and for male bats during the summer
(3D/Environmental 1996b). Any activities removing trees greater than or equal to this size may

directly affect Indiana bats roosting in the trees.

4.6.1.2 Foraging Habitat

Construction will reduce availability of forest currently suitable for foraging; however, the
amount to be removed is minimal compared to the amount of forest on the Installation. The 178
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acres of forest to be removed is 0.42% of the approximate 42,580 acres of forest on Fort Leonard
Wood.

The tracts of forest to be cleared are small (mean = 4.3 ac) compared to the amount of
forest habitat available near construction sites, and the amount of habitat required for foraging.
Proposed construction sites requiring tree removal have a mean of 52% forest cover within a 1

km radius. Optimal habitat contains > 30% forest cover within 1 km (Rommé et al. 1995).

Foraging ranges of Indiana bats are large. Gardner et al. (1991b) reported mean foraging
range sizes for pregnant females, lactating females, and adult males to be 133 ac, 234 ac, and
128 ac respectively. If Indiana bats use proposed construction areas for foraging, only a small
portion of the suitable habitat within their foraging range will be removed. It is unlikely proposed
construction will reduce forest cover enough to substantially affect the quality of foraging habitat
within the Installation, or within 1 km of construction sites.

Fort Leonard Wood will beneficially affect the quality of Indiana bat habitat with
development and implementation of management strategies described in Section 2.2.2 of this
Biological Assessment. Policy and management guidance to be developed by this project design
feature will seek to maintain or enhance the quality of Indiana bat roosting and foraging. habitat

Installation-wide. '

4.6.2 Effect of BRAC-Related Sound on Hibernating Indiana Bats

Results of experimental presentations of recorded training activities to hibemating little
brown bats indicate sounds generated by BRAC-related training do not cause bats to arouse from
hibernation. When data from 3 replicates were pooled, we found no significant treatment effects.
Data do not support rejecting the null hypothesis; presentations did not generate a number of
responses significantly different than expected. These results concur with our evaluation of
sound generated by ongoing mission activities (3D/Environmental 1996a)

Sound pressure levels of stimuli in this study were predicted by modeling, and presented
at 65 to 115 dB (1 to 10 dB above background; see Tables 5 and 6 in Appendix | to the Ongoing
Mission Biological Assessment for a detailed listed of background sound levels). In our previous
study (3D/Environmental 1996a), we did not observe arousal responses to stimuli presented as
high as 126 dB (approximately 60 dB above background levels). In a supplemental study, we
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presented the same ongoing mission stimuli to 28 hibemating little brown bats (3D/Environmental
1996a). Again, no response was observed to stimuli presented at 65 to 115 dB (1 to 50 dB above

background). These results suggest sound stimuli alone are unlikely to disturb hibemating bats.

Arousals were periodically observed (Tables 4-10 and 4-.1 1) during the 4- and 8-hour post
stimulus periods. Our data do not indicate more arousals occurred during these periods than
expected. Because there is individual variability in periods of hibernation, there is always a
chance of several arousals during a 4- or 8-hour period. In replicate 2, control bats (n = 6)
exhibited a period of hibernation lasting an average of 3.33 days while that for experimental bats
(n = 10) was 3.13 days (+ s.d. 2.25 days and 2.96 days, respectively). In the 3 days prior to
presentation of the construction stimulus, no bats in the experimental group had aroused.
Therefore, arousals were observed during the post-stimulus periods because the bats were near

the end of an average hibemation period.

In replicate 3, control bats (n = 6) exhibited a period of hibernation lasting an average of
4.2 days while the experimental group (n = 10) averaged 3.88 days (+ s.d. 4.1 days and 2.58
days, respectively). Only one arousal in the experimental group was observed in the 4 days prior
to presentation of the Range 4 (Night Infiltration Training) stimulus. Again, bats were near the
end of an average hibemation period at the time the stimulus was given.

Video monitoring did not indicate stimuli disturbed hibernating bats. We looked for startle
responses or other movements which could indicate stimuli were detected and posed a potential
disturbance to bats. Tactile stimuli, such as blowing on a roosting bat, will cause the bat to
withdraw, open its mouth, and sometimes vocalize. Similar immediate responses can be
observed when hibernating bats are illuminated by an intense light source. The fact that no
movements were observed immediately following stimulus presentations is another indication

observed arousals may not have been in response to stimuli.

Arousals observed foilowing the presentation of construction and night infiltration stimuli in
replicates 2 and 3 were most likely because the post-stimulus periods fell within the end of a
hiberation period. Pooled data analyses show these effects are likely artifacts and that sound
stimuli tested do not disturb hiberhating little brown bats. Because little brown bats are serving as
a surrogate species for Indiana bats, we apply these results and conclude that sounds tested will

not disturb hibemating Indiana bats.
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4.6.3 Effect of Toxicological Agents

A number of proposed training activiies may expose Indiana bats to unsafe
concentrations of stressors. We assessed the potential for acute and chronic effects. The
discussion below focuses upon effects summarized in Table 4-12 and described in greater detail
in Appendix V. In the following sections, we estimate the number of bats to be affected where
we predict effects. Estimates of the number of bats to be affected are based upon the following
assumptions: | '

 We estimate one indiana bat matemity colony occurs on or near Fort Leonard Wood. The
largest documented maternity colonies contain approximately 100 individuals. We assume
the maximum summer population on or near the Installation is 100.

o Where unsafe exposure concentrations reach hibemacula, we assume all bats in the cave will
be affected. We base estimates of the number of bats in the caves on surveys of hibemating
populations completed in 1995 and 1996.

¢ We assume all iIndiana bats hibernating in caves on Fort Leonard Wood also stage and
swarm at their respective hibemacula. For purposes of estimating the potential maximum
number of Indiana bats affected, we assume all foraging and roosting during these periods
occurs outside caves. We assume Indiana bats occur during staging and swarming wherever
there is suitable habitat on the Installation.

e We assume foraging Indiana bats may occur installation-wide.

4.6.3.1 Static Fog Oil Training

Acute Effects

Foraging and roosting bats may occur nearly installation-wide. Indiana bats forage and
roost outside caves during the summer matemity period, and during staging and swarming.
Under conditions we assessed, a single exposure to fog oil generated during static training will
not affect foraging or roosting Indiana bats through ingestion, inhalation, or dermal absorption.
Indiana bats in hibemacula on Fort Leonard Wood, and those in Great Spirit Cave will not be

exposed to unsafe concentrations.

Chronic Effects

Indiana bats foraging or roosting within 4000 m of the static smoke training area may
inhale unsafe concentrations of fog oil resulting in chronic effects. A substantial mist netting
effort in 1994 yielded only 3 Indiana bats on the Installation during the matemity season.
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Assuming 1994 capture results indicate the presence of one Indiana bat maternity colonies on or
near the Installation, we conservatively estimate chronic inhalation effects described above could

affect approximately 100 individual bats during the matemity season.

Indiana bats hibemating in Davis No. 2 Cave may inhale concentrations of fog oil resulting
in chronic effects. Numbers of bats exposed while swarming, staging, or hibernating can be
conservatively estirﬁated by assessing the 1996 censuses of Davis No. 2 Cave (Table 4-1). The
| count documented 34 Indiana bats hibernating in Davis No. 2 Cave.

4.6.3.2 Mobile Fog Oil Training

Acute Effects

A single exposure to fog oil generated during mobile training will not affect foraging,
roosting, or hibemating Indiana bats through ingestion, inhalation, or dermal absorption.

Chronic Effects

Under conditions we assessed, Indiana bats may be affected through inhaling unsafe
concentrations of fog oil. Indiana bats foraging/roosting within 7000 m of mobile smoke training
areas may inhale unsafe concentrations of fog oil resulting in chronic effects. An estimated 100
Indiana bats may be present on the Installation during the maternity season, and be exposed to

these chronic effects.

Indiana bats repeatedly hibemating in Davis No. 2 or Joy caves may inhale unsafe
concentrations of fog oil generated on Bailey/McCann, and Cannon Range (Mush Paddle Hollow)
mobile smoke TAs. A 1996 census of Davis No. 2 and Joy caves documented a total 53 Indiana

bats hibernating in the two caves (Table 4-1).

Indiana bats hibemating in Wolf Den Cave may inhale unsafe concentrations of fog oil
generated on Bailey/McCann mobile smoke training area. The 1996 census documented 3
Indiana bats hibernating in the Wolf Den Cave (Table 4-1).
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4.6.3.3 Terephthalic Acid Grenades

Acute Effects

Under conditions we assessed, a single exposure to TPA will affect foraging and roosting
‘Indiana bats within 3000 m of the source. We conservatively estimate acute inhalation effects
could affect less than 100 individual bats during the matemity season. Each bat could be
affected more than once.

Hibernating Indiana bats in the 4 hibemacula on Fort Leonard Wood may inhale unsafe
concentrations of TPA released at certain TPA training sites (Table 4-12). Acute effects will be
realized through inhalation only. Numbers of bats exposed while swarming, staging, or
hibernating can be conservatively estimated by assessing the most recent censuses of Brooks,
Davis No. 2, Wolf Den, and Joy caves. Counts completed in these hibemacula in 1996
documented approximately 592 Indiana bats.

Chronic Effects

Repeated exposure to TPA smoke from grenades will chronically affect foraging/roosting,
and hibemnating Indiana bats via inhalation. Effects to foraging/roosting and hibermnating Indiana

bats are identical to acute effects described above.

The assessment of chronic effects evaluated worst-case exposure in that we assumed
individual bats would be exposed to TPA each time it is released, regardiess of wind direction.
We assumed all releases would occur during the portion of the year when bats are present on the
installation. However, TPA grenades will also be used when bats are absent from the installation,
therefore the number of exposures may be lower than the number we assessed. For example,
we assessed effects of exposure to 3136 TPA grenades. If actual exposures result from 105 or

fewer grenades, there will be no chronic effects.

4.6.3.4 Terephthalic Acid Smoke Pots

Acute Effects

The effects of smoke pots are similar to those of TPA grenades. Smoke pots are

deployed at fewer locations (9) than TPA grenades (22). Under conditions we assessed, a single
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exposure to TPA will affect foraging and roosting Indiana bats within 3000 m of the source. We
conservatively estimate acute inhalation effects could impact less than 100 individual Indiana bats

during the matemity season. Each bat could be affected more than once.

Hibemating Indiana bats in 3 hibemacula on Fort Leonard Wood may inhale unsafe
concentrations of TPA released at certain TPA training sites (Table 4-12). Acute effects will be
realized through inhalation only. . Numbers of bats exposed while swarming, staging, or
hibernating can be conservatively estimated by assessing the most recent censuses of Davis No.
2, Wolf Den, and Joy caves. Counts completed in these hibemacula in 1996 documented

approximately 56 Indiana bats.

Chronic Effects

Repeated exposure to TPA smoke from grenades will chronically affect Indiana bats via
inhalation. Effects to foraging/roosting and hibemating Indiana bats are similar to acute effects

described above.

The assessment of chronic effects evaluated worst-case exposure in that we assumed
individual bats would be exposed to TPA each time smoke pots are released, regérdless of wind
direction. We assumed all releases would occur when bats are present on the installation.
However, TPA smoke pots will also be used during portions of the year when bats are absent
from the installation, therefore the number of exposures may be lower than the number we
assessed. For example, we assessed effects of exposure to 950 TPA smoke pots. If actual
exposures result from 107 or fewer smoke pots (foraging/roosting Indiana bats), or 79 smoke pots
(hibernating Indiana bats), there will be no chronic effects.

4.6.3.5 Titanium Dioxide Grenades

Acute Effects

No acute effects are expected.

Chronic Effects

No chronic effects are expected.
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4.6.4 Cumulative Effects

Effects of the proposed action are described in this biological assessment. Effects of the
ongoing mission at Fort Leonard Wood are described in the Biological Assessment of the Master
Plan and Ongoing Mission (3D/Environmental 1996a).

Future federal activities in the action area not analyzed in this Biological Assessment, or
the Biological Assessment of the Ongoing Mission, require specific asséssment for Endangered
Species Act compliance. No non-federal action affecting Indiana bats are reasonably certain to
occur within the action area. No cumulative effects are anticipated.

4.7 STATEMENT OF FINDING
4.7.1 Effect of BRAC-Related Construction to indiana Bat Summer Habitat

Proposed construction activities may affect Indiana bats in summer matemity colonies,

and Indiana bats in tree roosts during staging and swarming; and during the summer.
Proposed activities may affect habitat utilized by foraging Indiana bats.

Proposed development of forest management guidelines will beneficially affect summer
habitat of the Indiana bat.

