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INTRODUCTION

This constitutes the U.S. Fish and Wildlife Service (Service) Coordination Report on the
Anacostia Watershed Restoration Ecosystem Restoration Feasibility Study and Integrated
Environmental Assessment conducted by the U.S. Army Corps of Engineers (USACE) in Prince
Georges County, Maryland (USACE 2016). It is submitted in accordance with Section 2(b) of
the Fish and Wildlife Coordination Act (48 Stat 401, as amended; 16 U.S.C. et seq.) and Section
7 of the Endangered Species Act (87 Stat. 884, as amended; 16 U.S.C. 1513 et seq.). The present
report summarizes information on biological resources and project impacts, and provides the
Service’s official position on the tentatively selected plan (TSP) described in the USACE (2016)

report.

PROJECT DESCRIPTION

USACE (2016) presented alternatives for aquatic ecosystem restoration within the Anacostia
Watershed (Figure 1) in Prince Georges County (USACE 2015a; Figure 2). It presented a TSP
and an integrated environmental assessment including a draft Finding of No Significant Impact.
The study was based on the USACE (2010) Anacostia Restoration Plan and a report synopsis
that investigated Anacostia Watershed aquatic ecosystem restoration opportunities within Prince
Georges County (USACE 2015a). The TSP will restore approximately 6.9 miles of in-stream
habitat on six stream reaches: Northwest Branch (Site 3), Sligo Creek (Site 9), Northwest Branch
(Riggs Road, Site 13), Indian Creek (Site 11), Paint Branch (Site 5), and Northeast Branch

(Calvert Road, Site 15). It will also restore 4.3 miles of fish passage through removal of fish



blockages on Northwest Branch and Sligo Creek. The removal of these blockages is estimated to
increase the access of river herring to historical spawning grounds from approximately 20
percent to 83 percent on Northwest Branch and from 10 percent to 90 percent on Northeast

Branch. The increased access is predicted to result in increases in river herring populations.

The Service has assisted in the evaluation of alternatives through its Planning Aid Report (PAR;
Pinkney and Davis 2015). It described the results of an on-site geomorphic investigation of two
candidate reaches: Paint Branch (Site 5, 1.2 miles), and Little Paint Branch (Site 12; 0.8 miles).
In addition, the PAR summarized available information on fish passage; recreational use of the
candidate reaches including the potential for recreational fishing; and provided a listing of game

fish species and bird species within the watershed.

FISH AND WILDLIFE RESOURCES WITHOUT THE PROJECT

The Anacostia Watershed (Figure 1) has a drainage area of about 176 square miles. It consists of
14 primary subwatersheds and the tidal river. The tributaries flow through Montgomery and
Prince Georges County. The main tributaries, the Northwest and Northeast Branch, meet in
Bladensburg, Maryland to form the tidal river which flows about 8.4 miles to the mouth at the

Potomac River.

Ecological problems within the watershed are summarized in USACE (2010). These include

“lack of stormwater management; loss and degradation of forest, wetland, stream, and riparian



habitat; pollution from nutrients, chemical contaminants, sediment, and trash; and loss of species

diversity.”

Biological resources within the watershed are summarized in USACE (2010) and by
Metropolitan Washington Council of Governments (MWCOG 2008). According to USACE
(2010), 93 fish species have been tabulated. MWCOG (2008) has produced watershed maps that
indicate the biological conditions for fish and macroinvertebrates within the subwatersheds. In
general, poor and fair conditions are common. According to Report Synopses for the Prince
Georges and Montgomery County portions of the watershed (USACE 2015a, b), MDE (2012)
stated that approximately 95% of stream miles in the watershed have poor to very poor ratings
for fish and/or benthic macroinvertebrates. Causes include poor water quality, altered hydrology,
and degraded in-stream habitat. Beginning in 1991, some fish blockages within the watershed
have been removed. Anadromous fish runs, however, are limited by about 120-130 remaining

fish blockages (USACE 2010).

The Anacostia Watershed provides wildlife habitat for migratory birds, mammals, reptiles, and
amphibians. Bird species strongly affiliated with stream and riparian habitats include the
Kentucky warbler (Geothlypis formosa), Acadian flycatcher (Empidonax virescens), willow
flycatcher (Empidonax traillii), woodcock (Scolopax minor), prothonotary warbler (Protonotaria
citrea), great blue heron (Ardea herodias), green heron (Butorides virescens), wood duck (Aix
sponsa), marsh wren (Cistothorus palustris), mallard (Anas platyrhnchos), and red-shouldered
hawk (Buteo lineatus). Additional bird species affiliated with mature forests include wood thrush

(Hylocichla mustelina), red-eyed vireo (Vireo olivaceus), northern parula (Setophaga



americana), yellow warbler (Setophaga petechia), Cooper’s hawk (Accipiter cooperii), and
barred owl (Strix varia). The eBird data base was searched (7/8/2015) to identify birding
hotspots within the Anacostia Watershed. These are areas visited by experienced birders who
keep species lists. For example, Bladensburg Waterfront Park located in Prince Georges County
near the upper boundary of the tidal Anacostia includes a listing of 134 bird species. In addition
to most of the above-listed species, the formerly-endangered bald eagle (Haliaeetus

leucocephalus) was observed.

The Anacostia Watershed Society maintains lists of birds, amphibians, and reptiles within the

watershed (http://www.anacostiaws.org/news/blog/wildlife-watershed). Currently, there are 233

bird species, 61 amphibian and reptile species, and 35 species of mammals. These lists are
reproduced in Pinkney and Davis (2015) and include the conservation status of the species as
defined by Maryland Department of Natural Resources and the District Department of Energy

and Environment. Information on federally listed species is provided in the next section.

THREATENED AND ENDANGERED SPECIES

There is one federally listed threatened species in the Anacostia Watershed, the Northern long-
eared bat (Myotis septentrionalis) based on a search of the Service’s Information for Planning
and Conservation (IPaC) data base (USFWS 2015). The Northern long-eared bat is found across
much of the eastern and north central United States and all Canadian provinces from the Atlantic
coast west to the southern Northwest Territories and eastern British Columbia. White-nose

syndrome, a fungal disease known to affect bats, is currently the predominant threat to this bat,


http://www.anacostiaws.org/news/blog/wildlife-watershed

especially throughout the Northeast U.S. where the species has declined by up to 99 percent from
pre-white-nose syndrome levels at many hibernation sites. CBFO Supervisor LaRouche prepared
a “Not Likely to Adversely Affect™ letter (Appendix A) that describes USFWS concerns about the
proposed project:
“This project is within the range of the northern long-eared bat, a federally listed threatened
species. The northern long-eared bat is a temperate, insectivorous migratory bat that
hibernates in mines and caves in the winter and summers in wooded areas. Since the forest
clearing for this proposed project is minimal, and there are no current records of northern
long-eared bats in the project vicinity, this project as proposed is “not likely to adversely
affect” the northern long-eared bat, therefore, there are no time of year restrictions on forest
clearing.”
A field survey yielded the existence of Kenk’s amphipod (Stygobromus kenki) within the
Anacostia watershed at one location on Northwest Branch in Montgomery County. This location
is not within or near the candidate stream reaches (A. Moser, personal communication, 2015). In
conclusion, the Service agrees with the USACE (2016) statement that the recommended plan

will not have an adverse impact on any threatened or endangered species or their critical habitat.

FUTURE CONDITIONS WITHOUT THE PROJECT

Without the project and additional work addressing water quality in the watershed, conditions in
these stream sections are unlikely to improve. Many problems in the Anacostia Watershed
contribute to the poor ratings of streams for fish and benthic macroinvertebrates. Stream
restoration projects can help stabilize hydrology, reduce erosion, decrease the loadings of
sediments and nutrients, and increase in-stream habitat heterogeneity (Stranko et al. 2011).
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Improvements in small reaches of urban streams alone, however, are unlikely to lead to marked
improvements in biological conditions (Bernhardt and Palmer 2011; Stranko et al. 2011). A more
comprehensive watershed-wide approach is needed that includes measures to reduce the volume
of stormwater flow off impervious surfaces and the loadings of contaminants contained therein
(Frazer 2005). Such efforts are ongoing. Thus, the current project should be viewed as
contributing to the multi-jurisdictional efforts to improve habitat and water quality and reduce
sediment and nutrient loadings within the watershed. Ultimately these efforts are likely to
improve the biological resources within the stream corridors. In addition, without the removal of

the fish blockages, populations of river herring in the stream reaches are unlikely to increase.

BIOLOGICAL EFFECTS OF THE PROJECT

The primary positive effects of the TSP are to improve in-stream habitat in the stream reaches
and open access of river herring to an additional 4.3 stream miles through removal of fish
blockages. Stream restoration projects may have temporary negative impacts on riparian habitat.
However, once completed, these projects will result in improved riparian and in-stream habitat.
Crucially, however, until the stressors in the watershed are addressed, water quality and
biological lift in all of the stream segments is severely limited. If the streams are reconnected to
their floodplains, lateral instability is reduced, and bedform diversity is improved, the subsequent
reduction in sediment and nutrients will result in at least partial water quality and biological lift
in areas where tolerant species already exist. These tolerant species will be able to inhabit the

stream reaches, even if more intolerant species cannot.



ENVIRONMENTAL EDUCATION

All of the stream reaches have the potential to serve as living classrooms for educating students
of any age. Signage and kiosks can explain to the public the reason for the project and whether it
has been successful through before and after photographs of habitat and/or presentation of
monitoring data. Local watershed groups such as the Anacostia Watershed Society provide
opportunities for citizens to conduct activities such as water quality monitoring, trail
maintenance, and invasive plant removal. The Anacostia Watershed is frequented by birders who
document their observations in the eBird data base, and several of the stream reach sites may be

suitable locations for birding.

CONCLUSION

The Service supports the proposed project as described in (USACE 2016) in accordance with
Section 2(b) of the Fish and Wildlife Coordination Act (48 Stat 401, as amended; 16 U.S.C. et

seq.) and Section 7 of the Endangered Species Act (87 Stat. 884, as amended; 16 U.S.C. 1513 et

seq.).

REFERENCES

Bernhardt, E.S. and M.A. Palmer. 2011. River restoration: the fuzzy logic of repairing reaches to
reverse catchment scale degradation. Ecological Applications 21: 1926-1931.

Frazer, L. 2005. Paving paradise: The peril of impervious surfaces. Environmental Health
Perspectives 113:A456-A462.

Maryland Department of the Environment (MDE). 2012. Watershed report for Biological
Impairment of the non-tidal Anacostia River Watershed, Prince Georges and Montgomery



Counties, Maryland and Washington D.C. Biological Stressor Identification Analysis Results
and Interpretation. U.S. Environmental Protection Agency, Region I11, Water Protection
Division.

Metropolitan Washington Council of Government (MWCOG). 2008. Anacostia Watershed
Environmental Baseline Conditions and Restoration Report. MWCOG, Washington, DC.

Moser, Andy. 2015. Personal correspondence regarding Kenk’s amphipod in the Anacostia
watershed. USFWS, CBFO, 7/8/2015.

Pinkney, A.E. and S. Davis. 2015. Evaluation of Stream Restoration Sites in Anacostia River
Tributaries in Montgomery County and Prince Georges County, Maryland: Planning Aid Report
U.S. Fish and Wildlife Service, Chesapeake Bay Field Office. CBFO-C15-01.

Stranko, S.A., R.A. Hilderbrand, and M. A. Palmer. 2011. Comparing the fish and benthic
macroinvertebrate diversity of restored urban streams to reference streams. Restoration Ecology
20: 747-755.

U.S. Army Corps of Engineers (USACE). 2010. Anacostia River Watershed Restoration Plan
and Report. USACE, Baltimore, MD.

U.S. Army Corps of Engineers (USACE). 2015a. Report Synopsis for Anacostia Watershed
Restoration Prince George’s County, Maryland. June. USACE, Baltimore, MD.

U.S. Army Corps of Engineers (USACE). 2015b. Report Synopsis for Anacostia Watershed
Restoration Montgomery County, Maryland. June. USACE, Baltimore, MD.

U.S. Army Corps of Engineers (USACE). 2016. Anacostia Watershed Restoration, Prince
George’s County, Maryland: Ecosystem Restoration Feasibility Study and Integrated
Environmental Assessment. Draft Report (Interim) and Appendices. USACE, Baltimore, MD.
June 2016.

U.S. Fish and Wildlife Service (USFWS). 2015. Information for Planning and Conservation
(IPaC) Trust Resource Report Anacostia Watershed. Generated 07/07/2015.

10



FIGURES

Chesapeake Bay
Watershed

Area: 64,000 sq. mi.
Population: 16,000,000*
“Scarce Cl am Cffice 2005

New
{ '\'01‘1{

Anacostia
Watershed

L
= E Area: 176 sq. mi.
Potomac River - : Population: 800,000+

Watershed

Area: 14,167+ sq. mi.
Population: 6,000,000+

Figure 1. Anacostia watershed in relation to the Potomac and Chesapeake Bay watersheds (from
ACOE 2015b).
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Figure 2. Prince Georges County stream reaches under evaluation for stream restoration (from
ACOE 2015). Function-based Rapid Stream Assessment was conducted on Paint Branch (Site

#5), and Little Paint Branch (Site #12).
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APPENDIX A

Endangered Species Letter from Genevieve LaRouche to Fred Pinkney 11/2/2015
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United States Department of the Interior

FISH AWND WILDLIFE SEEVICE

Chesapeake Bay Field Office
177 Adviral Cochrane Dirive
Annapehs, Maryland 21401
http:/arorw. fws. govichesapeakebay

MNovember 2, 2015

Fred Pinkney, Fh.D.

Semor Biologist

Environmental Contaminants Program
U.S. Fish and Wildlife Service
Chesapeake Bay Field Office

177 Admiral Cochrane Drive
Amnnapolis, MD 21401

RE: “Not Likely to Adversely Affect™ northern long-sared bat determination; Anacostia IPaC
Database Resulis for Anacostia Watershed Restoration Studies in Montzemery and Prince
George’s Coumties in Maryland

The U.5. Fish and Wildlife Service (Service) has reviewed your project information from the
Service’'s Information for Planming and Conservation (IPaC) online system dated July 7, 2013
The Service has evaluated the potential effects of this project to the threatened northern long-
eared bat (Myotis sepfentrionalis). The comments provided below are n accordance with
Section 7 of the Endangered Species Act (87 Stat. 884, as amended: 16 U.5.C. 1531 af seq ).

The purpose of this proposed project 1s to conduct feasibility studies of aquatic ecosystem
restoration needs and opportunities within the Anacostia Watershed in Montgomery and Prince

George’s Counties in Maryland

Thmpmjectmmthmthgmgenfthenmmgmlmg-eamdhata&daaﬂyhsmdﬂmamd
species. The northern long-eared bat is a temperate, insectivorous migratory bat that libemates
n mines and caves in the winter and summers in wooded areas. Simee the forest cleaning for this
proposed project is minimal, and there are no current records of northern long-eared bats in the
project vicinity, this project as proposed is “not likely to adversely affect” the northem long-
eared bat, therefore, there are no ime of year restrictions on forest cleanng.

Except for occasional transient individuals, no other Federal proposed or listed endangered or
threatened species under our junsdiction are known to exist within the project impact area.
Should project plans change, or if additional mformation on the distnbution of listed or proposed
species becomes available, this determination may be reconsidered.
TAKE FRIDEE
INAMERICAS
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We appreciate the opportunity to provide information relevant to threatened and endangered fish and
wildlife resources. This Endangered Species Act determination does not exempt this project from
obtaining all permits and approvals that may be required by other State or Federal agencies.

If you have any questions or concerns regarding this letter, please contact Trevor Clark of my
Endangered Species staff at (410) 573-4527 or by email at Trevor_Clark@fws.gov.

Genevieve LaRouche
Supervisor
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ABSTRACT

The Baltimore District, U.S. Army Corps of Engineers (USACE) is conducting
feasibility studies of aquatic ecosystem restoration needs and opportunities within the
Anacostia Watershed in Montgomery County and Prince Georges County, Maryland.
These studies build on the USACE Anacostia Restoration Plan completed in 2010.
Report synopses for investigation of aquatic ecosystem restoration opportunities within
the Corps mission were developed for the Anacostia Watershed of each county. For
Montgomery County, the proposed project area includes seven candidate stream reaches
in four sub-watersheds: Paint Branch, Little Paint Branch, Sligo Creek, and Northwest
Branch. For Prince Georges County, the proposed project area includes ten candidate
stream reaches within six subwatersheds: Indian Creek, Little Paint Branch, Paint Branch,
Northwest Branch, Northeast Branch, and Sligo Creek. The Report Synopses identify
problems and opportunities, planning goals and objectives, with a focus on stream
restoration in candidate reaches. Selection of the reaches for restoration is scheduled to
occur in late 2015 or early 2016. The U.S. Fish and Wildlife Service Chesapeake Bay
Field Office (CBFO) is working with USACE on evaluating the environmental benefits
to fish and wildlife resources from the proposed projects. Here we present a Planning
Aid Report (PAR) consisting of: 1) an analysis of available information on fishing,
potential for anadromous fish migration, and educational use of all candidate stream
reaches of interest in both counties; 2) a Function-based Rapid Stream Assessment of the
following stream reaches assigned to USFWS by USACE: Montgomery County—Sligo
Creek (Site #12; 0.7 miles), Prince Georges County—Paint Branch (Site #5, 1.2 miles),
and Little Paint Branch (0.8 miles). The Sligo Creek stream reach in Montgomery County
(Site #12) includes portions of an unnamed tributary and the mainstem Sligo Creek. The
unnamed tributary and mainstem were assessed separately for this site.

Based on a map provided by Jorge Montero of the Anacostia Watershed Society, three of
the candidate reaches (all in Prince Georges County) have documented recreational
fishing: Paint Branch (PG#5), Northeast Branch (PG Site #15), and Northeast Branch-
Riggs Road (PG Site #13) Survey data from Montgomery County Department of the
Environment showed that the following game species were collected from four of the
seven candidate reaches: American eel, sunfish sp., redbreasted sunfish, green sunfish,
bluegill, pumpkinseed, brown bullhead, smallmouth and largemouth bass. Survey data
from Prince Georges County were obtained from a search of the Maryland Department of
Natural Resources Maryland Biological Stream Survey data base. The following game
species were collected from four of the ten candidate reaches: green and redbreasted
sunfish, bluegill, largemouth and smallmouth bass, striped bass, fallfish, white sucker,
American eel, yellow bullhead. The other candidate reaches in each county were not
sampled.

The historical range of anadromous fish migration generally follows the line between
Montgomery and Prince Georges County. It is important to recognize these historical
limits of anadromous fish migration in evaluating the benefits of removing stream
blockages. Therefore, removal of stream blockages in or near the candidate Montgomery
County stream reaches would not benefit anadromous fish which would not migrate that



far in any case. Removal of any blockages in or near all of the candidate stream reaches
in Prince Georges County would be within the area of historic anadromous fish migration
and would potentially benefit those species if there was an increase in blockage-free
stream miles.

All of the candidate stream reaches have the potential to serve as living classrooms for
educating students of all ages. Signage and kiosks can explain to the public the reason for
the project and whether it has been successful through before and after photographs of
habitat or monitoring data. Local watershed groups such as the Anacostia Watershed
Society (AWS) provide opportunities for citizens to conduct activities such as water
quality monitoring, trail maintenance, and invasive plant removal. The Anacostia
Watershed is frequented by birders who document their observations in the eBird data
base, and several of the stream reach sites may be suitable locations for birding. AWS
maintains lists of reported amphibian, reptile, bird, and mammal species within the
watershed.

Based on results of the Function-based Rapid Stream Assessment of the three assigned
reaches, in Montgomery County Sligo Creek tributary has the potential for the most
functional lift, and therefore has the highest priority, followed by Sligo Creek mainstem.
In Prince Georges County, Paint Branch has the highest priority, followed by Little Paint
Branch. Overall for both counties Sligo Creek tributary has the highest priority, followed
by Sligo Creek mainstem, Paint Branch, and Little Paint Branch, Paint Branch, and Little
Paint Branch. Until the stressors in the watershed are addressed, water quality and
biological lift in all of the stream segments is severely limited. However, if the streams
are reconnected to their floodplains, lateral instability is reduced, and bedform diversity is
improved, the subsequent reduction in sediment and nutrients will result in at least partial
water quality and biological lift in areas where tolerant species already exist. These
tolerant species will be able to inhabit the stream reaches, even if more intolerant species
cannot.
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INTRODUCTION

Federal agencies have been working with state and local agencies for decades on the
restoration of the Anacostia Watershed. The US Environmental Protection Agency
designated the Anacostia River as one of three Regions of Concern for toxic
contamination in the Chesapeake Bay. The U.S. Fish and Wildlife Service (Service)
Chesapeake Bay Field Office (CBFO) has conducted studies aimed at documenting the
magnitude and effects of toxic chemical impacts in the tidal river. These included studies
of the concentrations of toxic chemicals in fish tissues, the prevalence of tumors in brown
bullhead catfish, the bioaccumulation of contaminants in deployed clams, and toxicity of
ambient waters to larval fish. In coordination with state and local agencies, the National
Oceanic and Atmospheric Administration and the U.S. Environmental Protection Agency
have worked to reduce the flow of pollutants into the watershed.

Biological resources within the watershed are summarized in USACE (2010) and by
Metropolitan Washington Council of Governments (Galli et al. 2010). According to Galli
et al.2010), 50 fish species have been documented within the watershed since 2008
(Table 1). Galli et al. produced watershed maps that indicate the biological conditions for
fish and macroinvertebrates within the subwatersheds. In general, poor and fair
conditions are common. MDE (2012) stated that approximately 95% of stream miles in
the watershed have poor to very poor ratings for fish and/or benthic macroinvertebrates.
Causes include poor water quality, altered hydrology, and degraded in-stream habitat.
Beginning in 1991, some fish blockages within the watershed have been removed.
Anadromous fish runs, however, may be limited by about 120-130 remaining fish
blockages (USACE 2010).

CBFO biologists have also provided support on numerous restoration projects through
multiple partnerships. This includes reviewing the U.S. Army Corps of Engineers
(USACE 2010) Anacostia Restoration Plan, commenting on monitoring protocols
proposed by the Metropolitan Washington Council of Governments, and serving on the
Anacostia Watershed Toxics Alliance, and the Leadership Council for a Cleaner
Anacostia. CBFO also conducted stream restoration projects within the watershed,
including the 1.8 mile Watt’s Branch project (completed in 2011), which reduced bank
erosion by an estimated 1500 tons per year.

Many Federal Agencies have promoted efforts to increase recreation within the
watershed. The National Park Service helped obtain funding for a riverside trail along the
Anacostia. Fourteen federal agencies have collaborated with local and private partners in
the Urban Waters Federal Partnership Anacostia Pilot to improve water quality, aid
underprivileged communities, and encourage urban residents to enjoy the natural
resources of the Anacostia River.

The Baltimore District, U.S. Army Corps of Engineers (USACE) is conducting feasibility
studies of aquatic ecosystem restoration needs and opportunities within the Anacostia
Watershed in Montgomery County and Prince Georges County, Maryland. These studies
build on the USACE (2010) Anacostia Restoration Plan. Report synopses for



investigation of aquatic ecosystem restoration opportunities within the Corps mission
were developed for the Anacostia Watershed of each county (USACE 2015a, b). For
Montgomery County, the proposed project area includes seven candidate stream reaches
in four sub-watersheds: Paint Branch, Little Paint Branch, Sligo Creek, and Northwest
Branch (Figure 1). For Prince Georges County, the proposed project area includes ten
candidate stream reaches within six subwatersheds: Indian Creek, Little Paint Branch,
Paint Branch, Northwest Branch, Northeast Branch, and Sligo Creek (Figure 2). The
Report Synopses identify problems and opportunities, planning goals and objectives, with
a focus on stream restoration in candidate reaches. Selection of the reaches for restoration
is scheduled to occur in late 2015 or early 2016 (USACE 20153, b).

CBFO is working with USACE on evaluating the environmental benefits to fish and
wildlife resources from the proposed projects. Here we present a Planning Aid Report
(PAR) consisting of: 1) an analysis of available information on fishing, potential for
anadromous fish migration, and educational use of all candidate stream reaches of
interest in both counties; 2) a Function-based Rapid Stream Assessment of the following
stream reaches: Montgomery County—Sligo Creek (Site Mont #12; 0.7 miles), Prince
Georges County—~Paint Branch (Site PG #5, 1.2 miles) and Little Paint Branch (Site
PG#12, 0.8 miles). These particular reaches were assigned to USFWS by USACE.

METHODS
Study Area

The study area for the project consists of seven stream reaches in Montgomery County
(Figure 1) and ten reaches in Prince Georges County (Figure 2) being evaluated for
stream restoration. These stream reaches were evaluated for their use as recreational
fishing areas, the potential for anadromous fish migration, and the overall potential for
environmental educational activities. As noted above, a subset of these reaches:
Montgomery County—Sligo Creek (Site Mont #12; 0.7 miles), Prince Georges County—
Paint Branch (Site PG#5, 1.2 miles), and Little Paint Branch (Site PG#12; 0.8 miles)
were evaluated using the Function-based Rapid Stream Assessment.

Data and document analysis

Fishing, Anadromous Fish Migration, and Education

Documents and data were obtained through contacts with the Counties, Maryland
Department of Natural Resources, Metropolitan Washington Council of Governments,
the Interstate Commission for the Potomac River basin, and the Anacostia Watershed
Society.

Function-based Rapid Stream Assessment methodology

Assessment of the stream segments consisted of four steps:

1. Reach-scale function-based rapid stream assessment



2. Restoration potential
3. Potential lift
4. Restoration priority

The function-based rapid stream assessment methodology was developed based on the
Stream Functions Pyramid Framework (SFPF) (Harman et. al. 2012), which focuses on
the hierarchical relationship of stream functions to determine the overall functional
condition of a stream reach. The function-based rapid stream assessment methodology
evaluates aspects of the stream functions identified in the SFPF. Hydrologic (level 1),
hydraulic (level 2), geomorphic (level 3), physicochemical (level 4), and biologic (level
5) functions are evaluated, however, in order to remain a rapid methodology, only
parameters that are critical to understanding stream processes are evaluated (Starr et.al.
2015). For the purpose of this study, the methodology included two parts: watershed
assessment and rapid stream assessment. The watershed assessment identifies potential
constraints and stressors that may influence the stream segment (and potential
restoration), and was completed based on information provided by USACE (2015a,b).
For the purposes of this study the rapid function-based assessment methodology was used
to rapidly determine existing function-based stream conditions and the potential function-
based uplift due to restoration for each stream segment identified by USACE. The stream
segments are split into stream reaches according to existing conditions, and reaches were
numbered starting at the upstream limit of the stream segment. The methodology uses a
rating system of Functioning (F), Functioning-At-Risk (FAR) and Not Functioning (NF).
Detailed information about the methodology can be found in the document: FINAL
DRAFT - Function-Based Rapid Stream Assessment Methodology (Starr et. al. 2015).

Restoration potential determines the highest level of restoration that can be achieved,
given the watershed conditions, function-based assessment results, and known stressors
and constraints. It identifies the highest pyramid level that a stream segment can achieve
after restoration.

Potential lift determines how much lift a reach can achieve after restoration. It is based on
the existing function-based stream conditions of each assessment parameter, as
determined by the rapid methodology. Each stream reach was ranked using a rating
system of maximum, moderate, and low. Flood plain connectivity is particularly
important when determining potential lift because it is an easy to measure, lower level
function (level 2 - hydraulics) which influences many of the other levels. For example, if
a stream is not connected to its flood plain, there can be reduced groundwater recharge
from stream flow and subsequent decreases in riparian condition, increase in erosion and
sedimentation due to changes in stream energy, and lower in-stream species diversity
(Harman et. al. 2012). Therefore, if flood plain connectivity is not functioning, many
other parameters cannot be functioning. If the flood plain connectivity is NF, the
potential lift is maximum. If the flood plain connectivity is FAR, and any other parameter
is NF, the potential lift is moderate. Low potential lift is when all categories are F or
FAR, or a combination thereof.



Lastly, stream segments were prioritized numerically, with the stream segments with the
most potential lift ranked as the highest priority. It is an expression of the amount of
change in functional lift from existing conditions that can occur in a stream segment, if
the segment is restored to its maximum restoration potential. Therefore, stream segments
can have the same restoration potential, but still be prioritized differently due to
differences in their existing conditions and in the amount of potential lift that can occur.
The priority is based on the stream segment with the most potential uplift and is based
only on results from the function-based rapid stream assessment. Restoration feasibility,
based on constraints such as access, infrastructure, and cost, was not evaluated as part of
this study due to lack of information, but should be considered by USACE in the final
prioritization of stream segments.

RESULTS AND INTERPRETATION
Recreational fishing in the candidate stream reaches

According to Galli et al. (2010) there are 50 currently reported fish species in the
Anacostia watershed (Table 1). Game fish are defined as fish pursued by recreational
fishermen. Within the Anacostia watershed, the list of game fish includes several sunfish
species (e.g. bluegill, pumpkinseed), largemouth bass, carp, American and hickory shad,
blueback herring, alewife, white perch, yellow perch, channel catfish, brown bullhead,
and snakehead. The natural resources specialist from the Anacostia Watershed Society,
Jorge A. Bogantes Montero, was contacted to identify recreational fishing locations in
Prince Georges and Montgomery counties, MD. As an expert in recreational fishing
hotspots in the Anacostia watershed, Montero pinpointed 10 locations in the two counties
where recreational fishing currently occurs (Figure 3). From the map, it is apparent that
fishing may be occurring in three candidate reaches in Prince Georges County: Paint
Branch (PG#5), Northeast Branch (PG Site #15), and Northeast Branch-Riggs Road (PG
Site #13) (Figure 2).

Survey data from Montgomery County Department of the Environment showed that the
following game species were collected from four of the seven candidate reaches:
American eel, sunfish sp., redbreasted sunfish, green sunfish, bluegill, pumpkinseed,
brown bullhead, smallmouth and largemouth bass (Table 2).Survey data from Prince
Georges County was obtained from a search of the Maryland Department of Natural
Resources Maryland Biological Stream Survey data base. The following game species
were collected from four candidate reaches: green and redbreasted sunfish, bluegill,
largemouth and smallmouth bass, striped bass, fallfish, white sucker, American eel,
yellow bullhead (Table 3).

Potential for anadromous fish migration

From a fisheries perspective, the watershed has historically provided important spawning
and nursery habitat for the catadromous American eel, and anadromous alewife,
American shad, Atlantic sturgeon, striped bass, and blueback herring. All of these are fish
species of conservation concern in the Service’s Northeast Region. White perch, not a



species of conservation concern, have also spawned in the watershed. The Service
supports efforts to remove stream blockages within the watershed, opening up greater
habitat for anadromous and catadromous fish. Other stream restoration work, such as
bank stabilization and addition of in-stream habitat, benefit fish and wildlife resources by
enhancing habitat for benthic invertebrates—the base of the riparian food chain.

The Anacostia watershed spans two physiographic regions—the coastal plain and the
piedmont. The division between these regions is the fall line. USACE (2010) includes a
map titled the “Historical Range of Anadromous Fish” (Figure 4). The map shows a “fall
zone” which approximates the Montgomery County-Prince Georges County line as the
upper limits of historical range of anadromous fish. The potential spawning ranges of
river herring and white perch (a smaller area) are indicated in the map. The information
contained in this map was confirmed by Jim Cummins, Interstate Commission for the
Potomac River Basin, in a personal communication.

It is important to recognize these historical limits of anadromous fish migration in
evaluating the benefits of removing stream blockages. Therefore, removal of stream
blockages in or near the candidate Montgomery County stream reaches would not benefit
anadromous fish which would not migrate that far in any case. Removal of any blockages
in or near all of the candidate stream reaches in Prince Georges County would be within
the area of historic anadromous fish migration and would potentially benefit those species
if there was an increase in blockage-free stream miles.

Environmental education

All of the stream reaches have the potential to serve as living classrooms for educating
students of all ages. Signage and kiosks can explain to the public the reason for the
project and whether it has been successful through before and after photographs of
habitat or monitoring data. Local watershed groups such as the Anacostia Watershed
Society provide opportunities for citizens to conduct activities such as water quality
monitoring, trail maintenance, and invasive plant removal.

The streams and trails within the watershed provide many opportunities for the public to
view and photograph wildlife. According to USACE (2015b), “Bird species strongly
affiliated with stream and riparian habitats include the Kentucky warbler (Geothlypis
formosa), Acadian flycatcher (Empidonax virescens), willow flycatcher (Empidonax
traillii), woodcock (Scolopax minor), prothonotary warbler (Protonotaria citrea), great
blue heron (Ardea herodias), green heron (Butorides virescens), wood duck (Aix sponsa),
marsh wren (Cistothorus palustris), mallard (Anas platyrhnchos), and red-shouldered
hawk (Buteo lineatus). Additional bird species affiliated with mature forests include
wood thrush (Hylocichla mustelina), red-eyed vireo (Vireo olivaceus), northern parula
(Setophaga americana), yellow warbler (Setophaga petechia), Cooper’s hawk (Accipiter
cooperii), and barred owl (Strix varia).”

The eBird data base was searched (7/8/2015) to identify birding hotspots within the
Anacostia Watershed. These are areas visited by experienced birders who keep species



lists. For example, Bladensburg Waterfront Park located in Prince Georges County near
the upper boundary of the tidal Anacostia includes a listing of 134 bird species. In
addition to most of the above-listed species, the formerly-endangered bald eagle
(Haliaeetus leucocephalus) was observed.

The Anacostia Watershed Society maintains lists of birds, amphibians, and reptiles within
the watershed (http://www.anacostiaws.org/news/blog/wildlife-watershed). Currently,
there are 233 bird species, 61 amphibian and reptile species, and 35 species of mammals.
These lists (Appendix A) include the conservation status of the species as defined by
Maryland Department of Natural Resources and the District Department of Energy and
Environment. Information on threatened and endangered species is provided in the Fish
and Wildlife Coordination Act Report (Pinkney et al. 2015) and a “Not Likely to Adversely
Affect” letter from USFWS Field Supervisor LaRoucheis reproduced here as Appendix B.

Function-based Rapid Stream Assessment results

Approximately 2.7 miles of the three stream reaches assigned by USACE were assessed
using the Function-based Rapid Stream Assessment methodology. Each stream segment
was divided into reaches based on existing conditions, with a total of 33 reaches.
Seventeen function-based parameters were assessed for each reach. Channel evolution
trend, overall function-based condition, restoration potential and potential lift were
determined for each reach (Table 4). Each stream segment was then prioritized for
restoration. All raw data sheets are provided in Appendix C. Further discussion on the
stream segment prioritization is found in the conclusions and recommendations portion of
this report.

In order to fully predict restoration potential, both watershed and site-level conditions,
stressors, and constraints of a stream segment must be assessed. Site-level conditions are
determined in the field using the Function-based Rapid Stream Assessment methodology,
and are the primary driver when determining restoration potential. However, watershed
information, particularly regarding water quality, is crucial in making a complete
prediction of potential. Therefore, because limited water quality and watershed
characteristic data were provided, particularly for Paint Branch and Little Paint Branch in
Prince George’s County, the restoration potential could not be fully determined for any of
the stream segments. Visual observations of water quality and nutrients (level 4 —
physicochemical) were determined using the methodology, however, without additional
information CBFO can only confidently predict that the highest fully functioning level
achieved by restoration for the stream segments is level 3 — geomorphology. If water
quality is an issue in these watersheds, and it can be improved, the stream segments
should be fully functioning to level 5 — biology. However, that cannot be determined at
this time due to lack of available data.

Sligo Creek mainstem (Montgomery)

A total of ten stream reaches were assessed in the Sligo Creek mainstem. The
majority (93 percent) of the stream segment’s overall function-based condition is
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currently FAR, and 7 percent is NF. Therefore the overall function-based
condition for the stream segment is FAR, with restoration potential to fully
functional up to level 3 — geomorphology (Table 4). Moderate lift can be achieved
in approximately 40 percent, while 31 percent of the stream segment has low
potential lift and 29 percent has maximum potential lift (Table 4). Floodplain
connectivity and bedform diversity are both influencing the ratings for this
stream, and the channel evolution trend for the majority of the reach indicates that
the segment is trending towards NF. Therefore, without intervention the stream
will continue to degrade.

Sligo Creek tributary (Montgomery)

A total of seven stream reaches were assessed in the Sligo Creek tributary. The
overall function-based condition for the stream is FAR. Fifty-four percent of the
stream was FAR, while 46 percent was NF. The channel evolution trend for the
majority of the reach indicates that the segment is trending towards NF.
Therefore, without intervention the stream will continue to degrade. However,
maximum lift can be achieved in 54 percent of the stream, with the remainder
achieving moderate lift (Table 4).

Floodplain connectivity is a major contributing factor to the ratings of this stream.
The segment begins at a culvert, and the subsequent high velocities from that, as
well as numerous areas of concentrated flow entering the stream throughout the
floodplain are lowering the level of the bed and causing the stream to become
incised. The floodplain flows are also causing numerous headcuts at the upstream
portion of the reach. If the headcuts are not addressed, they will further contribute
to the vertical and lateral instability, and therefore increase sediment and nutrient
inputs to the stream.

Paint Branch (Prince Georges)

A total of 9 nine stream reaches were assessed in Paint Branch. The overall
function-based condition for the stream is FAR. Eighty-four percent of the stream
was FAR, while 16 percent was NF. Maximum lift can be achieved in 16 percent
of the stream, while moderate lift can be achieved in 40 percent. The remaining
44 percent has low potential lift. In many places, the stream is attempting to
rebuild its floodplain, and reduce its width/depth ratio through bar development
and other deposition. This is reflected in the channel evolutionary trend of FAR
(trend toward F) for most of the stream segment (Table 4).

Little Paint Branch (Prince Georges)

A total of 7 stream reaches were assessed in Little Paint Branch. All reaches in the
stream segment have an overall function-based rating of FAR, therefore the
overall function-based condition for the stream is FAR. The majority of the
stream can achieve moderate lift (74 percent). Maximum lift can be achieved in 5



percent of the stream, while low lift can be achieved in 21 percent. As with Paint
Branch, the channel evolutionary trend of the majority of Little Paint Branch is a
trend toward F. The stream is attempting to regain a stable pattern and profile
through the deposition of gravel and though point bar formation. However, the
stream is still in adjustment, and bedform diversity is poor throughout most of the
reaches (Table 4).

CONCLUSIONS AND PRIORITIZATION
Recreational Fishing, Stream Blockage Analysis, and Environmental Education

Montgomery County

Based on the maps provided by Jorge Montero of the Anacostia Watershed Society, there
is no evidence that recreational fishing is occurring within the candidate reaches (Figure
3). Survey data from Montgomery County Department of the Environment showed that
the following game species were collected from four of the seven candidate reaches:
American eel, sunfish sp., redbreasted sunfish, green sunfish, bluegill, pumpkinseed,
brown bullhead, smallmouth and largemouth bass. The historical range of anadromous
fish migration generally follows the line between Montgomery and Prince Georges
County. It is important to recognize these historical limits of anadromous fish migration
in evaluating the benefits of removing stream blockages. Therefore, removal of stream
blockages in or near the candidate Montgomery County stream reaches would not benefit
anadromous fish which would not migrate that far in any case.

Prince Georges County

Based on the maps provided by Jorge Montero of the Anacostia Watershed Society
recreational fishing may be occurring in three of the candidate reaches in Prince Georges
County: Paint Branch (PG#5), Northeast Branch (PG Site #15), and Northeast Branch-
Riggs Road (PG Site #13). Survey data from Prince Georges County was obtained from a
search of the Maryland Department of Natural Resources Maryland Biological Stream
Survey data base. The following game species were collected from four candidate
reaches: green and redbreasted sunfish, bluegill, largemouth and smallmouth bass, striped
bass, fallfish, white sucker, American eel, and yellow bullhead.

The historical range of anadromous fish migration generally follows the line between
Montgomery and Prince Georges County. It is important to recognize these historical
limits of anadromous fish migration in evaluating the benefits of removing stream
blockages. Therefore, removal of stream blockages in or near the candidate Montgomery
County stream reaches would not benefit anadromous fish which would not migrate that
far in any case. Removal of any blockages in or near all of the candidate stream reaches
in Prince Georges County would be within the area of historic anadromous fish migration
and would potentially benefit those species if there was an increase in blockage-free
stream miles.



Both Counties

All of the candidate stream reaches have the potential to serve as living classrooms for
educating students of all ages. Signage and kiosks can explain to the public the reason for
the project and whether it has been successful through before and after photographs of
habitat or monitoring data. Local watershed groups such as the Anacostia Watershed
Society provide opportunities for citizens to conduct activities such as water quality
monitoring, trail maintenance, and invasive plant removal. The Anacostia Watershed is
frequented by birders who document their observations in the eBird data base, and
several of the stream reach sites may be suitable locations for birding.

Function-Based Rapid Stream Assessment

Although all stream segments assessed currently have a restoration potential up to level 3
— geomorphology, based on results of the Function-based Rapid Stream Assessment, in
Montgomery County Sligo Creek tributary has the potential for the most functional lift,
and therefore has the highest priority, followed by Sligo Creek mainstem. In Prince
Georges County, Paint Branch has the highest priority, followed by Little Paint Branch.
Overall for both counties Sligo Creek tributary has the highest priority, followed by Sligo
Creek mainstem, Paint Branch, and Little Paint Branch (Table 4).

Floodplain connectivity (level 2- hydraulics) and bedform diversity (level 3 —
geomorphology) are the main contributors to impairment in all of the stream segments.
Floodplain connectivity represents the vertical stability of the stream. All of the stream
segments are incised to some degree, likely as a result of urbanization, which increases
runoff and therefore contributes to channel enlargement. Increases in the stream power
can cause headcuts as well, as was observed especially in Sligo Creek tributary and
mainstem. In addition, floodplain connectivity plays a key role in sediment transport and
nutrient reduction. Also, diverse bedform, particularly in the form of pools (both pool-to-
pool spacing and pool depth variability), plays a significant role in both dissipating
energy and creating habitat diversity. Although the stream segments have these
constraints, all of the streams have the restoration potential to achieve fully functioning
levels up to level 3 — geomorphology with proper stream restoration techniques.

As stated in the “Methodology” section of this report, because of limited water quality
and watershed information CBFO can currently only determine study stream segments’
maximum restoration potential to be level 3 — geomorphology. For the stream segments
to become fully functioning up to level 5 - biology, more detailed analysis into which
parameters are limiting lift will have to be conducted. Tolerant aquatic species were
observed in all of the stream segments during the rapid assessment (Appendix A and
Table 3). Therefore, assessment results indicate that at the minimum, tolerant species
have the potential to exist in all of the study streams. However, increase in the density of
existing tolerant species, or future colonization by intolerant species, will depend on
whether the limiting factor for aquatic species is water quality (level 4- physicochemical)
or bedform diversity (from level 3 —geomorphology). Assessment results indicate a
system wide need for habitat improvements in all stream segments (Table 3). As



indicated above, bedform diversity improvements can create habitat to potentially support
aquatic species. However, due to lack of background watershed and water quality
information, and due to the rapid, visual-based format of the assessment, the results of
this study cannot determine if water quality is also limiting biological lift and species
presence in the stream segments.

However, if USACE determines, through additional water quality information or
analysis, that the water quality in the stream segments is either not a contributing factor,
or is impaired and can be improved, all of the segments should be able to achieve lift in
level 4 — physicochemical and level 5 — biology to F, and therefore have restoration
potential to level 5.

Ultimately, until the stressors in the watershed are addressed, water quality and biological
lift in all of the stream segments is severely limited. However, if the streams are
reconnected to their floodplains, lateral instability is reduced, and bedform diversity is
improved, the subsequent reduction in sediment and nutrients will result in at least partial
water quality and biological lift in areas where tolerant species already exist. These
tolerant species will be able to inhabit the stream reaches, even if more intolerant species
cannot.
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Specles origin Status Collected or expected
(1898-2000)
1. Alewife N M H,e
2. American eel N M/R H,e
3. American shad N M H,e
4. Atlantic needlefish N M P,e
5. Atlantic silverside N R
6. Atlantic sturgeon N M P
7. Banded Kkillifish N R H,e
8. Bay anchovy N R P,e
9. Black crappie N R H,e
10. Blueback herring N M H,e
11. Bluegill sunfish IP R H,e
12. Bluntnose minnow N R H,e
13. Bridle shiner N R P,e
14. Brown bullhead N R H,e
15. Chain pickerel N R P
16. Channel catfish IP R H,e
17. Common carp | R H,e
18. Common shiner N R H,e
19. Creek chubsucker N R P,e
20. Eastern mosquitofish N R P,e
21. Eastern mudminnow N R P,e
22. Eastern silvery minnow N R H,e
23. Gizzard shad N R P,e
24. Golden redhorse N R P,e
25. Golden shiner N R P,e
26. Goldfish | R H,e
27. Green sunfish N R H,e
28. Hickory shad N M H,e
29. Inland silverside N R P,e
30. Largemouth bass | R H,e
31. Longear sunfish N R H,e
32. Longnose gar N R H,e
33. Menhaden N M H,e
34. Mummichog N R H,e
35. Pumpkinseed sunfish N R H,e
36. Quillback sucker N R P.e
37. Redbreast sunfish N R H,e
38. River chub N R P
39. Sea lamprey N M P,e
40. Shorthead redhorse N R P.e
41. Shortnose sturgeon N M P
42. Smallmouth bass | R P,e
43. Snakehead | R P,e
44. Spotfin shiner N R H,e
45, Spottail shiner N R H,e
46. Striped bass N R H,e
47. Summer Flounder N R P,
48. Swallowtail shiner N R H,e
49, Tessellated darter N R P.e
50. Walleye IP R P.e
51. White crappie N R P,e
52. White perch N R H,e
53. White sucker N R P,e
54. Yellow bullhead N R P.e
55. Yellow perch N R H,e

Table 1. Provisional list of Anacostia River fish species (reproduced from Galli et
al. 2010). N = native; | = introduced; IP = probably introduced; R = resident; M =
migratory; M/R = migratory/resident;H= historical presence documented; P =

probable historical presence; ®= collected since 1988
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Station Date Species Total Stream Reach #

LPLP101  7/7/2004 American eel 7 Mont #1
LPLP101 8/13/2009 American eel 6 Mont #1
LPLP101  7/7/2004 Bluegill 1 Mont #1
LPLP101  7/7/2004 Redbreast sunfish 1 Mont #1
LPLP101 8/13/2009 Sunfish sp. 1 Mont #1
LPLP204  7/1/1996 American Eel 8 Mont #2
LPLP204 7/21/2004 American eel 9 Mont #2
LPLP205  7/1/1996 American Eel 5 Mont #2
LPLP205 9/26/2003 American eel 13 Mont #2
LPLP205 7/21/2004 American eel 10 Mont #2
LPLP205 8/11/2009 American eel 16 Mont #2
LPLP209 8/10/2011 American eel 15 Mont #2
LPLP205 9/26/2003 Bluegill 14 Mont #2
LPLP205 7/21/2004 Bluegill 4 Mont #2
LPLP205 8/11/2009 Bluegill 1 Mont #2
LPLP205 9/26/2003  Brown bullhead 12 Mont #2
LPLP205 7/21/2004  Brown bullhead 2 Mont #2
LPLP205 8/10/2011 Brown bullhead 1 Mont #2
LPLP205 8/10/2011  Green Sunfish 1 Mont #2
LPLP205  7/1/1996 Pumpkinseed 1 Mont #2
LPLP205 7/21/2004 Redbreast sunfish 1 Mont #2
LPLP205 8/11/2009 Redbreast sunfish 2 Mont #2
LPLP205 7/21/2004 Smallmouth bass 1 Mont #2
NWBP203 6/5/1995 Bluegill 5 Mont #3
NWBP203 6/5/1995  Brown Bullhead 1 Mont #3
NWBP203 6/5/1995 Redbreast Sunfish 7 Mont #3
NWBP203 7/10/2001 Redbreast Sunfish 10 Mont #3
NWBP205 7/23/2004 Bluegill 1 Mont #3
NWBP205 8/24/2009 Bluegill 3 Mont #3

Table 2. Game fish collected by Montgomery County Department of the
Environment sampling stations within the Montgomery County candidate stream
reaches. See Figure 1 for stream reach locations.
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Station Date Species Total Stream Reach #

NWBP205  10/3/2011  Green Sunfish 1 Mont #3
NWBP205  8/24/2009 Largemouth bass 11 Mont #3
NWBP205  8/24/2009 Pumpkinseed 4 Mont #3
NWBP205 6/6/1995 Redbreast Sunfish 7 Mont #3
NWBP205  6/29/2001 Redbreast Sunfish 2 Mont #3
NWBP205 6/6/2002  Redbreast sunfish 2 Mont #3
NWBP205  7/23/2004 Redbreast sunfish 10 Mont #3
NWBP205  8/24/2009 Redbreast sunfish 32 Mont #3
NWBP205  10/3/2011 Redbreast sunfish 3 Mont #3
NWLT101  6/20/2002 Bluegill 1 Mont #3
NWNW407A  8/4/1999 American Eel 2 Mont #3
NWNW407A  8/29/2001 American Eel 2 Mont #3
NWNW407A 10/9/2003 American eel 2 Mont #3
NWNW407A  8/4/1999 Bluegill 15 Mont #3
NWNW407A  8/29/2001 Bluegill 4 Mont #3
NWNW407A  6/26/2002 Bluegill 9 Mont #3
NWNW407A  10/9/2003 Bluegill 6 Mont #3
NWNW407A 10/9/2003  Brown bullhead 1 Mont #3
NWNW407A 8/29/2001  Green Sunfish 1 Mont #3
NWNW407A 6/26/2002 Largemouth bass 2 Mont #3
NWNW407A 6/22/2007 Largemouth bass 2 Mont #3
NWNW407A  8/29/2001 Pumpkinseed 1 Mont #3
NWNW407A  6/26/2002 Pumpkinseed 4 Mont #3
NWNW407A 10/9/2003 Pumpkinseed 1 Mont #3
NWNW407A  8/4/1999 Redbreast Sunfish 25 Mont #3
NWNW407A 8/29/2001 Redbreast Sunfish 16 Mont #3
NWNW407A 6/26/2002 Redbreast sunfish 11 Mont #3
NWNW407A 10/9/2003 Redbreast sunfish 6 Mont #3
NWNW407A 6/22/2007 Redbreast sunfish 2 Mont #3

Table 2 (continued). Game fish collected by Montgomery County Department of
the Environment sampling stations within the Montgomery County candidate
stream reaches. See Figure 1 for stream reach locations.
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Station Year Species Total Stream Reach #

ANAC-117-R 2004 American eel 6 PG#1
ANAC-302-X 2000 Pumpkinseed 5 PG#3
ANAC-302-X 2000 Common carp 1 PG#3
ANAC-302-X 2000 White sucker 100 PG#3
ANAC-302-X 2000 Yellow bullhead 20 PG#3
ANAC-302-X 2000 Smallmouth bass 1 PG#3
ANAC-302-X 2000 Striped bass 4 PG#3
ANAC-302-X 2000 Bluegill 2 PG#3
ANAC-302-X 2000 American eel 42 PG#3
ANAC-302-X 2000 Redbreastsunfish 132 PG#3
ANAC-302-X 2000 Green sunfish 1 PG#3
ANAC-302-X 2000 Largemouth bass 1s PG#3
ANAC-208-R 2004 American eel 18 PG#7
ANAC-208-R 2004 Fallfish 49 PG#7
ANAC-208-R 2004 Largemouth bass 6 PG#7
ANAC-208-R 2004  Green sunfish 2 PG#7
ANAC-208-R 2004 Bluegill 1 PG#7
ANAC-304-R 2004 White sucker 27 PG#13
ANAC-304-R 2004  Green sunfish 7 PG#13
ANAC-304-R 2004 American eel 61 PG#13
ANAC-304-R 2004 Bluegill 6 PG#13
ANAC-304-R 2004  Yellow bullhead 1 PG#13

Table 3. Game fish survey data collected by Maryland Biological Stream Survey
from stations within the Prince Georges County candidate stream reaches. See
Figure 2 for stream reach locations.
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Anacostia Watershed Study

Level1- | Level2- Level 3 - Geomorphology Level 4 - Level 5 -
Hydrology | Hydraulics Physicochemical Biology
Overall Restoration Stream
Assessment | Assessment sesomet Pareetors Assessment Assessment Channel Evolution Trend Functlon.-l.Sased Potential Potential Lift Segm.ent
Parameter | Parameter Parameter Parameter Condition Priority
Floodplain
Connectivity|  Riparian Lateral Bedform | Water Quality and .
Runoff | ertical | Vegetation | Stabilty | Diversity Nutrients Biology
Stability)
Stream Length,
Segment ID Reach approximate (ft)
1 108 FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Low
2 268 FAR FAR FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Moderate
3 120 FAR FAR FAR FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Moderate
4 370 FAR FAR FAR FAR FAR FAR 3 Maximum
sligo Creek 5 298 FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Moderate 9
6 376 FAR FAR FAR FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Low
7 208 FAR FAR FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Moderate
8 160 FAR FAR FAR FAR (TREND TOWARD NF) [INDNG 3 Maximum
9 132 FAR FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Maximum
10 230 FAR FAR FAR FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Low
1 50 FAR FAR FAR FAR FAR (TREND TOWARD NF) 3 Maximum
2 166 FAR FAR FAR FAR (TREND TOWARD NF) 3 Maximum
Sligo Creek 3 126 FAR FAR FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Moderate
Tributary 4 30 FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Moderate 1
5 220 FAR FAR FAR FAR FAR (TREND TOWARD F) 3 Maximum
6 160 FAR FAR FAR FAR 3 Moderate
7 50 FAR FAR FAR FAR 3 Moderate
1 600 FAR FAR FAR 3 Maximum
2 264 FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Moderate
3 410 FAR FAR FAR FAR 3 Maximum
4 1250 FAR FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Low
Paint Branch 5 1850 FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Moderate 3
6 726 FAR FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Low
7 275 FAR FAR FAR FAR FAR 3 Low
8 610 FAR FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Low
9 440 FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Moderate
1 900 FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Moderate
2 995 FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Moderate
Little Paint 3 1083 FAR FAR FAR FAR FAR FAR (TREND TOWARD NF) FAR 3 Moderate
Branch 4 110 FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Moderate 4
5 188 FAR FAR FAR FAR FAR FAR 3 Maximum
6 440 FAR FAR FAR FAR FAR FAR (TREND TOWARD F) FAR 3 Low
7 443 FAR FAR FAR FAR FAR FAR FAR (TREND TOWRD F) FAR 3 Low

Table 4. Function-based Rapid Stream Assessment results.
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Appendix A

Lists of amphibian, reptile, bird, and mammal species in the Anacostia
watershed compiled by the Anacostia Watershed Society

27



28



Conservation status

Mammals

n=35 MD 33 2 0 1 1 3 29 0
DC 33 2 0 2 5 10 12 1

Birds

n=233 MD 217 6 21 31 43 80 76 1
DC 217 6 45 62 81 56 31 6

Herps  [ICORSEIVAtIONStatUS I S1 S2 S3 sS4 S5 SH

n=61 MD 1 1 2 9 50 0

DC 4 2 6 16 10 15

Abbreviations:

S1: Critically Imperiled

S2: Imperiled

S3: Vulnerable

S4: Apparentley Secure

S5: Secure

SNR: Status Not Ranked/Under Review
SNA: Status Not Assessed/Not
applicable

SX: Presumed Extirpated

| SH: Possibly Extirpated

Table A-1. Summary of species conservation status, prepared by Anacostia Watershed Society.
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Checklist of the mammals of the Anacostia River Watershed
Compilled by Jason Donaldson, AWS Stewardship Intern and Jorge Bogantes Montern, AWS Conservation

Biologist
July, 2011

American
Beaver
1
Big Brown Bat
2
Common
Raccoon
3
Eastern
4  Chipmunk
Eastern
Cottontail
5
Eastern Gray
6 Squirrel
7 Eastern Mole
Eastern
8 Pipistrelle
Eastern Red
9 Bat
Evening Bat
10 g
Gray Fox
11
Hairy-tailed
12 Mole

Castor canadensis

Eptesicus fuscus

Procyon lotor

Tamias striatus

Sylvilagus floridanus

Sciurus carolinensis
Scalopus aquaticus

Pipistrellus subflavus
Lasiurus borealis
Nycticeius humeralis

Urocyon
cinereoargenteus

Parascalops breweri

Beavers
(Castoridae)

Bats
(Vespertilionidae)

Raccoons
(Procyonidae)

Squirrels
(Sciuridae)
Rabbits and
Hares
(Leporidae)
Squirrels
(Sciuridae)

Moles (Talpidae)
Bats
(Vespertilionidae)
Bats
(Vespertilionidae)
Bats
(Vespertilionidae)

Dogs (Canidae)

Moles (Talpidae)

30

MD

MD:

MD:

MD:

MD:

MD:
MD:
MD:

MD:

MD:

MD:

MD:

: S5/DC S3

S5/ DC S4

S5/ DC S5

S5/ DC S5

S5/ DC S5

S5/ DC S5
S5/ DC S5
S5/ DC S4

S5/ DC S4

S5/ DC S2

S5/ DC S3

S4/ DC SNR

2,3

2,3

2,3

1,2

1,2

2,3
2,3
2,3

1,2

2,3

1,2

2,3

The only
native species
of beaver in
North America
Is larger than
many other
bats

Can adapt to
different
habitats

May migrate
south

Mostly in
Southern
America



13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Hoary Bat

House Mouse

Little Brown Bat

Long-tailed
Weasel

Masked Shrew

Meadow
Jumping Mouse

Meadow Vole

Muskrat

North American
Least Shrew

Northern Long-
eared bat

Northern Short-
tailed Shrew

Norway Rat

Red Fox

Smokey Shrew

Southern Flying
Squirrel

Star-nosed
mole

Lasiurus cinereus

Mus musculus

Myotis lucifugus
Mustela frenata
Sorex cinereus
Zapus hudsonius

Microtus pennsylvanicus

Ondatra zibethicus

Cryptotis parva

Myotis septentrionalis
Blarina brevicauda

Rattus norvegicus

Vulpes vulpes

Sorex fumeus

Glaucomys volans

Condylura cristata

Bats
(Vespertilionidae)

Rats and mice
(Muridae)

Bats
(Vespertilionidae)

Weasels

(Mustelidae)

Shrews
(Soricidae)

Jumping mice

(Dipodidae)
Rodents
(Cricetidae)

Rodents
(Cricetidae)

Shrews
(Soricidae)

Bats
(Vespertilionidae)
Shrews
(Soricidae)

Rats and mice

(Muridae)
Dogs (Canidae)

Shrews
(Soricidae)

Squirrels
(Sciuridae)

Moles (Talpidae)
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MD: S5/ DC S2

MD: SNA/ DC
SNA

MD: S5/ DC S4

MD: S5/ DC S3

MD: S5/ DC SNR

MD: S5/ DC S3

MD: S5/ DC S5

MD: S5/ DC S4

MD: S5/ DC S4

MD: S4/ DC S4

MD: S5/ DC S5

MD: SNA/ DC
SNA

MD: S5/ DC S4

MD: S2/S3/ DC
SNR

MD: S5/ DC S5

MD: S4/ DC S3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

2,3

Has been
domesticated
as a pet

Found mainly
in wetlands
but can adapt
One of the
smallest
mammals

Very invasive
in other
countries

Canreturn to
their nests if
moved one
mile away
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30

31

32

33

34

Striped Skunk

Virginia
Opossum

White-footed
Deermouse

White-tailed
deer

Woodchuck

Woodland Vole

References
1. DDOE

2. Nature Serve
3. DNR

Mephitis mephitis

Didelphis Virginiana

Peromyscus leucopus

Odocoileus virginianus

Marmota monax

Microtus pinetorum

http://tinyurl.com/3ctngkg

Skunks
(Mephitidae)

Opossums
(Didelphidae)

Rodents
(Cricetidae)

Deer (Cervidae)

Squirrels
(Sciuridae)

Rodents
(Cricetidae)

32

MD:

MD:

MD:

MD:

MD:

MD:

S5/ DC S4

S5/ DC S5

S5/ DC S5

S5/ DC S5

S5/ DC S5

S5/ DC S4

2,3

1,2

2,3

2,3

2,3

2,3

Pry on
honeybees by
scratching the
nest and
waiting for
them to come
out

One of the
most common
found in the
United States

Also refered to
as the
groundhog or
the land
baever

They live in
burrows
exclusive to
the family
groups



Reptiles and Amphibians of the Anacostia

River Watershed

Compiled by Emily Stransky, AWS Stewardship Intern and Jorge Bogantes Montero,
AWS Conservation Biologist

Contributions from Rachel Gauza, head of the MARA
(Maryland Amphibian and Reptile Atlas) Program, and
Lindsay Rohrbaugh, Wildlife Biologist with DDOE
November, 2011

Salamanders

They are found
in well shaded,
deciduous
forests, and
breed in the
Jefferson Ambystoma early spring in
Salamander jeffersonianum Ambystomatidae X 1,2 MD:S3/DC:NA seasonal pools
Adults are
entirely
terrestrial, but
breed in
seasonal pools
and the
X females stay
Marbled (SGCN with the egg
Salamander Ambystoma opacum Ambystomatidae ) 1,2 MD:S5/DC:S3 clutch
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http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Jefferson.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Jefferson.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Marbled.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Marbled.asp

Spotted
Salamander

Northern

Dusky
Salamander

Long-tailed
Salamander

Northern
Two-lined
Salamander

Ambystoma
maculatum

Desmognathus
fuscus

Eurycea longicauda

Eurycea bislineata

Ambystomatidae

Plethodontidae

Plethodontidae

Plethodontidae

34

(SGCN

(SGCN

(SGCN

1,2

1,2

1,2

1,2

MD:S5/DC:S4

MD:S5/DC:S5

MD:S5/DC:SNR

MD:S5/DC:S5

Adults are
most active
during rain, at
night, and
during
breeding
periods, some
individuals lack
spots

They are
usually found
near running or
trickling water
Their colors
vary from
yellow to
orange to red
with black
dumbbell
shaped
markings

Females stay
with the eggs
during the
approximately
30 day
incubation
period, and



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Spotted.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Spotted.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoDusky.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoDusky.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoDusky.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/LongTailed.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/LongTailed.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoTwo-Lined.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoTwo-Lined.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoTwo-Lined.asp

Mud
Salamander

Red
Salamander

Four-Toed
Salamander

Pseudotriton
montanus

Pseudotriton ruber

Hemidactylium
scutatum

Plethodontidae

Plethodontidae

Plethodontidae

X 1,2
X

(SGCN

) 1,2
X 1,2

35

MD:S2/DC:NA

MD:S5/DC:S3

MD:S5/DC:SH

these are most
common in
stream habitat

They feed on
arthropods and
earthwormes,
and are
typically found
in muddy
floodplains

The larval stage
canlastupto5
years

Females lay
their eggs in
moss next to a
pool, which
larvae can drop
into after
hatching, and
they are
distinguishable



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Eastern_Mud.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Eastern_Mud.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoRed.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoRed.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Four-toed.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Four-toed.asp

Eastern
Red-backed
Salamander Plethodon cinereus

Northern
Slimy Plethodon
Salamander glutinosus

Plethodontidae

Plethodontidae

36

(SGCN

1,2

MD:S5/DC:S5

MD:S5/DC:SH

by the white
belly and black
spots, 4 toes
on hind feet
and squarish
snout

Their home
range is usually
less than a few
meters across,
and they are
the most
common
woodland
salamander
Females stay
with their eggs
until they
develop into
larvae, and
they have glue-
like skin
secretions
when handled
roughly



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/EastRedBacked.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/EastRedBacked.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/EastRedBacked.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoSlimy.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoSlimy.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/NoSlimy.asp

Newt X They produce

(Eastern Notophthalmus (SGCN highly toxic
Newt) viridescens Salamandridae ) 1,2 MD:S5/DC:S3 skin secretions

Toads
and
Frogs

37


http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/RedSpotted_Newt.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/RedSpotted_Newt.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/RedSpotted_Newt.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/RedSpotted_Newt.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/RedSpotted_Newt.asp

American

Toad

Fowler’s
Toad

American

Bullfrog

Anaxyrus
americanus

Anaxyrus fowleri

Lithobates
catesbeianus

(SGCN

Bufonidae ) 1,2 MD:S5/DC:S5

(SGCN

Bufonidae ) 1,2 MD:S5/DC:S5

(SGCN

Ranidae ) 1,2 MD:S5/DC:S4

38

Their mating
call lasts up to
30 seconds, it's
a long, musical
trill, they can
mate with
Fowler's toads,
and have one
or two warts
per dark dorsal
spot

Hognose
snakes are
immune to the
toad's toxic
skin excretions,
they have
three warts per
dark dorsal
spot, and
typically have a
white chest
with central
spot

Maryland's
largest frog



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/EasternAmericanToad.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/EasternAmericanToad.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/FowlersToad.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/FowlersToad.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/AmericanBullfrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/AmericanBullfrog.asp

Northern
Green Frog

Southern

Leopard
Frog

Wood Frog

Lithobates clamitans
melanota

Lithobates palustris

Lithobates

sphenocephalus

Lithobates sylvaticus

Ranidae

Ranidae

Ranidae

Ranidae

39

(SGCN

(SGCN

1,2

1,2

1,2

1,2

MD:S5/DC:S5

MD:S5/DC:S5

MD:S5,54/DC:S3,S

2

MD:S5/DC:S2

Adult males'
eardrums are
larger than
their eye,
females and
juveniles are
about the same
size

Their mating
callisa 1-2
second long
low snore

Usually have
dark spots on
the back with a
yellow ridge
extending
down each side

They have a
dark "mask"
across eyes,
mating call is 1-
8 loud clacks



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/NorthernGreenFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/NorthernGreenFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/PickerelFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/PickerelFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/SouthernLeopardFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/SouthernLeopardFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/SouthernLeopardFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/WoodFrog.asp

Gray

Treefrog Hyla versicolor

Cope’s Gray

Treefrog Hyla chrysoscelis

Green

Treefrog Hyla cinerea

X

(SGCN
Hylidae ) 1,2
Hylidae X 1,2
Hylidae X 1,2

40

MD:S5/DC:S4

MD:S5/DC:S4

MD:S5/DC:SH

Their mating
call is loud slow
trill, and they
are identical to
Cope's Gray
Treefrog
except for their
call

Their skin
secretions can
irritate human
eyes and other
membranes
Their upper
surface and
part of the
throat is
usually green,
but can range
from yellow to
gray, a
breeding male
has a gray or
pinkish throat,
and they often
gatherin large
groups



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/GrayTreeFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/GrayTreeFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/GrayTreeFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/GrayTreeFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/GreenTreeFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/GreenTreeFrog.asp

Northern

Spring
Peeper Pseudacris crucifer

Upland
Chorus Frog Pseudacris feriarum

Eastern
Cricket Frog Acris crepitans

Hylidae

Hylidae

Hylidae

41

(SGCN

1,2

1,2

1,2

MD:S5/DC:S4

MD:S5/DC:SH

MD:S4/DC:NA

These often
have a dark "X"
on their back
Mainly an
upland frogin
the North, but
a lowland frog
in the South,
and have a
dark triangle
between the
eyes

This frog is very
small, about 4
cm in length,
with a dark
triangle
between the
eyes on the
back of the
head and short
hind legs



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/NorthernSpringPeeper.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/NorthernSpringPeeper.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/NorthernSpringPeeper.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/ChorusFrogs.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/ChorusFrogs.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/EasternCricketFrog.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/EasternCricketFrog.asp

Their eye is
elliptical in
bright light,
and there are
sickle shaped
spades on the
inner

Eastern Scaphiopus underside of
Spadefoot holbrookii Scaphiopodidae X 1,2 MD:S5/DC:NA the hind feet
Turtles

Spotted
Turtle

Clemmys guttata

Emydidae

42

(SGCN

1,2

MD:S5/DC:S1

This is a small
black turtle
with yellow
spots, although
some
individuals may
lack spots on
the carapace



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/EasternSpadefoot.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/EasternSpadefoot.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/SpottedTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/SpottedTurtle.asp

Wood
Turtle Glyptemys insculpta Emydidae

Eastern Box

Turtle Terrapene carolina Emydidae
Red-eared

Slider Trachemys scripta Emydidae
Painted

Turtle Chrysemys picta Emydidae

43

(SGCN

(SGCN

(SGCN

1,2

1,2

1,2

MD:S4/DC:SH

MD:S5/DC:S3

MD:S5/DC:SNR

MD:S5/DC:S5

These lack a
hinged
plastron, their
plastron is
yellow with
dark, irregular
blotch on each
scute

Their name
comes from a
hinged shell
that allows the
shell to
become tightly
closed

These are
aquatic, with a
very small
home range,
and they have
a prominent
red or yellow
patch on the
head

These have
bright yellow
lines on their
head and limbs



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/WoodTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/WoodTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternBoxTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternBoxTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/Red-earedSlider.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/Red-earedSlider.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternPaintedTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternPaintedTurtle.asp

Northern

Red-bellied

Cooter

Stinkpot
Turtle

Pseudemys
rubriventris Emydidae

Pelodiscus sinensis Trionychidae

Stenothernus
odoratus Kinosternidae

44

(SGCN

(SGCN

1,2

1,2

MD:S5/DC:S4

MD:S5/DC:S4

They like large
deep bodies of
water,
sometimes
brackish

There are two
light stripes on
the head and
neck, with
barbells
coming off chin
and throat, and
their plastron
does not cover
appendages



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/NorthernRed-belliedCooter.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/NorthernRed-belliedCooter.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/NorthernRed-belliedCooter.asp
https://en.wikipedia.org/wiki/Trionychidae
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternMuskTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternMuskTurtle.asp

These have
triangular

X pectoral scutes

Eastern Kinosternon (SGCN and a double
Mud Turtle  subrubrum Kinosternidae ) 1,2 MD:S5/DC:SH hinged shell

These are

large, up to 50

Ibs, with

powerful jaws,

a plastron that

does not cover
Eastern appendages
Snapping and they are
Turtle Chelydra serpentina  Chelydridae X 1,2 MD:S5/DC:S5 mostly aquatic
Snakes

45



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternMudTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternMudTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternSnappingTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternSnappingTurtle.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Testudines/EasternSnappingTurtle.asp

Copperhead

Northern
Water
Snake

Queen
Snake

Agkistrodon
contortrix

Nerodia sipedon

Regina
septemvittata

Viperidae

Colubridae

Colubridae

46

(SGCN

(SGCN

1,2

1,2

1,2

MD:S5/DC:S1

MD:S5/DC:S4

MD:S5/DC:S1

These are
distinguishable
as venomous
snake by the
slitted irises
and pits
located by
eyes, they also
have hour-glass
like pattern
down the body
These are often
mistaken for
venomous
Water
Moccasin
snakes, but are
not venomous
themselves,
and they are
very common
in aquatic
habitats

These occur
only where
there are
crayfish, which
are a main diet
staple



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/No_SoCopperhead.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernWatersnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernWatersnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernWatersnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/QueenSnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/QueenSnake.asp

Eastern
Smooth

Earthsnake  Virginia valeriae

Northern
Brownsnake Storeria dekayi

Red-bellied
Snake

Storeria
occipitomaculata

(SGCN

Colubridae ) 1,2 MD:S4,55/DC:SH

(SGCN

Colubridae ) 1,2 MD:S5/DC:S4

Colubridae X 1,2 MD:S5/DC:SH

47

They do not
come out into
the open often,
but are usually
found under
boards or logs
This snake has
two parallel
lines of dark
spots running
down its back,
it feeds on
worms and
soft-bodied
insects and
gives live birth
These are
characterized
by a red,
unmarked
belly, and will
have three
spots at the
nape of the
neck



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternSmoothEarthsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternSmoothEarthsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternSmoothEarthsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernBrownsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernBrownsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernRed-belliedSnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernRed-belliedSnake.asp

Eastern Thamnophis
Gartersnake sirtalis

Common

Ribbon Thamnophis
Snake sauritus
Eastern Carphophis

Wormsnake amoenus

Colubridae

Colubridae

Colubridae

48

(SGCN

(SGCN

(SGCN

1,2

1,2

1,2

MD:S5/DC:S4

MD:S5/DC:S4

MD:S5/DC:S4

This snake has
a checkerboard
pattern on its
back with a
distinct yellow
or white stripe
down the
center of its
back

They are found
in wet areas,
such as
marshes, bogs,
ponds and
shallow
streams, and
they have
three bold
cream stripes
down the back

These are small
in size, about
7-11 inches,
and look
similar to an
earthworm



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternGartersnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternGartersnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CommonRibbonsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CommonRibbonsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CommonRibbonsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternWormsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternWormsnake.asp

Rough

Greensnake

Eastern

Hog-nosed
Snake

Rainbow
Snake

Opheodrys
aestivus

Heterodon
platirhinos

Farancia
erytrogramma

Colubridae

Colubridae

Colubridae

49

(SGCN

(SGCN

1,2

1,2

1,2

MD:S5/DC:S4

MD:S5/DC:SH

MD:S1/DC:NA

These are
bright green
snakes with a
white or cream
colored belly

These will fan
out their neck,
like a cobra,
when
approached
and then play
dead

These are
considered
endangered in
Maryland and
are rarely
found, they are
a highly aquatic
species with
red, yellow and
black stripes
going vertically
down their
body



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernRoughGreensnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernRoughGreensnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternHog-nosedSnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternHog-nosedSnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternHog-nosedSnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/Rainbowsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/Rainbowsnake.asp

They are
normally black
or dark gray in

color, with a
X white chin and
Northern (SGCN conspicuous
Black Racer  Coluber constrictor Colubridae ) 1,2 MD:S5/DC:S4 eye

An orange or
orange-red
X snake, which
Red Pantherophis (SGCN eats most
Cornsnake guttatus Colubridae ) 1,2 MD:S4/DC:SH rodents

Maryland's

largest snake,

and has an all
Eastern Pantherophis black, shiny
Ratsnake alleghaniensis Colubridae X 1,2 MD:S5/DC:S3,S5 back

These are a
subterranean,
nocturnal
species, with a
yellow or
Mole Lampropeltis greenish hued
Kingsnake calligaster Colubridae X 1,2 MD:S4/DC:SH color

50



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernBlackRacer.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernBlackRacer.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/RedCornsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/RedCornsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternRatsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternRatsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/MoleKingsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/MoleKingsnake.asp

Eastern
Kingsnake

Eastern

Milksnake

Coastal
Plain

Milksnake

Lampropeltis
getula

Lampropeltis
triangulum

Lampropeltis
triangulum
elapsoides X
triangulum

Colubridae

Colubridae

Colubridae

o1

1,2

1,2

MD:S5/DC:SH

MD:S5/DC:SH

N/A

These eat
many other
reptiles, and
are shiny black,
with white or
light colored
rings around its
body

These are red
with black
bordered
blotches down
the back, and a
blotch on the
head that may
resemble an A,
Y,U,orV

This is a mix
between the
Eastern
Milksnake and
the Scarlet
Kingsnake



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternKingsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternKingsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternMilksnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternMilksnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CoastalPlainMilksnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CoastalPlainMilksnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CoastalPlainMilksnake.asp

These are
similar to the
venomous
Coral Snake,
but are non-
venomous and
have black
separating red
and yellow (or
white)
sections, with
an upper jaw

Northern that protrudes

Scarletsnak  Cemophora beyond the

e coccinea Colubridae X 1,2 MD:S3/DC:NA lower jaw
These have a
dark body with

Ring- X a cream/yellow

Necked Diadophis (SGCN ring around it's

Snake punctatus Colubridae ) 1,2 MD:S5/DC:S4 neck

Lizards

and

Skinks

52



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernScarletsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernScarletsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/NorthernScarletsnake.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/No_SoRing-neckedSnakes.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/No_SoRing-neckedSnakes.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/No_SoRing-neckedSnakes.asp

Broad-
headed
Skink

Common
Five-lined
Skink

Little Brown

Skink

Eastern Six-
lined
Racerunner

Plestiodon laticeps Scinidae X 1,2
X
(SGCN
Plestiodon fasciatus  Scinidae ) 1,2
Scincella lateralis Scinidae X 1,2
Aspidoscelis
sexlineatus Teiidae X 1,2

53

MD:S4/DC:S1

MD:S5/DC:S4

MD:S5/DC:NA

MD:S4/DC:SH

Maryland's
largest skink,
with juveniles
and females
resembling the
five-lined skink

These have 5
yellow or white
stripes on their
head, which
extend down
the back, and
juveniles have
a blue tail

They have a
golden or dark
brown back
with a darker
stripe running
along either
side

These have 6
colored lines
extending from
the head to the
tail



http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/Broad-headedSkink.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/Broad-headedSkink.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/Broad-headedSkink.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CommonFive-linedSkink.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CommonFive-linedSkink.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/CommonFive-linedSkink.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/LittleBrownSkink.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/LittleBrownSkink.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternSix-linedRacerunner.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternSix-linedRacerunner.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternSix-linedRacerunner.asp

Eastern Sceloporous
Fence Lizard undulatus

Phrynosomatidae

(SGCN

1,2

MD:S5/DC:SH

These have
pointed scales
on the back,
males have a
bright blue
patch on the
belly and
underside of
the throat,
while females
have
crossbands
along the back

References and Acronyms

1. Nature

Serve http://www.natureserve.org/explorer/

2. Maryland

Department

of Natural http://www.dnr.state.md.us/wildlife/Plants Wildlife/he

Resources rps/
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http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternFenceLizard.asp
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Squamata/EasternFenceLizard.asp
http://www.natureserve.org/explorer/
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/
http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/

Birds of the Anacostia River Watershed

Compiled by Mallory Shramek, AWS Stewardship Intern and Jorge Bogantes Montero, AWS
Conservation Biologist

UPDATED AUGUST 28, 2012 Michael
July, 2011 Schramm

Passage migrant
through the

District of
Columbia;
. primarily breeds in
1 Acadian Empidonax virescens Fchatchers X SNR S5B 1,2,4 moist, upland
Flycatcher (Tyrannidae) .
deciduous forests
with a moderate
understory,
generally near a
stream.
2 Alder Flycatchers
Flycatcher Empidonax alnorum (Tyrannidae) X SIN S2B 1,3,6
3 American Recur.wrostra Avocets.and .Stl|tS X SNR SNA 12
Avocet americana (Recurvirostridae)
Breed in
fresh
American Bitterns, Egrets, r;?:\ishw:st'el';)cal
. Botaurus lentiginosus and Herons X S1B S1B 1,2 . L
Bittern (Ardeidae) migrant within the
District of
Columbia.
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10

11

12

13

14

American
Black Duck

American Coot

American
Crow

American
Goldfinch

American
Kestrel

American Pipit

American
Redstart

American
Robin

American Tree
Sparrow
American
Wigeon

Anas rubripes

Fulica americana

Corvus brachyrhynchos

Spinus tristis

Falco sparverius

Anthus rubescens

Setophaga ruticilla

Turdus migratorius

Spizella arborea

Anas americana

Geese, Swans, and
Ducks (Anatidae)

Rails (Rallidae)

Crows and Jays
(Corvidae)
Finches and
Grosbeaks
(Fringillidae)

Falcons
(Falconidae)

Pipits and Wagtails
(Motacillidae)

Warblers
(Parulidae)

Thrushes
(Turdidae)

Sparrows and
Towhees
(Emberizidae)

Geese, Swans, and
Ducks (Anatidae)

56

S3 S4N

S2N

S5B S5N

S4N S5B

S2B S3N

S4N

S1B S4N

S5B S5N

S4N

S3N

S4B S5N

S3N

S5

S5

S4N S5B

S3N

S4B

S5B S5N

S3N

S4N

1,2

1,2

1,4

1,4

1,34

1,2

1,34

1,4

1,3,6

1,3,6

Hybridization
between the
American Black
Ducks and
Mallards is a major
concern.

North American's
smallest falcon.

Flashes its orange
and black wings
and tail to flush
insect prey from
foliage.



15

16

17

18

19

20

21

American
Woodcock

Bald Eagle

Baltimore
Oriole

Bank Swallow

Barn Owl

Barn Swallow

Barred Owl

Scolopax minor

Haliaeetus
leucocephalus

Icterus galbula

Riparia riparia

Tyto alba

Hirundo rustica

Strix varia

Sandpiper
(Scolopacidae)

Eagles and Hawks
(Accipitridae)

Blackbirds and
Orioles (Icteridae)

Swallows and
Martins
(Hirundinidae)

Barn Owls
(Tytonidae)

Swallows and
Martins
(Hirundinidae)

True Owls
(Strigidae)

57

S3N

S2N SXB

S1B S3N

S3N

S1

S5B S5N

S2

S4B S4N

S2 S3B

S5B

S354B

S3

S5B

S5

1,2

1,2

1,3,6

1,4

1,4

The most serious
threat is habitat
loss and alteration,
through
urbanization,
reforestation,
drainage of
wetlands, and
agricultural
development.

Migrant and
breeder within the
District of
Columbia.



22

23

24

25

26

27

28

Bay-breasted
Warbler

Belted
Kingfisher

Black Vulture

Black-and-
white Warbler

Blackburnian
Warbler

Black-billed
Cuckoo

Black-capped
Chickadee

Black-crowned
Night-Heron

Dendroica castanea

Megacerycle alcyon

Coragyps atratus

Mniotilta varia

Dendroica fusca

Coccyzus
erythropthalmus

Poecile atricapillus

Nycticorax nycticorax

Warblers
(Parulidae)

Kingfishers
(Alcedindae)

New World
Vultures
(Cathartidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Cuckoos
(Cuculidae)

Chickadees and
Titmice (Paridae)

Bitterns, Egrets,
and Herons
(Ardeidae)

58

S3N

S2N S2 S3B

S1

S4N

S3N

S1S2N

S1

S3B

SNA

S5B S4N

S4B S4N

S4B

S1S52B

S4B

S4

S3B S2N

1,35

1,4

1,2

1,4

1,5

1,3,6

1,3,6

1,2,4

Benefits from
spruce budworm
outbreaks when
the caterpillars
provide abundant
food - spraying to
control the
destructive
outbreaks may
have reduced
populations of this
warbler.

Local migrant and
breeder within the
District of
Columbia.



30

31

32

33

34

35

36

37

38

39

40

41

Blackpoll
Warbler

Black-throated
Blue Warbler

Black-throated
Green Warbler

Blue Grosbeak

Blue Jay

Blue-gray
Gnatcatcher

Blue-headed
Vireo

Blue-winged
Teal

Blue-winged
Warbler

Bobolink

Bonaparte's

Gull

Broad-winged
Hawk

Dendroica striata

Dendroica
caerulescens

Dendroica virens

Passerina caerulea

Cyanocitta cristata

Polioptila caerulea

Vireo solitarius

Anas discors

Vermivora pinus

Dolichonyx oryzivorus

Chroicocephalus

philadelphia

Buteo platypterus

Warblers
(Parulidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Cardinals and
Buntings
(Cardinalidae)

Crows and Jays
(Corvidae)

Gnatcatchers
(Sylviidae)

Vireos (Vireonidae)

Geese, Swans, and
Ducks (Anatidae)

Warblers
(Parulidae)

Blackbirds and
Orioles (Icteridae)

Gulls and Terns
(Laridae)

Eagles and Hawks
(Accipitridae)

59

S4 S4N

S4N

S4N

S2B S2N

S4N S5B

S3B S3N

S2N

S2N

S3N

S3 S4N

S3N

S1B S4N

SNA

S3 54B

S4B

S5B

S5B S5N

S5B

S354B

S2B S3 S4N

S4B

S3 S4B

S2N

S4B

1,4

1,4

1,4

1,4

1,4

1,34

1,2

1,3,6

1,5

1,2

1,3,6

1,2

Flicks its white-
edged tail from
side to side to
scare hiding
insects.

Passage migrant
through the
District of
Columbia.

Passage migrant
and breeder in the
District of
Columbia.