4.7.2 Effect of BRAC-Related Sound on Hibernating indiana Bats

Sound generated by BRAC activity will not affect hibemating Indiana bats in Brooks, Wolf
Den, Davis No. 2, and Joy caves on Fort Leonard Wood.
4.7.3 Effect of Toxicological Agents

Under the conditions we assessed, fog oil, TPA grenades, and TPA smoke pots may
affect Indiana bats. If conditions vary from those we used to model dispersion of fog oil and TPA,

it is likely expected effects may decrease.
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Section 5:

Gray Bat
(Myotis grisescens)

5.1 BACKGROUND

3D/Environmental provides a detailed description of the species in the Biological
Assessment of the Master Plan and Ongoing Mission (1996). Section 5 of that document
describes the species’ legal status, life history, and geographic range. We incorporate those

narratives by reference to limit redundancy.

5.1.1 Gray Bats on Fort Leonard Wood

Gray bats occur throughout most of the southem half of Missouri, except for extreme
southeastern counties. Fort Leonard Wood, predominantly in Pulaski County, is near the center
of the species range in Missouri, and also near the center of counties occupied by the "central
subpopulation” in the state. Most gray bats in the central subpopulation hibernate in Coffin Cave
in Laclede County. This subpopulation is the largest of the three in Missouri in number of bats,
number of matemity caves, and geographic area (Missouri Department of Conservation 1992).
Gray bat numbers within the subpopulation were characterized in 1992 as "stable to increasing"
(Missouri Department of Conservation 1992). No critical habitat (as defined in Section 4 of the
Endangered Species Act) has been designated. A gray bat matemity colony inhabits Saltpeter
No. 3 Cave (Figure 5-1). Although gray bats may use Davis No. 2 Cave, the season and
magnitude of use has not been documented. Great Spirit Cave, 2.2 miles (3.5 km) west of Fort
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Leonard Wood, also supports a maternity colbny (Missouri Department of Conservation 1994,
Missouri Department of Conservation 1992) (Table 5-1). Gray bats are not known to hibernate on

the installation.

Gray bats have been observed in Freeman Cave in the past. Oesch and Oesch (1986)
reported the “chimney” of Freeman Cave was used by an “undetermined”.species of bat as
evidenced by stains left on the rocks and the thick pad of guano. The Missouri Department of
Conservation (1994) reported an estimated population of 3740 gray bats based on guano
accumulations in Freeman Cave. The Missouri Department of Conservation (1994) estimated a
maximum past population of 1000, based on guano accumulations. 3D/Environmental harp-
trapped the entrance to Freeman Cave on May 22, 1994 and captured 2 adult male, and 2

pregnant female gray bats (3D/Environmental 1996a).

3D/Environmental mapped Freeman Cave for this BA. The “chimney” described by Oesch
and Oesch (1986) is a dome approximately 40 feet high. We have observed gray bats roosting in
this dome. Guano accumulates below this roost; however, gray bat guano falls from the roost
area to a sloped ledge before falling to the cave floor. Because the number of gray bats
estimated by MDC (1994) was based on the area of guano, this number may be an

underestimate.

TABLE 5-1. Gray bat populations in caves on and near Fort Leonard Wood, Missouri
(Nov 24, 1993 Missouri Natural Heritage Database, Missouri Department of Conservation 1994,
Rick Clawson, pers. comm., FWS 1982).

Year Great Spirit (Inca) Cave Freeman Cave Saltpeter No. 3 Cave
1964 3000
1977 0
1978 4000
1980 10,000
1986 3000-5000
1987 25,800
1989 0
1990 10,200
1992 20,400
1994 12,250 3740 3740
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To determine the seasonal use of Freeman Cave by gray bats, 3D/Environmental
surveyed the cave in January, May, July, and September, 1996. No gray bats were found
hibernating in Freeman Cave in January. One hundred thirty seven gray bats (94F : 43M) were
captured at Freeman Cave on May 15-16. Fourteen females were pregnant. During daylight
hours on July 8-9, 1996, no gray bats were present in Freeman Cave. Adult and juvenile gray
bats were captured (six on July 8, and eight on July 9) coming into the cave later each evening
(8F : 2M : 4 juv). Only one gray bat captured in May or July was recaptured on another night.
Gray bats (62F : 39 M) were captured at the entrance to Freeman cave on September 23-24.
Two of the bats had been captured previously, one on July 8, 1996 (at Freeman Cave) and one
on August 11, 1994 at mist net site 52 (Figure 5-1). Our data documents gray bats using

Freeman Cave in all seasons except winter.

To minimize disturbance to gray bats in Freeman Cave, we timed the July survey near the
average time when young gray bats become volant. There is a risk of missing maternity behavior
at this time because gray bat colonies may be very mobile. Timing of volancy varies with cave
climate. Freeman Cave's structure creates a warm air trap which may provide high quality
matémity habitat. Gray bats could have used Freeman Cave as a matemity site between May 15
and July 8, and moved to another cave before our July 8 survey.

5.1.2 Scope of Analysis

This biological assessment focuses upon aspects of the proposed action with reasonable
potential to affect gray bats. We assess 3 general categories of effects described in Sections

5.1.2.1 through 5.1.2.3 below.

5.1.2.1 Effect of Habitat Modification Caused by Proposed Construction

The proposed action includes construction and modification of buildings, training ranges
and other support facilities (Figure 5-2). We assessed effects to summer habitat of gray bats on
the Installation. We addressed the potential for, and magnitude of, impacts to forested habitat
near gray bat maternity caves, between matemity caves and nearby riparian areas, within 30 m of
streams where gray bats have been captured on the Installation, within 30 m of streams with
suitable flight/foraging corridors, and within 30 m of surface water impoundments. We focused
our analysis upon areas within 30 meters of waterways because it is within this area that the
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Missouri Department of Conservation recommends application of riparian forest management
guidelines to protect gray bat foraging habitat (MDC 1992).

5.1.2.2 Effect of BRAC-Related Sound on Non-Hibernating Gray Bats

Gray bats in Saltpeter No. 3 and Davis No. 2 caves have potential to be impacted by
sound generated by training on mobile smoke training areas (Cannon Range. and Bailey/McCann
Hollow locations). The proposed mobile smoke training areas on Cannon Range is 1750 m from
Saltpeter No. 3 Cave; the Bailey/McCann location is 2420 m from Davis No. 2 Cave (Figure 5-3).
We examined sound sources from other training activities and determined none had potential to
affect non-hibernating gray bats roosting in Saltpeter No. 3, Davis No. 2, or Freeman caves.

Vehicle mounted “smoke generators” produce obscurant fogs on mobile smoke training
areas. FLW (Emily Brown, January 9, 1996) recommended examination of two configurations of
smoke generators for this study, the M56 and M157, both mounted on high mobility multipurpose
wheeled vehicles (HMMWVs). The M56 uses a turbine engine to vaporize fog oil to produce
obscurants. The M157 uses a pulse jet engine to vaporize fog oil to produce an obscurant fog.

5.1.2.3 Effect of Toxicological Agents

Gray bats may be exposed to training substances when they roost in maternity caves or
forage on the Installation from approximately April 1 through October 31. Gray bats use Saltpeter
No. 3 and Freeman caves during the matemity season. We used recent survey information to
assess the magnitude of effects to gray bats in Saltpeter No. 3, Freeman, and Great Spirit caves
during the matemity season. Available information does not facilitate characterization of the
recent use, if any, of Davis No. 2 Cave. 3D/Environmental assessed the potential for toxicological

effects from exposure to a variety of training materiais (Appendix IV, Attachment A).

e Certain materials were excluded from detailed analysis in a preliminary screening. Exclusion
was based upon an assessment of toxicity, quantity to be used, storage and use location, and
method of deployment (Appendix IV, Attachment A).

« Certain training materials were assumed to be of limited threat to listed species, and were not
evaluated. Potential effects of these substances will be assessed in a biomonitoring plan to
be implemented by the Installation (see Section 2.2.4 of this BA).
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o Certain materials were excluded from detailed analysis based upon resuilts of a screening
level risk assessment (Appendix IV, Attachment A).

o Remaining training materials were evaluated in detail in an Ecological Risk Assessment
(Appendix IV). We evaluated effects of fog oil obscurant (Figure 5-4), terephthalic acid
grenades and smoke pots (Figure 5-5), and titanium dioxide grenades (Figure 5-5).

We considered exposure to toxic concentrations of any stressor to be an effect. Maximum
concentrations at which stressors are nontoxic were converted to toxicological values or doses
(e.g. NOAEL = No Observable Adverse Effects Level) not expected to result in adverse health
effects. Because toxicity data were derived from studies of laboratory animals (e.g. rats),
uncertainty factors (UF) were applied when deriving toxicity values for receptors. Uncertainty
factors account for anatomical, physiological, or morphological differences between species for
'which the dose was calculated and the species of concem.

Toxicity Reference Values (TRV) were developed by applying uncertainty factors (UF) to
the doses (TRV = NOAEL/Uncertainty Factors) following Department of Army guidelines (Wentsel
et al. 1994) and procedures outlined in Calabrese and Baldwin (1993). TRVs provide
conservative estimates for toxicological effects levels where species-specific toxicity data are
lacking. For example, most gray bat TRVs in this BA were derived by reducing toxicity values of
other mammals by a factor of 1600 (1600 is the product of several multiplicative uncertainty
factors). The TRV approach is similar to the RfD approach used in human health risk
assessments. Most RfDs developed for humans are derived from non-human toxicity values
reduced by uncertainty factors ranging from 10 to 10,000.

For fog oil, BIDS simulants, FOX Training simulants, and non-specific simulants, we
determined acute and chronic toxicity values available in the literature. We calculated acute and
chronic {oxicity of TPA using BATS.XLS. 3D/Environmental (1996a) describe the BATS.XLS

model.

Toxicological effects exhibited by test species from which TRVs were derived may or may
not adequately characterize effects likely to be manifested in receptors we evaluate here.
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Common test species (e.g. rats, mice, guinea pigs) may demonstrate different effects than
can be expected in bats. "Critical Effects” listed in Appendix IV, Attachments G are effects
manifested by test species, not gray bats. Where we predict receptors will be exposed to unsafe
concentrations, we do not necessarily expect Critical Effects will result. We list Critical Effects as
a reference only. Inferences from Critical Effects must be made with caution. Our description of
specific effects likely to be manifested by gray bats is limited by available toxicity data.

Development of acute and chronic toxicity values for the receptors in this analysis is
beyond the scope of this .Biological Assessment. These tests, if completed for the numerous
potential contaminants evaluated, are expensive, time consuming. It is common practice to
extrapolate toxicity values from test species to the species of interest.

Section 4.1:2.3 of this BA; Appendix IV, Section 5.3; and Appendix IV, Attachment |, Table
I-5 provides general background information on each of the stressors evaluated in detail, and
describes the magnitude of proposed stressor use. Section 4.1.2.3 describes indirect effects of

fog oil and TPA to endangered bats through aquatic pathways.

5.1.3 Management Guidelines

Detailed management guidelines for gray bats are contained in Section 5.1.3 of the
Biological Assessment for the Master Plan and Ongoing Mission at Fort Leonard Wood, Missouri
(3D/Environmental 1996a). That narrative is incorporated by reference.

Fort Leonard Wood maintains zones of specialized management for gray bats around
Saltpeter No. 3 Cave (see Section 5.1.3 of Ongoing Mission BA). With this biological assessment
and associated Environmental Impact Statement, Fort Leonard Wood creates an identical set of
manageinent zones (Restricted Zone, Zone 1, Zone 2) around Freeman Cave. Specifics of this

management action are described in Section 2.2 of this document.

5.2 EFFECTS ANALYSIS AREA

In general, effects to gray bats within the Fort Leonard Wood boundary are assessed.
Where the effects of specific activities extend beyond the Installation boundary, impacts to gray
bats or important gray bat habitat are addressed.
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5.3 AFFECTED HABITAT DESCRIPTION

A detailed description of the physical environment on the Installation, including
topography, physiology, climate, geology, seismicity, soils, air quality, water resources, and
vegetation is contained in Section 5 of the Environmental Assessment of the Master Plan and
Ongoing Mission (Harland Bartholomew and Associates 1995). The description of these

resources is incorporated here.

Descriptions of gray bat populations and use of Saltpeter No. 3 Cave, Great Spirit Cave,
and Freeman Cave are provided in Section 5.3 of the Biological Assessment for the Master Plan
and Ongoing Mission (3D/Environmental 1996a). These descriptions are incorporated by

reference.