42

43

44

45

46

47

48

49

50

51

52

53

Brown
Creeper

Brown
Thrasher

Brown-headed
Cowbird

Bufflehead

Canada Goose

Canada
Warbler

Cape May
Warbler

Carolina
Chickadee

Carolina Wren

Caspian Tern

Cattle Egret

Common Tern

Certhis americana

Toxostoma rufum

Molothrus ater

Bucephala albeola

Branta canadensis

Wilsonia canadensis

Dendroica tigrina

Poecile carolinensis

Thryothorus
ludovicianus

Hydroprogne caspia

Bubulcus ibis

Sterna hirundo

Creepers
(Certhiidae)

Mimids and
Thrashers
(Mimidae)

Blackbirds and
Orioles (Icteridae)

Geese, Swans, and
Ducks (Anatidae)

Geese, Swans, and
Ducks (Anatidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Chickadees and
Titmice (Paridae)

Wrens
(Troglodytidae)

Gulls and Terns
(Laridae)

Bitterns, Egrets,
and Herons
(Ardeidae)

Gulls and Terns
(Laridae)

60

S3N

S3B S3N

S4

S1S2N

S5

S4N

S2 S3N

S5

S5

S1S2N

SNA

S4

S5B S2N

S5

S5N

S4B S5N

S3B

SNA

S5

S5

SNA

S354B

1,2

1,2

1,4

1,2

1,4

1,5

1,2

1,4

1,2

1,3,6

Resident, local
migrant, and
breeder within the
District of
Columbia.
Resident, local
migrant, and
breeder in the
District of
Columbia.



54

55

56

57

58

59

60

61

Cedar
Waxwing

Cerulean
Warbler

Chestnut-
sided Warbler

Chimney Swift

Chipping
Sparrow

Cliff Swallow

Common
Grackle

Common Loon

Bombycilla cedrorum

Dendroica cerulea

Dendroica
pensylvanica

Chaetura pelagica

Spizella passerina

Petrochelidon
pyrrhonota

Quiscalus quiscula

Gavia immer

Waxwings
(Bombycillidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Swift (Apodidae)

Sparrows and
Towhees
(Emberizidae)

Swallows and
Martins
(Hirundinidae)

Blackbirds and
Orioles (Icteridae)

Loons (Gaviidae)

61

S152B S4N

S2N

S4N

S4N S5B

S3B S4N

S2N SHB

S4 S5N S5B

SNA

S5B S5N

S3 S4B

S4B

S5B

S5B S1IN

S354B

S5

S4N

1,4

1,2

1,5

1,2,4

1,2

1,3,6

1,4

1,3,6

Breeding
populations in
small forest tracts
throughout the
range are declining
rapidly to
extirpation.

Passage migrant
and breeder in the
District of
Columbia.



62

63

64

65

66

67

68

69

70

71

Common
Merganser

Common
Nighthawk

Common
Raven

Common
Yellowthroat

Cooper's
Hawk

Dark-eyed
Junco

Double-
crested
Cormorant

Downy
Woodpecker

Eastern
Bluebird

Eastern
Kingbird

Mergus merganser

Chordeiles minor

Corvus corax

Geothlypis trichas

Accipiter cooperii

Junco hyemalis

Phalacrocorax auritus

Picoides pubescens

Sialia Sialis

Tyrannus tyrannus

Geese, Swans, and
Ducks (Anatidae)

Nightjars
(Caprimulgidae)

Crows and Jays
(Corvidae)

Warblers
(Parulidae)

Eagles and Hawks
(Accipitridae)

Sparrows and
Towhees
(Emberizidae)

Cormorants
(Phalacrocoracidae)

Woodpeckers
(Picidae)

Thrushes
(Turdidae)

Flycatchers
(Tyrannidae)

62

S3N

S4N

SNA

S3B S4N

S3B S4N

S5N

S4N

S5

S4N

S4B

S3N

S3 54B

S2

S5B

S4B S4N

S2B

S1B S3 S4N

S5

S5B S4N

S5B

1,2

1,3,6

1,4

1,2,3

1,2

1,4

1,4

1,4

Easy to recognize
by their crisp
(though extremely
variable) markings
and the bright
white tail feathers
they habitually
flash in flight.



72

73

74

75

76

77

78

Eastern
Meadowlark

Eastern
Phoebe

Eastern
Screech-Owl

Eastern
Towhee

Eastern

Wood-Pewee

European
Starling

Field Sparrow

Sturnella magna

Sayornis phoebe

Megascops asio

Pipilo
erythrophthalmus

Contopus virens

Sturnus vulgaris

Spizella pusilla

Blackbirds and
Orioles (Icteridae)

Flycatchers
(Tyrannidae)

True Owls
(Strigidae)

Sparrows and
Towhees
(Emberizidae)

Flycatchers
(Tyrannidae)

Starlings
(Sturnidae)

Sparrows and
Towhees
(Emberizidae)

S1B S4N

S3B

S1

S4B 5S4 S5N

SNR

SNA

S2B S4N

S5B S3N

S5B

S5

S5B S4N

S5B

SNA

S5

1,2,3

1,4

1,2

1,4

1,4

1,2,4

Local habitat: Rock
Creek National
Park, Kenilworth
Park, Anacostia
Park, and Oxon
Cove Park.

Local habitat: Rock
Creek National
Park, Kenilworth
Park, Anacostia
Park, Oxon Run
Parkway, Oxon
Cove Park, and the
Fort Circle Parks
area.

Current intensive
agricultural
practices and
spreading
urbanization
continue to
restrict, or
eliminate nesting
habitat of old
weedy fields with
shrubs or small
trees.



79

80

81

82

83

84

85

Fish Crow

Forster's Tern

Fox Sparrow

Gadwall

Glossy Ibis

Golden-
crowned
Kinglet

Grasshopper
Sparrow

Corvus ossifragus

Sterna forsteri

Passerella iliaca

Anas strepera

Plegadis falcinellus

Regulus satrapa

Ammodramus
savannarum

Crows and Jays
(Corvidae)

Gulls and Terns
(Laridae)

Sparrows and
Towhees
(Emberizidae)

Geese, Swans, and
Ducks (Anatidae)

Ibises and
Spoonbills
(Threskiornithidae)

Kinglets (Regulidae)

Sparrows and
Towhees
(Emberizidae)

64

S1 52N S3B

S2 S3N

S3N

SNA

SNA

S3 S4N

S3N

S5

S4B

S2N

S2B S4N

S4B

S2B

S4B

1,4

1,3,6

1,2

1,3,6

1,3,6

1,2
Populations
declines have
resulted in part
from loss of
habitat, especially
the conversion of
grassland to row-
crop agriculture,

1,2 pag

urban sprawl, and
reforestation,
compounded by
losses incurred as
a result of mowing
of habitat and
subsequent
increased
predation.



86

87

88

89

90

91

92

93

94

95

Gray Catbird

Gray Cheeked
Thrush

Great Black-
backed Gull

Great Blue
Heron

Great Crested
Flycatcher

Great Egret

Great Horned
owl

Greater Scaup

Greater
Yellowlegs

Green Heron

Dumetella carolinensis

Catharus minimus

Larus marinus

Ardea herodias

Myiarchus crinitus

Ardea alba

Bubo virginianus

Aythya marila

Tringa melanoleuca

Butorides virescens

Mimids and
Thrashers
(Mimidae)

Thrushes
(Turdidae)

Gulls and Terns
(Laridae)

Bitterns, Egrets,
and Herons
(Ardeidae)

Flycatchers
(Tyrannidae)

Bitterns, Egrets,
and Herons
(Ardeidae)

True Owls
(Strigidae)

Geese, Swans, and
Ducks (Anatidae)

Sandpiper
(Scolopacidae)

Bitterns, Egrets,
and Herons
(Ardeidae)

65

S4N S5B

S3N

S5N

S4N

S3B

S4N

S2

SIN

S3N

S3 S4B S3
S4N

S5B SIN

SNA

S4B

S4B S3 S4N

S5B

S4B

S5

S4N

SIN

S5B

1,4

1,5

1,4

1,4

1,4

1,2

1,3,6

1,2

Local habitat: Rock
Creek National
Park, Kenilworth
Park, Oxon Cove
Park, and the Fort
Circle Parks area.



96

97

98

99

100

101

102

103

104

105

106

107

Green-winged
Teal

Hairy
Woodpecker

Hermit Thrush

Herring Gull

Hooded
Merganser

Hooded
Warbler

Horned Grebe

Horned Lark

House Finch

House
Sparrow

House Wren

Indigo Bunting

Anas crecca

Picoides villosus

Catharus guttatus

Larus argentatus

Lophodytes cucullatus

Wilsonia citrina

Podiceps auritus

Eremophila alpestris

Carpodacus mexicanus

Passer domesticus

Troglodytes aedon

Passerina cyanea

Geese, Swans, and
Ducks (Anatidae)

Woodpeckers
(Picidae)

Thrushes
(Turdidae)

Gulls and Terns
(Laridae)

Geese, Swans, and
Ducks (Anatidae)

Warblers
(Parulidae)

Grebes
(Podicipedidae)

Larks (Alauidae)

Finches and
Grosbeaks
(Fringillidae)

Old World
Sparrows
(Passeridae)

Wrens
(Troglodytidae)

Cardinals and
Buntings
(Cardinalidae)

66

X

X

S2N

S3

S3N

S4N

S3N

S3 $4N

SNA

S2N

SNA

SNA

S4N S5B

S4 S5N S5B

S4N

S5

S3 S4B S4N

S5B S5N

S1B

5S4 S5B

S4N

S4B S4N

SNA

SNA

S5B

S5B

1,3,6

1,4

1,4

1,4

1,2,4

1,3,6

1,3,6

1,4

1,4

1,4

1,4

Passage migrant
within the District
of Columbia.



108

109

110

111

112

113

114

115

116

117

Kentucky
Warbler

Killdeer

Laughing Gull

Least Bittern

Least
Flycatcher

Least
Sandpiper

Least Tern

Lesser Black-
Backed Gull

Lesser Scaup

Lesser
Yellowlegs

Oporornis formosus

Charadrius vociferus

Leucophaeus atricilla

Lxobrychus exilis

Empidonax minimus

Calidris minutilla

Sternula antillarum

Larus fuscus

Aythya affinis

Tringa flavipes

Warblers
(Parulidae)

Plovers and
Lapwings
(Charadriidae)

Gulls and Terns
(Laridae)

Bitterns, Egrets,
and Herons
(Ardeidae)

Flycatchers
(Tyrannidae)

Sandpiper
(Scolopacidae)
Gulls and Terns
(Laridae)

Gulls and Terns
(Laridae)

Geese, Swans, and
Ducks (Anatidae)

Sandpiper
(Scolopacidae)

S3 $4N

S2B S4N

S3N

S1B S2N

S2 S3N

S3N

SNR

SNR

S2S3N

S3N

S4B

S5B S4N

S1B S4N

S2 S3B

S3 S4B

SNA

S2B

SNA

S4N

SIN

1,2,4

1,4

1,4

1,2

1,3,6

1,3,6

1,3

1,2

1,2

Breeds in humid
deciduous forest,
dense second
growth, swamps.

Breeds in tall
emergent
vegetation in
marshes, primarily
freshwater, less
commonly in
coastal brackish
marshes and
mangrove
swamps.



118

119

120

121

122

123

124

125

126

127

Lincoln's
Sparrow

Little Blue
Heron

Louisiana
Waterthrush

Magnolia
Warbler

Mallard

Marsh Wren

Merlin
Mourning
Dove

Mourning
Warbler

Nashville
Warbler

Melospiza lincolnii

Egretta caerulea

Seiurus motacilla

Dendroica magnolia

Anas platyrhynchos

Cistothorus palustris

Falco columbarius

Zenaida macroura

Oporornis philadelphia

Vermivora ruficapilla

Sparrows and
Towhees
(Emberizidae)

Bitterns, Egrets,
and Herons
(Ardeidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Geese, Swans, and
Ducks (Anatidae)

Wrens
(Troglodytidae)

Falcons
(Falconidae)

Doves
(Columbidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

68

SNA

S3N

S3 $4N

S4N

S4N S5B

S1B S3N

SIN

S4N S5B

S2N

S2N

SNA

S3B

S5B

S3 54B

SNA

S4B S2N

SIN

S5

S1B

S1S2B

1,3,6

1,2

1,2,4

1,4

1,4

1,2

1,3,6

1,4

1,5

1,5

Breeds in moist
forest, woodland,
and ravines along
streams, mature
deciduous and
mixed floodplain
and swamp
forests.

Local habitat:
Kenilworth Park
and Anacostia
Park.



128

129

130

131

132

133

134

135

Northern
Bobwhite

Northern
Cardinal

Northern
Flicker

Northern
Goshawk

Northern
Harrier

Northern
Mockingbird

Northern
Parula

Northern
Pintail

Colinus virginianus

Cardinalis cardinalis

Colaptes auratus

Accipiter gentilis

Circus cyaneus

Mimus polyglottos

Parula americana

Anas acuta

Quails
(Odontophoridae)

Cardinals and
Buntings
(Cardinalidae)

Woodpeckers
(Picidae)

Eagles and Hawks
(Accipitridae)
Eagles and Hawks
(Accipitridae)
Mimids and
Thrashers
(Mimidae)

Warblers
(Parulidae)

Geese, Swans, and
Ducks (Anatidae)

69

S1

S5

S2 S3N S5B

SNA

S2N

S5

S3B S3N

S2N

S5

S5

S5B S5N

S1B

S2B

S5

S4 S5B

S4N

Principal threat
appears to be
habitat loss and
fragmentation
associated with
changing land use,
particularly clean
farming
techniques, single

1,2 .
crop production,
plantation
forestry, fire
suppression,
replacement of
native grass
pasture with Tall
Fescue, and over-
grazing by cattle.

1,4

1,4

1,3,6

1,2

1,4

1,4

1,3,6



136

137

138

139

140

141

142

143

144

145

Northern
Rough-winged
Swallow

Northern
Shoveler

Northern
Waterthrush

Orange-
crowned
Warbler

Orchard Oriole

Osprey

Ovenbird

Palm Warbler

Pectoral
Sandpiper

Peregrine
Falcon

Stegidopteryx
serripennis

Anas clypeata

Seiurus noveboracensis

Oreothlypis celata

Icterus spurius

Pandion haliaetus

Seiurus aurocapilla

Dendroica palmarum

Calidris melanotos

Falco peregrinus

Swallows and
Martins
(Hirundinidae)

Geese, Swans, and
Ducks (Anatidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Blackbirds and
Orioles (Icteridae)

Eagles and Hawks
(Accipitridae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Sandpiper
(Scolopacidae)

Falcons
(Falconidae)

70

S2N S3B

SIN

S3N

SIN

S1B S354N

S2 S3N

S2B S3N

S3N

S2N

S1B S1IN

S4B

S2N

S2S3B

SNA

S5B

S4B

S5B

S2N

SNA

S2B S3N

1,4

1,3,6

1,4

1,3,6

1,4

1,4

1,2,4

1,2

1,3,6

1,2

Typically nests in
mid-late
successional,
closed-canopied
deciduous or
deciduous-
coniferous forests
that have deep
leaf litter and
limited
understory.



146

147

148

149

150

151

152

153

154

155

156

157

158

Philadelphia
Vireo

Pied-billed
Grebe

Pileated
Woodpecker

Pine Siskin
Pine Warbler

Prairie
Warbler

Prothonotary
Warbler

Purple Finch

Purple Martin

Red-bellied
Woodpecker

Red-breasted
Merganser

Red-breasted
Nuthatch
Red-eyed
Vireo

Vireo philadelphicus

Podilymbus podiceps

Dryocopul pileatus

Spinus pinus

Dendroica pinus

Dendroica discolor

Protonotaria citrea

Carpodacus purpureus

Progne subis

Melanerpes carolinus

Mergus serrator

Sitta canadensis

Vireo olivaceus

Vireos (Vireonidae)

Grebes
(Podicipedidae)

Woodpeckers
(Picidae)

Finches and
Grosbeaks
(Fringillidae)
Warblers
(Parulidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Warblers
(Parulidae)

Swallows and
Martins
(Hirundinidae)

Woodpeckers
(Picidae)

Geese, Swans, and
Ducks (Anatidae)

Nuthatches
(Sittidae)

Vireos (Vireonidae)

71

SIN

5S4 S5N

S3

SIN

S1B S1 S3N

S1B S2N

S1B

S3N

S1B S5N

S5

S2N

S1S2N

S5B S5N

SNA

S2B

S5

S1S2N

S4B S2N

S4B

S4B

S3B S3N

S5B

S5

S3N

S1B

S5B

1,5

1,2

1,4

1,3,6

1,4

1,2

1,2

1,5

1,3,6

1,4

1,3,6

1,3,6

1,4

Breeds in mature

deciduous
floodplain, river,
and swamp
forests; wet
lowland forest.



159

160

161

162

163

164

165

166

167

168

169

170

Red-headed
Woodpecker

Red-
shouldered
Hawk

Red-tailed
Hawk

Red-winged
Blackbird

Ring-billed
Gull

Ring-necked
Duck

Rock Pigeon

Rose-breasted
Grosbeak

Royal Tern

Ruby-crowned
Kinglet
Ruby-throated
Hummingbird

Ruddy Duck

Melanerpes
erythrocephalus

Buteo lineatus

Buteo jamaicensis

Agelaius phoeniceus

Larus delawarensis

Aythya collaris

Columba livia

Pheucticus
ludovicianus

Thalasseus maximus

Regulus calendula

Archilochus colubris

Oxyura jamaicensis

Woodpeckers
(Picidae)

Eagles and Hawks
(Accipitridae)

Eagles and Hawks
(Accipitridae)

Blackbirds and

Orioles (Icteridae)

Gulls and Terns
(Laridae)

Geese, Swans, and
Ducks (Anatidae)

Doves
(Columbidae)

Cardinals and
Buntings
(Cardinalidae)

Gulls and Terns
(Laridae)

Kinglets (Regulidae)

Hummingbirds
(Trochilidae)

Geese, Swans, and
Ducks (Anatidae)
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SIN SHB

S2B S3N

S3N

S4 S5N

S2 S4N

S3N

SNA

S3N

SNR

S4N

S3B S3N

S3 S4N

S4

S4 S5B S4N

S5B S5N

S5

S5N

S2N

SNA

S3 54B

S1B

S3N

S5B

S3N

1,3,6

1,2,4

1,4

1,4

1,3,6

3,4

1,4

1,2

1,2

Breeds in
bottomland
hardwoods and
riparian areas to
upland deciduous
or mixed
deciduous-conifer
forest.



171

172

173

174

175

176

177

178

179

Rusty
Blackbird

Savannah
Sparrow

Scarlet
Tanager

Sedge Wren

Semipalmated
Plover

Semipalmated
Sandpiper

Sharp-shinned
Hawk

Snow Bunting

Snowy Egret

Solitary
Sandpiper

Euphagus carolinus

Passerculus
sandwichensis

Piranga olivacea

Cistothorus platensis

Charadrius
semipalmatus

Calidris pusilla

Accipiter striatus

Plectrophenax nivalis

Egretta thula

Tringa solitaria

Blackbirds and
Orioles (Icteridae)

Sparrows and
Towhees
(Emberizidae)

Cardinals and
Buntings
(Cardinalidae)

Wrens
(Troglodytidae)
Plovers and
Lapwings
(Charadriidae)

Sandpiper
(Scolopacidae)

Eagles and Hawks
(Accipitridae)

Longspurs and
Buntings
(Calcariidae)
Bitterns, Egrets,
and Herons
(Ardeidae)
Sandpiper
(Scolopacidae)
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S3N

S1S3N

S2B S4N

SHB

S2N

S2N

S3N SHB

SIN

S2N

S3N

S2 S3N

S3 S4B S4N

S5B

S1B

SNA

SNA

S1S2B

SIN

S3 S4B

SNA

1,3,6

1,3,6

1,2,4

1,3,6

1,3,6

1,3,6

1,2

1,3,6

1,3,6

1,2

Local habitat: Rock
Creek National
Park, Kenilworth
Park, Anacostia
Park, Capitol Hill
Parks, Oxon Run
Parkway, Oxon
Cove Park, and the
Fort Circle Parks
area.



Sparrows and
181 SongSparrow  Melospiza melodia Towhees X S5B S5N S5 1,4
(Emberizidae)

Nesting habitat
includes
freshwater
swamps, bogs, and
182 Sora Porzana carolina Rails (Rallidae) X S2N S1B 1,2,3 swamps with
dense stands of
cattails, reeds,
bulrushes, or

sedges.
183 Spotted Actitis macularius Sandpiper X S4N 5354 1,3,4
Sandpiper (Scolopacidae)
Cardinals and
184 Summer Buntings S1S2BS1
Tanager Piranga rubra (Cardinalidae) X S2N S4B 1,3,6
Swainson's Thrushes
185 Thrush Catharus ustulatus (Turdidae) X S4AN SXB 1,4
Sparrows and
Swamp . .
186 Melospiza gerorgiana  Towhees X S2 S3N S4B S5N 1,2
Sparrow ..
(Emberizidae)
Tennessee . . Warblers
187 Warbler Vermivora peregrina (Parulidae) X S2 S3N SNA 1,5

Swallows and
188 Tree Swallow Tachycineta bicolor Martins X S1B S4B 1,4
(Hirundinidae)

Bitterns, Egrets,

189 Tricolored and Herons
Heron Egretta tricolor (Ardeidae) X SIN S3B 1,3,6
Tufted Chickadees and

190 B lophus bicol, X S S 1,4
Titmouse aeolophus Sicolor Titmice (Paridae) > > !
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191

192

193

194

195

196

197

198

199

200

Tundra Swan

Turkey Vulture

Upland
Sandpiper

Veery

Vesper
Sparrow

Virginia Rail

Warbling
Vireo

Western
Sandpiper
Whip-poor-
will

White-
breasted
Nuthatch

Cygnus columbianus

Cathartes aura

Bartramia longicauda

Catharus fuscescens

Pooecetes gramineus

Rallus limicola

Vireo gilvus

Calidris mauri

Caprimulgus vociferus

Sitta carolinensis

Geese, Swans, and
Ducks (Anatidae)

New World
Vultures
(Cathartidae)

Sandpiper
(Scolopacidae)

Thrushes
(Turdidae)

Sparrows and
Towhees
(Emberizidae)

Rails (Rallidae)

Vireos (Vireonidae)

Sandpiper
(Scolopacidae)
Nightjars
(Caprimulgidae)

Nuthatches
(Sittidae)

75

S2N

S3N

SIN

S2B S3N

S3N

S1IN SHB

S1B S1S2N

S1S2N

S3N

S3B S3N

S4N

S5B S5N

S1B

S4B

S3 S4B S2N

S4B S4N

S4B

SNA

S3 S4B

S5

1,3,6

1,2

1,2

1,4

1,3,6

1,2

1,4

1,3,6

Inhabits shallow,
freshwater,
emergent
wetlands of every
size and type, from
roadside ditches
and borders of
lakes and streams
to large cattail
marshes.



White-
crowned
Sparrow

201

White-eyed

202
Vireo

White-rumped

Sandpiper

White-
204 throated
Sparrow

Zonotrichia leucophrys

Vireo griseus

Calidris fuscicollis

Zonotrichia albicollis

Sparrows and
Towhees
(Emberizidae)

Vireos (Vireonidae)

Sandpiper
(Scolopacidae)

Sparrows and
Towhees
(Emberizidae)

X S3N
X S1B S2 S4N
X SIN
X S5N
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S3 S4N

S5B

SNA

S5N

1,3,6

1,2,4

1,4

During breeding
season, inhabits
early-late
successional,
shrubby habitats
such as deciduous
scrub, old fields,
abandoned
pastures,
regenerating
clearcuts or other
heavily logged
areas, drainage
and streamside
thickets, forest
edges, reclaimed
strip mines, and
mangrove
swamps.



205 Wild Turkey

206
Willet
Willow
207 Flycatcher

208 Wilson's Snipe

Wilson's

209 Warbler

210 Winter Wren

211  Wood Duck

212  Wood Thrush

Meleagris gallopavo

Tringa semipalmata

Empidonax traillii

Gallinago delicata

Wilsonia pusilla

Troglodytes
troglodytes

Aix sponsa

Hylocichla mustelina

Turkeys and
pheasants
(Phasianidae)

Sandpiper
(Scolopacidae)
Flycatchers
(Tyrannidae)

Sandpiper
(Scolopacidae)

Warblers
(Parulidae)

Wrens
(Troglodytidae)

Geese, Swans, and
Ducks (Anatidae)

Thrushes
(Turdidae)

X SNR
X S2N
X SNR
X S2 S3N
X S2 S3N
X S2 S3N
X S3N S4B
X S3B S4N

7

S4

S3 54B

S4B

S2N

SNA

S2B

S5B S3N

S5B

1,2

1,3,6

1,2

1,2

1,2,4

1,2,4

Inhabits quiet
inland waters near
woodland, such as
wooded swamps,
flooded forest,
greentree
reservoirs, ponds,
marshes, and
along streams.
Local habitat: Rock
Creek National
Park, Anacostia
Park, Kenilworth
Park, Oxon Run
Parkway, Oxon
Cove Park, and the
Fort Circle Parks
area.



213

214

215

216

217

218

219

220

Worm-eating
Warbler

Yellow
Warbler

Yellow-bellied
sapsucker

Yellow-bellied
Flycatcher

Yellow-billed
Cuckoo

Yellow-
breasted Chat

Yellow-
crowned Night
Heron

Yellow-
rumped
Warbler

Helmitheros
vermivorum

Dendroica petechia

Sphyrapicus varius

Empidonax flaviventris

Coccyzus americanus

Icteria virens

Nyctanassa violacea

Dendroica coronata

Warblers
(Parulidae)

Warblers
(Parulidae)

Woodpeckers
(Picidae)

Flycatchers
(Tyrannidae)
Cuckoos

(Cuculidae)

Warblers
(Parulidae)

Bitterns, Egrets,

and Herons
(Ardeidae)

Warblers
(Parulidae)

78

S2N

S2N

S2N

S1S2N

S2B S3N

S3 $4N

SHB

S5N

S4B

S5B

SHB S3N

SNA

S5B

S5B

S2B

S4N

1,2

1,4

1,2

1,3,6

1,4

1,4

1,4

Breeds in well-
drained upland
deciduous forests
with understory
patches of
mountain laurel or
other shrubs, drier
portions of stream
swamps with an
understory of
mountain laurel,
deciduous woods
near streams



222

Yellow-
throated Vireo

Yellow-
throated
Warbler

Vireo flavifrons

Dendroica dominica

Vireos (Vireonidae)

Warblers
(Parulidae)

79

S2 S3B S2
S3N

SIN

5S4 S5B

S4B

1,2

Breeds primarily in
open deciduous
forest and
woodland, mixed
forest near
clearings or water,
moist upland
forest riparian
woodland, tall
floodplain forest,
lowland swamp
forest;
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APPENDIX B

Endangered Species Letter from Genevieve LaRouche to Fred Pinkney
11/2/2015
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United States Department of the Interior

FISH AND WILDLIFE SEEVICE

Chesapeake Bay Field Office
177 Adoiral Cochrane Dirive
Arnnapohs, Maryland 21401
hitp:/arwrw. fws. govichesapeakebay

MNovember 2, 2015

Fred Pinkney, Ph.DD.

Senior Biologist

Environmental Contaminants Program
U.5. Fizh and Wildlife Service
Chesapeake Bay Field Office

177 Admiral Cochrane Drive
Amnnapolis, MD 21401

RE: “Not Likely to Adversely Affect™ northern long-sared bat determination; Anacostia IPaC
Database Resulis for Anacostia Watershed Restoration Studies in Montgemery and Prince
George’s Counties in Maryland

The US. Fish and Wildlife Service (Service) has reviewed your project information from the
Service’s Information for Planming and Conservation (IPaC) online system dated July 7. 20135,
The Service has evaluated the potential effects of this project to the threatened northem long-
eared bat (Myotis sepfentrionalis). The comments provided below are in accordance with
Section 7 of the Endangered Species Act (87 Stat. 884, as amended; 16 U.5.C. 1531 ef 5aq.).

The purpose of this proposed project 1s to conduct feasibility studies of aquatic ecosystem
restoration needs and opportunities within the Anacostia Watershed in Montgomery and Prince

George’s Counties in Maryland

This project is within the range of the northem long-eared bat, a federally listed threatened
species. The northern long-eared bat 1s a temperate, insectivorous migratory bat that lnbemates
in mines and caves in the winter and summers in wooded areas. Since the forest cleanng for this
proposed project 1s minimal, and there are no current records of northern long-eared bats in the
project vicinity, this project as proposed is “not likely to adversely affect” the northem long-
eared bat, therefore, there are no ime of year restrictions on forest cleanng.

Except for occasional transient individoals, no other Federal proposed or listed endangered or
threatened species under our junsdiction are known to exist within the project impact area.
Should project plans change, or if additional mformation on the distnbution of listed or proposed
species becomes available, this determination may be reconsidered.

TAKE PRIDE
INAM EHI:AE'E:'
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We appreciate the opportunity to provide information relevant to threatened and endangered
fish and wildlife resources. This Endangered Species Act determination does not exempt this

project from obtaining all permits and approvals that may be required by other State or
Federal agencies.

If you have any questions or concerns regarding this letter, please contact Trevor Clark of my
Endangered Species staff at (410) 573-4527 or by email at Trevor_Clark@fws.gov.

Genevieve LaRouche
Supervisor
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APPENDIX C

Function-Based Rapid Field Stream Assessment data sheets
Sligo Creek Mainstem/Sligo Creek Tributary
Paint Branch
Little Paint Branch
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RAPID WATERSHED ASSESSMENT DATA SHEETS
Sligo Creek Mainstem/Sligo Creek Tributary
Paint Branch
Little Paint Branch



RAPID WATERSHED ASSESSwmiENT DATA SHEET

Watershed: g/:/‘h? (/‘g/f;?é’ ’7\/' b Rater(s): 5/;//5

Stream: Date: /2 l. _:1 T)

Photo(s):

N
Overall Watershed Condition Good Fair \:Eq_gr,/ I

WATERSHED ASSESSMENT

Category / Parameter / Description of Watershed Condition Rating
Measurement Method Good | Fair [ Poor (GIFIP)
Hydrology ¢ Runoff / Watershed ) ) | No Fmpoundment within 1 mile upstream of project area | Impoundment(s) located within 1 mile upstream of project y ’{: 7
1 |impoundments No impoundment upstream of project area | OR impoundment does not adversely affect hydrology or | area and/or has an adverse effect on hydrology and/or fish & ¢
fish passage passage

No potential for concentrated Some potential for concentrated flow/impairments to reach

rocks, Clear water along entire reach; diverse
aquatic plant community includes low
quantities of many species of macrophytes; |
little algal growth present. Not on 303d list

oo masoyis, abudan gl g, |79,y e dong nfs each dee
especially during warmer months. On or downstream of P gging 4 9

" X blooms creating thick algal mats in stream. On or
S0SdlistandmMBICISMomtiplan;addiessing downstream of 303d list and no TMDL/WS mgmt plan to

N . . Potential for concentrated flow/impairments to reach -F
2 |Hydrology ¢ Runoff / Concentrated Flow . ! X re:
Y 9y l flow/impairments from adjacent land use SlorationiSiie, howeve:é?oeliz:rses @rejinjpiace iojprotect restoration site and no treatments are in place
| Single family homes/suburban development occurring or
| Rural communities/slow growth or primarily aclive agricultural practices occurring, or commercial Rapidly urbanizing/urban or primarily active agricultural
3 |Hydrolagy ¢ ff / d Use Change .
|Hydrology /Runoff / L.and Use Chang | forested (>70%) and/or industrial development starting, forested area 20 - practices (> 70%), forested area <20%
! 70%
i No roads in or adj i .
| jacent to site. No proposed : R . . . . . .
4 |Hydrology / Runoff / Distance to Roads | major roads in or adjacent to site in 10 year | No roads in or adjacent u_) site. No more than one major | Roads located in or adjacerlt to site boundary and/or major
| road proposed in 10 year DOT plans roads proposed in 10 year DOT plans
DOT plans
| Non- egi s a result of rainfall i . . . .
X n-flashy flow regime N . Semi-flashy flow regime as a result of rainfall patterns, Flashy flow regime as a result of rainfall patterns, geology.
5 |Hydrology / Runoff / Flashiness pattemns, geology, and soils, impervious cover . i o N R
. geology, and soils, impervious cover 7%- 156% and soils, impervious cover greater than 15%
less than 6%
L . >80% of contributing stream length has >25ft| 50 - 80% of contributing stream length has >25 ft corridor | <50% of contributing stream length has >25 ft corridor
6 | Geomorphology / Riparian Vegetation ; ) . .
corridor width width width
Low sediment supply. Upstream bank erosion| Moderate sediment supply from upstream bank erosion High sediment supply from upstream bank erosion and
7 |Geomorphology / Sediment Supply | and bed load supply is minimal, There are and bed load supply. There are some point bars and bed load supply. There are numerous alternating point
I few bars present in the channel small lateral bars bars, lransverse bars and/or mid-channel bars
I Considerable cloudiness most of the time; objects visible Very.turbld or muddy ap-pearanz:e r.HOSI of the time; op]ects
Very clear, or clear but tea-colored; objects X . .| visible at depth< 0.5 ft; slow moving water maybe bright
. [ to depth 0.5 to 1.5 ft; slow sections may appear pea-green; N N A
visible at depth 3 to 6 ft (less if slightly . N green; other obvious water pollutants; floating algal mats, )
: X bottom rocks or submerged objects covered with green or i
colored); no oil sheen on surface; no i X . surface scum, sheen or heavy coat of foam on surface; or
noticeable film on submerged objects or olive-gresn film; or moderate odor of ammania or rotien strong odor of chemicals, oil, sewage, or other pollutants g
8 | Physicochzmical / Water Quality / 303(d) List | eggs. Greenish water along entire reach; overabundance o ! =

dEficiencies address deficiencies
. - Channel upstlfeam Endiownsteas 9 projec Channel upstream and downstream of project area has Channel upstream and downstream of project area is
9  Biology / Landscape Connectivity area has native bed and bank materials and . . . . .
is not impaired native bed and bank materials but is impaired concrete piped, or hardened




RAPID WATERSHED ASSESSMENT DATA SHEET

Watershed: _ Rater(s): ?'2 L
1P i -
Stream: [PDI':"H plrantn Date: //{S‘ [i5
Photo(s):
Overall Watershed Condition Good Fair (Poor ) I
WATERSHED ASSESSMENT
Category / Parameter / Description of Watershed Condition Rating
Measurement Method Good | Fair | Poor (GIFIP)
Hydrology / Runoff / Watershed ) ) No 'impoundmenl within 1 mile upstream of project area Impoundment(s) located within 1 mile upstream of project p 7
Impoundments No impoundment upstream of project area | OR impoundment does not adversely affect hydrology or | area and/or has an adverse effect on hydrology and/or fish G 724 .
fish passage passage

No potential for concentrated Some potential for concentrated flow/impairments to reach

2 |Hydrology / Runoff / Concentrated Flow ) 3 N restoration site, however, measures are in place to protect ot fo_r covcentrated flow/lmpalrmer{ts ioleach
| flow/impairments from adjacent land use S — restoration site and no treatments are in place
Single family homes/suburban development occurring or
Rural communities/slow growth or primarily active agricultural practices occurring, or commercial Rapidly urbanizing/urban or primarily active agricultural
d ! off / d Use Change
3 |Hydrology / Runoff / Land Use Chang | forested (>70%}) and/or industrial development starting, forestied area 20 - practices (> 70%), forested area <20% 'P
70%
. No r_oads u o_r ad)acgnt iosis _No_ proposed No roads in or adjacent to site. No more than one major | Roads located in or adjacent to site boundary and/or major
4 |Hydrology / Runoff / Distance to Roads major roads in or adjacent to site in 10 year . .
DOT plans road proposed in 10 year DOT plans roads proposed in 10 year DOT plans
X | Non-flashy flow regime . . .Of i Semi-flashy flow regime as a result of rainfall patterns, Flashy flow regime as a result of rainfall patterns, geology,
5 | Hydrology / Runoff / Flashiness pattemns, geology, and soils, impervious caover . . o o i . N
less than 6% geology, and soils, impervious cover 7%- 15% [ and soils, impervious cover greater than 15%
e . | >80% of contributing stream length has >25 ft| 50 - 80% of contributing stream (ength has >25 ft corridor | <50% of contributing stream length has >25 ft corridor
6 | Geomorphology / Riparian Vegetation H R . N
| corridor width width width \
| . o , . N ‘
| Low sediment supply. Upstream bank erosion| Moderate sediment supply from upstream bank erosion High sediment supply from upstream bank erosion and
7 | Geomorphology / Sediment Supply and bed load supply is minimal. There are | and bed load supply. There are some point bars and bed load supply. There are numerous alternating point ) &
‘ few bars present in the channel small lateral bars bars, transverse bars and/or mid-channel bars ¢

Very turbid or muddy appearance most of the time; objects
visible at depth< 0.5 ft; slow moving water maybe bright
green; other obvious water pollutants; floating algal mats,
surface scum, sheen or heavy coat of foam on surface; or
strong odor of chemicals, oil, sewage, or other pollutants.
of lush green macrophytes: abundant algal arowth, Pea-green, gray, or brown wate'r along ent!re reach; dense
i . stands of macrophytes clogging stream; severe algal
especially during warmer months. On or downstream of

. . blooms creating thick algal mats in stream. On or
303d list and TMDL/WS Mgmt plan addressing downstream of 303 list and no TMDLAN'S mgmt plan to

Considerable cloudiness most of the time; objects visible
to depth 0.5 to 1.5 ft; slow sections may appear pea-green;
bottom rocks or submerged objects covered with green or

olive-green film; or moderate odor of ammonia or rotten
eggs. Greenish waler along entire reach; overabundance

[ Very clear, or clear but tea-colored; objects
visible at depth 3 to 6 ft (less if slightly
colored); no oil sheen on surface; no

noticeable film on submerged objects or
rocks. Clear water along entire reach; diverse
aquatic plant community includes low
quantities of many species of macrophytes;
little algal growth present. Not on 303d list

Physicochemical / Water Quality / 303(d) List

deficiencies address deficiencies
. . Shannel upstl_'eam R o.f project Channel upstream and downstream of project area has Channel upstream and downstream of project area is
9 |Biology / Landscape Connectivity area has native bed and bank materials and X X o ) R
is not impaired native bed and bank materials but is impaired concrete piped, or hardened




RAPID WATERSHED ASSESSMENT DATA SHEET

Watershed: : Rater(s): 59 R
Stream: Z 14"”( ?0\ ad %(ﬁ nck Date: .:{ff:fl/j
Photo(s):
Overall Watershed Condition Good Fair ./l—i’oor > |
- T _
WATERSHED ASSESSMENT
Category / Parameter / Description of Watershed Condition Rating
Measurement Method Good Fair | Poor (GIFIP)

Hydrology / Runoff / Watershed
Impoundments

No impoundment within 1 mile upstream of project area
| OR impoundment does not adversely affect hydrology or
| fish passage

Impoundment(s) located within 1 mile upstream of project
area and/or has an adverse effect on hydrology and/or fish
passage

No impoundment upstream of project area

Ge F

2 |Hydrology / Runoff / Concentrated Flow

| Some potential for concentrated flow/impairments to reach
restoration site, however, measures are in place to protect
resources

No potential for concentrated

Potential for concentrated flow/impairments to reach
flow/impairments from adjacent land use

restoration site and no treatments are in place

3 |Hydrology / Runoff / Land Use Change

Single family homes/suburban development occurring or
Rural communities/slow growth or primarily active agricultural practices occurring, or commercial
forested (>70%) | and/or industrial development starting, forested area 20 -
70%
1

Rapidly urbanizing/urban or primarily active agricultural
practices (> 70%), forested area <20%

4 |Hydrology / Runoff / Distance to Roads

| No roads in or adjacent to site. No proposed
maijor roads in or adjacent to site in 10 year |
DOT plans

No roads in or adjacent to site, No more than one major
road proposed in 10 year DOT plans

Roads located in or adjacent to site boundary and/or major
roads proposed in 10 year DOT plans

5 | Hydrology / Runoff / Flashiness
|

Non-flashy flow regime as a resuii of rainfall
patterns, geology, and soils, impervious cover
less than 6%

Semi-flashy flow regime as a resuit of rainfall pattems,
geology, and soils, impervious cover 7%- 15%

Flashy flow regime as a result of rainfall patterns, geology,
and soils, impervious cover greater than 15%

6 IGeomorphology / Riparian Vegetation

>80% of contributing stream length has >25 ft| 50 - 80% of contributing stream length has >25 ft corridor
corridor width width

<50% of contributing stream length has >25 ft corridor
width

7 |Geomorphology / Sediment Supply

Moderate sediment supply from upstream bank erosion

and bed load supply. There are some point bars and
small lateral bars

High sediment supply from upstream bank erosion and
bed load supply. There are numerous alternating point
bars, transverse bars and/or mid-channel bars

and bed load supply is minimal. There are

i
| Low sediment supply. Upstream bank erosion
| few bars present in the channel

co

Physicochemical / Water Quality / 303(d) List

Very turbid or muddy appearance most of the time; objects
visible at depth< 0.5 ft; slow moving water maybe bright
green; other obvious water pollutants; floating algai mats,
surface scum, sheen or heavy coat of foam on surface; or
strong odor of chemicals, oil, sewage, or other pollutants

Pea-green, gray, or brown water along entire reach; dense

stands of macrophytes clogging stream; severe algal
blooms creating thick algal mats in stream. On or
downstream of 303d list and no TMDL/WS mgmt plan to
address deficiencies

Considerable cloudiness most of the time; objects visible
to depth 0.5 to 1.5 ft; slow sections may appear pea-green;
bottom rocks or submerged objects covered with green or
olive-green film; or moderate odor of ammonia or rotten
eggs. Greenish water along entire reach; overabundance
of lush green macrophytes; abundant aigal growih,
especially during warmer months. On or downstream of
303d list and TMDL/WS Mgmt plan addressing
deficiencies

Very clear, or clear but tea-colored; objects
visible at depth 3 to 6 ft (less if slightly
colored); no oil sheen on surface; no
noticeable film on submerged objects or
rocks, Clear water along entire reach; diverse |
aquatic plant community includes low
quantities of many species of macrophytes;
little algal growth present. Not on 303d list

9 | Biology / Landscape Connectivity

Channel upstream and downstream of project
area has native bed and bank materials and
is not impaired

Channel upstream and downstream of project area has
native bed and bank materials but is impaired

Channel upstream and downstream of project area is
concrete piped, or hardened




APPENDIX D

Comments and responses on the draft report submitted to USACE in July
2015






Comments and responses on the draft report submitted to USACE in June 2015.

NUMBERED COMMENTS

USACE Comment

Author

USFWS Response

Please provide clarity as to why the stream reaches
selected were chosen. Are they representative of
those that were not studied? That is, can the results be
extrapolated to other sites? If so, please discuss this in

There are two parts to the PAR:

1) The assessment of recreational fishing, fish
sampling data, potential for anadromous fish
migration, and environmental education was
conducted on all candidate reaches
summarized in USACE (2015a,b).

2) The Function-based Rapid Stream
Assessment was conducted on the following
candidate stream reaches which were
assigned to USFWS by USACE: Sligo Creek
(Montgomery County) which included a
mainstem and tributary subsection; Paint
Branch (Prince Georges County), and Little
Paint Branch (Prince Georges County). The
assessment was based on field measurements
and analysis of data provided by USACE.
The results are specific to the reaches
assessed and cannot be extrapolated to areas

the PAR. Sowers where no field work was conducted.

The Introduction has been revised. The text that
It appears much of the text was pulled from the Report discusses bird species (in the Environmental
Synopsis that USACE drafted. Please revise text to Education section of “Results and Interpretation™) is
reduce the redundancy. Gomez now given in quotes.
Please replace ‘USACE’ with ‘USACE’ Gomez Accepted




Please provide separate recommendations and
prioritizations for Montgomery County and Prince
George's County. The current draft has just one set of

The Conclusions and Prioritization section is now
divided into subsections for each county.

recommendations for the Anacostia. Sowers
Determination of the proper restoration techniques to
Please develop the recommendations/conclusions be used on the stream segments is part of the
section further to include advice or conservation design/development process and can vary
recommendations for both Montgomery and Prince significantly based on site conditions. This level of
George's County. See specific comments in the Sowers/G | effort was beyond the scope of this study, but can be
report. omez included in the next phase, or any joint future work.
It is identified that we would get tolerant species only Text has been revised to further explain the potential
and they are already there. Do you have any biologic lift (p. 9 and 10 of report.)
recommendations to address this? Gomez
The biology parameter in the rapid assessment is a
visual observation of tolerant vs. intolerant species
only, and as such, individual species were not
identified past their family in fish and order for
benthic macroinvertebrates. A more detailed
inventory of the baseline biological community
Can you expand the discussion of what species would present in the streams would have to occur for
likely benefit from these projects? Sowers further discussion to take place.

Not all of the functions covered in the pyramid are
stream functions. For example, ‘provide clean water’
is really a watershed function. Streams have some
limited ability to address WQ, but this is usually
overwhelmed by watershed factors. Is it appropriate
in the Anacostia to credit the streams with water
guality improvements? Does this lead to any
problems in using the pyramid in this setting?

Spaur

Concur. Water quality cannot be addressed at the
reach level without additional information about the
watershed conditions. Based on that, please note that
the restoration potential identified by CBFO as part
of this study is only up to level 3 — geomorphology,
not level 4 — physicochemical. However, any
restoration on the stream segments will affect
sediment supplies, and therefore nutrients. This
would be the one water quality parameter that can be
achieved at the reach rather than watershed level
(through lateral stability improvements). USACE can
determine whether crediting sediment/nutrient
reductions at a site is acceptable, but it is something
that can be quantified.




9 Concur, that is why it is critical to select functions
that:
How do we address the issue that the pyramid 1. Stakeholders believe they can change
structure implies that undertaking work at any level 2. Are measureable
can provide functional lift that can be measured? As in the reply to comment 5 above, this
Whereas, in reality, measurable improvement in some determination is something that occurs during the
of the functions of the pyramid may produce no design process, but CBFO can assist in the process of
meaningful ecological improvement. Spaur identifying which functions to select.
COMMENTS IN TEXT
Revised; “Based on a map provided by Jorge
Montero of the Anacostia Watershed Society, three
For both Montgomery and Prince George’s of the candidate reaches (all in Prince Georges
County? From Figure 3, it looks like a couple of County) have documented recreational fishing: Paint
the segments in Prince George’s County are Branch (PG#5), Northeast Branch (PG Site #15), and
abstract pinpointed. JS1 Northeast Branch-Riggs Road (PG Site #13).”
Revised. The text and Table 3 provide the list of
In Montgomery County? Please provide a game fish species identified in the four Prince
similar listing of species for Prince George’s Georges candidate reaches that were surveyed by
abstract County. JS2 MBSS.
Provided. As noted above, a subset of these reaches:
Montgomery County—Sligo Creek (Site Mont #12;
0.7 miles), Prince Georges County—Paint Branch
(Site PG#5, 1.2 miles), and Little Paint Branch (Site
Please provide the corresponding stream reach PG#12; 0.8 miles) were evaluated using the
p.2 number for Little Paint Branch E3 Function-based Rapid Stream Assessment.
Where is this? (Refers to statement on page 3,
“The watershed assessment identifies potential
constraints and stressors that may influence the
stream segment (and potential restoration) and
was completed based on information provided by Text has been clarified by referencing the USACE
p. 3 USACE.” E4 (2015a,b) synopses
Why? Is this just an example or does flood plain Text has been added explaining the use of floodplain
p.3 connectivity drive the lift potential? E5 connectivity when determining potential lift.




p.4 Based on Table 3(now Table 4), all segments
have a ‘restoration potential’ = 3, but the ranking
ranges from low to maximum. Please explain
how they can all have the same restoration Text has been added (p. 4) explaining the difference
potential but vary from low to maximum. E6 between restoration potential and the potential lift.
Text has been revised; Based on the maps provided
by Jorge Montero of the Anacostia Watershed
Society, fishing may be occurring in three of the
This seems to be inconsistent with what is shown candidate reaches in Prince Georges County: Paint
on Figure 3, which pinpoints a couple of study Branch (PG#5), Northeast Branch (PG Site #15), and
p. 4 segments, including at least on Sites 15 and 13. JS7 Northeast Branch-Riggs Road (PG Site #13).
p. 4 Why is this relevant? ES8 Sentence deleted.
Please provide similar table for Prince George’s
p.4 County. JS9 Provided as Table 3
The section has been revised to include Galli et al.
(2010) list of reported species within the watershed
and the game species collected from the candidate
p.4 Please include the listing of these fish. JS10 reaches that were surveyed by the counties or MBSS.
Communication with MBSS indicated the No information on the presence of either of these two
presence (1997) of two federally listed species species was identified in a search of the MBSS data
within the Anacostia watershed including base and neither were listed by Galli et al. (2010)
bluespotted sunfish and American brook
lamprey. Do you have any further information
on these species or where these watershed these
observations may have occurred? Are our
p. 4 projects likely to affect these species? JS11
Can you provide any discussion about which Information of the conservation status of bird,
birds have special value and which may amphibian, reptile, and mammal species in the
p.5 potentially benefit improved stream network. E12 watershed has been added as Appendix A.
Why were the surveyed reaches chosen? Why
only 2.7 mi? Are these reaches representative of
any others? That is, can the results here be
transferred to other reaches not surveyed?
p. 6 See emails on why sites were chosen. E13 See response to Comment 1.




Is this the case for stream segments not chosen?

See response to Comment 1. We assessed all
candidate reaches assigned to USFWS by USACE

p. 6 If this information is available for other reaches, and used all USACE-provided data in the
why not chose those reaches instead? E1l4 assessment.
It would be beneficial to have some input
provided on what specifically should be
addressed/ actions taken to achieve level 3. Is it
Fhe fI_opdealn connectivity and bedform diversity E15 See response to Comment 5.
p.7 identified below?
Text was added (p. 7), “The channel evolution trend
What is the channel evolutionary trend? E16 for the m_ajority 9f the reach indisates that the
p.7 segment is trending towards NF.
Such as? (refers to sentence in Conclusions and See response to Comment 5.
Recommendations section, “Although the stream
segments have these constraints, all of the
streams have a potential to achieve fully
functioning levels up to level 3 — geomorphology
p. 9 with proper stream restoration techniques.” E17
Can you provide any discussion on which species
p. 10 will benefit from these improvements. E18 See response to Comments 6 and 7.
Revised. The text and Table 3 provide the list of
game fish species identified in the four Prince
Please provide similar list for Prince George’s Georges candidate reaches that were surveyed by
p. 14 County. JS19 MBSS.




C-3: Endangered Species Act Determination
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Chesapeake Bay Field Office

177 Admiral Cochrane Drive

Annapolis, Maryland 21401
http://www.fws.gov/chesapeakebay

November 2, 2015

Fred Pinkney, Ph.D.

Senior Biologist

Environmental Contaminants Program
U.S. Fish and Wildlife Service
Chesapeake Bay Field Office

177 Admiral Cochrane Drive
Annapolis, MD 21401

RE: “Not Likely to Adversely Affect” northern long-eared bat determination; Anacostia IPaC
Database Results for Anacostia Watershed Restoration Studies in Montgomery and Prince
George’s Counties in Maryland

Dear Dr. Pinkney:

The U.S. Fish and Wildlife Service (Service) has reviewed your project information from the
Service’s Information for Planning and Conservation (IPaC) online system dated July 7, 2015.
The Service has evaluated the potential effects of this project to the threatened northern long-
eared bat (Myotis septentrionalis). The comments provided below are in accordance with
Section 7 of the Endangered Species Act (87 Stat. 884, as amended; 16 U.S.C. 1531 et seq.).

The purpose of this proposed project is to conduct feasibility studies of aquatic ecosystem
restoration needs and opportunities within the Anacostia Watershed in Montgomery and Prince
George’s Counties in Maryland.

This project is within the range of the northern long-eared bat, a federally listed threatened
species. The northern long-eared bat is a temperate, insectivorous migratory bat that hibernates
in mines and caves in the winter and summers in wooded areas. Since the forest clearing for this
proposed project is minimal, and there are no current records of northern long-eared bats in the
project vicinity, this project as proposed is “not likely to adversely affect” the northern long-
eared bat, therefore, there are no time of year restrictions on forest clearing.

Except for occasional transient individuals, no other Federal proposed or listed endangered or
threatened species under our jurisdiction are known to exist within the project impact area.
Should project plans change, or if additional information on the distribution of listed or proposed
species becomes available, this determination may be reconsidered.

TAKE PRIDE m
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We appreciate the opportunity to provide information relevant to threatened and endangered fish
and wildlife resources. This Endangered Species Act determination does not exempt this project
from obtaining all permits and approvals that may be required by other State or Federal agencies.

If you have any questions or concerns regarding this letter, please contact Trevor Clark of my
Endangered Species staff at (410) 573-4527 or by email at Trevor_Clark@fws.gov.

Sincerely,

N 4o Rouche

Genevieve LaRouche
Supervisor



C-4: Nationwide Permit #27 Aquatic Habitat Restoration,
Establishment, and Enhancement Activities



NATIONWIDE PERMIT 27
Agquatic Habitat Restoration,
Enhancement, and Establishment
Activities
Effective Date: March 19, 2017
(NWP Final Notice, 82 FR 4)

27. Agquatic Habitat Restoration, Enhancement, and Establishment Activities. Activities in
waters of the United States associated with the restoration, enhancement, and establishment of tidal
and non-tidal wetlands and riparian areas, the restoration and enhancement of non-tidal streams and
other non-tidal open waters, and the rehabilitation or enhancement of tidal streams, tidal wetlands,
and tidal open waters, provided those activities result in net increases in aquatic resource functions
and services.

To be authorized by this NWP, the aquatic habitat restoration, enhancement, or
establishment activity must be planned, designed, and implemented so that it results in aquatic
habitat that resembles an ecological reference. An ecological reference may be based on the
characteristics of an intact aquatic habitat or riparian area of the same type that exists in the region.
An ecological reference may be based on a conceptual model developed from regional ecological
knowledge of the target aquatic habitat type or riparian area.

To the extent that a Corps permit is required, activities authorized by this NWP include, but
are not limited to: the removal of accumulated sediments; the installation, removal, and
maintenance of small water control structures, dikes, and berms, as well as discharges of dredged
or fill material to restore appropriate stream channel configurations after small water control
structures, dikes, and berms, are removed; the installation of current deflectors; the enhancement,
rehabilitation, or re-establishment of riffle and pool stream structure; the placement of in-stream
habitat structures; modifications of the stream bed and/or banks to enhance, rehabilitate, or re-
establish stream meanders; the removal of stream barriers, such as undersized culverts, fords, and
grade control structures; the backfilling of artificial channels; the removal of existing drainage
structures, such as drain tiles, and the filling, blocking, or reshaping of drainage ditches to restore
wetland hydrology; the installation of structures or fills necessary to restore or enhance wetland or
stream hydrology; the construction of small nesting islands; the construction of open water areas;
the construction of oyster habitat over unvegetated bottom in tidal waters; shellfish seeding;
activities needed to reestablish vegetation, including plowing or discing for seed bed preparation
and the planting of appropriate wetland species; re-establishment of submerged aquatic vegetation
in areas where those plant communities previously existed; re-establishment of tidal wetlands in
tidal waters where those wetlands previously existed; mechanized land clearing to remove non-
native invasive, exotic, or nuisance vegetation; and other related activities. Only native plant
species should be planted at the site.

This NWP authorizes the relocation of non-tidal waters, including non-tidal wetlands and
streams, on the project site provided there are net increases in aquatic resource functions and
services.

Except for the relocation of non-tidal waters on the project site, this NWP does not
authorize the conversion of a stream or natural wetlands to another aquatic habitat type (e.g., the
conversion of a stream to wetland or vice versa) or uplands. Changes in wetland plant communities
that occur when wetland hydrology is more fully restored during wetland rehabilitation activities
are not considered a conversion to another aquatic habitat type. This NWP does not authorize
stream channelization. This NWP does not authorize the relocation of tidal waters or the



conversion of tidal waters, including tidal wetlands, to other aquatic uses, such as the conversion of
tidal wetlands into open water impoundments.

Compensatory mitigation is not required for activities authorized by this NWP since these
activities must result in net increases in aquatic resource functions and services.

Reversion. For enhancement, restoration, and establishment activities conducted: (1) In
accordance with the terms and conditions of a binding stream or wetland enhancement or
restoration agreement, or a wetland establishment agreement, between the landowner and the U.S.
Fish and Wildlife Service (FWS), the Natural Resources Conservation Service (NRCS), the Farm
Service Agency (FSA), the National Marine Fisheries Service (NMFS), the National Ocean Service
(NOS), U.S. Forest Service (USFS), or their designated state cooperating agencies; (2) as voluntary
wetland restoration, enhancement, and establishment actions documented by the NRCS or USDA
Technical Service Provider pursuant to NRCS Field Office Technical Guide standards; or (3) on
reclaimed surface coal mine lands, in accordance with a Surface Mining Control and Reclamation
Act permit issued by the Office of Surface Mining Reclamation and Enforcement (OSMRE) or the
applicable state agency, this NWP also authorizes any future discharge of dredged or fill material
associated with the reversion of the area to its documented prior condition and use (i.e., prior to the
restoration, enhancement, or establishment activities). The reversion must occur within five years
after expiration of a limited term wetland restoration or establishment agreement or permit, and is
authorized in these circumstances even if the discharge occurs after this NWP expires. The five-
year reversion limit does not apply to agreements without time limits reached between the
landowner and the FWS, NRCS, FSA, NMFS, NOS, USFS, or an appropriate state cooperating
agency. This NWP also authorizes discharges of dredged or fill material in waters of the United
States for the reversion of wetlands that were restored, enhanced, or established on prior-converted
cropland or on uplands, in accordance with a binding agreement between the landowner and
NRCS, FSA, FWS, or their designated state cooperating agencies (even though the restoration,
enhancement, or establishment activity did not require a section 404 permit). The prior condition
will be documented in the original agreement or permit, and the determination of return to prior
conditions will be made by the Federal agency or appropriate state agency executing the agreement
or permit. Before conducting any reversion activity the permittee or the appropriate Federal or state
agency must notify the district engineer and include the documentation of the prior condition. Once
an area has reverted to its prior physical condition, it will be subject to whatever the Corps
Regulatory requirements are applicable to that type of land at the time. The requirement that the
activity results in a net increase in aquatic resource functions and services does not apply to
reversion activities meeting the above conditions. Except for the activities described above, this
NWP does not authorize any future discharge of dredged or fill material associated with the
reversion of the area to its prior condition. In such cases a separate permit would be required for
any reversion.

Reporting. For those activities that do not require pre-construction notification, the
permittee must submit to the district engineer a copy of: (1) The binding stream enhancement or
restoration agreement or wetland enhancement, restoration, or establishment agreement, or a
project description, including project plans and location map; (2) the NRCS or USDA Technical
Service Provider documentation for the voluntary stream enhancement or restoration action or
wetland restoration, enhancement, or establishment action; or (3) the SMCRA permit issued by
OSMRE or the applicable state agency. The report must also include information on baseline
ecological conditions on the project site, such as a delineation of wetlands, streams, and/or other
aquatic habitats. These documents must be submitted to the district engineer at least 30 days prior
to commencing activities in waters of the United States authorized by this NWP.



Notification: The permittee must submit a pre-construction notification to the district
engineer prior to commencing any activity (see general condition 32), except for the following
activities:

(1) Activities conducted on non-Federal public lands and private lands, in accordance with
the terms and conditions of a binding stream enhancement or restoration agreement or wetland
enhancement, restoration, or establishment agreement between the landowner and the FWS, NRCS,
FSA, NMFS, NOS, USFS or their designated state cooperating agencies;

(2) Voluntary stream or wetland restoration or enhancement action, or wetland
establishment action, documented by the NRCS or USDA Technical Service Provider pursuant to
NRCS Field Office Technical Guide standards; or

(3) The reclamation of surface coal mine lands, in accordance with an SMCRA permit
issued by the OSMRE or the applicable state agency.

However, the permittee must submit a copy of the appropriate documentation to the district
engineer to fulfill the reporting requirement. (Authorities: Sections 10 and 404)

Note: This NWP can be used to authorize compensatory mitigation projects, including
mitigation banks and in-lieu fee projects. However, this NWP does not authorize the reversion of
an area used for a compensatory mitigation project to its prior condition, since compensatory
mitigation is generally intended to be permanent.

Nationwide Permit General Conditions

Note: To qualify for NWP authorization, the prospective permittee must comply with the
following general conditions, as applicable, in addition to any regional or case-specific conditions
imposed by the division engineer or district engineer. Prospective permittees should contact the
appropriate Corps district office to determine if regional conditions have been imposed on an
NWP. Prospective permittees should also contact the appropriate Corps district office to determine
the status of Clean Water Act Section 401 water quality certification and/or Coastal Zone
Management Act consistency for an NWP. Every person who may wish to obtain permit
authorization under one or more NWPs, or who is currently relying on an existing or prior permit
authorization under one or more NWPs, has been and is on notice that all of the provisions of 33
CFR 330.1 through 330.6 apply to every NWP authorization. Note especially 33 CFR 330.5
relating to the modification, suspension, or revocation of any NWP authorization.

1. Navigation. (a) No activity may cause more than a minimal adverse effect on navigation.

(b) Any safety lights and signals prescribed by the U.S. Coast Guard, through regulations or
otherwise, must be installed and maintained at the permittee's expense on authorized facilities in
navigable waters of the United States.

(c) The permittee understands and agrees that, if future operations by the United States
require the removal, relocation, or other alteration, of the structure or work herein authorized, or if,
in the opinion of the Secretary of the Army or his authorized representative, said structure or work
shall cause unreasonable obstruction to the free navigation of the navigable waters, the permittee
will be required, upon due notice from the Corps of Engineers, to remove, relocate, or alter the
structural work or obstructions caused thereby, without expense to the United States. No claim
shall be made against the United States on account of any such removal or alteration.



2. Aguatic Life Movements. No activity may substantially disrupt the necessary life cycle
movements of those species of aquatic life indigenous to the waterbody, including those species
that normally migrate through the area, unless the activity's primary purpose is to impound water.
All permanent and temporary crossings of waterbodies shall be suitably culverted, bridged, or
otherwise designed and constructed to maintain low flows to sustain the movement of those aquatic
species. If a bottomless culvert cannot be used, then the crossing should be designed and
constructed to minimize adverse effects to aquatic life movements.

3. Spawning Areas. Activities in spawning areas during spawning seasons must be avoided
to the maximum extent practicable. Activities that result in the physical destruction (e.g., through
excavation, fill, or downstream smothering by substantial turbidity) of an important spawning area
are not authorized.

4. Migratory Bird Breeding Areas. Activities in waters of the United States that serve as
breeding areas for migratory birds must be avoided to the maximum extent practicable.

5. Shellfish Beds. No activity may occur in areas of concentrated shellfish populations,
unless the activity is directly related to a shellfish harvesting activity authorized by NWPs 4 and
48, or is a shellfish seeding or habitat restoration activity authorized by NWP 27.

6. Suitable Material. No activity may use unsuitable material (e.g., trash, debris, car bodies,
asphalt, etc.). Material used for construction or discharged must be free from toxic pollutants in
toxic amounts (see section 307 of the Clean Water Act).

7. Water Supply Intakes. No activity may occur in the proximity of a public water supply
intake, except where the activity is for the repair or improvement of public water supply intake
structures or adjacent bank stabilization.

8. Adverse Effects From Impoundments. If the activity creates an impoundment of water,
adverse effects to the aquatic system due to accelerating the passage of water, and/or restricting its
flow must be minimized to the maximum extent practicable.

9. Management of Water Flows. To the maximum extent practicable, the pre-construction
course, condition, capacity, and location of open waters must be maintained for each activity,
including stream channelization, storm water management activities, and temporary and permanent
road crossings, except as provided below. The activity must be constructed to withstand expected
high flows. The activity must not restrict or impede the passage of normal or high flows, unless the
primary purpose of the activity is to impound water or manage high flows. The activity may alter
the pre-construction course, condition, capacity, and location of open waters if it benefits the
aquatic environment (e.g., stream restoration or relocation activities).

10. Fills Within 100-Year Floodplains. The activity must comply with applicable FEMA-
approved state or local floodplain management requirements.

11. Equipment. Heavy equipment working in wetlands or mudflats must be placed on mats,
or other measures must be taken to minimize soil disturbance.

12. Soil Erosion and Sediment Controls. Appropriate soil erosion and sediment controls
must be used and maintained in effective operating condition during construction, and all exposed
soil and other fills, as well as any work below the ordinary high water mark or high tide line, must




be permanently stabilized at the earliest practicable date. Permittees are encouraged to perform
work within waters of the United States during periods of low-flow or no-flow, or during low tides.

13. Removal of Temporary Fills. Temporary fills must be removed in their entirety and the
affected areas returned to pre-construction elevations. The affected areas must be revegetated, as
appropriate.

14. Proper Maintenance. Any authorized structure or fill shall be properly maintained,
including maintenance to ensure public safety and compliance with applicable NWP general
conditions, as well as any activity-specific conditions added by the district engineer to an NWP
authorization.

15. Single and Complete Project. The activity must be a single and complete project. The
same NWP cannot be used more than once for the same single and complete project.

16. Wild and Scenic Rivers. (a) No NWP activity may occur in a component of the
National Wild and Scenic River System, or in a river officially designated by Congress as a “study
river” for possible inclusion in the system while the river is in an official study status, unless the
appropriate Federal agency with direct management responsibility for such river, has determined in
writing that the proposed activity will not adversely affect the Wild and Scenic River designation
or study status.

(b) If a proposed NWP activity will occur in a component of the National Wild and Scenic
River System, or in a river officially designated by Congress as a “study river” for possible
inclusion in the system while the river is in an official study status, the permittee must submit a
pre-construction notification (see general condition 32). The district engineer will coordinate the
PCN with the Federal agency with direct management responsibility for that river. The permittee
shall not begin the NWP activity until notified by the district engineer that the Federal agency with
direct management responsibility for that river has determined in writing that the proposed NWP
activity will not adversely affect the Wild and Scenic River designation or study status.

(c) Information on Wild and Scenic Rivers may be obtained from the appropriate Federal
land management agency responsible for the designated Wild and Scenic River or study river (e.g.,
National Park Service, U.S. Forest Service, Bureau of Land Management, U.S. Fish and Wildlife
Service). Information on these rivers is also available at: http://www.rivers.gov/.

17. Tribal Rights. No NWP activity may cause more than minimal adverse effects on tribal
rights (including treaty rights), protected tribal resources, or tribal lands.

18. Endangered Species. (a) No activity is authorized under any NWP which is likely to
directly or indirectly jeopardize the continued existence of a threatened or endangered species or a
species proposed for such designation, as identified under the Federal Endangered Species Act
(ESA), or which will directly or indirectly destroy or adversely modify the critical habitat of such
species. No activity is authorized under any NWP which “may affect” a listed species or critical
habitat, unless ESA section 7 consultation addressing the effects of the proposed activity has been
completed. Direct effects are the immediate effects on listed species and critical habitat caused by
the NWP activity. Indirect effects are those effects on listed species and critical habitat that are
caused by the NWP activity and are later in time, but still are reasonably certain to occur.

(b) Federal agencies should follow their own procedures for complying with the
requirements of the ESA. If pre-construction notification is required for the proposed activity, the



Federal permittee must provide the district engineer with the appropriate documentation to
demonstrate compliance with those requirements. The district engineer will verify that the
appropriate documentation has been submitted. If the appropriate documentation has not been
submitted, additional ESA section 7 consultation may be necessary for the activity and the
respective federal agency would be responsible for fulfilling its obligation under section 7 of the
ESA.

(c) Non-federal permittees must submit a pre-construction notification to the district
engineer if any listed species or designated critical habitat might be affected or is in the vicinity of
the activity, or if the activity is located in designated critical habitat, and shall not begin work on
the activity until notified by the district engineer that the requirements of the ESA have been
satisfied and that the activity is authorized. For activities that might affect Federally-listed
endangered or threatened species or designated critical habitat, the pre-construction notification
must include the name(s) of the endangered or threatened species that might be affected by the
proposed activity or that utilize the designated critical habitat that might be affected by the
proposed activity. The district engineer will determine whether the proposed activity “may affect”
or will have “no effect” to listed species and designated critical habitat and will notify the non-
Federal applicant of the Corps’ determination within 45 days of receipt of a complete pre-
construction notification. In cases where the non-Federal applicant has identified listed species or
critical habitat that might be affected or is in the vicinity of the activity, and has so notified the
Corps, the applicant shall not begin work until the Corps has provided notification that the
proposed activity will have “no effect” on listed species or critical habitat, or until ESA section 7
consultation has been completed. If the non-Federal applicant has not heard back from the Corps
within 45 days, the applicant must still wait for notification from the Corps.

(d) As a result of formal or informal consultation with the FWS or NMFS the district
engineer may add species-specific permit conditions to the NWPs.

(e) Authorization of an activity by an NWP does not authorize the “take” of a threatened or
endangered species as defined under the ESA. In the absence of separate authorization (e.g., an
ESA Section 10 Permit, a Biological Opinion with “incidental take” provisions, etc.) from the FWS
or the NMFS, the Endangered Species Act prohibits any person subject to the jurisdiction of the
United States to take a listed species, where "take" means to harass, harm, pursue, hunt, shoot,
wound, Kill, trap, capture, or collect, or to attempt to engage in any such conduct. The word “harm”
in the definition of “take" means an act which actually kills or injures wildlife. Such an act may
include significant habitat modification or degradation where it actually Kills or injures wildlife by
significantly impairing essential behavioral patterns, including breeding, feeding or sheltering.

(F) If the non-federal permittee has a valid ESA section 10(a)(1)(B) incidental take permit
with an approved Habitat Conservation Plan for a project or a group of projects that includes the
proposed NWP activity, the non-federal applicant should provide a copy of that ESA section
10(a)(1)(B) permit with the PCN required by paragraph (c) of this general condition. The district
engineer will coordinate with the agency that issued the ESA section 10(a)(1)(B) permit to
determine whether the proposed NWP activity and the associated incidental take were considered
in the internal ESA section 7 consultation conducted for the ESA section 10(a)(1)(B) permit. If
that coordination results in concurrence from the agency that the proposed NWP activity and the
associated incidental take were considered in the internal ESA section 7 consultation for the ESA
section 10(a)(1)(B) permit, the district engineer does not need to conduct a separate ESA section 7
consultation for the proposed NWP activity. The district engineer will notify the non-federal
applicant within 45 days of receipt of a complete pre-construction notification whether the ESA



section 10(a)(1)(B) permit covers the proposed NWP activity or whether additional ESA section 7
consultation is required.

(9) Information on the location of threatened and endangered species and their critical
habitat can be obtained directly from the offices of the FWS and NMFS or their world wide web
pages at http://www.fws.gov/ or http://www.fws.gov/ipac and
http://www.nmfs.noaa.gov/pr/species/esa/ respectively.

19. Migratory Birds and Bald and Golden Eagles. The permittee is responsible for ensuring
their action complies with the Migratory Bird Treaty Act and the Bald and Golden Eagle Protection
Act. The permittee is responsible for contacting appropriate local office of the U.S. Fish and
Wildlife Service to determine applicable measures to reduce impacts to migratory birds or eagles,
including whether “incidental take” permits are necessary and available under the Migratory Bird
Treaty Act or Bald and Golden Eagle Protection Act for a particular activity.

20. Historic Properties. (a) In cases where the district engineer determines that the activity
may have the potential to cause effects to properties listed, or eligible for listing, in the National
Register of Historic Places, the activity is not authorized, until the requirements of Section 106 of
the National Historic Preservation Act (NHPA) have been satisfied.

(b) Federal permittees should follow their own procedures for complying with the
requirements of section 106 of the National Historic Preservation Act. If pre-construction
notification is required for the proposed NWP activity, the Federal permittee must provide the
district engineer with the appropriate documentation to demonstrate compliance with those
requirements. The district engineer will verify that the appropriate documentation has been
submitted. If the appropriate documentation is not submitted, then additional consultation under
section 106 may be necessary. The respective federal agency is responsible for fulfilling its
obligation to comply with section 106.

(c) Non-federal permittees must submit a pre-construction notification to the district
engineer if the NWP activity might have the potential to cause effects to any historic properties
listed on, determined to be eligible for listing on, or potentially eligible for listing on the National
Register of Historic Places, including previously unidentified properties. For such activities, the
pre-construction notification must state which historic properties might have the potential to be
affected by the proposed NWP activity or include a vicinity map indicating the location of the
historic properties or the potential for the presence of historic properties. Assistance regarding
information on the location of, or potential for, the presence of historic properties can be sought
from the State Historic Preservation Officer, Tribal Historic Preservation Officer, or designated
tribal representative, as appropriate, and the National Register of Historic Places (see 33 CFR
330.4(g)). When reviewing pre-construction notifications, district engineers will comply with the
current procedures for addressing the requirements of section 106 of the National Historic
Preservation Act. The district engineer shall make a reasonable and good faith effort to carry out
appropriate identification efforts, which may include background research, consultation, oral
history interviews, sample field investigation, and field survey. Based on the information
submitted in the PCN and these identification efforts, the district engineer shall determine whether
the proposed NWP activity has the potential to cause effects on the historic properties. Section 106
consultation is not required when the district engineer determines that the activity does not have the
potential to cause effects on historic properties (see 36 CFR 800.3(a)). Section 106 consultation is
required when the district engineer determines that the activity has the potential to cause effects on
historic properties. The district engineer will conduct consultation with consulting parties
identified under 36 CFR 800.2(c) when he or she makes any of the following effect determinations



for the purposes of section 106 of the NHPA: no historic properties affected, no adverse effect, or
adverse effect. Where the non-Federal applicant has identified historic properties on which the
activity might have the potential to cause effects and so notified the Corps, the non-Federal
applicant shall not begin the activity until notified by the district engineer either that the activity
has no potential to cause effects to historic properties or that NHPA section 106 consultation has
been completed.

(d) For non-federal permittees, the district engineer will notify the prospective permittee
within 45 days of receipt of a complete pre-construction notification whether NHPA section 106
consultation is required. If NHPA section 106 consultation is required, the district engineer will
notify the non-Federal applicant that he or she cannot begin the activity until section 106
consultation is completed. If the non-Federal applicant has not heard back from the Corps within
45 days, the applicant must still wait for notification from the Corps.

(e) Prospective permittees should be aware that section 110k of the NHPA (54 U.S.C.
306113) prevents the Corps from granting a permit or other assistance to an applicant who, with
intent to avoid the requirements of section 106 of the NHPA, has intentionally significantly
adversely affected a historic property to which the permit would relate, or having legal power to
prevent it, allowed such significant adverse effect to occur, unless the Corps, after consultation
with the Advisory Council on Historic Preservation (ACHP), determines that circumstances justify
granting such assistance despite the adverse effect created or permitted by the applicant. If
circumstances justify granting the assistance, the Corps is required to notify the ACHP and provide
documentation specifying the circumstances, the degree of damage to the integrity of any historic
properties affected, and proposed mitigation. This documentation must include any views obtained
from the applicant, SHPO/THPO, appropriate Indian tribes if the undertaking occurs on or affects
historic properties on tribal lands or affects properties of interest to those tribes, and other parties
known to have a legitimate interest in the impacts to the permitted activity on historic properties.

21. Discovery of Previously Unknown Remains and Artifacts. If you discover any
previously unknown historic, cultural or archeological remains and artifacts while accomplishing
the activity authorized by this permit, you must immediately notify the district engineer of what
you have found, and to the maximum extent practicable, avoid construction activities that may
affect the remains and artifacts until the required coordination has been completed. The district
engineer will initiate the Federal, Tribal, and state coordination required to determine if the items
or remains warrant a recovery effort or if the site is eligible for listing in the National Register of
Historic Places.

22. Designated Critical Resource Waters. Critical resource waters include, NOAA-managed
marine sanctuaries and marine monuments, and National Estuarine Research Reserves. The district
engineer may designate, after notice and opportunity for public comment, additional waters
officially designated by a state as having particular environmental or ecological significance, such
as outstanding national resource waters or state natural heritage sites. The district engineer may
also designate additional critical resource waters after notice and opportunity for public comment.

(a) Discharges of dredged or fill material into waters of the United States are not authorized
by NWPs 7, 12, 14, 16, 17, 21, 29, 31, 35, 39, 40, 42, 43, 44, 49, 50, 51, and 52 for any activity
within, or directly affecting, critical resource waters, including wetlands adjacent to such waters.

(b) For NWPs 3, 8, 10, 13, 15, 18, 19, 22, 23, 25, 27, 28, 30, 33, 34, 36, 37, 38, and 54,
notification is required in accordance with general condition 32, for any activity proposed in the
designated critical resource waters including wetlands adjacent to those waters. The district



engineer may authorize activities under these NWPs only after it is determined that the impacts to
the critical resource waters will be no more than minimal.

23. Mitigation. The district engineer will consider the following factors when determining
appropriate and practicable mitigation necessary to ensure that the individual and cumulative
adverse environmental effects are no more than minimal:

(a) The activity must be designed and constructed to avoid and minimize adverse effects,
both temporary and permanent, to waters of the United States to the maximum extent practicable at
the project site (i.e., on site).

(b) Mitigation in all its forms (avoiding, minimizing, rectifying, reducing, or compensating
for resource losses) will be required to the extent necessary to ensure that the individual and
cumulative adverse environmental effects are no more than minimal.

(c) Compensatory mitigation at a minimum one-for-one ratio will be required for all
wetland losses that exceed 1/10-acre and require pre-construction notification, unless the district
engineer determines in writing that either some other form of mitigation would be more
environmentally appropriate or the adverse environmental effects of the proposed activity are no
more than minimal, and provides an activity-specific waiver of this requirement. For wetland losses
of 1/10-acre or less that require pre-construction notification, the district engineer may determine
on a case-by-case basis that compensatory mitigation is required to ensure that the activity results
in only minimal adverse environmental effects.

(d) For losses of streams or other open waters that require pre-construction notification, the
district engineer may require compensatory mitigation to ensure that the activity results in no more
than minimal adverse environmental effects. Compensatory mitigation for losses of streams should
be provided, if practicable, through stream rehabilitation, enhancement, or preservation, since
streams are difficult-to-replace resources (see 33 CFR 332.3(e)(3)).

(e) Compensatory mitigation plans for NWP activities in or near streams or other open
waters will normally include a requirement for the restoration or enhancement, maintenance, and
legal protection (e.g., conservation easements) of riparian areas next to open waters. In some cases,
the restoration or maintenance/protection of riparian areas may be the only compensatory
mitigation required. Restored riparian areas should consist of native species. The width of the
required riparian area will address documented water quality or aquatic habitat loss concerns.
Normally, the riparian area will be 25 to 50 feet wide on each side of the stream, but the district
engineer may require slightly wider riparian areas to address documented water quality or habitat
loss concerns. If it is not possible to restore or maintain/protect a riparian area on both sides of a
stream, or if the waterbody is a lake or coastal waters, then restoring or maintaining/protecting a
riparian area along a single bank or shoreline may be sufficient. Where both wetlands and open
waters exist on the project site, the district engineer will determine the appropriate compensatory
mitigation (e.g., riparian areas and/or wetlands compensation) based on what is best for the aquatic
environment on a watershed basis. In cases where riparian areas are determined to be the most
appropriate form of minimization or compensatory mitigation, the district engineer may waive or
reduce the requirement to provide wetland compensatory mitigation for wetland losses.

(F) Compensatory mitigation projects provided to offset losses of aquatic resources must
comply with the applicable provisions of 33 CFR part 332.



(1) The prospective permittee is responsible for proposing an appropriate compensatory
mitigation option if compensatory mitigation is necessary to ensure that the activity results in no
more than minimal adverse environmental effects. For the NWPs, the preferred mechanism for
providing compensatory mitigation is mitigation bank credits or in-lieu fee program credits (see 33
CFR 332.3(b)(2) and (3)). However, if an appropriate number and type of mitigation bank or in-
lieu credits are not available at the time the PCN is submitted to the district engineer, the district
engineer may approve the use of permittee-responsible mitigation.

(2) The amount of compensatory mitigation required by the district engineer must be
sufficient to ensure that the authorized activity results in no more than minimal individual and
cumulative adverse environmental effects (see 33 CFR 330.1(e)(3)). (See also 33 CFR 332.3(f)).

(3) Since the likelihood of success is greater and the impacts to potentially valuable uplands
are reduced, aquatic resource restoration should be the first compensatory mitigation option
considered for permittee-responsible mitigation.

(4) If permittee-responsible mitigation is the proposed option, the prospective permittee is
responsible for submitting a mitigation plan. A conceptual or detailed mitigation plan may be used
by the district engineer to make the decision on the NWP verification request, but a final mitigation
plan that addresses the applicable requirements of 33 CFR 332.4(c)(2) through (14) must be
approved by the district engineer before the permittee begins work in waters of the United States,
unless the district engineer determines that prior approval of the final mitigation plan is not
practicable or not necessary to ensure timely completion of the required compensatory mitigation
(see 33 CFR 332.3(k)(3)).

(5) If mitigation bank or in-lieu fee program credits are the proposed option, the mitigation
plan only needs to address the baseline conditions at the impact site and the number of credits to be
provided.

(6) Compensatory mitigation requirements (e.g., resource type and amount to be provided
as compensatory mitigation, site protection, ecological performance standards, monitoring
requirements) may be addressed through conditions added to the NWP authorization, instead of
components of a compensatory mitigation plan (see 33 CFR 332.4(c)(1)(ii)).

(g) Compensatory mitigation will not be used to increase the acreage losses allowed by the
acreage limits of the NWPs. For example, if an NWP has an acreage limit of 1/2-acre, it cannot be
used to authorize any NWP activity resulting in the loss of greater than 1/2-acre of waters of the
United States, even if compensatory mitigation is provided that replaces or restores some of the lost
waters. However, compensatory mitigation can and should be used, as necessary, to ensure that an
NWP activity already meeting the established acreage limits also satisfies the no more than
minimal impact requirement for the NWPs.

(h) Permittees may propose the use of mitigation banks, in-lieu fee programs, or permittee-
responsible mitigation. When developing a compensatory mitigation proposal, the permittee must
consider appropriate and practicable options consistent with the framework at 33 CFR 332.3(b).
For activities resulting in the loss of marine or estuarine resources, permittee-responsible mitigation
may be environmentally preferable if there are no mitigation banks or in-lieu fee programs in the
area that have marine or estuarine credits available for sale or transfer to the permittee. For
permittee-responsible mitigation, the special conditions of the NWP verification must clearly
indicate the party or parties responsible for the implementation and performance of the
compensatory mitigation project, and, if required, its long-term management.



(1) Where certain functions and services of waters of the United States are permanently
adversely affected by a regulated activity, such as discharges of dredged or fill material into waters
of the United States that will convert a forested or scrub-shrub wetland to a herbaceous wetland in
a permanently maintained utility line right-of-way, mitigation may be required to reduce the
adverse environmental effects of the activity to the no more than minimal level.

24. Safety of Impoundment Structures. To ensure that all impoundment structures are
safely designed, the district engineer may require non-Federal applicants to demonstrate that the
structures comply with established state dam safety criteria or have been designed by qualified
persons. The district engineer may also require documentation that the design has been
independently reviewed by similarly qualified persons, and appropriate modifications made to
ensure safety.

25. Water Quality. Where States and authorized Tribes, or EPA where applicable, have not
previously certified compliance of an NWP with CWA section 401, individual 401 Water Quality
Certification must be obtained or waived (see 33 CFR 330.4(c)). The district engineer or State or
Tribe may require additional water quality management measures to ensure that the authorized
activity does not result in more than minimal degradation of water quality.

26. Coastal Zone Management. In coastal states where an NWP has not previously received
a state coastal zone management consistency concurrence, an individual state coastal zone
management consistency concurrence must be obtained, or a presumption of concurrence must
occur (see 33 CFR 330.4(d)). The district engineer or a State may require additional measures to
ensure that the authorized activity is consistent with state coastal zone management requirements.

27. Regional and Case-By-Case Conditions. The activity must comply with any regional
conditions that may have been added by the Division Engineer (see 33 CFR 330.4(e)) and with any
case specific conditions added by the Corps or by the state, Indian Tribe, or U.S. EPA in its section
401 Water Quality Certification, or by the state in its Coastal Zone Management Act consistency
determination.

28. Use of Multiple Nationwide Permits. The use of more than one NWP for a single and
complete project is prohibited, except when the acreage loss of waters of the United States
authorized by the NWPs does not exceed the acreage limit of the NWP with the highest specified
acreage limit. For example, if a road crossing over tidal waters is constructed under NWP 14, with
associated bank stabilization authorized by NWP 13, the maximum acreage loss of waters of the
United States for the total project cannot exceed 1/3-acre.

29. Transfer of Nationwide Permit Verifications. If the permittee sells the property
associated with a nationwide permit verification, the permittee may transfer the nationwide permit
verification to the new owner by submitting a letter to the appropriate Corps district office to
validate the transfer. A copy of the nationwide permit verification must be attached to the letter,
and the letter must contain the following statement and signature:

“When the structures or work authorized by this nationwide permit are still in existence at
the time the property is transferred, the terms and conditions of this nationwide permit, including
any special conditions, will continue to be binding on the new owner(s) of the property. To validate
the transfer of this nationwide permit and the associated liabilities associated with compliance with
its terms and conditions, have the transferee sign and date below.”



(Transferee)

(Date)

30. Compliance Certification. Each permittee who receives an NWP verification letter from
the Corps must provide a signed certification documenting completion of the authorized activity
and implementation of any required compensatory mitigation. The success of any required
permittee-responsible mitigation, including the achievement of ecological performance standards,
will be addressed separately by the district engineer. The Corps will provide the permittee the
certification document with the NWP verification letter. The certification document will include:

(a) A statement that the authorized activity was done in accordance with the NWP
authorization, including any general, regional, or activity-specific conditions;

(b) A statement that the implementation of any required compensatory mitigation was
completed in accordance with the permit conditions. If credits from a mitigation bank or in-lieu fee
program are used to satisfy the compensatory mitigation requirements, the certification must
include the documentation required by 33 CFR 332.3(1)(3) to confirm that the permittee secured the
appropriate number and resource type of credits; and

(c) The signature of the permittee certifying the completion of the activity and mitigation.

The completed certification document must be submitted to the district engineer within 30
days of completion of the authorized activity or the implementation of any required compensatory
mitigation, whichever occurs later.

31. Activities Affecting Structures or Works Built by the United States. If an NWP activity
also requires permission from the Corps pursuant to 33 U.S.C. 408 because it will alter or
temporarily or permanently occupy or use a U.S. Army Corps of Engineers (USACE) federally
authorized Civil Works project (a “USACE project”), the prospective permittee must submit a pre-
construction notification. See paragraph (b)(10) of general condition 32. An activity that requires
section 408 permission is not authorized by NWP until the appropriate Corps office issues the
section 408 permission to alter, occupy, or use the USACE project, and the district engineer issues
a written NWP verification.

32. Pre-Construction Notification. (a) Timing. Where required by the terms of the NWP, the
prospective permittee must notify the district engineer by submitting a pre-construction notification
(PCN) as early as possible. The district engineer must determine if the PCN is complete within 30
calendar days of the date of receipt and, if the PCN is determined to be incomplete, notify the
prospective permittee within that 30 day period to request the additional information necessary to
make the PCN complete. The request must specify the information needed to make the PCN
complete. As a general rule, district engineers will request additional information necessary to
make the PCN complete only once. However, if the prospective permittee does not provide all of
the requested information, then the district engineer will notify the prospective permittee that the
PCN is still incomplete and the PCN review process will not commence until all of the requested




information has been received by the district engineer. The prospective permittee shall not begin
the activity until either:

(1) He or she is notified in writing by the district engineer that the activity may proceed
under the NWP with any special conditions imposed by the district or division engineer; or

(2) 45 calendar days have passed from the district engineer’s receipt of the complete PCN
and the prospective permittee has not received written notice from the district or division engineer.
However, if the permittee was required to notify the Corps pursuant to general condition 18 that
listed species or critical habitat might be affected or are in the vicinity of the activity, or to notify
the Corps pursuant to general condition 20 that the activity might have the potential to cause effects
to historic properties, the permittee cannot begin the activity until receiving written notification
from the Corps that there is “no effect” on listed species or “no potential to cause effects” on
historic properties, or that any consultation required under Section 7 of the Endangered Species Act
(see 33 CFR 330.4(f)) and/or section 106 of the National Historic Preservation Act (see 33 CFR
330.4(g)) has been completed. Also, work cannot begin under NWPs 21, 49, or 50 until the
permittee has received written approval from the Corps. If the proposed activity requires a written
waiver to exceed specified limits of an NWP, the permittee may not begin the activity until the
district engineer issues the waiver. If the district or division engineer notifies the permittee in
writing that an individual permit is required within 45 calendar days of receipt of a complete PCN,
the permittee cannot begin the activity until an individual permit has been obtained. Subsequently,
the permittee’s right to proceed under the NWP may be modified, suspended, or revoked only in
accordance with the procedure set forth in 33 CFR 330.5(d)(2).

(b) Contents of Pre-Construction Notification: The PCN must be in writing and include the
following information:

(1) Name, address and telephone numbers of the prospective permittee;
(2) Location of the proposed activity;

(3) Identify the specific NWP or NWP(s) the prospective permittee wants to use to
authorize the proposed activity;

(4) A description of the proposed activity; the activity’s purpose; direct and indirect adverse
environmental effects the activity would cause, including the anticipated amount of loss of
wetlands, other special aquatic sites, and other waters expected to result from the NWP activity, in
acres, linear feet, or other appropriate unit of measure; a description of any proposed mitigation
measures intended to reduce the adverse environmental effects caused by the proposed activity; and
any other NWP(s), regional general permit(s), or individual permit(s) used or intended to be used to
authorize any part of the proposed project or any related activity, including other separate and
distant crossings for linear projects that require Department of the Army authorization but do not
require pre-construction notification. The description of the proposed activity and any proposed
mitigation measures should be sufficiently detailed to allow the district engineer to determine that
the adverse environmental effects of the activity will be no more than minimal and to determine the
need for compensatory mitigation or other mitigation measures. For single and complete linear
projects, the PCN must include the quantity of anticipated losses of wetlands, other special aquatic
sites, and other waters for each single and complete crossing of those wetlands, other special
aquatic sites, and other waters. Sketches should be provided when necessary to show that the
activity complies with the terms of the NWP. (Sketches usually clarify the activity and when
provided results in a quicker decision. Sketches should contain sufficient detail to provide an



illustrative description of the proposed activity (e.g., a conceptual plan), but do not need to be
detailed engineering plans);

(5) The PCN must include a delineation of wetlands, other special aquatic sites, and other
waters, such as lakes and ponds, and perennial, intermittent, and ephemeral streams, on the project
site. Wetland delineations must be prepared in accordance with the current method required by the
Corps. The permittee may ask the Corps to delineate the special aquatic sites and other waters on
the project site, but there may be a delay if the Corps does the delineation, especially if the project
site is large or contains many wetlands, other special aquatic sites, and other waters. Furthermore,
the 45 day period will not start until the delineation has been submitted to or completed by the
Corps, as appropriate;

(6) If the proposed activity will result in the loss of greater than 1/10-acre of wetlands and a
PCN is required, the prospective permittee must submit a statement describing how the mitigation
requirement will be satisfied, or explaining why the adverse environmental effects are no more than
minimal and why compensatory mitigation should not be required. As an alternative, the
prospective permittee may submit a conceptual or detailed mitigation plan.

(7) For non-Federal permittees, if any listed species or designated critical habitat might be
affected or is in the vicinity of the activity, or if the activity is located in designated critical habitat,
the PCN must include the name(s) of those endangered or threatened species that might be affected
by the proposed activity or utilize the designated critical habitat that might be affected by the
proposed activity. For NWP activities that require pre-construction notification, Federal permittees
must provide documentation demonstrating compliance with the Endangered Species Act;

(8) For non-Federal permittees, if the NWP activity might have the potential to cause
effects to a historic property listed on, determined to be eligible for listing on, or potentially
eligible for listing on, the National Register of Historic Places, the PCN must state which historic
property might have the potential to be affected by the proposed activity or include a vicinity map
indicating the location of the historic property. For NWP activities that require pre-construction
notification, Federal permittees must provide documentation demonstrating compliance with
section 106 of the National Historic Preservation Act;

(9) For an activity that will occur in a component of the National Wild and Scenic River
System, or in a river officially designated by Congress as a “study river” for possible inclusion in
the system while the river is in an official study status, the PCN must identify the Wild and Scenic
River or the “study river” (see general condition 16); and

(10) For an activity that requires permission from the Corps pursuant to 33 U.S.C. 408
because it will alter or temporarily or permanently occupy or use a U.S. Army Corps of Engineers
federally authorized civil works project, the pre-construction notification must include a statement
confirming that the project proponent has submitted a written request for section 408 permission
from the Corps office having jurisdiction over that USACE project.

(c) Form of Pre-Construction Notification: The standard individual permit application form
(Form ENG 4345) may be used, but the completed application form must clearly indicate that it is
an NWP PCN and must include all of the applicable information required in paragraphs (b)(1)
through (10) of this general condition. A letter containing the required information may also be
used. Applicants may provide electronic files of PCNs and supporting materials if the district
engineer has established tools and procedures for electronic submittals.




(d) Agency Coordination: (1) The district engineer will consider any comments from
Federal and state agencies concerning the proposed activity’s compliance with the terms and
conditions of the NWPs and the need for mitigation to reduce the activity’s adverse environmental
effects so that they are no more than minimal.

(2) Agency coordination is required for: (i) all NWP activities that require pre-construction
notification and result in the loss of greater than 1/2-acre of waters of the United States; (ii) NWP
21, 29, 39, 40, 42, 43, 44, 50, 51, and 52 activities that require pre-construction notification and
will result in the loss of greater than 300 linear feet of stream bed; (iii) NWP 13 activities in excess
of 500 linear feet, fills greater than one cubic yard per running foot, or involve discharges of
dredged or fill material into special aquatic sites; and (iv) NWP 54 activities in excess of 500 linear
feet, or that extend into the waterbody more than 30 feet from the mean low water line in tidal
waters or the ordinary high water mark in the Great Lakes.

(3) When agency coordination is required, the district engineer will immediately provide
(e.g., via e-mail, facsimile transmission, overnight mail, or other expeditious manner) a copy of the
complete PCN to the appropriate Federal or state offices (FWS, state natural resource or water
quality agency, EPA, and, if appropriate, the NMFS). With the exception of NWP 37, these
agencies will have 10 calendar days from the date the material is transmitted to notify the district
engineer via telephone, facsimile transmission, or e-mail that they intend to provide substantive,
site-specific comments. The comments must explain why the agency believes the adverse
environmental effects will be more than minimal. If so contacted by an agency, the district engineer
will wait an additional 15 calendar days before making a decision on the pre-construction
notification. The district engineer will fully consider agency comments received within the
specified time frame concerning the proposed activity’s compliance with the terms and conditions
of the NWPs, including the need for mitigation to ensure the net adverse environmental effects of
the proposed activity are no more than minimal. The district engineer will provide no response to
the resource agency, except as provided below. The district engineer will indicate in the
administrative record associated with each pre-construction notification that the resource agencies’
concerns were considered. For NWP 37, the emergency watershed protection and rehabilitation
activity may proceed immediately in cases where there is an unacceptable hazard to life or a
significant loss of property or economic hardship will occur. The district engineer will consider any
comments received to decide whether the NWP 37 authorization should be modified, suspended, or
revoked in accordance with the procedures at 33 CFR 330.5.

(4) In cases of where the prospective permittee is not a Federal agency, the district engineer
will provide a response to NMFS within 30 calendar days of receipt of any Essential Fish Habitat
conservation recommendations, as required by section 305(b)(4)(B) of the Magnuson-Stevens
Fishery Conservation and Management Act.

(5) Applicants are encouraged to provide the Corps with either electronic files or multiple
copies of pre-construction notifications to expedite agency coordination.

D. District Engineer’s Decision

1. In reviewing the PCN for the proposed activity, the district engineer will determine
whether the activity authorized by the NWP will result in more than minimal individual or
cumulative adverse environmental effects or may be contrary to the public interest. If a project
proponent requests authorization by a specific NWP, the district engineer should issue the NWP
verification for that activity if it meets the terms and conditions of that NWP, unless he or she
determines, after considering mitigation, that the proposed activity will result in more than minimal



individual and cumulative adverse effects on the aquatic environment and other aspects of the
public interest and exercises discretionary authority to require an individual permit for the proposed
activity. For a linear project, this determination will include an evaluation of the individual
crossings of waters of the United States to determine whether they individually satisfy the terms
and conditions of the NWP(s), as well as the cumulative effects caused by all of the crossings
authorized by NWP. If an applicant requests a waiver of the 300 linear foot limit on impacts to
streams or of an otherwise applicable limit, as provided for in NWPs 13, 21, 29, 36, 39, 40, 42, 43,
44,50, 51, 52, or 54, the district engineer will only grant the waiver upon a written determination
that the NWP activity will result in only minimal individual and cumulative adverse environmental
effects. For those NWPs that have a waivable 300 linear foot limit for losses of intermittent and
ephemeral stream bed and a 1/2-acre limit (i.e., NWPs 21, 29, 39, 40, 42, 43, 44, 50, 51, and 52),
the loss of intermittent and ephemeral stream bed, plus any other losses of jurisdictional waters and
wetlands, cannot exceed 1/2-acre.

2. When making minimal adverse environmental effects determinations the district
engineer will consider the direct and indirect effects caused by the NWP activity. He or she will
also consider the cumulative adverse environmental effects caused by activities authorized by
NWP and whether those cumulative adverse environmental effects are no more than minimal. The
district engineer will also consider site specific factors, such as the environmental setting in the
vicinity of the NWP activity, the type of resource that will be affected by the NWP activity, the
functions provided by the aquatic resources that will be affected by the NWP activity, the degree or
magnitude to which the aquatic resources perform those functions, the extent that aquatic resource
functions will be lost as a result of the NWP activity (e.g., partial or complete loss), the duration of
the adverse effects (temporary or permanent), the importance of the aquatic resource functions to
the region (e.g., watershed or ecoregion), and mitigation required by the district engineer. If an
appropriate functional or condition assessment method is available and practicable to use, that
assessment method may be used by the district engineer to assist in the minimal adverse
environmental effects determination. The district engineer may add case-specific special conditions
to the NWP authorization to address site-specific environmental concerns.

3. If the proposed activity requires a PCN and will result in a loss of greater than 1/10-acre
of wetlands, the prospective permittee should submit a mitigation proposal with the PCN.
Applicants may also propose compensatory mitigation for NWP activities with smaller impacts, or
for impacts to other types of waters (e.g., streams). The district engineer will consider any proposed
compensatory mitigation or other mitigation measures the applicant has included in the proposal in
determining whether the net adverse environmental effects of the proposed activity are no more
than minimal. The compensatory mitigation proposal may be either conceptual or detailed. If the
district engineer determines that the activity complies with the terms and conditions of the NWP
and that the adverse environmental effects are no more than minimal, after considering mitigation,
the district engineer will notify the permittee and include any activity-specific conditions in the
NWP verification the district engineer deems necessary. Conditions for compensatory mitigation
requirements must comply with the appropriate provisions at 33 CFR 332.3(k). The district
engineer must approve the final mitigation plan before the permittee commences work in waters of
the United States, unless the district engineer determines that prior approval of the final mitigation
plan is not practicable or not necessary to ensure timely completion of the required compensatory
mitigation. If the prospective permittee elects to submit a compensatory mitigation plan with the
PCN, the district engineer will expeditiously review the proposed compensatory mitigation plan.
The district engineer must review the proposed compensatory mitigation plan within 45 calendar
days of receiving a complete PCN and determine whether the proposed mitigation would ensure
the NWP activity results in no more than minimal adverse environmental effects. If the net adverse
environmental effects of the NWP activity (after consideration of the mitigation proposal) are



determined by the district engineer to be no more than minimal, the district engineer will provide a
timely written response to the applicant. The response will state that the NWP activity can proceed
under the terms and conditions of the NWP, including any activity-specific conditions added to the
NWP authorization by the district engineer.

4. If the district engineer determines that the adverse environmental effects of the proposed
activity are more than minimal, then the district engineer will notify the applicant either: (a) that
the activity does not qualify for authorization under the NWP and instruct the applicant on the
procedures to seek authorization under an individual permit; (b) that the activity is authorized
under the NWP subject to the applicant’s submission of a mitigation plan that would reduce the
adverse environmental effects so that they are no more than minimal; or (c) that the activity is
authorized under the NWP with specific modifications or conditions. Where the district engineer
determines that mitigation is required to ensure no more than minimal adverse environmental
effects, the activity will be authorized within the 45-day PCN period (unless additional time is
required to comply with general conditions 18, 20, and/or 31, or to evaluate PCNs for activities
authorized by NWPs 21, 49, and 50), with activity-specific conditions that state the mitigation
requirements. The authorization will include the necessary conceptual or detailed mitigation plan or
a requirement that the applicant submit a mitigation plan that would reduce the adverse
environmental effects so that they are no more than minimal. When compensatory mitigation is
required, no work in waters of the United States may occur until the district engineer has approved
a specific mitigation plan or has determined that prior approval of a final mitigation plan is not
practicable or not necessary to ensure timely completion of the required compensatory mitigation.

E. Further Information

1. District Engineers have authority to determine if an activity complies with the terms and
conditions of an NWP.

2. NWPs do not obviate the need to obtain other federal, state, or local permits, approvals,
or authorizations required by law.

3. NWPs do not grant any property rights or exclusive privileges.
4. NWPs do not authorize any injury to the property or rights of others.

5. NWPs do not authorize interference with any existing or proposed Federal project (see
general condition 31).

F. Definitions

Best management practices (BMPs): Policies, practices, procedures, or structures
implemented to mitigate the adverse environmental effects on surface water quality resulting from
development. BMPs are categorized as structural or non-structural.

Compensatory mitigation: The restoration (re-establishment or rehabilitation),
establishment (creation), enhancement, and/or in certain circumstances preservation of aquatic
resources for the purposes of offsetting unavoidable adverse impacts which remain after all
appropriate and practicable avoidance and minimization has been achieved.

Currently serviceable: Useable as is or with some maintenance, but not so degraded as to
essentially require reconstruction.




Direct effects: Effects that are caused by the activity and occur at the same time and place.

Discharge: The term “discharge” means any discharge of dredged or fill material into
waters of the United States.

Ecological reference: A model used to plan and design an aquatic habitat and riparian area
restoration, enhancement, or establishment activity under NWP 27. An ecological reference may
be based on the structure, functions, and dynamics of an aquatic habitat type or a riparian area type
that currently exists in the region where the proposed NWP 27 activity is located. Alternatively, an
ecological reference may be based on a conceptual model for the aquatic habitat type or riparian
area type to be restored, enhanced, or established as a result of the proposed NWP 27 activity. An
ecological reference takes into account the range of variation of the aquatic habitat type or riparian
area type in the region.

Enhancement: The manipulation of the physical, chemical, or biological characteristics of
an aquatic resource to heighten, intensify, or improve a specific aquatic resource function(s).
Enhancement results in the gain of selected aquatic resource function(s), but may also lead to a
decline in other aquatic resource function(s). Enhancement does not result in a gain in aquatic
resource area.

Ephemeral stream: An ephemeral stream has flowing water only during, and for a short
duration after, precipitation events in a typical year. Ephemeral stream beds are located above the
water table year-round. Groundwater is not a source of water for the stream. Runoff from rainfall is
the primary source of water for stream flow.

Establishment (creation): The manipulation of the physical, chemical, or biological
characteristics present to develop an aquatic resource that did not previously exist at an upland site.
Establishment results in a gain in aquatic resource area.

High Tide Line: The line of intersection of the land with the water’s surface at the
maximum height reached by a rising tide. The high tide line may be determined, in the absence of
actual data, by a line of oil or scum along shore objects, a more or less continuous deposit of fine
shell or debris on the foreshore or berm, other physical markings or characteristics, vegetation
lines, tidal gages, or other suitable means that delineate the general height reached by a rising tide.
The line encompasses spring high tides and other high tides that occur with periodic frequency but
does not include storm surges in which there is a departure from the normal or predicted reach of
the tide due to the piling up of water against a coast by strong winds such as those accompanying a
hurricane or other intense storm.

Historic Property: Any prehistoric or historic district, site (including archaeological site),
building, structure, or other object included in, or eligible for inclusion in, the National Register of
Historic Places maintained by the Secretary of the Interior. This term includes artifacts, records,
and remains that are related to and located within such properties. The term includes properties of
traditional religious and cultural importance to an Indian tribe or Native Hawaiian organization and
that meet the National Register criteria (36 CFR part 60).

Independent utility: A test to determine what constitutes a single and complete non-linear
project in the Corps Regulatory Program. A project is considered to have independent utility if it
would be constructed absent the construction of other projects in the project area. Portions of a
multi-phase project that depend upon other phases of the project do not have independent utility.




Phases of a project that would be constructed even if the other phases were not built can be
considered as separate single and complete projects with independent utility.

Indirect effects: Effects that are caused by the activity and are later in time or farther
removed in distance, but are still reasonably foreseeable.

Intermittent stream: An intermittent stream has flowing water during certain times of the
year, when groundwater provides water for stream flow. During dry periods, intermittent streams
may not have flowing water. Runoff from rainfall is a supplemental source of water for stream
flow.

Loss of waters of the United States: Waters of the United States that are permanently
adversely affected by filling, flooding, excavation, or drainage because of the regulated activity.
Permanent adverse effects include permanent discharges of dredged or fill material that change an
aquatic area to dry land, increase the bottom elevation of a waterbody, or change the use of a
waterbody. The acreage of loss of waters of the United States is a threshold measurement of the
impact to jurisdictional waters for determining whether a project may qualify for an NWP; it is not
a net threshold that is calculated after considering compensatory mitigation that may be used to
offset losses of aquatic functions and services. The loss of stream bed includes the acres or linear
feet of stream bed that are filled or excavated as a result of the regulated activity. Waters of the
United States temporarily filled, flooded, excavated, or drained, but restored to pre-construction
contours and elevations after construction, are not included in the measurement of loss of waters of
the United States. Impacts resulting from activities that do not require Department of the Army
authorization, such as activities eligible for exemptions under section 404(f) of the Clean Water
Act, are not considered when calculating the loss of waters of the United States.

Navigable waters: Waters subject to section 10 of the Rivers and Harbors Act of 1899.
These waters are defined at 33 CFR part 329.

Non-tidal wetland: A non-tidal wetland is a wetland that is not subject to the ebb and flow
of tidal waters. Non-tidal wetlands contiguous to tidal waters are located landward of the high tide
line (i.e., spring high tide line).

Open water: For purposes of the NWPs, an open water is any area that in a year with
normal patterns of precipitation has water flowing or standing above ground to the extent that an
ordinary high water mark can be determined. Aquatic vegetation within the area of flowing or
standing water is either non-emergent, sparse, or absent. Vegetated shallows are considered to be
open waters. Examples of “open waters” include rivers, streams, lakes, and ponds.

Ordinary High Water Mark: An ordinary high water mark is a line on the shore established
by the fluctuations of water and indicated by physical characteristics, or by other appropriate means
that consider the characteristics of the surrounding areas.

Perennial stream: A perennial stream has flowing water year-round during a typical year.
The water table is located above the stream bed for most of the year. Groundwater is the primary
source of water for stream flow. Runoff from rainfall is a supplemental source of water for stream
flow.

Practicable: Available and capable of being done after taking into consideration cost,
existing technology, and logistics in light of overall project purposes.



Pre-construction notification: A request submitted by the project proponent to the Corps for
confirmation that a particular activity is authorized by nationwide permit. The request may be a
permit application, letter, or similar document that includes information about the proposed work
and its anticipated environmental effects. Pre-construction notification may be required by the
terms and conditions of a nationwide permit, or by regional conditions. A pre-construction
notification may be voluntarily submitted in cases where pre-construction notification is not
required and the project proponent wants confirmation that the activity is authorized by nationwide
permit.

Preservation: The removal of a threat to, or preventing the decline of, aquatic resources by
an action in or near those aquatic resources. This term includes activities commonly associated
with the protection and maintenance of aquatic resources through the implementation of
appropriate legal and physical mechanisms. Preservation does not result in a gain of aquatic
resource area or functions.

Protected tribal resources: Those natural resources and properties of traditional or
customary religious or cultural importance, either on or off Indian lands, retained by, or reserved
by or for, Indian tribes through treaties, statutes, judicial decisions, or executive orders, including
tribal trust resources.

Re-establishment: The manipulation of the physical, chemical, or biological characteristics
of a site with the goal of returning natural/historic functions to a former aquatic resource. Re-
establishment results in rebuilding a former aquatic resource and results in a gain in aquatic
resource area and functions.

Rehabilitation: The manipulation of the physical, chemical, or biological characteristics of a
site with the goal of repairing natural/historic functions to a degraded aquatic resource.
Rehabilitation results in a gain in aquatic resource function, but does not result in a gain in aquatic
resource area.

Restoration: The manipulation of the physical, chemical, or biological characteristics of a
site with the goal of returning natural/historic functions to a former or degraded aquatic resource.
For the purpose of tracking net gains in aquatic resource area, restoration is divided into two
categories: re-establishment and rehabilitation.

Riffle and pool complex: Riffle and pool complexes are special aquatic sites under the
404(b)(1) Guidelines. Riffle and pool complexes sometimes characterize steep gradient sections of
streams. Such stream sections are recognizable by their hydraulic characteristics. The rapid
movement of water over a course substrate in riffles results in a rough flow, a turbulent surface,
and high dissolved oxygen levels in the water. Pools are deeper areas associated with riffles. A
slower stream velocity, a streaming flow, a smooth surface, and a finer substrate characterize pools.

Riparian areas: Riparian areas are lands next to streams, lakes, and estuarine-marine
shorelines. Riparian areas are transitional between terrestrial and aquatic ecosystems, through
which surface and subsurface hydrology connects riverine, lacustrine, estuarine, and marine waters
with their adjacent wetlands, non-wetland waters, or uplands. Riparian areas provide a variety of
ecological functions and services and help improve or maintain local water quality. (See general
condition 23.)

Shellfish seeding: The placement of shellfish seed and/or suitable substrate to increase
shellfish production. Shellfish seed consists of immature individual shellfish or individual shellfish




attached to shells or shell fragments (i.e., spat on shell). Suitable substrate may consist of shellfish
shells, shell fragments, or other appropriate materials placed into waters for shellfish habitat.

Single and complete linear project: A linear project is a project constructed for the purpose
of getting people, goods, or services from a point of origin to a terminal point, which often involves
multiple crossings of one or more waterbodies at separate and distant locations. The term “single
and complete project” is defined as that portion of the total linear project proposed or accomplished
by one owner/developer or partnership or other association of owners/developers that includes all
crossings of a single water of the United States (i.e., a single waterbody) at a specific location. For
linear projects crossing a single or multiple waterbodies several times at separate and distant
locations, each crossing is considered a single and complete project for purposes of NWP
authorization. However, individual channels in a braided stream or river, or individual arms of a
large, irregularly shaped wetland or lake, etc., are not separate waterbodies, and crossings of such
features cannot be considered separately.

Single and complete non-linear project: For non-linear projects, the term “single and
complete project” is defined at 33 CFR 330.2(i) as the total project proposed or accomplished by
one owner/developer or partnership or other association of owners/developers. A single and
complete non-linear project must have independent utility (see definition of “independent utility”).
Single and complete non-linear projects may not be “piecemealed” to avoid the limits in an NWP
authorization.

Stormwater management: Stormwater management is the mechanism for controlling
stormwater runoff for the purposes of reducing downstream erosion, water quality degradation, and
flooding and mitigating the adverse effects of changes in land use on the aquatic environment.

Stormwater management facilities: Stormwater management facilities are those facilities,
including but not limited to, stormwater retention and detention ponds and best management
practices, which retain water for a period of time to control runoff and/or improve the quality (i.e.,
by reducing the concentration of nutrients, sediments, hazardous substances and other pollutants)
of stormwater runoff.

Stream bed: The substrate of the stream channel between the ordinary high water marks.
The substrate may be bedrock or inorganic particles that range in size from clay to boulders.
Wetlands contiguous to the stream bed, but outside of the ordinary high water marks, are not
considered part of the stream bed.

Stream channelization: The manipulation of a stream’s course, condition, capacity, or
location that causes more than minimal interruption of normal stream processes. A channelized
stream remains a water of the United States.

Structure: An object that is arranged in a definite pattern of organization. Examples of
structures include, without limitation, any pier, boat dock, boat ramp, wharf, dolphin, weir, boom,
breakwater, bulkhead, revetment, riprap, jetty, artificial island, artificial reef, permanent mooring
structure, power transmission line, permanently moored floating vessel, piling, aid to navigation, or
any other manmade obstacle or obstruction.

Tidal wetland: A tidal wetland is a jurisdictional wetland that is inundated by tidal waters.
Tidal waters rise and fall in a predictable and measurable rhythm or cycle due to the gravitational
pulls of the moon and sun. Tidal waters end where the rise and fall of the water surface can no



longer be practically measured in a predictable rhythm due to masking by other waters, wind, or
other effects. Tidal wetlands are located channelward of the high tide line.

Tribal lands: Any lands title to which is either: 1) held in trust by the United States for the
benefit of any Indian tribe or individual; or 2) held by any Indian tribe or individual subject to
restrictions by the United States against alienation.

Tribal rights: Those rights legally accruing to a tribe or tribes by virtue of inherent
sovereign authority, unextinguished aboriginal title, treaty, statute, judicial decisions, executive
order or agreement, and that give rise to legally enforceable remedies.

Vegetated shallows: Vegetated shallows are special aquatic sites under the 404(b)(1)
Guidelines. They are areas that are permanently inundated and under normal circumstances have
rooted aquatic vegetation, such as seagrasses in marine and estuarine systems and a variety of
vascular rooted plants in freshwater systems.

Waterbody: For purposes of the NWPs, a waterbody is a jurisdictional water of the United
States. If a wetland is adjacent to a waterbody determined to be a water of the United States, that
waterbody and any adjacent wetlands are considered together as a single aquatic unit (see 33 CFR
328.4(c)(2)). Examples of “waterbodies” include streams, rivers, lakes, ponds, and wetlands.

ADDITIONAL INFORMATION

This nationwide permit is effective March 19, 2017, and expires on March 18, 2022.

Information about the U.S. Army Corps of Engineers regulatory program, including nationwide permits, may also be
found at http://www.swf.usace.army.mil/Missions/Requlatory.aspx and
http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits.aspx
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ENCLOSURE 2

REGIONAL CONDITIONS TO THE 2017 NATIONWIDE PERMITS FOR THE
STATE OF MARYLAND

I. Regional Conditions Applicable to Specific Nationwide Permits within the State of
Maryland:

A. Nationwide Permit #3 Maintenance: Prior to commencing an activity the permittee must
submit a Pre-construction Notification (PCN) to the District Engineer, for that portion of
paragraph (a) of Nationwide Permit (NWP) 3 applicable to the repair, rehabilitation, or
replacement in-kind of any previously authorized currently serviceable structure or fill destroyed
or damaged by storms, floods, fires, or other discrete events.

1. For activities in all tidal and nontidal coastal plain streams in the State of Maryland or
nontidal Piedmont streams located in Harford and Cecil Counties, Maryland, the
District Engineer will coordinate review of the PCN with the National Marine
Fisheries Service (NMFS) pursuant to the requirements of the Magnuson-Stevens
Fishery Conservation and Management Act when:

a. The applicant requests a waiver to work during the time of year restriction
for anadromous fish.

b. The project affects more than 10,000 square feet of tidal wetlands and/or
tidal waters.

B. Nationwide Permit #4 Fish and Wildlife Harvesting, Enhancement, and Attraction Devices
and Activities:  This nationwide permit does not authorize activities that cause interference with
navigation. No structure can extend into anchorage areas; customary boating channels;
navigation fairways; marked, lighted, or charted channels; or State or Federal Navigation

Channels.

C. Nationwide Permit #23 Approved Categorical Exclusions: Prior to doing the work, the
permittee shall submit a Pre-construction Notification to the District Engineer. (See General
Condition 32 and Regional General Condition 32)

D. Nationwide Permit #27 Aquatic Habitat Restoration, Establishment, and Enhancement
Activities: Prior to doing the work, the permittee shall submit a Pre-construction Notification
(PCN) to the District Engineer (see General Condition 32 and Regional General Condition 32).
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1. Any activity involving shellfish seeding, such as the placement of shell material or
any other habitat development or enhancement, is restricted to shellfish species that
are native to that waterbody.

2. For activities in all tidal and nontidal coastal plain streams within the State of
Maryland or nontidal Piedmont streams in Harford and Cecil Counties, Maryland, the
District Engineer will coordinate review of the PCN with the National Marine
Fisheries Service Habitat Conservation Division pursuant to the requirements of the
Magnuson Stevens Fishery Conservation and Management Act.

3. For activities involving the restoration of tidal marsh in mesohaline waters (i.e.,
salinity of 5-18 ppt) of the mid and upper Chesapeake Bay, the PCN should include
information concerning the distribution of horned pondweed (Zannichellia palustris)
within the project site. Distribution information of horned pondweed may require
recent ground-truth survey of the area by the applicant (i.e., employing a survey crew
with relevant experience) during the period of May 1 through June 15, of any year.

E. Nationwide Permit #30 Moist Soil Management for Wildlife: Prior to doing the work, the
permittee must submit a PCN to the District Engineer (see General Condition 32 and Regional
General Conditions 32).

F. Nationwide Permit #38 Cleanup of Hazardous and Toxic Waste: For activities in all tidal
and nontidal streams, the Corps of Engineers will coordinate review of the Pre-construction
Notification with the National Marine Fisheries Service Habitat Conservation Division pursuant
to the requirements of the Magnuson Stevens Fishery Conservation and Management Act.

G. Nationwide Permit #48 Commercial Shellfish Aquaculture Activities:

1. This Nationwide Permit (NWP) does not authorize the following activities:

a. Activities located in mapped anadromous fish spawning habitat. The applicant
may refer to MERLIN or other reliable sources for this information.
http://dnrweb.dnr.state.md.us/MERLIN/

b. Activities associated with the cultivation and/or introduction into tidal waters
of shellfish species that are not indigenous to the Chesapeake Bay and its
tributaries, or the Maryland coastal bays.

c. Activities associated with the mining of subtidal fossil shell deposits in waters

of the Chesapeake Bay and its tributaries for use as cultch for a shellfish
cultivation operation.
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d. No work may extend into anchorage areas; customary boating channels;
navigation fairways; marked, lighted, or charted channels; or State or Federal
Navigation Channels.

e. Activities that adversely affect ingress to and egress from neighboring
properties.

f. Commercial aquaculture activities for crustaceans or finfish.

g. Shellfish habitat restoration activities, including shellfish seeding which are
conducted to restore populations of shellfish in navigable waters of the United
States. Shellfish habitat restoration activities may be authorized by another
form of Department of the Army permit (e.g., Nationwide Permit #27 or
individual permit).

h. Activity or vehicular access to the project site that has more than a minimal
adverse impact on coastal or wetland vegetation.

I. Oyster gardening activities.

J.  The establishment of Aquaculture Enterprise Zones or preapproved areas of the
Atlantic Coastal Bays.

k. Activities that impound water.

I. Predator control devices (i.e., mesh fences, mesh nets, mesh tents) suspended or
erected vertically or obliquely in the water column used to surround or enclose
shellfish/containment gear. This condition does not preclude the use of cages for
shellfish containment.

m. Activities that use unsuitable materials for shellfish seeding (e.g., asphalt, bituminous
concrete, slag, tires, wallboard, plastic, wood, metal, crushed glass, trash, and
garbage).

n. Activities that will have more than minimal adverse effects on existing or naturally
occurring beds or populations of shellfish, marine worms, or other invertebrates that
could be used by man, other mammals, birds, reptiles, or predatory fish.

0. Activities that result in the physical destruction (e.g., through excavation, dredging,
mining, fill or significant downstream sedimentation by substantial turbidity) of an
important spawning/nursery habitat.

2. The prospective permittee must submit a Pre-construction Notification (PCN) to the
District Engineer using the Joint State/Federal Application for a Commercial Shellfish
Aquaculture Lease and Federal Permit
(http://dnr2.maryland.gov/fisheries/Documents/Commercial-Shellfish-L ease-
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Application.pdf and http://dnr2.maryland.gov/fisheries/Documents/Shellfish-Lease-
Application-Instructions.pdf) when:

a. The project does not have a valid authorization from the Corps in effect as of
August 15, 2016, or

b. The activity involves any change in the aquaculture type (bottom culture, floating
structures, or structures suspended in the water column) from which was
previously authorized by the Corps.

The Maryland Department of Natural Resources will forward the Joint Application to the
Corps. Alternatively, the applicant may submit the application directly to the Corps. The
Corps’ review period shall commence with the receipt of a completed PCN at the Corps
District Office.

3. In addition to the information required by NWP 48, General Conditions and
Regional General Condition 32, the PCN must include:

a. A copy of the lease or permit issued by the appropriate state government
agency if a lease or permit has been issued at the time of PCN submittal;

b. Legible project vicinity map (black line on white background), to scale,
and depicting the footprint of project area relative to prominent land/water
geographic features, including approximate latitude/longitude coordinates
of the project footprint;

c. Legible overview plans (black line on white background), to scale
(100’:1”, or 507:1”), depicting the entire project footprint and adjacent
waters overlaid on composite mapping of the 5 most recent years of SAV
data (derived from the Virginia Institute of Marine Science (VIMS) aerial
surveys), and showing local water depths (bathymetry) of the project area,
and other important ecological features of the site (e.g., native tidal marsh)
that may be affected by project activities.

d. Detailed project description, with the following information:

I. Description of proposed activities, including site preparation and
harvest activities (e.g., dredging, harrowing and dragging of
bottom substrate, tonging), and a description of how structures
and vertical and horizontal lines would be arranged throughout
the project area, spacing of rows and spacing between structures;

ii. Types of aquaculture gear to be used, including anchoring

devices, maximum number of vertical and horizontal lines, and
buoys;
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iii. Acreage of project footprint affecting bottom and water column;

Iv. Impacts (temporary and/or permanent) to aquatic areas required
for access to the aquaculture facility/gear, and remedial measures
proposed to restore temporarily affected aquatic areas;

v. Substrate type of bottom affected by proposed activities
(particularly for on-bottom activities) (e.g., soft sand, hard sand,
mud, shell.).

e. Cross-sectional view of proposed aquaculture structures and all associated
apparatus that represents the proposed operations of the activity (on-
bottom, suspended, or floating).

f. If the applicant proposes work in waters adjacent to property owned by
others, the applicant must provide proof of notification to adjacent
property owners via certified mail, return receipt requested. In addition,
the applicant may include any statement of no objection or comments
from the adjacent property owner(s).

g. The PCN must include details that clearly identify how adverse effects to
navigation and ingress to and egress from neighboring properties has been
avoided.

4. Shellfish Certification: Shellfish introduced into tidal waters of the Chesapeake Bay
and its tributaries, or in the Maryland coastal bays and their tributaries, must be
certified (under Maryland standards) as being disease and parasite free.

5. Vertical and Horizontal Lines: The total number of vertical and horizontal lines must
be minimized to the maximum extent practicable.

6. Local Notice to Mariners: Prior to the proposed project start/placement date, the
permittee must provide coordinates (latitude and longitude) for all perimeter corners of
the approved lease area, including minimum depth and other pertinent facility
information to the U.S. Coast Guard (USCG), and request that a Local Notice to Mariners
(LNM) be issued regarding the authorized work. This written request can be done either
by e-mail, letter or fax to: Commander (dpw), Fifth Coast Guard District, 431 Crawford
Street, Room 100, Portsmouth, VA 23704-5504, Attn: LNM, Fax Number: (757)398-
6303.

No authorized work may commence until this required USCG LNM has been issued
by the USCG, identifying the location and schedule for commencement of the
approved aquaculture work. No authorized aquaculture work may commence until
the permittee informs the District Engineer in writing, with the date that the USCG
publishes the LNM.
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7.

10.

11.

12.

Navigation Charts: The permittee must submit a copy of the Corps permit and plans for
the aquaculture operation to the National Oceanic and Atmospheric Administration
(NOAA) for charting the location of the authorized operation on navigation charts. Their
address is NOAA-Marine Chart Division, Nautical Data Branch-N/CS26, 1315 East West
Highway-Station 7350, Silver Spring, MD 20910-3282.

Equipment Anchoring and Lease Marking: All authorized equipment, gear, and
manmade material must be securely anchored. The permittee must clearly and
permanently mark all in-water structures and equipment with the permittee’s name and
the lease number issued by the Department Natural Resource. These markings must be
maintained to ensure that they are readable and visible at all times for identification
purposes.

Inspection of Aquaculture Operation: The permittee must regularly inspect the
condition of the structures (e.g., floats, cages, lines, anchors, etc.) associated with this
aquaculture operation as authorized herein, to ensure that any structures/gear do not
affect safety on the waterway or interfere with general navigation. The permittee shall
recover all storm-damaged, accident-damaged, or dislodged equipment within 10 days
after it is dislodged and shall either restore its location within the permitted areas as
authorized or dispose of such equipment in accordance with state and local ordinances
and lease agreements issued by the State of Maryland.

Disposal of Structures, Gear, or Waste: Disposal of structures, gear or waste products
on-site or into waters of the United States is prohibited. All structures, gear and waste
products, including dead or dying culture animals, shall be disposed of in an approved
upland disposal site in accordance with any Federal, State, and local regulations

Reporting: The permittee must maintain accurate records and submit annual reports to
the Corps (U.S. Army Corps of Engineers, Baltimore District , ATTN: Regulatory
Branch, 10 South Howard Street, Baltimore, MD 21201) before January 31 of each year,
covering the previous year’s aquaculture activities, see the following link for information
that must be provided:
(http://www.nab.usace.army.mil/Missions/Regulatory/Aquaculture/)

Abandonment: The permittee must provide the Baltimore District with thirty (30) day
advance written notification of the intent to abandon the activity authorized under this
NWP. Upon abandonment of the activity authorized by this permit, all structures and
equipment used to support the aquaculture operation must be completely removed. In
addition, any fill material, other than shells/shell fragments that were authorized and were
deposited to improve bottom conditions/facilitate the aquaculture operation, must be
completely removed and the entire area restored to pre-construction elevation and
conditions to the satisfaction of the District Engineer. Live oysters growing on the bottom
need not be removed.
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H. Nationwide Permit #53 Removal of Low-Head Dams: For activities in all tidal and
nontidal coastal plain streams within the State of Maryland or nontidal Piedmont streams in
Harford and Cecil Counties, Maryland, the District Engineer will coordinate review of the
Pre-construction Notification with the National Marine Fisheries Service Habitat
Conservation Division pursuant to the requirements of the Magnuson Stevens Fishery
Conservation and Management Act.

I1. Regional Conditions Applicable to ALL 2017 Nationwide Permits within the State of
Maryland

Note: To qualify for NWP authorization, the prospective permittee must comply with the
following regional general conditions, as applicable, in addition to any specific NWP regional
conditions identified above in Section I, the general conditions found in the 2017 NWPs
published in the Federal Register on January 6, 2017 (82 FR 1860), and any case-specific special
conditions imposed by the District Engineer.

A. Nationwide Permit Regional General Condition #2 Aquatic Life Movement:

1. Work is prohibited during February 15 to June 15 each year to protect sensitive life
stages of anadromous fish in all tidal and nontidal coastal plain streams within the State
of Maryland or nontidal Piedmont streams in Harford and Cecil Counties, Maryland,
unless specifically waived by the District Engineer in consultation with NMFS for NWPs
3a, 3b, 12, 13, 14, 18, 19, 22, 25, 28, 29, 33, 35, 36, 38, 39, 42, 45, and 53 activities.

2. For culverted road crossings of perennial and intermittent streams culverts must meet the
below depression criteria or a PCN is required to be submitted to the District Engineer for
coordination with the National Marine Fisheries Service. Extensions of existing culverts
that are not depressed below the stream bottom do not require a PCN.

a. Culverts measuring greater than 24 inches in diameter must be depressed 12
inches below the stream bottom; or

b. Culverts measuring 24 inches or less in diameter must be depressed 6 inches
below the stream bottom.

3. No activity may substantially disrupt the necessary life-cycle movements of those species
of aquatic life indigenous to the waterbody, including those species that normally migrate
through, or spawn/nursery within the area (e.g., anadromous/catadromous fish); unless
the activity’s primary purpose is to impound water. Culverts placed in streams must be
installed to maintain low flow conditions as stated above. A low flow channel must be
maintained through any discharges placed for armoring across the channel so as to not
impede flow in the waterway and/or not to block or impede the movements of
anadromous, estuarine, and resident fish. Permanent culverts or pipes placed in streams
must be depressed in accordance with the State of Maryland regulations. If depression of
the culvert is not practicable, the applicant must submit a narrative, along with the PCN is
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applicable, documenting measures evaluated to minimize disruption of the movement of
aquatic life, as well as specific documentation concerning site conditions and limitations
on depressing the culvert, cost, and engineering factors that prohibit depressing the
pipe/culvert. Options that need to be considered include the use of a bridge, bottomless
pipe, partial depression, or other measures to provide for the movement of aquatic
organisms. The documentation must also include photographs documenting site
conditions. The applicant may find it helpful to contact National Marine Fisheries
Service for recommendations about the measures to be taken to allow for fish passage.

B. Nationwide Permit Regional General Condition #18 Endangered Species:

1. For U.S. Fish and Wildlife Service (FWS) ESA species: All permittees must use the
FWS Chesapeake Bay Field Office Project Review website (IPaC)
(https://www.fws.gov/chesapeakebay/EndSppWeb/ProjectReview/Index.html) to
determine if any Federally listed species or designated critical habitat may be present
in the proposed project area. A complete application must contain one of the
following:

a. If the FWS website shows that listed species or designated critical habitat may be
present in the proposed project area, then, using the FWS website tool, the
permittee must obtain and submit with the PCN a FWS Official Species List
tailored for the proposed project area. An Official Species List is considered valid
for 90 days.

b. If the FWS website shows that no listed species or designated critical habitat are
determined to be present in the proposed project area, then, using the FWS website
tool: the permittee must generate and submit with the PCN a report that includes an
online self-certification letter and a map of action area.

2. Interactions with NMFS Federally Threatened or Endangered Species: Any
interaction between sturgeon, sea turtles, or any species listed now or in the future under
Federal law as a threatened or endangered species (“listed species”) and the vessels
associated with the project must be reported to the NMFS as follows:

a. If the animal appears alive and uninjured (i.e., breathing normally, no visible wounds,
movement uninhibited), the permittee or its representative must report the incident to
the NMFS Northeast Region Marine Mammal and Sea Turtle Stranding and
Entanglement Hotline at (866) 755-6622 within 24 hours of returning from the trip on
which they made the discovery;

b. If the animal requires assistance, the call to the hotline must be made immediately;
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c. If the animal appears to be injured (i.e. bleeding, gasping for air, etc.) or dead, the
permittee or its representative must also immediately call the hotline so the
appropriate rehabilitation or stranding network representative can be contacted. The
applicant shall also notify District Engineer of all communications and coordination
with the NMFS within two calendar days. Additional information about any federally
threatened or endangered species may be obtained online at:
https://www.greateratlantic.fisheries.noaa.gov/protected/section7/index.html. An
interaction is defined as an entanglement or capture of a listed species or a
strike/direct contact between vessels or equipment used for the project and a listed
species.

3. Vessel Buffer: When listed species are sighted, vessels must attempt to maintain a
distance of 50 yards (150 feet) or greater between the animal and the vessel whenever
possible. State and Federal regulations prohibit approaching a right whale within a 500
yard (1,500 foot) buffer zone. Any vessel finding itself within the 500 yard (1,500 foot)
buffer zone created by a surfacing right whale must depart immediately at a safe, slow
speed. If other listed species are detected, vessels will reduce their speeds to 10 knots or
to the maximum extent practicable to ensure human safety. If listed species are sighted
off of a moving dredge, intentional approaches within 100 yards (300 feet) of the animal
must be avoided. Vessels must reduce speeds to 4 knots or the lowest speed practicable to
ensure human safety. Any interactions must be reported to the NMFS.

4. Best Management Practices Applicable Within Tidal Waters of the Chesapeake
Bay in Maryland:

a. For the protection of listed species, pile driving methods must maintain noise level
thresholds not to exceed 150dB sound exposure level (SEL) re 1uPa or 206dB peak re
1uPa and for any pile driving activity that exceeds the peak sound level. A PCN must
be submitted to District Engineer if one of the following conditions cannot be met :

i. Plastic or concrete piles must be less than 12 inches when a cushioned impact
hammer or vibratory hammer is utilized for installation.

ii. Timber piles must be 10 inches or less when a vibratory hammer is utilized for
installation.

iii. Vinyl or timber sheet piles must be 24 inches or less in width, as measured from
the outer edge of corrugation to the inner edge of corrugation, when a cushioned
impact hammer or vibratory hammer is used.

iv. Pile driving activities must be located within freshwater tributaries or within
tidal or nontidal wetlands.

v. Piles of any size/type with any hammer method must be installed behind diversion
structures or in the dry when the tide is out in the intertidal zone.
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vi. Piles of any size/type with any hammer method must be installed between
November 30 and March 15.

b. Pile driving must be initiated with a soft start each day of pile driving, building up
power slowly from a low energy start-up over a 20 minute period to allow fish and
other wildlife to leave the area.

5. Sediment Disturbing Activities Time-of-Year Restriction: Within all tidal waters
of the Chesapeake Bay and its tidal tributaries in Maryland with salinity levels <6 ppt,
sediment disturbing activities, which include pile driving activities, are prohibited
during the period April 1 through June 30 for the protection of shortnose sturgeon
during early life stages in these waters unless a waiver is received from the District
Engineer.

C. Nationwide Permit Regional General Condition #22 Designated Critical Resource
Waters:

1. Within the State of Maryland, the designated National Estuarine Research Reserves
applicable to this regional general condition are:
a. Jug Bay
b. Otter Point Creek
c. Monie Bay

2. Discharges of dredged or fill material into waters of the United States are not authorized
by NWPs 7 and 31 for any activity within, or directly affecting the above-listed
designated National Estuarine Research Reserves, including wetlands adjacent to those
waters.

3. For NWPs 3, 8, 22, 25, 27, 30, 37, and 38, a PCN must be submitted to the District
Engineer for any activity proposed in the above-listed designated National Estuarine
Research Reserves, including wetlands adjacent to those waters.

D. Nationwide Permit Regional General Condition #32 Pre-Construction Notification:

The following regional general conditions are incorporated as part of the terms and conditions of
NWP General Condition 32, Pre-Construction Notification. These regional general conditions
are applicable to all NWPs where a PCN is submitted to the District Engineer. This includes the
following: (a) those NWPs that require a PCN, (b) those NWPs requiring notification to the
District Engineer pursuant to NWP General Conditions 18 and 22, (c) those NWPs requiring
notification to the District Engineer pursuant to a regional condition, and (d) any other pre-
constriction notifications to the District Engineer where an applicant has requested verification of
an NWP authorization.
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1.

3.

A PCN shall be submitted the Baltimore District Corps of Engineers for proposed
construction and modification of docks, piers, and other structures that will occur
along and/or within 150 feet of the horizontal limits of a federally authorized channel
within the Baltimore District Civil Works Boundary as identified by:
http://www.nab.usace.army.mil/Missions/Civil-Works/Nav-Maps/. In addition, a PCN
is required for the replacement of previously authorized, currently serviceable
structures located along federally authorized channels that are destroyed by an act of
nature or sudden event. All proposed work shall comply with the most current version
of the Baltimore District’s setback guidance on the Baltimore District Regulatory
website at:
http://www.nab.usace.army.mil/Portals/63/docs/Regulatory/Pubs/spnll-17.pdf. As part
of any PCN adjacent to a federally authorized channel, the permittee must provide the
latitude and longitude of the channelward most point of the proposed structure.

When a PCN is required, the District Engineer will provide a copy of the complete
PCN to the NMFS-Chesapeake Bay Office for all activities proposed within 50 feet of
mapped SAV or locations of SAV otherwise identified from actual on-site SAV
surveys conducted during the growing season. The PCN shall include plans depicting
the entire project footprint and adjacent waters overlaid on composite mapping of the
5 most recent years of SAV data (derived from the Virginia Institute of Marine
Science (VIMS) aerial surveys or locations of SAV otherwise identified from actual
SAV surveys conducted during the growing season). The NMFS will have a 30
calendar day review and comment period from the date of their receipt of the EFH
assessment, as provided by the Magnuson-Stevens Fishery Conservation and
Management Act. The Virginia Institute of Marine Science aerial surveys may be
obtained at: http://web.vims.edu/bio/sav/index.html.

All PCNs to the District Engineer shall be completed using the established Corps of
Engineers permit application procedures for that locality (see
http://www.nab.usace.army.mil/Missions/Regulatory/PermitTypesandProcess.aspx).
The PCN shall include all activities that the applicant plans to undertake that are
reasonably related to the same project. All PCNs to the District Engineer shall include
the following information, where applicable, in addition to the information specified
in the nationwide permit conditions, including General Condition 32:

a. Work description: A narrative describing the proposed work and associated
impacts. If excavation is part of the proposed work, a detailed description of
the method, sequence, and equipment to be used to conduct the work.

b. Plan(s) of the proposed work (if provided by hard copy no larger than 8-1/2 by
11 inch paper) which includes a location map; longitude and latitude; and plan
view drawings clearly depicting the location, size, and dimensions of the
proposed activity as well as the location of the delineated waters and/or
wetlands, for the entire project area. The drawings shall contain the amount
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(in cubic yards) and the area (square feet) of dredged and/or fill material to be
discharged in District Engineer jurisdiction, including both permanent and
temporary structures. Plans should depict all proposed work, including areas
proposed for filling, grading, excavation, drainage, and/or inundation and
shall identify all delineated waters and wetlands. All drawings shall include
the OHWM, or if in tidal waters, the mean high water mark and high tide line;
existing water depths; cross-sectional plan; depth of any structure(s) below
mean low water; height of any structure(s) above mean high water; the
maximum distance that the structure(s) or fill will extend channelward of the
existing shoreline; the width of the waterway at the project site; the location of
any dredged material disposal area; the distance from the edge of any federal
navigation channel and the location of any temporary work; structures,
vessels, or fills required for construction; a copy of any previous federal or
state approvals; and the location and nature of any SAV (e.g., eel grass,
Zostera marina). In the Baltimore District, the applicant may refer to the
Virginia Institute of Marine Science aerial surveys for obtaining such
information. http://web.vims.edu/bio/sav/index.html.

c. At the discretion of the District Engineer, the PCN may be determined to be
incomplete if field verification of the wetland and/or stream delineation is
required.

d. Numbered and dated pre-project color photographs showing all aquatic
resources proposed to be impacted on the project site. The compass angle and
position of each photograph shall be documented on the plan view drawing.

e. Evidence that the prospective permittee has already contacted and received a
response from the FWS concerning any federally listed Threatened and
Endangered Species that may be affected by the proposed activity.
Completion of the required screening identified in Regional General
Conditions 18 and submission of the documents required by the PCN serves
as compliance with this condition.

f. Evidence that the prospective permittee has already contacted and received a
response from the State Historic Preservation Officer concerning historic
properties that may be affected by the proposed activity.

g. Documentation from the Maryland Historical Trust indicating whether the
proposed project is located within a State Natural Heritage site, Outstanding
National Resource Water, or National Estuarine Research Reserve. For
further information, reference NWP General Condition 22.

h. A PCN shall include a written statement documenting the steps taken to avoid

and minimize adverse impacts to waters of the United States, including
jurisdictional wetlands.
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4. When a PCN is required, the District Engineer’s review period shall commence with
the receipt of a complete permit application by the District Engineer. The prospective
permittee shall not begin the activity until notified in writing by the District Engineer
that the activity may proceed under the NWP with any special conditions imposed, if
applicable.

5. Applicable to all perennial and intermittent streams, the Corps shall provide a copy of
the PCN, including the supporting documentation, to the NMFS in accordance with
the Magnuson Stevens Fisheries Conservation and Management Act for any culvert
which cannot be depressed as outlined in Regional General Condition 2 for Aquatic
Life Movements for NWP 3 and any other applicable NWP. The NMFS will have a
30 calendar day review and comment period from the date of their receipt of the
Essential Fish Habitat Assessment, as provided by the Magnuson-Stevens Act.

6. Any compensatory mitigation required by special conditions of the NWP verification
shall be completed before or concurrent with commencement of construction of the
authorized activity, except when specifically determined to be impracticable by the
District Engineer. If the applicant is proposing to use a mitigation bank or in lieu fee
program, the PCN shall include identification of the bank/in lieu fee site and amount
and type of credits to be purchased. If approved, proof of payment to the approved
mitigation bank or in-lieu-fee program shall be submitted to the District Engineer
prior to commencement of construction of the authorized activity. The amount of
required compensatory mitigation must be, to the extent practicable, sufficient to
replace lost aquatic resource functions and services. A watershed approach to
compensatory mitigation, which considers the importance of landscape position,
resource type, and compensatory mitigation projects that address the sustainability of
aquatic resource functions within the watershed should be used.

E. Nationwide Permit Regional General Conditions A for Certain Activities in Navigable
Waters:

1. The following minimum clearances are required for aerial electric power transmission
lines crossing navigable waters of the United States. These clearances are related to
the clearances over the navigable channel provided by existing fixed bridges, or the
clearances which would be required by the United States Coast Guard for new fixed
bridges, in the vicinity of the proposed aerial transmission line. These clearances are
based on the low point of the line under conditions producing the greatest sag, taking
into consideration temperature, load, wind, length of span, and type of supports as
outlined in the National Electrical Safety Code:

Nominal System Voltage (kV) Minimum additional clearance (ft.)
above
clearance required for bridges
115 and below 20
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138 22
161 24
230 26
350 30
500 35
700 42
750-765 45

a. The PCN for aerial transmission lines over navigable waters must include the
nominal system voltage and the additional clearance above low steel for
bridges, if available, or above maximum high water elevation;

b. Corps of Engineer regulation ER 1110-2-4401 prescribes minimum vertical
clearances for power communication lines over Corps lake projects. In instances
where both this regional condition and ER 1110-2-4401 apply, the greater minimum
clearance is required; and

c. Clearances for communication lines, stream gaging cables, ferry cables, and other
aerial crossings must be a minimum of ten feet above clearances required for bridges,
unless specifically authorized otherwise by the District Engineer.

2. Within 60 days of completing an activity that involves an aerial transmission line,
submerged cable, or submerged pipeline across a navigable water of the United States
(i.e., Section 10 waters), the permittee shall furnish the District Engineer and the National
Oceanic and Atmospheric Administration, Nautical Data Branch, N/CS26, Station 7317,
1315 East-West Highway, Silver Spring, Maryland, 20910, with professional, certified
as-built drawings, to scale, with control (i.e., latitude/longitude, state plane coordinates),
depicting the alignment and minimum clearance of the aerial wires above the mean high
water line at the time of survey or depicting the elevations and alignment of the buried
cable or pipeline across the navigable waterway.

3. Aids to Navigation: If the Corps or the U.S. Coast Guard determine that private
aids to navigation are required to mark the project area, The permittee must
prepare and provide for USCG approval (address below)l, a Private Aids to
Navigation Application (CG-2554), which and the approval must be received
prior to commencement of the authorized work. The form can be found at:
http://www.uscg.mil/forms/cg/CG_2554.pdf. Within 30 days of the date of receipt
of the USCG approval, the permittee must provide a copy to the Corps

E. Nationwide Permit Regional General Condition B Poured Concrete into Forms:

1. Activities that involve the discharge of poured concrete must be contained within cells or
watertight forms until the concrete is set.
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SPECIAL NOTES:

1. Where the State has denied 401 WQC and/or not concurred with the District
Engineer' CZM consistency determination for a NWP authorization, the prospective
permittee should contact the State to obtain an activity specific review and approval
by the State prior to submitting any required PCN to the District Engineer of
Engineers.

2. The following addresses shall be used for notification to those Federal and State
agencies, where the review of the PCN must be coordinated by the District Engineer.

1. Maryland Department of Natural
Resources Environmental Review, B-3
Tawes State Office Building
580 Taylor Avenue
Annapolis, Maryland 21401

2. State Historic Preservation Officer:
Maryland Historical Trust
Division of Historical & Cultural Programs
100 Community Place
Crownsville, Maryland 21032-2023

3. Maryland Department of the
Environment
Water Resources Administration
Tidal Wetlands Division
Montgomery Park Business Center
1800 Washington Boulevard, Suite 430
Baltimore, Maryland 21230-1708

4. Maryland Department of the
Environment
Non-tidal Wetlands and Waterways
Division/CZC Unit
Montgomery Park Business Center, Suite 430
Baltimore, Maryland 21230-1708

5. Environmental Protection Agency
1650 Arch Street
Philadelphia, Pennsylvania 19103-2029

6. U.S. Department of the Interior
Fish and Wildlife Service
177 Admiral Cochrane Drive
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Annapolis, Maryland 21401

7. National Marine Fisheries Service-Chesapeake Bay Office
177 Admiral Cochrane Drive
Annapolis, Maryland 21401
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General Conformity Analysis
Introduction

The alternative selected for the proposed ecosystem restoration projects in Prince George’s
County, Maryland, was evaluated for air quality emissions associated with project construction.
Direct emissions were evaluated as discussed below and shown in Attachment 1. Upon
consultation with the Maryland Department of the Environment (MDE) it was agreed that the
project would not result in any sources of indirect emissions (MDE, personal communication
3/17/2015); therefore, indirect emissions were not calculated. The analysis demonstrates that the
proposed projects comply with Clean Air Act General Conformity Rule.

Regulatory Background

The 1990 Federal Clean Air Act Amendments directed the Environmental Protection Agency
(EPA) to develop two separate federal conformity rules. Those rules (promulgated as 40 CFR
Parts 51 and 93) are designed to ensure that federal actions do not cause or contribute to air quality
violations in areas that do not meet the national ambient air quality standards. The two rules include
transportation conformity, which applies to transportation plans, programs, and projects; and
general conformity, which applies to all other non transportation-related projects, including the
projects proposed in this feasibility study.

The general conformity regulation requires that federal agencies sponsoring non transportation-
related activities show that the emissions associated with those activities conform to state
implementation plans (SIPs) if emissions meet specific criteria. First, the emissions must occur in
areas designated as non-attainment areas for one or more of the federal ambient air quality
standards. Second, those emissions must exceed certain de minimus threshold levels.

Ozone

The EPA Office of Air Quality Planning and Standards has set National Ambient Air Quality
Standards (NAAQS) for six principal pollutants, called "criteria” pollutants. They include carbon
monoxide, nitrogen dioxide, ozone, lead, particulates, and sulfur dioxide. For Prince George’s
County, ozone does not attain the air quality standard. Areas that are designated in non-attainment
of the ozone standard are further classified, in order of increasing severity, as Incomplete Data,
Marginal, Moderate, Serious, Severe, and Extreme. The designation for Prince George’s County,
Maryland, is considered Moderate under the 8-hour standard.

Ozone is a gas that forms in the presence of sunlight in the atmosphere when three atoms of oxygen
are combined (O3z). Ozone is not emitted directly into the air by any aspect of the project, but is
created at ground level by a chemical reaction between oxides of nitrogen (NOx), and volatile
organic compounds (VOC). For ozone, the de minimus thresholds are 100 tons/year (TPY) for
NOx and 50 TPY VOC for Prince George’s County.

Motor vehicle exhaust and industrial emissions, gasoline vapors, and chemical solvents are some
of the major sources of NOx and VOC, also known as ozone precursors. Strong sunlight and hot
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weather cause ground-level ozone to form in harmful concentrations in the air. Many urban areas
tend to have high levels of ozone, but other areas are also subject to high ozone levels as winds
carry NOx emissions hundreds of miles away from their original sources.

PMb- s (Particulate Matter)

On October 6, 2014 EPA published a Final Rule in the Federal Register approving the State of
Maryland's request to redesignate the Maryland region of the Washington DC-MD-VA
Nonattainment Area for the annual PM.s national ambient air quality standards (NAAQS) to
Attainment status. The DC area includes Charles, Frederick, Montgomery and Prince George's
counties. The rule became effective on November 5, 2014. Although now in attainment status for
PM: s, these areas are in maintenance for the next twenty years. Maintenance areas must continue
to meet the requirements of General Conformity regulations.

De minimis levels for PMzs is 100 TPY for each of the precursors that form it (SO2, NOx, VOC,
and ammonia). Under the current EPA policy for addressing PM. s precursors, only SOz and NOx
must be evaluated in all regions. Evaluation of VOCs or ammonia are not required unless the State
or EPA make a technical demonstration that those particular emissions from sources within the
given State significantly contribute to PM2s concentrations. This has not been done for the state
of Maryland, so VOC and ammonia are not considered further for the purposes of calculating PMz s
emissions. PMazs emissions for this project include particulate emissions from construction
vehicles and fugitive dust.

Carbon monoxide (CO)

Prince George’s County has been in maintenance for carbon monoxide (CO) since 1996. Later
this year, it is expected that Prince George’s County will be in full attainment for CO (i.e. will
come out of maintenance status). Since construction of this project is not scheduled until several
years from now, upon consultation with MDE (MDE, personal communication 3/17/2015), it was
determined that evaluation of CO emissions is not required for this conformity evaluation.

Conformity Evaluation

The Clean Air Act General Conformity Rule (58 FR 63214, November 30, 1993, Final Rule,
Determining Conformity of General Federal Actions to State or Federal Implementation Plans)
dictates that a conformity review be performed when a Federal action generates air pollutants in a
region that has been designated a non-attainment or maintenance area for one or more NAAQS.

The general conformity rule was designed to ensure that Federal actions do not impede local efforts
to control air pollution. It is called a conformity rule because Federal agencies are required to
demonstrate that their actions "conform with" (i.e. do not undermine) the approved State
Implementation Plan for their geographic area. The purpose of conformity is to (1) ensure Federal
activities do not interfere with the air quality budgets in the SIPs; (2) ensure actions do not cause
or contribute to new violations, and (3) ensure attainment and maintenance of the NAAQS.
Federal agencies make this demonstration by performing a conformity review. The stream
restoration activities in Prince George’s County are subject to detailed conformity determinations
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unless these actions are clearly considered de minimus emissions; use of these thresholds assures
that the conformity rule covers only major federal actions. Thresholds for de minimus are shown
in Table 1 for the pollutants relevant for this analysis.

Table 1: De minimus thresholds for relevant pollutants.

Pollutant De minimus
(TPY)

NOx 100

VvOC 50

SO2 100

PM2s 100

Methodology

A conformity review requires consideration of both direct and indirect air emissions associated
with the proposed action. Direct emissions are those that occur as a direct result of the action, and
occur at the same time and place as the action. Sources that would contribute to direct emissions
from this project would include demolition or construction activities associated with the proposed
action and equipment used to facilitate the action (e.g. construction vehicles). Indirect emissions
are those that occur at a later time or distance from the place where the action takes place, but may
be reasonably anticipated because of the proposed action. Upon consultation with MDE, it was
agreed that this project would result in no sources of indirect emissions (MDE, personal
communication 3/17/2015). Both stationary and mobile sources must be included when
calculating the total of emissions, but this project involves only mobile sources.

Air pollutant emissions generated by the proposed action were calculated to determine whether the
total of direct emissions for NOx, VOCs, SO, and PMzs, would be below the conformity de
minimus limits. The selected alternative, with the most equipment operating over the longest
duration was assessed in detail in order to ensure a conservative evaluation. Table 2 shows a list
of equipment that is expected to be used to construct the project and was developed based on
engineering estimates. Each of the pieces of equipment to be used for the project was assumed to
operate all day (8 hours) for a seven-month construction period (154 days), for a total of 1232
hours per year, except where noted. While assuming all of the equipment operating the entire
project duration is unrealistic, this represents a bounding, albeit conservative approach to
quantifying the direct emissions.

Given the hours of operation assumed, emissions were estimated based on equipment-specific
emission factors recommended by the EPA for fuel-burning equipment (USEPA, 1998 and
USEPA, 2000) that could be used. The following discussion summarizes the calculations for the
exhaust and fugitive dust emissions.
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Table 2.

Potential Equipment List

PO -
Power Operating
output Fuel weight
Equipment Description |Specifications| (hp) Type (tons)
Crane Hyd, 33T 230 Diesel
Loader, Crawler F/E, 2.6 CY 160 Diesel 19.84
Loader, Crawler F/E, 3.75 CY 210 Diesel 27.8
Loader/Backhoe 0.80 CY 60 Diesel 5.68
Loader/Backhoe 1.25 CY 84 Diesel 7.88
Roller Vib, DD, 6.0 T 111 Diesel
Roller Vib,DD,12T 100 Diesel
Roller Static,14 T 80 Diesel
Dozer, Crawler 240 Diesel 28.82
Dozer, Crawler 405 Diesel 50.98
Truck, Hwy 50K GVW, 6X4 330 20
Truck, Hwy 25K GVW 210 Diesel 20
Truck, Hwy 45K GVW 330 20
Scraper ELEV, 11 CY 175 Diesel
Grader motor 135 Diesel 14.42
Asphalt Paver 10.0' W, SP 155 Diesel 16
Brush Chipper 12" Dia Log 135 Diesel
24"-42"Long
Chainsaw Bar 57 Diesel 21.04

Annual Emissions

To calculate annual emissions in tons per year for VOC, NOx, PM2s, the following equation was
used:

AE = ((EF)(LF)(PO)(1))/907185

Where:

AE = annual emissions (tons/year)

EF = emission factor (grams/horsepower-hour; from NR-009d* Tables 4, 5, 6 for Tier 3
except for NR-010f2 Table 3 Phase 2 for chainsaw; PMio emissions factors are
conservatively used for PM2 )

LF = load factor (typical fraction of available power available for each type of engine per
vehicle specification)

PO = power output (horsepower of vehicle engine per vehicle specifications);
t = time of operation (1232 hours/year)
907185 is the number of grams per ton

1 U.S. Environmental Protection Agency. July 2010. EPA-420-R-10-018. Exhaust and Crankcase Emissions Factors
for Nonroad Engine Modeling — Compression-Ignition. NR-009d.

2 U.S. Environmental Protection Agency. July 2010. EPA-420-R-10-019. Exhaust Emission Factors for Nonroad
Engine Modeling — Spark-Ignition. NR-010f.

4

Air Quality Conformity Analysis — Prince George’s County
April 2016



Emissions factors for SO, are rarely measured; instead they are typically calculated based on
brake-specific fuel consumption (BSFC). The following equation was used to calculate SO>
emissions factors (Equation 7 from EPA NR009d):

SO, = (BSFC 453.6 (1 — soxcnv) — HC)(0.01)(soxdsl)(2)

Where:

e SO:is the emission factor in g/hp-hr

e BSFC is the in-use adjusted fuel consumption in Ib/hp-hr (NR-009d, Table C1 and NR-
010f, Table 3 Phase 2 for chainsaw)

e 453.6 is the conversion factor from pounds to grams

e soxcnv is the fraction of fuel sulfur converted to direct PM (NR-009d p.22 default value of
0.02247 used for diesel)

e HC is the in-use adjusted hydrocarbon emissions in g/hp-hr (NR-009d, Table 4 and NR-
010f, Table 3 Phase 2 for chainsaw)

e 0.01 is the conversion factor from weight percent to weight fraction

e soxdsl is the episodic weight percent of sulfur in nonroad diesel fuel (default of 0.33 wt %
used per NR-009d p.C1)

e 2is the grams of SO, formed from one gram of sulfur

Fugitive Dust Emissions (PMz2.5)

The analysis of the construction emissions included identification of the type of equipment needed
for the activity, the duration it is needed, and when during the construction phase it would be used.
The construction process was broken down into component operations where each component
involved traffic and material movements. The emission factors from other AP-42 sections were
used to generate estimates for particulate emissions from construction activities. Table 13.2.3-1
was used to identify dust sources involved with construction activities and recommended
particulate emission factors to use. Table 3 indicates those recommended emission factors (from
Table 13.2.3-1) for itemized activities associated with stream restoration construction and their
approximate duration for this project. Durations and vehicles used for each phase were based on
discussions with USACE-EN Civil (Ben Soleimani). The actual equations used are shown below
the table for each component and associated duration listed in Table 3.

Table 3. Sources of emissions factor equations for different phases of construction.
Phases of Construction Duration Source of Emission Factor
(from EPA AP-42)

Demolition and Debris Removal Phase
General land clearing 5 days Dozer equation (overburden) in
Tables 11.9-1 and 11.9-2

Delivery, Removal, & Truck Transport of Materials
Vehicular traffic on unpaved | Continuous throughout | Unpaved road emission factor

access road construction period (97 | equation in Section 13.2.2
km/day for 154 days)
5 Air Quality Conformity Analysis — Prince George’s County
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Vehicular traffic on paved | Continuous  throughout | Paved road emission factor in

urban road construction period (97 | Section 13.2.1

km/day for 154 days)
Unloading and loading of | 77 days Material handling emission
construction materials  (dirt, factor equation in Tables 13.2.4

sand, gravel, rock)

Site Preparation & Earth Moving Phase

Creating access roads | 5 days Dozer equation (overburden) in
(compacting) Tables 11.9-1 and 11.9-2
Excavation and grading of | 77 days Grading equation in Table 11.9-
stream bed material land 11.9-2

Paved road equation (for three highway trucks):

Source: EPA AP-42,13.2.1, Paved Roads

E=k (SL)O.Ql (W)1.02

E = particulate emission factor (same units as k)

k = particle size multiplier for PM2s (from table 13.2.1-1; k=0.15 g/vehicle km traveled)
sL=road surface silt loading (g/m?; 0.2 per Table 13.2.1-2)

W=average weight of vehicle fleet (20 tons)

So, E=0.73 g/km

Then, Annual Emissions = E (distance x time)
AE =(0.73 g/km)(97 km/day x 154 days) = 10904.74 g = 0.012 tons per truck

Unpaved road equation (for trucks only transport of debris & construction materials):

Source: EPA AP-42, 13.2.2, Unpaved Roads

PM25 emissions from unpaved roads are a function of the vehicle miles traveled (VMT) on the
roads, silt content of the roadway material, and the moisture content of this material. Equation
(1a) was used to estimate the quantity in pounds of site-specific particulate emissions from an
unpaved road at industrial sites (e.g., construction sites), per vehicle mile traveled (VMT):

E = k (s/12)3(W/3)P

E = size-specific emission factor (same units as k) for each construction site (e.g. pounds
of PM2 s emissions from an unpaved road per vehicle mile traveled (Ib/VMT))

k = particle size multiplier for PM2.5 (from table 13.2.2-2; k=0.15 Ib/VMT)

a = 0.9 (empirical constant provided in Table 13.2.2-2)

b = 0.45 (empirical constant provided in Table 13.2.2-2)

s = surface material silt content in percent (default mean silt content for construction sites
from Table 13.2.2-1; s = 8.5 %; Silt refers to particles that have a diameter equal to or
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less than 75 microns. The silt content is determined by measuring the portion of dry
aggregate material that passes through a 200 mesh screen, using ASTM-C-136 method.
Since measured data were not available, the default of 8.5 percent was used. However,
the use of the default introduces error. The silt content of the parent soils in the
construction areas as identified through mapping on:
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx provides a conservative
approximation of silt content, which ranges from 34-55% for all sites. These values are
much higher than the default. Further clarification in Section13.2.2 noted that silt content
will vary with geographic location and that road silt content is normally lower than in the
surrounding parent soil due to the removal of fines by vehicle traffic. In a telephone
conversation on Oct 14, 2015, Jim Myers, District Conservationist of Montgomery County
NRCS, indicated that actual silt percentage values from the soil survey are likely higher
than actual values based on prior disturbances, and that without site specific tests, there
is no good way to estimate silt content. Brian Hug (MDE indicated that use of the
appropriate default values from Table 13.2.2-1 are permitted when site-specific values
have not been obtained (MDE, personal communication 27 Oct 2015).

e W = mean vehicle weight (21 tons; averaged operating weight of each type of equipment
identified for use on unpaved roads using online specifications for similar equipment.
Sources: http://www.ritchiespecs.com/; http://www.specguideonline.com/)

So, E = 0.15(8.5/12)%°(21/3)°4 = 0.263 Ib/VMT (unmitigated value, defined below)

The metric conversion from Ib/VMT to grams per vehicle kilometer traveled (VKT) is:
1 1b/VMT = 281.9 g/VKT

So, conversion of 0.263 Ib/VMT = 74.14 g/VKT (unmitigated value)

The construction trucks will be traveling the total length of the project (i.e. stream and access
areas) an estimated three dozen times a day for the construction period (154 days). Based on
mapping of access points and likely travel routes, the linear distance that trucks will travel for each
of the project sites was estimated (Site 9 = 2,241 ft; Site 3 = 7,285 ft; Site 15 = 6,453 ft; Site 5 =
6,453 ft; Site 13 = 7,690 ft; and Site 11 = 10,466 ft). The total travel distance for the three
combined project areas is 39,654 ft.

Travel distance for 36 one-way trips = 39,654 x 36 = 1,427,544 ft or 435 km/day

Then Annual Emissions = E (distance x time):
AE = (74.14 g/km)(435 km/day x 154 days) = 4,966,638.6 g = 5.48 tons (short) per truck
(unmitigated)

As discussed in Section 13.2.2, all roads are subject to some natural mitigation because of rainfall
and other precipitation. Below is the calculation using natural mitigation due to rainfall and other
precipitation (Equation 2 from EPA AP-42, 13.2.2). Equation 2 provides an estimate that accounts
for precipitation on an annual average basis for the purpose of inventorying emissions.

Eext=E [(365-P)/365]
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e Eeq = annual size-specific emission factor extrapolated for natural mitigation (g/VKT)

e E = emission factor from Equation 1a (g/VKT)

e P =number of days in a year with at least 0.254 mm (0.01 in) of precipitation (from Figure
13.2.2-1, the mean annual number of “wet” days for Prince George’s County, MD = 120
days)

Eext = 74.14 g/VKT[(365-120)/365] = 49.76 g/VKT (natural mitigated value)

AE = (49.76 g/km)(435 km/day x 154 days) = 3,333,422 g = 3.68 tons (short) per truck (natural
mitigated value)

General Land Clearing (roller, dozer, scraper, grader, brush chipper, chainsaw)
Source: EPA AP-42, 13.2.3 Heavy Construction Operations (Table 13.2.3-1, Recommended
Emission Factors for Construction Operations) & 11.9 Western Surface Coal Mining

Table 13.2.3-1 recommends the use of the dozer equation (overburden) in Tables 11.9-1 and 11.9-
2 for estimating the emission factor for general land clearing associated with construction
operations. Table 11.9-1 was used since it identifies English units of Ib/hr for the overburden
emissions. It was assumed that most on-site materials (fill, trees, rock, boulders) would be used
on-site and not transported off-site.

Dozer emission factor equations (overburden) from Table 11.9-1 are below. The equation is for
total suspended particulates (TSP). Particulate matter less than or equal to 30 pm in aerodynamic
diameter is sometimes termed “suspended particulate” and is often used as a surrogate for TSP.
For smaller particle sizes (<2.5um), the TSP predictive equation is multiplied by a scaling factor
of 0.105 to determine the emissions. For TSP <30um:

E = 5.7(s)12/(M)22

e E = Emissions (Ib/hr)

e s = percent silt content of material (site-specific value not obtained, therefore used
geometric mean value from Table 11.9-3; bulldozer overburden geometric mean = 6.9%)

e M = percent moisture content of material (site-specific value not obtained, therefore used
geometric mean value from Table 11.9-3; bulldozer overburden geometric mean = 7.9%)

E=5.7(6.9)%/(7.9)}2 = 3.93 Ib/hr

Using <2.5um/TSP scaling factor (Bulldozing - overburden scaling factor for <2.5 um/TSP =
0.105, from Table 11.9-1):

E =3.93 Ib/hr x 0.105 = 0.413 Ib/hr

Assuming 5 days duration for general land clearing with 8 hour days:
0.413 Ib/hr x 40 total hrs = 16.52 Ibs = 0.00826 tons per truck
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Creating Access Roads - Compacting (roller, scraper, grader, asphalt paver)
Source: EPA AP-42, 13.2.3 Heavy Construction Operations (Table 13.2.3-1, Recommended
Emission Factors for Construction Operations) & 11.9 Western Surface Coal Mining

Table 13.2.3-1 recommends the use of the dozer equation (overburden) in Tables 11.9-1 (English
units) for estimating the emission factor for dust-generating compacting activities associated with
creating access road construction operations. The emission factor is downgraded because of
differences in operating equipment from those used in western surface coal mining (section 11.9).
Again, the TSP scaling factor of 0.105 is applied. For TSP <30um:

E = 5.7(s)*2/(M)3

e E = Emissions (Ib/hr)

e s = percent silt content of material (site-specific value not obtained, therefore used
geometric mean value from Table 11.9-3; bulldozer overburden geometric mean = 6.9%)

e M = percent moisture content of material (site-specific value not obtained, therefore used
geometric mean value from Table 11.9-3; bulldozer overburden geometric mean = 7.9%)

E=5.7(6.9)+2/(7.9)"% = 3.93 Ib/hr

Using <2.5um/TSP scaling factor (Bulldozing - overburden scaling factor for <2.5 um/TSP =
0.105, from Table 11.9-1):

E =3.93 Ib/hr x 0.105 = 0.413 Ib/hr

Assuming 5 days duration for general land clearing with 8 hour days:
0.413 Ib/hr x 40 total hrs = 16.52 Ibs = 0.00826 tons per truck

Excavation & Grading of Stream Bed Materials (loader-backhoe, loader-crawler, dozer-crawler,
scraper, grader)

Source: EPA AP-42, 13.2.3 Heavy Construction Operations (Table 13.2.3-1, Recommended
Emission Factors for Construction Operations) & 11.9 Western Surface Coal Mining

The motor grading emission factor equation from Table 11.9-1 (English units) was used to estimate
the emissions of the excavation and land moving activities associated with the stream bed and bank
reconfiguration and/or stream structure installation. The grading emission factor equation is
below. The TSP predictive equation is multiplied by a scaling factor of 0.031 to determine
emissions. For TSP <30um:

E =0.040(S)?°
e E = Emissions (Ib/VMT)
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e S = mean vehicle speed (mph; 10 mph based on average vehicle speed from equipment
specifications — see above for website references)

E = 0.040(10)25 = 12.26 Io/VMT

Using <2.5um/TSP scaling factor of 0.031 (Bulldozing - overburden scaling factor for <2.5
MmM/TSP = 0.105, from Table 11.9-1):

E =12.26 Ib/VMT x 0.031 = 0.380 Ib/VMT = 107.12 g/VKT

The estimated distance that equipment will travel for land grading per day (total project and access
length = 39,654 ft) is 7.51 miles. The total distance traveled for grading equipment for the entire
project (assuming a total of 4 passes along the stream for the entire project) is 30.04 miles (48.35
km) per vehicle.

Annual Emissions = E(distance x time)
AE = (107.12 g/VKT)(48.35 km) = 5,179.25 g = 0.006 tons per truck

Loading and unloading of debris and construction materials into trucks (dirt, sand, gravel, rock)
Source: EPA AP-42, 13.2.3 Heavy Construction Operations (Table 13.2.3-1, Recommended
Emission Factors for Construction Operations) & 13.2.4 Aggregate Handling and Storage Piles

Loading debris and materials into Trucks: Table 13.2.3-1 recommends the use of the material
handling emission factor equation in Tables 13.2.4 for estimating the emission factor for loading
of debris and materials into trucks. Loading material from a stockpile to a truck with a front end
loader is an example of a batch drop operation. The quantity of particulate emissions generated
by a drop operation, per ton of material transferred, is estimated using the following equation:

E = k(0.0032) [(U/5)1%/(M/2)14]

e Where E = emission factor (Ib/ton, i.e. Ibs emitted per ton of material transferred)

e k = particle size multiplier (dimensionless; from Section 13.2.4 Aggregate Handling and
Storage Piles = 0.053 for <2.5um)

e U = mean wind speed (miles per hour; from
http://www.erh.noaa.gov/er/gyx/climo/avgwind.html, the annual average wind speed in
Baltimore, MD is 9.1 mph)

e M = material moisture content in percent (From Table 13.2.4-1, mean moisture content
for exposed ground = 3.4%)

E = 0.053(0.0032) [(U/5)3/(3.4/2)4] = 0.0002 Ib/ton

The approximate total of material transferred is estimated to be 8 tons (based on personal
communication with Ben Soleimani, NAB-EN), so annual emissions are:

AE =0.0002 Ib/ton x 8 tons = 0.0016lbs per truck = 0.0000008 ton/truck
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Unloading debris and materials from Trucks: Table 13.2.3-1 recommends the use of the material
handling emission factor equation in Tables 13.2.4 for estimating the emission factor for unloading
of debris and materials into trucks. The quantity of particulate emissions generated by a drop
operation, per ton of material transferred, is estimated using the following equation.