5.4 STUDY METHODS
5.4.1 Effect of BRAC-Related Construction to Gray Bat Summer Habitat

We assessed the location of proposed construction in areas of suitable gray bat habitat.
Specifically, we assessed impacts of construction to habitat within 162 meters of gray bat
matemity caves and to wooded habitat between maternity caves and nearby riparian habitat.
Section 5.1.3 of the Ongoing Mission Biological Assessment (3D/Environmental 1996a) describes
existing habitat management guidelines on the Installation, including the 162 meter radius
restricted zone around certain caves used by bats. Forest clearing within 30 m of surface water
impoundments was evaluated to determine impacts to gray bat foraging habitat. Construction
impacts to forested riparian areas within 30 m of stream channels providing suitable flight/foraging
comridors also were assessed. Suitable flight comrridors were defined by the presence of
unobstructed space between the stream channel and the forest canopy.

5.4.2 Effect of BRAC-Related Sound on Non-Hibemating Gray Bats

Methods used to record, characterize, and model sounds are described in Sections
4451, 4452, and 4.4.5.4 of the Biological Assessment of the Master Plan and Ongoing
Mission (3D/Environmental 1996a). These methods are incorporated by reference.

GRAY BAT (MYOTIS GRISESCENS)
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Potential impacts of sound generated by proposed smoke training to non-hibemating gray
bats on Fort Leonard Wood were assessed by consulting current literature. The literature survey
revealed little relevant information about effects of sound and vibration on gray bats for Fort
Leonard Wood's Biological Assessment of the Master Plan and Ongoing Mission
(3D/Environmental 1996a). Because littie information in the primary literature is written directly
“about gray bats, the literature review for this assessment was expanded to include data regarding

other species.

To gather information on potential impacts of sound to gray bats, we searched scientific,
medical, and agricultural databases at the University of Tennessee, University of Cincinnati,
Miami University, and Indiana University. Electronic resources of the University of Cincinnati
(e.g., OhioLink) allow access to the holdings of most other colleges and universities in Ohio.

References from across the nation were requested through inter-library loan.

We attempted to locate scientific publications, dissertations, books, proceedings of
meetings, and other printed material. Key words were used to query each database. Names of
authors specializing in auditory research also were used to locate information. Applicable

documents were obtained and reviewed.

5.4.2.1 Measuring and Recording Sounds and Seismic Vibrations

Unweighted overall sound pressure levels for M56 smoke generators and M157 smoke
generators were measured. Techniques for ineasun‘ng and recording sounds are described in
Section 4.1.4.5.1 of the Biological Assessment for the Master Plan and Ongoing Mission at Fort
Leonard Wood (3D/Environmental 1996a). These methods are hereby incorporated by reference

to limit redundancy.

5.4.2.2 Characterizing Sounds and Seismic Vibrations

Methods used to characterize sounds are described in Section 4.1.4.5.2 of the Biological
Assessment for Indiana Bats, Gray Bats, and Bald Eagles at Fort Leonard Wood, Missouri
(3D/Environmental 1996a). These methods are hereby incorporated by reference to limit

redundancy.
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5.4.2.3 Modeling Sound and Seismic Propagation

Techniques for modeling of sound propagation are described in Section 4.1.4.5.4 of the
Biological Assessment for Indiana Bats, Gray Bats, and Bald Eagles at Fort Leonard Wood,
Missouri (3D/Environmental 1996a). These methods are hereby incorporated by reference to limit

redundancy.

5.4.3 Effect of Toxicological Agents

Methods employed to assess effects of toxicological agents are described in Section

4.4.3.

5.5 RESULTS
5.5.1 Effect of BRAC-Related Construction to Gray Bat Summer Habitat

No proposed construction projects are proposed within 162 meters (the Installation's
"Restricted Zone") of Saltpeter No. 3 Cave or Freeman Cave (Figure 5-2). Wooded tracts
between these caves and nearby riparian areas will not be affected. No clearing of forest within

30 m of surface water impoundments will occur.

Six projects are proposed within wooded riparian areas or within 30 m of permanent
streams lacking streamside forest. Two activities will result in clearing of streamside forest.
Construction of the Military Police OSUT will result in clearing of 7.5 acres of forest including a
segment adjacent to a stream. This will result in clearing forest along 300 m of riparian forest
along the north side of the stream, with total loss of 1.48 acres of gray bat foraging habitat. A
forested strip 10 meters wide will remain along the stream. Construction for two road crossings
for mobile smoke training in Bailey-McCann Hollow will eliminate 6.4 acres of forest. This
construction will result in removal of trees along both sides of approximately 20 m of stream for
each of two road crossings, resulting in a total loss of 0.4 acres of gray bat foraging habitat.

Three projects include construction of stream crossings at sites lacking riparian forest.
Construction for mobile smoke training on Ballard Range includes a crossing of Roubidoux Creek.
Minor road construction in the Cannon Range will create a permanent stream crossing in a
previously cleared area. Construction of the Flame Range on Range 27A will involve construction
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of an access road into Range 27. This road will cross an already cleared stream. Construction
will occur only during daylight hours. One project will eliminate riparian forest along a stream

lacking a suitable flight corridor.

5.5.2 Effect of BRAC-Related Sound on Non-Hibernating Gray Bats

M56 and M157 smoke generators produce at source sound pressure levels (SPLs) of 122
dB and 112 dB, respectively. For both the M56 and M157, we examined 12 generators running
simultaneously on mobile smoke training areas. The closest proposed mobile smoke training
areas to Saltpeter No. 3 Cave is approximately 1750 m. At that distance, sound from smoke
generators (both M56 and M157) is estimated from sound modeling (Appendix Il) to be 1 dB or
less above background sound levels (see 3D/Environmental 1996a for a detailed discussion of
background sound levels). At 2420 m from Davis No. 2 Cave, sound from the proposed mobile
smoke training area at Bailey/McCann Hollow will also be 1 dB or less above background sound

levels.

An important factor in assessing potential impacts of sound stimuli to non-hibemating bats
is determining hearing ability. Hearing ability is an important component of perception and may
also be important in susceptibility for auditory damage. Our queries were focused on determining
gray bat hearing ability, particularly in predominant frequency range generated by training
activities (25 Hz to 20,000 Hz). We also assessed damage from intense sound in that frequency
range, and determining if reports exist of sound stimuli causing disturbance to any non-

hibernating bat species.

We searched 43 keywords and phrases on bat audition, disturbance, and noise effects on
wildlife. We also queried citations for 13 authors who conduct research in bat audition and noise
effects on wildlife. Only 28 papers were found in our database search which had apparently

relevant titles.

Sixty-one papers were examined in detail, most of which had only indirect relevance.
Because of the paucity of published data to support an analysis of potential impacts of sound
stimuli to non-hibernating bats, we spoke with leading scientists in the field of hearing research
who specialize in bats or who have conducted work on audition in bats. We contacted scientists
listed in Table 5-2 to discuss hearing abilities of microchiropteran bats and the potential for
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TABLE 5-2. Researchers queried for information concemning hearing in gray bats and
other Myotis, and potential disturbances from sound stimuli to non-hibemnating bats.

Researcher Institution Affiliation
Wong, D. Indiana University
Wenstrup, J. Northeastern Ohio’s College of Medicine
Heffner, R. University of Toledo (Ohio)
Fuzessery, Z. University of Wyoming
Masters, M. Ohio State University
Henson, M. University of North Carolina Chapel Hill
Suthers, R. indiana University

disturbance and auditory damage caused by sound. The discussion below reflects those

contacts with important topics referenced as appropriate.

5.5.3 Effect of Toxicological Agents

Information pertinent to this toxicological evaluation describing seasonal occurrence,
activity periods, habitat preferences, physiology, morphology, diet, behavior, and other aspects of
life history are provided in Section Ill of Appendix IV. Descriptions of local geomorphology, soils,
groundwater, surface water, climate, and natural resources are provided in Section IV of

Appendix IV.

5.5.3.1 Fog Oil
Toxicity

Chemical properties and a general description of fog' oil is provided in Appendix IV,
Section V. Section 7.2 of Appendix IV describes the toxicity of fog oil via ingestion, dermal
absorption, and inhalation exposure. The carcinogenic/teratogenic properties of fog oil are

discussed in Appendix IV, Section 7.2.1.5.

Exposure

We summarize information regarding seasonal occurrence, activity periods, habitat
preferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix
IV, Section lll. In general, there is potential for exposure nearly installation-wide when gray bats
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forage. Gray bats may also be exposed to stressors in matemity caves. Characteristics of local
geomorphology, soils, groundwater, surface water, climate, and natural resources that may affect

exposure are described in Appendix IV, Section IV.

The dispersion of fog oil in air, and the rate at which fog oil is deposited in various
atmospheric conditions are described in Appendix IV, Section Vill. Figures 4-9 and 4-10 of this
BA ére representative examples of fog oil dispersion from static and mobile smoke training areas.
in Pasquill atmospheric stability category E. Dispersion of fog oil in Pasquill categories B - E is
described and plotted in Appendix IV, Section VIIl. Figures 4-11 and 4-12 of this BA are
representative examples of fog oil deposition downwind of static and mobile training areas in
Pasquill atmospheric stability category E. Additional estimates of fog oil deposition are provided
in Appendix IV, Attachment B. Appendix IV, Section Vill summarizes meteorological conditions in

caves that affect exposure of receptors.

Intake

Calculations of acute (single exposure) and chronic (lifetime) intake are described in
Appendix IV, Section 8.4. These calculations address distance from the source, exposure
frequency, exposure duration, body weight, stressor concentration, life span, intake rate, and a

number of other variables. Calculations of intake are included in Appendix IV, Attachment D.

Risk

The risk of acute and chronic effects (at varying distances from the fog oil source and in
varying atmospheric stabilities) is summarized in Appendix IV, Section IX; and detailed in
Appendix IV, Attachment G. Effects to gray bats are anticipated where the ratio of anticipated
exposure (dose) to safe exposure (dose) exceeds 1.0. Effects to gray bats are summarized in
Table 4-12.

5.5.3.2 Terephthalic Acid
Toxicity

Chemical properties and a general description of terephthalic acid is provided in Appendix
IV, Section V. Section 7.2 of Appendix IV describes the toxicity of TPA via ingestion, dermal
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absorption, and inhalation exposure. The carcinogenic/teratogenic properties of fog oil are

discussed in Appendix IV, Section 7.2.2.6.

Exposure

We summarize information regarding seasonal occurrence, activity periods, habitat

preferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix

IV, Section lll. Exposure may occur nearly installation-wide when gray bats forage. Gray bats in
maternity caves also have potential for exposure. Characteristics of local geomorphology, soils,

groundwater, surface water, climate, and natural resources that may affect exposure are

described in Appendix IV, Section IV.

The dispersion of TPA in air is described in Appendix IV, Section VIIl. The dispersion of
TPA from grenades and smoke pots was modeled for Pasquill atmospheric stability category B
(Figures 4-13 and 4-14). Appendix IV, Section VIl summarizes meteorological conditions in

caves that affect exposure of receptors.

Intake

Calculations of acute (single exposure) and chronic (lifetime) intake are described in
Appendix IV, Section 8.4. These calculations address distance from the source, exposure
frequency, exposure duration, body weight, stressor concentration, life span, intake rate, and a
number of other variables. Calculations of intake are include in Appendix IV, Attachment D.

Risk

The risk of acute and chronic effects (at varying distances from the TPA source, and in
varying atmospheric stabilities) is summarized in Appendix IV, Section IX; and detailed in
Appendix 1V, Attachment G. Effects to gray bats are anticipated when Hazard Quotients (HQ)
exceed 1.0 (see Appendix V). Effects of proposed TPA training on gray bats are summarized in
Table 4-12.
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5.5.3.3 Titanium Dioxide
Toxicity

Chemical properties and a general description of titanium dioxide are provided in
Appendix IV, Section V. Section 7.5 of Appendix IV describes toxicity of titanium dioxide via
ingestion, dermal absorption, and inhalation exposure. The carcinogenic/teratogenic properties of
titanium dioxide are discussed in Appendix IV, Section 7.5.1.5. |

Exposure

We summarize information regarding seasonal occurrence, activity periods, habitat
preferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix
IV, Section Ill. In general, there is potential for exposure nearly installation-wide when gray bats
forage. Gray bats in matemity caves also have potential for exposure. Characteristics of local
geomorphology, soils, groundwater, surface water, climate, and natural resources that may affect

exposure are described in Appendix IV, Section V.

The dispersion of titanium dioxide in air was modeled for Pasquill category E (Figure 4-
15). Appendix IV, Section Vil summarizes meteorological conditions in caves that affect

exposure of receptors.

Intake

Calculations of acute (single exposure) and chronic (lifetime) intake are described in
Appendix 1V, Section 8.4. These caiculations address distance from the source, exposure
frequency, exposure duration, body weight, stressor concentration, life span, intake rate, and a
number of other variables. Calculations of intake are include in Appendix IV, Attachment D.

Risk

The risk of acute and chronic effects (at varying distances from the titanium dioxide source
and in varying atmospheric stabilities) is summarized in Appendix IV, Section IX; and detailed in
Appendix IV, Attachment G. Effects to gray bats are anticipated where HQs exceed 1.0. Effects
to gray bats are summarized in Table 4-12.
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5.6 EFFECTS ANALYSIS/DISCUSSION
5.6.1 Effect of BRAC-Related Construction to Gray Bat Summer Habitat

Construction proposed to support the new mission at Fort Leonard Wood will not affect
Saltpeter No. 3 Cave or Freeman Cave, nor the wooded habitat between these caves and nearby

riparian areas. No forest within 30 m of surface water impoundments will be cleared as a result of

BRAC construction.

Construction activities will result in removal of riparian forest in two locations and may
eliminate gray bat foraging habitat. Forest removal along streams resuiting from proposed
construction may reduce foraging habitat quality for gray bats through changes in canopy cover
and prey abundance. Construction along previously cleared streams is unlikely to alter gray bat
foraging habitat quality. Construction of the MP OSUT will clear 300 m along one side of a
stream, resulting in the loss of 2.26 acres of gray bat foraging habitat. Construction of a mobile
smoke training road in Bailey-McCann Mobile Smoke Training Area includes two stream
crossings, each resulting in clearing of 0.2 acres of streamside forest. Other stream crossings
involved with BRAC construction will not resuilt in forest clearing. Loss of gray bat foraging habitat

from BRAC construction totals 2.26 acres.

it is not possible to calculate the number of gray bats affected by the loss of 2.26 acres of
habitat. Gray bats using the affected area may alter their foraging location or behavior. Foraging
efficiency of gray bats using the cleared areas may be reduced. The clearing may increase the

likelihood gray bats in the area will be preyed upon.

5.6.2 Effect of BRAC-Related Sound on Non-Hibernating Gray Bats

No information was discovered from literature to support a conclusion that sound stimuli
(with characteristics of those reaching Fort Leonard Wood'’s gray bat caves) might impact cave
roosting gray bats. The following discussion examines the hearing ability of gray bats (and other

Myotis) as related to auditory perception of sounds generated by training.

Various aspects of hearing abilities in bats are well studied. For overviews and general
discussions the reader is referred to reviews by Henson (1970), Novick (1970), and Fenton
(1985). One method of determining hearing ability is to develop an audiogram. Many different
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techniques can be employed, but typically responses are measured in auditory nerves or other
neural tissue (e.g., N in response to a series of sounds played to an organism (or tissue
preparation) at different frequencies and intensities. The resulting plot of the threshold level

required to induce a response versus the different frequencies presented is called an audiogram.

Each technique of creating an audiogram measures a different level of sound processing
in the auditory pathway. The closer to the ear the measurement is made, the lower the level of
processing. Neural audiograms assess the lower levels of processing, the response of a nerve or
group of nerves to sounds. Behavioral audiograms assess the behavioral response to sounds,
which is the highest level of processing. While an auditory nerve may be triggered by a particular
frequency and intensity, the response may attenuate as it travels through the nervous system.
When a sound stimulus is presented, the animal must not only detect the signal with its ear, but
the signal must travel through the nervous system and be recognized as requiring a behavioral
response (i.e., the signal goes through higher levels of neural processing). Authors use different
techniques for obtaining audiograms, but the frequency pattemns of various techniques generally

are similar (e.g., Figure 5-6).

Neural and behavioral audiograms for the little brown bat, Myotis lucifugus, characterize
hearing ability of this species (Figure 5-6). There is sensitivity for frequencies ranging from 10
kilohertz (kHz) to 130 kHz with greater sensitivity for frequencies less than 80 kHz. The
frequency range to which little brown bats are most sensitive (i.e., the frequency with the lowest
threshold) is between 35 and 40 kHz. Dalland (1965) found no behavioral evidence that Myotis
hear sounds below 10 kHz, although the iower frequency limit of Myotis has not been established
conclusively (Henson 1970). Long and Schnitzler (1975) stated all reliable evidence indicates
microchiropteran bats have poor hearing ability at low frequencies. R. Heffner (pers. comm.
March 6, 1996) confirmed that bats have poor sensitivity to sound below 10 kHz.

No published audiogram for gray bats was discovered in our literature review or contacts
with bat researchers. Shimozawa et al. (1974) compared orientation sounds and audiograms
(unpublished data) of gray bats to those of little brown bats and found no noticeable differences.
Echolocation signals of little brown and gray bats are similar, suggesting hearing ability of the two
species is similar (Figure 5-7). Long and Schnitzler (1975) observed close association between
the dominant frequencies of echolocation signals and frequency sensitivity peaks in audiograms.
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The evidence supports the assumption that these species have similar hearing abilities, at least

with respect to the range of audible frequencies.

Sounds generated by BRAC-related training activities are predominantly in the sonic (16 to
20,000 Hz) frequency ranges (Appendix I). Although the M56 smoke generator may produce
sound in the ultrasonic range (above 20 kHz), ultrasound attenuates quickly and will not reach
gray bat caves. This topic was discussed in detail in Section 4.5.6.3 of the Biological Assessment
of the Master Plan and Ongoing Mission (3D/Environmental 1996a). That discussion is

incorporated by reference.

In conclusibn, all evidence suggests that Myotis (including gray bats) do not hear well in
the frequency ranges of sound generated by BRAC-related training activities and therefore are

not likely to be disturbed by these sound stimuli alone.

Although hearing sensitivity of gray bats to low frequencies is poor, the risk of auditory
damage, considering military training often generates intense sound, cannot be immediately ruled
out. Potential negative effects of intense sound were described in the Biological Assessment of
the Master Plan and Ongoing Mission (3D/Environmental 1996a). That discussion is incorporated

by reference.

Price (1977) suggested damage from intense acoustic impulses might depend upon the
location of the energy in the impulse's spectral peak and its relation to the frequency to which the
ear is best tuned. In subsequent experiments with cats, whose ears are best tuned at about 4
kHz, Price et al. (1989) and Price (1986) showed low frequency impulses (80 to 100 Hz at
exposures of 154 to 166 dB) were less hazardous than mid-range frequencies of 4 kHz at
exposures of 135 to 145 dB (Price and Wansack 1989). BRAC-related sounds (Appendix f)
contaih mainly mid-range frequencies, and would reach gray bat caves on Fort Leonard Wood at
levels close to background. Given the above discussion showing peak frequency sensitivity for
gray bats of 40 kHz (which decreases their susceptibility to damage from lower frequency sound),
we find it unlikely that BRAC-related sounds would result in auditory damage to gray bats in caves

on Fort Leonard Wood.
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Therefore, we conclude that gray bats probably hear very little sound generated by BRAC-
related training activities on Fort Leonard Wood. Gray bats are also unlikely to suffer auditory
damage from sounds generated by BRAC-related training on Fort Leonard Wood.

5.6.3 Effect of Toxicological Agents

A number of proposed training activities may expose gray bats to unséfe concentrations of
stressors. We assessed the potential for acute and chronic effects. The discussion below
focuses upon effects summarized in Table 4-12. We provide a gross estimate of the number of
bats to be affected where we predict effects. Estimates of the number of bats to be affected are

based upon the following assumptions:

e Pregnant gray bats occur in 3 caves on, or near, Fort Leonard Wood. Where unsafe stressor
concentrations reach Great Spirit or Saltpeter No. 3 matemity caves, we assume all gray bats
in the caves will be affected. We base estimates of gray bat numbers in these caves on
surveys completed in 1994 (Table 5-1). The number of reproductively active female gray
bats, and juvenile gray bats in Freeman Cave has not been documented. We believe the
number of pregnant gray bats in Freeman Cave is low.

« We assume foraging gray bats occur installation-wide.

5.6.3.1 Static Fog Oil Training

Acute Effects

Under conditions we assessed, a single exposure to fog oil generated during static training

will not affect foraging or roosting gray bats through ingestion, inhalation, or dermal absorption.

Chronic Effects

Gray bats foraging within 4000 m of static smoke training areas may inhale unsafe
concentrations of fog oil resulting in chronic inhalation effects. Up to approximately 15,990
foraging gray bats may be affected.

Gray bats roosting in Saltpeter No. 3 Cave may inhale unsafe concentrations of fog oil
from static training resulting in chronic inhalation effects. A 1994 survey documented
approximately 3740 gray bats in the matemity colony in Saltpeter No. 3 Cave.
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5.6.3.2 Mobile Fog Oil Training

Acute Effects

A single exposure to fog oil generated during mobile training will not affect foraging gray

bats through ingestion, inhalation, or dermal absorption.

Chronic Effects

Under conditions we assessed, repeated exposures (over an individual bats life span) to
fog oil generated during mobile training will affect gray bats via inhalation. Gray bats foraging
within 7000 m of mobile smoke training areas may-be affected. Up to approximately 15,990
foraging gray bats may suffer chronic effects.

Gray bats in Saltpeter No. 3 Cave will inhale unsafe doses of fog oil generated on
Musgrave, Bailey/McCann, and Cannon Range (Mush Paddie Hollow) mobile smoke training
areas that will result in chronic effects. A 1994 census documented 3740 gray bats in the

Saltpeter No. 3 matemity colony.

5.6.3.3 Terephthalic Acid Grenades

Acute Effects

Under conditions we assessed, a single exposure to TPA will affect gray bats through
inhalation. Gray bats foraging within 3000 m of the source will be affected. As many as 19730

gray bats may be exposed while foraging.

Gray bats in Saltpeter No. 3 Cave will inhale unsafe concentrations of TPA from grenades
deployed at the Sapper TA (Table 4-12). Up to approximately 3740 gray bats may be exposed
while in Saltpeter No. 3 Cave.

‘Chronic Effects

TPA grenades may cause chronic effects in the same locations as described above for
acute effects (Table 4-12). ldentical numbers of foraging gray bats, and gray bats in matemity
caves may be affected (Figure 5-5).
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The assessment of chronic effects evaluated worst-case exposure in that we 'assumed
individual gray bats would be exposed to TPA each time it is released, regardless of wind
direction. We assumed all releases would occur during the portion of the year when bats are
present on the installation. However, TPA grenades will also be used when bats are absent from
the installation, therefore the number of exposures may be lower than the number we assessed.
For example, we assessed effects of exposure tp 3136 TPA grenades. [f actual exposures result

from 120 or fewer grenades, there will be no chronic effects.

5.6.3.4 Terephthalic Acid Smoke Pots

Acute Effects

Under conditions we assessed, gray bats may inhale unsafe concentrations of TPA from
smoke pots. Gray bats foragingAwithin 3000 m of TPA smoke pot deployment sites may be
affected by a single exposure. As many as 19,730 gray bats may be exposed while foraging.

Gray bats in Saltpeter No. 3 Cave may inhale toxic concentrations of TPA from a single
exposure due to smoke pots deployed on Cannon Range (Mush Paddle. Hollow) and
Bailey/McCann Hollow mobile smoke training areas (Table 4-12). Up to approximately 3740 gray
bats may be exposed while in Saltpeter No. 3 Cave.

Chronic Effects

TPA smoke pots may cause chronic effects in the same locations as described above for

acute effects (Table 4-12). Identical numbers of gray bats may be affected.

The assessment of chronic effects evaluated worst-case exposure in that we assumed
individual gray bats would be exposed to TPA each time smoke pots are released, regardiess of
wind direction. We assumed all releases would occur when bats are present on the installation.
However, TPA smoke pots will also be used during portions of the year when gray bats are
absent from the installation, therefore the number of exposures may be lower than the number we
assessed. For example, we assessed effects of exposure to 950 TPA smoke pots. If actual
exposures result from 120 or fewer smoke pots, there will be no chronic effects.
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5.6.3.5 Titanium Dioxide Grenades

Acute Effects

No acute effects are expected.

Chronic Effects

No chronic effects are expected.

5.6.4 Cumulative Effects

Effects of the proposed action are described in this biological assessment. Effects of the
ongoing mission at Fort Leonard Wood are described in the Biological Assessment of the Master

Plan and Ongoing Mission (3D/Environmental 1996a).

Future federal activities in the action area not analyzed in this Biological Assessment, or
the Biological Assessment of the Ongoing Mission, require action-specific assessment for
Endangered Species Act compliance. No non-federal actions affecting gray bats are reasonably

certain to occur within the action area. No cumulative effects are anticipated.

5.7 STATEMENT OF FINDING
5.7.1 Effect of BRAC-Related Construction to Gray Bat Summer Habitat

Proposed construction activities are not expected to kill or injure gray bats. The activities

may affect gray bat foraging habitat.
Proposed construction activities are not expected to affect gray bat materity caves.