E = k(0.0032) [(U/5)L3/(M/2)+4]

e E = emission factor (Ib/ton)

e Kk = particle size multiplier (dimensionless; from Section 13.2.4 Aggregate Handling and
Storage Piles = 0.053 for <2.5um)

e U = mean wind speed (miles per hour; from
http://www.erh.noaa.gov/er/gyx/climo/avgwind.html, the annual average wind speed in
Baltimore, MD is 9.1 mph)

e M = material moisture content in percent (From Table 13.2.4-1, mean moisture content
for exposed ground = 3.4%)

E = 0.053(0.0032) [ (U/5):3/(3.4/2)+4] = 0.0002 Ib/ton

The approximate total of material transferred is estimated to be 8 tons (based on personal
communication with Ben Soleimani, NAB-EN), so annual emissions are:

AE =0.0002 Ib/ton x 8 tons = 0.002 Ibs per truck = 0.000001 ton/truck

On-site Truck transport of debris and construction materials (soil, sand, gravel, rock): Included in
unpaved road equation and emissions as shown above.

Summary of Emissions

As shown in Table 4, both annual emissions from exhausts and fugitive dust are below de minimus
thresholds, therefore complying with the Clean Air Act General Conformity Rule.

Table 4: Summary of emissions for stream restoration in Prince Georges County, MD.

SUMMARY - Direct emissions for preferred alternative
Emissions per Emissions Annual Limit (de
Stream Site Project Total minimus)
Pollutant (TPY) (TPY) (TPY)

NOx 5.77 34.6 100

VOCs 0.56 3.4 50

S02 1.95 11.7 100
PM2.5 (exhaust) 0.44 2.6 see PM 2.5 total
PM2.5 (fugitive dust) N/A 11.2 see PM 2.5 total

PM2.5 Total
(exhaust and dust) N/A 13.9 100
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Notes:

Paved road - trucks

Unpaved road — trucks, loader crawler, loader backhoe, paver

Dozer —roller, dozer crawler, scraper, grader

Compacting — roller, scraper, grader, asphalt paver

Excavation and grading - loader-backhoe, loader-crawler, dozer-crawler, scraper, grader

Loading and unloading of debris and excavated materials into trucks (dirt, sand, gravel, rock) -
trucks

Assumptions:

e Total construction period estimated to be 154 days

e 5 days for general land clearing, access road compacting — dozer, scraper, grader, paver,
chipping — 40 hours/day

e 50% all other equip — 616 hours = 0.86 mo

e 77 days for in-stream excavation and grading and loading and unloading of materials (10-26-
15 email from USACE-EN, Ben Soleimani)

e The total length, including access points, of the three combined project areas = 20,851 If.
(stream reach lengths provided by Andrew Roach from GIS mapping of project area)

e Based on discussions with USACE-EN Civil (Ben Soleimani), the construction trucks will be
traveling the total length of the project (i.e., stream and access areas) a couple of dozen times
a day for the construction period (154 days).

e Approximate total of material transferred was estimated to be 8 tons (based on personal
communication with Ben Soleimani, NAB-EN).
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Stream Restoration, Prince Georges County Maryland
Table 1: Conformity Assessment: Preferred Alternative

SUMMARY - Direct emissions for preferred alternative

Emissions per Stream Site

Emissions Project Total

Annual Limit (de minimus)

Pollutant (TPY) (TPY) (TPY)
NOx 5.77 34.6 100
VOCs 0.56 3.4 50
S02 1.95 117 100
PM2.5 (exhaust) 0.44 2.6 see PM 2.5 total (exhaust and dust)
PM2.5 (fugitive dust) N/A 11.2 see PM 2.5 total (exhaust and dust)
PM2.5 Total (exhaust and dust) N/A 13.9 100

DIRECT IMPACTS EQUIPMENT
ANNUAL EXHAUST EMISSIONS
Loader, Loader, Loader/Back | Loader/Back Dozer, Dozer, Brush
Equipment Description Crane Crawler Crawler hoe hoe Roller Roller Roller Crawler | Crawler [ Truck, Hwy [ Truck, Hwy |Truck, Hwy| Scraper Grader | Asphalt Paver [ Chipper | Chainsaw
Specifications Hyd, 33T F/IE,26CY | FIE,3.75CY 0.80 CY 1.25CY Vib, DD, 6.0 T} Vib,DD,12T Static,14 T 50K GVW, 6X4| 25K GVW | 45K GVW |ELEV, 11 CY| motor 10.0'W, SP_|12" Dia Log4"-42"Long Bar
PO - Power output (hp) 230 160 210 60 84 111 100 80 240 405 330 210 330 175 135 155 135 5.7
Fuel Type Diesel Diesel Diesel Diesel Diesel Diesel Diesel Diesel Diesel Diesel Diesel Diesel Diesel diesel diesel Diesel
BSFC 0.367 0.367 0.367 0.408 0.408 0.367 0.408 0.408 0.367 0.367 0.367 0.367 0.367 0.367 0.367 0.367 0.367 0.608
Operating weight (tons 19.84 27.8 5.68 7.88 28.82 50.98 20 20 20 14.42 16 21.0381818
EF - Emission Factors
(grams/hp-hr)*
NOx 25 25 25 3 3 2.5 3 3 2.5 25 25 25 25 25 25 25 25 0.9
HC 0.1836 0.1836 0.1836 0.1836 0.1836 0.1836 0.1836 0.1836 0.1836 0.1669 0.1669 0.1836 0.1669 0.1836 0.1836 0.1836 0.1836 47.98
S02 0.85 0.85 0.85 0.95 0.95 0.85 0.95 0.95 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 1.09
PM2.5 (using PM10 factors) 0.15 0.22 0.15 0.3 0.3 0.22 0.3 0.3 0.15 0.15 0.15 0.15 0.15 0.22 0.22 0.22 0.22 7.7
LF - Load Factor
(fraction of power) 0.43 0.80 0.21 0.21 0.21 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.43 0.59 0.59 0.43 0.43
t - Time of operation
(hrlyr) 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232 1232
AE - Annual Emissions (tons/year)* = (EF X LF X PO X t)/907185
NOx 0.3358 0.4346 0.1497 0.0513 0.0719 0.2223 0.2404 0.1923 0.4807 0.8113 0.6610 0.4207 0.6610 0.2555 0.2704 0.3105 0.1971 0.0030
VOCs 0.0247 0.0319 0.0110 0.0031 0.0044 0.0163 0.0147 0.0118 0.0353 0.0542 0.0441 0.0309 0.0441 0.0188 0.0199 0.0228 0.0145 0.1597
S02 0.1142 0.1479 0.0509 0.0162 0.0227 0.0757 0.0758 0.0606 0.1636 0.2761 0.2249 0.1431 0.2249 0.0869 0.0920 0.1056 0.0671 0.0036
PM2.5 (exhaust) 0.0201 0.0382 0.0090 0.0051 0.0072 0.0196 0.0240 0.0192 0.0288 0.0487 0.0397 0.0252 0.0397 0.0225 0.0238 0.0273 0.0173 0.0256
ANNUAL FUGITIVE DUST EMISSIONS
Loader, Loader, Loader/Back | Loader/Back Dozer, Dozer, Brush
Equipment Description Crane Crawler | Crawler hoe hoe Roller Roller Roller Crawler | Crawler [ Truck, Hwy [ Truck, Hwy | Truck, Hwy| Scraper Grader | Asphalt Paver [ Chipper | Chainsaw Total
Paved Roads - tons (Equations from EPA AP-42, equation 13.2.1)
q]_ | | [ | [ | | | 0.012 [ 0012 0012 | | | | [ [ 0.036
Unpaved roads - tons, natural mitigated value (Equations from EPA AP-42, 13.2.2)
| | [ | [ | | | 3.68 [ 368 3.68 | | | | [ [ 11.04
General Land Clearing - tons (Equations from EPA AP-42 13.2.3)
[ | 0.008] 0.008] 0.008] 0.008]  0.008] | [ 0.008] 0.008] | 0.008] 0.008] 0.072
Creating access roads (compacting) - tons (Equations from EPA AP-42 13.2.3)
[ [ [ 0.008] 0.008] 0.008] [ [ [ 0.008] _ 0.008] 0.008] [ [ o048
Excavation & grading of stream bed materials -tons (Equations from EPA AP-42 13.2.3)
0.006] 0.006] 0.006] 0.006] [ | | 0.006]  0.006] | [ 0.006]  0.006] | [ [ 0.024
Loading of debris & construction materials -tons (Equations from EPA AP-42 13.2.3)
[ [ [ [ [ [ [ 0.000001] _0.000001] _0.000001] [ [ [ [ [ 0.000003
Unloading of debris & construction materials -tons (Equations from EPA AP-42 13.2.3)
[ | | 0.000001]  0.000001] 0.000001] | | | [ [ 0.000003
Total Direct Emission Amounts (tons/yr) Direct Total On-Site Fugitive Dust Emissions (tons/yr)
NOX 5.77 PM2.5 Total (Fugitive Dust) | 11.220006
VOCs 0.56
S02 1.95
PM2.5 Total 0.4412
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AGENCY CORRESPONDENCE*

*Note that agency correspondence received during the public comment period for the
Draft Feasibility Report and Environmental Assessment (June 1- June 30, 2017) and
the State and Agency Review (August 2018) of the Final Feasibility Report and
Environmental Assessment is contained in Appendix D.

Date Summary of Agency Correspondence

11 March USACE email to Genevieve LaRouche (US Fish and Wildlife Service)

2014 requesting coordination under the Fish and Wildlife Coordination Act
and Endangered Species Act.

20 March USACE email to Brian Hug and Walter Simms (Maryland Department

2015 of Environment (MDE)), requesting assistance regarding the analysis
for the air quality conformity.

15 May USACE Email to MDE about air quality conformity analysis for the

2015 stream restoration projects in Prince George’s and Montgomery
County.

01 June 2015 | USACE Public Notice sent to agencies and the public to notify of
ongoing study (mailing list included in Appendix D)

15 June Letter from Maryland Department of Planning, Maryland Historical

2015 Trust (MHT) regarding recommendations for cultural resources
evaluation at the project sites. MHT believes that the proposed
restoration work will unlikely have an adverse effect on the cultural
resources within six out of the ten reaches. From Dixie L. Henry,
Preservation Officer.

23 June Letter from the Maryland-National Capital Park and Planning

2015 Commission responding to study notice. MNCPPC provided maps of
the Anacostia River Watershed and is very supportive of the proposed
environmental assessment as the first step in developing restoration
projects for the Anacostia River Watershed. From Lawrence E.
Quarrick, Division Chief.

2 July Letter from the Maryland Department of Natural Resources

2015 (MDDNR) to share their recommendations on natural resource
considerations during the development of the Environmental
Assessment. From Greg Golden, Project Review Division.

13 July Letter from the Maryland Department of Planning conveying state

2015 clearinghouse recommendations. Comments from The Maryland

Department of Environment: any solid waste generated from the
subject project must be disposed properly by recycling, if possible, or
a permitted solid waste acceptance facility; The Waste Diversion and
Utilization Program must be contacted before construction activities
begin if the facilities may generate, propose to generate, and/or
handling hazardous wastes to ensure the activities are being conducted
correctly with applicable State and federal laws and regulations;
comments from the MHT on recommendations for cultural
evaluations. From Linda C. Janey, J.D, Assistant Secretary

29 July

Letter from MDDNR, Wildlife and Heritage Service, stating that there




2015

is one state listed endangered plant (Stellaria Alisine) at the project
area at Indian Creek. From Lorie A. Byrne, Environmental Review
Coordinator.

7 August Letter from Prince George’s County Department of Permitting stating

2015 that approval of Stormwater Management Concept and site
development is required, as well as and approval for 100-year
floodplain. From Haitham A. Hijazi, Director

27 October Email from MDE about unpaved roads for air quality conformity.

2015

4 January Email from MDDNR about the design for Indian Creek, with regards

2016 to the rare plant.

14 January Email from MDDNR (Katharine McCarthy) to USACE (Angela

2016 Sowers) with information on wildlife and plant species at Site 11,
Indian Creek.

2 February Email from MDDNR (Katharine McCarthy) to USACE (Angela

2016 Sowers) summarizing conference call regarding rare plant at Indian

Creek.

12 February
2016

Email from MDDNR (Katharine McCarthy) to USACE (Angela
Sowers and Jacqueline Seiple) providing information on rare plant at
Indian Creek, Site 11.

25 April Letter to MHT (Ms. Elizabeth Hughes) from USACE (Daniel Bierly)

2016 to initiate Section 106 consultation.

17 May Email from USACE (Angela Sowers) to Prince George’s County Soil

2016 Conservation District (Steve Darcey) regarding the presence of prime
and unique farmlands in the study area.

27 May 2016 | Letter from USDA Natural Resources Conservation Service (Dean
Cowherd) communicating that the project will not impact or convert
prime or unique farmlands.

1 June 2016 USACE Notice of Availability sent to agencies and the public to
inform them of release of Draft Feasibility Report and Integrated
Environmental Assessment (see Appendix D for responses to public
comments).

1 August Email correspondence between MDDNR (Katharine McCarthy) and

2016 & 22 USACE (Jacqui Seiple) discussing site visit report for Indian Creek

September and conveying MDDNR recommendations for feasibility level designs

2016 to avoid impacting the rare plant.

3 November USACE letter to Delaware Nation of Oklahoma inquiring whether the

2016 tribe would like to initiate government to government consultation in
accordance with the Department of Defense American Indian and
Alaska Native Policy.

3 November | USACE letter to Eastern Shawnee Tribe of Oklahoma inquiring

2016 whether the tribe would like to initiate government to government
consultation in accordance with the Department of Defense American
Indian and Alaska Native Policy.

3 November USACE letter to Pamunkey Indian Tribe inquiring whether the tribe

2016 would like to initiate government to government consultation in




accordance with the Department of Defense American Indian and
Alaska Native Policy.

3 November USACE letter to Delaware Tribe of Indians inquiring whether the tribe

2016 would like to initiate government to government consultation in
accordance with the Department of Defense American Indian and
Alaska Native Policy.

3 November | USACE letter to Seneca-Cuyuga Nation inquiring whether the tribe

2016 would like to initiate government to government consultation in
accordance with the Department of Defense American Indian and
Alaska Native Policy.

3 November | USACE letter to Tuscarora Nation inquiring whether the tribe would

2016 like to initiate government to government consultation in accordance
with the Department of Defense American Indian and Alaska Native
Policy.

16 & 21 Email correspondence between USACE (Seiple) and EPA (Aaron

December Blair) concurring with USACE response to EPA comment on concerns

2016 over potential impacts of the stream restoration project on

groundwater in the vicinity of University of Maryland Landfill 3A.

2 February &

Email correspondence between USACE (Seiple) and The National

22 March Capital Planning Commission (Michael Weil) confirming that the

2017 proposed project is consistent with the existing park use and requires
no further review for the Capper Crampton Act.

13 July 2017 | Email correspondence to Katharine McCarthy (MDDNR) from
USACE (Seiple) providing the 35% site designs for her review that
incorporate MDNR recommendations to protect Stellaria alsine at
Indian Creek, Site 11.

1 August Email from USACE (Seiple) to MDDNR (McCarthy and Golden)

2017 documenting teleconference discussion (25 July 2017) regarding

Indian Creek, Site 11 designs.

1 September
2017

Letter from USACE (Bierly) to MHT conveying information cultural
investigations and Phase | surveys of the project sites, to request
completion of coordination under Section 106.

30 October Letter from Maryland Historic Trust (Dixie Henry) to USACE

2017 indicating their opinion that restoration work will have no adverse
effect on historic properties.

3 August Letter sent from USACE to agencies listed below for State and

2018 Agency Review of Final Feasibility Report and Environmental

Assessment (see Appendix D for comments received from these
agencies).
e Larry Hogan, Governor of Maryland
e Adam Ortiz, Prince George’s County Department of
Environment
e Bill Shuster, U.S. House Committee on Transportation and
Infrastructure
e John Barrasso, U.S. Senate Committee on Environment and
Public Works




Terron Hillsman, National Resources Conservation Service
Gregory Murrill, Federal Highways Administration
Michael Pentony, National Marine Fisheries Service
Rachel Lipsy, NOAA Office of Strategic Planning

Barbara Rudnick, US Environmental Protection Agency
Lisa Treichel, Department of Interior

Myra Barnes, Maryland Department of Planning

USACE, Assistant Secretary of the Army




DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, U.S. ARMY CORPS OF ENGINEERS
P. 0. BOX 1715

BALTIMORE, MARYLAND 21203-1715

REPLY TO
ATTENTION OF

Planning Division

Ms. Genevieve LaRouche MAR 11 204
Field Supervisor

Chesapeake Bay Field Office

U.S. Fish & Wildlife Service

177 Admiral Cochrane Drive

Annapolis, MD 21401

Dear Ms. LaRouche:

This letter is in reference to the U.S. Army Corps of Engineers (USACE), Baltimore District’s
proposal to continue work on the Anacostia River Watershed restoration project in Montgomery
County, Maryland. In July 2005, the Section 905(b) report “Anacostia River and Tributaries,
Maryland and the District of Columbia, Comprehensive Watershed Plan” was completed and
recommended USACE conduct a comprehensive investigation of watershed problems. The
resulting Anacostia Restoration Plan (ARP) was completed in February 2010 and identified over
3,000 candidate projects for the restoration of the Anacostia River watershed, including several
projects that USACE could potentially implement. Alterations to the hydrologic regime,
physical habitat, and water chemistry have been found to be the primary drivers of degradation in
the Anacostia River.

A Feasibility Study was initiated in 2013 to more fully investigate restoration opportunities to
address degraded aquatic ecosystems in the Anacostia River Watershed. During a May 2012
meeting, Montgomery County Department of Environmental Protection (MCDEP) staff
confirmed that stream restoration is a priority for Montgomery County. In October 2013,
USACE entered into an agreement with Montgomery County as the local non-Federal sponsor.

The study team identified the following primary objectives: (1) Restore in-stream habitat by
restoring stream geomorphic condition. Biological data, in the form of IBIs, physical habitat
data, stream geomorphic data, land use data, and other data will be utilized to assess the present
ecological health of streams and the expected lift in ecological function and structure from
restoration activities; (2) Restore the natural range and habitat of resident and migratory fish to
the greatest extent possible in the Anacostia River and its streams. Inventories of stream
blockages, information on ongoing fish passage remediation efforts, and other data will be
utilized to assess the effects of blockage removal; and (3) Restore non-tidal wetlands along
stream reaches. Characterization of riparian plant communities in the watershed, will be
required to evaluate potential resource trade-offs.



The criteria and objectives by which a recommended plan will be selected will be determined
during the Alternative and Evaluation phase. Preliminary criteria and metrics have been
identified and will be reexamined and refined as the study progresses. An initial array of
candidate stream segments has been identified as an outcome of preliminary office and field
work (Figure 1). Ifa plan is recommended and authorized, USACE will obtain any permits
necessary for construction.

The appropriate level of involvement for the U.S. Fish and Wildlife Service, with the two
ecosystem restoration feasibility studies in the Anacostia River Watershed with Prince George’s
County and Montgomery County, Maryland, involves a relatively low level of effort that will be
needed to accomplish the requirements under the Fish and Wildlife Coordination Act (FWCA).
This would consist of general coordination during plan formulation and preparation of FWCA
reports. At this time, USACE is requesting your agency’s continued input with respect to
wildlife resources within the Anacostia River watershed in accordance with the Fish and Wildlife
Coordination Act and Endangered Species Act. Any information your office may have on
recent/new occurrences of federally protected species of animals and plants listed by Section 7 of
the Endangered Species Act would be greatly appreciated. USACE is committed to
incorporating USFWS input and interests throughout the process.

Thank you for the continued involvement of your agency pursuant to the FWCA and any Section
7 requirements for the restoration project. If you have any questions, or would like to provide
any feedback, please contact Chris Spaur by email at Christopher.C.Spaur@usace.army.mil or by
telephone at (410) 962-6134.

Sincerely,

/-

Daniel M. Bierly, Chief
Civil Project Development Branch
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From: Brian Hug -MDE -

To: Seiple, Jacqueline A NAB

Subject: [EXTERNAL] Fwd: Emissions factors - General Conformity (UNCLASSIFIED)
Date: Friday, March 20, 2015 12:28:46 PM

Attachments: 420r10018.pdf

---------- Forwarded message ----------

From: Walter Simms -MDE- <walter.simms@maryland.gov=>

Date: Fri, Mar 20, 2015 at 12:12 PM

Subject: Re: Emissions factors - General Conformity (UNCLASSIFIED)
To: Brian Hug -MDE- <brian.hug@maryland.gov>

Hi Roger:

I checked the formulas and methodologies being used by Ms. Seiple and they appear to be
acceptable, | would however inform her that she should make sure she uses the most up to date
guidance. There is a NR-009d and most of the table and values match the NR-009b , but I have not
checked all. I'm sure that there are changes in the guidance somewhere. | have attached the NR-009d
document.

Walter

On Fri, Mar 20, 2015 at 7:53 AM, Brian Hug -MDE- <brian.hug@maryland.gov> wrote:

Walter...please review this for the corp of engineers and email me your comments today. Thanks.

---------- Forwarded message ----------

From: Seiple, Jacqueline A NAB <Jacqueline.A.Seiple@usace.army.mil>
Date: Friday, March 20, 2015

Subject: Emissions factors - General Conformity (UNCLASSIFIED)

To: Brian Hug -MDE- <brian.hug@maryland.gov>

Classification: UNCLASSIFIED
Caveats: NONE

Brian,

Thanks for meeting with me on Monday regarding General Conformity analyses for the stream
restoration projects we are planning in Montgomery County. | do have a few more questions, mainly
regarding where to find emissions factors for construction equipment. 1 just want to verify that my
thoughts below are correct, before moving on.

For NOx, VOC (HC), and PM2.5, I will use emissions factors from Tables 4, 2, and 5, respectively,
from EPA NR-009B (see attached).

For SO2, | could not find a similar table, so was going to use Equation 7 on pg. 19 of EPA NR-
009B. For the variables, |1 would use:

>BSFC from Appendix C Table C1

>HC from Table 2

>soxcnv = 0.02247 for diesel (from p. 17)

>soxdsl = 500 ppm = 0.05 weight percent (max S content of fuel for nonroad vehicles June

2007)


mailto:brian.hug@maryland.gov
mailto:Jacqueline.A.Seiple@usace.army.mil
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Exhaust and Crankcase Emission Factors
for Nonroad Engine M odeling--
Compression-Ignition

Report No. NR-009d
July 2010

Assessment and Standards Division
EPA, Office of Transportation and Air Quality

Purpose

This report describes and documents exhaust emission factors used for compression
ignition (CI) enginesin the U.S. Environmental Protection Agency’s (EPA) final
NONROAD2008a emission inventory model. The term “compression ignition” is synonymous
with “diesel” for the purposes of this report. Pollutants covered include hydrocarbons (HC),
carbon monoxide (CO), oxides of nitrogen (NOy), particulate matter (PM), carbon dioxide (COy),
and sulfur dioxide (SO,). Brake specific fuel consumption (BSFC), which isafuel rate
measurement, is also discussed. All PM emissions are assumed to be smaller than 10 microns
(PM10) and 97% of the PM is assumed to be smaller than 2.5 microns (PM»5). The NONROAD
Reporting Utility allows the user to select which of these two size rangesis reported. Relativeto
the previous April 2004 version of this report, this version has been updated to include the Tier 3
standards for recreational marine diesel engines, along with technology name changes for this
source category.

This report covers zero-hour, steady-state emission factors, transient adjustment factors,
and deterioration factors for al diesel-fueled engines. Adjustments to emission rates due to
variationsin fuel sulfur level are also included. There are no additional adjustmentsto CI
emissions for temperature, atitude, or for other fuel parameters. Crankcase HC emission factors
are also covered in this report. Emission factors for spark ignition engines (including gasoline
and natural gas/propane) are covered in a separate report, NR-010f.

Zero-mile, steady-state emission factors for HC, CO, NOy, PM, and BSFC will be
discussed first, followed by adjustments (where applicable) to account for transient operation,
deterioration, and variationsin fuel sulfur level. Derivation of CO, and SO, emission factors
follows. Crankcase HC emission factors are then discussed. Thisisfollowed by a discussion of
the PM 5 fraction of PM o used in the Reporting Utility.

| ntroduction
The NONROAD model estimates air pollution from more than 80 types of compression
ignition (CI) and spark ignition (SI) nonroad sources including such items as lawvnmowers,

motorboats, portable generators and construction equipment. By bringing together information
on equipment populations, equipment use, and emission factors, the NONROAD model
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estimates mass emissions of hydrocarbons (HC), carbon monoxide (CO), nitrogen oxides (NOy),
sulfur dioxide (SO,), particulate matter (PM) and carbon dioxide (CO,) for specific states and
counties for past and future years, providing aflexible tool that can be applied to awide variety
of air quality modeling and planning functions.

The NONROAD calculations rely on emission factors--estimates of the amount of
pollution emitted by a particular type of equipment during a unit of use. Typically, emission
factors for nonroad sources are reported in grams per horsepower-hour (g/hp-hr), but they also
may be reported in grams per mile, grams per hour, and grams per gallon. The Cl emission
factorsin the NONROAD model are reported in g/hp-hr and are based on emissions test data
where available, adjusted when necessary to account for in-use operation that differs from the
typical test conditions. These emission factors are stored in NONROAD’ s data input files.
NONROAD adjusts these emission factors as necessary to account for the effects of fuel sulfur.
Emission changes with the age of the engine, often called ‘ deterioration,” are also applied by the
model.

If comments on this document or other information gathered during stakeholder and peer
review cause us to refine the Cl emission factors, we will document the changes in a subsequent
report.

Emission Standards

In addition to estimating emissions from uncontrolled engines, the NONROAD model is
designed to account for the effect of federal emissions standards. NONROAD will not cover
Cadlifornia emission standards or proposed federal standards that are not yet final.

NONROA D2008a accounts for emission factors under five regulations that establish up to four
tiers of emission standards:

. “Determination of Significance for Nonroad Sources and Emission Standards for New
Nonroad Compression Ignition Engines at or above 37 Kilowatts.” This rule establishes
“Tier 17 standards for ClI engines at or above 50 hp (37 kW). [1]

. “Control of Emissions from Nonroad Diesel Engines.” Thisrulelists“Tier 1” and “Tier
2" standards for ClI engines below 50 hp, and “Tier 2" and “Tier 3” standards for engines
of 50 hp and greater. [2]

. “Control of Emissions From Nonroad Large Spark-Ignition Engines and Recreational
Engines (Marine and Land-Based).” This rule establishes “Tier 2" equivalent standards
for recreational marine diesel engines over 50 hp. [3]

. “Control of Emissions from Nonroad Diesel Engines and Fuel.” Thisrule establishes
“Tier 4" standards for Cl engines covering all hp categories, and also regulates diesel fuel
sulfur content. [4]





. “Control of Emissions of Air Pollution From Locomotive Engines and Marine
Compression Ignition Engines Less Than 30 Liters per Cylinder; Republication.” This
rule establishes “Tier 3" standards for recreational marine diesel engines. [5]

The emission standards with the affected model years and the corresponding model tech
types are provided in Table 1. Table 1 coversall Cl engines except recreational marine engines.
The standards and emission factors for recreational marine Cl engines are discussed separately.
Tech types are defined for unique sets of standards and/or certification fuel sulfur levels. The
certification fuel sulfur levels will be discussed in more detail later in this report.

Along with the new engine standards listed in Table 1, there are flexibility alowances for
equipment manufacturers. Under the Percentage Phase-in Allowance provision, a manufacturer
may exempt up to a cumulative total of eighty percent of the production over thefirst seven
years anew standard applies. This applies separately to each regulatory power category. The
engines used in such exempted equipment will only have to meet the previous standard, which is
either the Tier 1 standard in the case of equipment at or above 50 hp, or unregulated in the case
of equipment under 50 hp. For categories of engines where there is an overlap in standards (this
only occurs in equipment at or above 50 hp), the standard for the exempted equipment continues
to bethe Tier 1 standard. The following example illustrates the percent exemptions applied
during the introduction of Tier 2 and Tier 3 standards for equipment <100 to 175 hp. For this
example, the standard for the exempted equipment isthe Tier 1 standard.

2002 100% Tier 1

2003 20% Tier 1, 80% Tier 2
2004 20% Tier 1, 80% Tier 2
2005 10% Tier 1; 90% Tier 2
2006 10% Tier 1; 90% Tier 2
2007 10% Tier 1; 90% Tier 3
2008 10% Tier 1; 90% Tier 3
2009 100% Tier 3

Total exemption: 80%

For the purposes of emissions modeling, we assumed that the manufacturers took full
advantage of the Percentage Phase-in Allowance provisions. The resulting technology
distributions by hp category and model year are provided in Appendix A, Table A1l.





Table 1. Nonroad Cl Engine Emission Standards®

Emission Standards (g/hp-hr)

Engine Power NONROAD
(hp) Model Years | Regulation HC® NMHC+NO, co NO, PM Tech Types
<11 2000-2004 Tier1 7.8 6.0 0.75 T1
2005-2007 Tier 2 5.6 6.0 0.60 T2
2008+ Tier 4 0.30 T4A, T4B ©
>11t0<25 2000-2004 Tier 1 7.1 4.9 0.60 T1
2005-2007 Tier 2 5.6 4.9 0.60 T2
2008+ Tier 4 0.30 T4A, T4B ©
>2510 <50 1999-2003 Tier 1 7.1 4.1 0.60 T1
2004-2007 Tier 2 5.6 4.1 0.45 T2
2008-2012 Tier 4 0.22
transitional T4A
2013+ Tier 4 fina 35 0.02 T4
=50 to <75 1998-2003 Tier 1 6.9 T1
2004-2007 Tier 2 5.6 3.7 0.30 T2
2008-2012 Tier 3° 35 3.7 T3
2008-2012 Tier 4 0.22 T4A
transitional ©
2013+ Tier 4 fina 35 0.02 T4
>751t0 <100 1998-2003 Tier1 6.9 T1
2004-2007 Tier 2 5.6 3.7 0.30 T2
2008-2011 Tier 3 35 3.7 T3B
2012-2013 Tier 4 0.14 0.30 0.01 50% T4
transitional | (50%) ° (50%) 50% T4N
2014+ Tier 4 final 0.14 0.30 0.01 T4N
>100 to <175 1997-2002 Tierl 6.9 T1
2003-2006 Tier 2 4.9 3.7 0.22 T2
2007-2011 Tier 3 3.0 3.7 T3
2012-2013 Tier 4 0.14 0.30 0.01 50% T4
transitional (50%) (50%) 50% T4N
2014+ Tier 4 fina 0.14 0.30 0.01 T4N
=175 to <300 1996-2002 Tier 1 1.0 85 6.9 0.4 T1
2003-2005 Tier 2 49 2.6 0.15 T2
2006-2010 Tier 3 3.0 2.6 T3
2011-2013 Tier 4 0.14 0.30 0.01 50% T4
transitional (50%) (50%) 50% T4N
2014+ Tier 4final 0.14 0.30 0.01 T4N
=300 to <600 1996-2000 Tier 1 1.0 85 6.9 0.4 T1






Engine Power Emission Standards (g/hp-hr) NONROAD
(hp) Model Y ears Regulation HCP NMHC+NO, CO NO, PM Tech Types
2001-2005 Tier 2 ) 26 0.15 T
2006-2010 Tier 3 3.0 26 T3
2011-2013 Tier 4 0.14 030 | 001 50% T4
transitional | (50%) (50%) 50% T4N
2014+ Tier 4 findl 0.14 030 | 001 T4N
>600t0<750 | 1996-2001 Tier 1 1.0 85 6.9 0.4 T1
2002-2005 Tier 2 48 26 0.15 T2
2006-2010 Tier 3 3.0 26 T3
2011-2013 Tier 4 0.14 030 | 001 50% T4
transitional (50%) (50%) 50% T4N
2014+ Tier 4 final 0.14 030 | o001 T4N
>750 except 2000-2005 Tier 1 1.0 85 6.9 04 T1
generator sets 50062010 Tier 2 48 26 0.15 T2
2011-2014 Tier 4 0.30 26 | 0075
transitional T4
2015+ Tier 4 final 0.14 26 0.03 T4N
Generator sets 2000-2005 Tier 1 1.0 8.5 6.9 0.4 T1
>75010<1200 | 5006.2010 Tier 2 48 26 0.15 T2
2011-2014 Tier 4 0.30 26 | 0075
transitional T4
2015+ Tier 4 final 0.14 05 0.02 T4N
Generator sets 2000-2005 Tier 1 1.0 8.5 6.9 0.4 T1
>1200 2006-2010 Tier 2 4.8 26 0.15 T2
2011-2014 Tier 4 0.30 05 | 0075
transitiona T4
2015+ Tier 4 fina 0.14 05 0.02 T4N

& The standards for recreational marine diesel engines are provided in Table 9.

® Tier 4 standards are in the form of NMHC.

¢ For 50 to <75 hp engines, a Tier 3 NO, standard of 3.5 g/hp-hr was promulgated, beginning in 2008. The Tier 4 transitional
standard also beginsin 2008; it leaves the Tier 3 NO, standard unchanged and adds a 0.22 g/hp-hr PM standard.

d Percentages are model year sales fractions required to comply with the indicated NO, and NMHC standards, for model years
where less than 100 percent is required.

® The T4A tech typeis used in 2008-2012. The T4B tech typeis used in 2013+,






M ethodoloqgy for Calculation of Emission Factorsin NONROAD

For HC, CO, and NOy, the exhaust emission factor for a given diesel equipment typein a
given model year/ageis calculated as follows:

EF . (vc .o nox ) = EF & X TAF x DF [Equation 1]

where:

EF. =final emission factor used in model, after adjustments to account for transient operation
and deterioration (g/hp-hr)

EFs = zero-hour, steady-state emission factor (g/hp-hr)

TAF = transient adjustment factor (unitless)

DF = deterioration factor (unitless)

The zero-hour, steady-state emission factors (EFs) are mainly afunction of model year and
horsepower category, which defines the technology type. The transient adjustment factors
(TAFs) vary by equipment type. The deterioration factor (DF) is afunction of the technology
type and age of the engine.

Since PM emissions are dependent on the sulfur content of the fuel the engine is burning,
the equation used for PM is slightly modified from equation [1] as follows:

EF u (v ) = EF o X TAF x DF X Sy [Equation 2]

where:

Semag =  adjustment to PM emission factor to account for variations in fuel sulfur content
(g/hp-hr)

PM and SO, are the only diesel pollutants that are dependent on fuel sulfur content.

For BSFC, there is no deterioration applied, so the equation is ssimplified to:

EF & (ssc ) = EF & * TAF [Equation 3]

Emission factors for CO, and SO, are cal culated based on brake-specific fuel
consumption; therefore, the model does not require CO, or SO, emission factor input files. The
eguations for computing these emissions are discussed in detail later in this report.

Crankcase HC emissions are ssimply a fraction (2%) of exhaust HC emissions for Tier 3
and earlier engines. [6] For Tier 4 engines, zero crankcase emissions are assumed. Crankcase
emissions are discussed in more detail later in this report.

For ease of reference, the model inputs for EFs, TAFs, and DFs are included with the
technology model year fractionsin Appendix A.
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Zero-Hour, Steady State Emission Factors (EF)--HC, CO, NO, , PM, and BSFC

This section describes the steady-state fuel consumption and emission factors for HC,
CO, NOy, and PM. These emission factors are listed in Table A2 in Appendix A. We have used
engine model year and horsepower as categories to group NONROAD emission factors. These
groupings are consistent with emission standards for Cl engines with two minor exceptions. One
exception is that the pre-control engines have been split into two groups, pre-1988 MY engines,
and 1988 MY to Tier 1 engines. The pre-1988 MY engines are referred to as “Base” engines and
the 1988 MY to Tier 1 engines arereferred to as“ Tier 0” engines. This distinction was made
based on data indicating a difference in emission rates. The other exception isaminor difference
in the horsepower categories used in NONROAD versus those used for standard setting. The
NONROAD horsepower categories follow the general formula, x<hp<y, whereas the CI
standards generally follow the formula, x<hp<y. By making this minor modification, the
NONROAD CI horsepower categories are consistent with those used for spark ignition
equipment. Perhapsin the future, emission factors may be distinguished by technologies such as
turbo-charging, fuel metering pumps, and cylinder size; however, there are not enough emissions
data at present to support such distinctionsin NONROAD emission factors.

As mentioned previously, fuel sulfur levels affect PM emissions. NONROAD users can
adjust for local (episodic) fuel sulfur levels. In the absence of local information, suggested
nationwide average fuel properties are provided in Table 2. [7]

The adjustment for fuel sulfur is made relative to the default certification fuel sulfur level
inthe model. The national average for nonroad diesel estimated as of 1997 is 3300 ppm [8], and
the Tier 1 and pre-control emission factorsin NONROAD’ s input files are adjusted to be
consistent with this default fuel sulfur level. The available Tier 2 emission factors are intended to
be consistent with a default fuel sulfur level of 0.20 mass percent, in order to attain a0.15 g/hp-
hr PM standard. Where emission tests were known to have been performed with fuels with other
sulfur contents, the test results have been adjusted, as described in Appendix C.

The default certification fuel sulfur levelsin the model for Tier 3 and Tier 4 engines are
provided in Table 3. In addition to adjusting for local fuel sulfur levels, the model allowsthe
user to input alternative default certification diesel fuel sulfur levelsfor Tier 2 and later engines.
This option will be described in more detail in alater section of the report.





Table2. Suggested Nationwide Average Diesel Fuel Sulfur Content

Diesal Sulfur (ppm)
Y ear Land Marine
2000 2284 2640
2001 2284 2635
2002 2284 2637
2003 2284 2637
2004 2284 2637
2005 2284 2637
2006 2242 2588
2007 1139 1332
2008 351 435
2009 351 435
2010 165 319
2011 32 236
2012 32 124
2013 32 44
2014 20 52
2015 11 56
2016 11 56
2017 11 56
2018 11 55
2019 11 55
2020+ 11 55






Table 3. Default Certification Diesel Fuel Sulfur Content for Tier 3and Tier 4 Engines

Engine Power Model Years Regulation NONROAD Modeled Default Fuel
Tech Types Sulfur Content (ppm)
hp< 75 2008-2012 Tier 4 transitional T4A 500
2013+ Tier4 T4B, T4 15
75<hp< 100 2008-2011 Tier 3 transitional * T3B 500
2012+ Tier 4 transitional
and final T4, T4N 15
100<hp< 175 2007-2011 Tier3 T3 2000
2012+ Tier 4 transitional
and final T4, TAN 15
175<hp< 750 2006-2010 Tier3 T3 2000
2011+ Tier 4 transitional
and final T4, T4AN 15
hp > 750 2011+ Tier 4 transitional
and final T4, T4N 15

& Since the Tier 3 standard beginsin 2008, it is assumed that this new technology introduction will allow
manufacturers to take advantage of the availability of 500 ppm fuel that year.

Dueto lack of data, the brake-specific fuel consumption (BSFC) for the 1988-and-later
pre-control (Tier 0) enginesis used for all engines, both earlier pre-control engines and later
engines subject to emissions standards. The derivation of the BSFC valuesis described in
Appendix C. Whileitislikely that fuel consumption varies between these categories, thereis
not sufficient data available at this time for EPA to specify aternate values.

Thereislittle test data available on nonroad engines. In developing the emission factors
for NONROAD, we have considered data from various sources. The basis for the emission
factors by model year/hp category is described below and summarized in Table 4 thru Table 7.

Base (Pre-1988), Engines <50 hp:

There are no known tests of pre-1988 Cl engines of less than or equal to 50 hp. Thus,
NONROAD will use the same emission factors as for the 1988 through Tier 1 years for engines
of this size described below.






Table4. Summary of the Basisfor the HC Zero-Hour Steady-State Cl Emission Factorsin NONROAD?2008a

HC g/hp-hr
HP Tier 0* | TO Basis || Tier1 | T1Basis | Tier 2° T2(‘:]B§sisC Tier 3° T3 Basis® | Tier4 | T4Basis
>0to11 | 15 |OFFROAD || 0.7628 | cert [ 0.5508% [0 e e ot be hsed) na 0.5508 [same as T2
>11t016 | 1.7 |OFFROAD | 0.4380 | cert 0.4380 [ e aiil below 0.6 T2 equivalent std) na 0.4380 [same as T2
>16t025 | 1.7 |orFFroAD | 0.4380 | cert 0.4380 [ oo B il below 0.6 T2 equivalent std) na 0.4380 |same as T2
>25t050 | 1.8 | OFFROAD || 0.2789 cert 0.2789 ((3s)inscaemTela§FTsltin below 0.6 T2 equivalent std) na 0.1314° g?4mea;]r3 oo
0075 | 099 | eroms | 05213 | con | osor [acetnagnionadepente | o 156’ D1t nash | 0101 foreen
7510100 | 009 | eroen | 05213 | cen | odorz [ eteanion oscamens o 560 (0200 mesn | 011af pyman e
>100to 175| 0.68 EF data 0.3384 cert 0.3384 (?s)ir?caémflaEsFTs:,Ltill below 0.4 T2 equivalent std) 0'1836d f(rchrr%%%Z r::\r/gsi?d 0'1314d 3?42?;?1igz::3m
>175t0300| 0.68 | EFdaa | 0.3085 | cert | 03085 [(DSSEEIL 0Lt cquvatentsigy | 018367 [omoseqva | 0-1314° [ RN TN
>300t0 600| 0.68 | EFdata | 0.2025 | cert 0.1669 [cert 0.1669 |3 SameasT2 | 0.1314% [2% Margin from
>600t0 750| 0.68 | EFdata | 0.1473 | cert 01669 | |+ > ame as the 5300 t 600mp category. || -1669 @ SameasT2 | 0.13147 [ TENC AN
TroexcePt| 068 | EFdaa | 0.2861 | cert 0.1669 ;):‘ \,E{EEEL; HP categories meet same 0.3 HC na 0.1314¢%¢ | 8% margin from
nois™] oo | eroma [ozer | con | onssy Preroumesesesuersas pnee | o e
c) EF based on actual cert data. _
Geneels | 0.68 | EFdam | 0.2861 | cert 0.1669 na 0.1314°%¢ 3% margin from

&Tier O represents 1988+ MY enginesfor MY s prior to Tier 1. Separate EFs are aso provided for Base (pre-1988 MY) engines. For <50hp engines, Base EF = Tier 0 EF. For >50hp engines,
the Base EFs vary by application, so are not provided in this table.
® The Tier 2 and Tier 3 standards are expressed as a combined NMHC + NO, standard. The NMHC assumed fractions of these combined standards are taken from the RIA. The resulting
NMHC portion of the combined standard is referred to here as the “equivalent” standard.
¢ Numbers in parentheses correspond to the option selected, which is briefly described here. For more details regarding the options, consult the text.
4 An adjustment of 1.02 (1/0.984) is also applied to convert from NMHC to THC, since the standards apply to NMHC. This adjustment is described in report NR-002b.

€ For >750 hp engines, thereis also atransitional Tier 4 NMHC standard of 0.30 g/hp-hr in 2011-2014. The corresponding HC EF in NONROAD is 0.2815 g/hp-hr.

f Tier 4 emission factors are considered to be transient, rather than steady-state.
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Table5. Summary of the Basisfor the CO Zero-Hour Steady-State Cl Emission Factorsin NONROAD?2008a

CO g/hp-hr

HP Tier 0% [ TO Basis || Tier 1 | T1 Basis Tier 2 T2 Basis’ Tier 3 T3 Basis® | Tier4° | T4 Basis

>0to 11 5 OFFROAD ([ 4.1127 cert 4.1127 Same as T1 (since T1 EF still below T2 std) na 4.1127 | SameasT1

>11to 16 5 OFFROAD || 2.1610 cert 2.1610 Same as T1 (since T1 EF still below T2 std) na 2.1610 | SameasT1

>16 to 25 5 OFFROAD || 2.1610 cert 2.1610 Same as T1 (since T1 EF still below T2 std) na 2.1610 | SameasT1
>25to 50 5 OFFROAD || 1.5323 cert 1.5323 Same as T1 (since T1 EF still below T2 std) na 0.153% |90% reduction
>50to 75 3.49 EF data 2.3655 cert 2.3655 Same as T1 (since T1 EF still below T2 std) 2.3655 Same as T1 0.237° |90% reduction
>75t0 100 | 3.49 EF data 2.3655 cert 2.3655 Same as T1 (since T1 EF still below T2 std) 2.3655 Same as T1 0.237 [90% reduction
>100to 175 2.7 EF data 0.8667 cert 0.8667 Same as T1 (since T1 EF still below T2 std) 0.8667 Same as T1 0.087 [90% reduction
>175 to 300 2.7 EF data 0.7475 cert 0.7475 Same as T1 (since T1 EF still below T2 std) 0.7475 Same as T1 0.075 [90% reduction
>300to 600| 2.7 EF data 1.3060 cert 0.8425 cert 0.8425 Same as T2 0.084 [90% reduction
>600 to 750 2.7 EF data 1.3272 cert 1.3272 Same as T1 (since T1 EF still below T2 std) 1.3272 Same as T1 0.133 [90% reduction
Tt 27 | EFdam | 07642 | cert 0.7642 | Sameas T1 (since T1 EF stil below T2 std) na 0.076  |90% reduction
Ge”tos itzsogﬁo 2.7 EFdata || 0.7642 cert 0.7642 | Same as T1 (since T1 EF still below T2 std) na 0.076 |90% reduction
GSEZSO‘E;S 2.7 EFdata || 0.7642 cert 0.7642 | Same as T1 (since T1 EF still below T2 std) na 0.076 |90% reduction

aTier O represents 1988+ MY engines for MY s prior to Tier 1.

regarding this option, consult the text.

Separate EFs are also provided for Base (pre-1988 MY) engines. For <50hp engines, Base EF = Tier O EF.
For >50hp engines, the Base EFs vary by application, so are not provided in thistable.
b The Tier 2 and Tier 3 CO emission factors are based on application of option 2, the carryover of emission factors derived from nonroad certification data. For more detail

¢ For >25 to 75 hp engines, CO emissions for engines meeting the Tier 4 transitional PM standard of 0.22 g/hp-hr in 2008-2012 are unchanged from Tier 1. 1n 2013+, when
the Tier 4 PM standard of 0.02 g/hp-hr takes effect, the corresponding CO EFs are reduced by 90 percent.
d Tier 4 emission factors are considered to be transient, rather than steady-state.
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Table6. Summary of the Basisfor the NO Zero-Hour Steady-State CI Emission Factorsin NONROAD2008a

NOx g/hp-hr
HP Tier 0° [ TO Basis || Tier1 | T1Basis || Tier 2° T2 Basis® Tier 3° T3 Basis® | Tier 4° | T4 Basis
0011 | 10 |omrow| 52208 | cen | s [Qerhymenimsoemae T 23 |samesrs
>1110 16 8.5 OFFROAD || 4.4399 cert 4.4399 (?s)ir?czm'l?laéFT;till below 5.0 T2 equivalent std) na 4.4399 | Sameas T2
>16 1o 25 8.5 OFFROAD || 4.4399 cert 4.4399 (?s)ir?czm'l?laéFT;till below 5.0 T2 equivalent std) na 4.4399 | Sameas T2
>2510 50 6.9 OFFROAD || 4.7279 cert 4.7279 (?s)ir?czm'l?laéFT;till below 5.0 T2 equivalent std) na 3.0 Sam;a;ss 70
>50t0 75 | 8.30 | EFdata || 5.5988 cert 4.7 (giggg/ﬁe,;i“gx“gg;g@ ;rg’;d?falﬁoiqbﬂ"uzfd) 30 | 1% g“qavfgs;'g, 3.0 |sameasTs
750100 | 820 | cromn | ssose | cen | a7 [Qamtremmnsamewnse o | @i [ ogr | peven
>100t0 175| 8.38 | EFdata | 56523 | cert 41 [(Jice T1EF exceods To s camothe vsed) | 25 | fom2geavatd | 0276 | om0 s
>175t0300| 8.38 | EFdaa | 55772 | cert 40 [ e o e Aot S 25 | Sagnromss | 0276 | Senadn
>300t0 600| 838 | EFdata || 6.0153 | cert 43351 [ e tongy " maen 25 | o el | 0276 | ;oo AN,
>600t0 750| 8.38 | EFdata | 58215 | cert 41 [(Jice T1EF exceds T2 s camotbe vsed) | 25 | fom2geqvatd | 0276 | fom 03
Tensers | 838 | EFdam | 61525 | cert 41 [Qince TLEF excoeds T st canmotbe used) | 1A 2392 | gom's 6
“ots00 | 838 | EFdaa | 61525 | cert 41 [Qnce 11 £F excends T s canmotbe wsed) | Na 04607 | fom 08¢
oo | 838 | EFdaa | 61525 | cert 41 [QnceT1 £F excends T s canmotbe wsed) | Na 0.460 | from 05 8t

2 Tier O represents 1988+ MY enginesfor MY sprior to Tier 1. Separate EFs are also provided for Base (pre-1988 MY') engines. For <50hp engines, Base EF = Tier 0 EF. For >50hp engines, the Base EFs vary by
application, so are not provided in this table.
® The Tier 2 and Tier 3 standards are expressed as a combined NMHC + NO, standard. The NO, assumed fractions of these combined standards are taken from the RIA. The resulting NO portion of the combined
standard is referred to here as the “equivalent” standard.
° Numbersin brackets correspond to the option selected, which is briefly described here. For more details regarding the options, consult the text. The derivation of the highway-based compliance margins are discussed

in Appendix E.

9 For generator sets >750 to 1200hp, thereis also atransitional Tier 4 NO, standard of 2.6 g/hp-hr in 2011-2014. The corresponding NO, EF is 2.39 g/hp-hr.

€ Tier 4 emission factors are considered to be transient, rather than steady-state.
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Table7. Summary of the Basisfor the PM 1o Zero-Hour Steady-State CI Emission Factorsin NONROAD2008a

PMio g/hp-hr

HP Tier 02 [ TOBasis || Tier1 | T1Basis || Tier 2 T2 Basis® Tier 3 T3 Basis® | Tier4° | T4 Basis
(1) The NOx T1 EF exceeds the T2 std. To meet
NOx T2, changes are likely to increase PM. The 8% marain
>0to 11 1 OFFROAD || 0.4474 cert 0.50 |T2 PMEF is therefore expected to be greater na 0.28 fror:q 0 3gstd
than 0.44 (T1 EF) and less than 0.60 (T2 std); ’
0.50 chosen as a reasonable value.
>11to 16 0.9 OFFROAD || 0.2665 cert 0.2665 [(3) Same as T1 (since T1 EF still below T2 std) na 0.28 f?gﬁqrgeg%ltré
>16t025 | 0.9 | OFFroAD || 0.2665 cert 0.2665 |(3) Same as T1 (since T1 EF still below T2 std) na 0.28 | Srmagin
>25to 50 0.8 OFFROAD || 0.3389 cert 0.3389 |[(3) Same as T1 (since T1 EF still below T2 std) na 0.0184° fr?):: ?grzgisr:d
(4) 20% highway-based margin from std c 8% margin
>50to 75 | 0.722 EF data 0.4730 0.24 (since T1 EF exceeds T2 std, cannot be used) 0.30 (1) T3 std 0.0184" | from 0.02 std
(4) 20% highway-based margin from std 8% margin
>751t0 100 | 0.722 EF data 0.4730 0.24 (since T1 EF exceeds T2 std, cannot be used) 0.30 (1) T3 std 0.0092 from 0.01 std
(4) 20% highway-based margin from std 8% margin
>100to0 175 0.402 EF data 0.2799 0.18 (since T1 EF exceeds T2 std, cannot be used) 0.22 (1) T3 std 0.0092 from 0.01 std
8% margin
>175t0 300| 0.402 | EFdata [ 0.2521 cert 0.1316 0.15 WT3std | 0.0092 | o 00l std
>300to 600 0.402 EF data 0.2008 cert 0.1316 |(2) T2 EF for >300 to 600hp category applied to 0.15 (1) T3 std 0.0092 fr?):f: ngrlgLr:d
these hp categories. Rationale: All four hp o0 -
>600 to 750| 0. EF dat ) ) categories meet same PM std. Also, T2 EF of ) 1) T3 std ) 0 margin
° el aa et cert QAT 0.1316 based on actual certification data. sl (1)T3s 0.0092 | from 0.01 std
>750 except d 8% margin
gen sets 0.402 EF data 0.1934 cert 0.1316 na 0.0276" | from 0.03 std
Gen sets >750 d 8% margin
to 1200 0.402 EF data 0.1934 cert 0.1316 na 0.0184" | from 0.02 std
Gen sets d 8% margin
>1200 0.402 EF data 0.1934 cert 0.1316 na 0.0184" | t,om 0.02 std

@ Tier O represents 1988+ MY engines for MY s prior to Tier 1. Separate EFs are aso provided for Base (pre-1988 MY) engines. For <50hp engines, Base EF = Tier 0 EF. For >50hp engines,
the Base EFs vary by application, so are not provided in this table.
® Numbersin brackets correspond to the option selected, which is briefly described here. For more details regarding the options, consult the text. The derivation of the highway-based
compliance margins are discussed in Appendix E.

¢ For >25 to 75 hp engines, there is also atransitional Tier 4 PM standard of 0.22 g/hp-hr in 2008-2012. The corresponding PM EF in NONROAD is 0.20 g/hp-hr.
9 For all engines >750 hp, thereisalso atransitional Tier 4 PM standard of 0.075 g/hp-hr in 2011-2014. The corresponding PM EF in NONROAD is 0.069 g/hp-hr.

® Tier 4 emission factors are considered to be transient, rather than steady-state.
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Base (Pre-1988), Engines > 50 hp:

For pre-1988 CI engines of greater than 50 hp, NONROAD'’ s steady-state emission
factors are based on the emission factors used in the Nonroad Engine and Vehicle Emission
Study (NEVES) [6]. The sources of the emission factors used in NEVES are described in
Appendix B. The emission factors vary by application. However, NEVES includes an
adjustment for in-use operation. Since NONROAD uses a different in-use adjustment factor than
NEVES (see Appendix F), the NEVES adjustment is removed to determine pre-1988 average
steady-state emissions.

Because the testing fuel is generally unknown, we assume that the NEVES PM factors
are appropriate for the default certification fuel sulfur content of 0.33 wt.% sulfur used in
NONROAD.

A conversion from gram per gallon to gram per horsepower-hr was made to NEVES
emission rates for the greater than 50 horsepower engines for the diesel recreational marine
categories; inboard, outboard, and sailboat auxiliary. Outboard and sailboat auxiliary engines
above 50 hp were converted from the NEVES gram per gallon to gram per horsepower using the
higher fuel consumption of 0.408 Ibs/hp-hr and 7.1 Ibs/gallon fuel density because these engines
are primarily less than 100 hp. The NEVES emission rate for inboard engines was converted
using the lower fuel consumption rate of 0.367 |bs/hp-hr because these engines are primarily
above 100 horsepower.

Tier 0(1988to Tier 1), Engines <50 hp

For 1988-and-later pre-control engines less than or equal to 50 hp, we will use the
emission factors described in the documentation for ARB’s OFF-ROAD model. [9] We have
combined the direct injection and indirect injection factors using the technology fractions listed
in the Regulatory Impact Anaysis (RIA) for the emission standards. [10] Again, because the
sulfur content of fuels used in generating these emission factors is unknown, we have assumed
that the PM emission factors are appropriate for the default certification fuel sulfur level of 0.33
weight percent.

Tier 0 (1988 to Tier 1), Engines >50 hp

Recent studies have indicated that, in general, emission rates from Tier O engines greater
than 50 hp are lower than for Tier O engines less than or equal to 50 hp. For these engines, we
will use emission factors calculated from recent studies. A summary of the emission datafrom
these studiesis provided in Appendix C. Asexplained in Appendix C, acorrection for fuel
sulfur content is applied.

Tier 1 Engines, al hp categories
The NONROAD model’s emission factors for Tier 1 engines are based on EPA
certification data. The certification data are described in Appendix D.

Tier 2 Engines, >300 to 600 hp
Since EPA certification data are available for this hp category, the emission factors are
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based on analysis of the certification data, as described in Appendix D.

Tier 2 Engines <300 hp and > 600 hp and Tier 3 Engines

Sincethe Tier 2 standard for the 600 to 750 hp category began in 2002, and the Tier 2

standard for the 100 to 300 hp category began in 2003, Tier 2 certification data for these
categories are now available; however, these recent certification data were not yet available at
the time these emission factors were developed. Asaresult, we developed five dternative
options for calculating zero mile, steady-state emission factors for these engines. These options
were considered in the order they are presented here.

(1)

(2)

3)

(4)

Examine likely impacts of expected technology changes. In this option, we consider
offsetting changes to PM and HC with implementation of stricter emission standards for
NOx. Thisincludes assigning the applicable standard as the PM emission factor without
applying a compliance margin. The compliance margin is the percent difference between
astandard and average emissions at certification for engines manufactured under that
standard.

Assign an emission factor from another hp category. In this option, we assume that an
emission factor based on certification datais applicable to another hp category and is
preferable to applying a compliance margin to the applicable nonroad standard.

Continue to use the Tier 1 or Tier 2 emission factors derived from the nonroad
certification data. In this option, we assume that manufacturers will maintain current
emission levels, e.q., design technologies, if they appear adequate to achieve compliance
while maintaining some margin of safety. Under this option, we would assume that
emission factors remain at the same levels used for Tier 1 or Tier 2 engines.

This option was only considered if the compliance margin (percent difference) between
the proposed emission factor and the applicable nonroad standard was at least 10%. We
based this lower bound (10%) on average highway-certification compliance margins for
NOy, assuming that it represents progressive highway certification experience for a
“controlling pollutant,” i.e., a pollutant for which the necessity to achieve compliance
drives innovation in engine design or control technology.

Reduce the applicable nonroad standard by a compliance margin derived from
certification test results for analogous highway engines. We expect that the control of
emissions from nonroad engines will follow a course similar to that experienced for
highway engines, since we believe that as standards for nonroad engines become more
stringent, manufacturers will adopt technologies similar to those already introduced in
highway engines. Based on this expectation, we calculated compliance margins using
highway standards and corresponding highway certification test results. In this
discussion, we will refer to compliance margins calculated for highway engines as
“highway-certification compliance margins’ (HCCM). The derivation of the HCCMsis
discussed in detail in Appendix E. An HCCM isonly considered for use if it is greater
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than or equal to 10% and less than 75%.

Apply a default compliance margin of 10%. In this option, we assume that on average,
manufacturers will maintain a minimum compliance margin. This margin is based on
average highway certification compliance margins for NOy, the pollutant appearing to
drive measures to achieve compliance in highway diesel engines. A default compliance
margin was considered when the highway-based compliance margins were outside the
acceptable range. With this option, the applicable nonroad standard is simply reduced by
10%.

The Agency regulates HC and NO, under a combined standard for all Tier 2 and Tier 3

engines. Thus, in order to apply compliance margins for these pollutants, where applicable, we
split the combined standard into pollutant-specific components for HC and NOy. These are
presented in Table 8.

For each pollutant in Tiers 2 and 3, we evaluated one or more of these five options for

each horsepower category. The specific options selected for each pollutant and Tier are
presented in Table 4 thru Table 7 and summarized bel ow:

HC:

CO:

Tier 2: For categories less than 300 hp, we continued to use the Tier 1 nonroad
certification results (option 3) or applied the default compliance margin (option 5) on an
individual basis by horsepower category to give nonroad compliance margins of at least
10%. We did not use the highway-certification compliance margins because the highway
HC standards have not driven technology development; as aresult, the HC standards are
unrelated to the certification values.

For the two hp categories greater than 600 hp, we assigned the emission factor for the
300-600 hp category. The rationale, which applies options 1 and 2, isthreefold: 1) all
three hp categories meet the same HC equivalent standard, 2) the use of certification data
is preferable to applying a compliance margin, and 3) changes necessary to meet the Tier
2 NOy standard for the 600-750 hp category are likely to increase HC, so a dlight increase
in HC emissions from Tier 1 to Tier 2 for this hp category is not unexpected.

Tier 3: We continued to use the Tier 2 nonroad certification results (option 3) or applied
the default compliance margin (option 5) to give nonroad compliance margins of at |east
10%. Weruled out use of highway-certification compliance margins (option 4) for the
same reason as for Tier 2.

Tiers 2 and 3: We continued to use the Tier 1 nonroad certification results (option 2) for
al horsepower categoriesin Tiers 2 and 3. Highway-certification compliance margins
(option 4) were very large (>90%), and as with HC, give implausibly low emission
factorsin Tiers2 and 3.
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Table8. Tier 2and Tier 3 Combined and Estimated Pollutant-Specific Emissions

Standards for Nonroad Diesel Engines'

Power Range Combined Standard Estimated Estimated
(hp) HC+NOy Pollutant-Specific Pollutant-Specific
(g/hp-hr) HC NO,
(g/hp-hr) (¢/hp-hr)
Tier 2 Tier 3 Tier 2 Tier 3 Tier 2 Tier 3
<11 5.6 0.6 5.0
>11to<25 5.6 0.6 5.0
>25to <60 5.6 0.6 5.0
>50t0 <100 5.6 35 04 0.2 5.2 3.3
>100to <175 4.9 3.0 04 0.2 4.5 2.8
>175t0 <300 49 3.0 04 0.2 45 2.8
=300 to <600 4.8 3.0 0.3 0.2 4.5 2.8
=600 to <750 4.8 3.0 0.3 0.2 45 2.8
>750 4.8 0.3 4.5

! Pollutant-specific components have no regulatory significance and are derived to facilitate
modeling analyses.

Basisfor Pollutant-Specific HC and NO, Emission Standards:
Tier 2 <50 hp: Asinthe RIA [10], EPA assumes minimum HC emissions of 0.6 g/hp-hr based on
ARB data on indirect injection (IDI) engines under 25 hp. Thisrateis then subtracted from the

combined HC+NO, standard to split the standard into single pollutant emission factors.

Tier 2 250 hp: Asinthe RIA [10], the proposed European NO, standard is used to split the
combined HC+NOy standard into single pollutant emission factors.

Tier 3: NONROAD follows the RIA [10] in using engineering judgment to assume minimum HC
emissions of 0.2 g/lhp-hr. Thisrate is then subtracted from the combined HC+NO standard to
split the standard into single pollutant emission factors.

NOy: Tier 2: We applied highway-certification compliance margins (option 4), continued to use
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the Tier 1 nonroad certification results (option 3) or applied the default compliance
margin (option 5) on an individual basis by horsepower category to give compliance
margins of at least 10%.

Tier 3: We applied the highway certification compliance margin (option 4) or the default
compliance margin (option 5) for all horsepower categories. Nonroad certification results
(option 3) did not provide adequate compliance margins.

PM: Tier 2. We applied thefirst four options on an individual basis by horsepower category to
give compliance margins of at least 10%. The highway-certification compliance margin
used for the 50-100 hp and 100-175 hp categories was 20%.

Tier 3: Tier 3 PM emission factors were set equal to the appropriate nonroad standards.
To meet the NO, Tier 3 standards, technologica changes are likely to increase PM;
therefore, compliance margins were not applied to PM (option 1).

Tier 4 Engines
For these engines, an 8% compliance margin was applied to the standards. This

compliance margin was derived from data for highway diesel vehicles and used in the HD2007
rulemaking.

The resulting zero-hour, steady-state emission factors for al Tiers and pollutants are
shown in Table A2 in Appendix A.

Recreational Marine and Underground Mining Emission Factors

Recreational marine Cl engines under 50 hp are subject to the Tier 1 and Tier 2 Cl engine
standards in the October 1998 rule. (2) Tier 2 standards for recreational marine Cl engines over
50 hp were established by the November 2002 rule. (3) More recently, Tier 3 standards were
promulgated for all recreational marine engines [5], so the emission factor inputs used for these
engines do not exactly follow those presented in Table 4 thru Table 7. The emission standards
for this category are provided in Table 9. Table 10 shows the base and controlled recreational
marine emission factorsin NONROAD2008a. The technology type names have also been
revised to differentiate marine CI from other Cl engines.

Although underground mining equipment emissions are not controlled by EPA, there
have been controls imposed by the Occupational Safety and Health Administration (OSHA).
The OSHA standards do not directly follow the form used for the NONROAD model, but they
are considered approximately equivalent to the EPA Tier 2 standards for land-based ClI
equipment. Therefore, the NONROAD model simply uses the NEVES uncontrolled emission
factorsfor Base, Tier 0, and Tier 1 underground mining inputs, and then appliesthe Tier 2
emission factors from Table 4 thru Table 7 for all newer engines.
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Table9. Emission Standardsfor Recreational Marine Diesel Engines

Engine Engine Model Emission Standards (g/hp-hr)

Power (hp) | Displacement Y ear NMHC | HC NONROAD
(Licyl) Start | Regulation | +NOx | +NOx co PM | TechTypes

<11 <0.9 2000 Tierl 7.8 6.0 0.75 TiM

2005 Tier 2 5.6 6.0 0.60 T2M

2009 Tier 3 5.6 6.0 0.30 T3M

>11 to <25 <0.9 2000 Tier 1 7.1 49 0.60 TiM

2005 Tier 2 5.6 49 0.60 T2M

2009 Tier 3 5.6 49 0.30 T3M

>25 to <50 <0.9 1999 Tier 1l 7.1 4.1 0.60 TiM

2004 Tier 2 5.6 4.1 0.45 T2M

2009 Tier 3 5.6 4.1 0.22 T3M

2014 Tier 3 35 4.1 0.15 T4aM

>50 to <0.9 2007 Tier 2 5.6 4.1 0.30 T2M

<100 2009 Tier 3 5.6 41 0.22 T3M

2014 Tier 3 35 4.1 0.22 T4M

>100 <0.9 2007 Tier 2 5.6 4.1 0.30 T2M

2012 Tier 3 4.3 4.1 0.11 T3M

0.9<disp <1.2 2006 Tier 2 54 4.1 0.22 T2M

2013 Tier 3 4.3 4.1 0.10 T3M

1.2< disp <2.5 2006 Tier 2 54 4.1 0.15 T2M

2014 Tier 3 4.3 4.1 0.10 T2M

2.5<disp <3.5 2009 Tier 2 5.4 4.1 0.15 T2M

2013 Tier 3 4.3 4.1 0.09 T3M

>3.5 2009 Tier 2 5.4 41 0.15 T2M

2012 Tier 3 4.3 41 0.08 T3M
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Table 10. NONROAD Model EF Inputsfor Recreational Marine Diesel Engines

Engine Power Model Tech Type Emission Factor Modeling Inputs (g/hp-hr) BSFC
(hp) Year Start HC co NOx PM (Ib/hp-hr)
hp<11 Pre-2000 BaseM 1.50 5.00 10.00 1.00 0.408
2000 TiM 0.76 411 5.23 0.45
2005 T2M 0.68 411 4.39 0.38
2009 T3M 0.43 411 4.39 0.24
1l1<hp<25 Pre-2000 BaseM 1.70 5.00 8.50 0.90 0.408
2000 TiM 0.44 2.16 4.44 0.27
2005 T2M 0.21 2.16 3.63 0.19
2009 T3M 0.21 2.16 3.63 0.19
25<hp<50 Pre-1999 BaseM 1.80 5.00 6.90 0.80 0.408
1999 TiM 0.28 153 4.73 0.34
2004 72M 0.54 153 3.71 0.23
2009 T3M 0.41 1.53 371 0.18
2014 T4M 0.41 153 2.32 0.18
50 < hp < 100 Pre-2007 BaseM 0.22 0.95 6.67 0.16 0.408
2007 M 0.20 0.95 3.82 0.13
2009 T3M 0.20 0.95 3.82 0.13
2014 T4M 0.20 0.95 2.39 0.13
100<hp< 175 Pre-2006 BaseM 0.22 0.95 6.67 0.16 0.367
2006 T2M 0.20 0.95 3.82 0.13
2012 T3M 0.13 0.95 3.34 0.088
175 < hp <300 Pre-2006 BaseM 0.22 0.95 6.67 0.16 0.367
2006 T2M 0.25 0.95 4.46 0.090
2013 T3M 0.22 0.95 3.90 0.080
300 < hp < 750 Pre-2006 BaseM 0.22 0.95 6.67 0.16 0.367
2006 T2M 0.33 0.95 4.42 0.082
2014 T3M 0.29 0.95 3.98 0.072
750 <hp <1200 Pre-2006 BaseM 0.22 0.95 6.67 0.16 0.367
2006 2M 0.33 0.95 4.42 0.082
2013 T3M 0.29 0.95 3.98 0.072
>1200 Pre-2009 BaseM 0.22 0.95 6.67 0.16 0.367
2009 2M 0.33 0.95 4.42 0.082
2012 T3M 0.29 0.95 3.98 0.064
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Transient Adjustment Factors--HC, CO, NO,, PM, and BSFC

Nonroad engines are primarily tested with steady-state tests. However, the steady-state
operation typically used for emission testing is not always representative of the operation of
engines in many nonroad applications. Some of the differences can be due to load or engine
speed, and other differences can be due to transient demands. We will apply “transient
adjustment factors’ (“TAFS’) to the steady-state emission factors previously described. TAFs
are applied to the Base, Tier O, Tier 1, Tier 2, and Tier 3 emission factors. Transient emission
control is expected to be an integral part of all Tier 4 engine design considerations. As aresult,
TAFs are not applied to the emission factors for Tier 4 engines (i.e., the model appliesa TAF of
1.0).

We calculate the TAF as the ratio of the transient emission factor (EFans) to the
corresponding steady-state (ISO-C1) emission factor (EF):

TAF - EFtrans

EF.
Transient adjustment factors may be greater than or less than 1.0.

The derivation and application of the TAFs, including the test data used, are described in
more detail in Appendix F.

Table A3 presents the resulting TAFs assigned to each equipment application. The
steady-state emission factors given in Table A2 were then multiplied by the appropriate TAFsto
create NONROAD' s emission factor input files for Cl engines.

Deterioration Factors--HC, CO, NO,, and PM

The NONROAD model addresses the effects of deterioration in the inventory calculation
by multiplying a zero hour emission factor for each category of engine by a deterioration factor,
DF (see equation 1 above). DF varies as afunction of engine age. The following equation is
used to calculate DF as afunction of engine age:

DF =1+A * (Age Factor)” for Age Factor< 1 [Equation 4]
DF=1+A for Age Factor > 1
where: Age Factor = fraction of median life expended = (cumulative hours* |oad factor)
median life at full load, in hours
A, b = constants for a given pollutant/technology type; b< 1.

Deterioration is capped at the end of an engine's median life (age factor =1), under the
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assumption that an engine deteriorates to a point where any increased deterioration is offset by
mai ntenance.

The constants A and b can be varied to approximate a wide range of deterioration
patterns. “A” can be varied to reflect differences in maximum deterioration. For example,
setting A equal to 2.0 would result in emissions at the engine’s median life being three times the
emissions when new (DF =1 + 2). The shape of the deterioration function is determined by the
second constant, “b.” This constant can be set at any level between zero and 1.0. For
compression-ignition engines, b isalways equal to 1.0. Thisresultsin alinear deterioration
pattern, in which the rate of deterioration is constant throughout the median life of an engine.

Dueto lack of deterioration data for nonroad compression-ignition engines, the
deterioration factors are based on data derived from highway engines. The derivation of the
constant “A” for compression-ignition enginesis described in Appendix G and the resulting
deterioration factors (i.e., the constants “A”) are given in Table A4.

Sulfur Adjustment for PM _Emissions (Semadi)

Since PM emissions are dependent on the sulfur content of the fuel, an adjustment (Sev
adj) 1S subtracted from the PM emission factor to account for variations in fuel sulfur content (see
equation 2 above). Spw o cOrrects PM emissions from the default fuel sulfur level to the
episodic fuel sulfur level and is calculated using the following equation:

Sev oy = BSFC * 453.6 * 7.0 * soxcnv * 0.01 * (soxbas - soxddl) [Equation 5]

where: Spv oy = PM sulfur adjustment (g/hp-hr)
BSFC = in-use adjusted brake-specific fuel consumption (Ib fuel/hp-hr)
453.6 = conversion from Ib to grams
7.0 = grams PM sulfate/grams PM sulfur
soxcnv = grams PM sulfur/grams fuel sulfur consumed
0.01= conversion from percent to fraction
soxbas = default certification fuel sulfur weight percent
soxdsl = episodic fuel sulfur weight percent (specified by user)

The soxcnv term represents the fraction of diesel fuel sulfur converted to PM. Thisvaries
by technology type. Soxcnv isequal to 0.02247 for the Base, TO, T1, T2, T3, T3B, T4A, and
T4B technology types. For Tier 4 engines meeting stringent PM standards below 0.1 g/hp-hr,
soxcnv isequal to 0.30. Thisappliesto the T4 and T4N technology types. If the soxcnv value
for atechnology type is not provided in the opt file, the default value used in the model is
0.02247. Derivation of the soxcnv term is described in Appendix C.

Values for the soxbas term vary by technology type and were discussed previoudly. If the
soxbas value for atechnology typeis not provided in the opt file, the default value used in the
model is 0.33 weight percent for diesel engines.
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The model also alows the user to input alternative default certification diesel fuel sulfur
levels (soxbas) for Tier 2 and Tier 3 engines. Thisis afeature added to the opt file, but not
available through the GUI; therefore, this feature can only be exercised by changing the opt file.

Sample Calculation--EF .4

The following example illustrates how emission factors are calculated in NONROAD.

Example: Calculate the PM emission factor for athree year old 100-175 hp diesel excavator in
2003. The episodic diesel fuel sulfur level is 2500 ppm. (In NONROAD, three year old
equipment in 2003 translates to equipment made in model year 2001, since the calendar year of
interest is assigned age =1 year).

Needed inputs: For 100-175 hp, MY 2001 = Tier 1 (from Table 1)
100-175 hp, Tier 1 PM EFs = 0.2799 g/hp-hr (from Table A2)
Excavator, Tier 1 PM TAF = 1.23 (from Table A3)
Tier 1 PM Deterioration “A” = 0.473 (from Table A4)

The deterioration factor, DF, is calculated as:

DF =1 + A*(cumulative hours * load factor) [Equation 4]
median life at full load, in hours

where: Diesel excavator activity = 1092 hours/year (from activity.dat input file)
Diesel excavator load factor = 0.59 (from activity.dat input file)
Diesel excavator median life = 4667 hours (from us.pop input file)
Cumulative hours = age * activity = 3*1092 = 3276 hours

Substituting the above values into the equation yields:

DF=1+0.473*(3276 * 0.59) =1+ 0.473 * 0.414 = 1.196
4667

The sulfur adjustment factor, Spw j, iS calculated as:
Sem agj = BSFC * 453.6 * 7.0 * soxcnv * 0.01 * (soxbas - soxdsl) [Equation 5]
where: BSFC = 100-175 hp BSFC * Excavator BSFC TAF =0.367*1.01 = 0.371
(BSFC from Table A2 and BSFC TAF from Table A3)
soxcnv = 0.02247
soxbas = 0.3300
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soxdsl = 0.2500
Substituting the values into the equation yields:
Sem agj = 0.371* 453.6 * 7.0 * 0.02247 * 0.01 * (0.33 - 0.25) = 0.0212 g/hp-hr
The resulting adjusted emission factor is calculated as follows:
EF adj(PM) = EFSS* TAF* DF - SPMadj
=(0.2799* 1.23* 1.196) - 0.0212
= 0.39 g/hp-hr

Emission Factors--CO, and SO,

Emission factors for CO, and SO, are rarely measured, instead they typically are
calculated based on brake-specific fuel consumption (BSFC).

The NONROAD model usesin-use adjusted BSFC to compute CO, emissions directly,
as shown in the equation below. The carbon that goes to exhaust HC emissions is subtracted as
the correction for unburned fuel. This does not require a CO, emission factorsinput file.

CO,= (BSFC * 453.6 - HC) * 0.87 * (44/12) [Equation 6]

where
COzising/hp-hr
BSFC isthein-use adjusted fuel consumption in Ib/hp-hr
453.6 is the conversion factor from pounds to grams
HC isthe in-use adjusted hydrocarbon emissionsin g/hp-hr
0.87 isthe carbon mass fraction of diesel
44/12 istheratio of CO, massto carbon mass

The model does not require an SO, emission factors input file either. EPA will calculate
SO, emission factors as shown in the equation below.

D, = (BSFC * 453.6* (1 - soxcnv) - HC) * 0.01 * soxddl * 2 [Equation 7]

where
O, isin g/hp-hr
BSFC isthein-use adjusted fuel consumption in Ib/hp-hr
453.6 is the conversion factor from pounds to grams
soxcnv is the fraction of fuel sulfur converted to direct PM
HC isthe in-use adjusted hydrocarbon emissionsin g/hp-hr
0.01 isthe conversion factor from weight percent to weight fraction
soxddl is the episodic weight percent of sulfur in nonroad diesel fuel
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2 isthe grams of SO, formed from a gram of sulfur

This equation includes corrections for the fraction of sulfur that is converted to direct PM
and for the fraction of sulfur remaining in unburned fuel. This equation assumes that the
unburned fuel, asindicated by HC emissions, has the same sulfur level asthe base fuel.

Note that BSFC for the pre-control (Tier 0) enginesis used for all enginesin the model.
As aresult, related emissions of CO, and SO, will change very little with the advent of new
emission reduction technologies. Minor changes will result as HC emissions are changed, since
the carbon that goes to exhaust HC is subtracted in the CO, and SO, equations. For diesel
engines, this adjustment is insubstantial.

Crankcase HC Emission Factors

Crankcase emissions are those emissions that escape from the combustion chamber past
the piston rings into the crankcase. For diesel engines with open crankcases, NONROAD
assumes the crankcase HC emission factor is equal to 2.0% of the exhaust HC emission factor.
This appliesfor all Tier 3 and prior engines. This estimate was obtained from NEVES [6], and is
based on data from on-highway engines. These percentages are applied to the final calculated
exhaust emission factors, so the resulting crankcase emission factors include the same percentage
deterioration as used for exhaust HC. For Tier 4 engines, zero crankcase emissions are assumed.
Crankcase emission factors for all fuel types are discussed in NR-012d, “Nonroad Evaporative
Emission Rates.”

PM s Fraction of PM 1o

The NONROAD PM emission factor filesand PM model output include all PM. For
diesel engines, all PM emissions are assumed to be smaller than 10 microns (PMyg). The
NONROAD Reporting Utility allows the user to select whether to report results for PM o or
PM2 5 (smaller than 2.5 microns). If PM,s is selected, an adjustment of 0.97 is applied to the
PMjo output. Thisisan updated estimate, based on an analysis of size distribution datafor diesel
engines. [11]
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Appendix A

Cl Inputs for NONROAD2008a:

Technology Distributions
Zero-Hour, Steady-State Emission Factors
Transient Adjustment Factors
Deterioration Factors
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Table A1. Nonroad Cl Technology Distributions by HP Category and Model Y ear®

Engine Power Fraction of Population in Each Technology Type

(hp) Mode! Year Base” | Tier0® | Tierl | Tier2 | Tier3 | Tier3B | TierdA | Tier4B | Tier4 | Tier 4N
<25 Pre-1988 | 1.000

1988-1999 1.000

2000-2001 0.200 | 0.800

2002-2004 0.100 | 0.900

2005 0.100 0.900

2006-2007 1.000

2008-2012 1.000

2013+ 1.000

>251t0 50 Pre-1988 1.000

1988-1998 1.000

1999-2000 0.200 | 0.800

2001-2003 0.100 | 0.900

2004 0.100 0.900

2005-2007 1.000

2008-2012 1.000

2013+ 1.000

>50t0 75 Pre-1998 1.000

1988-1997 1.000

1998-2003 1.000

2004-2005 0.200 | 0.800

2006-2007 0.100 | 0.900

2008-2009 0.100 0.900

2010-2012 1.000

2013+ 1.000
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Table A1. Nonroad Cl Technology Distributions by HP Category and Model Y ear (cont.)?

Engine Power

Fraction of Population in Each Technology Type

(hp) Mode! Year Base” | Tier0® | Tierl | Tier2 | Tier3 | Tier3B | TierdA | Tier4B | Tier4 | Tier 4N
>75t0100 |Pre1998 | 1.000

1988-1997 1.000

1998-2003 1.000

2004-2005 0.200 | 0.800

2006-2007 0.100 | 0.900

2008-2009 0.100 0.900

2010-2011 1.000

2012-2013 0500 | 0.500

2014+ 1.000
>100t0175 |Pre-1998 | 1.000

1988-1996 1.000

1997-2002 1.000

2003-2004 0.200 | 0.800

2005-2006 0.100 | 0.900

2007-2008 0.100 0.900

2009-2011 1.000

2012-2013 0500 | 0.500

2014+ 1.000
>175t0300 | Pre-1988 1.000

1988-1995 1.000

1996-2002 1.000

2003-2004 0.200 | 0.800

2005 0.100 | 0.900

2006-2008 0.100 0.900

2009-2010 1.000

2011-2013 0500 | 0.500

2014+ 1,000
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Table A1. Nonroad Cl Technology Distributions by HP Category and Model Y ear (cont.)?

Engine Power
(hp)

Model Year

Fraction of Population in Each Technology Type

Base’

Tier O

Tier 1

Tier 2

Tier 3

Tier 3B

Tier 4A

Tier 4B

Tier 4

Tier 4N

>300 to 600

Pre-1988

1.000

1988-1995

1.000

1996-2000

1.000

2001-2002

0.200

0.800

2003-2005

0.100

0.900

2006

0.100

0.900

2007-2010

1.000

2011-2013

0.500

0.500

2014+

1.000

>600 to 750

Pre-1988

1.000

1988-1995

1.000

1996-2001

1.000

2002-2003

0.200

0.800

2004-2005

0.100

0.900

2006-2007

0.100

0.900

2008-2010

1.000

2011-2013

0.500

0.500

2014+

1.000

>750

Pre-1988

1.000

1988-1999

1.000

2000-2005

1.000

2006-2007

0.300

0.700

2008

0.200

0.800

2009-2010

1.000

2011-2014

1.000

2015+

1.000

a

and underground mining equipment; these are presented in separate tables. The technology fractions are
contained in the tech-exh.dat model file. Blank cells have a technology fraction of 0.000.

Base = pre-control, pre-1988 MY engines. Tier 0 = pre-control 1988+ MY engines prior to Tier 1.
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Table A2. Recreational Marine Cl Technology Distributions by HP Category and Model Y ear®
Engine Power Model Year Fraction of Population in Each Technology Type
(hp) Base’ | Tier0® | Tierl | Tier2 | Tier3 | Tiers®

<25 Pre-1988 1.000

1988-1999 1.000

2000 0.200 | 0.800

2001-2004 0.100 | 0.900

2005-2006 0.100 0.900

2007-2008 1.000

2009+ 1.000

>251to0 50 Pre-1988 1.000

1988-1998 1.000

1999 0.200 | 0.800

2000-2003 0.100 | 0.900

2004-2005 0.100 0.900

2006-2008 1.000

2009-2013 1.000

2014+ 1.000

>50 to 100 Pre-2007 1.000

2007-2008 1.000

2009-2013 1.000

2014+ 1.000

>100to 175 Pre-2006 1.000

2006-2011 1.000

2012+ 1.000

>175to 300 Pre-2006 1.000
2006-2012 1.000
2013+ 1.000
>300 to 750 Pre-2006 1.000
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Table A2. Recreational Marine Cl Technology Distributions by HP Category and Model Y ear (cont.)?

Engine Power Model Year Fraction of Population in Each Technology Type
(hp) Base” | Tier0° | Tier1 | Tier2 | Tier3 | Tiers®
2006-2013 1.000
2014+ 1.000
>750 to 1200 Pre-2006 1.000
2006-2012 1.000
2013+ 1.000
>1200 Pre-2009 1.000
2009-2011 1.000
2012+ 1.000

& The technol ogy fractions are contained in the tech-exh.dat model file. Blank cells have atechnology fraction
of 0.000.
P Base= pre-control, pre-1988 MY engines. Tier O = pre-control 1988+ MY engines prior to Tier 1.

¢ This source category is not subject to Tier 4 standards. Some horsepower categories are subject to two phases
of the Tier 3 standard; the second phaseisreferred to as Tier 4.
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Table A3. Underground Mining Equipment
Technology Distributions by HP Category and Mode! Y ear®

Engine Power Model Year | Fraction of Population in Each Technology Type
(hp) Bas® | Tier0® | Tier1 Tier 2
<25 Pre-1988 1.000

1988-1999 1.000

2000-2001 1.000

2002-2004 1.000

2005 0.100 0.900

2006+ 1.000
>251t050 Pre-1988 1.000

1988-1998 1.000

1999-2000 1.000

2001-2003 1.000

2004 0.100 0.900

2005+ 1.000
>50 to 100 Pre-1988 1.000

1988-1997 1.000

1998-2003 1.000

2004-2005 0.200 0.800

2006-2007 0.100 0.900

2008-2009 0.100 0.900

2010+ 1.000
>100to 175 Pre-1988 1.000

1988-1996 1.000

1997-2002 1.000

2003-2004 0.200 0.800

2005-2006 0.100 0.900

2007-2008 0.100 0.900
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Table A3. Underground Mining Equipment
Technology Distributions by HP Category and Model Y ear (cont.)?

Engine Power Model Year | Fraction of Population in Each Technology Type
(hp) Bas® | Tier0® | Tier1 Tier 2

2009+ 1.000
>17510300 Pre-1988 1,000

1988-1995 1.000

1996-2002 1.000

2003-2004 0.200 0.800

2005 0.100 0.900

2006-2008 0.100 0.900

2009+ 1.000
>300 to 600 Pre-1988 1.000

1988-1995 1.000

1996-2000 1.000

2001-2002 0.200 0.800

2003-2005 0.100 0.900

2006 0.100 0.900

2007+ 1.000
>600 to 750 Pre-1988 1.000

1988-1995 1.000

1996-2001 1.000

2002-2003 0.200 0.800

2004-2005 0.100 0.900

2006-2007 0.100 0.900

2008+ 1.000
>750 Pre-1988 1.000

1988-1999 1.000

2000-2005 1.000

2006-2007 0.300 0.700

2008 0.200 0.800

2009+ 1.000

& Thetechnol ogy fractions are contained in the tech-exh.dat model file. Blank cells have atechnology fraction
of 0.000.
Base = pre-control, pre-1988 MY engines. Tier O = pre-control 1988+ MY engines prior to Tier 1.
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Table A4. Zero-Hour, Steady-State Emission Factors for Nonroad Cl Engines®
Engine Technology BSFC Emission Factors (g/hp-hr)
Power (hp) Type (Ib/hp-hr) HC co NO, PM
>0to 11 Base 0.408° 15 5.0 10.0 1.0
Tier O 15 5.0 10.0 1.0
Tier1 0.7628 41127 5.2298 0.4474
Tier 2 0.5508 41127 43 0.50
Tier 4A 0.5508 4.1127 4.3 0.28
Tier 4B 0.5508 41127 43 0.28
>11to0 16 Base 0.408 17 5.0 85 0.9
Tier 0 17 5.0 85 0.9
Tier 1 0.4380 2.1610 4.4399 0.2665
Tier 2 0.4380 2.1610 4.4399 0.2665
Tier 4A 0.4380 2.1610 4.4399 0.28
Tier 4B 0.4380 2.1610 4.4399 0.28
>16to 25 Base 0.408 17 5.0 85 0.9
Tier O 17 5.0 85 0.9
Tier1 0.4380 2.1610 4.4399 0.2665
Tier 2 0.4380 2.1610 4.4399 0.2665
Tier 4A 0.4380 2.1610 4.4399 0.28
Tier 4B 0.4380 2.1610 4.4399 0.28
>2510 50 Base 0.408 18 5.0 6.9 0.8
Tier 0 18 5.0 6.9 0.8
Tier 1 0.2789 1.5323 47279 0.3389
Tier 2 0.2789 1.5323 47279 0.3389
Tier 4A 0.2789 1.5323 4.7279 0.20
Tier4 0.1314 0.153 3.0000 0.0184
>50t0 75 Base 0.408 Vary by application, see NEVES
Tier 0 0.99 3.49 6.9 0.722
Tier 1 0.5213 2.3655 5.5988 0.4730
Tier 2 0.3672 2.3655 4.7 0.24
Tier 4A 0.1836 2.3655 3.0 0.20
Tier 4 0.1314 0.237 3.00 0.0184
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Table A4. Zero-Hour, Steady-State Emission Factors for Nonroad CI Engines (cont.)?

Engine Technology BSFC Emission Factors (g/hp-hr)
Power (hp) Type (Ib/hp-hr) HC co NO, PM
>75 to 100 Base 0.408 Vary by application, see NEVES
Tier 0 0.99 3.49 6.9 0.722
Tier 1 0.5213 2.3655 5.5988 0.4730
Tier 2 0.3672 2.3655 4.7 0.24
Tier 3B 0.1836 2.3655 3.0 0.20
Tier 4 0.1314 0.237 3.00 0.0092
Tier 4N 0.1314 0.237 0.276 0.0092
>100to 175 Base 0.367 Vary by application, see NEVES
Tier O 0.68 2.70 8.38 0.402
Tier 1 0.3384 0.8667 5.6523 0.2799
Tier 2 0.3384 0.8667 4.1 0.18
Tier 3 0.1836 0.8667 25 0.22
Tier4 0.1314 0.087 2.50 0.0092
Tier 4N 0.1314 0.087 0.2760.402 0.0092
>175to 300 Base 0.367 Vary by application, see NE0.2799VES
Tier O 0.68 2.70 8.38 0.402
Tier 1 0.3085 0.7475 5.5772 0.2521
Tier 2 0.3085 0.7475 40 0.1316
Tier 3 0.1836 0.7475 25 0.15
Tier 4 0.1314 0.075 2.50 0.0092
Tier 4N 0.1314 0.075 0.276 0.0092
>300 to 600 Base 0.367 Vary by application, see NEVES
Tier O 0.68 2.70 8.38 0.402
Tier 1 0.2025 1.3060 6.0153 0.2008
Tier 2 0.1669 0.8425 4.3351 0.1316
Tier 3 0.1669 0.8425 25 0.15
Tier 4 0.1314 0.084 2.50 0.0092
Tier 4N 0.1314 0.084 0.276 0.0092
>600 to 750 Base 0.367 Vary by application, see NEVES
Tier O 0.68 2.70 8.38 0.402
Tier 1 0.1473 1.3272 5.8215 0.2201
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Table A4. Zero-Hour, Steady-State Emission Factors for Nonroad CI Engines (cont.)?

Engine Technology BSFC Emission Factors (g/hp-hr)
Power (hp) Type (Ib/hp-hr) HC co NO, PM
Tier 2 0.1669 1.3272 41 0.1316
Tier 3 0.1669 1.3272 25 0.15
Tier 4 0.1314 0.133 2.50 0.0092
Tier 4N 0.1314 0.133 0.276 0.0092
>750 except Base 0.367 Vary by application, see NEVES
Jeeretor Tier 0 0.68 2.70 8.38 0.402
Tier 1 0.2861 0.7642 6.1525 0.1934
Tier 2 0.1669 0.7642 4.1 0.1316
Tier4 0.2815 0.7642 2.392 0.069
Tier 4N 0.1314 0.076 2.392 0.0276
Gen sets Base 0.367 Vary by application, see NEVES
>7501t0 1200 Tier 0 0.68 2.70 8.38 0.402
Tier 1 0.2861 0.7642 6.1525 0.1934
Tier 2 0.1669 0.7642 4.1 0.1316
Tier4 0.2815 0.7642 2.392 0.069
Tier 4N 0.1314 0.076 0.460 0.0184
Gen sets Base 0.367 Vary by application, see NEVES
>1200 Tier 0 0.68 2.70 8.38 0.402
Tier 1 0.2861 0.7642 6.1525 0.1934
Tier 2 0.1669 0.7642 4.1 0.1316
Tier4 0.2815 0.7642 0.460 0.069
Tier 4N 0.1314 0.076 0.460 0.0184

®Prior to listing in NONROAD input files, these ISO-C1 emission factors are adjusted for in-use operation as explained in
Appendix F. The emission factorsin the input files are rounded to two decimal places. The emission factors for
recreational marine Cl engines are provided in Table 10. Underground mining equipment inputs are just the Base (NEVES)
and Tier 2 values from this table.

PBSFC for engines <50 hp is assumed to be the same as 50-100 hp engines
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Table A5. Transient Adjustment Factors by Equipment Type for Nonroad CI Equipment 2

SCC Equipment Type Cycle TAF HC CO NO, PM BSFC
Assignment | g e T3|Base-T3| Base, T0-T2 | Tier 3 |Base, T0-T2| Tier 3 |Base-13
2270001000 Recreational Vehicles All Backhoe Lo LF 2.29 2.57 1.10 121 1.97 2.37 1.18
2270001020 Recreational Vehicles Snowmobiles None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270001030 Recreational Vehicles All Terrain Vehicles None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270001040 Recreational Vehicles Minibikes None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270001050 Recreational Vehicles Golf Carts None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270001060 Recreational Vehicles Speciality Vehicle Carts Backhoe Lo LF 2.29 2.57 1.10 1.21 1.97 2.37 1.18
2270002003| Construction Equipment Pavers Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002006 Construction Equipment Tampers/Rammers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270002009 Construction Equipment Plate Compactors None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270002015| Construction Equipment Rollers Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002018 Construction Equipment Scrapers Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002021| Construction Equipment Paving Equipment Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002024 | Construction Equipment Surfacing Equipment Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002027 Construction Equipment Signal Boards None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270002030| Construction Equipment Trenchers Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002033 Construction Equipment Bore/Drill Rigs None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270002036 Construction Equipment Excavators Excavator Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002039 Construction Equipment Concrete/Industrial Saws Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002042| Construction Equipment Cement & Mortar Mixers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270002045 Construction Equipment Cranes None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270002048 Construction Equipment Graders Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002051 Construction Equipment Off-highway Trucks Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002054 Construction Equipment Crushing/Proc. Equipment None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270002057 Construction Equipment Rough Terrain Forklifts RTLoader Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002060| Construction Equipment Rubber Tire Loaders RTLoader Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002063 Construction Equipment Rubber Tire Dozers Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002066 Construction Equipment Backhoe Lo LF 2.29 2.57 1.10 1.21 1.97 2.37 1.18
Tractors/Loaders/Backhoes
2270002069 | Construction Equipment Crawler Dozer Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002072| Construction Equipment Skid Steer Loaders SSLoader Lo LF 2.29 2.57 1.10 1.21 1.97 2.37 1.18
2270002075 Construction Equipment Off-Highway Tractors Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270002078| Construction Equipment Dumpers/Tenders Backhoe Lo LF 2.29 2.57 1.10 1.21 1.97 2.37 1.18
2270002081 Construction Equipment Other Construction Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
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Table A5. Transient Adjustment Factors by Equipment Type for Nonroad CI Equipment 2

SCC Equipment Type Cycle TAF HC CO NO, PM BSFC
Assignment 18 e T3|Base-T3| Base, T0-T2 | Tier 3 |Base, T0-T2] Tier 3 |Base-13

Equipment

2270003010| Industrial Equipment Aerial Lifts Backhoe Lo LF 2.29 2.57 1.10 121 1.97 2.37 1.18

2270003020( Industrial Equipment Forklifts RTLoader Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270003030| Industrial Equipment Sweepers/Scrubbers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270003040| Industrial Equipment Other General Industrial None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Equipment

2270003050| Industrial Equipment Other Material Handling Backhoe Lo LF 2.29 2.57 1.10 121 1.97 2.37 1.18
Equipment

2270003060( Industrial Equipment AC\Refrigeration None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270003070 Terminal Tractors Crawler Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270004000| Lawn & Garden Equipment ALL None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270004010 Lawn & Garden Equipment Lawn mowers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Residential)

2270004011| Lawn & Garden Equipment Lawn mowers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Commercial)

2270004015( Lawn & Garden Equipment Rotary Tillers < 6 HP None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270004016 Lawn & Garden Equipment Rotary Tillers < 6 HP None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Commercial)

2270004020| Lawn & Garden Equipment Chain Saws < 6 HP None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270004021 Lawn & Garden Equipment Chain Saws < 6 HP None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Commercial)

2270004025| Lawn & Garden Equipment Trimmers/Edgers/Brush None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cutters

2270004026 Lawn & Garden Equipment Trimmers/Edgers/Brush None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cutters (Commercial)

2270004030 Lawn & Garden Equipment Leafblowers/Vacuums None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270004031| Lawn & Garden Equipment Leafblowers/Vacuums None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Commercial)

2270004035 Lawn & Garden Equipment Snowblowers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270004036| Lawn & Garden Equipment Snowblowers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Commercial)

2270004040 Lawn & Garden Equipment Rear Engine Riding None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mowers

2270004041 Lawn & Garden Equipment Rear Engine Riding None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mowers (Commercial)

2270004045 Lawn & Garden Equipment Front Mowers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table A5. Transient Adjustment Factors by Equipment Type for Nonroad CI Equipment 2

SCC Equipment Type Cycle TAF HC CO NO, PM BSFC
Assignment 18 e T3|Base-T3| Base, T0-T2 | Tier 3 |Base, T0-T2] Tier 3 |Base-13

2270004046| Lawn & Garden Equipment Front Mowers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Commercial)

2270004050| Lawn & Garden Equipment Shredders < 6 HP None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270004051| Lawn & Garden Equipment Shredders < 6 HP None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Commercial)

2270004055| Lawn & Garden Equipment Lawn & Garden None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tractors

2270004056| Lawn & Garden Equipment Lawn & Garden None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tractors (Commercial)

2270004060 Lawn & Garden Equipment Wood Splitters None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270004061 Lawn & Garden Equipment Wood Splitters None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Commercial)

2270004065( Lawn & Garden Equipment Chippers/Stump None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Grinders

2270004066 | Lawn & Garden Equipment Chippers/Stump None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Grinders (Commercial)

2270004071 Lawn & Garden Equipment Commercial Turf None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Equipment (Commercial)

2270004075( Lawn & Garden Equipment Other Lawn & Garden None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Equipment

2270004076 Lawn & Garden Equipment Other Lawn & Garden None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Equipment (Commercial)

2270005010 Farm Equipment 2-Wheel Tractors AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005015 Farm Equipment Agricultural Tractors AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005020 Farm Equipment Combines AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005025| Farm Equipment Balers AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005030| Farm Equipment Agricultural Mowers AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005035| Farm Equipment Sprayers AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005040| Farm Equipment Tillers > 6 HP AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005045| Farm Equipment Swathers AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005050 Farm Equipment Hydro Power Units None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270005055 Farm Equipment Other Agricultural Equipment AgTractor Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01

2270005060| Farm Equipment Irrigation Sets None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270006000| Light Commercial ALL None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2270006005| Light Commercial Generator Sets None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table A5. Transient Adjustment Factors by Equipment Type for Nonroad CI Equipment 2
SCC Equipment Type Cycle TAF HC CO NO, PM BSFC
Assignment | g e T3|Base-T3| Base, T0-T2 | Tier 3 |Base, T0-T2| Tier 3 |Base-13
2270006010| Light Commercial Pumps None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270006015| Light Commercial Air Compressors None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270006020| Light Commercial Gas Compressors None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270006025| Light Commercial Welders ArcWelder Lo LF 2.29 2.57 1.10 1.21 1.97 2.37 1.18
2270006030| Light Commercial Pressure Washers None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2270007005 Logging Equipment Chain Saws > 6 HP RTLoader Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270007010 Logging Equipment Shredders > 6 HP RTLoader Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270007015| Logging Equipment Forest Equipment RTLoader Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
2270008005| Airport Service Equipment Airport Support RTLoader Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
Equipment
2270009010 Other Underground Mining Equipment Backhoe Lo LF 2.29 2.57 1.10 1.21 1.97 2.37 1.18
2270010010( Other Oil Field Equipment None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2282020005| Recreational Pleasure Craft, Inboards None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2282020010 Recreational Pleasure Craft, Outboards None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2282020015| Recreational Pleasure Craft, Personal Water Craft None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2282020025| Recreational Pleasure Craft, Sailboat Aux. None None 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Outboard
2285002015 Railway Maintenance Backhoe Lo LF 2.29 2.57 1.10 1.21 1.97 2.37 1.18

aTAFsare not applied to the emission factors for Tier 4 engines (i.e., the model appliesa TAF of 1.0). “Base-T3" in thistable refersto Tier 3 and prior engines.
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Table A6. Deterioration Factorsfor Nonroad Diesel Engines

Relative Deterioration Factor (A)
(% increase/%useful life)

Pollutant Base/Tier 0 Tier 1 Tier 2 Tier 3+
HC 0.047 0.036 0.034 0.027
CO 0.185 0.101 0.101 0.151
NOx 0.024 0.024 0.009 0.008
PM 0.473 0.473 0.473 0.473

DF =1+A*(fraction of useful life expended)®
B =1 for diesel nonroad engines
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Appendix B
Sour ces of Previous Emission Factorsfor
Nonroad Compression Ignition Engines

Thereislittle test data available on nonroad engines. Table B1 lists the data sources used
for EPA’s Nonroad Engine and Vehicle Study’s (NEVES) diesel emission factors. Published in
November, 1991, NEVES was mandated by Congress to determine whether nonroad sources
made a significant contribution to urban air pollution. It coversHC, CO, NOy, PM, SO, and
other pollutants. It providesinventoriesfor 19 ozone and 16 CO nonattainment areas.

Table B1. Data sources for NEVES Diesal Emission Factors

Application Emissions Test Notes

Data Source
Lawn and Garden and None NEVES emission factors
Light Commercial were based on factors for

“continuous service diesel <
50 hp” SwRI, 1991, which
are based on Radian, 1988
factors for truck/container
refrigeration units.

Agriculture Cal/ERT, 1982
Construction EMA NEVES emission factors
SwRI, 1973 were based on EMA when
Cal/ERT, 1982 possible. For PM and for
applications not available
from EMA, factors were
taken from AP-42, which
relies on Ca/ERT for most
emission factors and on
SwRI, 1973 for PM and
SOKxX.
Logging (skidders) EMA
Industrial and SwRI, 1973
Airport Service Equipment
Recreational Marine NMMA
(Inboard)
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Table B2 lists the data sources used for California’ s Air Resources Board (ARB)
OFFROAD diesdl emission factors. OFFROAD is designed to estimate nonroad emissions for
the state of Californiaonly. A version of this model was released in late summer 1997. It covers
HC, CO, NOy, PM, SO,, and CO,. The studies listed in the tables are described below.

Table B2. Data sources for ARB OFFROAD Diesel Emission Factors

Horsepower Class Emissions Test Notes
Data Source
0-15hp Manufacturers data--
2 Yanmar engines
1 Deutz engine
15-25 hp Manufacturers (ARB Off-
Road Equipment Study,
1990)
25-50 hp Manufacturers Submissions
(ARB Off-Road Equipment
Study, 1990 )
50-125 hp Manufacturers (CA HD
Construction Study, 1988)
125-250 Manufacturers (CA HD ARB factors on al engines
250+ Construction Study, 1988) from 125 hp and above are

based on the same data, but
the weighting between turbo-
charged and naturally
aspirated engines is different
in the two horsepower
categories listed here.

Description and Citations of Sources used for Previous Emission Factors

Radian, 1988. Radian’s estimates of HC, CO, NOy and PM for truck/container refrigeration units
are not based on testing, but on Radian’s estimates for “typical small direct injection and indirect
injection diesel engines.” (Weaver, C.S,, “Feasibility and Cost Effectiveness of Controlling
Emissions from Diesdl Enginesin Rail, Marine, Construction, Farm and Other Mobile Off-
Highway Equipment.” Final Report by Radian Corporation for U.S. EPA, Office of Policy
Analysis, under contract 68-01-7288, February, 1988.)
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SWRI, 1973. Southwest Research Institute tested 8 diesel enginesfor HC, CO, NOy and PM.
Emissions of SOx were calculated for no. 2 diesel fuel assuming sulfur content of 0.22%. BSFC
isnot stated. The emissions tests were given different weightings to estimate industrial,
construction and farm equipment emission factors. (Hare, C.T and K.J. Springer. Exhaust
Emission from Uncontrolled Vehicles and Related Equipment Using Internal Combustion
Engines, Fina Report, Part 5, Heavy Duty Farm, Construction and Agricultural Engines. San
Antonio TX: Southwest Research Institute, October 1973.)

EMA. Emission factors for 17 applications based on unknown number of tests, unknown
horsepower engines. Engine vintage unknown, but data was submitted by the Engine
Manufacturers Association to EPA prior to NEVES (1991). (Listedin NEVEStable 1-06.)

Cal/ERT, 1982. Datafrom 13 engine manufacturers representing 391 models of construction
equipment. Raw data was aggregated by an accounting firm prior to analysis and reporting.
(Environmental Research and Technology, Inc. “Feasibility, Cost and Air Quality Impact of
Potential Emission Control Requirements on Farm, Construction and Industrial Equipment in
California’, Document PA841, sponsored by the Farm and Industrial Equipment Institute,
Engine Manufacturers Association, and Construction Industry Manufacturers Association, May
1982.)

NMMA. The National Marine Manufacturers Association submitted datato EPA on HC, CO,
NOy and BSFC for 3 diesel inboard motors. Engine vintage unknown, but data was submitted to
EPA prior to NEVES (1991). (NEVES, Tablel-11(e).)

ARB Off-Road Study, 1990. A study of lawn and garden and utility emissions. (Manufacturer
Submissions to ARB on Exhaust Emission Standards for Utility and Lawn and Garden
Equipment Engines. California ARB, October 1990. EPA requests assistance in locating this
study)

ARB Heavy Duty Construction Sudy, 1988. Reports HC, NO, and PM emission factors based
on emission information from four manufacturers. Does not include information on test
programs. It is not clear how data collected in the study was used to create the inputs for the
ARB model. (Energy and Environment Analysis, Inc. “ Feasibility of Controlling Emissions
from Off-Road, Heavy-Duty Construction Equipment.” Final Report to the California Air
Resources Board. Arlington, VA, December 1988.)
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Appendix C
1988-1995 (Tier 0) Zero-Hour, Steady-State Emission Factors and
Fuel Sulfur Adjustment for Nonroad Compression Ignition Engines

| ntr oduction

EPA’s 1991 Nonroad Engine and Vehicle Emission Study (NEVES) (1) used emission
factorsfor diesel engines based primarily on tests of older engines. All the NEVES particul ate
matter (PM) emission factors are from tests conducted in 1972 and many of the other emissions
factorsin NEVES are based on data from tests prior to 1982.

To better characterize emissions from more recent, pre-control engines, EPA analyzed
available emission test data on 1988-1995 nonroad diesel engines. This analysis provides the
basis for NONROAD pre-control emission factors for 1988-and-later engines greater than 50 hp,
as described in the main body of thisreport. The analysisindicated a significant differencein
emissions based on engine power. Engines between 50 and 100 horsepower in general had
higher emissions and fuel consumption than engines larger than 100 horsepower. Table C1
summarizes these results.

Table C1. Average Emission Test Results for 1988 to 1995 Model Y ear Engines

Engine HC CO NOy PM BSFC
(Reference) (¢/hp-hr) (¢/hp-hr) (¢/hp-hr) (¢/hp-hr) (Ib/hp-hr)
Average (50 0.99 3.49 8.30 0.722 0.408
to 100 hp)

Average 0.68 2.70 8.38 0.402 0.367
(>=100 hp)

A summary of test results for individual enginesis presented in Table C2. Note that
testing was conducted using the current certification test procedure, aso known as ISO-C1. The
procedure uses eight steady-state modes weighted by time to produce one number in units such
as grams per horsepower-hour. EPA adjusted this test data to account for differences between
the test fuel and typical in-use fuel sulfur levels of 0.33 wt. percent as explained below.
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Table C2. Summar

y of 1ISO-C1 Emission Results for 1988 through 1995 Engines

Engine Model | Age | Fue Power HC 6(0) NO PM BSFC
(Reference) Year | (Hrs) | Sulfur | Level [ (g/hp-hr) | (g/hp-hr) | (o/hp-hr) | (g/hp-hr) | (Ib/hp-hr)
(wt. %) | (hp)
Ford New 1991 0 0.26 127 1.02 7.70 7.48 1.10 0.358
Holland (2)
John Deere 1990 0 0.26 139 0.45 2.98 11.74 0.41 0.349
7068T (2)
Volvo TD 1984 0 0.046 144 0.47 1.64 12.68 0.149 0.373
71G (avg. of
2) (3
Volvo TD73 1992 0 0.046 139 0.64 0.85 4.52 0.12 0.386
KBE (avg. of
2) (3
Weterbeke 1995 0 0.033 95 1.95 7.43 7.99 1.50 0.484
32BEDA (4)
Caterpillar 1995 0 0.033 451 0.09 294 6.37 0.213 0.358
3176B (4)
Cummins 1995 0 0.033 599 0.68 3.26 8.78 0.257 0.359
KTA19-M3
4)
Caterpillar 1990 0 0.26 285 11 14 6.5 0.18 0.354
3306
(Nonroad) (5)
Cummins4BT [ 1990 0 0.26 100 0.8 21 11 0.39 0.365
(Nonroad) (5)
John Deere 1991 0 0.25 72 0.6 35 7.2 0.59 0.385
4039D (6)
Caterpillar 1991 | 2,511 0.28 201 0.07 251 9.38 0.406 0.352
3116 (7)
0.035 0.350
Caterpillar 1991 (1,964| 0.28 85 0.66 1.00 7.53 0.387 0.393
3054 (7)
0.035 0.340
John Deere 1994 | 2,265( 0.28 86 0.41 2.17 11.22 0.384 0.389
4039 (7)
0.035 0.256
John Deere 1993 | 3,300| 0.28 174 0.53 2.05 10.22 0.250 0.385
7076 (7)
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Engine Model | Age | Fue Power HC (6(0) NO, PM BSFC
(Reference) Year | (Hrs) | Sulfur | Leve [ (g/hp-hr) | (gfhp-hr) | (g/hp-hr) | (g/hp-hr) | (Ib/hp-hr)

(wt. %) | (hp)

0.035 0.205
Consolidated 1990 |4,370| 0.28 226 0.86 150 6.53 0.397 0.365
Diesdl
6TA-830(7) 0.035 0.338
John Deere 1993 | 4,970 0.28 275 0.82 4.69 7.29 0.662 0.397
6619 (7)

0.035 0.556
Consolidated 1988 | 3,570| 0.28 71 1.32 3.37 7.57 0.581 0.389
Diesel 4039
(7 0.035 0.484
Caterpillar 1990 | 6,700| 0.28 278 1.27 1.46 6.52 0.248 0.373
3306 (7)

0.035 0.245
Average 0.33 0.99 3.49 8.30 0.722* 0.408
(50 to 100 hp)
Average 0.33 0.68 2.70 8.38 0.402* 0.367
(>=100 hp)

* Adjusted to the national average fuel sulfur level of 0.33 weight percent

Fud Sulfur Adjustment

PM emissions from diesel engines are highly dependent on the sulfur content of the fuel
the engineisburning. PM emissions from diesel engines are generally comprised of unburned or
partially burned fuel, engine oil, and sulfur compounds. When the engine burns fuel, the fuel
sulfur is oxidized to both sulfur dioxide and sulfur trioxide. The sulfur trioxide rapidly absorbs
water to form hydrated sulfuric acid which condenses and is collected on filters as particul ate
matter (PM) during emission testing.

Because the sulfur content of diesel fuel can vary considerably, it isimportant to account
for fuel sulfur in establishing emission factorsfor PM. To adjust emission test data to the default
sulfur level used in NONROAD (0.33 wt. percent), EPA followed the approach described below.

EPA measured particulate emissions from nine nonroad diesel engines using fuel with
two different sulfur levels, atypical highway diesel fuel at a sulfur level of 0.035 weight percent
and atypical nonroad diesel fuel doped to a sulfur level of 0.28 weight percent to simulate more
closely the average nonroad diesel fuel sulfur level of 0.33 weight percent. (8) Datafrom eight
of theenginesislisted in Table C2, above. In addition, the study included a 1997 John Deere
nonroad engine. Thisengineisnot shown in Table C2 becauseit is certified for the Tier 1
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emission regulations and should not be used to determine an overall emission factor for pre-
control engines. Test results from this study (including all 9 engines tested) were used to
determine the emission adjustment associated with fuel sulfur level. Other fuel parameter
differences such as cetane and fuel distillation that might also have affected particulate emissions
were ignored for this analysis.

The study found that emissions of all pollutants were reduced by using highway fuel as
compared to the nonroad fuel; however, only the average PM reduction was statistically
significant at the 90% confidence level.

The particul ate sulfur emission rate should be proportional to the fuel consumption and
the fuel sulfur level. By dividing the difference in particulate emissions by the differencein fuel
sulfur consumption, EPA calculated the average effect of fuel sulfur levels on PM emissions for
the nine engines, as shown in Table C3 below.

Table C3. Effects of Fuel Sulfur on PM Emissions

Delta Fuel
Delta Sulfur
Fuel Sulfur PM BSFC PM Consumed* | Delta PM
Engine | Delta
MY | (wt percent) | (¢/hp-hr) | (Ib/hp-hr) |(g/hp-hr)| (g/hp-hr) Sulfur
Cat 3116 1991 0.280 0.406 0.352 | 0.056 0.391 0.143
Cat 3116 1991 0.035 0.350 0.352
Cat 3054 1991 0.280 0.387 0.393 | 0.047 0.437 0.107
Cat 3054 1991 0.035 0.340 0.393
Deere4039 | 1994 0.280 0.384 0.389 | 0.128 0.432 0.296
Deere4039 | 1994 0.035 0.256 0.389
Deere 7076 | 1993 0.280 0.250 0.385 | 0.045 0.428 0.105
Deere 7076 | 1993 0.035 0.205 0.385
ConDsl 6TA-830| 1990 0.280 0.397 0.365 | 0.059 0.405 0.146
ConDsl 6TA-830| 1990 0.035 0.338 0.365
Deere6619 | 1993 0.280 0.662 0.397 | 0.106 0.441 0.240
Deere6619 | 1993 0.035 0.556 0.397
Con Dsl 4039 | 1988 0.280 0.581 0.389 | 0.097 0.432 0.225
Con Dsl 4039 | 1988 0.035 0.484 0.389
Cat 3306 1990 0.280 0.248 0.373 | 0.003 0.415 0.007
Cat 3306 1990 0.035 0.245 0.373
Deere6101 | 1997 0.280 0.186 0350 | 0.057 0.389 0.147
Deere 6101 | 1997 0.035 0.129 0.350
Average:  0.1573

* Deltafuel sulfur consumed (g S'hp-hr) = 0.01*(0.280-0.035)* BSFC*453.6 g/lb
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The value of 0.1573 is the average change in PM emissions per change in grams of fuel
sulfur consumed. The change in PM emissions would be due to PM sulfate, so this can also be
expressed as the change in PM sulfate emissions per change in grams of fuel sulfur consumed.
We assume that PM sulfate is H2S04:7H20 (sulfuric acid hydrated seven times). For PM
sulfate, thereis 7.0 grams sulfate per gram sulfur. Therefore, 0.1573 +7 = 0.02247 grams PM
sulfur per gram fuel sulfur consumed, which isthe fraction of fuel sulfur converted to PM. Inthe
NONROAD model, the change in PM emissions per change in grams of fuel sulfur consumed is
expressed as the term, “soxcnv * 7,” where soxcnv is the fraction of fuel sulfur converted to PM
and 7 isthe grams sulfate PM per gram sulfur. Soxcnv is equal to 0.02247 and soxcnv * 7 is
equal to 0.157 for diesel equipment not equipped with advanced oxidation catalyst technologies.
This appliesto the Base, Tier O, Tier 1, Tier 2, Tier 3, Tier 3B, Tier 4A, and Tier 4B technology
typesin NONROAD.

Consistent with our analysis in the Heavy-Duty (HD) 2007 highway rule, we have
assumed that the conversion of fuel sulfur to sulfate emissions for engines equipped with
advanced oxidation catalyst technologies (e.g., catalyzed diesel particulate filters) will be 30
percent. Asaresult, soxcnv isequal to 0.30 for the Tier 4 and Tier 4N technology typesin
NONROAD. The balance (70 percent) of the fuel sulfur is assumed to be emitted as SO,. The
memo to EPA Air Docket A-99-06 Item |1-B-32 documents the analysis from the HD 2007
rulemaking. Extensive discussion of diesel fuel sulfur oxidation to sulfate PM can be found in
Chapter 3 of the HD 2007 Final Regulatory Impact Analysis (RIA) and in Chapter 4 of the
nonroad Tier 4 RIA. The 30 percent conversion of fuel sulfur to sulfate represents an assumed
average rate; sulfur conversion rates can vary widely depending upon operating conditions and
catalyst technology.

The above analysis of engine test data provided the constant “A” in the equation below,
which describes the adjustment made to correct PM emissions from the test fuel sulfur level to
the default sulfur level of 0.33 weight percent.

PMBase= PM + BSFC * A* (0.0033 - Fuel Sulfur)

where
PMBase = PM emissions with default fuel, in g/hp-hr
PM = PM emissions with test fuel, in g/hp-hr
BSFC = Brake Specific Fuel Consumption in g/hp-hr
A = 0.157 g PM/hp-hr/Weight Fraction sulfur/BSFC
0.0033= the default weight fraction of fuel sulfur for nonroad diesel
Fuel Sulfur = Weight Fraction of sulfur in test fuel

EPA then used this equation for al testslisted in Table C2 to correct PM emissions from
the test-fuel sulfur level to afuel sulfur level of 0.33 wt.% before computing the averages listed
in Table C1 and at the bottom of Table C2. Since the engines tested are pre-Tier 4 technologies,
the constant “A” value of 0.157 was used in the equation.
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Appendix D
Certification Data for Nonroad Compression Ignition Engines

Certification data were available and therefore used to devel op zero-mile, steady-state
emission factors for Tier 1 enginesin al hp categories and Tier 2 enginesin the >300 to 600 hp
category. Certification data were extracted from the database as of October, 2001. Official test
results (OTR values) obtained with the nonroad 8-mode test procedure were used. Note that
emissions for some engines exceed the applicable standards if the engine families are part of the
Average Banking and Trading (ABT) program.

Tests were conducted with fuel meeting either diesel nonroad or diesel on-highway
specifications. For tests conducted on the Tier 1 engines with diesel on-highway fuel, the PM
emissions were adjusted from 350 ppm to 3300 ppm sulfur (the default diesel sulfur level used in
NONROAD), using the equation described in Appendix C. For tests conducted on the Tier 2
engines with diesel on-highway fuel, the PM emissions were adjusted from 350 ppm to 2000
ppm. An estimate of brake-specific fuel consumption is required to calculate the adjustment. If
the fuel rate for a certification test was reported, the engine-specific BSFC was cal culated and
used directly. If thefuel rate was not reported, the default BSFC valuesin NONROAD were
used to calculate the adjustment.

The certification data were grouped by model year and by hp category. Sales-weighted
emission averages were calculated for each model year/hp category. Then, for each hp category,
astraight average of the applicable model year data was used.

For categories less than 50 hp, the Tier 1 standard for HC and NOy is expressed as a
combination of HC and NOx (HC+NO, refer to Table 1). Asaresult, most of the certification
data for these enginesis provided as the sum of HC and NOy, although there are some data
reported for HC and NOy separately. To obtain separate HC and NOy emission factors for
categories less than 50 hp, HC fractions of HC+NOy emissions were calcul ated for those tests
which reported both HC and HC+NOy emission factors. The average HC fraction was then
calculated and multiplied by the sales-weighted average HC+NOy emission factor to obtain an
HC emission factor (referred to as HC calc in the tables). The remaining fraction of the
HC+NOy emission factor was assigned as the NOy emission factor (referred to as NOy calc in
the tables). Thiswas done for each model year and for each of the hp categories less than 50 hp
(i.e.,, 0-11 hp, 11-25 hp, 25-50 hp).

Table D1 presents asummary of the results, as well as the sample sizes for each
pollutant/model year/hp category. The numbersin bold are those used in the model. Tables D2-
D7 present the individual engine emissions data and sales weightings for each model year and hp
category. The engine identification and specific sales information have been removed. For
categories less than 50 hp, the HC fractions, HC calc emission factors, and NOy calc emission
factors are aso provided. The HC calc and NOx calc emission factors are used in the model.
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TableD1. Summary of Certification Data for Nonroad Compression Ignition Engines*

>0to 11 hp
g/hp-hr HC NOXx HC+NOx CcoO PM HC frac HC calc NOx calc
2000 0.692103 5.170337 5.966223 4.051366 0.452858 0.113196 0.675351 5.290871
2001 0.828378 5.073763 6.018891 4.174066 0.44201 0.141247 0.850153 5.168738

average 0.760241 5.12205 5.992557 4.1127  0.4474 0.7628  5.2298
sample size HC NOXx HC+NOx CcoO PM
2000 4 6 20 20 20
2001 5 5 19 19 19
total 9 11 39 39 39
>11to 25 hp
a/hp-hr HC NOx HC+NOx CcO PM HC frac HC calc NOx calc

2000 0.489983 3.749647 4.9489 2.207041 0.289982 0.081156 0.401631 4.547269
2001 0.447831 4.109521 4.80692 2.114884 0.242992 0.09869 0.474395 4.332525

average 0.468907 3.929584 4.87791 2.1610 0.2665 0.4380 4.4399
sample size HC NOx HC+NOx CcoO PM
2000 9 10 40 39 40
2001 16 16 43 43 43
total 25 26 83 82 83
>25to 50 hp
g/hp-hr HC NOXx HC+NOx (6{0) PM HC frac HC calc NOx calc

1999 0.496458 4.558405 4.983359 1.54213 0.35614 0.047095 0.23469 4.748669
2000 0.452946 4.893606 5.083919 1.522782 0.331337 0.056039 0.284899 4.79902
2001 0.472917 4.469647 4.952901 1.532028 0.329222 0.064006 0.317014 4.635887

average 0.474107 4.640553 5.006726 1.5323  0.3389 0.2789  4.7279
sample size HC NOx HC+NOx CcoO PM
1999 11 15 72 72 72
2000 14 22 95 96 96
2001 25 35 103 104 104
total 50 72 270 272 272
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Table D1. Summary of Certification Data for Nonroad Compression Ignition Engines (cont)*

>50 to 100 hp

g/hp-hr HC NOXx HC+NOx CO PM
1998  0.528845 5.682411 4.235576 2.753546 0.472055
1999  0.517642 5.613376 6.569501 2.34687 0.452553
2000 0.46289 5.494892 4.235576 2.047055 0.460428
2001  0.575867 5.604515 5.976957 2.314372 0.506824
average 0.5213 5.5988 5.254402 2.3655 0.4730
sample size HC NOx HC+NOx CcO PM
1998 18 71 1 21 19
1999 27 91 3 33 31
2000 35 104 1 38 36
2001 40 127 3 47 43
total 120 393 8 139 129
>100to 175 hp
g/hp-hr HC NOXx HC+NOx CO PM
1997  0.297479 5.599201 0.745072 0.281314
1998  0.355336 5.743938 0.961288 0.276378
1999 0.35159 5.749792 0.93731 0.270345
2000 0.33246 5.593736 0.68581 0.282059
2001  0.355107 5.574714 1.003922 0.28934
average 0.3384 5.6523 0.8667 0.2799
sample size HC NOXx HC+NOXx CcO PM
1997 29 43 0 29 25
1998 25 52 0 27 24
1999 25 59 0 27 25
2000 27 61 0 29 28
2001 34 69 0 37 36
total 140 284 0 149 138
>175to 300 hp
g/hp-hr HC NOXx HC+NOx CO PM
1996  0.331633 5.667602 0.834876 0.239994
1997  0.307044 5.723983 0.819777 0.24542
1998  0.316321 5.574079 0.722968 0.262486
1999  0.314974 5.549376 0.695869 0.257528
2000 0.26631 5.441729 4.54 0.666725 0.240685
2001  0.314765 5.506545 4.203295 0.744633 0.266622
average 0.3085 5.5772 4.371648 0.7475 0.2521
sample size HC NOx HC+NOx CcO PM
1996 44 44 0 44 44
1997 43 43 0 43 43
1998 72 72 0 72 72
1999 71 71 0 71 71
2000 64 64 2 64 64
2001 86 86 6 88 88
total 380 380 8 382 382
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Table D1. Summary of Certification Data for Nonroad Compression Ignition Engines

(cont)*
>300 to 600
g/hp-hr HC NOx HC+NOXx CcO PM
1996  0.260521 6.264393 1.353145 0.195978
1997 0.1553 5.865363 1.431343 0.213156
1998  0.209071 6.126551 1.289223 0.198893
1999  0.201521 6.04976 1.201752 0.192703
2000 0.186024 5.77026 5.24 1.254546 0.203148
average 0.2025 6.0153 5.24 1.3060 0.2008
2001Tier 2 0.1669 4.3351 4.345348 0.8425 0.1316
sample size HC NOx HC+NOx CcO PM
1996 40 40 0 40 40
1997 35 35 0 35 35
1998 48 48 0 48 48
1999 55 55 0 55 55
2000 51 51 1 51 51
2001 14 14 35 35 35
total 243 243 36 264 264
>600 to 750
g/hp-hr HC NOXx HC+NOx CO PM
1996  0.174804 6.063537 1.502117 0.242149
1997  0.135125 5.872338 1.571034 0.236991
1998  0.190719 5.866023 1.277422 0.205116
1999  0.118392 5.723896 1.361031 0.227162
2000 0.126821 5.790567 1.368105 0.225632
2001  0.138065 5.612418 3.975047 0.883305 0.183773
average 0.1473 5.8215 3.975047 1.3272 0.2201
sample size HC NOx HC+NOx CcO PM
1996 11 11 0 11 11
1997 10 10 0 10 10
1998 12 12 0 12 12
1999 13 13 0 13 13
2000 15 15 0 15 15
2001 16 16 3 17 17
total 77 77 3 78 78
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Table D1. Summary of Certification Data for Nonroad Compression Ignition Engines

(cont)*
>750 hp

g/hp-hr HC NOx HC+NOXx CcO PM

2000 0.25906 6.252638 0.727419 0.183308

2001  0.313093 6.052394 0.800887 0.203589

average 0.2861 6.1525 0.7642 0.1934

sample size HC NOx HC+NOx CcO PM
2000 16 16 0 16 16
2001 18 18 0 18 18
total 34 34 0 34 34

* Vauesin bold are used in NONROAD. All are Tier 1 emission factors, with the exception that
both Tier 1 and Tier 2 emission factors are provided for the >300 to 600 hp category.

D5





TableD2. 1996 MY Certification Data

175 to 300 hp Emission Factors (g/hp-hr)

Rated HP HC NOXx CcoO PM Sales wgt
261 0.47 6.06 0.89 0.27 0.0005
248 0.34 5.31 1.04 0.35 0.0005
215 0.32 5.51 0.55 0.33 0.0628
260 0.44 5.81 0.70 0.27 0.0398
240 0.29 5.38 0.49 0.27 0.0545
260 0.37 5.73 1.30 0.31 0.0177
225 0.41 5.70 0.84 0.15 0.0862
275 0.11 4.56 1.25 0.18 0.0174
258 0.05 6.34 0.89 0.22 0.0064
275 0.08 4.93 1.80 0.25 0.0034
220 0.11 6.16 0.89 0.20 0.0563
200 0.26 5.12 0.60 0.22 0.0910
215 0.32 5.51 0.55 0.33 0.1054
260 0.44 5.80 0.70 0.27 0.0652
240 0.29 5.38 0.49 0.27 0.0362
255 0.46 6.11 0.52 0.20 0.0014
296 0.31 6.41 0.96 0.18 0.0005
196 0.28 5.44 0.65 0.21 0.0074
287 0.33 5.94 1.16 0.21 0.1080
263 0.43 6.13 2.68 0.24 0.0322
275 0.46 6.51 1.19 0.15 0.0273
216 0.59 6.20 1.55 0.20 0.0262
293 0.09 6.20 0.46 0.12 0.0018
261 0.30 4.38 0.69 0.23 0.0050
194 0.30 6.26 0.80 0.17 0.0024
280 0.25 4.03 0.56 0.18 0.0005
241 0.41 6.44 1.11 0.26 0.0036
193 0.60 6.69 0.85 0.28 0.0025
215 0.32 5.51 0.55 0.33 0.0136
240 0.29 5.38 0.49 0.27 0.0362
189 0.31 5.40 0.92 0.16 0.0020
252 0.22 6.23 0.30 0.17 0.0058
273 0.31 4.46 0.48 0.08 0.0009
248 0.34 5.31 1.04 0.35 0.0005
275 0.10 4.14 0.78 0.13 0.0028
210 0.16 6.85 1.47 0.17 0.0043
225 0.11 6.63 0.57 0.06 0.0014
228 0.36 5.45 0.59 0.21 0.0504
182 0.42 6.43 0.87 0.32 0.0072
207 0.44 6.59 1.15 0.36 0.0045
188 0.37 5.51 0.63 0.18 0.0018
235 0.31 6.18 0.52 0.13 0.0018
201 0.42 5.38 0.63 0.16 0.0018
255 0.43 6.43 0.76 0.20 0.0027

Sales-wgt EF 0.331633 5.667602 0.834876 0.239994 1.0000
Sample Size 44 44 44 44
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TableD2. 1996 MY Certification Data (cont.)

300 to 600 hp Emission Factors (g/hp-hr)

Rated HP HC NOXx CcO PM Sales wgt
335 0.27 5.51 0.74 0.28 0.0013
543 2.24 5.66 0.54 0.24 0.0010
300 0.28 6.13 0.81 0.28 0.0249
330 0.34 5.27 1.07 0.28 0.0075
362 0.16 5.49 1.57 0.13 0.3220
425 0.09 6.38 2.18 0.08 0.0155
500 0.17 8.19 2.24 0.13 0.0078
455 0.12 5.48 0.82 0.17 0.0039
542 0.07 6.05 1.43 0.31 0.0959
300 0.08 5.78 0.43 0.05 0.0093
397 0.19 4.65 1.35 0.19 0.0216
535 0.08 5.79 2.10 0.34 0.0186
515 0.05 6.05 1.44 0.21 0.0180
300 0.31 5.50 0.41 0.22 0.0052
480 0.17 6.85 1.16 0.17 0.0833
525 0.25 6.36 0.45 0.15 0.0104
375 0.40 6.03 1.51 0.20 0.0339
337 0.41 5.99 1.31 0.22 0.0170
300 0.51 8.03 1.28 0.21 0.1823
313 0.10 6.55 0.49 0.14 0.0039
440 0.39 6.55 0.43 0.18 0.0052
568 0.37 6.46 2.17 0.37 0.0124
350 0.78 6.32 1.30 0.37 0.0357
400 0.10 6.28 0.49 0.14 0.0129
412 0.35 6.51 1.76 0.30 0.0039
322 0.23 5.00 0.87 0.23 0.0026
563 0.18 4.56 0.48 0.18 0.0078
305 0.24 6.29 0.72 0.29 0.0044
335 0.19 5.78 0.41 0.10 0.0003
349 0.20 5.41 0.34 0.15 0.0016
526 0.17 6.06 0.60 0.16 0.0003
493 0.16 5.89 0.95 0.20 0.0005
573 0.14 5.86 0.62 0.17 0.0005
571 0.31 3.98 0.48 0.11 0.0026
308 0.28 5.68 0.45 0.18 0.0021
335 0.27 5.51 0.74 0.28 0.0023
543 0.22 5.66 0.54 0.25 0.0037
300 0.07 4.54 0.51 0.15 0.0052
300 0.07 6.35 0.52 0.04 0.0078
369 0.24 5.43 0.51 0.14 0.0052

Sales-wgt EF 0.260521 6.264393 1.353145 0.195978 1.0000
Sample Size 40 40 40 40

D7





TableD2. 1996 MY Certification Data (cont.)

600 to 750 hp Emission Factors (g/hp-hr)
Rated HP HC NOXx CcO PM Sales wgt

750 0.07 5.90 1.29 0.22 0.1010
750 0.07 5.84 0.90 0.16 0.0056
750 0.08 6.01 1.92 0.30 0.1330
750 0.35 5.80 1.48 0.29 0.0859
660 0.05 6.24 0.83 0.14 0.1627
740 0.10 5.53 1.63 0.33 0.1324
640 0.10 5.62 0.83 0.19 0.0056
730 0.05 5.04 0.99 0.18 0.0960
600 0.46 6.86 1.46 0.23 0.1403
710 0.25 6.64 2.42 0.27 0.1347
740 0.24 5.85 1.37 0.21 0.0028

Sales-wgt EF 0.174804 6.063537 1.502117 0.242149 1.0000

Sample Size 11 11 11 11
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100to 175 hp
Rated HP
100
125
165
110
165
166
100
125
165
114
141
134
168
110
158
153
134
103
106
100
125
165
162
130
134
131
157
168
108
166
121
108
103
172
130
102
172
117
173
122
122
161
161

HC
0.35
0.23
0.36

0.35
0.23
0.36
0.39
0.39
0.33
0.43
0.75
0.51

0.35
0.23
0.36
0.62

0.12
0.11
0.17
0.38
0.68
0.20

0.13
0.64

0.54
0.07
0.12
0.23
0.34

Table D3. 1997 MY Certification Data
Emission Factors (g/hp-hr)

NOx
6.08
6.21
4,95
6.06
6.24
4.95
6.08
6.21
4.95
4.88
4.97
6.59
6.52
6.18
6.26
5.65
6.51
6.26
6.01
6.08
6.21
4.95
6.11
5.58
6.08
5.18
6.55
6.63
5.99
6.21
6.11
5.63
6.19
5.31
6.70
6.68
6.23
6.23
6.57
5.75
412
5.96
5.26

CO
0.70
0.47
0.75

0.70
0.47
0.75
0.88
2.30
1.15
1.25
2.60
1.28

0.70
0.47
0.75
0.90

1.15
0.57
0.37
0.56
1.22
0.70

0.45
1.23

1.83
1.06
0.64
0.83
1.05

PM
0.28
0.16
0.31

0.30
0.16
0.31

0.17
0.17
0.41
0.38

0.28
0.16
0.31
0.29

0.13
0.06
0.17
0.22
0.18
0.32

0.25
0.36

0.42
0.34

0.19

HC wagt
0.0015
0.0087
0.1552
0.0000
0.0000
0.0000
0.0102
0.1001
0.2320
0.0038
0.0057
0.0218
0.0044
0.0058
0.0247
0.0000
0.0000
0.0000
0.0000
0.0022
0.0015
0.0537
0.0035
0.0000
0.0000
0.0000
0.0125
0.0091
0.0242
0.0182
0.0085
0.2393
0.0000
0.0258
0.0004
0.0000
0.0000
0.0000
0.0029
0.0029
0.0030
0.0160
0.0029

Sales-wgt EF  0.297479 5.599201 0.745072 0.281314 1.0000

Sample Size

29

43

29

25
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Sales Weightings
NOx wgt CO wagt
0.0011  0.0015
0.0069  0.0087
0.1226  0.1552
0.0174  0.0000
0.0915  0.0000
0.0022  0.0000
0.0080 0.0102
0.0790 0.1001
0.1833  0.2320
0.0030 0.0038
0.0045 0.0057
0.0172  0.0218
0.0034 0.0044
0.0046  0.0058
0.0195  0.0247
0.0206  0.0000
0.0041  0.0000
0.0069  0.0000
0.0018  0.0000
0.0017  0.0022
0.0011  0.0015
0.0424  0.0537
0.0028  0.0035
0.0115 0.0000
0.0183  0.0000
0.0115  0.0000
0.0099 0.0125
0.0072  0.0091
0.0191  0.0242
0.0143  0.0182
0.0067  0.0085
0.1890  0.2393
0.0128  0.0000
0.0204 0.0258
0.0003  0.0004
0.0023  0.0000
0.0069  0.0000
0.0023  0.0000
0.0023  0.0029
0.0023  0.0029
0.0024  0.0030
0.0126  0.0160
0.0023  0.0029
1.0000 1.0000

PM wagt
0.0015
0.0090
0.1597
0.0000
0.0000
0.0000
0.0104
0.1030
0.2388
0.0000
0.0000
0.0224
0.0045
0.0060
0.0254
0.0000
0.0000
0.0000
0.0000
0.0022
0.0015
0.0552
0.0036
0.0000
0.0000
0.0000
0.0128
0.0094
0.0249
0.0187
0.0087
0.2463
0.0000
0.0266
0.0004
0.0000
0.0000
0.0000
0.0030
0.0030
0.0000
0.0000
0.0030
1.0000





175 to 300 hp
Rated HP
261
248
280
260
246
225
220
275
205
260
275
280
260
188
296
264
250
189
261
194
189
241
227
193
296
234
248
247
240
225
228
253
182
207
183
227
272
255
255
188
235
201
255

HC
0.47
0.34
0.47
0.37
0.34
0.41
0.11
0.11
0.19
0.08
0.08
0.47
0.46
0.50
0.23
0.64
0.10
0.43
0.30
0.30
0.37
0.41
0.51
0.60
0.42
0.31
0.34
0.57
0.35
0.14
0.36
0.55
0.42
0.44
0.54
0.35
0.35
0.25
0.25
0.37
0.31
0.42
0.43

Table D3. 1997 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

NOx
6.06
5.31
5.47
5.73
5.27
5.70
6.16
4.56
5.96
6.48
4.93
5.47
6.11
5.29
4,78
6.38
6.41
6.65
4.38
6.26
5.87
6.44
6.72
6.69
5.77
4.22
5.31
6.13
5.36
6.73
5.45
4.64
6.43
6.59
6.63
0.63
6.44
5.85
6.22
5.51
6.41
5.38
6.43

CO
0.89
1.04
0.52
1.30
1.07
0.84
0.89
1.25
1.73
0.82
1.80
0.52
0.52
131
0.72
2.37
0.54
1.04
0.69
0.80
0.76
111
1.07
0.85
0.82
0.51
1.04
0.69
0.54
0.64
0.59
1.10
0.87
1.15
0.81
0.51
1.09
0.40
1.10
0.60
0.54
0.63
0.76

PM
0.27
0.35
0.23
0.39
0.36
0.22
0.27
0.26
0.25
0.29
0.32
0.23
0.27
0.37
0.21
0.41
0.12
0.34
0.23
0.17
0.28
0.26
0.31
0.28
0.25
0.08
0.35
0.17
0.23
0.16
0.21
0.29
0.29
0.36
0.34
0.27
0.23
0.13
0.14
0.18
0.13
0.16
0.20

HC wagt
0.0048
0.0060
0.1439
0.0282
0.0056
0.1444
0.1523
0.0489
0.0060
0.0854
0.0116
0.0059
0.0104
0.0045
0.0013
0.0085
0.0040
0.0053
0.0240
0.0133
0.0069
0.0115
0.0101
0.0051
0.0008
0.0027
0.0044
0.0011
0.0053
0.0008
0.1289
0.0133
0.0027
0.0027
0.0016
0.0016
0.0027
0.0373
0.0250
0.0053
0.0053
0.0053
0.0053

Sales-wgt EF  0.307044 5.723983 0.819777 0.245420 1.0000

Sample Size

43

43

43

43

D10

Sales Weightings
NOx wgt CO wagt
0.0048  0.0048
0.0060  0.0060
0.1439  0.1439
0.0282  0.0282
0.0056  0.0056
0.1444  0.1444
0.1523  0.1523
0.0489  0.0489
0.0060  0.0060
0.0854  0.0854
0.0116  0.0116
0.0059  0.0059
0.0104 0.0104
0.0045  0.0045
0.0013 0.0013
0.0085 0.0085
0.0040  0.0040
0.0053  0.0053
0.0240  0.0240
0.0133  0.0133
0.0069  0.0069
0.0115 0.0115
0.0101 o0.0101
0.0051 0.0051
0.0008  0.0008
0.0027  0.0027
0.0044  0.0044
0.0011 0.0011
0.0053  0.0053
0.0008  0.0008
0.1289  0.1289
0.0133  0.0133
0.0027  0.0027
0.0027  0.0027
0.0016  0.0016
0.0016  0.0016
0.0027  0.0027
0.0373  0.0373
0.0250  0.0250
0.0053  0.0053
0.0053  0.0053
0.0053  0.0053
0.0053 0.0053
1.0000 1.0000

PM wagt
0.0048
0.0060
0.1439
0.0282
0.0056
0.1444
0.1523
0.0489
0.0060
0.0854
0.0116
0.0059
0.0104
0.0045
0.0013
0.0085
0.0040
0.0053
0.0240
0.0133
0.0069
0.0115
0.0101
0.0051
0.0008
0.0027
0.0044
0.0011
0.0053
0.0008
0.1289
0.0133
0.0027
0.0027
0.0016
0.0016
0.0027
0.0373
0.0250
0.0053
0.0053
0.0053
0.0053
1.0000





300 to 600 hp
Rated HP
335
543
425
300
397
362
373
455
599
492
535
559
300
307
430
425
413
590
313
305
493
426
308
335
543
308
330
320
300
381
496
369
526
315
362

HC
0.27
0.22
0.09
0.28
0.19
0.16
0.17
0.12
0.04
0.05
0.08
0.07
0.08
0.10
0.38
0.08
0.35
0.34
0.18
0.24
0.16
0.31
0.28
0.27
0.22
0.38
0.07
0.12
0.08
0.21
0.13
0.24
0.45
0.34
0.37

Table D3. 1997 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

NOx
5.51
5.66
6.38
6.13
4.65
5.49
8.19
5.48
6.59
6.24
5.79
5.84
5.78
6.52
6.58
6.44
6.51
6.40
4.56
6.29
4.26
3.98
5.68
5.51
5.66
5.70
5.07
7.41
5.62
6.55
6.12
6.50
5.59
5.48
5.29

CO
0.74
0.54
2.18
0.81
1.35
1.57
2.24
0.82
2.67
0.83
2.10
0.90
0.43
0.51
0.43
0.76
1.76
0.72
0.48
0.72
1.04
0.48
0.45
0.74
0.54
0.39
0.44
0.51
0.45
0.61
0.28
0.51
0.67
0.79
0.82

PM
0.28
0.24
0.16
0.36
0.19
0.21
0.21
0.17
0.33
0.14
0.34
0.16
0.13
0.14
0.18
0.16
0.29
0.23
0.18
0.29
0.30
0.11
0.20
0.28
0.16
0.18
0.12
0.08
0.12
0.08
0.07
0.14
0.11
0.13
0.12

HC wagt
0.0004
0.0035
0.0282
0.0339
0.0261
0.4232
0.0141
0.0023
0.1521
0.0052
0.0065
0.0004
0.0173
0.0069
0.0177
0.0355
0.0140
0.0002
0.0121
0.0089
0.0024
0.0040
0.0019
0.0115
0.0275
0.0002
0.0270
0.0008
0.0121
0.0403
0.0379
0.0081
0.0081
0.0081
0.0016

Sales-wgt EF  0.155300 5.865363 1.431343 0.213156 1.0000

Sample Size

35

35

35

35

D11

Sales Weightings
NOx wgt CO wagt
0.0004 0.0004
0.0035 0.0035
0.0282  0.0282
0.0339  0.0339
0.0261  0.0261
0.4232  0.4232
0.0141  0.0141
0.0023  0.0023
0.1521  0.1521
0.0052  0.0052
0.0065  0.0065
0.0004 0.0004
0.0173  0.0173
0.0069  0.0069
0.0177  0.0177
0.0355  0.0355
0.0140  0.0140
0.0002  0.0002
0.0121  0.0121
0.0089  0.0089
0.0024 0.0024
0.0040  0.0040
0.0019 0.0019
0.0115 0.0115
0.0275  0.0275
0.0002  0.0002
0.0270  0.0270
0.0008 0.0008
0.0121  0.0121
0.0403  0.0403
0.0379  0.0379
0.0081  0.0081
0.0081  0.0081
0.0081  0.0081
0.0016  0.0016
1.0000 1.0000

PM wagt
0.0004
0.0035
0.0282
0.0339
0.0261
0.4232
0.0141
0.0023
0.1521
0.0052
0.0065
0.0004
0.0173
0.0069
0.0177
0.0355
0.0140
0.0002
0.0121
0.0089
0.0024
0.0040
0.0019
0.0115
0.0275
0.0002
0.0270
0.0008
0.0121
0.0403
0.0379
0.0081
0.0081
0.0081
0.0016
1.0000





600 to 750 hp
Rated HP
740
750
740
640
743
750
600
710
750
748

HC
0.04
0.08
0.10
0.10
0.05
0.07
0.26
0.25
0.13
0.30

Table D3. 1997 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

NOx
5.67
6.01
5.53
5.62
5.04
5.90
6.02
6.64
5.89
6.04

CO
1.57
1.92
1.63
0.83
0.99
1.29
1.78
2.42
1.07
0.45

PM
0.25
0.30
0.33
0.19
0.18
0.22
0.24
0.27
0.13
0.24

HC wagt
0.3355
0.0205
0.0169
0.0319
0.1004
0.0771
0.1597
0.1643
0.0479
0.0456

Sales-wgt EF  0.135125 5.872338 1.571034 0.236991 1.0000

Sample Size

10

10

10

10

D12

Sales Weightings
NOx wgt CO wagt
0.3355  0.3355
0.0205 0.0205
0.0169 0.0169
0.0319  0.0319
0.1004 0.1004
0.0771  0.0771
0.1597  0.1597
0.1643  0.1643
0.0479  0.0479
0.0456  0.0456
1.0000 1.0000

PM wagt
0.3355
0.0205
0.0169
0.0319
0.1004
0.0771
0.1597
0.1643
0.0479
0.0456
1.0000





50-100 hp
Rated HP
67
79
96
80
67
80
98
62
57
59
84
64
82
53
72
78
52
50
51
55
64
73
56
79
91
59
62
80
98
59
56
86
93
72
54
65
54
50
89
72
78
52
67
92
55
85

HC

0.48
0.75
0.72
0.71

0.60
0.39
0.43
0.29
0.48
0.55
0.42

0.72
0.71

0.55
0.05

0.14
0.27

Emission Factors (g/hp-hr)

NOx
6.40
5.74
5.81
7.61
6.35
5.78
6.30
6.23
6.20
6.56
5.74
5.92
5.23
6.32
6.30
6.22
4,59
414
6.68
6.16
5.62
5.35
4.88
5.25
6.63
6.65
6.23
5.78
6.30
4.37
4.18
5.42
4,71
4.31
6.31
418
2.62
4.38
5.98
4.63
6.05
6.32
4.94
5.62
2.62
2.18

Table D4. 1998 MY Certification Data

HC+NOx

4.24

CO

4.32
1.96
3.26
1.68

3.04
0.98
2.17
1.08
0.46
2.47
1.32

3.26
1.68

2.42
0.90

1.07
0.99

PM

0.56
0.34
0.51
0.21

0.63
0.28
0.60
0.52
0.27
0.55
0.54

0.51
0.21

0.45
0.27

D13

HC wagt
0.0000
0.0000
0.0000
0.2600
0.1418
0.2786
0.0009
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0004
0.0118
0.0254
0.0118
0.0016
0.0258
0.0133
0.0000
0.0000
0.0051
0.0009
0.0000
0.0000
0.0000
0.0000
0.0000
0.0077
0.0010
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1213
0.0834
0.0000
0.0000

Sales Weightings
NOx wgt CO wagt
0.0071 0.0000
0.0024 0.0000
0.0006 0.0000
0.0914 0.2581
0.0499 0.1408
0.0979 0.2765
0.0003 0.0009
0.0012 0.0000
0.0012 0.0000
0.0310 0.0000
0.0413 0.0000
0.0049 0.0000
0.0605 0.0000
0.0175 0.0000
0.0006 0.0000
0.0001 0.0000
0.0208 0.0000
0.0036 0.0000
0.0001 0.0004
0.0042 0.0117
0.0089 0.0252
0.0042 0.0117
0.0006 0.0016
0.0091 0.0256
0.0047 0.0132
0.0170 0.0000
0.0012 0.0000
0.0018 0.0050
0.0003 0.0009
0.0042 0.0000
0.0148 0.0000
0.0047 0.0000
0.0030 0.0000
0.0059 0.0000
0.0027 0.0076
0.0003 0.0010
0.0057 0.0000
0.0190 0.0000
0.0066 0.0000
0.0145 0.0000
0.0101 0.0000
0.0060 0.0000
0.0426 0.1204
0.0293 0.0828
0.0015 0.0000
0.0018 0.0000

PM wgt
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000





Sales-wgt 0-528 5.682 4.23557 2.7535 0.4720

Emission Factors (g/hp-hr)

50-100 hp
Rated HP HC NOx
59 5.90
58 3.23
52 6.62
64 5.13
60 6.06
96 5.09
72 6.30
68 5.85
68 6.44
80 0.86 5.40
59 4.33
84 6.14
94 5.75
82 4.84
60 5.87
62 6.19
75 3.87
58 3.91
54 5.40
67 4.89
80 4.80
60 412
70 5.59
56 5.23
58 5.12
EF 845 411
Sample
Size 18 71

Table D4. 1998 MY Certification Data

HC+NOx

6

1

CcO

4.00

1.22
3.96
1.69

46

21

PM

0.64

0.44
0.39
0.30

55

19

D14

HC wat
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0091
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

Sales Weightings
NOx wgt CO wagt
0.0006 0.0000
0.0297 0.0000
0.0125 0.0000
0.0064 0.0000
0.0297 0.0000
0.0861 0.0000
0.0025 0.0000
0.0772 0.0000
0.0504 0.0000
0.0032 0.0091
0.0036 0.0000
0.0012 0.0000
0.0003 0.0000
0.0011 0.0032
0.0006 0.0017
0.0009 0.0026
0.0046 0.0000
0.0069 0.0000
0.0003 0.0000
0.0148 0.0000
0.0006 0.0000
0.0042 0.0000
0.0006 0.0000
0.0018 0.0000
0.0033 0.0000
1.0000 1.0000

PM wgt
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000





Table D4. 1998 MY Certification Data (cont.)

100-175 hp Emission Factors (g/hp-hr) Sales Weightings
Rated HP  HC NOXx (6{0) PM HCwgt NOxwgt COwgt PMwagt
167 0.34 5.26 1.05 0.18 0.0003 0.0003 0.0003 0.0003
108 6.47 0.0000 0.0009 0.0000 0.0000
100 0.35 6.08 0.70 0.28 0.1104 0.0940 0.1101 0.1112
125 0.23 6.21 0.47 0.16 0.0041 0.0035 0.0041 0.0042
165 0.36 4.95 0.75 0.31 0.0647 0.0551 0.0645 0.0652
110 6.06 0.0000 0.0062 0.0000 0.0000
165 6.24 0.0000 0.0336 0.0000 0.0000
166 4.95 0.0000 0.0029 0.0000 0.0000
100 0.35 6.08 0.70 0.28 0.1765 0.1504 0.1760 0.1779
125 0.23 6.21 0.47 0.16 0.0537 0.0457 0.0535 0.0541
165 0.36 4.95 0.75 0.31 0.1891 0.1611 0.1886 0.1906
158 6.53 0.0000 0.0018 0.0000 0.0000
109 6.41 0.0000 0.0018 0.0000 0.0000
133 6.44 0.0000 0.0018 0.0000 0.0000
172 6.48 0.0000 0.0018 0.0000 0.0000
114 0.52 6.54 1.18 0.0014 0.0012 0.0014 0.0000
141 3.71 0.0000 0.0018 0.0000 0.0000
135 0.40 5.70 1.75 0.29 0.2535 0.2160 0.2528 0.2555
155 6.39 0.0000 0.0021 0.0000 0.0000
124 6.60 0.0000 0.0068 0.0000 0.0000
103 6.22 0.0000 0.0310 0.0000 0.0000
158 6.26 0.0000 0.0077 0.0000 0.0000
103 0.57 6.26 1.58 0.39 0.0033 0.0028 0.0033 0.0033
153 0.51 5.65 0.49 0.26 0.0126 0.0108 0.0126 0.0127
106 6.01 0.0000 0.0095 0.0000 0.0000
144 6.61 0.0000 0.0001 0.0000 0.0000
100 0.35 6.08 0.70 0.28 0.0085 0.0072 0.0085 0.0086
125 0.23 6.21 0.47 0.16 0.0012 0.0010 0.0012 0.0012
165 0.36 4.95 0.75 0.31 0.0140 0.0119 0.0140 0.0141
114 5.87 0.0000 0.0049 0.0000 0.0000
148 0.16 6.58 0.70 0.13 0.0003 0.0003 0.0003 0.0003
168 0.34 6.17 0.63 0.13 0.0002 0.0002 0.0002 0.0002
162 0.62 6.11 0.90 0.28 0.0006 0.0005 0.0006 0.0006
108 6.11 0.0000 0.0137 0.0000 0.0000
113 441 0.0000 0.0020 0.0000 0.0000
108 0.17 5.99 0.37 0.17 0.0555 0.0473 0.0553 0.0559
121 0.68 6.11 1.22 0.18 0.0117 0.0100 0.0117 0.0118
166 0.38 6.21 0.56 0.22 0.0196 0.0167 0.0195 0.0197
118 6.30 0.0000 0.0006 0.0000 0.0000
103 6.19 0.0000 0.0070 0.0000 0.0000
103 0.53 5.30 1.24 0.51 0.0018 0.0015 0.0018 0.0018
100 0.57 5.50 1.35 0.47 0.0024 0.0020 0.0023 0.0024
102 6.68 0.0000 0.0027 0.0000 0.0000
127 5.38 0.0000 0.0009 0.0000 0.0000
117 6.23 0.0000 0.0009 0.0000 0.0000
172 6.23 0.0000 0.0027 0.0000 0.0000

D15





Table D4. 1998 MY Certification Data (cont.)

100-175 hp Emission Factors (g/hp-hr) Sales Weightings
Rated HP  HC NOXx Cco PM HC wgt NOxwgt CO wgt
173 0.54 6.57 1.83 0.42 0.0032 0.0027 0.0032
123 4.12 0.64 0.0000 0.0015 0.0018
122 0.07 5.75 1.06 0.44 0.0021 0.0018 0.0021
142 5.92 1.33 0.31 0.0000 0.0010 0.0011
138 6.68 0.0000 0.0004 0.0000
161 0.23 5.96 0.83 0.0092 0.0078 0.0092
Sales-wgt
EF 0.355336 5.743938 0.961288 0.276378 1.0000 1.0000 1.0000
Sample
Size 25 52 27 24

D16

PM wgt
0.0032
0.0018
0.0022
0.0011
0.0000
0.0000

1.0000





175-300 hp
Rated HP
257
261
248
200
215
260
240
278
280
275
205
260
290
260
225
275
200
215
260
240
284
200
253
188
256
296
261
220
234
196
197
263
294
280
294
283
196
240
187
189
241
227
193
296
255
200

HC
0.43
0.47
0.34
0.26
0.32
0.44
0.29
0.13
0.47
0.11
0.19
0.17
0.10
0.42
0.41
0.04
0.26
0.32
0.44
0.29
0.41
0.19
0.34
0.50
0.46
0.23
0.47
0.20
0.19
0.28
0.23
0.43
0.38
0.49
0.64
0.09
0.35
0.29
0.26
0.37
0.41
0.51
0.60
0.38
0.42
0.26

Table D4. 1998 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
6.43
6.06
5.31
5.13
5.51
5.82
5.38
4.70
5.47
4,56
5.96
6.48
5.60
6.16
5.70
4.76
5.13
5.51
5.82
5.38
5.76
4.05
6.58
5.29
6.11
478
6.06
5.87
5.45
5.44
5.52
6.13
5.99
6.14
6.38
6.38
6.52
4.88
5.99
5.87
6.44
6.72
6.69
6.19
5.77
5.13

CO
0.76
0.89
1.04
0.60
0.55
0.70
0.49
0.51
0.52
1.26
1.73
0.82
2.19
1.30
0.84
0.31
0.60
0.55
0.70
0.49
0.52
0.92
0.57
131
0.52
0.72
0.89
0.72
0.62
0.65
0.75
2.68
0.95
2.52
2.37
0.51
0.95
0.73
0.73
0.76
111
1.07
0.85
0.54
0.82
0.60

PM
0.20
0.27
0.35
0.22
0.32
0.27
0.27
0.15
0.23
0.26
0.25
0.29
0.32
0.39
0.22
0.14
0.22
0.32
0.27
0.27
0.22
0.28
0.21
0.37
0.27
0.21
0.27
0.27
0.25
0.28
0.29
0.31
0.23
0.31
0.40
0.12
0.36
0.23
0.15
0.35
0.34
0.33
0.28
0.22
0.26
0.22

D17

HC wagt
0.0002
0.0013
0.0011
0.0124
0.0184
0.0222
0.0222
0.0061
0.0160
0.0049
0.0056
0.0108
0.0030
0.0018
0.0253
0.0013
0.0726
0.0749
0.0616
0.0738
0.0042
0.0016
0.0016
0.0007
0.0016
0.0002
0.0002
0.0050
0.0104
0.3023
0.0074
0.0040
0.1154
0.0157
0.0007
0.0020
0.0006
0.0056
0.0026
0.0016
0.0028
0.0006
0.0010
0.0002
0.0006
0.0036

Sales Weightings
NOx wgt CO wgt
0.0002 0.0002
0.0013 0.0013
0.0011 0.0011
0.0124 0.0124
0.0184 0.0184
0.0222 0.0222
0.0222 0.0222
0.0061 0.0061
0.0160 0.0160
0.0049 0.0049
0.0056 0.0056
0.0108 0.0108
0.0030 0.0030
0.0018 0.0018
0.0253 0.0253
0.0013 0.0013
0.0726 0.0726
0.0749 0.0749
0.0616 0.0616
0.0738 0.0738
0.0042 0.0042
0.0016 0.0016
0.0016 0.0016
0.0007 0.0007
0.0016 0.0016
0.0002 0.0002
0.0002 0.0002
0.0050 0.0050
0.0104 0.0104
0.3023 0.3023
0.0074 0.0074
0.0040 0.0040
0.1154 0.1154
0.0157 0.0157
0.0007 0.0007
0.0020 0.0020
0.0006 0.0006
0.0056 0.0056
0.0026 0.0026
0.0016 0.0016
0.0028 0.0028
0.0006 0.0006
0.0010 0.0010
0.0002 0.0002
0.0006 0.0006
0.0036 0.0036

PM wgt
0.0002
0.0013
0.0011
0.0124
0.0184
0.0222
0.0222
0.0061
0.0160
0.0049
0.0056
0.0108
0.0030
0.0018
0.0253
0.0013
0.0726
0.0749
0.0616
0.0738
0.0042
0.0016
0.0016
0.0007
0.0016
0.0002
0.0002
0.0050
0.0104
0.3023
0.0074
0.0040
0.1154
0.0157
0.0007
0.0020
0.0006
0.0056
0.0026
0.0016
0.0028
0.0006
0.0010
0.0002
0.0006
0.0036





175-300 hp
Rated HP
215
240
189
252
211
253
231
260
275
248
247
225
210
225
228
190
268
182
207
217
183
227
244
272
255
255
Sales-wgt
EF
Sample
Size

HC
0.32
0.29
0.31
0.22
0.37
0.23
0.32
0.18
0.14
0.34
0.57
0.11
0.12
0.14
0.37
0.66
0.44
0.42
0.44
0.36
0.54
0.35
0.19
0.35
0.25
0.25

0.316321 5.574079 0.722968 0.262486

72

Table D4. 1998 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOXx
5.51
5.38
5.40
6.23
5.42
5.28
4.69
6.35
5.38
5.31
6.13
6.63
6.55
6.73
5.46
6.08
6.50
6.43
6.59
5.49
6.63
0.63
6.30
6.44
5.89
6.22

72

CcO
0.55
0.49
0.92
0.30
0.57
0.47
0.46
0.73
0.48
1.04
0.69
0.57
1.15
0.64
0.60
1.56
0.50
0.87
1.15
1.00
0.81
0.51
1.66
1.09
0.40
1.10

72

PM
0.32
0.27
0.21
0.23
0.22
0.27
0.15
0.15
0.14
0.35
0.17
0.13
0.20
0.16
0.21
0.40
0.30
0.30
0.36
0.22
0.34
0.27
0.36
0.23
0.13
0.14

72

D18

HC waqt
0.0049
0.0052
0.0010
0.0027
0.0004
0.0002
0.0005
0.0016
0.0002
0.0001
0.0004
0.0028
0.0048
0.0018
0.0294
0.0005
0.0024
0.0004
0.0004
0.0004
0.0002
0.0002
0.0016
0.0016
0.0056
0.0033

1.0000

Sales Weightings
NOx wgt CO wgt
0.0049 0.0049
0.0052 0.0052
0.0010 0.0010
0.0027 0.0027
0.0004 0.0004
0.0002 0.0002
0.0005 0.0005
0.0016 0.0016
0.0002 0.0002
0.0001 0.0001
0.0004 0.0004
0.0028 0.0028
0.0048 0.0048
0.0018 0.0018
0.0294 0.0294
0.0005 0.0005
0.0024 0.0024
0.0004 0.0004
0.0004 0.0004
0.0004 0.0004
0.0002 0.0002
0.0002 0.0002
0.0016 0.0016
0.0016 0.0016
0.0056 0.0056
0.0033 0.0033
1.0000 1.0000

PM wgt
0.0049
0.0052
0.0010
0.0027
0.0004
0.0002
0.0005
0.0016
0.0002
0.0001
0.0004
0.0028
0.0048
0.0018
0.0294
0.0005
0.0024
0.0004
0.0004
0.0004
0.0002
0.0002
0.0016
0.0016
0.0056
0.0033

1.0000





300-600 hp
Rated HP
310
373
335
543
300
425
300
330
397
362
500
455
599
350
525
480
336
375
336
399
339
517
401
313
420
425
567
586
329
590
306
493
335
375
525
493
572
571
531
327
327
308
335
543
330
330

HC
0.34
0.24
0.27
0.22
0.08
0.90
0.28
0.33
0.19
0.16
0.13
0.12
0.04
0.22
0.25
0.17
0.14
0.40
0.41
0.18
0.21
0.17
0.23
0.13
0.36
0.08
0.28
0.20
0.26
0.34
0.24
0.16
0.19
0.22
0.17
0.16
0.14
0.31
0.36
0.22
0.24
0.30
0.27
0.02
0.07
0.04

Table D4. 1998 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
5.48
6.50
5.51
5.66
5.78
6.38
6.13
5.28
5.24
5.49
6.10
5.48
6.59
6.52
6.36
6.85
5.48
6.03
5.99
5.33
5.72
5.74
6.02
6.38
6.65
6.44
5.65
4.64
6.38
6.40
6.29
4.26
5.78
5.72
6.06
5.89
5.86
3.98
5.01
6.39
6.11
5.67
5.51
5.66
5.07
5.64

CcoO
0.79
0.51
0.74
0.54
0.43
2.17
0.81
1.07
1.35
1.57
1.67
0.82
2.67
1.17
0.45
1.16
0.45
2.02
1.31
0.91
0.92
0.37
0.50
0.59
0.47
0.76
2.26
0.45
0.61
0.72
0.72
1.04
0.41
0.32
0.60
0.95
0.62
0.48
0.40
0.46
0.48
0.45
0.74
0.54
0.44
0.40

PM
0.13
0.14
0.28
0.24
0.13
0.16
0.36
0.36
0.29
0.21
0.17
0.17
0.33
0.20
0.15
0.18
0.15
0.28
0.30
0.14
0.15
0.13
0.14
0.15
0.18
0.15
0.33
0.18
0.19
0.23
0.37
0.30
0.18
0.20
0.23
0.28
0.24
0.17
0.16
0.14
0.13
0.18
0.28
0.24
0.10
0.16

D19

HC waqt
0.0011
0.0011
0.0002
0.0016
0.0036
0.0514
0.0118
0.0111
0.0040
0.2369
0.0257
0.0029
0.0715
0.1676
0.0032
0.1718
0.0070
0.0012
0.0084
0.0285
0.0020
0.0630
0.0090
0.0077
0.0118
0.0193
0.0010
0.0029
0.0018
0.0001
0.0086
0.0037
0.0002
0.0014
0.0002
0.0004
0.0004
0.0021
0.0021
0.0021
0.0021
0.0018
0.0027
0.0064
0.0068
0.0114

Sales Weightings
NOx wgt CO wgt
0.0011 0.0011
0.0011 0.0011
0.0002 0.0002
0.0016 0.0016
0.0036 0.0036
0.0514 0.0514
0.0118 0.0118
0.0111 0.0111
0.0040 0.0040
0.2369 0.2369
0.0257 0.0257
0.0029 0.0029
0.0715 0.0715
0.1676 0.1676
0.0032 0.0032
0.1718 0.1718
0.0070 0.0070
0.0012 0.0012
0.0084 0.0084
0.0285 0.0285
0.0020 0.0020
0.0630 0.0630
0.0090 0.0090
0.0077 0.0077
0.0118 0.0118
0.0193 0.0193
0.0010 0.0010
0.0029 0.0029
0.0018 0.0018
0.0001 0.0001
0.0086 0.0086
0.0037 0.0037
0.0002 0.0002
0.0014 0.0014
0.0002 0.0002
0.0004 0.0004
0.0004 0.0004
0.0021 0.0021
0.0021 0.0021
0.0021 0.0021
0.0021 0.0021
0.0018 0.0018
0.0027 0.0027
0.0064 0.0064
0.0068 0.0068
0.0114 0.0114

PM wgt
0.0011
0.0011
0.0002
0.0016
0.0036
0.0514
0.0118
0.0111
0.0040
0.2369
0.0257
0.0029
0.0715
0.1676
0.0032
0.1718
0.0070
0.0012
0.0084
0.0285
0.0020
0.0630
0.0090
0.0077
0.0118
0.0193
0.0010
0.0029
0.0018
0.0001
0.0086
0.0037
0.0002
0.0014
0.0002
0.0004
0.0004
0.0021
0.0021
0.0021
0.0021
0.0018
0.0027
0.0064
0.0068
0.0114





Table D4. 1998 MY Certification Data (cont.)

300-600 hp Emission Factors (g/hp-hr) Sales Weightings
Rated HP HC NOx CcO PM HC wgt NOxwgt CO wgt
381 0.21 6.55 0.61 0.08 0.0167 0.0167 0.0167
496 0.13 6.12 0.28 0.07 0.0021 0.0021 0.0021
Sales-wgt
EF 0.209071 6.126551 1.289223 0.198893 1.0000 1.0000 1.0000
Sample
Size 48 48 48 48

Table D4. 1998 MY Certification Data (cont.)