Proposed development of forest management guidelines will beneficially affect summer

habitat of the gray bat.

5.7.2 Effect of BRAC-Related Sound on Non-Hibemating Gray Bats

Sound generated by BRAC activity will not affect gray bats in Saltpeter No. 3 or Freeman

caves.
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5.7.3 Effect of Toxicological Agents

Under the conditions we assessed, fog oil, TPA grenades, and TPA smoke pots may
affect gray bats. If conditions vary from those we used to model dispersion, it is likely the

expected effects may decrease.
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Section 6:

Bald Eagle
(Haliaeetus
leucocephalus)

6.1 BACKGROUND

3D/Environmental provides a detailed description of the species in the Biological
Assessment of the Master Plan and Ongoing Mission (1996a). Section 6 of that document
describes the species’ legal status, life history, geographic range and existing Installation
management guidelines. We incorporate those narratives by reference.

6.1.1 Bald Eagles on Fort Leonard Wood

Bald eagles have been observed on Fort Leonard Wood only during the winter (Figure 6-
1). In cooperation with the FWS and the Missouri Department of Conservation (MDC), the
Installation has conducted annual winter surveys for bald eagles in Pulaski County, Missouri,
since 1976. Surveys were not completed in 1980, 1992, and 1994. In 1996, a survey was
conducted from roads in the northeast portion of the Installation and surrounding lands; an aerial
survey of Pulaski County was not done. The road survey in 1996 found 5 eagles on or
immediately adjacent to Fort Leonard Wood. This number is not directly comparable to data
obtained from prior aerial surveys of the installation and Pulaski County, and does not support
modification of the statistical population trend analysis described in Section 6.1.1 of the Biological
Assessment of the Master Plan and Ongoing Mission (3D/Environmental 1996a).
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RELOCATION OF U.S. ARMY CHEMICAL
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TO FORT LEONARD WOOD, MISSOURI

FIGURE 6-—1. Bald eagle winter
occurrences, use areas, and concentration
areas on or near Fort Leonard Wood,

Missouri.
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Wintering eagles appear to concentrate in certain areas on Fort Leonard Wood. Three
eagle concentration areas (Figure 6-1) were determined based on the sighting of 10 or more
eagles within a 2 km stretch of either Roubidoux Creek or Big Piney River between 1988 and
1995. Two of these areas are along Roubidoux Creek, one along an east-west run just north of
Cannon Range and the other along a north-south stretch within Cannon Range. The third eagle
concentration area is along Big Piney River at the installation's golf course.

For purposes of this analysis, suitable habitat within 400 m of the Roubidoux Creek or Big
Piney River constitutes a bald eagle "use area." Roubidoux Creek in the northwestern part of the
Installation is unsuitable habitat for wintering bald eagles and is not included in bald eagle use

areas. This determination was based on 4 factors:

¢ There are few potential perch trees along this stretch of stream.
e This portion of Roubidoux Creek freezes in winter.

o Fish collected from this area are smali, all less than 5 inches long (T. Glueck, pers.
communication).

o No eagles have been observed in this stretch of Roubidoux Creek during winter counts since
1988.

‘Three recently active nest sites are known from the Gasconade River north of Fort
Leonard Wood; however, eagles have not been observed on the Installation during the summer.
The nests are 10.4 km, 17.2 km, and 29.6 km (straight-line distance) from Fort Leonard Wood,
respectively. One nest site is upstream from the Installation, 38.4 river miles (61.8 km), and two
are downstream, 23.6 and 37.2 river miles (38.1 km and 60.1 km) from the boundary of Fort
Leonard Wood (Figure 6-2). Nesting bald eagles have not been observed foraging on Fort
Leonard Wood.
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RELOCATION OF U.S. ARMY CHEMICAL
SCHOOL AND MILITARY POLICE SCHOOL

TO FORT LEONARD WOOD, MISSOURI

FIGURE 6—2. Bald eagle nest sites
along the Gasconade River near Fort

Leonard Wood, Missouri.
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6.1.2 Scope of Analysis
6.1.2.1 Effect of BRAC-Related Construction to Bald Eagle Habitat

The proposed action includes construction and modification of buildings, training ranges
and other support facilities. We assess effects to habitat suitable for wintering bald eagles
(Figure 8-3).

6.1.2.2 Effect of Human Presence

The proposed action includes military training in areas used by wintering bald eagles. We
assess effects of disturbance caused by human presence to wintering bald eagles. Impacts of
human activity near wintering bald eagles were discussed in the Biological Assessment for the
Master Plan and Ongoing Mission (3D/Environmental 1996a) and are incorporated by reference.
We concluded human presence within 400 m may affect wintering bald eagles (assuming no
screening vegetation). Therefore, any activity where personnel are on foot within bald eagie use

areas will disturb perched eagles.

6.1.2.3 Effect of BRAC-Related Sound on Wintering Bald Eagles

Several proposed BRAC training areas and constfuction projects are near eagle use areas
(Figure 6-1) and have potential to disturb bald eagles wintering on the instaliation. Disturbance to
bald eagles could cause eagles to take flight and use critical energy reserves. Disturbed eagles
may relocate to less favorable perch locations where they may have greater thermoreguiatory

energy requirements or decreased foraging efficiency.

3D/Environmental examined potential of proposed BRAC actions at Fort Leonard Wood to

disturb wintering bald eagles. The following training activities were examined:

e Maneuver Operations (vehicles, personnel, and other equipment)

¢ Mines and Obstacles (vehicles, obstacles, and personnel)

e NBC Waming (vehicles, personnel, and decontamination equipment)

¢ Night-Time Squad Engagement (personnel and small arms)

¢ BIDS Employment (personnel and vehicles)

¢ FOX Battlefield Employment and Operation (personnel and vehicles)

» Signals and Other Non-Verbal Communication (personnel, vehicles, and flares)

¢ Radio Communications (personnel and vehicles)

e NBC Procedures (personnel and vehicles)

e NBC Survival Recovery (personnel and vehicles)
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BIOLOGICAL ASSESSMENT:
RELOCATION OF U.S. ARMY CHEMICAL
SCHOOL AND MILITARY POLICE SCHOOL

TO FORT LEONARD WOOD, MISSOURI

FIGURE 6—3. Proposed locations of new
facilities and BRAC training, and bald
eagle winter occurrences, use areas, and
concentration areas on Fort Leonard
Wood, Missouri. Numbers refer to project
descriptions in Table 4-7.
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¢ Radiation Safety (personnel and vehicles)
e Vehicle Operations _
¢ Driver Qualifications (vehicles)
e Explosive detonations at Range 10
These activities will be located outside eagle use areas and will not impact wintering baid
eagles. ’

BRAC actions at Fort Leonard Wood which have potential to impact wintering bald eagles
from sound disturbances are 1) construction activities, 2) decontamination training, and 3) mobile
smoke training. We evaluated potential impacts to bald eagles of sound generated by
construction, decontamination training, and mobile smoke training (Figure 6-4).

Construction projects associated with the BRAC action will involve use of heavy
equipment. Because hearing protection is required by Army personnel operating this equipment,
we determined sound was of sufficient intensity to examine sound levels reaching eagle use

areas.

Decontamination training (Air Force Base Recovery, NBC Procedures) is conducted at
water sources. Training involves decontamination (washing) of vehicles by pumping water
through a high pressure washer. Because sound generated by equipment is of sufficient intensity
to require personnel to wear hearing protection, decontamination training was examined for

potential impacts to wintering bald eagles.

Mobile smoke training areas are large areas where vehicle mounted “smoke generators”
produce obscurant fogs (Figure 6-5). Fort Leonard Wood (Emily Brown, January 9, 1996)
recommended examination of two configurations of smoke generators for this study: the M56 and
M157, both mounted on high mobility multipurpose wheeled vehicles (HMMWVs). The M56
generator uses a turbine engine to vaporize fog oil to provide visual obscurants. The M157
generator uses a pulse jet engine to vaporize fog oil to produce a visual obscurant fog. Because
both the M56 and M157 generate sound of sufficient intensity to require personnel to wear
hearing protection, smoke generators were examined for potential impacts to wintering bald
eagles.

BIOLOGICAL ASSESSMENT SECNONG
BRAC ACTIONS BALD EAGLE (HALIAEETUS LEUCOCEPHALUS)
US ARMY ENGINEER CENTER AND FORT LEONARD WOOD 106




N,
---------
"

W
sz
ez, Taeeflte”
RN

ROUBIDOUX R A e

e
~-YMOBILE SMOKE RANGE
ST (BALLARD HOLLOW)

POND SOUTH DF TA=243 %" °

$POND TK-238

iMOBILE SMOKE RANGE | ! o
| (MUSGRAVE HOLLOW) '
Seeed, Y~/ 7, BT

e JBILE SMOKE/CANNON RAN
L | (MUSH PADDLE HOLLOW)




QLTSRS

i, Yoo
----- MOBILE SMOKE RANGE

" (BALLARD HOLLOW)

e N e

POND SOUTH DF TA-243 .

.....

RELC
SCHO

TO

rang
impc
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RELOCATION OF U.S. ARMY CHEMICAL
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TO FORT LEONARD WOOD, MISSOURI

FIGURE 6—4. BRAC-related training
ranges generating sound potentially
impacting wintering bald eagles.
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RELOCATION OF U.S. ARMY CHEMICAL
SCHOOL AND MILITARY POLICE SCHOOL

TO FORT LEONARD WOOD, MISSOURI

FIGURE 6—5. Bald eagle winter
occurrences, use areas, and concentration
areas; and proposed fog oil smoke
training areas at Fort Leonard Wood,
Missouri.
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6.1.2.4 Effect of Toxicological Agents

Bald eagles may be exposed to training substances when they fly (travel), perch, or
forage. This activity is only expected to occur on the installation during the winter. Eagles may
also be exposed at nest sites. Three recently active nests exist along the Gasconade River north
of the Installation. 3D/Environmental assessed the potential for toxicological effects from
exposure to a variety of training materials (Appendix IV, Attachment A). '

e Certain materials were excluded from detailed analysis in a preliminary screening. Exclusion
was based upon an assessment of toxicity, quantity to be used, storage and use location, and
method of deployment (Appendix IV, Attachment A).

« Certain training materials were assumed to be of limited threat to listed species, and were not
evaluated. Potential effects of these substances will be assessed in a biomonitoring plan to
be implemented by the Installation (see Section 2.2.4).

e Certain materials were excluded from detailed analysis based upon results of a screening
level risk assessment (Appendix IV, Attachment A).

¢ Remaining training materials were evaluated in detail in an Ecological Risk Assessment
(Appendix IV). We evaluated effects of fog oil obscurant (Figures 6-5 and 6-6), terephthalic
acid grenades and smoke pots (Figures 6-7 and 6-8), and titanium dioxide grenades (Figures
6-7 and 6-8).

We considered exposure to toxic concentrations of any stressor to be an effect. Maximum
concentrations at which stressors are nontoxic were converted to toxicological values or doses
(e.g. NOAEL = No Observable Adverse Effects Level) not expected to result in adverse health
effects. Because toxicity data were derived from studies of laboratory animals (e.g. rats),
uncertainty factors (UF) were applied when deriving toxicity values for receptors. Uncertainty
factors account for anatomical, physiological, or morphological differences between species for

which the dose was calculated and the species of concem.

Toxicity Reference Values (TRV) were developed by applying uncertainty factors to the
doses (TRV = NOAEL/Uncertainty Factors) following Department of Army guidelines (Wentsel et
al. 1994) and procedures outlined in Calabrese and Baldwin (1993). TRVs provide conservative
estimates for toxicological effects levels where species-specific toxicity data are lacking. For
example, most bald eagle TRVs in this BA were derived by reducing toxicity values of selected
mammals by a factor of 1600 (1600 is the product of several multiplicative-uncertainty factors).
The TRV approach is similar to the RfD approach used in human health risk assessments. Most
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prop

FIGURE 6—6. Bald eagle nests and
osed fog oil smoke training locations

at Fort Leonard Wood, Missouri.
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BIOLOGICAL ASSESSMENT:

FIGURE 6~7. Bald eagle winter

occurrences, use areas, and concentration

areas; and proposed smoke pot and
smoke grenade training locations at
Fort Leonard Wood, Missouri. .
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FIGURE 6—8. Bald eagle nests and
proposed smoke pot and smoke grenade
training locations at Fort Leonard Wood,
Missouri.
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RfDs developed for humans are derived from non-human toxicity values reduced by

uncertainty factors ranging from 10 to 10,000.

For fog oil, BIDS simulants, FOX Training simulants, and non-specific simulants, we"
determined acute and chronic toxicity values available in the literature. We calculated acute and
chronic toxicity of TPA using BATS.XLS (3D/Environmental 1996a).Toxicological effects exhibited
by test species from which TRVs were derived may or may not adequately characterize effects

likely to be manifested in receptors we evaluate here.

Common test species, such as rats, mice, and‘guinea pigs may demonstrate different
effects than can be expected in eagles. "Critical Effects" listed in Appendix IV, Attachments G
are effects manifested by test species, not bald eagles. Where we predict receptors will be
exposed to unsafe concentrations, we do not necessarily expect Critical Effects will result. We
list Critical Effects as a reference only. Inferences from Critical Effects must be made with
caution. Our description of specific effects likely to be manifested by bald eagles is Ii[mited by

available toxicity data.

Development of acute and chronic toxicity values for the receptors in this analysis is
beyond the scope of this Biological Assessment. These tests, if completed for the numerous
potential contaminants evaluated, are expensive, time consuming. It is common practice to
extrapolate toxicity values from test species to the species of interest.

Section 4.1.2.3 of this BA provides general background information on each of the
stressors to be evaluated in detail, and describes the magnitude of proposed stressor use.

We assumed contaminants reach watercourses, and assessed indirect effects. We
believe fog oil will not cause indirect effects. 3D/Environmental (1996c) evaluated the
environmental fate of fog oil at Fort McClellan, Alabama. No increase of fog oil hydrocarbons
were noted in soil, surface water, sediment, tree bark, leaf, insect, or bat tissue samples taken
from fog oil exposure sites. Fog oil is biodegradable and will remain in soil only a few days,
depending on soil fauna present and time of year the fog oil is released.

Harmful quantities of fog oil are not expected to accumulate in the environment at Fort
Leonard Wood because fog oil is readily biodegraded by aerobic microorganisms. Large
quantities of fog oil will not reach caves, groundwater, or other water systems via soil erosion,
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deposition, or storm water runoff. When fog oil enters water, it is rapidly attenuated due to its
water solubility. Fog oil is biodegraded by microorganisms, and undergoes chemical degradation
in aqueous environments. We do not anticipate accumulation of fog oil or its components in soil,
groundwater, or surface water at Fort Leonard Wood. Prey species are unlikely to be affected by

exposure to fog oil through aquatic pathways.

Prey species are unlikely to be affected by exposure to TPA through aquatic pathways.
The primary combustion products of TPA are carbon monoxide, carbon dioxide, sulfur dioxide,
benzene, toluene, and formaldehyde. These compounds are released in a gaseous state. It is
very unlikely they will accumulate in soil or water because they volatilize and are transformed by
photochemical reactions. If small quantities enter groundwater or surface water systems, they will
be biodegraded by microorganisms. The particulate matter of TPA may be removed from the
atmosphere by dry or wet deposition. TPA is relatively insoluble in water, but certain combustion
products may enter water systems. Quantities that enter water systems (i.e. groundwater or
surface water) will be rapidly degraded through photochemical reactions or through
biodegradation. TPA is an organic acid that many terrestrial and aquatic microorganisms can use

in their metabolic processes.

6.1.3 Life History

A detailed summary of winter habitat requirements for this species, is contained in Section
6.1.2 of the Biological Assessment for the Master Plan and Ongoing Mission (3D/Environmental

1996a).

Bald eagle nest sites typically are within 2 miles of opén water and most are within 0.5
mile (various authors compiled in Green 1985). The primary food resources for bald eagles are
fish, waterfowl, and seabirds. Bald eagles build nests in dominant or cd-dominant trees. Nesting
in snags is atypical, with most nests in living trees with stout horizontal limbs. Nests are located in
the top third of trees. The trees typically have overhanging branches sheltering the nest (Green

1985).

The reproduction period of bald eagles varies with latitude. In Missouri, the onset of
nesting behavior can be expected from January through early March (Green 1985). Nesting is
not synchronized among sympatric eagles. The time period from the beginning of egg laying
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through juvenile independence can range from 164 - 214 days (Green 1985). Nesting eagles
may be present in the area surrounding Fort Leonard Wood for much of the year.

Nesting bald eagle home range sizes have been reported to average 57 acres in Alaska
and 321 acres along the Columbia River, Washington (McGarigal et al. 1991, Snow 1973).
Maximum home range sizes reported have been 111 acres in Alaska and 1038 acres along the
Columbia River. McGarigal et al. (1991) report nesting eagles concentrate activity in high
productivity foraging areas that comprise only 6% of the total area. Steidl (1994) reported nesting
bald eagles in the Gulkana Basin of Alaska spend most of their time within 200 m of the nest.
Nesting eagles have a substantial energetic investment in their offspring, and they remain near
the nest to protect the young (Steidl and Anthony 1996). If bald eagles summering near the
Gasconade River had home ranges of 5190 acres, five times greater than the maximum reported
size, their home ranges would not reach Fort Leonard Wood. Because it is unlikely eagles
nesting along the Gasconade River utilize Fort Leonard Wood, this Biological Assessment does
not include effects to habitat suitable for nesting eagles.

6.1.4 Management Guidelines

A description of existing management guidelines for wintering bald eagles is contained in
Section 6.1.3 of the Biological Assessment for the Master Plan and Ongoing Mission
(3D/Environmental 1996a). These guidelines are incorporated by reference to limit redundancy.

Relevant management guidelines for nesting bald eagles are confained in the Northern
States Bald Eagle Recovery Plan (FWS 1983). Guidelines pertaining to wintering eagles are
pertinent to this analysis. The recovery plan suggests restrictihg human activity in areas where
eagles are known to forage, maintaining suitable perch trees near foraging areas, and
maintaining the quality of foraging habitat.

6.2 EFFECTS ANALYSIS AREA

We assessed effects to wintering bald eagle habitat within the Fort Leonard Wood
boundary. We also assessed effects of chemical stressors to wintering bald eagles on Fort
Leonard Wood and summering bald eagles near the Installation on the Gasconade River.
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6.3 AFFECTED HABITAT DESCRIPTION

A detailed description of the physical environment on the Installation, including
topography, physiology, climate, geology, seismicity, soils, air quality, water resources, and
vegetation is contained in Section 4 of the EIS for Relocation of the Army Chemical School and
Military Police School to Fort Leonard Wood (HBA 1996). The description of these resources is

incorporated by reference to limit redundancy.

A description of Big Piney River and Roubidoux Creek is contained in Section 6.3 of the
Biological Assessment for the Master Plan and Ongoing Mission at Fort Leonard Wood, Missouri
(3D/Environmental 1996a). These habitat descriptions are incorporated by reference.

6.4 STUDY METHODS

6.4.1 Effect of BRAC-Related Construction to Bald Eagle Habitat

We assessed the location of proposed construction and areas where bald eagles are
known to occur. We also considered impacts to wooded habitat within 400 m of Roubidoux
Creek and Big Piney River. We assumed winter use of the Installation by bald eagles would bé
concentrated in these areas. The entire length of these two streams within the installation were
examined, but adverse effects were limited to those areas with suitable habitat for bald eagle use.

6.4.2 Effect of Human Presence

We assessed the location of proposed training activities and areas where bald eagles are
known to occur. We focused upon activities within 400 m of the Roubidoux Creek and Big Piney
River. Proposed BRAC training activities that occur within 400 m of these streams also were
assessed. We assumed winter use of the Installation by bald eagles would be concentrated in
these areas. The entire length of these two streams within the installation were examined, but

adverse effects were limited to those areas with suitable habitat for bald eagle use.

6.4.3 Effect of BRAC-Related Sound on Wintering Bald Eagles

We examined locations, sound characteristics, activity of personnel (i.e., human
presence), and equipment for construction and training activities near bald eagle use areas.
Sound propagation from proposed mobile smoke training areas, decontamination equipment, and
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construction activities was modeled to predict approximate levels reaching eagle use areas.
Methods for measuring, characterizing, and modeling sound were described in Sections 4.4.5.1,
4452, and 4454 of Biological Assessment of the Master Plan and Ongoing Mission
(3D/Environmental 1996a). These methods are incorporated by reference. Sounds produced by
mobile smoke generators (M56 and M157) were measured at Edgewood Area, Aberdeen Proving
Ground, Maryland. Measurements were made on single generators. Decontamination equipment
was measured at Fort McClellan, Alabama. Sound generated by operation of construction
engineers equipment (TA 244) was assumed to represent sound sources generated by BRAC-
related construction projects.

We modeled sound propagation from selected training activities to determine approximate
sound pressure levels (SPLs) in decibels (dB) reaching eagle use areas. Sound propagation was
modeled under different weather conditions using combined sound levels for those activities with
multiple sources. For example, mobile smoke training areas operate several smoke generators
simultaneously. Sound levels are increased when more than one smoke generator is running,
however the sound from two generators is not “twice as loud” as one generator (i.e., the
relationship is not strictly additive). For mobile smoke training areas, we assumed 12 generators
running simultaneously. Because measurements were made on single generators, we used
standard methods for addition of sound levels (Harris 1991) to determine at-source overall sound

pressure levels for 12 generators.

Factors disturbing wintering bald eagles were discussed in the Biological Assessment of
the Master Plan and Ongoing Mission (3D/Environmental 1996a). Sound levels that cause
disturbance to wintering eagles were not identiﬁed in that review of literature. The literature
review conducted for this study focused on recent literature and potential sound disturbances to
winter roosting raptors. Impact assessment was based on modeled sound levels reaching eagle
use areas, available literature, and guidelines in the Northem States Bald Eagle Recovery Plan
(FWS 1983). In the absence of documented guidance, sound generated by construction or
training outside eagle use areas was considered to impact wintering bald eagles if it was
determined to increase sound levels in eagle use areas by 10 dB or greater. This level was
chosen because increases in background sound of 10 dB (A-weighted) are considered
“substantial” in highway noise analyses (FHWA 1995, Samis and Hamilton 1994). Human
presence within bald eagle use areas was also considered an impact.
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6.4.4 Effect of Toxicological Agents

Methods employed to assess effects of toxicological agents are described in Section

443.

6.5 RESULTS
6.5.1 Effect of BRAC-Related Construction to Bald Eagle Habitat

All construction associated with BRAC actions are located outside bald eagle use areas
(Figure 6-3). Ballard Mobile Smoke Training Area includes construction along Roubidoux Creek,

but this area is unsuitable for bald eagle use.

6.5.2 Effect of Human Presence

All training activities associated with BRAC actions are located outside bald eagle use
areas (Figure 6-3). Ballard Mobile Smoke Training Area includes training along Roubidoux Creek,
but this area is unsuitable for bald eagle use. Activity at the FOX Vehicle Swim is within 400 m of
Big Piney River, but has sufficient screening vegetation to prevent activity from disturbing bald
eagles. This area was thoroughly discussed in the Biological Assessment of the Master Plan and
Ongoing Mission (3D/Environmental 1996a).

6.5.3 Effect of BRAC-Related Sound on Wintering Bald Eagles

Characteristics of sounds produced by mobile smoke generators and decontamination
equipment are shown in Appendix |. These data were necessary for sound modeling and are

provided as reference material.

Background sound levels (near caves) on the Big Piney River and Roubidoux Creek at
Fort Leonard Wood ranged from 65 to 75 dB (3D/Environmental 1996a). To determine sound
levels of an activity (e.g., construction) in the presence of background sound, we used standard
methods of addition of muitiple sound sources (Harris 1991). Propagation of sound produced by
construction equipment was previously modeled (3D/Environmental 1996a). Those results are
incorporated by reference. Construction equipment generated a peak sound pressure level of
125 dB at the source (3D/Environmental 1996a). The nearest construction site (fencing parking
lot on TA 250) to an eagle use area is approximately 500 m from Big Piney River (Figure 6-3). At

BIOLOGICAL ASSESSMENT SECTION 8
BRAC ACTIONS BALD EAGLE (HALUEETUS LEUCOCEPHALUS)

US ARMY ENGINEER CENTER AND FORT LEONARD WOOD 118




this distance (Ongoing Mission BA, Table I-21c. 5-8, 3D/Environmental 1986a), sound from
construction is estimated to increase background sound pressure levels within eagle use areas by
less than 10 dB. '

Results of sound propagation modeling from mobile smoke training areas and
decontamination equipment are shown in Appendix ll. Because bald eagles are only known to
use the installation during winter, we consider sound propagation only during winter conditions.
Sound levels (in dB) under different winter weather conditions and distances from the source can
be directly read from the tables. For example, sound from twelve M157 smoke generators under
overcast, windy (wind from southeast), winter conditions is predicted to be 55 dB at 500 m to the
east of the source (Appendix ll, Table 1b.6). That sound pressure level would be added to
background sound.