600-750 hp Emission Factors (g/hp-hr) Sales Weightings
Rated HP HC NOx (6{0) PM HC wgt NOxwgt CO wagt
660 0.10 6.03 0.54 0.13 0.0630 0.0630 0.0630
640 0.11 5.62 0.83 0.19 0.0132 0.0132 0.0132
740 0.10 5.53 1.62 0.33 0.0350 0.0350 0.0350
600 0.26 6.02 1.78 0.24 0.2955 0.2955 0.2955
606 0.16 6.01 0.58 0.12 0.1128 0.1128 0.1128
725 0.16 5.88 0.84 0.12 0.0855 0.0855 0.0855
750 0.07 5.84 0.90 0.16 0.0210 0.0210 0.0210
750 0.07 5.90 1.29 0.22 0.1089 0.1089 0.1089
750 0.06 4.48 1.43 0.24 0.0389 0.0389 0.0389
750 0.35 5.80 1.48 0.30 0.1322 0.1322 0.1322
750 0.13 5.89 1.06 0.13 0.0855 0.0855 0.0855
740 0.24 5.85 1.37 0.28 0.0086 0.0086 0.0086
Sales-wgt
EF 0.190719 5.866023 1.277422 0.205116 1.0000 1.0000 1.0000
Sample
Size 12 12 12 12

D20

PM wgt
0.0167
0.0021

1.0000

PM wgt
0.0630
0.0132
0.0350
0.2955
0.1128
0.0855
0.0210
0.1089
0.0389
0.1322
0.0855
0.0086

1.0000





25-50 hp

Rated HP HC

34
36
45
50
38
35
39
47
28
33
40
47
27
29
40
45
28
27
37
32
27
39
34
35
34
40
34
46
34
47
38
26
31
42
26
41
31
31
37
40
30
38
25
33
30

0.17
0.16
0.26
0.09
0.14
0.16
0.56
0.08
0.69

0.12

0.18

Emission Factors (g/hp-hr)

NOXx

6.14

4.29
3.56
4.22
3.95
4.59
3.30
4.54
4.56
6.18

6.71

4.99

HC+NOx

5.21
3.12
5.95

6.69
5.68
6.58
5.84
3.76
3.65
4.50
3.38
5.66
411
2.78
4.04
3.57
4.46
3.72
4.49
4.04
4.74
3.46
5.10
4.64
6.88
4.59
3.79
3.80
6.83
6.16
4.64
3.80
3.84
4.46
4.81
5.27
511
4.47
5.17
2.79
3.62
5.78
2.37
5.29

Table D5. 1999 MY Certification Data

Co

1.44
1.31
0.48

1.92
1.74
1.84
1.35
1.24
0.87
0.62
0.87
1.62
1.16
1.62
0.87
2.65
1.25
2.30
1.61
0.82
0.90
0.68
1.52
0.90
1.62
0.92
0.68
0.98
0.74
1.66
1.30
1.16
0.77
0.96
0.75
0.74
0.80
0.80
0.94
3.06
2.13
3.66
1.58
1.50

PM HC frac of

0.38
0.40
0.26

0.32
0.21
0.11
0.09
0.20
0.17
0.20
0.27
0.56
0.35
0.42
0.38
0.43
0.52
0.60
0.54
0.42
0.45
0.30
0.48
0.40
0.25
0.42
0.33
0.54
0.30
0.41
0.28
0.36
0.24
0.35
0.25
0.19
0.26
0.29
0.48
0.46
0.51
0.43
0.53
0.33

HC+NOx*

0.038763
0.043011
0.058036
0.022277
0.029598
0.046243
0.109804
0.017241
0.100868

0.01757

0.034632

D21

HC wagt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0019
0.0027
0.0360
0.0046
0.0115
0.0028
0.8386
0.0616
0.0046
0.0000
0.0000
0.0000
0.0042
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0315
0.0000
0.0000
0.0000
0.0000
0.0000

Sales Weighting
NOx wgt HC+NOx CO wagt
wgt
0.0000 0.0107 0.0107
0.0000 0.0011 0.0011
0.0000 0.0011 0.0011
0.1061  0.0000 0.0000
0.0000 0.0113 0.0113
0.0000 0.0282 0.0282
0.0000 0.0068 0.0068
0.0000 0.0056 0.0056
0.0000 0.0025 0.0025
0.0000 0.0033 0.0033
0.0000 0.0013 0.0013
0.0000 0.0007  0.0007
0.0000 0.0008 0.0008
0.0000 0.0310 0.0310
0.0000 0.0507 0.0507
0.0000 0.0158 0.0158
0.0000 0.0017  0.0017
0.0014 0.0003 0.0003
0.0020 0.0004 0.0004
0.0262 0.0048 0.0048
0.0034 0.0006 0.0006
0.0084 0.0016 0.0016
0.0020 0.0004 0.0004
0.6112 0.1127 0.1127
0.0449 0.0083 0.0083
0.0034 0.0006 0.0006
0.0000 0.0001 0.0001
0.0000 0.0008 0.0008
0.0000 0.0058 0.0058
0.0031 0.0006 0.0006
0.0000 0.0451 0.0451
0.0000 0.0011 0.0011
0.0000 0.0163 0.0163
0.0000 0.0047  0.0047
0.0000 0.0417 0.0417
0.0000 0.0008 0.0008
0.0000 0.0118 0.0118
0.0000 0.0662 0.0662
0.0000 0.1936 0.1936
0.0230 0.0042 0.0042
0.0000 0.0013 0.0013
0.0000 0.0025 0.0025
0.0000 0.0045 0.0045
0.0000 0.0017 0.0017
0.0000 0.0008 0.0008

PM wgt

0.0107
0.0011
0.0011
0.0000
0.0113
0.0282
0.0068
0.0056
0.0025
0.0033
0.0013
0.0007
0.0008
0.0310
0.0507
0.0158
0.0017
0.0003
0.0004
0.0048
0.0006
0.0016
0.0004
0.1127
0.0083
0.0006
0.0001
0.0008
0.0058
0.0006
0.0451
0.0011
0.0163
0.0047
0.0417
0.0008
0.0118
0.0662
0.1936
0.0042
0.0013
0.0025
0.0045
0.0017
0.0008





25-50 hp Emission Factors (g/hp-hr)

Rated HP HC NOx HC+NOx
35 5.48
40 5.53
44 5.56
44 5.96
38 6.00
30 6.51
39 4.73
35 6.27
44 6.19
34 3.53 3.55
49 3.20 3.31
49 4.85
28 5.78
30 5.82
33 5.76
41 5.97
29 5.82
37 6.76
37 6.03
30 6.07
45 5.85
38 5.79
48 6.00
34 5.94
46 6.01
41 5.76
48 6.25
27 3.04
39 5.53

Sales-wgt
EF 0.4965 4.5584  4.9834

Sample

Size 11 15 72

Calc HC* 0.2347
Calc NOx* 4.7487

Table D5. 1999 MY Certification Data

Cco

1.61
2.57
1.69
2.39
1.25
3.22
1.01
2.35
1.09
1.22
1.29

3.61
2.93
2.74
1.35
2.82
1.71
2.59
3.01
3.21
3.23
1.56
1.87
2.54
2.79
1.59
0.98
1.96

1.5421 0.3561

72

PM HC frac of

0.36
0.22
0.34
0.19
0.36
0.50
0.34
0.48
0.53
0.54
0.40

0.40
0.35
0.28
0.49
0.25
0.40
0.35
0.38
0.45
0.39
0.44
0.34
0.20
0.33
0.28
0.40
0.26

72

HC+NOx*

0.047095

HC wagt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

Sales Weighting
NOx wgt HC+NOx CO wgt
wgt
0.0000 0.0025 0.0025
0.0000 0.0025 0.0025
0.0000 0.0017 0.0017
0.0000 0.0017 0.0017
0.0000 0.0001 0.0001
0.0000 0.0034 0.0034
0.0000 0.0021 0.0021
0.0000 0.0118 0.0118
0.0000 0.0225 0.0225
0.0458 0.0085 0.0085
0.0917 0.0169 0.0169
0.0275 0.0000  0.0000
0.0000 0.0152 0.0152
0.0000 0.0026  0.0026
0.0000 0.0596 0.0596
0.0000 0.0006 0.0006
0.0000 0.0070 0.0070
0.0000 0.0007 0.0007
0.0000 0.0098 0.0098
0.0000 0.0169 0.0169
0.0000 0.0423 0.0423
0.0000 0.0011 0.0011
0.0000 0.0001 0.0001
0.0000 0.0507 0.0507
0.0000 0.0039 0.0039
0.0000 0.0041 0.0041
0.0000 0.0002 0.0002
0.0000 0.0036 0.0036
0.0000 0.0015 0.0015
1.0000 1.0000 1.0000

* HC fraction of HC+NOx = HC + (HC+NOx). The average HC fraction is not a sales-weighted average.

Calculated HC = ( avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOX).

Calculated NOx = (1- avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOXx).

D22

PM wgt

0.0025
0.0025
0.0017
0.0017
0.0001
0.0034
0.0021
0.0118
0.0225
0.0085
0.0169
0.0000
0.0152
0.0026
0.0596
0.0006
0.0070
0.0007
0.0098
0.0169
0.0423
0.0011
0.0001
0.0507
0.0039
0.0041
0.0002
0.0036
0.0015

1.0000





50-100 hp
Rated HP
67
79
96
80
67
75
80
56
75
98
62
57
55
59
84
59
74
82
53
56
60
72
56
70
96
74
78
52
50
52
54
51
61
64
73
56
63
71
91
59
80
98
56
59
56
86

HC

0.48
0.75
0.70
0.72
0.46
0.70
0.71

0.89

0.17
0.69
0.60
0.46
0.43
0.24
0.48
0.52
0.55
0.42

0.72
0.71
0.46

NOx
6.40
5.74
5.81
7.61
6.35
5.68
5.78
571
5.68
6.30
6.23
6.20
5.80
6.56
5.74
8.82
5.82
5.23
6.32

6.16
6.30
5.21
5.02
6.32
3.22
6.22
4.59
4.14
5.22
4.15
6.68
6.07
5.62
4.79
4.88
6.27
5.27
6.63
6.65
5.78
6.30
571
4.37
4.18
5.42

Table D5. 1999 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOx

6.70

CoO

4.32
1.96
2.28
3.26
2.19
2.28
1.68

3.55

2.22

1.18
1.45
3.04
1.33
2.17
0.87
0.46
1.67
2.17
1.32

3.26
1.68
2.19

PM

0.56
0.34
0.49
0.51
0.29
0.49
0.21

0.84

0.34

0.45
0.36
0.63
0.32
0.60
0.52
0.27
0.57
0.57
0.54

0.51

0.21
0.29

D23

HC wagt
0.0000
0.0000
0.0000
0.1942
0.1177
0.1618
0.0647
0.0309
0.0486
0.0008
0.0000
0.0000
0.0000
0.0000
0.0000
0.0099
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0049
0.0183
0.0003
0.0121
0.0056
0.0110
0.0003
0.0118
0.0236
0.0287
0.0000
0.0044
0.0008
0.0002
0.0000
0.0000
0.0000

Sales Weightings
NOx wgt HC+NOx CO wgt
0.0035 0.0000  0.0000
0.0007 0.0000  0.0000
0.0005 0.0000  0.0000
0.0652 0.0000 0.1802
0.0395 0.0000 0.1092
0.0544 0.0000  0.1502
0.0217 0.0000 0.0601
0.0104 0.0000  0.0287
0.0163 0.0000 0.0451
0.0003 0.0000  0.0008
0.0010 0.0000  0.0000
0.0010 0.0000  0.0000
0.0010 0.0000  0.0000
0.0216 0.0000  0.0000
0.0306 0.0000  0.0000
0.0033 0.0000  0.0092
0.0045 0.0000  0.0000
0.0552 0.0000  0.0000
0.0280 0.0000  0.0000
0.0000 0.9552  0.0655
0.0173 0.0000  0.0000
0.0018 0.0000  0.0000
0.0040 0.0000  0.0000
0.0005 0.0000  0.0000
0.0006 0.0000  0.0000
0.0049 0.0000  0.0000
0.0000 0.0000  0.0000
0.0148 0.0000  0.0000
0.0030 0.0000  0.0000
0.0016 0.0000  0.0045
0.0062 0.0000 0.0170
0.0001 0.0000  0.0003
0.0041 0.0000 0.0112
0.0019 0.0000  0.0052
0.0037 0.0000 0.0102
0.0001 0.0000  0.0003
0.0040 0.0000 0.0109
0.0079 0.0000 0.0219
0.0096 0.0000 0.0266
0.0230 0.0000  0.0000
0.0015 0.0000 0.0041
0.0003 0.0000  0.0008
0.0001 0.0000  0.0002
0.0022 0.0000  0.0000
0.0148 0.0000  0.0000
0.0089 0.0000  0.0000

PM wgt
0.0000
0.0000
0.0000
0.1814
0.1100
0.1512
0.0605
0.0289
0.0454
0.0008
0.0000
0.0000
0.0000
0.0000
0.0000
0.0092
0.0000
0.0000
0.0000
0.0660
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0045
0.0171
0.0003
0.0113
0.0052
0.0103
0.0003
0.0110
0.0221
0.0268
0.0000
0.0041
0.0008
0.0002
0.0000
0.0000
0.0000





50-100 hp
Rated HP
93
72
54
58
59
54
79
50
57
55
51
87
52
89
67
92
58
85
59
58
81
52
64
60
96
68
68
80
80
59
84
94
82
62
100
62
75
58
54
67
80
56
58
60
70
93
100

HC

0.55
0.08

0.14
0.27

0.83
0.86

NOx
4.71
431
6.31
3.32
3.34
2.62
5.06

4.46
291
5.35
5.92
6.32
6.40
4.94
5.62
3.00
2.18
5.90
3.23
5.43
6.62
5.13
6.06
5.09
5.85
6.34
6.00
5.40
4.33
6.14
5.75
4.84
6.06
6.27
6.19
3.87
3.91
5.40
4.89
4.80
5.23
5.12
412
5.59
5.35
5.73

Table D5. 1999 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOx

3.41

4.09

Cco

2.42
0.89

0.80

1.07
0.99

3.19
4.00

1.22
3.96
0.87
1.69

PM

0.25

0.45
0.27

0.63
0.64

0.44
0.39
0.41
0.30

D24

HC waqt
0.0000
0.0000
0.0060
0.0011
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1378
0.0902
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0063
0.0079
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Sales Weightings
NOx wgt HC+NOx CO wgt
0.0074 0.0000 0.0000
0.0119 0.0000 0.0000
0.0020 0.0000 0.0056
0.0004 0.0149 0.0010
0.0002 0.0000  0.0000
0.0047 0.0000  0.0000
0.0002 0.0000  0.0000
0.0000 0.0299  0.0020
0.0061 0.0000 0.0000
0.0014 0.0000 0.0000
0.0083 0.0000 0.0000
0.0058 0.0000  0.0000
0.0050 0.0000 0.0000
0.0005 0.0000 0.0000
0.0463 0.0000 0.1279
0.0303 0.0000 0.0837
0.0012 0.0000 0.0000
0.0013 0.0000  0.0000
0.0010 0.0000  0.0000
0.0247 0.0000  0.0000
0.0059 0.0000 0.0000
0.0104 0.0000 0.0000
0.0049 0.0000  0.0000
0.0247 0.0000  0.0000
0.1503 0.0000 0.0000
0.0652 0.0000 0.0000
0.0420 0.0000 0.0000
0.0021 0.0000 0.0059
0.0027 0.0000 0.0074
0.0030 0.0000 0.0000
0.0010 0.0000 0.0000
0.0003 0.0000  0.0000
0.0010 0.0000 0.0029
0.0000 0.0000 0.0001
0.0003 0.0000 0.0007
0.0003 0.0000 0.0007
0.0020 0.0000 0.0000
0.0022 0.0000 0.0000
0.0001 0.0000 0.0000
0.0163 0.0000  0.0000
0.0005 0.0000 0.0000
0.0020 0.0000 0.0000
0.0004 0.0000 0.0000
0.0025 0.0000  0.0000
0.0049 0.0000 0.0000
0.0005 0.0000 0.0000
0.0002 0.0000 0.0000

PM wgt
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0021
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1288
0.0842
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0059
0.0074
0.0000
0.0000
0.0000
0.0029
0.0001
0.0007
0.0007
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000





Table D5. 1999 MY Certification Data (cont.)
50-100 hp Emission Factors (g/hp-hr) Sales Weightings
Rated HP HC NOx HC+NOx CO PM HC wgt NOxwgt HC+NOx COwgt PM wgt

2.346
Sales-wgt 0.51764 5.61337 87 0.45255
EF 2 6 6.569501 3 1.0000 1.0000 1.0000 1.0000 1.0000
Sample
Size 27 91 3 33 31

D25





100-175 hp
Rated HP
167
108
100
125
155
110
165
166
100
125
158
109
133
141
172
168
162
135
155
108
157
103
144
144
100
125
155
114
103
151
120
144
118
113
173
108
116
168
118
164
103
120
173
115
135
150

HC
0.34

0.35
0.23
0.38

0.35
0.23

0.11
0.62
0.40

0.57
0.53

0.35
0.23
0.38

0.17
0.62
0.37

0.45
0.50

Table D5. 1999 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOXx
5.26
6.47
6.08
6.21
4.23
6.06
6.24
4.95
6.08
6.21
6.53
6.41
6.50
4.97
4.83
6.17
6.11
5.70
6.39
6.55
6.65
6.26
6.08
6.61
6.08
6.21
4.23
5.87
5.94
5.60
5.50
5.80
5.52
441
5.79
5.99
5.36
5.68
6.30
5.92
6.19
5.55
6.05
5.77
6.68
5.74

Cco
1.05

0.70
0.47
0.75

0.70
0.47

0.63
0.90
1.75

1.58
0.55

0.70
0.47
0.75

0.37
1.39
0.54

0.92
1.06

PM
0.18

0.28
0.16
0.35

0.28
0.16

0.13
0.29
0.29

0.39
0.28

0.28
0.16
0.35

0.17
0.18
0.17

0.24
0.49

D26

HC wagt
0.0004
0.0000
0.1343
0.0048
0.1246
0.0000
0.0000
0.0000
0.2077
0.1179
0.0000
0.0000
0.0000
0.0000
0.0000
0.0004
0.0004
0.2486
0.0000
0.0000
0.0000
0.0071
0.0187
0.0000
0.0100
0.0014
0.0165
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0515
0.0101
0.0257
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0009
0.0009

Sales Weightings
NOx wgt CO wgt
0.0003 0.0004
0.0005 0.0000
0.1074 0.1342
0.0039 0.0048
0.0996 0.1245
0.0014 0.0000
0.0373 0.0000
0.0030 0.0000
0.1660 0.2075
0.0942 0.1178
0.0020 0.0000
0.0020 0.0000
0.0020 0.0000
0.0020 0.0000
0.0020 0.0000
0.0003 0.0004
0.0003 0.0004
0.1987 0.2483
0.0022 0.0000
0.0102 0.0000
0.0074 0.0000
0.0056 0.0070
0.0150 0.0187
0.0001 0.0000
0.0080 0.0100
0.0011 0.0014
0.0132 0.0165
0.0010 0.0000
0.0001 0.0000
0.0002 0.0000
0.0200 0.0000
0.0121 0.0000
0.0007 0.0000
0.0050 0.0000
0.0005 0.0000
0.0411 0.0514
0.0081 0.0101
0.0206 0.0257
0.0006 0.0000
0.0161 0.0000
0.0125 0.0000
0.0453 0.0000
0.0050 0.0000
0.0002 0.0000
0.0007 0.0009
0.0007 0.0009

PM wgt
0.0004
0.0000
0.1355
0.0049
0.1257
0.0000
0.0000
0.0000
0.2095
0.1189
0.0000
0.0000
0.0000
0.0000
0.0000
0.0004
0.0004
0.2507
0.0000
0.0000
0.0000
0.0071
0.0189
0.0000
0.0101
0.0014
0.0166
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0519
0.0102
0.0260
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0009
0.0009





100-175 hp
Rated HP
103
130
100
114
127
117
172
173
123
122
142
138
161
Sales-wgt
EF
Sample
Size

HC
0.53
0.63
0.57

0.54

0.07

0.23

0.351590 5.749792 0.937310 0.270345

25

Table D5. 1999 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
5.30
6.61
5.50
6.39
5.38
6.23
6.23
6.57
412
5.75
5.92
6.68
5.96

59

CO
1.24
1.21
1.35

1.83
0.64
1.06
1.33

0.83

27

PM
0.51
0.36
0.47

0.42

0.43
0.31

25

D27

HC wagt
0.0021
0.0015
0.0028
0.0000
0.0000
0.0000
0.0000
0.0013
0.0000
0.0010
0.0000
0.0000
0.0094

1.0000

Sales Weightings
NOxwgt CO wgt
0.0017 0.0021
0.0012 0.0015
0.0022 0.0028
0.0030 0.0000
0.0010 0.0000
0.0010 0.0000
0.0030 0.0000
0.0010 0.0013
0.0003 0.0003
0.0008 0.0010
0.0005 0.0007
0.0005 0.0000
0.0075 0.0093
1.0000 1.0000

PM wgt
0.0022
0.0015
0.0028
0.0000
0.0000
0.0000
0.0000
0.0013
0.0000
0.0010
0.0007
0.0000
0.0000

1.0000





175-300 hp
Rated HP
257
200
215
260
240
280
275
205
255
294
260
225
240
200
215
260
240
280
200
253
296
261
248
275
220
234
196
197
294
285
216
285
237
196
187
186
189
249
243
241
227
193
200
215
240
280

HC
0.43
0.26
0.32
0.44
0.29
0.47
0.11
0.19
0.08
0.09
0.36
0.41
0.10
0.26
0.32
0.44
0.29
0.47
0.25
0.34
0.31
0.47
0.34
0.14
0.20
0.19
0.28
0.23
0.38
0.46
0.59
0.47
0.78
0.35
0.26
0.34
0.37
0.48
0.40
0.41
0.51
0.60
0.26
0.32
0.29
0.47

Table D5. 1999 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOXx
6.43
5.13
5.51
5.82
5.38
5.47
4.56
5.96
6.20
5.45
5.73
5.70
5.06
5.13
5.51
5.82
5.38
5.47
5.43
6.58
6.41
6.06
5.31
5.38
5.87
5.45
5.44
5.52
5.99
6.51
6.20
459
6.32
6.52
5.99
6.28
5.87
6.37
5.88
6.44
6.72
6.69
5.13
5.51
5.38
5.47

Cco
0.76
0.60
0.55
0.70
0.49
0.52
1.26
1.73
0.96
2.19
1.30
0.84
0.38
0.60
0.55
0.70
0.49
0.52
1.23
0.57
0.96
0.89
1.04
0.48
0.72
0.62
0.65
0.75
0.95
1.19
1.55
0.73
131
0.95
0.73
0.69
0.76
1.08
1.67
111
1.07
0.85
0.60
0.55
0.49
0.52

PM
0.20
0.22
0.32
0.27
0.27
0.23
0.26
0.25
0.27
0.34
0.39
0.22
0.15
0.22
0.32
0.27
0.27
0.23
0.35
0.20
0.25
0.27
0.35
0.14
0.27
0.25
0.28
0.29
0.23
0.22
0.28
0.26
0.38
0.36
0.15
0.23
0.35
0.24
0.37
0.34
0.33
0.21
0.22
0.32
0.27
0.23

D28

HC wagt
0.0002
0.0290
0.0136
0.0091
0.0091
0.0207
0.0012
0.0041
0.0108
0.0041
0.0009
0.0252
0.0414
0.0746
0.0787
0.0575
0.0828
0.0083
0.0015
0.0015
0.0015
0.0002
0.0002
0.0002
0.0043
0.0108
0.2781
0.0097
0.0988
0.0146
0.0260
0.0040
0.0002
0.0017
0.0039
0.0017
0.0011
0.0002
0.0001
0.0008
0.0034
0.0004
0.0034
0.0046
0.0049
0.0005

Sales Weightings
NOx wgt CO wgt
0.0002 0.0002
0.0290 0.0290
0.0136 0.0136
0.0091 0.0091
0.0091 0.0091
0.0207 0.0207
0.0012 0.0012
0.0041 0.0041
0.0108 0.0108
0.0041 0.0041
0.0009 0.0009
0.0252 0.0252
0.0414 0.0414
0.0746 0.0746
0.0787 0.0787
0.0575 0.0575
0.0828 0.0828
0.0083 0.0083
0.0015 0.0015
0.0015 0.0015
0.0015 0.0015
0.0002 0.0002
0.0002 0.0002
0.0002 0.0002
0.0043 0.0043
0.0108 0.0108
0.2781 0.2781
0.0097 0.0097
0.0988 0.0988
0.0146 0.0146
0.0260 0.0260
0.0040 0.0040
0.0002 0.0002
0.0017 0.0017
0.0039 0.0039
0.0017 0.0017
0.0011 0.0011
0.0002 0.0002
0.0001 0.0001
0.0008 0.0008
0.0034 0.0034
0.0004 0.0004
0.0034 0.0034
0.0046 0.0046
0.0049 0.0049
0.0005 0.0005

PM wgt
0.0002
0.0290
0.0136
0.0091
0.0091
0.0207
0.0012
0.0041
0.0108
0.0041
0.0009
0.0252
0.0414
0.0746
0.0787
0.0575
0.0828
0.0083
0.0015
0.0015
0.0015
0.0002
0.0002
0.0002
0.0043
0.0108
0.2781
0.0097
0.0988
0.0146
0.0260
0.0040
0.0002
0.0017
0.0039
0.0017
0.0011
0.0002
0.0001
0.0008
0.0034
0.0004
0.0034
0.0046
0.0049
0.0005





175-300 hp
Rated HP
189
252
211
253
244
247
184
280
298
225
210
210
225
286
190
268
177
182
207
217
183
227
244
272
255
Sales-wgt
EF
Sample
Size

HC
0.31
0.22
0.37
0.23
0.39
0.57
0.30
0.19
0.37
0.11
0.13
0.12
0.14
0.39
0.66
0.44
0.34
0.42
0.44
0.36
0.54
0.35
0.19
0.35
0.25

0.314974 5.549376 0.695869 0.257528

71

Table D5. 1999 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
5.40
6.23
5.42
5.28
6.24
6.13
6.70
5.68
6.32
6.63
6.73
6.55
6.73
5.07
6.08
6.50
6.20
6.43
6.59
5.49
6.63
6.34
6.30
6.44
5.89

71

CO
0.92
0.30
0.57
0.47
0.74
0.69
0.61
0.51
1.16
0.57
1.77
1.15
0.64
0.50
1.56
0.50
0.89
0.87
1.15
1.00
0.81
0.51
1.66
1.09
0.40

71

PM
0.21
0.23
0.22
0.27
0.18
0.17
0.18
0.18
0.30
0.13
0.21
0.20
0.16
0.20
0.40
0.22
0.28
0.30
0.36
0.22
0.34
0.27
0.36
0.23
0.13

71

D29

HC wagt
0.0009
0.0026
0.0003
0.0002
0.0005
0.0003
0.0010
0.0017
0.0012
0.0001
0.0019
0.0017
0.0017
0.0246
0.0005
0.0013
0.0004
0.0004
0.0004
0.0004
0.0002
0.0002
0.0015
0.0015
0.0055

1.0000

Sales Weightings
NOxwgt CO wgt
0.0009 0.0009
0.0026 0.0026
0.0003 0.0003
0.0002 0.0002
0.0005 0.0005
0.0003 0.0003
0.0010 0.0010
0.0017 0.0017
0.0012 0.0012
0.0001 0.0001
0.0019 0.0019
0.0017 0.0017
0.0017 0.0017
0.0246 0.0246
0.0005 0.0005
0.0013 0.0013
0.0004 0.0004
0.0004 0.0004
0.0004 0.0004
0.0004 0.0004
0.0002 0.0002
0.0002 0.0002
0.0015 0.0015
0.0015 0.0015
0.0055 0.0055
1.0000 1.0000

PM wgt
0.0009
0.0026
0.0003
0.0002
0.0005
0.0003
0.0010
0.0017
0.0012
0.0001
0.0019
0.0017
0.0017
0.0246
0.0005
0.0013
0.0004
0.0004
0.0004
0.0004
0.0002
0.0002
0.0015
0.0015
0.0055

1.0000





300-600 hp
Rated HP
310
415
340
300
425
300
330
397
362
500
455
599
535
350
430
480
525
336
422
563
308
335
543
336
336
339
399
517
401
431
361
350
313
430
425
586
329
590
335
306
326
493
493
335
375
525

HC
0.34
0.10
0.12
0.08
0.90
0.28
0.33
0.19
0.16
0.13
0.12
0.04
0.08
0.22
0.14
0.17
0.16
0.14
0.15
0.14
0.28
0.27
0.22
0.37
0.41
0.21
0.18
0.17
0.23
0.17
0.20
0.08
0.13
0.35
0.08
0.20
0.26
0.34
0.26
0.24
0.50
0.16
0.16
0.19
0.22
0.17

Table D5. 1999 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOXx
5.48
4.65
3.91
5.78
6.38
6.13
5.28
4.65
5.49
6.10
5.48
6.59
5.79
6.52
6.29
6.85
6.52
5.48
4.97
5.11
5.68
5,51
5.66
4.65
5.99
5.72
5.33
5.74
6.02
5.59
5.77
5.74
6.38
6.64
6.44
4.64
6.38
6.40
6.17
6.29
4.04
4.26
5.89
5.78
5.72
6.06

Cco
0.79
0.40
0.56
0.43
2.17
0.81
1.07
1.35
1.57
1.67
0.82
2.67
2.10
1.17
0.34
1.16
0.65
0.45
0.40
0.40
0.45
0.74
0.54
0.68
131
0.92
0.91
0.37
0.50
0.43
0.62
2.10
0.59
0.56
0.76
0.45
0.61
0.72
1.05
0.72
0.43
1.04
0.95
0.41
0.32
0.60

PM
0.13
0.08
0.17
0.13
0.16
0.36
0.36
0.19
0.21
0.17
0.17
0.33
0.34
0.20
0.13
0.18
0.16
0.15
0.11
0.11
0.20
0.28
0.25
0.25
0.30
0.15
0.15
0.13
0.14
0.15
0.16
0.15
0.14
0.19
0.16
0.18
0.19
0.24
0.32
0.37
0.14
0.22
0.28
0.18
0.20
0.23

D30

HC wagt
0.0011
0.0036
0.0271
0.0036
0.0522
0.0049
0.0060
0.0027
0.1859
0.0260
0.0036
0.0763
0.0060
0.0597
0.0199
0.1809
0.0109
0.0071
0.0007
0.0004
0.0016
0.0027
0.0099
0.0282
0.0072
0.0035
0.0047
0.0575
0.0158
0.0071
0.0061
0.0089
0.0116
0.0022
0.0689
0.0043
0.0025
0.0001
0.0004
0.0137
0.0010
0.0014
0.0004
0.0002
0.0038
0.0002

Sales Weightings
NOx wgt CO wgt
0.0011 0.0011
0.0036 0.0036
0.0271 0.0271
0.0036 0.0036
0.0522 0.0522
0.0049 0.0049
0.0060 0.0060
0.0027 0.0027
0.1859 0.1859
0.0260 0.0260
0.0036 0.0036
0.0763 0.0763
0.0060 0.0060
0.0597 0.0597
0.0199 0.0199
0.1809 0.1809
0.0109 0.0109
0.0071 0.0071
0.0007 0.0007
0.0004 0.0004
0.0016 0.0016
0.0027 0.0027
0.0099 0.0099
0.0282 0.0282
0.0072 0.0072
0.0035 0.0035
0.0047 0.0047
0.0575 0.0575
0.0158 0.0158
0.0071 0.0071
0.0061 0.0061
0.0089 0.0089
0.0116 0.0116
0.0022 0.0022
0.0689 0.0689
0.0043 0.0043
0.0025 0.0025
0.0001 0.0001
0.0004 0.0004
0.0137 0.0137
0.0010 0.0010
0.0014 0.0014
0.0004 0.0004
0.0002 0.0002
0.0038 0.0038
0.0002 0.0002

PM wgt
0.0011
0.0036
0.0271
0.0036
0.0522
0.0049
0.0060
0.0027
0.1859
0.0260
0.0036
0.0763
0.0060
0.0597
0.0199
0.1809
0.0109
0.0071
0.0007
0.0004
0.0016
0.0027
0.0099
0.0282
0.0072
0.0035
0.0047
0.0575
0.0158
0.0071
0.0061
0.0089
0.0116
0.0022
0.0689
0.0043
0.0025
0.0001
0.0004
0.0137
0.0010
0.0014
0.0004
0.0002
0.0038
0.0002





0.201521 6.049760 1.201752 0.192703

300-600 hp

Rated HP HC
571 0.31
475 0.28
327 0.22
327 0.24
330 0.07
330 0.04
313 0.27
381 0.21
496 0.13

Sales-wgt

EF
Sample

Size 55

Table D5. 1999 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

NOx
3.98
4.09
6.39
6.11
5.07
5.64
6.26
6.55
6.12

55

CO
0.48
0.46
0.46
0.48
0.44
0.40
0.31
0.61
0.28

55

PM
0.17
0.15
0.14
0.13
0.10
0.16
0.06
0.08
0.07

55

Table D5. 1999 MY Certification Data (cont.)

600-750 hp
Rated HP
660
740
640
730
740
600
686
750
750
750
750
641
740
Sales-wgt
EF
Sample
Size

HC
0.05
0.05
0.11
0.06
0.10
0.26
0.20
0.07
0.07
0.06
0.35
0.26
0.24

0.118392 5.723896 1.361031 0.227162

13

Emission Factors (g/hp-hr)

NOx
6.24
5.68
5.62
5.04
5.53
6.02
5.70
5.84
5.90
4.48
5.80
5.84
5.85

13

CO
0.83
1.57
0.83
0.99
1.62
1.78
0.65
0.90
1.29
1.43
1.48
0.83
1.37

13

PM
0.14
0.25
0.19
0.19
0.33
0.24
0.30
0.16
0.22
0.24
0.30
0.18
0.28

13

D31

HC wagt
0.0022
0.0022
0.0022
0.0022
0.0036
0.0116
0.0134
0.0186
0.0016

1.0000

HC wagt
0.1765
0.2857
0.0071
0.0903
0.0429
0.1618
0.0139
0.0113
0.0588
0.0597
0.0828
0.0046
0.0046

1.0000

Sales Weightings

NOx wgt
0.0022
0.0022
0.0022
0.0022
0.0036
0.0116
0.0134
0.0186
0.0016

1.0000

CO wagt
0.0022
0.0022
0.0022
0.0022
0.0036
0.0116
0.0134
0.0186
0.0016

1.0000

Sales Weightings

NOx wgt
0.1765
0.2857
0.0071
0.0903
0.0429
0.1618
0.0139
0.0113
0.0588
0.0597
0.0828
0.0046
0.0046

1.0000

CO wagt
0.1765
0.2857
0.0071
0.0903
0.0429
0.1618
0.0139
0.0113
0.0588
0.0597
0.0828
0.0046
0.0046

1.0000

PM wgt
0.0022
0.0022
0.0022
0.0022
0.0036
0.0116
0.0134
0.0186
0.0016

1.0000

PM wgt
0.1765
0.2857
0.0071
0.0903
0.0429
0.1618
0.0139
0.0113
0.0588
0.0597
0.0828
0.0046
0.0046

1.0000





0-11 hp
Rated HP HC

6
6
10
7
7
11
10
7
8
10
4 0.78
7 0.71
8 0.58
11 0.57

10
9
Sales-wgt 0.69210
EF 3
Sample
Size 4
0.67535
Calc HC* 1
Calc
NOx*

* HC fraction of HC+NOx = HC + (HC+NOx). The average HC fraction is not a sales-weighted average.

Table D6. 2000 MY Certification Data

Emission Factors (g/hp-hr)
HC+NOx

NOXx

6.57
5.28

5.18
4.82
5.74
5.10

6

5.290871

7.33
7.78
3.36
3.82
3.77
5.45
5.23
6.54
5.76
5.03
5.96
5.53
6.32
5.67
6.61
6.25
6.30
6.57
3.72
3.88

5.170337 5.966223

20

CO

4.20
3.16
1.04
2.11
2.95
4.10
1.68
3.81
4.50
4.21
3.93
3.83
3.29
3.18
5.00
5.03
3.84
3.61
191
3.84

4.05136

6

20

PM

0.07
0.12
0.28
0.35
0.33
0.24
0.21
0.43
0.52
0.42
0.66
0.57
0.45
0.54
0.50
0.49
0.39
0.48
0.35
0.33

20

HC frac of HC wgt

HC+NOx*

0.131414
0.128205
0.091981
0.101183

0.452858

0.113196

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1309
0.6675
0.1309
0.0706
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

Calculated HC = ( avg HC fraction of HC+NOKx) * (sales-wgt avg HC+NOX).
Calculated NOx = (1- avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOXx).

D32

Sales Weightings
NOx wgt HC+NOx CO wagt
wgt
0.1007 0.0289 0.0289
0.0280 0.0080 0.0080
0.0000 0.0088 0.0088
0.0000 0.0096 0.0096
0.0000 0.0225 0.0225
0.0000 0.0096 0.0096
0.0000 0.0193 0.0193
0.0000 0.0123 0.0123
0.0000 0.0006 0.0006
0.0000 0.0006 0.0006
0.1141 0.0328 0.0328
0.5817 0.1672 0.1672
0.1141 0.0328 0.0328
0.0615 0.0177 0.0177
0.0000 0.2089 0.2089
0.0000 0.1607 0.1607
0.0000 0.1832 0.1832
0.0000 0.0164 0.0164
0.0000 0.0501 0.0501
0.0000 0.0096 0.0096
1.0000 1.0000 1.0000

PM wgt

0.0289
0.0080
0.0088
0.0096
0.0225
0.0096
0.0193
0.0123
0.0006
0.0006
0.0328
0.1672
0.0328
0.0177
0.2089
0.1607
0.1832
0.0164
0.0501
0.0096

1.0000





11-25 hp
Rated HP

19
17
25
21
17
18
23
11
17
12
18
21
24
24
25
19
18
17
25
12
23
22
20
16
19
21
18
21
15
15
16
22
12
16
12
19
22
24
17
18
Sales-wgt
EF
Sample
Size
Calc HC*

HC

0.58
0.45

0.17
0.10
0.11

0.72
0.43
0.57
0.77

0.489983 3.749647 4.948900 2.207041 0.289982

9
0.401631

Emission Factors (g/hp-hr)

NOXx

3.79
4.07

1.10

5.59
3.48
3.38

5.29
5.70
5.62
5.17

10

Table D6. 2000 MY Certification Data

HC+NOx

5.02
4.37
452
4.30
5.26
5.15
3.98
4.88
4.38
5.54
4.96
3.68
3.54
5.67
6.45
3.40
5.76
3.58
3.49
5.53
4.30
4.66
5.66
4.02
6.24
4.30
5.97
4.10
6.02
6.12
6.19
5.94
5.03
4.46
3.17
4.29
3.47
5.63
4.88
3.24

40

CoO

1.36
3.82
3.09
1.74
1.69
0.77
1.08
1.88
2.36
2.57

1.34
1.06
1.66
1.20
0.99
0.97
0.56
0.56
2.77
1.73
1.50
2.23
3.13
4.15
1.74
2.73
2.24
3.70
2.41
3.00
3.04
2.95
2.98
1.47
1.28
2.27
0.90
1.55
191

39

PM

0.45
0.57
0.38
0.24
0.39
0.23
0.26
0.50
0.52
0.33
0.56
0.57
0.30
0.56
0.41
0.37
0.54
0.33
0.30
0.22
0.14
0.12
0.21
0.19
0.43
0.24
0.50
0.35
0.43
0.39
0.37
0.45
0.26
0.35
0.30
0.08
0.19
0.25
0.42
0.32

40

HC frac of HC wgt

HC+NOx*

0.131868
0.099558

0.028849
0.027933
0.030399

0.120198
0.069428
0.092771
0.129397

0.081156

D33

0.0000
0.0373
0.1493
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0033
0.1866
0.0974
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0410
0.0784
0.0187
0.3881
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

Sales Weightings

NOx HC+NOx CO wgt PM wagt

wgt wgt
0.0000 0.0030 0.0032 0.0030
0.0289 0.0051 0.0053 0.0051
0.1156 0.0203 0.0211 0.0203
0.0000 0.0005 0.0005 0.0005
0.0000 0.0012 0.0012 0.0012
0.0000 0.0013 0.0014 0.0013
0.0000 0.0034 0.0035 0.0034
0.0000 0.0026 0.0027 0.0026
0.0000 0.0140 0.0146 0.0140
0.0000 0.0081 0.0084 0.0081
0.2254 0.0395 0.0000 0.0395
0.0000 0.0130 0.0135 0.0130
0.0000 0.0020 0.0021 0.0020
0.0000 0.0022 0.0023 0.0022
0.0000 0.0022 0.0023 0.0022
0.0000 0.0028 0.0029 0.0028
0.0025 0.0004 0.0005 0.0004
0.1445 0.0253 0.0264 0.0253
0.0754 0.0132 0.0138 0.0132
0.0000 0.3139 0.3268 0.3139
0.0000 0.0810 0.0843 0.0810
0.0000 0.0253 0.0264 0.0253
0.0000 0.0041 0.0042 0.0041
0.0000 0.0003 0.0003 0.0003
0.0000 0.0223 0.0232 0.0223
0.0000 0.0046 0.0047 0.0046
0.0000 0.0152 0.0158 0.0152
0.0000 0.0101 0.0105 0.0101
0.0318 0.0056 0.0058 0.0056
0.0607 0.0106 0.0111 0.0106
0.0145 0.0025 0.0026 0.0025
0.3006 0.0527 0.0548 0.0527
0.0000 0.0010 0.0011 0.0010
0.0000 0.0450 0.0468 0.0450
0.0000 0.0505 0.0526 0.0505
0.0000 0.0284 0.0295 0.0284
0.0000 0.0374 0.0390 0.0374
0.0000 0.0837 0.0872 0.0837
0.0000 0.0398 0.0414 0.0398
0.0000 0.0061 0.0063 0.0061
1.0000 1.0000 1.0000 1.0000





Table D6. 2000 MY Certification Data

11-25 hp Emission Factors (g/hp-hr) Sales Weightings
Rated HP HC NOx HC+NOx CO PM HC frac of HCwgt NOx HC+NOx CO wgt PM wgt
HC+NOx* wagt wagt
Calc
NOx* 4.547269

* HC fraction of HC+NOx = HC + (HC+NOXx). The average HC fraction is not a sales-weighted average.
Calculated HC = ( avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOX).
Calculated NOx = (1- avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOXx).

D34





25-50 hp
Rated HP

42
25
28
34
45
36
38
30
50
30
38
46
35
39
47
25
28
30
40
47
26
27
29
40
45
28
39
28
37
37
27
27
37
35
40
35
46
34
47
48
38
26
31
42
26

HC

0.13
0.16
0.67
0.11
0.09
0.85
0.08
0.69
0.56
0.04
0.14
0.12
0.64

Emission Factors (g/hp-hr)

NOXx

6.14

4.23
3.56
6.00
4.52
3.95
4.85
4.56
6.19
4.54
3.75
3.66
6.71
6.36

Table D6. 2000 MY Certification Data (cont.)

HC+NOx

6.52
531
4.92
5.21
5.95
3.12
3.62
2.79

6.94
6.69
6.65
5.68
6.58
5.84
4.35
3.76
3.86
4.50
3.38
3.18
5.66
4.11
2.78
4.04
3.57
4.35
4.36
3.72
6.67
4.63
4.04
5.56
4.64
6.88
5.10
3.79
3.80
6.83
7.00
6.16
4.64
3.80
3.84
4.46

CoO

3.35
1.49
1.56
1.44
0.48
131
2.13
3.06

1.64
1.92
2.29
1.74
1.84
1.35
0.64
1.24
0.83
0.62
0.87
0.98
1.62
1.16
1.62
0.87
2.65
1.89
1.33
2.30
3.55
0.57
0.82
2.55
0.90
1.62
1.52
0.68
0.98
0.74
1.46
1.66
1.30
1.16
0.77
0.96

PM HC frac of HC wgt

0.42
0.50
0.54
0.38
0.26
0.39
0.51
0.46

0.27
0.32
0.35
0.21
0.11
0.09
0.13
0.20
0.17
0.20
0.27
0.37
0.56
0.35
0.42
0.38
0.43
0.45
0.54
0.58
0.42
0.31
0.46
0.38
0.40
0.25
0.48
0.33
0.50
0.30
0.31
0.41
0.28
0.36
0.24
0.35

D35

HC+NOx*

0.029817
0.041678
0.10051
0.023758
0.021308
0.149123
0.017234
0.100291
0.109804
0.010554
0.036842
0.01757
0.091429

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0267
0.0595
0.0017
0.0017
0.0278
0.0076
0.0216
0.0056
0.7065
0.0014
0.0734
0.0050
0.0151
0.0000
0.0000
0.0000
0.0000
0.0000

Sales Weightings
NOx HC+NOx CO wagt
wgt wgt

0.0000 0.0025 0.0025
0.0000 0.0005 0.0005
0.0000 0.0022 0.0022
0.0000 0.0069 0.0069
0.0000 0.0007 0.0007
0.0000 0.0007 0.0007
0.0000 0.0033 0.0033
0.0000 0.0004 0.0004
0.1584 0.0000 0.0000
0.0000 0.0390 0.0390
0.0000 0.0133 0.0133
0.0000 0.0123 0.0123
0.0000 0.0036 0.0036
0.0000 0.0051 0.0051
0.0000 0.0044 0.0044
0.0000 0.0004 0.0004
0.0000 0.0022 0.0022
0.0000 0.0030 0.0030
0.0000 0.0013 0.0013
0.0000 0.0005 0.0005
0.0000 0.0004 0.0004
0.0000 0.0001 0.0001
0.0000 0.0160 0.0159
0.0000 0.0379 0.0379
0.0000 0.0147 0.0147
0.0000 0.0010 0.0010
0.0000 0.0004 0.0004
0.0167 0.0019 0.0019
0.0372 0.0043 0.0043
0.0010 0.0001 0.0001
0.0010 0.0001 0.0001
0.0173 0.0020 0.0020
0.0047 0.0005 0.0005
0.0135 0.0016 0.0016
0.0035 0.0004 0.0004
0.4409 0.0509 0.0509
0.0009 0.0001 0.0001
0.0458 0.0053 0.0053
0.0031 0.0004 0.0004
0.0094 0.0011 0.0011
0.0000 0.0363 0.0363
0.0000 0.0076 0.0076
0.0000 0.0400 0.0400
0.0000 0.0073 0.0073
0.0000 0.0545 0.0545

PM wgt

0.0025
0.0005
0.0022
0.0069
0.0007
0.0007
0.0033
0.0004
0.0000
0.0390
0.0133
0.0123
0.0036
0.0051
0.0044
0.0004
0.0022
0.0030
0.0013
0.0005
0.0004
0.0001
0.0159
0.0379
0.0147
0.0010
0.0004
0.0019
0.0043
0.0001
0.0001
0.0020
0.0005
0.0016
0.0004
0.0509
0.0001
0.0053
0.0004
0.0011
0.0363
0.0076
0.0400
0.0073
0.0545





25-50 hp
Rated HP

41
31
31
37
49
38
48
40
30
38
26
25
33
36
30
35
40
42
44
40
38
30
42
39
45
49
44
47
43
41
48
26
28
25
30
25
33
41
29
37
25
37
25
30
45
38

HC

0.18

Emission Factors (g/hp-hr)

NOXx

4.99

5.73

5.15
4.62

4.82

5.32

6.35

Table D6. 2000 MY Certification Data (cont.)

HC+NOx

4.81
5.27
511
4.47
5.95
5.99
4.63
5.17
2.79
3.62
2.62
5.78
2.37
6.06
5.29
5.48
5.53
6.35
5.56
6.36
6.00
6.51
6.07
4.73
5.62
4.09
6.19
5.81
6.35

6.25
5.45
5.78
5.53
5.82
5.91
5.76
5.97
5.82
6.76
6.01
6.03
6.09
6.07
5.85
5.79

CcoO

0.75
0.74
0.80
0.80
1.93
1.58
0.93
0.94
3.06
2.13
1.83
3.66
1.58
1.07
1.50
1.61
2.57
1.01
1.69
1.33
1.25
3.22
0.70
1.01
1.30
0.80
1.09
2.45
2.33
0.95
1.59
2.00
3.61
291
2.93
3.45
2.74
1.35
2.82
1.71
3.03
2.59
3.03
3.01
3.21
3.23

PM HC frac of HC wgt

0.25
0.19
0.26
0.29
0.43
0.36
0.23
0.48
0.46
0.51
0.25
0.43
0.53
0.33
0.33
0.36
0.22
0.13
0.34
0.33
0.36
0.50
0.31
0.34
0.38
0.25
0.53
0.44
0.26
0.32
0.28
0.15
0.40
0.37
0.35
0.24
0.28
0.49
0.25
0.40
0.32
0.35
0.20
0.38
0.45
0.39

D36

HC+NOx*

0.034632

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0465
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Sales Weightings
NOx HC+NOx CO wagt
wgt wgt

0.0000 0.0009 0.0009
0.0000 0.0309 0.0309
0.0000 0.0582 0.0581
0.0000 0.2108 0.2107
0.0000 0.0018 0.0018
0.0000 0.0018 0.0018
0.0000 0.0031 0.0031
0.0290 0.0033 0.0033
0.0000 0.0011 0.0011
0.0000 0.0003 0.0003
0.0000 0.0001 0.0001
0.0000 0.0029 0.0029
0.0000 0.0013 0.0013
0.0441 0.0051 0.0051
0.0000 0.0002 0.0002
0.0157 0.0018 0.0018
0.0236 0.0027 0.0027
0.0000 0.0001 0.0001
0.0157 0.0018 0.0018
0.0000 0.0015 0.0015
0.0000 0.0004 0.0004
0.0000 0.0038 0.0038
0.0000 0.0004 0.0004
0.0000 0.0138 0.0138
0.0000 0.0016 0.0016
0.0000 0.0038 0.0038
0.0000 0.0016 0.0016
0.0693 0.0080 0.0080
0.0000 0.0004 0.0004
0.0055 0.0000 0.0006
0.0000 0.0002 0.0002
0.0000 0.0236 0.0236
0.0000 0.0096 0.0096
0.0000 0.0129 0.0129
0.0000 0.0012 0.0012
0.0000 0.0006 0.0006
0.0000 0.0230 0.0230
0.0000 0.0009 0.0009
0.0000 0.0070 0.0070
0.0000 0.0007 0.0007
0.0000 0.0222 0.0222
0.0000 0.0181 0.0181
0.0000 0.0000 0.0000
0.0000 0.0117 0.0117
0.0000 0.0291 0.0291
0.0000 0.0027 0.0027

PM wgt

0.0009
0.0309
0.0581
0.2107
0.0018
0.0018
0.0031
0.0033
0.0011
0.0003
0.0001
0.0029
0.0013
0.0051
0.0002
0.0018
0.0027
0.0001
0.0018
0.0015
0.0004
0.0038
0.0004
0.0138
0.0016
0.0038
0.0016
0.0080
0.0004
0.0006
0.0002
0.0236
0.0096
0.0129
0.0012
0.0006
0.0230
0.0009
0.0070
0.0007
0.0222
0.0181
0.0000
0.0117
0.0291
0.0027





Table D6. 2000 MY Certification Data (cont.)

PM

0.44
0.34

0.20
0.33
0.40
0.26

96

25-50 hp Emission Factors (g/hp-hr)
Rated HP HC NOx HC+NOx CO
48 6.00 1.56
34 5.94 1.87
50 4.85
46 6.01 2.54
41 5.76 2.79
27 3.04 0.98
39 5.53 1.96
Sales-wgt
EF 0.452946 4.893606 5.083919 1.522782 0.331337
Sample
Size 14 22 95 96
Calc HC* 0.284899
Calc
NOx* 4.799020

* HC fraction of HC+NOx = HC + (HC+NOx). The average HC fraction is not a sales-weighted average.

HC frac of HC wgt

HC+NOx*

0.056039

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

Calculated HC = ( avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOX).
Calculated NOx = (1- avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOX).

D37

Sales Weightings
NOx HC+NOx CO wagt
wgt wgt

0.0000 0.0000 0.0000
0.0000 0.0715 0.0715
0.0435 0.0000 0.0000
0.0000 0.0064 0.0064
0.0000 0.0042 0.0042
0.0000 0.0023 0.0023
0.0000 0.0010 0.0010
1.0000 1.0000 1.0000

PM wgt

0.0000
0.0715
0.0000
0.0064
0.0042
0.0023
0.0010

1.0000





Table D6. 2000 MY Certification Data (cont.)

50-100 hp Emission Factors (g/hp-hr) Sales Weightings
Rated HP HC NOx HC+NOx CO PM HCwgt NOx HC+NOx CO wgt PM wgt
wgt wgt
67 6.40 0.0000 0.0035 0.0000 0.0000 0.0000
79 5.74 0.0000 0.0015 0.0000 0.0000 0.0000
96 5.81 0.0000 0.0005 0.0000 0.0000 0.0000
80 0.48 7.61 432 056 0.1534 0.0381 0.0000 0.1520 0.1572
67 0.75 6.35 196 0.34 0.0219 0.0054 0.0000 0.0217 0.0225
75 0.70 5.68 228 049 0.1315 0.0327 0.0000 0.1303 0.1348
85 0.48 6.14 1.03 0.35 0.0418 0.0104 0.0000 0.0415 0.0429
56 0.46 5.71 219 0.29 0.0418 0.0104 0.0000 0.0415 0.0429
75 0.70 5.68 228 049 0.0279 0.0069 0.0000 0.0276 0.0286
98 0.71 6.30 168 0.21 0.0005 0.0001 0.0000 0.0005 0.0005
62 6.23 0.0000 0.0010 0.0000 0.0000 0.0000
57 6.20 0.0000 0.0010 0.0000 0.0000 0.0000
55 5.80 0.0000 0.0010 0.0000 0.0000 0.0000
64 5.92 0.0000 0.0049 0.0000 0.0000 0.0000
82 5.23 0.0000 0.0802 0.0000 0.0000 0.0000
53 6.32 0.0000 0.0217 0.0000 0.0000 0.0000
83 6.47 0.0000 0.0029 0.0000 0.0000 0.0000
65 6.20 0.0000 0.0174 0.0000 0.0000 0.0000
84 6.79 0.0000 0.0000 0.0000 0.0000 0.0000
68 6.70 0.0000 0.0030 0.0000 0.0000 0.0000
51 5.38 0.0000 0.0015 0.0000 0.0000 0.0000
56 5.21 0.0000 0.0042 0.0000 0.0000 0.0000
78 6.22 0.0000 0.0001 0.0000 0.0000 0.0000
52 4.59 0.0000 0.0188 0.0000 0.0000 0.0000
50 3.43 0.0000 0.0079 0.0000 0.0000 0.0000
52 0.17 5.22 118 0.45 0.0094 0.0023 0.0000 0.0093 0.0096
51 144 5.79 3.90 0.38 0.0110 0.0027 0.0000 0.0109 0.0112
54 0.69 4.15 145 0.36 0.0240 0.0060 0.0000 0.0238 0.0246
51 0.60 6.68 3.04 0.63 0.0011 0.0003 0.0000 0.0011 0.0011
55 0.39 6.16 0.98 0.28 0.0163 0.0041 0.0000 0.0162 0.0167
64 0.43 5.62 2.17 0.60 0.0076 0.0019 0.0000 0.0075 0.0078
76 0.29 5.35 1.08 051 0.0149 0.0037 0.0000 0.0148 0.0153
51 041 534 222 0.64 0.0087 0.0022 0.0000 0.0086 0.0089
56 0.48 4.88 0.46 0.27 0.0014 0.0003 0.0000 0.0014 0.0014
83 0.49 4.80 0.76 0.34 0.0099 0.0025 0.0000 0.0098 0.0101
91 0.42 6.63 132 054 0.0378 0.0094 0.0000 0.0375 0.0388
79 055 5.25 247 055 0.0335 0.0083 0.0000 0.0332 0.0344
86 0.46 4.98 0.83 0.38 0.0013 0.0003 0.0000 0.0013 0.0013
86 0.35 5.09 0.67 0.21 0.0013 0.0003 0.0000 0.0013 0.0014
53 6.56 0.0000 0.0478 0.0000 0.0000 0.0000
51 0.05 3.56 0.75 0.20 0.0159 0.0040 0.0000 0.0158 0.0163
78 0.49 3.77 3.00 052 0.0159 0.0040 0.0000 0.0158 0.0163
74 0.76  4.70 2.06 0.32 0.0199 0.0050 0.0000 0.0197 0.0204
80 0.72 5.78 3.26 0.51 0.0060 0.0015 0.0000 0.0059 0.0061
98 0.71 6.30 168 0.21 0.0050 0.0012 0.0000 0.0049 0.0051

D38





50-100 hp
Rated HP

56
85
59
51
56
89
73
86
93
72
54
65
59
53
56
54
63
57
55
51
87
52
89
67
92
55
59
85
64
79
58
52
64
60
96
68
52
68
80
80
59
84
94
50
77
59

HC

0.46
0.48

0.54
0.05

0.22
0.35

0.83
0.86

0.03

Emission Factors (g/hp-hr)

NOx

5.71
6.14
4.37
5.12
4.18
3.57
3.68
5.42
4.71
4.31
6.31
4.18
3.34
4.60
5.95
2.62
5.06
4.46
291
5.35
5.92
6.32
6.40
5.71
6.16
2.62
5.90
2.18
5.58
6.16
3.23
6.62
5.13
6.06
5.09
5.85
5.97
6.11
6.00
5.40
3.58
6.14
5.75
5.80
3.55
5.59

Table D6. 2000 MY Certification Data (cont.)
Sales Weightings
HC+NOx CO wagt

HC+NOx

4.24

Cco

2.19
1.03

2.42
0.90

1.01
1.22

3.19
4.00

1.78
0.15
0.96

PM

0.29
0.35

0.54
0.29

0.63
0.64

0.38
0.18
0.45

D39

HC waqt

0.0002
0.0002
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0157
0.0178
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1915
0.0992
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0060
0.0075
0.0000
0.0000
0.0000
0.0000
0.0021
0.0000

NOx
wgt
0.0001
0.0001
0.0119
0.0005
0.0114
0.0178
0.0124
0.0104
0.0114
0.0054
0.0039
0.0044
0.0003
0.0015
0.0005
0.0048
0.0006
0.0052
0.0014
0.0154
0.0154
0.0050
0.0025
0.0476
0.0247
0.0012
0.0012
0.0013
0.0124
0.0067
0.0109
0.0097
0.0045
0.0258
0.1312
0.0669
0.0421
0.0099
0.0015
0.0019
0.0030
0.0010
0.0003
0.0008
0.0005
0.0010

wgt
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0002
0.0002
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0156
0.0177
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1898
0.0983
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0059
0.0074
0.0000
0.0000
0.0000
0.0034
0.0021
0.0040

PM wgt

0.0002
0.0002
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1963
0.1017
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0061
0.0077
0.0000
0.0000
0.0000
0.0035
0.0021
0.0042





Emission Factors (g/hp-hr)

Table D6. 2000 MY Certification Data (cont.)
Sales Weightings
HC+NOx CO wagt

HC+NOx

4.235576

50-100 hp

Rated HP HC NOXx
100 6.27
75 3.87
58 3.91
54 5.40
67 4.89
80 4.80
56 5.23
58 5.12
60 4.12
70 5.59
58 5.72
95 5.10
100 5.73

Sales-wgt 0.462 5.49489
EF 89 2

Sample
Size 35 104

1

Cco

0.87

2.0470 0.4604

6

38

PM

0.33

3

36

D40

HC waqt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

NOx
wgt
0.0004
0.0015
0.0020
0.0001
0.0163
0.0005
0.0016
0.0157
0.0025
0.0138
0.0002
0.0030
0.0114

1.0000

wgt
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

0.0015
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

PM wgt

0.0015
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000





100-175 hp
Rated HP
173
108
143
100
125
118
155
110
165
166
125
118
144
109
133
168
155
109
157
121
134
103
153
164
139
144
100
125
155
125
103
151
120
144
118
113
132
173
108
116
168
118
120
103
172
115

HC
0.33

0.35
0.23
0.25
0.38

0.23
0.25

0.11

0.49
0.34
0.57
0.51
0.47
0.52

0.35
0.23
0.38

0.16
0.57
0.42

0.13

Table D6. 2000 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOXx
6.37
6.47
6.09
6.08
6.21
453
4.23
6.06
6.24
4.95
6.21
453
4.97
6.41
6.50
6.17
6.39
6.32
6.65
4.30
4.30
6.26
5.65
4.67
4.30
6.61
6.08
6.21
4.23
5.74
5.94
5.60
5.50
5.80
5.52
4.41
6.05
5.79
6.25
6.43
5.85
6.30
5.55
6.19
5.31
5.77

CcoO
0.78

0.70
0.47
0.54
0.75

0.47
0.54

0.63

0.53

1.23
1.00
1.58
0.49
1.06
1.25

0.70
0.47
0.75

0.43
1.45
0.76

0.45

PM
0.11

0.28
0.16
0.22
0.35

0.16
0.22

0.13
0.13

0.28
0.24
0.39
0.26
0.23
0.19

0.28

0.16
0.35

0.26
0.33
0.27

0.25

D41

HC waqt
0.0006
0.0000
0.0000
0.2138
0.0077
0.0165
0.1983
0.0000
0.0000
0.0000
0.1202
0.0165
0.0000
0.0000
0.0000
0.0009
0.0000
0.0000
0.0000
0.0013
0.0007
0.0127
0.0145
0.0033
0.0012
0.0000
0.0881
0.0220
0.1102
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0759
0.0150
0.0382
0.0000
0.0000
0.0000
0.0180
0.0000

Sales Weightings
NOx wgt CO wgt
0.0004 0.0006
0.0007 0.0000
0.0001 0.0000
0.1425 0.2133
0.0051 0.0077
0.0110 0.0165
0.1322 0.1979
0.0019 0.0000
0.0495 0.0000
0.0040 0.0000
0.0801 0.1200
0.0110 0.0165
0.0026 0.0000
0.0026 0.0000
0.0026 0.0000
0.0006 0.0009
0.0170 0.0000
0.0000 0.0000
0.0116 0.0000
0.0009 0.0013
0.0004 0.0007
0.0085 0.0127
0.0097 0.0145
0.0022 0.0033
0.0008 0.0012
0.0001 0.0000
0.0588 0.0880
0.0147 0.0220
0.0735 0.1100
0.0134 0.0000
0.0005 0.0000
0.0005 0.0000
0.0414 0.0000
0.0494 0.0000
0.0009 0.0000
0.0060 0.0000
0.0067 0.0000
0.0027 0.0000
0.0506 0.0757
0.0100 0.0150
0.0255 0.0381
0.0008 0.0000
0.0287 0.0000
0.0089 0.0000
0.0120 0.0180
0.0067 0.0000

PM wgt
0.0006
0.0000
0.0000
0.2164
0.0078
0.0167
0.2008
0.0000
0.0000
0.0000
0.1217
0.0167
0.0000
0.0000
0.0000
0.0009
0.0000
0.0000
0.0000
0.0013
0.0007
0.0129
0.0147
0.0033
0.0012
0.0000
0.0892
0.0223
0.1115
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0768
0.0152
0.0387
0.0000
0.0000
0.0000
0.0183
0.0000





100-175 hp
Rated HP
152
103
135
130
100
114
127
117
172
173
142
138
161
130
116
Sales-wgt
EF
Sample
Size

HC
0.53
0.45

0.63
0.57

0.54

0.23

0.332460 5.593736 0.685810 0.282059

27

Table D6. 2000 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
5.82
5.30
6.68
6.61
5.50
6.39
5.38
6.23
6.23
6.57
5.92
6.68
5.96
5.05
5.82

61

CO
1.24
0.92

121
1.35

1.83
1.33

0.83

29

PM
0.51
0.24

0.36
0.47

0.42
0.23

28

D42

HC wagt
0.0000
0.0023
0.0010
0.0017
0.0031
0.0000
0.0000
0.0000
0.0000
0.0020
0.0000
0.0000
0.0141
0.0000
0.0000

1.0000

Sales Weightings
NOxwgt CO wgt
0.0601 0.0000
0.0015 0.0023
0.0007 0.0010
0.0011 0.0017
0.0021 0.0031
0.0040 0.0000
0.0013 0.0000
0.0013 0.0000
0.0040 0.0000
0.0013 0.0020
0.0013 0.0020
0.0014 0.0000
0.0094 0.0141
0.0002 0.0000
0.0003 0.0000
1.0000 1.0000

PM wgt
0.0000
0.0023
0.0010
0.0017
0.0031
0.0000
0.0000
0.0000
0.0000
0.0020
0.0020
0.0000
0.0000
0.0000
0.0000

1.0000





175-300 hp
Rated HP

257
200
240
215
260
240
280
210
275
205
255
290
260
225
240
200
189
240
200
296
261
248
275
196
184
186
249
243
185
241
241
227
193
200
189
215
240
280
189
252
238
244
285
197
251

HC

0.43
0.26
0.10
0.32
0.44
0.29
0.47
0.20
0.11
0.19
0.08
0.09
0.36
0.41
0.10
0.26
0.33
0.29
0.25
0.31
0.47
0.34
0.14
0.35
0.24
0.34
0.48
0.40
0.54
0.21
0.41
0.51
0.60
0.26
0.33
0.32
0.29
0.47
0.31
0.22
0.21
0.39
0.06
0.33
0.23

NOXx

6.43
5.13
5.06
5.51
5.82
5.38
5.47
5.89
4.56
5.96
6.20
5.46
5.73
5.70
5.06
5.13
3.95
5.38
5.43
6.41
6.06
5.31
5.38
6.52
5.84
6.28
6.37
5.88
4.19
4.14
6.44
6.72
6.69
5.13
3.95
5.51
5.38
5.47
5.40
6.23
5.95
6.24
5.93
5.07
5.59

HC+NOx

4.73
4.35

CoO

0.76
0.60
0.38
0.55
0.70
0.49
0.52
1.49
1.26
1.73
0.96
2.19
1.30
0.84
0.38
0.60
0.54
0.49
1.23
0.96
0.89
1.04
0.48
0.95
0.69
0.69
1.08
1.67
0.93
0.67
111
1.07
0.85
0.60
0.54
0.55
0.49
0.52
0.92
0.30
0.51
0.74
0.60
0.76
0.42

PM

0.20
0.22
0.15
0.32
0.27
0.27
0.23
0.33
0.26
0.25
0.29
0.35
0.39
0.22
0.15
0.22
0.20
0.27
0.35
0.25
0.27
0.35
0.14
0.36
0.15
0.23
0.24
0.37
0.20
0.17
0.34
0.33
0.21
0.22
0.20
0.32
0.27
0.23
0.21
0.23
0.19
0.18
0.09
0.18
0.11

D43

HC wagt

0.0005
0.0678
0.0136
0.0329
0.0213
0.0213
0.0484
0.0362
0.0027
0.0096
0.0252
0.0097
0.0022
0.0588
0.0968
0.1355
0.0039
0.1936
0.0034
0.0034
0.0002
0.0002
0.0014
0.0037
0.0215
0.0017
0.0001
0.0002
0.0004
0.0004
0.0024
0.0055
0.0010
0.0194
0.0039
0.0194
0.0116
0.0020
0.0014
0.0092
0.0006
0.0011
0.0009
0.0044
0.0072

Table D6. 2000 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

Sales Weightings
NOx wgt HC+NOx CO wgt
wgt
0.0005 0.0000  0.0005
0.0678 0.0000 0.0678
0.0136 0.0000 0.0136
0.0329 0.0000 0.0329
0.0213 0.0000 0.0213
0.0213 0.0000 0.0213
0.0484 0.0000 0.0484
0.0362 0.0000 0.0362
0.0027 0.0000 0.0027
0.0096 0.0000  0.0096
0.0252 0.0000  0.0252
0.0097 0.0000  0.0097
0.0022 0.0000  0.0022
0.0588 0.0000 0.0588
0.0968 0.0000  0.0968
0.1355 0.0000  0.1355
0.0039 0.0000  0.0039
0.1936 0.0000 0.1936
0.0034 0.0000 0.0034
0.0034 0.0000 0.0034
0.0002 0.0000  0.0002
0.0002 0.0000  0.0002
0.0014 0.0000 0.0014
0.0037 0.0000  0.0037
0.0215 0.0000 0.0215
0.0017 0.0000 0.0017
0.0001 0.0000  0.0001
0.0002 0.0000  0.0002
0.0004 0.5000 0.0004
0.0004 0.5000 0.0004
0.0024 0.0000 0.0024
0.0055 0.0000  0.0055
0.0010 0.0000 0.0010
0.0194 0.0000 0.0194
0.0039 0.0000 0.0039
0.0194 0.0000 0.0194
0.0116 0.0000 0.0116
0.0020 0.0000  0.0020
0.0014 0.0000 0.0014
0.0092 0.0000  0.0092
0.0006 0.0000  0.0006
0.0011 0.0000 0.0011
0.0009 0.0000  0.0009
0.0044 0.0000 0.0044
0.0072 0.0000 0.0072

PM wgt

0.0005
0.0678
0.0136
0.0329
0.0213
0.0213
0.0484
0.0362
0.0027
0.0096
0.0252
0.0097
0.0022
0.0588
0.0968
0.1355
0.0039
0.1936
0.0034
0.0034
0.0002
0.0002
0.0014
0.0037
0.0215
0.0017
0.0001
0.0002
0.0004
0.0004
0.0024
0.0055
0.0010
0.0194
0.0039
0.0194
0.0116
0.0020
0.0014
0.0092
0.0006
0.0011
0.0009
0.0044
0.0072





175-300 hp
Rated HP

184
280
298
212
210
225
286
181
202
190
177
182
207
217
183
227
244
272
255
Sales-wgt
EF
Sample
Size

HC NOx
0.30 6.70
0.19 5.68
0.37 6.32
0.29 6.41
0.09 5.16
0.09 6.78
0.22 5.35
0.15 5.69
0.38 8.06
0.66 6.08
0.34 6.20
0.42 6.43
0.44 6.59
0.36 5.49
0.54 6.63
0.35 6.34
0.19 6.30
0.35 6.44
0.25 5.89
0.26631 5.44172
0 9
64 64

HC+NOx

4.540000

2

Cco PM
0.61 0.18
0.51 0.18
1.16 0.30
0.40 0.14
0.90 0.18
0.40 0.16
1.24 0.38
0.44 0.27
1.42 0.42
1.56 0.40
0.89 0.28
0.87 0.30
1.15 0.37
1.00 0.22
0.81 0.34
0.51 0.27
1.66 0.36
1.09 0.23
0.40 0.13
0.66672 0.24068
5 5
64 64

D44

HC wat

0.0023
0.0039
0.0029
0.0035
0.0070
0.0058
0.0304
0.0127
0.0009
0.0007
0.0026
0.0009
0.0009
0.0018
0.0009
0.0009
0.0035
0.0035
0.0087

1.0000

Table D6. 2000 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

Sales Weightings
NOx wgt HC+NOx CO wgt
wgt
0.0023 0.0000 0.0023
0.0039 0.0000 0.0039
0.0029 0.0000 0.0029
0.0035 0.0000 0.0035
0.0070 0.0000 0.0070
0.0058 0.0000 0.0058
0.0304 0.0000 0.0304
0.0127 0.0000 0.0127
0.0009 0.0000 0.0009
0.0007 0.0000 0.0007
0.0026 0.0000 0.0026
0.0009 0.0000 0.0009
0.0009 0.0000 0.0009
0.0018 0.0000 0.0018
0.0009 0.0000 0.0009
0.0009 0.0000 0.0009
0.0035 0.0000 0.0035
0.0035 0.0000 0.0035
0.0087 0.0000 0.0087
1.0000 1.0000 1.0000

PM wgt

0.0023
0.0039
0.0029
0.0035
0.0070
0.0058
0.0304
0.0127
0.0009
0.0007
0.0026
0.0009
0.0009
0.0018
0.0009
0.0009
0.0035
0.0035
0.0087

1.0000





300-600 hp
Rated HP

310
415
496
340
300
395
300
330
397
362
322
455
599
535
350
430
525
440
336
422
449
308
335
563
543
305
325
315
329
590
335
306
326
493
493
334
322
375
525
330
571
475
542
327
327

HC

0.34
0.10
0.13
0.12
0.08
0.51
0.28
0.33
0.19
0.16
0.15
0.12
0.04
0.08
0.22
0.14
0.16
0.11
0.14
0.15
0.14
0.28
0.27
0.14
0.22
0.09
0.10
0.28
0.24
0.34
0.26
0.24
0.50
0.16
0.16
0.25
0.23
0.22
0.17
0.21
0.31
0.28
0.32
0.22
0.24

NOXx

5.48
4.65
6.12
3.91
5.78
6.48
6.13
5.28
4.65
5.49
3.98
5.48
6.59
5.79
6.52
6.29
6.52
6.38
5.48
4.97
5.10
5.68
5.51
511
5.66
6.00
6.51
5.20
6.60
6.40
6.17
6.29
4.04
4.26
5.89
5.58
3.99
5.72
6.06
6.39
3.98
4.09
3.80
6.39
6.11

Table D6. 2000 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOx

5.24

CoO

0.79
0.40
0.28
0.56
0.43
2.14
0.81
1.07
1.35
1.57
0.75
0.82
2.67
2.10
1.17
0.34
0.65
0.35
0.45
0.40
0.50
0.45
0.74
0.40
0.54
0.99
0.51
0.70
0.84
0.72
1.05
0.72
0.43
1.04
0.95
0.31
0.41
0.32
0.60
0.44
0.48
0.46
0.56
0.46
0.48

PM

0.13
0.08
0.07
0.17
0.13
0.16
0.36
0.36
0.19
0.21
0.19
0.17
0.33
0.34
0.20
0.13
0.16
0.13
0.15
0.11
0.15
0.20
0.28
0.11
0.25
0.13
0.13
0.17
0.17
0.23
0.32
0.37
0.14
0.22
0.28
0.18
0.20
0.20
0.23
0.20
0.17
0.15
0.19
0.14
0.13

D45

HC wagt

0.0016
0.0053
0.0011
0.0395
0.0053
0.0759
0.0071
0.0087
0.0039
0.2706
0.0379
0.0053
0.1111
0.0087
0.0869
0.0290
0.0158
0.0200
0.0103
0.0003
0.0005
0.0021
0.0006
0.0016
0.0116
0.0104
0.0235
0.0358
0.0037
0.0001
0.0003
0.0145
0.0048
0.0029
0.0006
0.0284
0.0009
0.0055
0.0047
0.0003
0.0032
0.0032
0.0032
0.0032
0.0032

Sales Weightings
NOx wgt HC+NOx CO wgt
wgt
0.0029 0.0016 0.0015
0.0030 0.0053 0.0042
0.0008 0.0011 0.0011
0.0253 0.0395 0.0267
0.0023 0.0053 0.0053
0.2081 0.0759 0.0852
0.0107 0.0071 0.0075
0.0154 0.0087 0.0079
0.0040 0.0039 0.0032
0.2327 0.2706 0.2574
0.0306 0.0379 0.0261
0.0034 0.0053 0.0050
0.0239 0.1111 0.1268
0.0037 0.0087 0.0087
0.1010 0.0869 0.0982
0.0221 0.0290 0.0316
0.0139 0.0158 0.0179
0.0117 0.0200 0.0221
0.0077 0.0103 0.0097
0.0002 0.0003 0.0002
0.0004 0.0005 0.0005
0.0031 0.0021 0.0021
0.0009 0.0006 0.0006
0.0012 0.0016 0.0014
0.0139 0.0116 0.0114
0.0052 0.0104 0.0108
0.0130 0.0235 0.0265
0.0545 0.0358 0.0322
0.0048 0.0037 0.0042
0.0002 0.0001 0.0001
0.0004 0.0003 0.0003
0.0187 0.0145 0.0158
0.0130 0.0048 0.0034
0.0025 0.0029 0.0021
0.0005 0.0006 0.0006
0.0387 0.0284 0.0275
0.0011 0.0009 0.0006
0.0066 0.0055 0.0055
0.0044 0.0047 0.0050
0.0004 0.0003 0.0004
0.0052 0.0032 0.0022
0.0048 0.0032 0.0022
0.0054 0.0032 0.0021
0.0038 0.0032 0.0035
0.0041 0.0032 0.0033

PM wgt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000





Emission Factors (g/hp-hr)

300-600 hp
Rated HP HC NOXx
460 0.19 3.35
335 0.43 4.29
330 0.05 5.33
313 0.27 6.26
381 0.21 6.55
496 0.13 6.12
Sales-wgt 5.77026
EF 0.186024 0
Sample
Size 51 51
600-750 hp
Rated HP HC
660 0.05
740 0.05
730 0.06
740 0.10
600 0.26
630 0.16
641 0.19
740 0.24
740 0.24
750 0.07
750 0.08
750 0.35
750 0.13
684 0.19
671 0.48

Sales-wgt EF 0.126821 5.790567 1.368105 0.225632

Sample Size

15

Table D6. 2000 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOx

5.240000

1

Table D6. 2000 MY Certification Data (cont.)

NOx
6.24
5.68
5.04
5.53
6.02
4.46
5.98
5.85
5.85
5.84
6.01
5.80
5.89
5.98
6.63

15

CoO PM
0.33 0.05
0.81 0.12
0.43 0.21
0.31 0.06
0.61 0.08
0.28 0.07
1.25454 0.20314
6 8
51 51

CcoO
0.83
1.57
0.99
1.62
1.78
0.66
1.05
1.37
1.37
0.90
1.92
1.48
1.06
0.68
0.52

15

PM
0.14
0.25
0.19
0.33
0.24
0.18
0.23
0.28
0.28
0.16
0.30
0.30
0.13
0.22
0.16

15

D46

Sales Weightings
HC wgt NOxwgt HC+NOx COwgt PM wgt
wgt
0.0003 0.0003 0.0003 0.0002 0.0000
0.0013 0.0029 0.0013 0.0009 0.0000
0.0405 0.0115 0.0405 0.0374 0.0000
0.0148 0.0214 0.0148 0.0161 0.0000
0.0289 0.0324 0.0289 0.0328 0.0000
0.0016 0.0011 0.0016 0.0017 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000
Sales Weightings
HCwgt NOxwgt COwgt PM wgt
0.1743 0.1743 0.1743 0.1743
0.2823 0.2823 0.2823 0.2823
0.0892 0.0892 0.0892 0.0892
0.0423 0.0423 0.0423 0.0423
0.1598 0.1598 0.1598 0.1598
0.0249 0.0249 0.0249 0.0249
0.0137 0.0137 0.0137 0.0137
0.0066 0.0066 0.0066 0.0066
0.0066 0.0066 0.0066 0.0066
0.0112 0.0112 0.0112 0.0112
0.0589 0.0589 0.0589 0.0589
0.0818 0.0818 0.0818 0.0818
0.0357 0.0357 0.0357 0.0357
0.0062 0.0062 0.0062 0.0062
0.0062 0.0062 0.0062 0.0062
1.0000 1.0000 1.0000 1.0000





>750 hp
Rated HP
800
758
1082
1850
2750
1200
2000
1250
1500
1200
899
1230
1874
1207
1026
2346
Sales-wgt
EF
Sample
Size

HC
0.03
0.07
0.04
0.16
0.14
0.17
0.31
0.20
0.54
0.17
0.21
0.12
0.38
0.23
0.26
0.40

0.259060 6.252638 0.727419 0.183308

16

Table D6. 2000 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
6.19
5.26
5.96
5.89
6.18
5.17
5.91
6.51
6.24
5.17
6.02
6.03
6.15
5.45
5.07
6.04

16

CO
0.36
1.07
0.70
1.10
131
0.34
1.49
0.51
0.87
0.34
0.53
0.67
1.36
1.26
0.70
1.39

16

PM
0.10
0.16
0.15
0.31
0.17
0.16
0.25
0.13
0.27
0.16
0.15
0.26
0.15
0.24
0.18
0.26

16

D47

HC wagt
0.0321
0.0067
0.0555
0.0658
0.0515
0.0044
0.0297
0.4683
0.2120
0.0297
0.0044
0.0024
0.0059
0.0059
0.0059
0.0198

1.0000

Sales Weightings
NOx wgt CO wgt
0.0321 0.0321
0.0067 0.0067
0.0555 0.0555
0.0658 0.0658
0.0515 0.0515
0.0044 0.0044
0.0297 0.0297
0.4683 0.4683
0.2120 0.2120
0.0297 0.0297
0.0044 0.0044
0.0024 0.0024
0.0059 0.0059
0.0059 0.0059
0.0059 0.0059
0.0198 0.0198
1.0000 1.0000

PM wgt
0.0321
0.0067
0.0555
0.0658
0.0515
0.0044
0.0297
0.4683
0.2120
0.0297
0.0044
0.0024
0.0059
0.0059
0.0059
0.0198

1.0000





0-11 hp
Rated

10
7
10
9

Sales-

wgt EF

Sample
Size

Calc HC*

Calc
NOx*

HC

1.59
0.78
0.71
0.58

0.57

0.8283 5.0737 6.0188 4.1740 0.4420

78

5
0.8501
53

Emission Factors (g/hp-hr)

NOXx

4.67
5.18
4.82
5.74

5.10

63

5

5.1687
38

Table D7. 2001 MY Certification Data

HC+NOx CO PM
6.70 4.70 0.57
3.36 1.04 0.28
3.82 211 0.35
3.77 2.95 0.33
5.45 4.10 0.24
5.23 1.68 0.21
6.26 3.81 0.44
4.09 1.09 0.44
5.96 3.93 0.66
5.53 3.83 0.57
6.32 3.29 0.45
5.49 3.86 0.51
5.67 3.18 0.54
6.61 5.00 0.50
6.25 5.03 0.49
6.30 3.84 0.39
6.57 3.61 0.48
3.72 1.91 0.35
3.88 3.84 0.33
91 66 10
19 19 19

HC frac of HC wgt NOx wgt HC+NOXx

HC+NOx*

0.253454
0.131414
0.128205
0.091981

0.101183

0.141247

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.2013
0.0000
0.1409
0.1477
0.1409
0.0000
0.3691
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

Sales Weightings
CO wagt
wgt

0.0000 0.0426 0.0426
0.0000 0.0059 0.0059
0.0000 0.0106 0.0106
0.0000 0.0355 0.0355
0.0000 0.0284 0.0284
0.0000 0.0248 0.0248
0.2013 0.0106 0.0106
0.0000 0.0004 0.0004
0.1409 0.0075 0.0075
0.1477 0.0078 0.0078
0.1409 0.0075 0.0075
0.0000 0.0075 0.0075
0.3691 0.0195 0.0195
0.0000 0.2768 0.2768
0.0000 0.1821 0.1821
0.0000 0.2425 0.2425
0.0000 0.0234 0.0234
0.0000 0.0554 0.0554
0.0000 0.0114 0.0114
1.0000 1.0000 1.0000

* HC fraction of HC+NOx = HC + (HC+NOXx). The average HC fraction is not a sales-weighted average.
Calculated HC = ( avg HC fraction of HC+NOKx) * (sales-wgt avg HC+NOX).

Calculated NOx = (1- avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOXx).

D48

PM wgt

0.0426
0.0059
0.0106
0.0355
0.0284
0.0248
0.0106
0.0004
0.0075
0.0078
0.0075
0.0075
0.0195
0.2768
0.1821
0.2425
0.0234
0.0554
0.0114

1.0000





11-25 hp
Rated
HP
19
17
25
16
21
17
18
23
11
17
12
18
21
24
24
19
18
17
25
12
20
23
22
16
19
18
21
21
17
23
15
15
16
22
22
12
16
12
19
22
24
17
18

Sales-
wgt EF

HC

0.58
0.45
0.60
0.30

0.17
0.10
0.11

0.60
0.98
1.03
0.30

0.72
0.43
0.57
0.77
0.37

0.4478 4.1095 4.8069 2.1148 0.2429

31

Emission Factors (g/hp-hr)

NOXx

3.79
4.07
3.61
3.77

5.59
3.48
3.38

3.61
4.38
5.04
3.77

5.29
5.70
5.62
5.17
5.17

21

Table D7. 2001 MY Certification Data (cont.)

HC+NOx

5.02
4.37
452
4.21
4.07
5.26
5.15
3.98
4.88
4.38
5.54
4.96
3.68
3.54
5.67
3.40
5.76
3.58
3.49
5.53
5.66
4.30
4.66
4.21
5.36
6.05
4.07
4.10
3.62
5.34
6.02
6.12
6.19
5.94
5.53
5.03
4.46
3.17
4.29
3.47
5.63
4.88
3.24

20

CoO

1.36
3.82
3.09
2.31
1.72
1.69
0.77
1.08
1.88
2.36
2.57
1.10
1.34
1.06
1.66
0.99
0.97
0.56
0.56
2.77
2.23
1.73
1.50
231
3.78
3.50
1.72
2.24
1.57
0.68
3.70
241
3.00
3.04
1.58
2.95
2.98
1.47
1.28
2.27
0.90
1.55
191

84

PM

0.45
0.57
0.38
0.10
0.20
0.39
0.23
0.26
0.50
0.52
0.33
0.56
0.57
0.30
0.56
0.37
0.54
0.33
0.30
0.22
0.21
0.14
0.12
0.10
0.25
0.41
0.20
0.35
0.30
0.22
0.43
0.39
0.37
0.45
0.32
0.26
0.35
0.30
0.08
0.19
0.25
0.42
0.32

92

HC frac of
HC+NOx*

0.131868
0.099558
0.141844
0.073394

0.028849
0.027933
0.030399

0.142113
0.182132
0.169964
0.073154

0.120198
0.069428
0.092771
0.129397
0.066038

D49

HC wagt

0.0000
0.0312
0.1248
0.0062
0.0312
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0027
0.2702
0.1179
0.0000
0.0000
0.0000
0.0000
0.0031
0.1373
0.0811
0.0343
0.0000
0.0000
0.0000
0.0137
0.0137
0.0069
0.0630
0.0624
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

Sales Weightings
NOx wgt HC+NOx CO wgt
wgt
0.0000 0.0029 0.0029
0.0312 0.0036 0.0036
0.1248 0.0143 0.0143
0.0062 0.0007 0.0007
0.0312 0.0036 0.0036
0.0000 0.0004 0.0004
0.0000 0.0005 0.0005
0.0000 0.0024 0.0024
0.0000 0.0027 0.0027
0.0000 0.0037 0.0037
0.0000 0.0021 0.0021
0.0000 0.0301 0.0301
0.0000 0.0064 0.0064
0.0000 0.0014 0.0014
0.0000 0.0020 0.0020
0.0000 0.0031 0.0031
0.0027 0.0003 0.0003
0.2702 0.0309 0.0309
0.1179 0.0135 0.0135
0.0000 0.3563 0.3563
0.0000 0.0107 0.0107
0.0000 0.2138 0.2138
0.0000 0.0356 0.0356
0.0031 0.0004 0.0004
0.1373 0.0157 0.0157
0.0811 0.0093 0.0093
0.0343 0.0039 0.0039
0.0000 0.0071 0.0071
0.0000 0.0170 0.0170
0.0000 0.0020 0.0020
0.0137 0.0016 0.0016
0.0137 0.0016 0.0016
0.0069 0.0008 0.0008
0.0630 0.0072 0.0072
0.0624 0.0071 0.0071
0.0000 0.0011 0.0011
0.0000 0.0323 0.0323
0.0000 0.0355 0.0355
0.0000 0.0217 0.0217
0.0000 0.0276 0.0276
0.0000 0.0351 0.0351
0.0000 0.0280 0.0280
0.0000 0.0043 0.0043
1.0000 1.0000 1.0000

PM wgt

0.0029
0.0036
0.0143
0.0007
0.0036
0.0004
0.0005
0.0024
0.0027
0.0037
0.0021
0.0301
0.0064
0.0014
0.0020
0.0031
0.0003
0.0309
0.0135
0.3563
0.0107
0.2138
0.0356
0.0004
0.0157
0.0093
0.0039
0.0071
0.0170
0.0020
0.0016
0.0016
0.0008
0.0072
0.0071
0.0011
0.0323
0.0355
0.0217
0.0276
0.0351
0.0280
0.0043

1.0000





TableD7. 2001 MY Certification Data (cont.)