M56 and M157 smoke generators produced peak sound pressure levels at the source of
131 dB and 121 dB, respectively. The closest mobile smoke training area to bald eagle use
areas is the Cannon Range location (Figure 6-5). At distances greater than 500 m (Appendix II),
sound pressure levels generated by mobile smoke generators will be 3 dB or less above
background sound levels. Because proposed mobile smoke training areas are a minimum of 645
m from the banks of Roubidoux Creek (245 m from bald eagle use areas), sound levels reaching

eagle use areas will be approximately 2 to 8 dB above background levels.

The peak sound pressdre level measured from decontamination equipment was 107 dB.
The closest proposed decontamination site to a bald eagle use area is approximately 500 m from
Roubidoux Creek (Figure 6-4). Decontamination training at this site will increase background
sound levels within bald eagle use areas by less than 1 dB. Sound propagation modeling results
‘show decontamination equipment will generate sound approximately 1 dB or less above
background sound levels' at distances greater than 500 m (Appendix ll). Because other sites are

at least 500 m from eagle use areas, sound from these sites were not considered further.

Our review of recent literature yielded no further guidance for determining threshoids for
sound levels causing disturbance to wintering bald eagles or other raptors. An increase from
background sound of 10 dB or more within eagles use areas (400 m from stream banks) was
determined to be the best threshold to assess impacts of sound to wintering bald eagles from
available scientific or commercial data.
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6.5.4 Effect of Toxicological Agents

Information pertinent to this toxicological evaluation describing seasonal occurrence,
activity periods, habitat preferences, physiology, morphology, diet, behavior, and other aspects of
life history are provided in Section Il of Appendix IV. Descriptions of local geomorphology, soils,
groundwater, surface water, climate, and natural resources are provided in Appendix IV, Section

V.

6.5.4.1 Fog Oil
Toxicity

Chemical properties and a general description of fog oil is provided in Appendix IV,
Section V. Section 7.2 of Appendix IV describes the toxicity of fog oil via ingestion, dermal
absorption, and inhalation exposure. The carcinogenic/teratogenic properties of fog oil are

discussed in Appendix IV, Section 7.2.1.5.

Exposure

We summarize information regarding seasonal occurrence, activity periods, habitat
préferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix
IV, Section Ill. In general, there is potential for exposure nearly installation-wide when bald
eagles forage. Three bald eagle nests occur north of the installation (Figure 6-2). Characteristics
of local geomorphology, soils, groundwater, surface water, climate, and natural resources that
may affect exposure are described in Appendix IV, Section V.

The dispersion of fog oil in air, and the rate at which fog oil is deposited in various
atmospheric conditions are described in Appendix IV, Section VIIl. Figures 4-9 and 4-10 are
representative examples of fog oil dispersion from static and mobile training areas in Pasquill
atmospheric stability category E. Dispersion of fog oil in Pasquill categories B - E is described
and plotted in Appendix IV, Section VIII. Figures 4-11 and 4-12 are representative examples of
fog oil deposition downwind of static and mobile training areas in Pasquill atmospheric stability
category E. Additional estimates of fog oil deposition are provided in Appendix IV, Attachment B.
Appendix IV, Section VIIl summarizes meteorological conditions in caves that affect exposure of

receptor S.
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Intake

Calculations of acute (single exposure) and chronic (lifetime) intake are described in
Appendix IV, Section 8.4. These caiculations address distance from the source, exposure
frequency, exposure duration, body weight, stressor concentration, life span, intake rate, and a
number of other variables. Calculations of intake are include in Appendix IV, Attachment E.

Risk

The risk of acute and chronic effects (at varying distances from the fog oil source and in
varying atmospheric stabilities) is summarized in Appendix IV, Section IX; and detailed in
Appendix IV, Attachment H. Effects to bald eagles are anticipated where HQs exceed 1.0.

Effects to bald eagles are summarized in Table 4-12.

6.5.4.2 Terephthalic Acid
Toxicity

Chemical properties and a general description of terephthalic acid is provided in Appendix
IV, Section V. Section 7.2 of Appendix IV describes the toxicity of TPA. The
carcinogenic/teratogenic properties of fog oil are discussed in Appendix IV, Section 7.2.2.6.

Exposure

We summarize information regarding seasonal occurrence, activity periods, habitat
preferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix
IV, Section lll. Bald eagles forage nearly installation-wide and may be exposed during this
activity. Bald eagles in nests north of the installation also have potential for exposure (Figure 6-
6). Characteristics of local geomorphology, soils, groundwater, surface water, climate, and
natural resources that may affect exposure are described in Appendix IV, Section IV.

TPA grenade and smoke pot dispersion was modeled for Pasquill atmospheric stability
category B (Figures 4-13 and 4-14). Appendix IV, Section VIl summarizes meteorological
conditions in caves that affect exposure of receptors.

BIOLOGICAL ASSESSMENT SECTION 8
BRAC ACTIONS BALD EAGLE (HALIAEETUS LEUCOCEPHALUS)
US ARMY ENGINEER CENTER AND FORT LEONARD WOOD 121




Intake

Calculations of acute (single exposure) and chronic (lifetime) intake are described in
Appendix IV, Section Vill. These calculations address distance from the source, exposure
frequency, exposure duration, body weight, stressor concentration, life span, intake rate, and a
number of other variables. Calculations of intake are include in Appendix IV, Attachment E.

Risk

The risk of acute.and chronic effects (at varying distances from the TPA source is
summarized in Appendix IV, Section IX; and detailed in Appendix IV, Attachment H. Effects to
bald eagles are anticipated where HQs exceed 1.0. Effects of proposed TPA training on bald

eagles are summarized in Table 4-12.

6.5.4.3 Titanium Dioxide

Toxicity

Chemical properties and a general description of titanium dioxide is provided in Appendix
IV, Section V. Section 7.5 of Appendix IV describes the toxicity of titanium dioxide. The
carcinogenic/teratogenic properties of titanium dioxide are discussed in Appendix IV, Section

7.5.1.5.

Exposure

We summarize information regarding seasonal occurrence, activity periods, habitat
preferences, physiology, morphology, diet, behavior, and other aspects of life history in Appendix
IV, Section Ill. In general, there is potential for exposure nearly installation-wide when bald
eagles forage. Bald eagles in 3 nests north of the installation also have potential for exposure.
Characteristics of local geomorphology, soils, groundwater, surface water, climate, and natural
resources that may affect exposure are described in Appendix IV, Section IV.

The dispersion of titanium dioxide in air was modeled for Pasquill atmospheric stability
category E (Figure 4-15). Appendix IV, Section VIl summarizes meteorological conditions in

caves that affect exposure of receptors.
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Intake

Calculations of acute (single exposure) and chronic (lifetime) intake are described in
Appendix IV, Section VIIl. These calculations address distance from the source, exposure
frequency, exposure duration, body weight, stressor concentration, life span, intake rate, and a
number of other variables. Calculations of intake are include in Appendix IV, Attachment E.

Risk

The risk of acute and chronic effects (at varying distances from the titanium dioxide source
and in varying atmospheric stabilities) is summarized in Appendix IV, Section IX; and detailed in
Appendix IV, Attachment H. Effects to bald eagles are anticipated where HQs exceed 1.0.

. Effects to bald eagles are summarized in Table 4-12.

6.6 EFFECTS ANALYSIS/DISCUSSION
6.6.1 Effect of BRAC-Related Construction to Bald Eagle Habitat

6.6.1.1 Wintering Bald Eagles

A ‘may affect finding” will be made if potentially disturbing activities occur as a result of
BRAC actions within 400 m of the Big Piney River or Roubidoux Creek, or if construction in
tributary streams sufficiently degrades water quality and reduce prey (fish) availability.

Grubb and King (1991) found proximity to be the prime determinant of whether bald
eagles respond to human-induced disturbances and sound to be least influential disturbance on
eagles. McGarigal et al. (1991) found human presence in potential eagle foraging areas can
influence eagles to choose other foraging areas. Two proposed construction sites are within bald
eagle use areas. Construction will occur adjacent to Fox Vehicle Swim on TA 250, 200 m from
Big Piney River, but this area is screened from eagle view by intervening riparian vegetation.
Construction here should have no adverse impact to wintering bald eagles. Development of
Ballard Mobile Smoke Training Area includes construction within 400 m of Roubidoux Creek in an

area of currently unsuitable habitat for wintering eagles. This construction will not affect wintering

bald eagles.
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Decontamination training moved to Fort Leonard Wood as part of the BRAC action will not

adversely impact physical characteristics of eagle habitat.

Construction activity, including felling and clearing of trees, resuiting from BRAC actions
could impair water quality and reduce the quality of feeding habitat for bald eagles. Much
construction activity resulting from BRAC actions will occur in tributary watersheds of Roubidoux
Creek, away from areas used by wintering eagles. A project design (see Section 2.2.3) will
assure erosion at construction sites will not affect bald eagle habitat. A

6.6.1.2 Nesting Bald Eagles

Given the typical size of nesting eagle home ranges, it is unlikely bald eagles nesting
around Fort Leonard Wood have foraging ranges large enough to include the Installation. BRAC
construction activities are not expected to affect nesting bald eagles or their habitat.

6.6.2 Effect of Human Presence

6.6.2.1 Wintering Bald Eagles

A “may affect finding” is appropriate if potentially disturbing human presence is expected,
as a result of BRAC actions, within 400 m of the Big Piney River or Roubidoux Creek.

Two proposed construction sites will require human presence within bald eagle use areas.
Construction of the Fox Vehicle Swim on TA 250 is 200 m from Big Piney River. This area is
screened from eagle view by intervening riparian vegetation. Human presence during
construction will be screened by intervening vegetation. No adverse impacts to wintering bald
.eagles are expected. Development of Ballard Mobile Smoke Training Area includes construction
within 400 m of Roubidoux Creek in an area of currently unsuitable habitat for wintering eagles.

Human presence in this area will not affect wintering bald eagles

The presence of personnel during decontamination training may disturb eagles if it occurs
within 400 m of wintering eagles. Of the 8 potential sites for hasty decontamination training, six
are located well away from areas used by wintering eagles. The 2 least preferred sites either are
on, or near, Roubidoux Creek. Site WM 693705 is located approximately 500 m north of
Roubidoux Creek, outside the 400 m disturbance restriction zone. Site WM 734815 is on
Roubidoux Creek in the northwestern comer of the Installation within Ballard Mobile Smoke
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Training Area. This section of Roubidoux Creek is unsuitable for bald eagle habitat. Human

presence at these sites should not affect wintering bald eagles.

6.6.2.2 Nesting Bald Eagles

No nests are known to occur on Fort Leonard Wood. Human presence within the

Installation should not affect nesting bald eagles.

6.6.3 Effect of BRAC-Related Sound on Wintering Bald Eagles

Sound from proposed BRAC activities outside bald eagle use areas on Fort Leonard
Wood will not affect bald eagles. Sound modeling indicates locations of proposed training and
construction sites are adequately distanced from eagle use areas to not increase sound levels in

bald eagle use areas by 10 dB.

Buehler et al. (1991) found bald eagles, when approached, flushed at greater distances in
winter than in summer. This suggests bald eagles may be more sensitive during winter than
summer, although decreased vegetation and improved visibility might also account for their
observation. Regardless, it is clear certain activities result in displacement flights of wintering
bald eagles from their perches. These flights result in unnecessary energy expenditures and may

cause increased stress (i.e., other physiological effects).

Staimaster and Newman (1978) concluded that bald eagles were tolerant of auditory
stimuli, especially when the source of the sound was out of view. We found no information in our
literature review to construct a guidance for sound level thresholds which disturb wintering bald
eagles. We used a 10 dB increase in babkground sound within eagle use areas as a
conservative threshold. We examined potential disturbances to wintering bald eagles from sound
generated by proposed BRAC activities outside of eagle use areas by modeling sound to
determine levels reaching eagle use areas. Results of sound propagation modeling indicate
sound levels generated by BRAC-related construction and training will be only slightly above
background sound levels at distances of 500 m from their sources. Given the moderate expected
increases in sound levels (1 to 8 dB), we do not expect sound generated by BRAC-related
construction or training outside of eagle use areas to impact bald eagles wintering on Fort
Leonard Wood.
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Wintering bald eagles are more likely to be affected by visual stimuli or visual and sound,
than sound alone. In addition, anthropogenic stimuli such as humans on foot or in boats (Buehler
et al. 1991, Knight and Knight 1984) may disturb eagles more than vehicle or airplane traffic.
Stalmaster and Newman (1978) showed wintering bald eagles permitted closer approaches when
researchers were screened by dense vegetation than when researchers walked in open meadows

or in the river channel where they were in view.