11-25 hp Emission Factors (g/hp-hr) Sales Weightings
Rated HC NOx HC+NOx CO PM  HCfracof HC wgt NOxwgt HC+NOx CO wgt PM wgt
HP HC+NOx* wagt
Sample
Size 16 16 43 43 43 0.09869
0.47439
Calc HC* 5
Calc 4.33252
NOx* 5

* HC fraction of HC+NOx = HC + (HC+NOXx). The average HC fraction is not a sales-weighted average.
Calculated HC = ( avg HC fraction of HC+NOKx) * (sales-wgt avg HC+NOX).
Calculated NOx = (1- avg HC fraction of HC+NOXx) * (sales-wgt avg HC+NOXx).

D50





25-50 hp
Rated
HP
42
25
28
49
34
33
38
30
26
28
43
48
35
39
47
25
28
30
40
47
29
29
33
35
28
39
28
33
37
37
27
37
27
49
35
45
35
46
34
47
48
30
26
31
42

HC

0.11
0.26
0.16
0.29

0.13
0.55
0.16
0.67
0.11
0.82
0.09
0.51
0.08
0.75
0.56
0.04
0.14
0.12
0.64

Emission Factors (g/hp-hr)

NOXx

4.65
3.59
4.00
3.02
0.00
0.00
0.00

4.23
4.81
3.56
6.00
4.52
4.27
3.95
4.59
4.56
5.33
4.54
3.75
3.66
6.71
6.36

Table D7. 2001 MY Certification Data (cont.)

HC+NOx

6.52
531
4.92
4.93
5.21
4.77
3.85
4.17
3.31
7.02
6.89
6.82
5.68
6.39
6.37
4.35
3.76
3.86
4.50
3.38
411
411
3.13
4.21
3.57
4.35
4.36
5.36
3.72
6.67
4.63
5.09
4.04
5.10
4.64
6.08
5.10
3.79
3.80
6.83
7.00
141
4.64
3.80
3.84

CoO

3.35
1.49
1.56
0.92
1.44
0.98
0.92
1.17
1.33
1.48
2.10
1.99
1.74
1.87
1.24
0.64
1.24
0.83
0.62
0.87
154
1.16
1.00
0.85
2.65
1.89
1.33
2.62
2.30
3.55
0.57
3.10
0.82
2.85
0.90
2.40
1.52
0.68
0.98
0.74
1.46
0.62
1.30
1.16
0.78

PM

0.42
0.50
0.54
0.34
0.38
0.25
0.19
0.26
0.15
0.24
0.34
0.44
0.21
0.16
0.12
0.13
0.20
0.17
0.20
0.27
0.50
0.35
0.34
0.37
0.43
0.45
0.54
0.47
0.58
0.42
0.31
0.37
0.46
0.50
0.40
0.29
0.48
0.33
0.50
0.30
0.31
0.26
0.28
0.36
0.24

HC frac of
HC+NOx*

0.023474
0.067829
0.039356
0.087838

0.029817
0.102612
0.041678
0.10051
0.023758
0.1611
0.021308
0.1
0.017234
0.123355
0.109804
0.010554
0.036842
0.01757
0.091429

D51

HC wagt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0149
0.0030
0.0030
0.0030
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0417
0.1204
0.0459
0.0361
0.0002
0.0387
0.0051
0.0605
0.0566
0.0548
0.4172
0.0038
0.0459
0.0015
0.0042
0.0000
0.0000
0.0000
0.0000

Sales Weightings
NOx wgt HC+NOx CO wagt
wgt
0.0000 0.0016 0.0016
0.0000 0.0013 0.0013
0.0000 0.0016 0.0016
0.0000 0.0011 0.0011
0.0000 0.0041 0.0041
0.0116 0.0016 0.0016
0.0023 0.0003 0.0003
0.0023 0.0003 0.0003
0.0023 0.0003 0.0003
0.0000 0.0350 0.0349
0.0000 0.0119 0.0119
0.0000 0.0110 0.0110
0.0000 0.0013 0.0013
0.0000 0.0024 0.0024
0.0000 0.0024 0.0024
0.0000 0.0001 0.0001
0.0000 0.0047 0.0047
0.0000 0.0033 0.0033
0.0000 0.0025 0.0025
0.0000 0.0006 0.0006
0.0000 0.0008 0.0008
0.0000 0.0156 0.0156
0.0000 0.0495 0.0495
0.0000 0.0204 0.0204
0.0000 0.0029 0.0029
0.0000 0.0009 0.0009
0.0324 0.0046 0.0046
0.0935 0.0132 0.0131
0.0356 0.0050 0.0050
0.0280 0.0039 0.0039
0.0001 0.0000 0.0000
0.0301 0.0042 0.0042
0.0039 0.0006 0.0006
0.0470 0.0066 0.0066
0.0440 0.0062 0.0062
0.0426 0.0060 0.0060
0.3240 0.0456 0.0456
0.0029 0.0004 0.0004
0.0356 0.0050 0.0050
0.0012 0.0002 0.0002
0.0032 0.0005 0.0005
0.0000 0.0326 0.0325
0.0000 0.0065 0.0065
0.0000 0.0195 0.0195
0.0000 0.0163 0.0163

PM wgt

0.0016
0.0013
0.0016
0.0011
0.0041
0.0016
0.0003
0.0003
0.0003
0.0349
0.0119
0.0110
0.0013
0.0024
0.0024
0.0001
0.0047
0.0033
0.0025
0.0006
0.0008
0.0156
0.0495
0.0204
0.0029
0.0009
0.0046
0.0131
0.0050
0.0039
0.0000
0.0042
0.0006
0.0066
0.0062
0.0060
0.0456
0.0004
0.0050
0.0002
0.0005
0.0325
0.0065
0.0195
0.0163





25-50 hp
Rated
HP
26
44
33
41
31
31
38
37
49
38
48
35
40
40
38
26
25
33
36
35
31
41
42
30
42
39
45
49
43
35
44
34
49
47
43
30
26
28
25
30
25
33
41
29
37
25

HC

0.18
0.26
0.29
0.59
0.23

Emission Factors (g/hp-hr)

NOx

3.69
3.36
4.99
3.59
3.02
4.87
4.10
5.26

3.53
3.20
5.44

TableD7. 2001 MY Certification Data (cont.)

HC+NOXx

4.46
5.37
5.52
4.81
5.27
511
6.16
4.47
5.95
5.99
4.63
3.83
3.54
5.17
3.85
3.31
5.47
4.33
5.58
6.03
4.68
5.65
6.35
5.12
3.24
4.73
5.62
4.00
5.12
6.27
6.19
3.55
3.31
5.83
6.35
6.09
5.45
5.78
5.53
5.82
5.91
5.76
5.97
5.82
5.40
6.01

Cco

0.95
1.10
1.71
0.75
0.74
0.80
1.66
0.80
1.93
1.58
0.93
1.40
0.95
0.94
0.93
1.33
1.88
0.74
1.87
2.07
1.10
2.45
1.01
1.98
0.94
1.01
1.30
0.64
1.98
2.35
1.09
1.22
1.29
1.86
2.33
1.99
2.00
3.61
291
2.93
3.45
2.74
1.35
2.82
1.73
3.03

PM

0.35
0.38
0.36
0.25
0.19
0.26
0.41
0.29
0.43
0.36
0.23
0.29
0.21
0.48
0.19
0.15
0.29
0.23
0.28
0.21
0.16
0.24
0.13
0.43
0.33
0.34
0.38
0.24
0.43
0.48
0.45
0.53
0.40
0.44
0.34
0.46
0.15
0.40
0.37
0.35
0.24
0.28
0.49
0.25
0.50
0.32

HC frac of
HC+NOx*

0.034632
0.068327
0.088659
0.108272
0.054045

D52

HC wagt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0136
0.0006
0.0012
0.0143
0.0104
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Sales Weightings
NOx wgt HC+NOx CO wagt
wgt
0.0000 0.0651 0.0651
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0003 0.0003
0.0000 0.0326 0.0325
0.0000 0.0391 0.0390
0.0000 0.0260 0.0260
0.0000 0.1628 0.1627
0.0000 0.0003 0.0003
0.0000 0.0003 0.0003
0.0000 0.0020 0.0020
0.0231 0.0033 0.0033
0.0231 0.0033 0.0033
0.0105 0.0015 0.0015
0.0005 0.0001 0.0001
0.0009 0.0001 0.0001
0.0111 0.0016 0.0016
0.0081 0.0011 0.0011
0.0116 0.0016 0.0016
0.0000 0.0015 0.0015
0.0000 0.0015 0.0015
0.0000 0.0024 0.0024
0.0000 0.0020 0.0020
0.0000 0.0035 0.0035
0.0000 0.0003 0.0003
0.0000 0.0026 0.0026
0.0000 0.0009 0.0009
0.0000 0.0001 0.0001
0.0000 0.0001 0.0001
0.0000 0.0033 0.0033
0.0000 0.0015 0.0015
0.0127 0.0018 0.0018
0.0694 0.0098 0.0098
0.0509 0.0072 0.0072
0.0000 0.0006 0.0006
0.0000 0.0003 0.0003
0.0000 0.0280 0.0280
0.0000 0.0097 0.0097
0.0000 0.0137 0.0137
0.0000 0.0009 0.0009
0.0000 0.0018 0.0018
0.0000 0.0476 0.0476
0.0000 0.0009 0.0009
0.0000 0.0030 0.0030
0.0000 0.0009 0.0009
0.0000 0.0004 0.0004

PM wgt

0.0651
0.0000
0.0000
0.0003
0.0325
0.0390
0.0260
0.1627
0.0003
0.0003
0.0020
0.0033
0.0033
0.0015
0.0001
0.0001
0.0016
0.0011
0.0016
0.0015
0.0015
0.0024
0.0020
0.0035
0.0003
0.0026
0.0009
0.0001
0.0001
0.0033
0.0015
0.0018
0.0098
0.0072
0.0006
0.0003
0.0280
0.0097
0.0137
0.0009
0.0018
0.0476
0.0009
0.0030
0.0009
0.0004





25-50 hp Emission Factors (g/hp-hr)
Rated HC NOx HC+NOx CO PM
HP
37 6.03 2.59 0.35
25 6.09 3.03 0.20
30 6.07 3.01 0.38
45 5.85 3.21 0.45
38 5.79 3.23 0.39
48 6.00 1.56 0.44
34 5.94 1.87 0.34
46 6.01 2.54 0.20
41 5.76 2.79 0.33
48 6.25 1.59 0.28
27 3.04 0.98 0.40
39 5.53 1.96 0.26
30 0.17 4.01 1.17 0.26
50 4.85
Sales- 0.4729 4.4696 4.9529 1.5320 0.3292
wgt EF 17 47 01 28 22
Sample
Size 25 35 103 104 104
Calc HC* 0.317014
Calc 4.63588
NOx* 7

TableD7. 2001 MY Certification Data (cont.)

* HC fraction of HC+NOx = HC + (HC+NOXx). The average HC fraction is not a sales-weighted average.

HC frac of
HC+NOx*

0.040139

0.064006

HC wagt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0036
0.0000

1.0000

Calculated HC = ( avg HC fraction of HC+NOXx) * (sales-wgt avg HC+NOX).

Calculated NOx = (1- avg HC fraction of HC+NOx) * (sales-wgt avg HC+NOXx).

D53

Sales Weightings
NOx wgt HC+NOx CO wagt
wgt
0.0000 0.0272 0.0272
0.0000 0.0000 0.0000
0.0000 0.0110 0.0110
0.0000 0.0367 0.0367
0.0000 0.0017 0.0017
0.0000 0.0000 0.0000
0.0000 0.0689 0.0689
0.0000 0.0063 0.0062
0.0000 0.0030 0.0030
0.0000 0.0002 0.0002
0.0000 0.0021 0.0021
0.0000 0.0010 0.0010
0.0028 0.0000 0.0004
0.0325 0.0000 0.0000
1.0000 1.0000 1.0000

PM wgt

0.0272
0.0000
0.0110
0.0367
0.0017
0.0000
0.0689
0.0062
0.0030
0.0002
0.0021
0.0010
0.0004
0.0000

1.0000





50-100 hp
Rated HP

67
79
96
80
67
75
80
56
75
98
62
57
55
59
84
59
78
81
74
59
82
65
58
87
83
65
84
79
94
94
94
51
56
78
51
60
52
50
52
51
54
51
55
64

HC

0.48
0.75
0.70
0.72
0.62
0.70
0.71

0.89
0.48
0.33

0.17
1.44
0.69
0.60
0.39
0.43

NOx

6.40
5.74
5.81
7.61
6.35
5.68
5.78
5.83
5.68
6.30
6.23
6.20
5.80
6.56
574
8.82
5.36
6.35
5.90
5.90
5.44
5.80
6.39
6.39
6.56
6.20
6.79
6.32
6.09
6.09
6.09
5.38
4.98
6.22
4.86
4.06
4.59
3.43
5.22
5.79
4.15
6.68
6.16
5.62

Table D7. 2001 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOx

Cco

4.32
1.96
2.28
3.26
1.63
2.28
1.68

3.55
1.92
2.33

151
1.73

1.18
3.90
1.45
3.04
0.98
2.17

PM

0.56
0.34
0.46
0.51
0.41
0.49
0.21

0.84
0.35
0.38

0.45
0.38
0.36
0.63
0.28
0.60

D54

HC wagt

0.0000
0.0000
0.0000
0.0621
0.0036
0.0888
0.0855
0.0339
0.0586
0.0004
0.0000
0.0000
0.0000
0.0000
0.0000
0.1563
0.0858
0.0154
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0107
0.0179
0.0100
0.0008
0.0134
0.0042

Sales Weightings
NOx wgt HC+NOx CO wagt
wgt
0.0016 0.0000
0.0004 0.0000
0.0002 0.0000
0.0157 0.0591
0.0009 0.0034
0.0224 0.0844
0.0216 0.0813
0.0086 0.0322
0.0148 0.0557
0.0001 0.0004
0.0008 0.0000
0.0008 0.0000
0.0008 0.0000
0.0045 0.0000
0.0478 0.0000
0.0395 0.1486
0.0217 0.0816
0.0039 0.0147
0.0040 0.0000
0.0205 0.0000
0.0661 0.0000
0.0179 0.0000
0.0002 0.0000
0.0002 0.0000
0.0024 0.0000
0.0143 0.0000
0.0000 0.0000
0.0025 0.0000
0.0004 0.0000
0.0004 0.0000
0.0004 0.0000
0.0024 0.0000
0.0011 0.0000
0.0000 0.0000
0.0022 0.0084
0.0022 0.0084
0.0163 0.0000
0.0094 0.0000
0.0027 0.0101
0.0045 0.0170
0.0025 0.0095
0.0002 0.0008
0.0034 0.0127
0.0011 0.0040

PM wgt

0.0000
0.0000
0.0000
0.0608
0.0035
0.0869
0.0837
0.0332
0.0573
0.0004
0.0000
0.0000
0.0000
0.0000
0.0000
0.1530
0.0840
0.0151
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0104
0.0175
0.0098
0.0008
0.0131
0.0041





50-100 hp
Rated HP

76
51
56
83
91
79
86
86
59
51
74
74
80
99
98
56
59
51
51
56
89
73
86
93
72
54
59
51
56
51
54
63
95
57
51
87
55
81
92
52
72
89
67
92
55

HC

0.29
0.41
0.48
0.49
0.42
0.55
0.46
0.35

0.05
0.49
0.76
0.72
0.28
0.71
0.62

0.54

0.22
0.35

NOXx

5.35
5.34
4.88
4.80
6.63
5.25
4.98
5.09
6.65
3.56
3.77
4.70
5.78
4.15
6.30
5.83
4.37
5.12
4.72
4.18
4.79
4.93
5.42
4.71
4.31
6.31
3.34
4.78
5.95
3.91
2.62
5.06
5.58
4.46
5.35
5.92
291
5.87
5.10
6.32
5.14
6.40
571
6.16
2.62

Table D7. 2001 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOx

Cco

1.08
2.22
0.46
0.76
1.32
2.47
0.83
0.67

0.75
3.00
2.06
3.26
0.76
1.68
1.63

2.42

1.01
1.22

PM

0.51
0.64
0.27
0.34
0.54
0.55
0.38
0.21

0.20
0.52
0.32
0.51
0.25
0.21
0.41

0.54
0.29

D55

0.0092
0.0386
0.0048
0.0065
0.0172
0.0248
0.0012
0.0002
0.0000
0.0097
0.0008
0.0161
0.0018
0.0133
0.0040
0.0019
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0085
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0934
0.0638

Sales Weightings
HC wgt NOx wgt HC+NOx CO wagt
wgt
0.0023 0.0087
0.0098 0.0367
0.0012 0.0046
0.0016 0.0061
0.0043 0.0163
0.0063 0.0236
0.0003 0.0011
0.0001 0.0002
0.0333 0.0000
0.0024 0.0092
0.0002 0.0008
0.0041 0.0153
0.0004 0.0017
0.0034 0.0127
0.0010 0.0038
0.0005 0.0018
0.0367 0.0000
0.0004 0.0000
0.0004 0.0000
0.0245 0.0000
0.0020 0.0000
0.0020 0.0000
0.0082 0.0000
0.0082 0.0000
0.0151 0.0000
0.0021 0.0081
0.0002 0.0000
0.0029 0.0000
0.0029 0.0000
0.0031 0.0000
0.0039 0.0000
0.0006 0.0000
0.0002 0.0000
0.0046 0.0000
0.0042 0.0000
0.0056 0.0000
0.0013 0.0000
0.0001 0.0000
0.0002 0.0000
0.0041 0.0000
0.0008 0.0000
0.0020 0.0000
0.0236 0.0888
0.0161 0.0606
0.0010 0.0000

0.0000

PM wgt

0.0090
0.0378
0.0047
0.0063
0.0168
0.0243
0.0012
0.0002
0.0000
0.0095
0.0008
0.0158
0.0017
0.0130
0.0039
0.0018
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0914
0.0624
0.0000





50-100 hp Emission Factors (g/hp-hr)
Rated HP  HC NOx HC+NOx

85 2.18

59 5.90

64 5.58

79 6.16

55 3.22

52 6.62

64 5.13

60 6.06

96 5.09

68 5.85

52 5.97

68 6.34

80 0.83 6.00

80 0.86 5.40

59 3.58

89 5.10

94 5.75

50 5.80

74 0.05 4.00

82 0.07 4.84

60 5.87

58 6.27

59 5.59

75 3.87

58 3.91

54 5.40

67 4.89

80 4.80

56 5.23

58 5.12

60 4.12

70 5.59

57 5.72

95 5.10

100 5.73

50 0.52 4.77 5.28

65 0.05 4.18 4.24

79 5.98 6.61
Sales-wgt 0.57586 5.60451

EF 7 5 5.976957

Sample
Size 40 127 3

Table D7. 2001 MY Certification Data (cont.)

CO PM
3.19 0.63
4.00 0.64
1.78 0.46
0.25 0.20
1.22 0.44
3.96 0.31
1.32 0.27
0.96 0.45
1.94 0.33
0.90

171 0.37

2.31437 0.50682
2 4

a7 43

D56

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0043
0.0051
0.0000
0.0000
0.0000
0.0000
0.0002
0.0113
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0121
0.0040
0.0000

Sales Weightings
HC wgt NOx wgt HC+NOx CO wagt
wgt
0.0011 0.0000
0.0002 0.0000
0.0102 0.0000
0.0055 0.0000
0.0090 0.0000
0.0080 0.0000
0.0037 0.0000
0.0212 0.0000
0.1081 0.0000
0.0551 0.0000
0.0347 0.0000
0.0347 0.0000
0.0011 0.0041
0.0013 0.0048
0.0025 0.0000
0.0008 0.0000
0.0002 0.0000
0.0002 0.0008
0.0000 0.0002
0.0029 0.0107
0.0004 0.0015
0.0015 0.0058
0.0003 0.0013
0.0013 0.0000
0.0017 0.0000
0.0001 0.0000
0.0135 0.0000
0.0004 0.0000
0.0015 0.0000
0.0037 0.0000
0.0032 0.0000
0.0117 0.0000
0.0002 0.0000
0.0032 0.0000
0.0144 0.0000
0.0031 0.3000 0.0115
0.0010 0.1000 0.0038
0.0061 0.6000 0.0230
1.0000 1.0000 1.0000

1.0000

PM wgt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0042
0.0050
0.0000
0.0000
0.0000
0.0009
0.0002
0.0111
0.0016
0.0059
0.0013
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0118
0.0000
0.0237

1.0000





100-175 hp
Rated HP
173
108
143
100
125
118
155
110
165
166
155
100
125
118
155
158
109
144
168
135
168
109
158
119
121
134
103
153
164
139
106
144
100
125
155
125
114
151
120
144
114
113
132
173
108

HC
0.33

0.35
0.23
0.25
0.38

0.15
0.35
0.23
0.25
0.38

0.11
0.40

0.58
0.49
0.34
0.57
0.51
0.47
0.52

0.35
0.23
0.38

0.16

TableD7. 2001 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
6.37
6.47
6.09
6.08
6.21
453
4.23
6.06
6.24
4.95
4.25
6.08
6.21
453
4.23
6.53
6.41
4,97
6.17
5.70
6.26
6.32
6.70
6.20
4.30
4.30
6.26
5.65
4.67
4.30
6.01
6.61
6.08
6.21
4.23
5.74
5.42
5.60
5.50
5.80
6.35
4.41
6.05
5.79
6.25

CoO
0.78

0.70
0.47
0.54
0.75

1.91
0.70
0.47
0.54
0.75

0.63
1.75

0.53

0.63
1.23
1.00
1.58
0.49
1.06
1.25

0.70
0.47
0.75

0.43

PM
0.11

0.28
0.16
0.22
0.35

0.22
0.28
0.16
0.22
0.35

0.13
0.29

0.13

0.17
0.28
0.24
0.39
0.26
0.23
0.19

0.28
0.16
0.35

0.26

D57

HC wagt
0.0003
0.0000
0.0000
0.0857
0.0057
0.0021
0.1029
0.0000
0.0000
0.0000
0.0072
0.1247
0.0623
0.0023
0.0935
0.0000
0.0000
0.0000
0.0007
0.2824
0.0000
0.0000
0.0000
0.0010
0.0011
0.0050
0.0059
0.0078
0.0017
0.0006
0.0000
0.0000
0.0457
0.0114
0.0571
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0407

Sales Weightings
NOxwgt CO wgt
0.0002 0.0003
0.0002 0.0000
0.0001 0.0000
0.0682 0.0856
0.0045 0.0057
0.0017 0.0021
0.0819 0.1027
0.0039 0.0000
0.0303 0.0000
0.0003 0.0000
0.0057 0.0072
0.0992 0.1244
0.0496 0.0622
0.0018 0.0023
0.0744 0.0933
0.0016 0.0000
0.0016 0.0000
0.0016 0.0000
0.0006 0.0007
0.2248 0.2819
0.0105 0.0000
0.0001 0.0001
0.0072 0.0000
0.0008 0.0010
0.0009 0.0011
0.0040 0.0050
0.0047 0.0059
0.0062 0.0078
0.0014 0.0017
0.0005 0.0006
0.0426 0.0000
0.0001 0.0000
0.0364 0.0456
0.0091 0.0114
0.0455 0.0570
0.0041 0.0000
0.0002 0.0000
0.0000 0.0000
0.0009 0.0000
0.0001 0.0000
0.0113 0.0000
0.0060 0.0000
0.0041 0.0000
0.0017 0.0000
0.0324 0.0406

PM wgt
0.0003
0.0000
0.0000
0.0863
0.0058
0.0021
0.1035
0.0000
0.0000
0.0000
0.0072
0.1255
0.0627
0.0023
0.0941
0.0000
0.0000
0.0000
0.0007
0.2842
0.0000
0.0001
0.0000
0.0010
0.0011
0.0050
0.0059
0.0079
0.0017
0.0006
0.0000
0.0000
0.0460
0.0115
0.0575
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0410





100-175 hp
Rated HP
116
168
118
120
103
172
115
152
103
135
130
100
114
127
117
172
173
122
122
100
142
138
161
116
Sales-wgt
EF

Sample Size

HC
0.57
0.42

0.13

0.53
0.45
0.63
0.57

0.54
0.07
0.07

0.23

0.355107 5.574714 1.003922 0.289340

34

Table D7. 2001 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
6.43
5.85
6.30
5.55
6.19
5.31
5.77
5.82
5.30
6.68
6.61
5.50
6.39
5.38
6.23
6.23
6.57
3.93
5.75
6.27
5.92
6.68
5.96
5.82

69

CcoO
1.45
0.76

0.45

1.24
0.92
121
1.35

1.83
0.42
1.06
0.87
1.33

0.83

37

PM
0.33
0.27

0.17

0.51
0.24
0.36
0.47

0.42
0.14
0.34
0.33
0.23

36

D58

HC waqt
0.0050
0.0199
0.0000
0.0000
0.0000
0.0094
0.0000
0.0000
0.0010
0.0004
0.0007
0.0015
0.0000
0.0000
0.0000
0.0000
0.0010
0.0001
0.0049
0.0000
0.0000
0.0000
0.0082
0.0000

1.0000

Sales Weightings
NOx wgt CO wgt
0.0040 0.0050
0.0159 0.0199
0.0005 0.0000
0.0178 0.0000
0.0055 0.0000
0.0074 0.0093
0.0041 0.0000
0.0372 0.0000
0.0008 0.0010
0.0003 0.0004
0.0006 0.0007
0.0012 0.0015
0.0025 0.0000
0.0008 0.0000
0.0008 0.0000
0.0025 0.0000
0.0008 0.0010
0.0001 0.0001
0.0039 0.0049
0.0005 0.0006
0.0008 0.0010
0.0019 0.0000
0.0065 0.0082
0.0005 0.0000
1.0000 1.0000

PM wgt
0.0051
0.0200
0.0000
0.0000
0.0000
0.0094
0.0000
0.0000
0.0010
0.0004
0.0007
0.0015
0.0000
0.0000
0.0000
0.0000
0.0010
0.0001
0.0050
0.0006
0.0010
0.0000
0.0000
0.0000

1.0000





175-300 hp
Rated HP

272
257
200
240
240
215
260
240
280
210
275
205
255
290
205
190
240
200
189
215
260
240
280
240
200
296
255
261
248
275
220
234
196
199
294
285
216
285
237
189
194
288
186
249

HC

0.32
0.43
0.26
0.10
0.07
0.32
0.44
0.29
0.47
0.20
0.11
0.19
0.08
0.09
0.39
0.55
0.10
0.26
0.33
0.32
0.44
0.29
0.47
0.07
0.25
0.31
0.36
0.47
0.34
0.14
0.20
0.19
0.28
0.27
0.38
0.46
0.59
0.47
0.78
0.43
0.31
0.62
0.34
0.48

NOXx

6.24
6.43
5.13
5.06
4.06
5.51
5.82
5.38
5.47
5.89
4.56
5.96
6.20
5.46
5.95
5.64
5.06
5.13
3.95
5.51
5.82
5.38
5.47
4.06
5.43
6.41
6.45
6.06
531
5.38
5.87
5.45
5.44
5.70
5.99
6.51
6.20
4.59
6.32
6.65
6.28
6.62
6.28
6.37

TableD7. 2001 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOx

Cco

0.62
0.76
0.60
0.38
0.50
0.55
0.70
0.49
0.52
1.49
1.26
1.73
0.96
2.19
1.19
1.44
0.38
0.60
0.54
0.55
0.70
0.49
0.52
0.50
1.23
0.96
0.72
0.89
1.04
0.48
0.72
0.62
0.65
1.05
0.95
1.19
155
0.73
1.30
1.04
0.81
1.69
0.69
1.08

PM

0.10
0.20
0.22
0.15
0.16
0.32
0.27
0.27
0.23
0.33
0.26
0.25
0.29
0.35
0.31
0.32
0.15
0.22
0.20
0.32
0.27
0.27
0.23
0.16
0.35
0.25
0.24
0.27
0.35
0.14
0.27
0.25
0.28
0.32
0.23
0.22
0.28
0.26
0.38
0.34
0.17
0.36
0.23
0.24

D59

HC wagt

0.0003
0.0002
0.0045
0.0023
0.0023
0.0038
0.0015
0.0064
0.0151
0.0092
0.0002
0.0024
0.0143
0.0016
0.0008
0.0227
0.0038
0.0753
0.0015
0.0376
0.0205
0.0753
0.0075
0.0038
0.0013
0.0013
0.0000
0.0000
0.0001
0.0008
0.0042
0.0097
0.4205
0.0147
0.0640
0.0164
0.0458
0.0287
0.0000
0.0014
0.0083
0.0005
0.0004
0.0001

Sales Weightings
NOx wgt HC+NOx CO wagt
wgt
0.0003 0.0000 0.0003
0.0002 0.0000 0.0002
0.0045 0.0000 0.0045
0.0023 0.0000 0.0022
0.0023 0.0000 0.0022
0.0038 0.0000 0.0037
0.0015 0.0000 0.0015
0.0064 0.0000 0.0063
0.0151 0.0000 0.0149
0.0092 0.0000 0.0091
0.0002 0.0000 0.0002
0.0024 0.0000 0.0024
0.0143 0.0000 0.0141
0.0016 0.0000 0.0016
0.0008 0.0000 0.0007
0.0227 0.0000 0.0225
0.0038 0.0000 0.0037
0.0753 0.0000 0.0745
0.0015 0.0000 0.0015
0.0376 0.0000 0.0372
0.0205 0.0000 0.0203
0.0753 0.0000 0.0745
0.0075 0.0000 0.0074
0.0038 0.0000 0.0037
0.0013 0.0000 0.0013
0.0013 0.0000 0.0013
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0001 0.0000 0.0001
0.0008 0.0000 0.0008
0.0042 0.0000 0.0041
0.0097 0.0000 0.0096
0.4205 0.0000 0.4161
0.0147 0.0000 0.0146
0.0640 0.0000 0.0633
0.0164 0.0000 0.0163
0.0458 0.0000 0.0453
0.0287 0.0000 0.0284
0.0000 0.0000 0.0000
0.0014 0.0000 0.0014
0.0083 0.0000 0.0083
0.0005 0.0000 0.0005
0.0004 0.0000 0.0004
0.0001 0.0000 0.0001

PM wgt

0.0003
0.0002
0.0045
0.0022
0.0022
0.0037
0.0015
0.0063
0.0149
0.0091
0.0002
0.0024
0.0141
0.0016
0.0007
0.0225
0.0037
0.0745
0.0015
0.0372
0.0203
0.0745
0.0074
0.0037
0.0013
0.0013
0.0000
0.0000
0.0001
0.0008
0.0041
0.0096
0.4161
0.0146
0.0633
0.0163
0.0453
0.0284
0.0000
0.0014
0.0083
0.0005
0.0004
0.0001





175-300 hp
Rated HP

243
210
250
215
197
241
241
227
193
200
189
215
240
280
189
252
283
262
244
285
215
197
251
184
280
298
212
286
208
202
190
177
182
207
217
244
272
255
279
275
185
245
295
268
Sales-wgt

HC

0.40
0.09
0.09
0.10
0.33
0.21
0.41
0.51
0.60
0.26
0.33
0.32
0.29
0.47
0.31
0.22
0.14
0.17
0.39
0.06
0.04
0.33
0.23
0.30
0.19
0.37
0.29
0.22
0.15
0.28
0.66
0.34
0.42
0.44
0.36
0.19
0.35
0.25

0.11
0.54

0.22
0.30

NOx

5.88
5.16
5.29
6.30
4.42
4.14
6.44
6.72
6.69
5.13
3.95
5.51
5.38
5.47
5.40
6.23
4.25
5.84
6.24
5.93
4.10
5.07
5.59
6.70
5.68
6.32
6.41
5.35
4.28
6.00
6.08
6.20
6.43
6.59
5.49
6.30
6.44
5.89

4.02
4.19

4.08
4.00

Table D7. 2001 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOXx

4.18
4.13
4.73
4.55
4.29
4.47

Cco

1.67
0.90
0.44
0.50
0.71
0.67
111
1.07
0.85
0.60
0.54
0.55
0.49
0.52
0.92
0.30
0.43
0.57
0.74
0.60
0.51
0.76
0.42
0.61
0.51
1.16
0.40
1.24
0.52
1.05
1.56
0.89
0.87
1.15
1.00
1.66
1.09
0.40
0.73
0.80
0.93
0.45
0.60
0.66

PM

0.37
0.11
0.05
0.07
0.20
0.17
0.34
0.33
0.28
0.22
0.20
0.32
0.27
0.23
0.21
0.23
0.17
0.21
0.18
0.09
0.16
0.18
0.11
0.18
0.18
0.30
0.14
0.37
0.26
0.33
0.40
0.28
0.29
0.36
0.22
0.37
0.22
0.13
0.20
0.16
0.20
0.15
0.13
0.19

HC wagt

0.0000
0.0021
0.0001
0.0005
0.0002
0.0002
0.0006
0.0009
0.0004
0.0075
0.0015
0.0075
0.0045
0.0008
0.0001
0.0030
0.0011
0.0002
0.0004
0.0003
0.0034
0.0021
0.0039
0.0010
0.0020
0.0011
0.0014
0.0083
0.0051
0.0003
0.0002
0.0010
0.0003
0.0003
0.0007
0.0014
0.0014
0.0026
0.0000
0.0002
0.0002
0.0000
0.0003
0.0000

0.31476 5.50654 4.203295 0.74463 0.26662 1.0000

D60

Sales Weightings
NOx wgt HC+NOx CO wagt
wgt
0.0000 0.0000 0.0000
0.0021 0.0000 0.0020
0.0001 0.0000 0.0001
0.0005 0.0000 0.0005
0.0002 0.0000 0.0001
0.0002 0.0000 0.0001
0.0006 0.0000 0.0006
0.0009 0.0000 0.0009
0.0004 0.0000 0.0004
0.0075 0.0000 0.0074
0.0015 0.0000 0.0015
0.0075 0.0000 0.0074
0.0045 0.0000 0.0045
0.0008 0.0000 0.0008
0.0001 0.0000 0.0001
0.0030 0.0000 0.0029
0.0011 0.0000 0.0011
0.0002 0.0000 0.0002
0.0004 0.0000 0.0004
0.0003 0.0000 0.0003
0.0034 0.0000 0.0034
0.0021 0.0000 0.0021
0.0039 0.0000 0.0039
0.0010 0.0000 0.0010
0.0020 0.0000 0.0019
0.0011 0.0000 0.0011
0.0014 0.0000 0.0014
0.0083 0.0000 0.0082
0.0051 0.0000 0.0050
0.0003 0.0000 0.0003
0.0002 0.0000 0.0002
0.0010 0.0000 0.0010
0.0003 0.0000 0.0003
0.0003 0.0000 0.0003
0.0007 0.0000 0.0007
0.0014 0.0000 0.0014
0.0014 0.0000 0.0014
0.0026 0.0000 0.0026
0.0000 0.8977 0.0102
0.0002 0.0209 0.0002
0.0002 0.0132 0.0001
0.0000 0.0359 0.0004
0.0003 0.0299 0.0003
0.0000 0.0024 0.0000
1.0000 1.0000 1.0000

PM wgt

0.0000
0.0020
0.0001
0.0005
0.0001
0.0001
0.0006
0.0009
0.0004
0.0074
0.0015
0.0074
0.0045
0.0008
0.0001
0.0029
0.0011
0.0002
0.0004
0.0003
0.0034
0.0021
0.0039
0.0010
0.0019
0.0011
0.0014
0.0082
0.0050
0.0003
0.0002
0.0010
0.0003
0.0003
0.0007
0.0014
0.0014
0.0026
0.0102
0.0002
0.0001
0.0004
0.0003
0.0000
1.0000





175-300 hp
Rated HP

EF
Sample
Size

HC

86

Emission Factors (g/hp-hr)

NOx

5

86

Table D7. 2001 MY Certification Data (cont.)

HC+NOXx

Cco

3

88

PM
2

88

D61

Sales Weightings
HC wgt NOx wgt HC+NOx CO wagt
wgt

PM wgt





300-600 hp Emission Factors (g/hp-hr)

Rated HP HC NOx HC+NOx CO PM
325 4.56 152 0.17
439 3.75 1.19 0.16
515 3.58 1.14 0.17
593 4.08 0.58 0.10
475 4.14 0.99 0.14
325 4.56 1.52 0.17
449 0.10 3.80 3.91 0.37 0.10
422 0.14 4.09 4.24 0.35 0.10
322 0.13 4.37 4.50 0.44 0.11
333 0.15 4.38 4.53 0.53 0.14
300 4.53 0.82 0.14
350 4.71 0.77 0.11
500 4.75 1.30 0.12
500 4.61 0.48 0.12
300 0.06 4.02 4.08 0.59 0.13
317 0.39 4.19 4.58 0.80 0.15
321 0.17 4,22 4.39 0.52 0.14
483 0.16 4.23 4.39 0.46 0.13
360 0.12 4.47 4.59 0.63 0.09
326 0.50 4.04 4.54 0.43 0.14
456 0.15 4.37 4.52 0.57 0.10
481 0.10 4.44 4.53 0.43 0.08
322 4.34 0.65 0.15
410 4.40 0.30 0.11
508 4.20 0.30 0.12
572 4.53 0.86 0.19
503 4.50 0.93 0.15
571 4.29 0.48 0.14
475 4.38 0.46 0.11
595 4.20 0.63 0.16
367 4.55 0.45 0.15
493 4.49 0.71 0.13
493 4.49 0.71 0.13
324 0.22 4.30 4.53 0.47 0.08
375 0.25 4.29 4.54 0.48 0.08

Sales-wgt 0.1669 4.3351 4.34534 0.8424 0.1315
EF 24 13 8 60 81

Sample
Size 14 14 35 35 35

Table D7. 2001 MY Certification Data (cont.) (Tier 2 for this hp category)

D62

HC wagt

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0036
0.0279
0.0110
0.6951
0.0000
0.0000
0.0000
0.0000
0.0239
0.0150
0.0389
0.0235
0.0030
0.0022
0.0070
0.0036
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0100
0.1354

1.0000

Sales Weightings
NOx wgt HC+NOx CO wgt
wgt
0.0000 0.0516 0.0516
0.0000 0.0589 0.0589
0.0000 0.0521 0.0521
0.0000 0.2080 0.2080
0.0000 0.0460 0.0460
0.0000 0.0516 0.0516
0.0036 0.0011 0.0011
0.0279 0.0082  0.0082
0.0110 0.0032 0.0032
0.6951 0.2042 0.2042
0.0000 0.0038 0.0038
0.0000 0.0038 0.0038
0.0000 0.1467 0.1467
0.0000 0.0258 0.0258
0.0239 0.0070 0.0070
0.0150 0.0044 0.0044
0.0389 0.0114 0.0114
0.0235 0.0069 0.0069
0.0030 0.0009 0.0009
0.0022  0.0006 0.0006
0.0070 0.0021 0.0021
0.0036 0.0011 0.0011
0.0000 0.0066 0.0066
0.0000 0.0264 0.0264
0.0000 0.0016 0.0016
0.0000 0.0019 0.0019
0.0000 0.0064 0.0064
0.0000 0.0035 0.0035
0.0000 0.0035 0.0035
0.0000 0.0035 0.0035
0.0000 0.0035 0.0035
0.0000 0.0006 0.0006
0.0000 0.0006 0.0006
0.0100 0.0029 0.0029
0.1354 0.0398 0.0398
1.0000 1.0000 1.0000

PM wgt

0.0516
0.0589
0.0521
0.2080
0.0460
0.0516
0.0011
0.0082
0.0032
0.2042
0.0038
0.0038
0.1467
0.0258
0.0070
0.0044
0.0114
0.0069
0.0009
0.0006
0.0021
0.0011
0.0066
0.0264
0.0016
0.0019
0.0064
0.0035
0.0035
0.0035
0.0035
0.0006
0.0006
0.0029
0.0398

1.0000





600-750 hp

Rated HP HC NOXx
660 0.05 6.24
742 0.04 6.27
654 0.04 6.21
730 0.06 5.04
740 0.10 5.53
670 0.25 6.53
710 0.27 6.63
641 0.19 5.98
740 0.24 5.85
684 0.19 5.98
671 0.48 6.63
747 0.22 4.50
680
601 0.13 4.19
750 0.07 5.84
750 0.13 5.89
630 0.12 3.87

Sales-wgt 0.13806 5.61241
EF 5 8

Sample

Size 16 16

Table D7. 2001 MY Certification Data (cont.)
Emission Factors (g/hp-hr)

HC+NOx

3.89

4.32

3.99

3.975047

3

CO PM
0.83 0.14
0.52 0.10
1.58 0.25
0.99 0.19
1.62 0.33
1.27 0.36
231 0.30
1.05 0.23
1.37 0.28
0.68 0.22
0.52 0.16
0.76 0.09
0.33 0.12
0.22 0.12
0.90 0.16
1.06 0.13
0.87 0.18
0.88330 0.18377
5 3
17 17

D63

HC wagt

0.0276
0.0408
0.1192
0.1159
0.0850
0.0795
0.0552
0.0353
0.0839
0.0055
0.0221
0.0055
0.0000
0.1049
0.0121
0.1413
0.0662

1.0000

Sales Weightings
NOx wgt HC+NOx CO wgt
wgt
0.0276  0.0000 0.0192
0.0408 0.0000 0.0284
0.1192 0.0000 0.0829
0.1159 0.0000 0.0806
0.0850 0.0000 0.0591
0.0795 0.0000 0.0553
0.0552 0.0000 0.0384
0.0353 0.0000 0.0246
0.0839 0.0000 0.0583
0.0055 0.0000 0.0038
0.0221  0.0000 0.0153
0.0055 0.0000 0.0038
0.0000 0.7192 0.3047
0.1049 0.1721 0.0729
0.0121  0.0000 0.0084
0.1413 0.0000 0.0982
0.0662 0.1087 0.0460
1.0000 1.0000 1.0000

PM wgt

0.0192
0.0284
0.0829
0.0806
0.0591
0.0553
0.0384
0.0246
0.0583
0.0038
0.0153
0.0038
0.3047
0.0729
0.0084
0.0982
0.0460

1.0000





>750 hp
Rated HP
758
891
1850
2250
755
1200
2000
1110
1500
1200
899
1230
811
1874
878
1207
1026
2346
Sales-wgt
EF
Sample
Size

HC
0.07
0.05
0.16
0.16
0.35
0.17
0.31
0.23
0.54
0.17
0.21
0.12
0.27
0.38
0.34
0.23
0.26
0.40

0.313093 6.052394 0.800887 0.203589

18

TableD7. 2001 MY Certification Data (cont.)

Emission Factors (g/hp-hr)

NOx
5.26
6.22
5.89
6.43
5.80
5.17
5.91
6.03
6.24
5.17
6.02
6.03
6.24
6.15
5.96
5.45
5.07
6.04

18

Cco
1.07
0.73
1.09
1.28
1.48
0.34
1.49
0.55
0.87
0.34
0.53
0.67
1.05
1.36
0.89
1.26
0.70
1.39

18

PM
0.16
0.14
0.30
0.20
0.30
0.16
0.25
0.14
0.27
0.16
0.15
0.26
0.21
0.15
0.14
0.24
0.18
0.26

18

D64

HC wagt
0.0052
0.0152
0.0654
0.0395
0.0599
0.0033
0.0228
0.4402
0.2677
0.0228
0.0088
0.0046
0.0152
0.0024
0.0152
0.0030
0.0009
0.0076

1.0000

Sales Weightings
NOx wgt CO wgt
0.0052 0.0052
0.0152 0.0152
0.0654 0.0654
0.0395 0.0395
0.0599 0.0599
0.0033 0.0033
0.0228 0.0228
0.4402 0.4402
0.2677 0.2677
0.0228 0.0228
0.0088 0.0088
0.0046 0.0046
0.0152 0.0152
0.0024 0.0024
0.0152 0.0152
0.0030 0.0030
0.0009 0.0009
0.0076 0.0076
1.0000 1.0000

PM wgt
0.0052
0.0152
0.0654
0.0395
0.0599
0.0033
0.0228
0.4402
0.2677
0.0228
0.0088
0.0046
0.0152
0.0024
0.0152
0.0030
0.0009
0.0076

1.0000





Appendix E
Derivation of Highway-Certification Compliance Margins and Application to Nonroad
Compression Ignition Engines

Here below, we describe the derivation of the highway-certification compliance margins
(HCCMs) in greater detail. The highway certification results used for this purpose in derivation
of Tier 2/3 emission factors (option 4) are summarized in areport updating emission levels for
heavy-duty highway diesel enginesfor usein MOBILEG (1). The report presents results for
light, medium, and heavy vehicle classesin model years 1988-1989 and 1991-1994. For this
anaysis, we supplemented these certification data with more recent highway certification data
from model years 1997-2001.

We used the highway certification results to cal culate compliance margins (HCCM) for
some highway enginesfor MY 1988-2001. The procedure followed several steps (refer to Table
E1):

Q) We assigned highway model-year groups, (e.g., 1991-93) to each nonroad horsepower
category (e.g., 50-100 hp). These assignments vary for each pollutant and individual
horsepower category. The assignments attempt to associate similar highway and nonroad
engine technologies. We averaged results for multiple years within a model-year group.

2 We assigned nonroad engines less than 50 horsepower to the light heavy-duty diesel
vehicle weight class (LHDD), engines in the range of 50-250 hp to the medium heavy-
duty diesel vehicle weight class (MHDD), and engines greater than 250 hp to the heavy
heavy-duty diesel vehicle weight class (HHDD). Within amodel-year group, these
assignments identified subsets of certification data to represent specific nonroad
horsepower categories. Correspondence between highway weight class (light-duty,
medium-duty, heavy-duty) and nonroad horsepower categories follows relationships
established by the California Air Resources Board (CARB 2000).

3 We used the highway certification data described above and assigned to the appropriate
nonroad horsepower categories to calculate compliance margins for highway engines at
certification:

HS,, - AHC,,
HS

(B

HCCM, | =

where HCCM; ;, HS j and AHC;; are the highway-certification
compliance margin, highway standard and average certification
emissions level, respectively, for pollutant i, and horsepower category
j (e.g., NOy, 50-100 hp).

While we cal culated the highway-certification compliance margins for all pollutants and
E1l





horsepower categories, note that Table E1 presents results only for NOx and PM. We do not
present compliance margins for HC and CO because the margins were higher than 80 percent.
Asaresult, we did not use them to estimate HC and CO Tier 2/3 emission factors.
References

(1) EPA, “Update of Heavy-Duty Emission Levels (Modd Y ears 1988-2004+) for Usein
MOBILESG,” EPA420-R-99-010, April 1999.
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TableE1l. Highway-Certification Compliance Mar gins by Hor sepower Category

 Jlemroadndne. | Highway Mo v
(HCCM)
NO,
VWC! HS AHC ? HCCM
(o/hp-hr) (o/hp-hr) (% HS)
<11 1991-93 LHDD 5.0 4.28 14
11-25 1991-93 LHDD 5.0 4.28 14
25-50 1991-93 LHDD 5.0 4.28 14
50-100 1991-93 MHDD 5.0 454 9.0
100-175 1998-2003 MHDD 4.0 3.78 55
175-300 1998-2003 MHDD 4.0 358 105
300-600 1998-2003 HHDD 4.0 3.92 2.0
600-750 1998-2003 HHDD 4.0 3.84 4.0
>750 1998-2003 HHDD 4.0 3.84 4.0
PM
<11 1988-89 LHDD 0.6 0.44 27
11-25 1988-89 LHDD 0.6 0.44 27
25-50 1988-89 LHDD 0.6 0.44 27
50-100 1991-93 MHDD 0.25 0.20 20
100-175 1991-93 MHDD 0.25 0.20 20
175-300 1994-97 MHDD 0.10 0.08 20
300-600 1994-97 HHDD 0.10 0.08 20
600-750 1994-97 HHDD 0.10 0.08 20
>750 1994-97 HHDD 0.10 0.08 20

1 LHDD = “light heavy-duty diesel,” MHDD = “medium heavy-duty diesdl,” and HHDD = “heavy heavy-duty diesel.”
2 Source: USEPA (1999), for NO,, Table 10 or MY 1997-2001 highway certification data; for PM, Table 11 or MY
1997-2001highway certification data.
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Appendix F
Derivation of Transient Adjustment Factors (T AFs) for
Nonroad Compression Ignition Engines

Nonroad engines often operate under conditions unlike that of the steady-state
I|SO-C1 testing procedure typically used in emissions testing. This alternate operation
can cause a change in the emission characteristics of nonroad compression ignition (Cl)
engines. Asin NEVES, the NONROAD model accounts for in-use (transient) operation
in CI engines by applying an adjustment to emission factors generated using the ISO-C1
(8-mode) steady-state tests. Unlike NEVES, the NONROAD model uses transient
adjustment factors derived from emission testing designed to represent operational
behavior of nonroad equipment. Note that the transient adjustments are not applied by
the NONROAD model, but are applied by EPA during the creation of the NONROAD
emission factor input files.

TAFsare applied to the Base, Tier O, Tier 1, Tier 2, and Tier 3 emission factors.
Since transient emission control is expected to be an integral part of al Tier 4 engine
design considerations, TAFs are not applied to the emission factors for Tier 4 engines
(i.e., the model appliesa TAF of 1.0).

Development of Transient Adjustment Factors

In NEVES, EPA adjusted the ISO-C1-derived emission factor data available at
the time to account for in-use operation by applying a set of multipliers. These factors
were derived from a comparison of only afew engines tested with both the ISO-C1 test
procedure and the highway Federal Test Procedure (FTP). (1) These factors shownin
Table F1 were applied in NEVES only to engines used in applications judged to be
sufficiently transient in nature.

Table F1. NEVES Test Cycle Adjustment from 1SO-C1 Emission Factors
HC CO NOy PM

NEVES 14 20 1 16
Adjustment

NONROAD'’s steady-state emission factors for pre-1988 Cl engines of greater
than 50 hp are based on the emission factors used in the NEVES. Asaresult, the NEVES
in-use adjustments were removed to determine pre-1988 average steady-state emissions
for these engines. The TAFs described below are then applied consistently to all the
steady-state emission factorsin NONROAD, including the NEV ES-derived steady-state
emission factors.

Since it was recognized that the highway test procedure may not simulate engine
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behavior when used in nonroad applications, a joint EMA\EPA project was initiated to
develop more realistic test cycles for nonroad engine emissions characterization. The
project developed cycles to represent typical operation of an agricultural tractor, a
crawler dozer, and a backhoe\loader. The cycles were developed from data acquired
from instrumenting one piece of each type of equipment. This data was used to construct
appropriate test cycles from statistical criteriadeveloped by EMA and EPA. Southwest
Research Ingtitute (SwRI) then tested nine late-model nonroad engines using the steady-
state 1SO-C1 certification procedure and the three nonroad test cycles. (2) Later testing
at SwRI involved three additional engines and four additional cycles (rubber-tire loader,
skid-steer loader, arc welder, and excavator cycles). (3) A summary of the cycle specific
emission results for each engineis givenin Table F2.

For each pollutant and test cycle, we calculate the TAF asthe ratio of the transient
emission factor (EFans) to the corresponding steady-state (1SO-C1) emission factor
(EFs):

EF
TAF - trans

EF

Transient adjustment factors may be greater than or less than 1.0.

Using the emission datain Table F2, TAFs were calculated for each engine,
pollutant, and test cycle. The resulting TAFs for each engine are provided in Table F3.
The TAFs for each engine were then averaged to obtain composite TAFs for each of the
seven test cycles. These are aso shown in Table F3 along with the standard deviations.
TAFsfor Tier 0 and Tier 1 engines were combined, since they were not statistically
different, based on P values obtained from performing the Student’ st-Test.

For this version of NONROAD, the seven average cycle TAFs were further
binned into two categories, Hi LF and Lo LF, based on the cycle load factors. We
thought this approach would be more defensible, given the limited data available. This
approach is aso consistent with that used to develop the new load factorsin the model.
Table F4 shows how the cycle TAFs were binned. When reviewing the cycle load
factors, two bins emerged. A high load factor bin consisted of the following cycles:
agricultura tractor (LF=0.78), crawler dozer (LF=0.58), rubber-tire loader (LF=0.48),
and excavator (LF=0.53). A low load factor bin consisted of the remaining cycles:
backhoe/loader (LF=0.21), skid-steer loader (LF=0.23), and arc welder (LF=0.19). The
TAFsfor the high load factor cycles were averaged to obtain a composite Hi LF TAF.
Similarly, the TAFs for the low load factor cycles were averaged to obtain a composite
Lo LF TAF. Asaresult, the cycle TAFswere replaced by either aHi LF TAForalLo LF
TAF, depending on the cycle assignment.

Table F5 presents the Cl TAFs used in NONROAD. The TAFsare carried over

F2





from Table F4 with the exception of the Tier 3 TAFsfor NOx and PM. Therationale for
the NOy and PM Tier 3 TAFsisdescribed in detail below.

Transient Emission Control and I mplicationsfor Tier 3 NO, and PM TAFs

The nonroad engine test cycle (for pre-Tier 4 engines) is aweighted 8 mode
steady-state emission cycle without atransient test element. Thisisin contrast to on-
highway diesel regulations which are set based on average emissions over a 20 minute
transient test and a separate steady-state test. The absence of atransient test allows some
additional control flexibilities for nonroad engines not available, or available at a
diminished level, for on-highway diesel engines. The nonroad engine standards are
therefore inherently less restrictive than otherwise equiva ent on-highway emission
standards, as explained in the following paragraphs.

Transient PM emission control isrealized for on-highway diesel engines by
limiting fuel injection quantities dependent upon the oxygen content available (the air to
fuel ratio, A/F) to burn the fuel. When an on-highway diesel engine transitions from a
low load steady-state condition to a higher load it does so by increasing the fuel injection
rate and the air induction rate through increases in the intake manifold pressure (i.e.
higher boost from the turbocharger) in order to maintain an A/F ratio with acceptable PM
emissions. While the fueling rate can be changed almost instantaneously on adiesel
engine, it takes alonger amount of time for the turbocharger to increase the air flow due
to theinertial lag of the turbocharger and the mass of air. During the transient period
when the turbocharger is gradually increasing the air flow, the engine control system
limits the addition of fuel in order to prevent excess PM emissions. It isonly after the air
flow has increased to the proper amount, that the engine control system allows the fueling
rate to rise to the level needed to deliver the desired engine torque. This control approach
limits transient PM emissions so that the engine will pass the highway transient test.
Absent atransient PM emissions test, the engine controller could immediately increase
the fueling rate, providing rapid attainment of the desired torque level, but this would also
dramatically increase PM emissions. Theincreasein PM emissions under transient
conditions due to the lack of oxygen (low A/F) is exacerbated by the use of exhaust gas
recirculation (EGR) to limit NOy, emissions. Thisis because the recirculated gases have a
lower oxygen content (the very reason they help to lower NOy emissions). In order to
maintain effective PM emission control with EGR, turbocharger boost levels are
increased (more low oxygen content air is forced in to the engine in order to give atotal
oxygen content similar to without EGR). Because of the higher boost pressure required,
transient PM control might be expected to be worse for EGR equipped engines. For
highway diesel engines which must meet atransient PM emission standard, these issues
are addressed with sophisticated control systems and with the use of advanced
turbocharger systems (i.e., variable geometry turbochargers). Absent atransient test
procedure, these advanced systems would not necessarily be used.
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Similarly, NOy control for on-highway diesel engines equipped with EGR
systems are significantly constrained by the transient emission test procedure. When
undergoing atransient event as described in the previous example, an EGR emission
control system for on-highway engines would briefly turn off EGR in order to increase
the fresh air flow to the system in order to limit PM emissions and increase engine torque
response. The control system must, however, restore the EGR relatively quickly in order
to control NO, emissions under the highway transient test procedure. Failure to do so
would lead to higher NO, emissions. Absent atransient NOy standard, the EGR system
could be turned off for along period under transient operation, leading to substantially
higher NO, emissions than what would be expected based upon a steady state emission
test level alone. The extent of thisincrease in NO, emissions is dependent upon the
degree of transient operation (the relative change in engine load). To the extent that load
transient are less severe or not extended, the differences in the resulting NO, emissions
would be less evident.

The lack of atransient emission test procedure for pre-Tier 4 nonroad enginesis a
concern to the Agency, because we know that PM emissions realized in use can be
significantly higher than the steady-state emission level set by the PM standards.
Similarly, we have concerns that NOy emissions under transient conditions may be higher
than indicated by the steady state emissions test and the associated standards. We are
therefore working to develop a more comprehensive set of emission test requirements for
nonroad engines to include atransient test element. In the absence of such atest
procedure for Tier 3 engines, we believe that it is prudent to try to characterize these in-
use emissions by increasing the TAFs applied for NO, and PM emissions for Tier 3
engines from the level estimated for Tier 2 engines. Since Tier 3 engines are not
available to provide test data to establish the level of adjustment required, we have
applied engineering judgement to estimate the level of increasein emissions. For PM we
have estimated that the TAF will increase by 20 percent due to the lack of atransient test
and the inherent reduction in average A/F ratio values due to the use of EGR. Given the
highly transient nature of some nonroad diesel engine applications the actual level of
increase could be even higher. In the absence of more definitive data we believe that a 20
percent increase in the TAF is appropriate. We intend to investigate this issue further
when Tier 3 engines become available for testing. We aso believe that the NO, TAF
should be adjusted in asimilar manner. For NOy we believe that a 10 percent increasein
the TAF is appropriate given the characteristics of EGR systems as we understand them
today. We believe that nonroad engine manufacturers will choose to modul ate EGR rates
during high load change transient operation in order to limit PM emissions increases.
Thiswill lead to an increase in NOy emission for the period that the EGR rateis
modulated below the steady-state level. For example, a 10 percent increase in NOx
emissions could correspond to an EGR rate of zero for 10 percent of the time (a duty
cycle of 90 percent moderate transient and steady-state operation and 10 percent highly
transient operation) assuming that NO, emissions double when the EGR flow is zero.

For some applications with extreme transient operationsit is conceivable that the increase
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in emission could be even higher. Aswith PM, weintend to investigate the actual level
of NO, emissions when Tier 3 engines become available.

Applying I n-use Adjustment Factors

To apply the in-use adjustment factors listed in Table F5 to the entire ClI
equipment population, EPA matched nonroad applications with the test cycle that most
closely represents the nonroad activity for the application. Table F6 lists the nonroad
applications used in the NONROAD model and the in-use adjustment most representative
of that application. If steady-state operation istypical of an application no adjustment
was made, and the cycle adjustment islisted as ‘none'.

Table A3 presents the resulting TAFs assigned to each equipment application.
The steady-state emission factors given in Table A2 were then multiplied by the
appropriate in-use adjustment factor to create NONROAD’ s emission factor inputs for ClI
engines.

Comparison with Previous Draft Versions of NONROAD

Table F7 presents a comparison of TAF methodologies used in the various draft
versions of NONROAD.
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\ Table F2. Cl Engine Emissions Data Used to Calculate Transient Adjustment Factors

Engine Tier [Test Cycle HC CcO NO, PM BSFC
(reference) (g/hp-hr) | (g/hp-hr) | (g/hp-hr) | (g/hp-hr) [(Ib/hp-hr)
Caterpillar 3116 (2) 0 [ISO-C18-mode 0.07 2.51 9.38 0.406 0.352
Agricultural Tractor 0.04 0.75 9.4 0.28 0.357
Backhoe L oader 0.36 7.47 9.46 0.652 0.411
Crawler Dozer 0.09 7.3 8.7 0.713 0.362
Caterpillar 3054 (2) 0 [ISO-C18-mode 0.66 1 7.53 0.387 0.393
Agricultural Tractor 0.46 0.47 9.46 0.263 0.377
Backhoe L oader 1.22 3.34 5.45 0.759 0.446
Crawler Dozer 0.51 1.06 8.28 0.384 0.372
John Deere 4039 (2) 0 [ISO-C18-mode 0.41 2.17 11.22 0.384 0.389
Agricultural Tractor 0.2 0.56 11.7 0.173 0.361
Backhoe Loader 1 2.62 9.57 0.447 0.471
Crawler Dozer 0.33 1.42 11.7 0.254 0.372
John Deere 7076 (2) 0 [ISO-C18-mode 0.53 2.05 10.22 0.25 0.385
Agricultural Tractor 0.54 0.57 9.45 0.168 0.366
Backhoe L oader 1.13 4.82 14.35 0.522 0.493
Crawler Dozer 0.52 2.22 10.14 0.303 0.37
Consolidated Diesel 0 [ISO-C18-mode 0.86 15 6.53 0.397 0.365
6TA-830 (2) Agricultural Tractor 0.9 1.07 5.62 0.304 | 0.377
Backhoe L oader 2.08 9.86 6.69 1.698 0.438
Crawler Dozer 0.83 3.76 6.06 0.805 0.37
John Deere 6619 (2) 0 [ISO-C18-mode 0.82 4.69 7.29 0.662 0.397
Agricultural Tractor 0.87 1.16 6.77 0.283 0.4
Backhoe L oader 1.99 6.89 8.29 1.102 0.466
Crawler Dozer 0.8 3.31 7.01 0.698 0.398
Consolidated Diesel 0 [ISO-C18-mode 1.32 3.37 7.57 0.581 0.389
4039 (2) Agricultural Tractor | 0.86 2.5 7.28 0.43 0.367
Backhoe L oader 2.89 3.31 6.52 0.725 0.436
Crawler Dozer 1.22 2.1 7.4 0.413 0.364
Caterpillar 3306 (2) 0 |[ISO-C18-mode 1.27 1.46 6.52 0.248 0.373
Agricultural Tractor 1.33 0.82 6.46 0.201 0.372
Backhoe L oader 2.3 5.14 7.22 0.813 0.415
Crawler Dozer 1.16 2.7 6.54 0.436 0.37
1 |[ISO-C18-mode 0.47 0.86 5.55 0.186 0.350
John Deere 6101 (2) Agricultural Tractor | 0.50 0.32 4.93 0.125 | 0.362
Backhoe Loader 1.07 1.92 6.36 0.430 0.434
Crawler Dozer 0.51 117 5.25 0.246 0.362
John Deere 6101(same 1 |ISO-C1 8-mode 0.50 1.17 5.73 0.219 0.363
engine) retested (3) Agricultural Tractor | 0.46 0.44 5.16 0.130 | 0.355
Backhoe L oader 0.93 1.90 6.04 0.430 0.419
Crawler Tractor 0.47 1.14 5.50 0.250 0.357
John Deere 6101 (samg 1 [ISO-C18-mode 0.46 0.95 5.75 0.19
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TableF2. CI Engine Emissions Data Used to Calculate Transient Adjustment Factors

Engine Tier [Test Cydle HC CoO NO PM BSFC
(reference) (g/hp-hr) | (g/hp-hr) | (g/hp-hr) | (g/hp-hr) [(Ib/hp-hr)
Agricultural Tractor 0.39 0.39 5.24 0.11
Backhoe L oader 0.68 1.58 6.09 0.33
Crawler Dozer 0.37 1.33 5.61 0.24
Excavator 0.67 0.40 4.92 0.171
John Deere 6101 1 |ISO-C18-mode 0.48 0.99 5.68 0.20 0.36
(average of three tests) Agricultural Tractor | 0.45 0.38 5.11 0.12 0.36
Backhoe Loader 0.89 1.80 6.16 0.40 0.43
Crawler Dozer 0.45 121 5.45 0.24 0.36
Excavator 0.67 0.40 4.92 0.171
Caterpillar 3176 (3) 1 |[ISO-C1 8-mode 0.08 1.78 551 0.183 0.333
Agricultural Tractor 0.08 1.47 5.39 0.180 0.330
Backhoe L oader 0.12 4.12 7.20 0.290 0.367
Crawler Dozer 0.06 2.67 5.61 0.230 0.334
MX270 (3) 1 [ISO-C1 8-mode 0.11 0.40 4.51 0.096 0.340
Agricultural Tractor 0.06 0.30 4.33 0.090 0.332
Backhoe L oader 0.09 1.30 4.49 0.200 0.382
Crawler Tractor 0.04 0.78 4.11 0.140 0.341
Typ Rubber-Tire 0.07 1.32 4.33 0.180 0.350
Typ Skid-Steer 0.09 0.68 4.15 0.160 0.374
Typ Arc Welder 0.20 1.28 5.39 0.190 0.442
M X240 (3) 1 [ISO-C1 8-mode 0.06 0.51 4.32 0.116 0.351
Agricultural Tractor 0.05 0.26 4.02 0.090 0.340
Backhoe L oader 0.12 1.06 4.63 0.200 0.380
Crawler Tractor 0.05 1.04 3.99 0.160 0.342
Typ Rubber-Tire 0.09 2.07 4.18 0.250 0.368
Typ Skid-Steer 0.13 1.00 4.25 0.210 0.379
Typ Arc Welder 0.27 1.65 6.15 0.260 0.451
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TableF3. ClI Transient Adjustment Factorsfor Various Nonroad Test Cycles

Engine Tier [Test Cycle HC (6(0) NO PM BSFC
Caterpillar 3116 0 |Agricultural Tractor 0.57 0.30 1.00 0.69 1.01
Backhoe L oader 5.14 2.98 1.01 1.61 1.17
Crawler Dozer 1.29 2.91 0.93 1.76 1.03
Caterpillar 3054 0 |Agricultural Tractor 0.70 0.47 1.26 0.68 0.96
Backhoe L oader 1.85 3.34 0.72 1.96 1.13
Crawler Dozer 0.77 1.06 1.10 0.99 0.95
John Deere 4039 0 [|Agricultura Tractor 0.49 0.26 1.04 0.45 0.93
Backhoe L oader 2.44 1.21 0.85 1.16 1.21
Crawler Dozer 0.80 0.65 1.04 0.66 0.96
John Deere 7076 0 [|Agricultura Tractor 1.02 0.28 0.92 0.67 0.95
Backhoe L oader 2.13 2.35 1.40 2.09 1.28
Crawler Dozer 0.98 1.08 0.99 1.21 0.96
Consolidated Diesel 0 |Agricultural Tractor 1.05 0.71 0.86 0.77 1.03
6TA-830 Backhoe L oader 2.42 6.57 1.02 4.28 1.20
Crawler Dozer 0.97 2.51 0.93 2.03 1.01
John Deere 6619 0 [|Agricultura Tractor 1.06 0.25 0.93 0.43 1.01
Backhoe L oader 2.43 1.47 1.14 1.66 1.17
Crawler Dozer 0.98 0.71 0.96 1.05 1.00
Consolidated Diesel 0 |Agricultural Tractor 0.65 0.74 0.96 0.74 0.94
4039 Backhoe L oader 2.19 0.98 0.86 1.25 1.12
Crawler Dozer 0.92 0.62 0.98 0.71 0.94
Caterpillar 3306 0 |Agricultural Tractor 1.05 0.56 0.99 0.81 1.00
Backhoe L oader 1.81 3.52 1.11 3.28 1.11
Crawler Dozer 0.91 1.85 1.00 1.76 0.99
John Deere 6101 1 |Agricultural Tractor 0.99 0.37 0.89 0.63 1.01
(average of three tests) Backhoe L oader 2.06 1.88 1.10 2.12 1.20
Crawler Dozer 1.01 1.14 0.95 1.22 1.01
Excavator 1.40 0.44 0.87 0.89 1.03
Caterpillar 3176 1 |Agricultural Tractor 1.00 0.83 0.98 0.98 0.99
Backhoe L oader 1.50 2.31 1.31 1.58 1.10
Crawler Dozer 0.75 1.50 1.02 1.26 1.00
MX270 1 |Agricultura Tractor 0.55 0.75 0.96 0.94 0.98
Backhoe L oader 0.82 3.25 1.00 2.08 1.12
Crawler Dozer 0.36 1.95 0.91 1.46 1.00
Typ Rubber-Tire 0.64 3.30 0.96 1.88 1.03
Typ Skid-Steer 0.82 1.70 0.92 1.67 1.10
Typ Arc Welder 1.82 3.20 1.20 1.98 1.30
M X240 1 |Agricultura Tractor 0.83 0.51 0.93 0.78 0.97
Backhoe L oader 2.00 2.08 1.07 1.72 1.08
Crawler Dozer 0.83 2.04 0.92 1.38 0.97
[Typ Rubber-Tire 1.50 4.06 0.97 2.16 1.05
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TableF3. ClI Transient Adjustment Factorsfor Various Nonroad Test Cycles

Engine Tier [Test Cycle HC (6(0) NO PM BSFC
Typ Skid-Steer 2.17 1.96 0.98 1.81 1.08
Typ Arc Welder 4.50 3.24 1.42 2.24 1.28
IAver age of Individual IAgricultural Tractor 0.83 0.50 0.98 0.71 0.98
TAFs Backhoe L oader 2.23 2.66 1.05 2.07 1.16
Crawler Dozer 0.88 1.50 0.98 1.29 0.99
Typ Rubber-Tire 1.07 3.68 0.96 2.02 1.04
Typ Skid-Steer 1.49 1.83 0.95 1.74 1.09
Typ Arc Welder 3.16 3.22 1.31 211 1.29
Excavator 1.40 0.44 0.87 0.89 1.03
Standard Deviation of IAgricultural Tractor 0.22 0.21 0.10 0.17 0.03
TAFs Backhoe L oader 1.02 1.49 0.19 0.88 0.06
Crawler Dozer 0.22 0.75 0.06 0.42 0.03
Typ Rubber-Tire 0.61 0.54 0.01 0.20 0.01
Typ Skid-Steer 0.95 0.18 0.04 0.10 0.01
Typ Arc Welder 1.90 0.02 0.16 0.19 0.01
Student’st-test: IAgricultural Tractor 0.90 0.21 0.40 0.08 0.77
P value* Backhoe L oader 0.13 0.67 0.40 0.63 0.17
TOvsT1 Crawler Dozer 0.11 0.64 0.26 0.83 0.36

* Pvalue > 0.05 indicates that the difference between the Tier 0 and Tier 1 valuesis not statistically

significant.
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Table F4. ClI Cycle Transient Adjustment Factors Binned by L oad Factor Category
Cycle Cycle [Assignment HC CO NO,
Load Cycle New Cycle New Cycle New
Factors* TAFs TAFs TAFs TAFs TAFs TAFs
None (steady-state) N/A None 1.00 1.00 1.00 1.00 1.00 1.00
(IAgricultural Tractor 0.78 Hi LF 0.83 1.05 0.50 1.53 0.98 0.95
(Backhoe/Loader 0.21 Lo LF 2.23 2.29 2.66 2.57 1.05 1.10
||CraWIer Dozer 0.58 Hi LF 0.88 1.05 1.50 1.53 0.98 0.95
Rubber-Tire Loader 0.48 Hi LF 1.07 1.05 3.68 1.53 0.96 0.95
Skid-Steer Loader 0.23 Lo LF 1.49 2.29 1.83 2.57 0.95 1.10
Arc Welder 0.19 Lo LF 3.16 2.29 3.22 2.57 1.31 1.10
Excavator 0.53 Hi LF 1.40 1.05 0.44 1.53 0.87 0.95
avg Hi LF 1.05 1.53 0.95
avg Lo LF 2.29 2.57 1.10
Cycle Cycle | Assignment PM BSFC
Load Cycle TAFs|[New TAFs|Cycle TAFs| New TAFs
Factors*
None (steady-state) N/A None 1.00 1.00 1.00 1.00
Agricultural Tractor 0.78 Hi LF 0.71 1.23 0.98 1.01
Backhoe/Loader 0.21 Lo LF 2.07 1.97 1.16 1.18
Crawler Dozer 0.58 Hi LF 1.29 1.23 0.99 1.01
Rubber-Tire Loader 0.48 Hi LF 2.02 1.23 1.04 1.01
Skid-Steer Loader 0.23 Lo LF 1.74 1.97 1.09 1.18
Arc Welder 0.19 Lo LF 2.11 1.97 1.29 1.18
Excavator 0.53 Hi LF 0.89 1.23 1.03 1.01
avg Hi LF 1.23 1.01
avg Lo LF 1.97 1.18
* The load factors shown were obtained from engine test data and are not used directly in
NONROAD.
Table F5. Cl Transient Adjustment Factorsin Draft NONROADZ2004
Assignment HC CcoO NO, PM BSFC
Base-Tier | Base-Tier | Base, Tier 3* Base, Tier 3* Base-
3 3 Tiers 0-2 Tiers 0-2 Tier 3
avg Hi LF 1.05 1.53 0.95 1.04 1.23 1.47 1.01
avg Lo LF 2.29 2.57 1.10 1.21 1.97 2.37 1.18
None 1.00 1.00 1.00 1.10 1.00 1.20 1.00

* NO, Tier 3TAF = 1.1*(NO, Base, Tiers0-2 TAF). PM Tier 3 TAF = 1.2*(PM Base, Tiers0-2 TAF).
TAFsare not applied to the emission factors for Tier 4 engines (i.e., the model appliesa TAF of 1.0).
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TableF6. Cl Transient Adjustment Factor Assignments by Equipment Type

SCC Equipment Type Representative | TAF
Cycle Assignment
2270001000 Recreational Vehicles All Backhoe Lo LF
2270001020 Recreational Vehicles Snowmobiles None None
2270001030 Recreational Vehicles All Terrain Vehicles None None
2270001040 Recreational Vehicles Minibikes None None
2270001050 Recreational Vehicles Golf Carts None None
2270001060 Recreational Vehicles Speciality Vehicle Carts Backhoe Lo LF
2270002003 Construction Equipment Pavers Crawler Hi LF
2270002006 Construction Equipment Tampers/Rammers None None
2270002009 Construction Equipment Plate Compactors None None
2270002015 Construction Equipment Rollers Crawler Hi LF
2270002018 Construction Equipment Scrapers Crawler Hi LF
2270002021 Construction Equipment Paving Equipment Crawler Hi LF
2270002024 Construction Equipment Surfacing Equipment Crawler Hi LF
2270002027 Construction Equipment Signal Boards None None
2270002030 Construction Equipment Trenchers Crawler Hi LF
2270002033 Construction Equipment Bore/Drill Rigs None None
2270002036 Construction Equipment Excavators Excavator Hi LF
2270002039 Construction Equipment Concrete/Industrial Saws Crawler Hi LF
2270002042 Construction Equipment Cement & Mortar Mixers None None
2270002045 Construction Equipment Cranes None None
2270002048 Construction Equipment Graders Crawler Hi LF
2270002051 Construction Equipment Off-highway Trucks Crawler Hi LF
2270002054 Construction Equipment Crushing/Proc. Equipment None None
2270002057 Construction Equipment Rough Terrain Forklifts RTLoader Hi LF
2270002060 Construction Equipment Rubber Tire Loaders RTLoader Hi LF
2270002063 Construction Equipment Rubber Tire Dozers Crawler Hi LF
2270002066 Construction Equipment Tractors/Loaders/Backhoes Backhoe Lo LF
2270002069 Construction Equipment Crawler Dozer Crawler Hi LF
2270002072 Construction Equipment Skid Steer Loaders SSLoader Lo LF
2270002075 Construction Equipment Off-Highway Tractors Crawler Hi LF
2270002078 Construction Equipment Dumpers/Tenders Backhoe Lo LF
2270002081 Construction Equipment Other Construction Equipment Crawler Hi LF
2270003010 Industrial Equipment Aerial Lifts Backhoe Lo LF
2270003020 Industrial Equipment Forklifts RTLoader Hi LF
2270003030 Industrial Equipment Sweepers/Scrubbers None None
2270003040 Industrial Equipment Other General Industrial Equipment | None None
2270003050 Industrial Equipment Other Material Handling Equipment |Backhoe Lo LF
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TableF6. Cl Transient Adjustment Factor Assignments by Equipment Type

SCC Equipment Type Representative | TAF
Cycle Assignment

2270003060 Industrial Equipment AC\Refrigeration None None

2270003070 Terminal Tractors Crawler Hi LF

2270004000 Lawn & Garden Equipment ALL None None

2270004010 Lawn & Garden Equipment Lawn mowers (Residential) None None

2270004011 Lawn & Garden Equipment Lawn mowers (Commercial) None None

2270004015 Lawn & Garden Equipment Rotary Tillers < 6 HP None None

2270004016 Lawn & Garden Equipment Rotary Tillers < 6 HP None None
(Commercial)

2270004020 Lawn & Garden Equipment Chain Saws < 6 HP None None

2270004021 Lawn & Garden Equipment Chain Saws < 6 HP None None
(Commercial)

2270004025 Lawn & Garden Equipment Trimmers/Edgers/Brush None None
Cutters

2270004026 Lawn & Garden Equipment Trimmers/Edgers/Brush None None
Cutters (Commercial)

2270004030 Lawn & Garden Equipment Leafblowers/Vacuums None None

2270004031 Lawn & Garden Equipment Leafblowers/Vacuums None None
(Commercial)

2270004035 Lawn & Garden Equipment Snowblowers None None

2270004036 Lawn & Garden Equipment Snowblowers (Commercial) None None

2270004040 Lawn & Garden Equipment Rear Engine Riding Mowers None None

2270004041 Lawn & Garden Equipment Rear Engine Riding Mowers None None
(Commercial)

2270004045 Lawn & Garden Equipment Front Mowers None None

2270004046 Lawn & Garden Equipment Front Mowers (Commercial) None None

2270004050 Lawn & Garden Equipment Shredders < 6 HP None None

2270004051 Lawn & Garden Equipment Shredders < 6 HP None None
(Commercial)

2270004055 Lawn & Garden Equipment Lawn & Garden Tractors None None

2270004056 Lawn & Garden Equipment Lawn & Garden Tractors None None
(Commercial)

2270004060 Lawn & Garden Equipment Wood Splitters None None

2270004061 Lawn & Garden Equipment Wood Splitters (Commercial) [None None

2270004065 Lawn & Garden Equipment Chippers/Stump Grinders None None

2270004066 Lawn & Garden Equipment Chippers/Stump Grinders None None
(Commercial)

2270004071 Lawn & Garden Equipment Commercial Turf Equipment None None
(Commercial)

2270004075 Lawn & Garden Equipment Other Lawn & Garden None None
Equipment

2270004076 Lawn & Garden Equipment Other Lawn & Garden None None
Equipment (Commercial)

2270005010 Farm Equipment 2-Wheel Tractors AgTractor Hi LF

2270005015 Farm Equipment Agricultural Tractors AgTractor Hi LF
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TableF6. Cl Transient Adjustment Factor Assignments by Equipment Type

SCC Equipment Type Representative | TAF
Cycle Assignment
2270005020 Farm Equipment Combines AgTractor Hi LF
2270005025 Farm Equipment Balers AgTractor Hi LF
2270005030 Farm Equipment Agricultural Mowers AgTractor Hi LF
2270005035 Farm Equipment Sprayers AgTractor Hi LF
2270005040 Farm Equipment Tillers > 6 HP AgTractor Hi LF
2270005045 Farm Equipment Swathers AgTractor Hi LF
2270005050 Farm Equipment Hydro Power Units None None
2270005055 Farm Equipment Other Agricultural Equipment AgTractor Hi LF
2270005060 Farm Equipment Irrigation Sets None None
2270006000 Light Commercial ALL None None
2270006005 Light Commercial Generator Sets None None
2270006010 Light Commercial Pumps None None
2270006015 Light Commercial Air Compressors None None
2270006020 Light Commercial Gas Compressors None None
2270006025 Light Commercial Welders ArcWelder Lo LF
2270006030 Light Commercial Pressure Washers None None
2270007005 Logging Equipment Chain Saws > 6 HP RTLoader Hi LF
2270007010 Logging Equipment Shredders > 6 HP RTLoader Hi LF
2270007015 Logging Equipment Forest Equipment RTLoader Hi LF
2270008005 Airport Service Equipment Airport Support Equipment RTLoader Hi LF
2270009010 Other Underground Mining Equipment Backhoe Lo LF
2270010010 Other Oil Field Equipment None None
2282020005 Recreational Pleasure Craft, Inboards None None
2282020010 Recreational Pleasure Craft, Outboards None None
2282020015 Recreational Pleasure Craft, Personal Water Craft None None
2282020025 Recreational Pleasure Craft, Sailboat Aux. Outboard None None
2285002015 Railway Maintenance Backhoe Lo LF
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Table F7. Comparison of TAF Methodology Used in Draft Versions of NONROAD

Model Date Model Data as Basis Cycles Used Treatment Ratio of TAFs Used
Version (# of engines) of Tier O vs Averages and
Name Tier 1 Data or Average | Assignments
of Ratios?
June 1998 “Original” 9 engines Ag tractor Tier 0 and Ratio of 3 cycle TAFs.
(8 Tier0Oand 1 Backhoe Loader Tier 1 data averages One assigned
Tier 1 engines) Crawler Dozer combined to each
equipment type
April 1999 “Tier 2" No TAF-related changes
June 2000 “2007 HD 12 engines Ag tractor Tier 0 and Ratio of Revised to
Rule” (8 Tier 0 and 4 Backhoe Loader Tier 1 data averages accomodate
Tier 1 engines) Crawler Dozer separated,; separate TO
RT Loader separate and T1 TAFs
SS Loader TAFs for and 3
Arc Welder each additional
cycles
Nov 2000 “Final No TAF related changes relative to June 2000 version
Finding /
ANPRM”
Oct 2001 “Pentathalon | 12 engines Ag tractor Tier 0 and Average of 6 cycle TAFs.
NPRM” (8 Tier0 and 4 Backhoe Loader Tier 1 data ratios One assigned
Tier 1 engines) Crawler Dozer re-combined to each
RT Loader equipment type
SS Loader
Arc Welder
March 2002 “NONROAD 12 engines Ag tractor Tier 0 and Average of 7 cycle TAFs
April 2004 2002" and (8 TierOand 4 Backhoe Loader Tier 1 data ratios binned in two
Dec 2005 “NONROAD Tier 1 engines) Crawler Dozer combined categories: Hi
July 2009 2004" and RT Loader LF and Lo LF.
“NONROAD SS Loader One assigned
2005" and Arc Welder to each
“NONROAD Excavator equipment
2008a” type.
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Appendix G
Derivation of Deterioration Factorsfor
Nonroad Compression Ignition Engines

Deterioration factors used in emissions models are intended to account for increases
in emissions above a new engine or vehicle' s base emissions level with time. Emissions
can increase with time for a number of reasons including, engine wear, poor maintenance
practices, and willful or unwitting tampering with emission control systems. Emissions
from diesel enginesincrease with time (deteriorate) at avery slow rate when the engineis
properly maintained and operated. In fact for anumber of pollutants (primarily NOy),
emission levels can actually drop dlightly as the engine ages. However, anecdotal and
emission test experience suggests that many diesel engines emit at a much higher level in-
use (especialy PM) than would be anticipated for awell maintained diesel engine.

Diesel engines are extremely robust and can continue to provide adequate
performance for a user, even when they have been poorly maintained. Unlike speed and load
characterized performance, however, their emissions performance can decrease quite rapidly
when the engine receives poor maintenance. Analysis and testing conducted by contractors
to EPA and to the California Air Resources Board (CARB) have shown that these
mai ntenance and tampering issues comprise the bulk of the observed increasein PM
emissions from diesel enginesin-use. (1) When CARB updated the large CI component of
its OFFROAD model in 2000, they accounted for this increase in emissions by using
deterioration factors devel oped from real world observations of in-use PM emissions
correlated to particular engine technologies. (2) We believe that thisis the appropriate
approach for PM emission modeling in order to account for all of the possible mechanisms of
PM deterioration. We have therefore adopted the PM deterioration factors from CARB’s
OFFROAD model in this version of NONROAD. We averaged the highway-based LDDT,
MHDT, and HHDT PM deterioration factors used in CARB’s OFFROAD model (0.31, 0.44,
and 0.67, respectively) and applied the average (0.473) to all tiers.