Human activities, including the sound generated by these activities, within 400 m of
wintering bald eagle use areas have the greatest potential to impact bald eagles on Fort Leonard
Wood. We found no information suggesting FWS guidelines (1983) restricting human activity
within 400 m of wintering bald eagles are unreasonably conservative.

6.6.4 Effect of Toxicological Agents

A number of proposed training activities may expose bald eagles to unsafe concentrations
of stressors. We assessed acute and chronic effects. The discussion below focuses upon
effects summarized in Table 4-12. We estimate the number of eagles to be affected where we
predict acute or chronic effects. Estimates of the number of eagles to be affected are based

upon the following assumptions:

* No bald eagles utilize the installation during the summer.

o Our estimate of the number of bald eagles on the installation during the winter was developed
by calculating the mean number (13) of bald eagles sighted on or adjacent to the Installation
during aerial surveys between 1988 and 1995.

¢ We assume wintering bald eagles may occur installation-wide. We assume bald eagles perch
only along the Roubidoux Creek and Big Piney River.

¢ We assume there are 3 active bald eagle nests north of the installation. We assume 2 adults
and 2 young occupy each nest during the summer.
6.6.4.1 Static Fog Oil Training

No acute or chronic toxicological effects are expected from static fog oil training (Appendix

V).
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6.6.4.2 Mobile Fog Oil Training

No acute or chronic toxicological effects are expected from mobile fog oil training
(Appendix V).
6.6.4.3 Terephthalic Acid Grenades

Acute Effects

Under conditions we assessed, a single exposure to TPA from grenades will affect bald
eagles within 3000 m of the source (via inhalation). Bald eagles (traveling or perching - Table 4-
12) may occur within 3000 meters of TPA deployment sites. We estimate approximately 13 bald
eagles may be affected.

Chronic Effects

No chronic effects are anticipated from TPA grenades.

6.6.4.4 Terephthalic Acid Smoke Pots

Acute Effects

Under conditions we assessed, a single exposure to TPA from smoke pots will affect bald
eagles foraging within 3000 m of the source (via inhalation). Bald eagles (traveling or perching -
Table 4-12) may occur within 3000 meters of TPA deployment sites. We estimate approximately

13 foraging bald eagles may be affected.

Chronic Effects

No chronic effects are anticipated.

6.6.4.5 Titanium Dioxide Grenades

Acute Effects

No acute effects are expected.
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Chronic Effects

No chronic effects are expected.

6.6.5 Cumulative Effects

Effects of the proposed action are described in this biological assessment. Effects of the
ongoing mission at Fort Leonard Wood are described in the Biological Assessment of the Master

Plan and Ongoing Mission (3D/Environmental 1996a).

Future federal activities in the action area that are not analyzed in this Biological
Assessment, or the Biological Assessment of the Ongoing Mission, require action-specific
assessment for Endangered Species Act compliance. No non-federal action affecting baid
eagles are reasonably certain to occur within the action area. No cumulative effects are

anticipated.
6.7 STATEMENT OF FINDING
6.7.1 Effect of BRAC-Related Construction to Bald Eagle Habitat

BRAC construction activities will not affect bald eagles.

6.7.2 Effect of Human Presence

Human presence during BRAC training activities will not affect bald eagles.

6.7.3 Effect of BRAC-Related Sound on Wintering Bald Eagles

Sound from BRAC-related construction or training will not affect wintering or nesting bald
eagles on the installation.
6.7.4 Effect of Toxicological Agents

Under conditions we assessed, TPA grenades, and TPA smoke pots may affect bald
eagles. If conditions vary from those we used to model dispersion, it is likely the expected effects

will decrease.
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No cumulative effects are expected. No state or private actions directly or indirectly
affecting bald eagles are anticipated within the analysis area and BRAC activities should not
compound effects of the ongoing mission.
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Cumulative Spectrum of M157 Smoke Generator

HMMWV Mounted System at 5m
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Cumulative Spectrum of Training on 16 Building MOUT Site
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Cumulative Spectrum of Training on 16 Building MOUT at Om
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Cumulative Spectrum of USAF Light Decontamination Apparatus at 5m
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Cumulative Spectrum of USAF Generator and Blower at Om
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Cumulative Spectrum of USAF Siren on Mobile Command Vehicle at 25m
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TABLE 1a. Modeled sound propagation (calculated sound level (dB) under different
weather conditions) from mobile smoke training area, a proposed BRAC action at Fort Leonard
Wood, Missouri. Twelve M56 generators: Peak SPL (maximum sound level) at source = 131 dB.

1. Summer-Overcast, Calm; Wind from SW

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 70 67 66 64
1000 33 34 45 51
1500 25 26 24 32
2000 21 21 16 14

2. Summer-Overcast, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 65 64 45 45
1000 36 33 33 33
1500 32 26 26 37
2000 21 20 20 21

3. Summer-Clear, Calm; Wind from NE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 64 60 66 63
1000 37 49 33 47
1500 23 28 26 25
2000 23 21 21 17

4. Summer-Clear, Windy; Wind from S SW

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 65 63 54 59
1000 44 33 43 41
1500 21 24 30 28
2000 15 24 16 14
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TABLE 1a (cont.). Modeled sound propagation from Mobile Smoke Training Area - Twelve
M56 generators.

5. Winter-Overcast, Calm; Wind from N NE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 57 56 56 §5
1000 17 20 33 23
1500 21 26 26 26
2000 16 22 21 21

6. Winter-Overcast, Windy; Wind from SE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 - 64 65 45 45
1000 39 36 33 33
1800 28 24 25 26
2000 22 13 20 21

7. Winter-Clear, Calm; Wind from S ground, NE above layers

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 54 56 58 45
1000 17 14 33 33
1600 27 18 25 26
2000 22 13 20 21

8. Winter-Clear, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 60 45 65 62
1000 32 33 33 32
1500 26 26 25 22
2000 20 20 21 16
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TABLE 1b. Modeled sound propagation (calculated sound level (dB) under different
weather conditions) from mobile smoke training area, a proposed BRAC action at Fort Leonard
Wood, Missouri. Twelve M157 generators: Peak SPL (maximum sound level) at source = 121 dB

1. Summer-Overcast, Calm; Wind from SW

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 60 57 56 54
1000 23 24 35 41
1500 15 ‘ 16 14 22
2000 11 11 16 12

2. Summer-Overcast, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 55 54 - 35 35
1000 26 23 23 23
1500 22 16 16 27
2000 23 10 10 11

3. Summer-Clear, Calm; Wind from NE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 54 50 56 53
1000 27 39 23 37
1500 13 18 16 16
2000 13 20 11 14

4. Summer-Clear, Windy; Wind from S SW

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 55 53 44 59
1000 34 23 33 41
1500 19 14 20 28
2000 10 14 20 28

BIOLOGICAL ASSESSMENT APPENDIX
BRAC ACTIONS

US ARMY ENGINEER CENTER AND FORT LEONARD WOOD




TABLE 1b (cont.). Modeled sound propagation from Mobile Smoke Training Area - Twelve
M157 generators.

5. Winter-Overcast, Calm: Wind from N NE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 47 46 46 45
1000 24 27 23 13
1500 22 16 16 16
2000 12 12 ' 11 11

6. Winter-Overcast, Windy; Wind from SE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 54 55 35 35
1000 29 26 23 23
1500 18 14 15 16
2000 12 17 10 11

7. Winter-Clear, Calm; Wind from S _ground, NE above layers

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 44 46 48 35
1000 25 22 23 23
1500 17 21 15 16
2000 12 10 10 11

8. Winter-Clear, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 50 35 55 52
1000 22 23 23 22
1500 16 16 15 23
2000 10 10 11 13
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TABLE 1c. Modeled sound propagation (calculated sound level (dB) under different
weather conditions) from decontamination training, a proposed BRAC action at Fort Leonard
Wood, Missouri. Peak SPL (maximum sound level) at source = 107 dB

1. Summer-Overcast, Caim; Wind from SW

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 17 19 22 23
1000 9 9 17 22
1500 1 2 1 13
2000 0 0 9 8

2. Summer-Overcast, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 31 31 31 31
1000 24 24 24 24
1500 23 23 24 23
2000 25 25 26 26

3. Summer-Clear, Calm; Wind from NE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 21 22 19 22
1000 13 15 8 13
1500 13 15 2 15
2000 12 10 0 8

4. Summer-Clear, Windy; Wind from S SW

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 25 23 ' 20 21
1000 20 9 19 17
1500 8 13 15 13
2000 14 11 15 13
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TABLE 1c (cont.). Modeled sound propagation from decontamination training.

5. Winter-Overcast, Calm; Wind from N NE

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 13 13 23 24
1000 21 13 8 18
1500 15 16 2 2
2000 10 14 0 0

6. Winter-Overcast, Windy; Wind from SE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 26 22 19 22
1000 - 15 10 9 10
1500 13 3 1 3
2000 10 0 0 0

7. Winter-Clear, Calm; Wind from S ground, NE above layers

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 22 23 24 15
1000 23 20 8 8
1500 16 14 2 2
2000 17 11 0 0

8. Winter-Clear, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 16 19 16 18
1000 9 9 19 31
1500 2 2 2 15
2000 0 0 0 10
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TABLE 1d. Modeled sound propagation (calculated sound level (dB) under different
weather conditions) from MOUT training, a proposed BRAC action at Fort Leonard Wood,
Missouri. Peak SPL (maximum sound level) at source = 120 dB.

1. Summer-Overcast, Calm; Wind from SW

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 59 56 55 53
1000 22 23 34 40
1500 14 15 13 21
2000 10 10 14 11

2. Summer-Overcast, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 ' 54 53 34 34
1000 25 22 22 22
1500 21 15 15 26
2000 22 9 9 10

3. Summer-Clear, Calm; Wind from NE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 53 49 55 52
1000 26 38 22 36
1500 12 17 15 14
2000 12 19 10 13

4. Summer-Clear, Windy: Wind from S SW

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 54 52 43 48
1000 33 22 32 30
1500 18 13 19 17
2000 9 13 19 17
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TABLE 1d (cont.). Modeled sound propagation from MOUT training.

5. Winter-Overcast, Calm; Wind from N NE

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 46 45 45 44
1000 23 26 22 12
1500 21 15 15 15
2000 11 21 10 10

6. Winter-Overcast, Windy; Wind from SE

Distance (m) Predicted Sound Level in Each Direction
from Source North East South _ West
500 53 54 34 34
1000 28 25 22 22
1500 17 13 : 14 16
2000 11 16 9 10

7. Winter-Clear, Calm; Wind from S ground, NE above layers

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 43 45 47 34
1000 24 21 22 22
1500 16 20 14 16
2000 23 14 9 10

8. Winter-Clear, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 49 34 54 51
1000 21 22 22 21
1500 15 15 14 22
2000 9 9 10 12
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TABLE 1e. Modeled sound propagation (calculated sound level (dB) under different
weather conditions) from Air Force Base Recovery training, a proposed BRAC action at Fort
Leonard Wood, Missouri. Peak SPL (maximum sound level) at source = 129 dB.

1. Summer-Overcast, Calm; Wind from SW

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 68 65 64 62
1000 31 32 43 49
1500 23 24 22 30
2000 19 19 14 12

2. Summer-Overcast, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 63 62 43 43
1000 34 31 31 31
1500 30 24 24 35
2000 19 18 18 19

3. Summer-Clear, Calm; Wind from NE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 62 58 64 61
1000 35 47 31 45
1500 21 26 24 23
2000 21 19 19 15

4. Summer-Clear, Windy; Wind from S SW

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 63 61 52 57
1000 42 31 41 39
15600 19 22 28 26
2000 13 22 14 26
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TABLE 1e (cont.). Modeled sound propagation from Air Force Base Recovery training.

5. Winter-Overcast, Calm; Wind from N NE

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 55 54 54 53
1000 16 18 31 21
1500 19 24 24 24
2000 14 20 19 19

6. Winter-Overcast, Windy; Wind from SE

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 62 63 43 43
1000 - 37 34 31 31
1500 26 22 23 24
2000 20 25 18 19

7. Winter-Clear, Calm; Wind from S ground, NE above layers

Distance (m) Predicted Sound Level in Each Direction

from Source North East South West
500 52 54 56 43
1000 15 30 31 31
1500 25 16 23 24
2000 20 18 18 19

8. Winter-Clear, Windy; Wind from SW W

Distance (m) Predicted Sound Level in Each Direction
from Source North East South West
500 58 43 63 60
1000 30 31 31 . 30
1500 24 24 : 23 20
2000 18 18 19 14
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Appendix IlI
Modeling Sound Propagation (ASOPRAT) for
MOUT Training, Frequencies 25 - 4000 Hz




Appendix I

Modeling Sound
Propagation
(ASOPRAT) for MOUT
Training, Frequencies
25 - 4000 Hz
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