For HC, CO, and NOy, we have continued our practice of using deterioration factors
developed by manufacturers based upon well maintained engines. We have done so because
we believe that maintenance and tampering issues do not effect the emission rates of these
pollutants as dramatically. Asaresult, we base the HC, CO, and NOy deterioration factors
adopted for nonroad engines on highway certification data (zero-mile levels and lifetime
deterioration) (3). We used the same data to derive highway compliance margins for the
steady-state emission factor analysis. Correspondence between highway weight class (light,
medium, heavy), highway model-year group, and nonroad horsepower categoriesisidentical
to that used for the steady-state emission factor analysis.

We converted the highway engine deterioration estimates into aformat applicable to
nonroad engines, following these steps:

Q) We calculated absol ute deterioration rates DF,s using the zero-mile emission
factors and lifetime deterioration estimates presented in reference (3).

Gl





2 We converted the absol ute deterioration rates DFass (g/hp-hr?) to relative
deterioration rates DFg (% emissions increase/% useful life expended).

(©)) We calculated a separate DF,¢ for each combination of pollutant, Tier, and
horsepower category. Then to derive asingle value for each Tier and pollutant, we
simply averaged the DF.

We discuss these calculations in greater detail below.

To adapt highway-certification deterioration rates for application to nonroad engines,
it was necessary to convert them from an absolute basis (emissions increase over engine's
useful life (g/hp-hr)) to arelative basis (% emissions increase/% useful life expended). This
conversion involves rel ating the emissions increase over the engine’ s useful life to the zero-
hour emission factor, in proportional terms.

We achieved this conversion asfollows. To begin, if we assume linear deterioration
with the intercept at the zero-mile emission factor, (0 deterioration increase at 0 miles (0
hours useful life)), it is possible to calculate the absolute slope of theline, i.e., the absolute
deterioration rate DFas (9/hp-hr?) (Figure 1 on next page). The required data are the absolute
emissions increase Dt (g/hp-hr) over engine’ s useful life L (years) and the zero-mile emission
factor EF, (g/hp-hr):

Ay _ (EF,,+D;)-EF,,
AX L-0

D
OF e = T

Dividing the numerator and denominator by EF,, and L, respectively, and multiplying
each by 100 expresses the deterioration factor in percentage terms with respect to emissions
increase and useful life, giving arelative deterioration rate DF,o (% emissions increase/%

useful life):
e
DF, = = =1

rel
% E 100 EFan
L]

Thus, the relative deterioration rate is the quotient of the absolute emissions increase
and the zero-mile emission factor. Tables G1-G3 present estimates of DF for each
combination of pollutant, Tier and horsepower category. To derive individual values of DFq
for each pollutant and Tier, we calculated simple unweighted averages.

Theresulting DF.¢ for each pollutant and Tier are presented in Table G4.

We intend to continue to monitor in-use PM emissions levels, and as the body of data
increases (especialy for newer engine technologies), we intend to further update the
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deterioration factors used here. Similarly, if we learn that deterioration rates for other
pollutants a so increase significantly in-use, we will update those factors as well.

References

(1) Engine, Fuel and Emissions Engineering, Inc., “Modeling Deterioration in Heavy-Duty
Diesel Particulate Emissions,” report prepared for U.S. Environmental Protection Agency,
1998.

(2) ARB, “Public Meeting to Consider Approval of the Emissions Inventory of Off-Road
Large Compression-Ignited (CI) Engines (>25HP),” January 2000.

(3) EPA, “Update of Heavy-Duty Emission Levels (Model Y ears 1988-2004+) for Usein
MOBILES6,” EPA420-R-99-010, April 1999.
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Figure 1. Conceptual representation of absolute linear emissions
deterioration over the useful life of adiesel engine.
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Table G1. Hydrocarbon (HC) Deterioration Factorsby Tier and
Horsepower Category

Nonroad
Engine Corresponding Corresponding
Power Highway Highway
Categories Vehicle Weight M odel-Y ear Corresponding Highway Certification Test Results
(hp) Class Group and Deterioration Factors
EFzum° Dy® DF g’
(9/hp-hr) (9/hp-hr) (%increase/%
useful life)
Tier O
<11 LHDD 1988-89 0.64 0.02 0.031
11-25 LHDD 1988-89 0.64 0.02 0.031
25-50 LHDD 1988-89 0.64 0.02 0.031
50-100 MHDD 1988-89 0.66 0.05 0.068
100-175 MHDD 1988-89 0.66 0.05 0.068
175-300 MHDD 1988-89 0.66 0.05 0.068
300-600 HHDD 1988-89 0.47 0.02 0.043
600-750 HHDD 1988-89 0.47 0.02 0.043
>750 HHDD 1988-89 0.47 0.02 0.043
Tiers1-3
<11 LHDD 1994-97 0.26 0.01 0.038
11-25 LHDD 1994-97 0.26 0.01 0.038
25-50 LHDD 1994-97 0.26 0.01 0.038
50-100 MHDD 1994-97 0.31 0.00 0.000
100-175 MHDD 1994-97 0.31 0.00 0.000
175-300 MHDD 1994-97 0.31 0.00 0.000
300-600 HHDD 1994-97 0.22 0.02 0.068
600-750 HHDD 1994-97 0.22 0.02 0.068
>750 HHDD 1994-97 0.22 0.02 0.068

1 LHDD ="“light heavy-duty diesel,” MHDD = “medium heavy-duty diesel,” and HHDD = “heavy heavy-duty diesel.”
2 Zero-mile emission factor, Source: USEPA 1999, Table 8.

3 Lifetime Deterioration (cumulative deterioration over vehicle useful life), Source USEPA 1999, Table 8.

4 Relative Deterioration Factor, calculated as DT/EFzm. For discussion, seetext.
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Table G2. CO Deterioration Factorsby Tier and Hor sepower Category*

Nonroad
Engine Corresponding Corresponding
Power Highway Highway
Categories Vehicle Weight Model-Y ear Corresponding Highway Certification Test Results
(hp) Classt Group and Deterioration Factors
EFzv’ D° EFzv’
(g/hp-hr) (g/hp-hr) (g/hp-hr)
Tier O
<11 LHDD 1988-89 1.22 0.24 0.198
11-25 LHDD 1988-89 122 0.24 0.198
25-50 LHDD 1988-89 122 0.24 0.198
50-100 MHDD 1988-89 1.70 0.33 0.195
100-175 MHDD 1988-89 1.70 0.33 0.195
175-300 MHDD 1988-89 1.70 0.33 0.195
300-600 HHDD 1988-89 1.36 0.22 0.162
600-750 HHDD 1988-89 1.36 0.22 0.162
>750 HHDD 1988-89 1.36 0.22 0.162
Tiers1-3
<11 LHDD 1994-97 1.20 0.03 0.021
11-25 LHDD 1994-97 1.20 0.03 0.021
25-50 LHDD 1994-97 1.20 0.03 0.021
50-100 MHDD 1994-97 0.88 0.17 0.189
100-175 MHDD 1994-97 0.88 0.17 0.189
175-300 MHDD 1994-97 0.88 0.17 0.189
300-600 HHDD 1994-97 1.07 0.10 0.093
600-750 HHDD 1994-97 1.07 0.10 0.093
> 750 HHDD 1994-97 1.07 0.10 0.093

1 LHDD = “light heavy-duty diesdl,” MHDD = “medium heavy-duty diesel,” and HHDD = “heavy heavy-duty diesel.”
2 Zero-mile emission factor, Source: USEPA 1999, Table 9.

3 Lifetime Deterioration (cumulative deterioration over vehicle useful life), Source USEPA 1999, Table 9.

4 Relative Deterioration Factor, calculated as DT/EFzm. For discussion, see text.
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Table G3. NOx Deterioration Factors by Pollutant and Hor sepower Category*

Nonroad
Engine Power Corresponding Corresponding
Categories Highway Vehicle Highway M odel- Corresponding Highway Certification Test Results and
(hp) Weight Class® Year Group Deterioration Factors
EFzm° D EFzm°
(9/hp-hr) (g/hp-hr) (9/hp-hr)
Tier 0-1
<11 LHDD 1988-89 434 0.02 0.005
11-25 LHDD 1988-89 434 0.02 0.005
25-50 LHDD 1988-89 4.34 0.02 0.005
50-100 MHDD 1988-89 6.43 0.16 0.025
100-175 MHDD 1988-89 6.43 0.16 0.025
175-300 MHDD 1988-89 6.43 0.16 0.025
300-600 HHDD 1988-89 6.28 0.28 0.044
600-750 HHDD 1988-89 6.28 0.28 0.044
>750 HHDD 1988-89 6.28 0.28 0.044
Tier 2
<11 LHDD 1991-93 4.28 0.01 0.003
11-25 LHDD 1991-93 4.28 0.01 0.003
25-50 LHDD 1991-93 4.28 0.01 0.003
50-100 MHDD 1998-2003 4.67 0.03 0.006
100-175 MHDD 1998-2003 4.67 0.03 0.006
175-300 MHDD 1998-2003 4.67 0.03 0.006
300-600 HHDD 1998-2003 4.70 0.05 0.011
600-750 HHDD 1998-2003 4.70 0.05 0.011
>750 HHDD 1998-2003 4.70 0.05 0.011
Tier 3

50-100 MHDD 1998-2003 4.67 0.03 0.006
100-175 MHDD 1998-2003 4.67 0.03 0.006
175-300 MHDD 1998-2003 4.67 0.03 0.006
300-600 HHDD 1998-2003 4.70 0.05 0.011
600-750 HHDD 1998-2003 4.70 0.05 0.011

1 LHDD = “light heavy-duty diesel,” MHDD = “medium heavy-duty diesdl,” and HHDD = “heavy heavy-duty diesel.”
2 Zero-mile emission factor, Source: USEPA 1999, Table 10.

3 Lifetime Deterioration (cumulative deterioration over vehicle useful life), Source USEPA 1999, Table 10.

4 Relative Deterioration Factor, calculated as DT/EFzm. For discussion, see text.
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Table G4. Deterioration Factorsfor Nonroad Diesel Engines

Pollutant Relative Deterioration Factor (DFq) (% increase/% useful life)*
Base/Tier O Tier 1 Tier 2 Tier 3
HC 0.047 0.036 0.034 0.027
CO 0.185 0.101 0.101 0.151
NOx 0.024 0.024 0.009 0.008
PM 0.473 0.473 0.473 0.473

'DF,4 = A inthe equation: DF =1+A*(fraction of useful life expended)®
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Can you tell me if 1 am on the right track with regards to vehicle emissions??

I also have a chainsaw on the list of equipment - | was looking at using information in EPA NRO10f
(attached), p. 4-6 and Table 3 for Class V (spark Ignitions, handheld, <25 hp, 2 stroke, >50cc). | was
not entirely clear on Phase | and Phase Il difference, but seems like the date of manufacture. Assuming
the chainsaw likely in use would be manufactured in the last 10 years, could | use Phase 11?

Can | then use Equation 7 above using HC and BSCF from Table 3 (EPA NR0O10f), and same
soxcnv and soxdsl as above??

Thanks, your help is much appreciated!

Jacqui

Jacqueline Seiple

Geographer, P.G.

Planning Division

U.S. Army Corps of Engineers, Baltimore

(410) 962-4398 <tel:%028410%29%20962-4398>

Classification: UNCLASSIFIED
Caveats: NONE

Brian J. Hug

Deputy Program Manager

Air Quality Planning Program

Maryland Department of the Environment
1800 Washington Boulevard

Baltimore, Maryland 21230

410 537 4125 <tel:410%20537%204125>

Brian J. Hug

Deputy Program Manager

Air Quality Planning Program

Maryland Department of the Environment
1800 Washington Boulevard

Baltimore, Maryland 21230

410 537 4125



From: Brian Hug -MDE -

To: Seiple, Jacqueline A NAB

Subject: [EXTERNAL] Re: Emissions factors - General Conformity (UNCLASSIFIED)
Date: Friday, May 15, 2015 9:40:44 AM

Seems ok

On Friday, May 15, 2015, Seiple, Jacqueline A NAB <Jacqueline.A.Seiple@usace.army.mil> wrote:

Classification: UNCLASSIFIED
Caveats: NONE

Hi Brian,

It has been a while, but if you recall, | am trying to complete a general air quality conformity
analysis for our stream restoration projects in Montgomery County. | calculated the chemical emissions
and we are below the de minimus. | now am looking at particulate (PM2.5) emissions. I've been trying
to figure out how to perform this analysis.

It seems that there is an option to use a default value (Section 3. Construction in
http://www.epa.gov/airquality/genconform/training/files/General_Conformity Training_Manual.pdf) for
the emissions factor (E=1.2 tons/acre/month). To calculate dust emissions at the site, can | just use
this value multiplied by the site area and time?

I saw that it is necessary to also calculate offsite emissions. For these projects, there will be some
delivery of materials (sand, gravel, rock) and some removal of materials. However, it is hoped that any
materials excavated from the stream bed will be reused on site, including woody debris, and vegetation
would be mulched. So, I think it would mainly be delivery of material on paved roads, using the paved
roads equation AP-42 Section 13.2.1.3 equation 1. Roads within the site limits would be unpaved, but |
think this would be included in the calculation using the default value and site acres.

Can you let me know if this is correct? Any help would be appreciated.
Thanks!

Jacqui

Jacqueline Seiple

Geographer, P.G.

Planning Division

U.S. Army Corps of Engineers, Baltimore
(410) 962-4398

----- Original Message-----

From: Brian Hug -MDE- [mailto:brian.hug@maryland.gov <javascript:;> ]

Sent: Friday, March 20, 2015 12:20 PM

To: Seiple, Jacqueline A NAB

Subject: [EXTERNAL] Fwd: Emissions factors - General Conformity (UNCLASSIFIED)

---------- Forwarded message ----------

From: Walter Simms -MDE- <walter.simms@maryland.gov <javascript:;> >
Date: Fri, Mar 20, 2015 at 12:12 PM

Subject: Re: Emissions factors - General Conformity (UNCLASSIFIED)

To: Brian Hug -MDE- <brian.hug@maryland.gov <javascript:;> >


mailto:brian.hug@maryland.gov
mailto:Jacqueline.A.Seiple@usace.army.mil
http://www.epa.gov/airquality/genconform/training/files/General_Conformity_Training_Manual.pdf
mailto:brian.hug@maryland.gov

Hi Roger:

I checked the formulas and methodologies being used by Ms. Seiple and they appear to
be acceptable, 1 would however inform her that she should make sure she uses the most up to date
guidance. There is a NR-009d and most of the table and values match the NR-009b , but I have not
checked all. I'm sure that there are changes in the guidance somewhere. | have attached the NR-009d
document.

Walter

On Fri, Mar 20, 2015 at 7:53 AM, Brian Hug -MDE- <brian.hug@maryland.gov <javascript:;> >
wrote:

Walter...please review this for the corp of engineers and email me your comments today.
Thanks.

---------- Forwarded message ----------

From: Seiple, Jacqueline A NAB <Jacqueline.A.Seiple@usace.army.mil <javascript:;> >
Date: Friday, March 20, 2015

Subject: Emissions factors - General Conformity (UNCLASSIFIED)

To: Brian Hug -MDE- <brian.hug@maryland.gov <javascript:;> >

Classification: UNCLASSIFIED
Caveats: NONE

Brian,

Thanks for meeting with me on Monday regarding General Conformity analyses for the
stream restoration projects we are planning in Montgomery County. | do have a few more questions,
mainly regarding where to find emissions factors for construction equipment. | just want to verify that
my thoughts below are correct, before moving on.

For NOx, VOC (HC), and PM2.5, | will use emissions factors from Tables 4, 2, and 5,
respectively, from EPA NR-009B (see attached).

For SO2, I could not find a similar table, so was going to use Equation 7 on pg. 19 of EPA
NR-009B. For the variables, | would use:

>BSFC from Appendix C Table C1

>HC from Table 2

>soxcnv = 0.02247 for diesel (from p. 17)

>soxdsl = 500 ppm = 0.05 weight percent (max S content of fuel for nonroad vehicles June
2007)

Can you tell me if 1 am on the right track with regards to vehicle emissions??

| also have a chainsaw on the list of equipment - | was looking at using information in EPA
NRO10f (attached), p. 4-6 and Table 3 for Class V (spark Ignitions, handheld, <25 hp, 2 stroke,
>50cc). | was not entirely clear on Phase | and Phase Il difference, but seems like the date of
manufacture. Assuming the chainsaw likely in use would be manufactured in the last 10 years, could |
use Phase 11?

Can | then use Equation 7 above using HC and BSCF from Table 3 (EPA NR0O10f), and same
soxcnv and soxdsl as above??



Public Notice

Baltimore District

Anacostia River Watershed Restoration Project
Prince George’s County, Maryland

All Interested Parties: In compliance with the National Environmental Policy Act (NEPA), the
U.S. Army Corps of Engineers, Baltimore District (USACE), is preparing an environmental.
assessment (EA) for multiple stream and wetland restoration projects being proposed in the
Anacostia River watershed, Prince George’s County, Maryland. The study is being conducted in
partnership with the Prince George’s County Department of the Environment to determine if
there are restoration projects to be implemented by the Corps. If implemented, the projects
would directly support USACE’s commitment to the Chesapeake Bay goals included in
Executive Order 13508, Chesapeake Bay Protection and Restoration.

In February 2010, USACE, in cooperation with local resource agencies, completed the Anacostia
Restoration Plan (ARP) which identified numerous environmental restoration opportunities in
the Anacostia watershed. The current Anacostia River watershed restoration study includes more
detailed consideration of some of the restoration projects previously identified in the ARP that
USACE can implement in Prince George’s County. The EA under preparation also contains
additional stream and wetland restoration projects that were not included in the ARP.

Ten stream segments totaling approximately 10 miles in length, have been selected for
investigation (see attached map). The primary project objectives for the selected stream
segments are to: (1) restore in-stream habitat; (2) remove fish barriers; and (3) restore floodplain
wetlands and increase stream-floodplain connection. To achieve these objectives, stream and
wetland restoration methods involving placement of in-stream structures, fish blockages
removal/modification, excavating floodplain sediments, placing fill and soil in the floodplain, or
planting native vegetation in the floodplain are being investigated. Projects would be formulated
to optimize environmental benefits, avoid increasing flood risk, and minimize detrimental
impacts to structures, properties, and human use of the streams and floodplain.

Alternatives that achieve project objectives are being planned and benefits and costs will be
evaluated. This planning information will be presented in a draft EA integrated within a USACE
feasibility report anticipated to be released for public review in late 2015. A notice of
availability will be released to inform the public that the EA describing proposed actions is
available for review and comment.

To assist in the development of the EA, we are requesting that you provide information
concerning your interests or your organization’s area of responsibility or expertise within 30
days from the date of this notice to the address below. A timely review of this information and a
written response will be greatly appreciated. Substantive public comments received via the
NEPA process will be fully considered by USACE.

If you have any questions, please contact Christopher Spaur by email at
christopher.c.spauryusace.army.mil, by telephone at (410) 962-6134, or by mail at U.S. Army




Corps of Engineers, Baltimore District, ATTN: CENAB-PL-P (Spaur), P.O. Box 1715,
Baltimore, Maryland 21203-1715.

aniel M. Bierly
Chief, Civil Project Development Branch

Enclosure: Site Map
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Maryland Department of Planning
Maryland Historical Trust

June 15, 2015

Mr. Christopher Spaur
Planning Division

Baltimore District

U.S. Army Corps of Engineers
P.O. Box 1715

Baltimore, MD 21203-1715

‘Re: MHT Review of Anacostia River Watershed Restoration Project — Prince George’s County, Maryland
Dear Mr. Spaur:

In response to a request from the U.S. Army Corps of Engineers, the Maryland Historical Trust (MHT) is
reviewing the above-referenced project to assess potential effects on historic properties in accordance with
Section 106 of the National Historic Preservation Act. It is our understanding that the Corps, in partnership
with Prince George’s County, is preparing an environmental assessment (EA) for multiple stream and wetland
restoration projects that are being proposed within ten stream segments in the Anacostia River watershed. Asa
federal ecosystem restoration project, the proposed undertaking is subject to federal historic preservation law.
We are theretore reviewing the proposed restoration study to assess potential effects on historic properties.

Following our careful review of the ten stream segments/reaches, it is our opinion that the proposed restoration
work is unlikely to have an adverse effect on cultural resources within six of the ten reaches, including:

e Indian Creek —1-95

e Paint Branch — 1-95 Interchange
e Indian Creek — College Park

e Paint Branch

e Northeast Branch

e Chillum Road Tributary

No archeological survey work will be recommended for these six reaches for Section 106 purposes.
While much of the area surrounding the remaining four stream reaches has never been systematically surveyed

for archeological deposits, MHT files indicate that several archeological sites, both prehistoric and historie,
have already been identified in the vicinity these four study areas:

100 Community Place - Crownswville - Maryland - 21032
Tei: 410.514.7600 - Toll Free: 1.800.756.0119 - TTY users: Marytand Reiay - MHT.Maryland.gov



e Little Paint Branch

e Lower Northwest Branch

¢ Northwest Branch Hyattsville
o Sligo Creek

Given the presence of these archeological resources, we believe that these four stream reaches have moderate to
high potential for containing additional archeological resources that have not yet been identified. For these
reasons, archeological investigations may be needed prior to any stream or wetland restoration work, depending
upon the location and extent of the proposed impact areas. We are therefore requesting that we be provided
with more detailed site plans (as they become available) illustrating the location and boundaries of all proposed
ground-disturbing activities (bank grading, removal of fish blockages, sediment removal, plantings, fencing,
staging areas, etc.) that would be involved in the restoration work within the four stream reaches listed above.
The plans should clearly indicate where all activities will be taking place and to what depth the ground
disturbance will extend. Upon our review of these plans, we will be able to provide informed recommendations
regarding what, if any, archeological investigations will be necessary prior to construction. All recommended
survey work will need to be carried out by a qualified professional archeologist and performed in accordance
with the Standards and Guidelines for Archeological Investigations in Maryland (Shaffer and Cole 1994).

We look forward to receiving the information requested above and to further coordination as project planning
proceeds. If you have any questions or we may be of assistance, please do not hesitate to contact me at
dixie.henry@maryland.gov or 410-514-7638. Thank you for providing us with this opportunity to comment.

Sincerely,

Dixie L. Henry, Ph.D.
Preservation Officer
Maryland Historical Trust

DLH/201502225
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" THE MARYLAND-NATIONAL CAPITAL PARK AND PLANNING COMMISSION

] Department of Parks and Recreation

g

6600 Kenilworth Avenue Riverdale, Maryland 20737

pre——

VOICE 301-699-2516
TTY 301-699-2544
FAX 301-277-9041

June 23, 2015

Daniel M. Bierly, Chief

Civil Project Development Branch

US Army Corps of Engineers, Baltimore District
Attn: CENAB-PL-P

P.O. Box 1715

Baltimore, Maryland 21203-1715

RE:  Anacostia River Watershed Restoration Project
Prince George’s County, Maryland

Dear Mr. Bierly:

This letter responds to the public notice recently sent to The Maryland-National Capital Park and
Planning Commission (M-NCPPC) regarding the environmental assessment for multiple stream
and wetland restoration projects proposed by the U.S. Army Corps of Engineers in the Anacostia
River Watershed. The M-NCPPC owns and manages several properties that abut the streams and
tributaries of the Anacostia River. These include the following stream valley parks:

e Anacostia River e Paint Branch
e Northwest Branch e Little Paint Branch
o Sligo Creek e Indian Creek

Each of these parks is improved with facilities and amenities that are heavily used by the public.
As such, we are very supportive of your proposed environmental assessment as the first step in
developing restoration projects for the Anacostia River Watershed to implement the goals of
protecting and restoring the Chesapeake Bay. In addition, the Corps’ future project will assist the
M-NCPPC in determining ways to enhance the experience of our park users. For your
information and use, we have enclosed a set of maps that delineate parcels owned by M-NCPPC
in the Anacostia River Watershed.



Mr. Bierly
June 23, 2015
Page 2

Should you have any questions, please contact me at 301-699-2525. Thank you for providing
notice of your pending environmental assessment study.

Very truly yours, /
Lawrence E. Quarrick, Division Chief
Park Planning and Development Division

Enclosures

C: Patricia Colihan Barney
Darin Conforti
Alvin McNeal
Robert Clark

Laura Connelly
Eileen Nivera
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MARYLAND

DEPARTMENT OF Mark J. Belton, Secretary

Boyd K. Rutherford, Lt. Governor

N ATURAL RESOURCES Mark L. Hoffman, Acting Deputy Secretary

July 2, 2015

Daniel M. Bierly, Chief

Civil Project Development Branch

U.S. Army Corps of Engineers, Baltimore District
P.O. Box 1715

Baltimore, MD 21203-1715

ATTN: Christopher Spaur
RE: CENAB-PL-P (Ancostia Watershed Restoration Project), Prince George’s County, Maryland
Dear Mr. Bierly:

The Department has reviewed the above referenced area associated with your request. The U.S.
Army Corps of Engineers, Baltimore District (USACE), is preparing an Environmental Assessment
(EA) for multiple stream and wetland restoration projects proposed in the Anacostia River
watershed, Prince George's County, Maryland. If implemented, the projects would directly support
USACE's commitment to the Chesapeake Bay goals included in Executive Order 13508,
Chesapeake Bay Protection and Restoration.

The Department has a long history of interagency coordination in support of restoration
opportunities in the Anacostia watershed. The Department has also partnered with local agencies
including the Metropolitan Council of Governments (MWCOG), Maryland-National Capital Park
and Planning Commission (M-NCPPC), and the Anacostia Watershed Restoration Partnership
(AWRP) to improve water quality, restore streams, and protect and improve aquatic and riparian
habitat in the Anacostia watershed. The Department strongly advocates continued coordination with
local groups to integrate federal, state, and local efforts and encourage citizen participation in
Anacostia watershed restoration efforts.

The Department offers the following recommendations for consideration during the development of
a draft EA which will be integrated within a USACE feasibility report for the Anacostia River
Watershed Project:

e The Department supports Anacostia watershed restoration projects, particularly those
projects that provide functional uplift in terms of increased biodiversity and the protection
and restoration of aquatic and riparian habitat.

o Fish passage improvements are extremely important in the Anacostia watershed.
Anadromous fish migrations and sustainable local fish populations are important factors in
proposed stream restoration projects in this watershed. The removal of fish barriers is
essential to ensure that aquatic species can complete those activities necessary for their
particular life cycles in order to sustain healthy populations. Anadromous fish restoration

Tawes State Office Building — 580 Taylor Avenue — Annapolis, Maryland 21401
410-260-8DNR or toll free in Maryland 877-620-8DNR — dnr.maryland.gov — TTY Users Call via the Maryland Relay



activities are ongoing in the Anacostia watershed. The ultimate goal of anadromous fish
restoration efforts is to achieve fish passage to the middle reaches of the watershed.

These streams may support many resident fish species documented by our Maryland
Biological Stream Survey (MBSS). MBSS stations are located near several of the proposed
stream and wetland sites. Information about the MBSS, including a link to an interactive
stream health map, can be accessed via the following

link: http://streamhealth.maryland.gov/

Stream projects should be designed to minimize thermal impacts to coldwater fish species in
Paint Branch stream reaches above the Capital Beltway.

It is the overarching policy of the Department to protect riparian forests and tree cover and
to minimize tree clearing associated with stream restoration or other proposed stream
projects.

Existing riparian vegetation should be preserved to the greatest extent possible to maintain
aquatic and riparian habitat, provide shading to the stream, sustain allochthonous input into
the stream, and protect water quality.

Proposed stream projects should have clear goals and objectives provided in the project
documentation. The proposal should include a description of the restoration potential of the
reach and the explicit performance standards that will be used to evaluate the project.
Monitoring protocols for stream projects should include the most appropriate measures to
determine the degree to which the project objectives and performance standards have been
achieved.

Restoration and retrofit projects proposed to address water quality issues should incorporate
a watershed approach. Essential items in this approach include identifying the specific
pollutants of concern and their sources within the watershed, assessing the ability of various
BMPs (structural and non-structural) to reduce pollutant loads, and prioritizing the
implementation of pollution reduction strategies based on the ability of the proposed
activities to achieve increased water quality in a cost-effective manner.

Proposed SWM BMPs, when incorporated into a watershed restoration strategy, should
meet state-of-the-art design criteria and minimize the need for ongoing maintenance
activities.

The preparation of an EA investigating proposed restoration efforts in the Anacostia River
watershed represents an outstanding opportunity to increase citizens' awareness of and
access to the extraordinary natural resources in their own backyard. The Anacostia River
flows through some of the most economically disadvantaged, low-income areas in the
country. Past environmental damage and pollution continue to negatively impact the citizens
living in the watershed. The Anacostia River represents the most significant natural area and
the sole connection to natural resources for many of the citizens living in the highly
urbanized watershed. Community outreach opportunities, educational efforts, and increased
citizen access to the Anacostia River would be valuable additions to the EA.

The Anacostia River is a state-designated Scenic River. It is the policy of the State of
Maryland to preserve and protect the natural values of these rivers, enhance their water
quality, and wisely use the resources within their surrounding environment. Further review
related to this designation will be conducted for any of the proposed stream projects selected
to move forward to design.

In addition to the general comments above regarding the potential stream and wetland
restoration projects, the Department would like to offer the following comments concerning
specific stream reaches:




o Paint Branch, a tributary to the Anacostia River, is a designated Use I1I stream
(Nontidal Cold Water) and supports wild (naturally reproducing) brown trout above
the Capital Beltway. Individual brown trout can potentially be found at times a short
distance downstream of the Capital Beltway. Brown trout are highly sensitive to
changes in habitat including sedimentation and changes in water temperature. No
instream work should be conducted during the Use III restriction period of October
1 through April 30 of any year in these Use III stream reaches.

o Paint Branch has limited sustainable habitat for brown trout in reaches between US
29 and the Capital Beltway. Stream restoration in these reaches
would potentially serve to support the long term protection of this population which
is centered in headwater tributaries further upstream.

o Northwest Branch Anacostia River above East West Highway is a designated Use IV
stream (Recreational Trout Waters). The Department's Fisheries Service and the
MWCOG have conducted a joint effort to establish a limited, local fishery for
smallmouth bass and sunfish in the middle reaches of Northwest Branch main stem.

o Anadromous fish species documented in the area include River Herring (4/osa spp.)
and Sea Lamprey (Petromyzon marinus). No instream work should be conducted
during the Use I restriction period of March 1 through June 15 of any year in Use I
stream reaches.

o The Department's Wildlife and Heritage Service (WHS) is reviewing the Public
Notice for potential impacts to sensitive species. More specific comments on the
occurrence and protection of these sensitive species will be forwarded by Ms. Lori
Byrne from WHS as soon as they are available.

Thank you for the opportunity to provide comments to assist in the development of the EA for the
Anacostia River Watershed Restoration Project. The Department is extremely interested in
continued partnership and interagency coordination regarding Anacostia watershed restoration
initiatives. In addition, we are available to discuss stream restoration methodologies and review
criteria in order to avoid and/or minimize adverse impacts to natural resources to the greatest degree
possible. The Department would appreciate being notified if and when specific stream and wetland
restoration projects are selected to move forward to the design phase. If you have any questions or
concerns regarding these comments, you may contact Susan Makhlouf, DNR Project Review
Division (PRD), at 410.260.8750.

Sincerely,

f
) G Jdtoksnm

} U“W /

Greg Golden, Manager

Project Review Division, Integrated Policy and Review Unit
Maryland Department of Natural Resources

cc: Christopher Spaur, USACE
Lori Byrne, DNR WHS
Susan Makhlouf, DNR PRD
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Maryland 'Department of Planning

July 13,2015

Mr. Christopher Spaur

CENAB-PL-P (Spaur)

U.S. Army Corps of Engineers, Baltimore District
P.O. Box 1715

Baltimore, MD 21203-1715

STATE CLEARINGHOUSE RECOMMENDATION
State Application Identifier: MD20150605-0487
Applicant:  U.S. Army Corps of Engineers, Baltimore District
Project Description: Scoping to Prepare an Environmental Assessment (EA) for Multiple Stream and Wetland
Restoration Projects being Proposed in Anacostia River Watershed, Prince George's County, MD
Project Location: Prince George's County
Approving Authority: U.S. Department of Defense DOD/ARMY
Recommendation:  Consistent with Qualifying Comment(s) and Contingent Upon Certain Action(s)

Dear Mr. Spaut:
In accordance with Presidential Executive Order 12372 and Code of Maryland Regulation 34.02.01.04-.06, the State

Clearinghouse has coordinated the intergovernmental review of the referenced project. This letter constitutes the State
process review and recommendation. This recommendation is valid for a period of three years from the date of this letter.

Review comments were requested from the Maryland Department(s) of Natural Resources (DNR), Transportation
(MDOT), the Environment (MDE) and the Maryland Department of Planning (MDP), including the Maryland Historical
Trust; and Prince George's County.

The Maryland Department(s) of Transportation and the Maryland Department of Planning; and Prince George's County
found this project to be consistent with their plans, programs and objectives.

The Department of Transportation stated that "as far as can be determined at this time, the subject has no unacceptable
impacts on plans or programs."

Prince George’s County stated that all 10 sites are located within the Anacostia River watershed (maps listing the 10 sites
will be sent to MDP electronically). In addition, there are three maps for each site which include the effective FEMA
map, the preliminary DFIRM (Digital Flood Insurance Rate Map) and the Storm Water Management Technical Group
(SWMTG) Anacostia River watershed study each with the 1-percent annual chance (100-year) floodplain shown. The
Department of Permitting, Inspections, and Enforcement (DPIE) is the regulatory agency that determines which study
governs at each site (the highest 100-year floodplain elevation) and therefore should review all sites.

301 West Preston Street - Suite 1101 - Baltimore - Maryland - 21201
Tel: 410.767.4500 - Toll Free: 1.877.767.6272 - TTY users: Maryland Relay - Planning.Maryland.gov




Mr. Christopher Spaur

July 13, 2015

Page 2

State Application Identifier: MD20150605-0487

The Maryland Department(s) of Natural Resources and Environment found this project to be generally consistent with
their plans, programs and objectives, but included certain qualifying comments summarized below.

The Maryland Department of Natural Resources (DNR) generally supports these restoration projects. DNR stated, please
ensure that the historic and cultural resources are identified and protected.

The Maryland Department of Environment comments are as follows:

1. Any solid waste including construction, demolition and land clearing debris, generated from the subject project,
must be properly disposed of at a permitted solid waste acceptance facility, or recycled if possible. Contact the Solid
Waste Program at (410) 537-3315 for additional information regarding solid waste activities and contact the Waste
Diversion and Utilization Program at (410) 537-33 14 for additional information regarding recycling activities.

2. The Waste Diversion and Utilization Program should be contacted directly at (410) 537-3314 by those facilities
which generate or propose to generate or handle hazardous wastes to ensure these activities are being conducted in
compliance with applicable State and federal laws and regulations. The Program should also be contacted prior to
construction activities to ensure that the treatment, storage or disposal of hazardous wastes and low-level radioactive
wastes at the facility will be conducted in compliance with applicable State and federal laws and regulations.

The Maryland Historical Trust (MHT) stated that their finding of consistency is contingent upon the applicant's
completion of the review process required under Section 106 of the National Historic Preservation Act.

In response to a request from the U.S. Army Corps of Engineers, the Maryland Historical Trust (MHT) is reviewing this
project to assess potential effects on historic properties in accordance with Section 106 of the National Historic
Preservation Act. Following our careful review of the ten stream segments/reaches, it is our opinion that the proposed
restoration work is unlikely to have an adverse effect on cultural resources within six of the ten reaches, including:

. Indian Creek — I-95

. Paint Branch — 1-95 Interchange
. Indian Creek — College Park

o Paint Branch

. Northeast Branch

. Chillum Road Tributary

No cultural resources survey work will be recommended for these six reaches for Section 106 purposes.

While much of the area surrounding the remaining four stream reaches has never been systematically surveyed for
archeological deposits, MHT files indicate that several archeological sites, both prehistoric and historic, have already been
identified in the vicinity these four study areas:

. Little Paint Branch
. Lower Northwest Branch
. Northwest Branch Hyattsville

. Sligo Creek



Mr. Christopher Spaur

July 13, 2015

Page 3

State Application Identifier: MD20150605-0487

Given the presence of these archeological resources, we believe that these four stream reaches have moderate to high
potential for containing additional archeological resources that have not yet been identified. For these reasons,
archeological investigations may be needed prior to any stream or wetland restoration work, depending upon the location
and extent of the proposed impact areas. We have therefore requested that we be provided with more detailed site plans
(as they become available) illustrating the location and boundaries of all proposed ground-disturbing activities (bank
grading, removal of fish blockages, sediment removal, plantings, fencing, staging areas, etc.) that would be involved in
the restoration work within the four stream reaches listed above. The plans should clearly indicate where all activities will
be taking place and to what depth the ground disturbance will extend. Upon our review of these plans, we will be able to
provide informed recommendations regarding what, if any, archeological investigations will be necessary prior to
construction. All recommended survey work will need to be carried out by a qualified professional archeologist and
performed in accordance with the Standards and Guidelines for Archeological Investigations in Maryland (Shaffer and
Cole 1994).

Any statement of consideration given to the comments(s) should be submitted to the approving authority, with a
copy to the State Clearinghouse. The State Application Identifier Number must be placed on any correspondence
pertaining to this project. The State Clearinghouse must be kept informed if the approving authority cannot accommodate
the recommendation.

Please remember, you must comply with all applicable state and local laws and regulations. If you need assistance or
have questions, contact the State Clearinghouse staff person noted above at 410-767-4490 or through e-mail at
nasrin.rahman@maryland.gov. Also please complete the attached form and return it to the State Clearinghouse as
soon as the status of the project is known. Any substitutions of this form must include the State Application Identifier
Number. This will ensure that our files are complete.

Thank you for your cooperation with the MIRC process.

Sincerely,

Linda C. Janey, J.D., Assistant Secretary

LCI:NR

cc:
Tina Quinichette - MDOT Greg Golden - DNR John Leocha/LaVerne Gray - Beth Cole - MHT
Amanda Degen - MDE Kathleen Herbert - PGEO MDPLR&WC

15-0487 CRR.CLS.doc
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Maryland 'Department of Planning

PROJECT STATUS FORM

Please complete this form and return it to the State Clearinghouse upon receipt of notification that the project has been
approved or not approved by the approving authority.

TO: Maryland State Clearinghouse DATE:
Maryland Department of Planning (Please fill in the date form completed)
301 West Preston Street
Room 1104
Baltimore, MD 21201-2305
FROM: i PHONE: - -
(Name of person completing this form.) (Area Code & Phone number)
RE: State Application Identifier: MD20150605-0487
Project Description: Scoping to Prepare an Environmental Assessment (EA) for Multiple Stream and
Wetland Restoration Projects being Proposed in Anacostia River Watershed, Prince
George's County, MD
PROJECT APPROVAL
This project/plan was: I:I Approved DApproved with Modification DDisapproved
Name of Approving Authority: ) ) Date Approved:
FUNDING APPROVAL
The funding (if applicable) has been approved for the period of:
201 to , 201 as follows:
Federal $: Local $: State $: Other $: o -
OTHER
DF urther comment or explanation is attached
301 West Preston Street - Suite 1101 - Baltimore - Maryland - 21201
MDPCH-1F

Tel: 410.767.4500 - Toll Free: 1.877.767.6272 - TTY users: Maryland Relay - Planning.Maryland.gov




MARYLAND

Boyd K. Rutherford, Lt. Governor

R WWMW G DEPARTMEN—'_ OF Mark J. Belton, Secretary
h %fmﬁﬂ!@% N ATURAL RESOURCES Mark L. Hoffman, Acting Deputy Secretary

July 29, 2015

U.S. Army Corps of Engineers
Baltimore District

ATTN: CENAB-PL-P (Spaur)
P.O.Box 1715

Baltimore, MD 21203-1715

RE: Environmental Review for Anacostia River Watershed Restoration Project, 10 Streams,
Prince George’s County, Maryland.

Dear Mr. Spaur:

With the one exception as described below, the Wildlife and Heritage Service determined that there are no State
or Federal records for rare, threatened or endangered species within the boundaries of the stream segments as
shown on your map. As a result, we have no specific comments or requirements pertaining to protection
measures at this time. This statement should not be interpreted however as meaning that rare, threatened or
endangered species are not in fact present. If appropriate habitat is available, certain species could be present
without documentation because adequate surveys have not been conducted.

The stream segment located in Indian Creek in the Greenbelt area is known to support a population of state-listed
endangered Trailing Stitchwort (Stellaria alsine). This occurrence could potentially be impacted by any
proposed work associated with stream restoration. Further coordination with the WHS is recommended if the
work proposed for the Indian Creek site is pursued.

Thank you for allowing us the opportunity to review this project. If you should have any further questions
regarding this information, please contact me at (410) 260-8573.

Sincerely,
g G Bpo—
Lori A. Byrne,

Environmental Review Coordinator
Wildlife and Heritage Service
MD Dept. of Natural Resources

ER# 2015.0801.pg
Cec: K. McCarthy, DNR

Tawee State Nffice Ruildino — SRO Tavlar Avenne — Annananlic Marviand 21401



THE PRINCE GEORGE’S COUNTY GOVERNMENT

Department of Permitting, Inspections and Enforcement

Office of the Director DEPARTMENT OF PERMITTING,
INSPECTIONS AND ENFORCEMENT
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Rushern L. Baker, [11
County Executive

MEMORANDUM

Auqust 7, 2015

TO: Dawn Hawkins-Nixon, Acting Associate Director
Department of the Environment

FROM: Haitham A. Hijazi, Director LM\)\/
Department of Permitting, Inspections and Enforcement

RE: Anacostia River Watershed Multiple Stream & Wetland
Restoration Projects
Clearinghouse Referral Number: MD20150605-0487

This memorandum is in response to your June 26, 2015,
memorandum regarding the U.S. Army Corps of Engineers Anacostia
River Watershed Multiple Stream & Wetland Restoration Projects.

The Department of Permitting, Inspections and Enforcement
(DPIE) has reviewed this request and offers the following

comments:

1. Stormwater Management Concept approval and site
development fine grading permits are required for all
of these project sites.

2. 100-year floodplain approval from DPIE is required.

If you have any questions or need additional information,
please feel free to contact Mr. Steve Snyder, District Engineer
for the area, at 301.636.2060.

HAH:SS:dar

cc: Gary E. Cunningham, Deputy Director, DPIE
Dawit Abraham, P.E., Associate Director, DO, DPIE
Mary C. Giles, P.E. Associate Director, S/RPRD, DPIE
Rey de Guzman, P.E., Chief, Site/Road Section, S/RPRD, DPIE
Steve Snyder, P.E., District Engineer, S/RPRD, DPIE
M.J. Labban, Engineer, S/RPRD, DPIE

9400 Peppercorn Place, 5t Floor, Largo, Maryland 20774
Phone: 301.636.2020 ¢ http://dpie.mypgc.us ¢ FAX: 301.636.2021



From: Brian Hug -MDE-

To: Bachur, Beth NAB

Cc: Seiple, Jacqueline A NAB; Roger Thunell -MDE-

Subject: [EXTERNAL] Re: Unpaved road equation for PM2.5 emissions (UNCLASSIFIED)
Date: Tuesday, October 27, 2015 10:43:19 AM

Beth,

Responses below - keep in mind MDE is not an approving entity for general conformity assessments - we can try to
guide and answer questions but always refer to the feds for the final say. We only have a few on staff engineers so
we can try to help but cant guarantee fast responses.

Brian

1. Inreviewing EPA AP-42, Section13.2.2 Unpaved roads, would the PM2.5 fugitive dust emissions apply for
construction access roads that have wood much chips laid over silt fabric? If wood mulching is required on
construction access roads within the wooded areas along streams, then do we still need to calculate the unpaved
road emissions PM2.5 factor?

Response:

Unpaved road dust emissions vary directly with the amount of silt in the roads surface material. Other variables
such as weight of the vehicle and moisture content factor into emissions as well. From your description it appears
that any emissions from the original road surface material would be contained by the silt fabric with the wood
mulch overlay.

In this case, the main factor for any unpaved road dust emissions come from the wood mulch chips. EPA AP-42,
Section 13.2.2 Unpaved roads, does not specify a silt factor for wood mulch. Table 13.2.2-1 cites a silt content
range of 4.8-12 with a mean of 8.4 for lumber sawmills with a log yard surface material.

Another factor in unpaved road dust emissions is precipitation. The emission factor is adjusted based on the number
of days in a year with at least 0.01 inches of precipitation using the following equation:

Eext = E [365-P)/365]
Eext = annual size-specific emission factor extrapolated for natural mitigation, Ib/VMT
E = emission factor

P = number of days in a year with at least 0.254 mm (0.01 in) of precipitation


mailto:brian.hug@maryland.gov
mailto:BETH.BACHUR@usace.army.mil
mailto:Jacqueline.A.Seiple@usace.army.mil
mailto:roger.thunell@maryland.gov

If the wood mulch chips are kept wet, then the emission factor goes to zero and no fugitive unpaved road dust
emissions are generated.

A third factor in calculating unpaved road dust emissions is vehicle miles travelled. The units of the size specific

emission factors are in pounds per vehicle mile travelled. Without knowing the specifics of the project, one would
assume that the VMT would be quite low, making the overall tonnage (poundage) quite low.

2. We did not do field investigations for the measured silt content at the sites. It appears that Section 13.2.2-6 of
EPA AP-42 will allow for the use of these default mean values when on-site investigations have not been obtained.
We would like to use the default mean values from Table 13.2.2-1 and wanted to be sure that this was a reasonable
approach for these stream restoration projects?

Response:

This is an acceptable calculation and Table 13.2.2-1 default values are permitted.

3. We had separated out the construction emissions into component operations. One component is for the
excavation of stream bed materials. Do you have any suggestions for which component operations from Table
13.2.3-1 would be the best to use?

Response:

The type of equipment used in the excavation would determine what dust-generating activity is appropriate.
Activities listed in Table 13.2.3-1 include bulldozers, scrapers, loaders and trucks. The fugitive dust emissions

from these activities are for general construction activities and do not include dust control programs like watering.
If the excavation of the stream bed materials is conducted wet, control factors can be applied.

On Tue, Oct 20, 2015 at 3:44 PM, Bachur, Beth NAB <BETH.BACHUR@usace.army.mil
<mailto:BETH.BACHUR@usace.army.mil> > wrote:
CLASSIFICATION: UNCLASSIFIED

Hello Brian,

My name is Beth Bachur and | work for the Corps of Engineers, Baltimore District Planning Division. We are
working on the calculations for the PM2.5 emissions from unpaved roads for the Montgomery County Anacostia

stream restoration projects and I have a couple of questions that | would like to get your feedback on to provide
some direction on how to proceed with our air conformity for the PM2.5 fugitive dust emissions:

1. Inreviewing EPA AP-42, Section13.2.2 Unpaved roads, would the PM2.5 fugitive dust emissions apply for


mailto:BETH.BACHUR@usace.army.mil

construction access roads that have wood much chips laid over silt fabric? If wood mulching is required on
construction access roads within the wooded areas along streams, then do we still need to calculate the unpaved
road emissions PM2.5 factor?

2. We did not do field investigations for the measured silt content at the sites. It appears that Section 13.2.2-6
of EPA AP-42 will allow for the use of these default mean values when on-site investigations have not been
obtained. We would like to use the default mean values from Table 13.2.2-1 and wanted to be sure that this was a
reasonable approach for these stream restoration projects?

3. We had separated out the construction emissions into component operations. One component is for the
excavation of stream bed materials. Do you have any suggestions for which component operations from Table
13.2.3-1 would be the best to use?

Thanks again for your time and support.

Beth Bachur
USACE-Baltimore
Regulatory Branch
P.O.Box 1715
Baltimore, MD 21203
(o) 410-962-4336

CLASSIFICATION: UNCLASSIFIED

Brian J. Hug

Acting Program Manager

Air Quality Planning Program

Maryland Department of the Environment
1800 Washington Boulevard

Baltimore, Maryland 21230

410 537 4125



From: Lori Byrne -DNR-

To: Sowers, Angela NAB
Subject: [EXTERNAL] Re: Anacostia River Watershed Restoration Project, Prince George"s County - RTE coordination
Date: Monday, January 04, 2016 4:09:33 PM

Dear Ms. Sowers,

Could you provide us with the latest plans for the Indian Creek site, so that we can evaluate the details and make a
determination regarding our level of concern? That seems like the best way to proceed. Thanks.

Lori Byrne

On Mon, Jan 4, 2016 at 3:15 PM, Sowers, Angela NAB <Angela. Sowers@usace.army.mil
<mailto:Angela. Sowers@usace.army.mil> > wrote:

Hi Lori,

Prior coordination for our Anacostia River Watershed Restoration Project in Prince George's County identified
that we should reach back to you if the Indian Creek site in the Greenbelt areais included in the recommended
plan. Please see the attached letter. We are projecting that it will be included. Can you please let me know what
the next steps are that we should take to coordinate this project with the Wildlife and Heritage Service?

Thank you,
Angie Sowers

Lori A. Byrne
Environmental Review Coordinator

MD DNR

Wildlife and Heritage Service
Tawes State Office Building
410-260-8573


mailto:lori.byrne@maryland.gov
mailto:Angela.Sowers@usace.army.mil
mailto:Angela.Sowers@usace.army.mil

From: Katharine McCarthy -DNR-

To: Sowers, Angela NAB

Cc: Lori Byrne -DNR-; Greg Golden -DNR-; Tim Larney -DNR-

Subject: [EXTERNAL] Re: Additional information on Site 11 for Anacostia- PG County
Date: Thursday, January 14, 2016 1:47:05 PM

Angela,

Lori Byrne forwarded to me your info on the Indian Creek project. It appears from the mapping you provided that
quite a bit of the proposed work north of Rte 193 has potential direct impacts on a population of Trailing stitchwort,
a State Endangered plant in the Pink family that grows on the gravel bars and banks of the small, braided streamsin
thisforest.

The wetlands creation due east of Stream Bank Lane would not impact this species, nor would the pond creation
proposed at the northern jct of Stream Bank Lane and Greenbelt Station Parkway.

However, the work proposed north of these projects would have the potential to directly destroy plants of Trailing
stitchwort, perhaps the entire population known at this site. I'd like to get a better understanding of the proposed
work and how it would affect existing stream hydrology and flooding in the forest of this area.

How would the hydrology of the small, braided stream channels that support this rare annual be affected by the
proposed work?

Some of the large polygons representing wetland creation occur where, based upon our GPS records of the rare plant
locations, there are braided stream channels. Would these channels be inundated for extended periods by the
wetland creation?

How would the instream structures in the main channel affect the hydrology of the small, braided channels?

Theforest in this areato the north of Stream Bank Lane and east of the Greenbelt Metro parking area has a number
of invasive plantsin the herbaceous layer, but the shrub and tree canopy are of native species.The forest provides
habitat for several reptile and amphibian species we noted while we conducted a site survey in 2009: snapping
turtle, green frog, southern leopard frog, northern watersnake. It also offers habitat for forest interior breeding birds.
How would the proposed work affect the forest of this area?

Attached is a photo of the Trailing stitchwort from this site.

Thank you for continuing to coordinate with us on this review.

Kathy McCarthy

On Thu, Jan 7, 2016 at 5:26 PM, Lori Byrne -DNR- <lori.byrne@maryland.gov <mailto:lori.byrne@maryland.gov>
> wrote:

Hi Kathy, passing this on to you...

Lori

---------- Forwarded message ----------

From: Sowers, Angela NAB <Angela.Sowers@usace.army.mil <mailto:Angela. Sowers@usace.army.mil> >
Date: Thu, Jan 7, 2016 at 4:06 PM

Subject: Additional information on Site 11 for Anacostia- PG County

To: "lori.byrne@maryland.gov <mailto:lori.byrne@maryland.gov> " <lori.byrne@maryland.gov
<mailto:lori.byrne@maryland.gov> >

Hi Lori,
Please see the attached write-up. | should have sent this originally with the figures. This provides some
discussion of the plansfor Site 11 in Indian Creek.

Thanks,
Angie
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Sowers, Ang_;ela NAB

From: Katharine McCarthy -DNR- <katharine.mccarthy@maryland.gov>

Sent: Tuesday, February 02, 2016 1:23 PM

To: Sowers, Angela NAB

Cc: Lori Byrne -DNR-; Greg Golden -DNR-; Tim Larney -DNR-

Subject: Re: [EXTERNAL] Re: Additional information on Site 11 for Anacostia- PG County

Thank you, Angie, for arranging for the conference call today. A summary of our discussion follows.

Stream restoration and wetland creation work are two potentially independent options at the Indian Creek site. The
purpose of the stream restoration work is to improve instream habitat. The wetland creation work would involve
excavation in the floodplain to improve the connection with the stream channel, though the intent is not to remove
trees.

The trailing stitchwort (state endangered) grows in shallow, braided streams within several of the areas identified for
wetland creation work, and that work would likely alter the hydrology of the trailing stitchwort's habitat. Due to this
potential for habitat alteration, we should not pursue this option further.

The proposed pond and wetland creation at the south end of the project site adjacent to Stream Bank Lane would NOT
disturb habitat of the trailing stitchwort, and this work may be pursued further.

Regarding instream work, the next step is to discuss with the project engineer the potential hydrologic impacts from
that work on the shallow braided stream system that supports trailing stitchwort.

Further survey work to delineate the population of trailing stitchwort on site is not necessary to proceed with this
review, but | am available to meet on site at the end of June or first week of July to confirm locations if needed.

Let me know if you'd like to add any other points to the summary.

Kathy

On Thu, Jan 14, 2016 at 2:14 PM, Katharine McCarthy -DNR- <katharine.mccarthy@maryland.gov
<mailto:katharine.mccarthy@maryland.gov> > wrote:

Angie,

| also meant to mention that we have been reviewing proposals for major projects at the Greenbelt Metro
Station...FBI headquarters, plus hotel and shops. Greg Golden of DNR's Environmental Review Unit has been
coordinating that review for us. If that work moves forward, it appears that there will be better stormwater
management for the area. Just wanted to bring this up in case you were not aware.

Kathy

On Thu, Jan 14, 2016 at 1:59 PM, Sowers, Angela NAB <Angela.Sowers@usace.army.mil
<mailto:Angela.Sowers@usace.army.mil> > wrote:

Thank you for the input Katharine. We will discuss within the team and get back to you to set up a time
to discuss.
Angie

From: Katharine McCarthy -DNR- [mailto:katharine.mccarthy@maryland.gov
<mailto:katharine.mccarthy@maryland.gov> ]

Sent: Thursday, January 14, 2016 1:44 PM

To: Sowers, Angela NAB <Angela.Sowers@usace.army.mil <mailto:Angela.Sowers@usace.army.mil> >



Cc: Lori Byrne -DNR- <lori.byrne@maryland.gov <mailto:lori.byrne@maryland.gov> >; Greg Golden -
DNR- <greg.golden@maryland.gov <mailto:greg.golden@maryland.gov> >; Tim Larney -DNR- <tim.larney@maryland.gov
<mailto:tim.larney@maryland.gov> >

Subject: [EXTERNAL] Re: Additional information on Site 11 for Anacostia- PG County

Angela,

Lori Byrne forwarded to me your info on the Indian Creek project. It appears from the mapping you
provided that quite a bit of the proposed work north of Rte 193 has potential direct impacts on a population of Trailing
stitchwort, a State Endangered plant in the Pink family that grows on the gravel bars and banks of the small, braided
streams in this forest.

The wetlands creation due east of Stream Bank Lane would not impact this species, nor would the pond
creation proposed at the northern jct of Stream Bank Lane and Greenbelt Station Parkway.

However, the work proposed north of these projects would have the potential to directly destroy plants
of Trailing stitchwort, perhaps the entire population known at this site. I'd like to get a better understanding of the
proposed work and how it would affect existing stream hydrology and flooding in the forest of this area.

How would the hydrology of the small, braided stream channels that support this rare annual be
affected by the proposed work?

Some of the large polygons representing wetland creation occur where, based upon our GPS records of
the rare plant locations, there are braided stream channels. Would these channels be inundated for extended periods by
the wetland creation?

How would the instream structures in the main channel affect the hydrology of the small, braided
channels?

The forest in this area to the north of Stream Bank Lane and east of the Greenbelt Metro parking area
has a number of invasive plants in the herbaceous layer, but the shrub and tree canopy are of native species.The forest
provides habitat for several reptile and amphibian species we noted while we conducted a site survey in 2009: snapping
turtle, green frog, southern leopard frog, northern watersnake. It also offers habitat for forest interior breeding birds.
How would the proposed work affect the forest of this area?

Attached is a photo of the Trailing stitchwort from this site.

Thank you for continuing to coordinate with us on this review.

Kathy McCarthy

On Thu, Jan 7, 2016 at 5:26 PM, Lori Byrne -DNR- <lori.byrne@maryland.gov
<mailto:lori.byrne@maryland.gov> <mailto:lori.byrne@maryland.gov <mailto:lori.byrne@maryland.gov> > > wrote:

Hi Kathy, passing this on to you...

Lori

---------- Forwarded message ----------

From: Sowers, Angela NAB <Angela.Sowers@usace.army.mil
<mailto:Angela.Sowers@usace.army.mil> <mailto:Angela.Sowers@usace.army.mil
<mailto:Angela.Sowers@usace.army.mil> > >

Date: Thu, Jan 7, 2016 at 4:06 PM

Subject: Additional information on Site 11 for Anacostia- PG County

To: "lori.byrne@maryland.gov <mailto:lori.byrne@maryland.gov>
<mailto:lori.byrne@maryland.gov <mailto:lori.byrne@maryland.gov> > " <lori.byrne@maryland.gov
<mailto:lori.byrne@maryland.gov> <mailto:lori.byrne@maryland.gov <mailto:lori.byrne@maryland.gov> > >



Hi Lori,
Please see the attached write-up. | should have sent this originally with the figures. This provides
some discussion of the plans for Site 11 in Indian Creek.

Thanks,
Angie

Angie Sowers, Ph.D.

U.S. Army Corps of Engineers

Baltimore District- Planning Division

Civil Project Development Branch

Integrated Water Resources Management Specialist

10 S. Howard St.

Rm 11700-E

Baltimore, MD 21201

angela.sowers@usace.army.mil <mailto:angela.sowers@usace.army.mil>
<mailto:angela.sowers@usace.army.mil <mailto:angela.sowers@usace.army.mil> >

(410)962-7440 <tel:%28410%29962-7440> <tel:%28410%29962-7440>

Lori A. Byrne
Environmental Review Coordinator

MD DNR

Wildlife and Heritage Service

Tawes State Office Building

410-260-8573 <tel:410-260-8573> <tel:410-260-8573 <tel:410-260-8573> >

Katharine A. McCarthy

Southern Regional Ecologist

Natural Heritage Program

Wildlife and Heritage Service

MD Dept of Natural Resources

Tawes State Office Building, E1

Annapolis, MD 21401

phone: 410/260-8569 <tel:410%2F260-8569>

fax: 410/260-8596 <tel:410%2F260-8596>

Katharine.McCarthy@maryland.gov <mailto:Katharine.McCarthy@maryland.gov>
<mailto:Katharine.McCarthy@maryland.gov <mailto:Katharine.McCarthy@maryland.gov> >
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Sowers, Ang_;ela NAB

From: Katharine McCarthy -DNR- <katharine.mccarthy@maryland.gov>
Sent: Friday, February 12, 2016 1:37 PM

To: Sowers, Angela NAB

Cc: Seiple, Jacqueline A NAB

Subject: Re: [EXTERNAL] Re: Anacostia - Indian Creek - Site 11

Jacqui and Angie,

Apologies for being late on the call! | got sucked into something this morning and got totally distracted from my planned
schedule.

I've checked all of our data for this species. Last week of June-first week of July looks like the best time to do a survey for
Stellaria alsine. In addition to checking our database, I've looked online for info on habitat from other state programs.
There's just very little to go on, and the habitat at this site seems typical of where it's found...on exposed gravel bars in
small streams, sometimes on the stream bank if it's not densely vegetated. It's also reported to grow in springs and
seeps. We noted that the stream it was growing in at Indian Creek was 2-4 ft wide, and the gravel had very little
vegetation on it...80% bare. We found 7 separate locations, 215-315m west of Cherrywood Lane, at it's closest point
about 115 m from the sewer alignment.

Let's be in touch in mid-May to come up with a survey time. By then | should have a sense of whether plants are
blooming at typical times (whether it's an early spring, late spring or normal timing).

Kathy

On Tue, Feb 9, 2016 at 11:09 AM, Katharine McCarthy -DNR- <katharine.mccarthy@maryland.gov
<mailto:katharine.mccarthy@maryland.gov> > wrote:

Ok. Look forward to talking with Jacqui and others on Friday morning. -Kathy

On Mon, Feb 8, 2016 at 9:11 PM, Sowers, Angela NAB <Angela.Sowers@usace.army.mil
<mailto:Angela.Sowers@usace.army.mil> > wrote:

Great. Below is the call-in information. Jacqui will be leading the call.
Thanks!

AUDIO CONFERENCE ACCESS INFORMATION:

USA Toll-Free: 877-336-1828 <tel:877-336-1828>

USA Caller Paid/International Toll: 404-443-6396 <tel:404-443-6396>
ACCESS CODE: 4495502

Security Code: 4321

From: Katharine McCarthy -DNR- [mailto:katharine.mccarthy@maryland.gov
<mailto:katharine.mccarthy@maryland.gov> ]

Sent: Monday, February 08, 2016 5:33 PM

To: Sowers, Angela NAB <Angela.Sowers@usace.army.mil <mailto:Angela.Sowers@usace.army.mil> >

Subject: Re: [EXTERNAL] Re: Anacostia - Indian Creek - Site 11

Yes, Friday 11am works for me.-Kathy



DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS
P. 0. BOX 1715

BALTIMORE, MARYLAND 212031715

CENAB-PL-P

Ms. Elizabeth Hughes

State Historic Preservation Officer

Maryland Historical Trust

100 Community Place APR 1% 018
Crownsville, Maryland 21032-2023

IDear Ms. Hughes:

The purpose of this letter is to initiate consultation with your office under Section 106 of the
National Historic Preservation Act regarding the Anacostia Watershed Restoration, Prince George’s
County, Maryland feasibility study and environmental assessment. The study is developing and
evaluating potential ecosystem restoration solutions to address degraded aquatic ecosystems in the
Anacostia River watershed. The study’s goal is to provide a solution to restore ecological function,
structure, and health in selected stream reaches and riparian zones in the Anacostia River watershed in
Prince George’s County. The study is being conducted under the authority of a September 8, 1988
resolution of the House Committee on Public Works and Transportation and is being performed by the
U.S. Army Corps of Engineers, Baltimore District (USACE).

The feasibility study and environmental assessment will evaluate aquatic ecosystem restoration to
restore in-stream habitat and fish passage. The proposed project area includes ten stream reaches within
six sub-watersheds of the Anacostia River watershed, including the Northwest Branch, Slige Creek, the
Northeast Branch, Indian Creek, Paint Branch, and Little Paint Branch (Enclosure 1), The stream reaches
are primarily on land owned by Maryland-National Capital Parks and Planning Commission.

The area of potential effect for the project is the area of direct construction impacts and the areas
within which the undertaking may directly or indirectly cause alterations in the character or use of historic
properties, including visual effects. This area of potential effect would likely include work performed in
and around the streams, staging areas, newly constructed access roads, and any other areas of potential
ground disturbance. The viewsheds of any nearby historic properties would also be included in the area
of potential effect.

USACE completed a preliminary examination of areas of potential project impact in 2014 and
2015, Maryland state databases were searched for known archeological and historic resources in the project
vicinity. Based on these searches, as well as field visits and information received from the Maryland
Historical Trust, some historic properties are likely located in and around the project areas.

We look forward to consulting with your office regarding the nature and scope of additional
investigations to identify historic properties in the project areas, and to assess potential effects to those
properties should they exist. In the interim, we would appreciate your concurrence with the project’s area
of potential effect as defined in the third paragraph of this letter.




Thank you for your assistance with the Anacostia River Watershed Restoration, Prince George’s
County, Project. Questions regarding this matter should be directed to Jacqueline Seiple at (410) 962-
4398 or email at Jacqueline. A.Seiple(@usace.army.mil.

Sillc@;;piy,

Daniel Bierly
Chief, Civil Projects Development Branch
Planning Division

Enclosure
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From: Sowers, Angela NAB

To: "pgscd@verizon.net"

Subject: USACE Feasibility Study - Anacostia River Watershed Restoration in Prince George"s County
Date: Tuesday, May 17, 2016 4:50:00 PM

Attachments: NW-C+NE-A_for_PIl.pdf

Anacostia PG_Farmland_Classification.pdf

Hello Mr. Darcey,

I work in the Planning Division of the U.S. Army Corps of Engineers, Baltimore District (USACE). USACE, in
partnership with the Prince George's County Department of the Environment, serving as the non-federal sponsor, is
undertaking an investigation of watershed restoration opportunities in the Anacostia River Watershed, specifically
stream restoration and removal of fish blockages. Thisemail isin reference to evaluating the presence of prime
and unique farmlands (CEQ Memorandum, 11 August 1980) within the study area.

In February 2010, USACE, in cooperation with local resource agencies, completed the Anacostia Restoration Plan
(ARP) which identified numerous environmental restoration opportunities in the Anacostia watershed. The current
Anacostia River watershed restoration study includes more detailed consideration of some of the restoration
projects previously identified in the ARP that USACE can implement in Prince George’ s County. The investigation
has also considered additional stream and wetland restoration projects that were not included in the ARP.

Ten stream segments totaling approximately 10 milesin length, were initially selected for investigation. The
primary project objectives for the selected stream segments are to: (1) restore in-stream habitat; (2) remove fish
barriers; and (3) increase stream-floodplain connection. To achieve these objectives, stream restoration methods
involving placement of in-stream structures, fish blockages removal/modification, excavating floodplain sediments,
placing fill and soil in the floodplain, or planting native vegetation in the floodplain are being investigated. The
recommended plan includes restoration efforts at six sites and has been formulated to optimize environmental
benefits, avoid increasing flood risk, and minimize detrimental impacts to structures, properties, and human use of
the streams and floodplain. The six sites, summing to 6.9 miles of restoration on the Northwest Branch and
Northeast Branch and tributariesis provided in amap attached to this email. | have reviewed the soils survey for
the stream reaches where we are proposing work and concluded that the recommended plan does not impact prime
and unique farmland sails.

In addition to the map of our proposed project, | have attached the soil survey maps for the study area. We are
requesting your concurrence that the proposed project isin compliance with the Prime and Unique Farmlands
Executive Order and would provide no further impacts to the prime and unique soils located at the site. If you have
any questions, please feel free to contact me at (443) 676-4679 or viaemail. If possible, please confirm receipt of
this email.

Thank you,
Angie

Angie Sowers, Ph.D.

U.S. Army Corps of Engineers

Baltimore District- Planning Division

Civil Project Development Branch

Integrated Water Resources Management Specialist
10 S. Howard St

Rm 11700-E

Baltimore, MD 21201
angela.sowers@usace.army.mil

(410)962-7440
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Farmland Classification—Prince George's County, Maryland
(Farmland Classification: Anacostia River - Prince George's County, MD)
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Farmland Classification—Prince George's County, Maryland
(Farmland Classification: Anacostia River - Prince George's County, MD)
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Farmland Classification—Prince George's County, Maryland

(Farmland Classification: Anacostia River - Prince George's County, MD)

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:12,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Prince George's County, Maryland
Survey Area Data:  Version 13, Sep 30, 2015

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Apr 14,2011—Aug 15,
2014

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.

UsDA  Natural Resources
==l Conservation Service

Web Soil Survey
National Cooperative Soil Survey

5/17/2016
Page 3 of 10





Farmland Classification—Prince George's County, Maryland

Farmland Classification: Anacostia
River - Prince George's County, MD

Farmland Classification

Farmland Classification— Summary by Map Unit — Prince George's County, Maryland (MD033)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

ApA Aquasco silt loam, 0 to 2 | Farmland of statewide 7.6 0.0%
percent slopes, importance
occasionally ponded

ApB Aquasco silt loam, 2 to 5 | Farmland of statewide 26.6 0.1%
percent slopes importance

AuB Aquasco-Urban land Not prime farmland 20.5 0.0%
complex, 0to 5
percent slopes

BaA Beltsville silt loam, 0 to 2 | All areas are prime 40.1 0.1%
percent slopes farmland

BaB Beltsville silt loam, 2 to 5 | All areas are prime 349.3 0.8%
percent slopes farmland

BaC Beltsville silt loam, 5to | Farmland of statewide 138.4 0.3%
10 percent slopes importance

BuB Beltsville-Urban land Not prime farmland 691.0 1.6%
complex, 0to 5
percent slopes

BuD Beltsville-Urban land Not prime farmland 98.0 0.2%
complex, 5to 15
percent slopes

CaB Chillum silt loam, 0 to 5 | All areas are prime 92.8 0.2%
percent slopes farmland

CaC Chillum silt loam, 5 to 10 | Farmland of statewide 33.4 0.1%
percent slopes importance

CaD Chillum siltloam, 10to 15 | Not prime farmland 35.7 0.1%
percent slopes

CbB Chillum-Urban land Not prime farmland 153.3 0.4%
complex, 0to 5
percent slopes

CbD Chillum-Urban land Not prime farmland 169.0 0.4%
complex, 5to 15
percent slopes

CbE Chillum-Urban land Not prime farmland 6.9 0.0%
complex, 15 to 25
percent slopes

CcC Christiana-Downer Farmland of statewide 2,810.6 6.7%
complex, 5to 10 importance
percent slopes

CcD Christiana-Downer Not prime farmland 1,098.7 2.6%
complex, 10 to 15
percent slopes

CcE Christiana-Downer Not prime farmland 696.9 1.7%
complex, 15 to 25
percent slopes

USDA
ILA

Natural Resources
Conservation Service

National Cooperative Soil Survey

Web Soil Survey

5/17/2016
Page 4 of 10





Farmland Classification—Prince George's County, Maryland

Farmland Classification: Anacostia
River - Prince George's County, MD

Farmland Classification— Summary by Map Unit — Prince George's County, Maryland (MD033)

Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

CcF

Christiana-Downer
complex, 25 to 40
percent slopes

Not prime farmland

158.9

0.4%

CdD

Christiana-Downer-
Urban land complex, 5
to 15 percent slopes

Not prime farmland

5,840.6

13.9%

CdE

Christiana-Downer-
Urban land complex,
15 to 25 percent
slopes

Not prime farmland

91.4

0.2%

CF

Codorus and Hatboro
soils, frequently
flooded

Not prime farmland

1,192.6

2.8%

Ch

Codorus-Hatboro-Urban
land complex,
frequently flooded

Not prime farmland

1,110.3

2.6%

CrB

Croom gravelly sandy
loam, 2 to 5 percent
slopes

Farmland of statewide
importance

132.2

0.3%

CrC

Croom gravelly sandy
loam, 5 to 10 percent
slopes

Not prime farmland

103.4

0.2%

CrD

Croom gravelly sandy
loam, 10 to 15 percent
slopes

Not prime farmland

67.1

0.2%

CrE

Croom gravelly sandy
loam, 15 to 25 percent
slopes

Not prime farmland

66.8

0.2%

CzB

Croom-Urban land
complex, 0to 5
percent slopes

Not prime farmland

91.5

0.2%

CzD

Croom-Urban land
complex, 5to 15
percent slopes

Not prime farmland

54.5

0.1%

CzE

Croom-Urban land
complex, 15 to 25
percent slopes

Not prime farmland

39.8

0.1%

DoB

Downer-Hammonton
complex, 2to 5
percent slopes

All areas are prime
farmland

517.0

1.2%

DoC

Downer-Hamonton
complex, 5to 10
percent slopes

Farmland of statewide
importance

208.0

0.5%

DoD

Downer-Hammonton
complex, 10 to 15
percent slopes

Not prime farmland

1913

0.5%

DuB

Downer-Hammonton-
Urban land complex, 0
to 5 percent slopes

Not prime farmland

169.9

0.4%

DuD

Downer-Hammonton-
Urban land complex, 5
to 15 percent slopes

Not prime farmland

105.9

0.3%
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Farmland Classification—Prince George's County, Maryland

Farmland Classification: Anacostia
River - Prince George's County, MD

Farmland Classification— Summary by Map Unit — Prince George's County, Maryland (MD033)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

EKA Elkton silt loam, O to 2 Not prime farmland 279.7 0.7%
percent slopes

EnA Elkton-Urban land Not prime farmland 52.0 0.1%
complex, 0 to 2
percent slopes

EsA Elsinboro sandy loam, 0 | All areas are prime 36.0 0.1%
to 2 percent slopes farmland

EsB Elsinboro sandy loam, 2 | Not prime farmland 16.7 0.0%
to 5 percent slopes

EuB Elsinboro-Urban land Not prime farmland 412.2 1.0%
complex, 0 to 5
percent slopes

EwB Evesboro-Downer Prime farmland if 432.0 1.0%
complex 0 to 5 percent | irrigated
slopes

EwC Evesboro-Downer Not prime farmland 238.9 0.6%
complex, 5to 10
percent slopes

EwD Evesboro-Downer Not prime farmland 54.6 0.1%
complex, 10 to 15
percent slopes

EwE Evesboro-Downer Not prime farmland 50.0 0.1%
complex, 15 to 25
percent slopes

FaaA Fallsington sandy loams, | Prime farmland if drained 154.1 0.4%
0 to 2 percent slopes,
Northern Coastal Plain

FbB Fallsington-Urban land | Not prime farmland 295.8 0.7%
complex, 0to 5
percent slopes

GbB Galestown-Urban land | Not prime farmland 355.5 0.8%
complex, 0 to 5
percent slopes

GbD Galestown-Urban land | Not prime farmland 160.2 0.4%
complex, 5to 15
percent slopes

GcB Glenelg loam, 3t0 8 All areas are prime 4.0 0.0%
percent slopes farmland

GfB Glenelg-Wheaton-Urban | Not prime farmland 42.0 0.1%
land complex, 0 to 8
percent slopes

GfC Glenelg-Wheaton-Urban | Not prime farmland 89.5 0.2%
land complex, 8 to 15
percent slopes

GgB Grosstown gravelly silt | All areas are prime 29.3 0.1%
loam, 2 to 5 percent farmland
slopes

GgC Grosstown gravelly silt | Farmland of statewide 5.0 0.0%
loam, 5 to 10 percent importance
slopes
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Farmland Classification—Prince George's County, Maryland

Farmland Classification: Anacostia
River - Prince George's County, MD

Farmland Classification— Summary by Map Unit — Prince George's County, Maryland (MD033)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

HaA Hammonton loamy sand, | All areas are prime 77.2 0.2%
0 to 2 percent slopes farmland

HgB Hoghole-Grosstown Prime farmland if 8.3 0.0%
complex, 0 to 5 irrigated
percent slopes

InA Ingleside sandy loam, 0 | All areas are prime 9.2 0.0%
to 2 percent slopes farmland

Is Issue silt loam, Not prime farmland 221 0.1%
occasionally flooded

lu Issue-Urban land Not prime farmland 838.6 2.0%
complex, occasionally
flooded

LY Longmarsh and Not prime farmland 386.2 0.9%
Indiantown soils,
frequently flooded

McC Manor loam, 8 to 15 Farmland of statewide 40.5 0.1%
percent slopes importance

McD Manor loam, 15 to 25 Not prime farmland 60.1 0.1%
percent slopes

MfF Manor-Brinklow Not prime farmland 68.9 0.2%
complex, 25 to 65
percent slopes, very
rocky

MIS Miscellaneous water Not prime farmland 12.0 0.0%

MpB Matapeake silt loam, 2 to | All areas are prime 22.0 0.1%
5 percent slopes farmland

NM Nanticoke and Not prime farmland 5.8 0.0%
Mannington soils,
tidally flooded

PT Pits, gravel Not prime farmland 192.9 0.5%

RcA Russett-Christiana All areas are prime 450.4 1.1%
complex, 0 to 2 farmland
percent slopes

RcB Russett-Christiana All areas are prime 3,034.4 7.2%
complex, 2to0 5 farmland
percent slopes

RuB Russett-Christiana- Not prime farmland 4,013.6 9.5%
Urban land complex, 0
to 5 percent slopes

SaA Sassafras sandy loam, 0 | All areas are prime 8.2 0.0%
to 2 percent slopes farmland

SaB Sassafras sandy loam, 2 | All areas are prime 128.6 0.3%
to 5 percent slopes farmland

SaC Sassafras sandy loam, 5 | All areas are prime 242.6 0.6%
to 10 percent slopes farmland

ScC Sassafras-Croom Farmland of statewide 204.2 0.5%
complex, 5to 10 importance
percent slopes

Natural Resources

== Conservation Service

National Cooperative Soil Survey

Web Soil Survey

Page 7 of 10






Farmland Classification—Prince George's County, Maryland

Farmland Classification: Anacostia
River - Prince George's County, MD

Farmland Classification— Summary by Map Unit — Prince George's County, Maryland (MD033)

Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

SdD

Sassafras-Croom-Urban
land complex, 5 to 15
percent slopes

Not prime farmland

42.2

0.1%

SnB

Sassafras-Urban land
complex, 0 to 5
percent slopes

Not prime farmland

1,006.0

2.4%

SnD

Sassafras-Urban land
complex, 5to 15
percent slopes

Not prime farmland

1,116.4

2.7%

SnE

Sassafras-Urban land
complex, 15 to 25
percent slopes

Not prime farmland

131.0

0.3%

SOD

Sassafras and Croom
soils, 10 to 15 percent
slopes

Not prime farmland

164.1

0.4%

SOE

Sassafras and Croom
soils, 15 to 25 percent
slopes

Not prime farmland

309.7

0.7%

SOF

Sassafras and Croom
soils, 25 to 40 percent
slopes

Not prime farmland

69.0

0.2%

UdaF

Udorthents, highway, 0
to 65 percent slopes

Not prime farmland

1,375.9

3.3%

UdbB

Udorthents, loamy, 0 to 5
percent slopes

Not prime farmland

374.3

0.9%

UdbD

Udorthents, loamy, 5 to
15 percent slopes

Not prime farmland

49.8

0.1%

UdbE

Udorthents, loamy, 15 to
25 percent slopes

Not prime farmland

36.6

0.1%

UdcB

Udorthents, reclaimed
clay pits, 0 to 5 percent
slopes

Not prime farmland

100.2

0.2%

UdcD

Udorthents, reclaimed
clay pits, 5to 15
percent slopes

Not prime farmland

63.6

0.2%

UdgB

Udorthents, reclaimed
gravel pits, 0 to 5
percent slopes

Not prime farmland

737.9

1.8%

UdgD

Udorthents, reclaimed
gravel pits, 5to 15
percent slopes

Not prime farmland

375.5

0.9%

UdgE

Udorthents, reclaimed
gravel pits, 15 to 25
percent slopes

Not prime farmland

198.7

0.5%

UdrF

Udorthents, refuse
substratum, 0 to 50
percent slopes

Not prime farmland

48.6

0.1%

UduB

Udorthents-Urban land
complex, 0to 5
percent slopes

Not prime farmland

312.4

0.7%
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Farmland Classification—Prince George's County, Maryland

Farmland Classification:

Anacostia

River - Prince George's County, MD

Farmland Classification— Summary by Map Unit — Prince George's County, Maryland (MD033)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

UduD Udorthents-Urban land | Not prime farmland 37.1 0.1%
complex, 5to 15
percent slopes

Un Urban land Not prime farmland 515.1 1.2%

UrbB Urban land-Beltsville Not prime farmland 110.5 0.3%
complex, 0to 5
percent slopes

UrcD Urban land-Christiana- | Not prime farmland 410.8 1.0%
Downer complex, 5 to
15 percent slopes

UreB Urban land-Elsinboro Not prime farmland 354.8 0.8%
complex, 0 to 5
percent slopes

UrkB Urban land-Issue Not prime farmland 73.0 0.2%
complex, 0to 5
percent slopes,
occasionally flooded

urrB Urban land-Russett- Not prime farmland 1,243.8 3.0%
Christiana complex, 0
to 5 percent slopes

UrsB Urban land-Sassafras Not prime farmland 263.0 0.6%
complex, 0to 5
percent slopes

UruB Urban land-Udorthents, | Not prime farmland 110.2 0.3%
0 to 5 percent slopes
complex

UrwB Urban land-Woodstown | Not prime farmland 311.7 0.7%
complex, 0to 5
percent slopes

UrzA Urban land-Zekiah Not prime farmland 392.9 0.9%
complex, 0 to 2
percent slopes,
frequently flooded

W Water Not prime farmland 236.4 0.6%

WoA Woodstown sandy loam, | All areas are prime 48.3 0.1%
0 to 2 percent slopes farmland

WoB Woodstown sandy loam, | All areas are prime 132.9 0.3%
2 to 5 percent slopes farmland

WoC Woodstown sandy loam, | Farmland of statewide 36.8 0.1%
5 to 10 percent slopes importance

WuB Woodstown-Urban land | Not prime farmland 251.4 0.6%
complex, 0 to 5
percent slopes

Zn Zekiah-Urban land Not prime farmland 274.8 0.7%
complex, frequently
flooded

ZS Zekiah and Issue soils, |Not prime farmland 1,590.0 3.8%
frequently flooded

Totals for Area of Interest 42,048.3 100.0%
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Farmland Classification—Prince George's County, Maryland Farmland Classification: Anacostia
River - Prince George's County, MD

Description

Farmland classification identifies map units as prime farmland, farmland of
statewide importance, farmland of local importance, or unique farmland. It identifies
the location and extent of the soils that are best suited to food, feed, fiber, forage,
and oilseed crops. NRCS policy and procedures on prime and unique farmlands
are published in the "Federal Register," Vol. 43, No. 21, January 31, 1978.

Rating Options

Aggregation Method: No Aggregation Necessary

Tie-break Rule: Lower

Natural Resources Web Soil Survey 5/17/2016
Conservation Service National Cooperative Soil Survey Page 10 of 10
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USDA

— United States Department of Agriculture

DATE: May 27, 2016

TO:  Angie Sowers, Ph.D.
U.S. Army Corps of Engineers
Baltimore District — Planning Division
Civil Project Development Branch
Integrated Water Resources Management Specialist
10 S. Howard Street
Rm 11700-E
Baltimore, MD 21201

SUBJECT: Prime and Unique Farmland Soils
USACE Feasibility Study — Anacostia River Watershed Restoration in P. G. County

Dear Ms. Sowers:

We have reviewed your proposed project for the Anacostia River Watershed Restoration in
Prince George’s County. Because all of the work is taking place in flood plains, we believe
that the proposed project will neither impact nor convert any prime or unique farmland soils.

If you require any additional information, please let us know.
Sincerely,

Poan @W

Dean Cowherd

NRCS Assistant State Soil Scientist
443-482-2931

cc: Gemelle Brion, Annapolis, MD
Phillip King, Dover, DE
Patricia Engler, Annapolis, MD
James Brewer, Easton, MD

Natural Resources Conservation Service
339 Busch's Frontage Road, Suite 301
Annapolis, MD 21409-5543
Voice (410) 767-0861 — FAX (855) 432-9027
An Equal Opportunity Provider and Employer




Planning Division

L) NOTICE OF AVAILABILITY
US Army Corps JUN -1 2016

of Engineers Aquatic Ecosystem Restoration
Battimore District Anacostia River Watershed, Prince George’s County

Feasibility Report and Integrated Environmental Assessment

All Interested Parties: The U.S. Army Corps of Engineers, Baltimore District (USACE), in accordance
with the National Environmental Policy Act (NEPA) of 1969, as amended, has prepared an environmental
assessment (EA) recommending a plan for aquatic ecosystem restoration in the Anacostia River watershed
in Prince George’s County, Maryland. The plan is being conducted in partnership with the Prince George’s
County Department of the Environment.

Purpose of Work: The purpose of the project is to restore in-stream physical habitat in the selected stream
reaches and enhance aquatic ecosystem resilience by restoring fish passage and longitudinal connectivity.

Recommended Plan Description: The recommended plan proposes restoration of approximately 7 miles
of in-stream habitat on six stream reaches within Northwest Branch, Sligo Creek, Northeast Branch, Paint
Branch, and Indian Creek (see attached map). The plan will restore approximately 4 miles of fish passage,
and connect approximately 14 miles of restored habitat. Fish blockages will be removed on Northwest Branch
and Sligo Creek, providing anadromous fish species with access to their historical range. Restoration of in-
stream habitat and fish blockage removal will utilize natural channel design principles, including the place-
ment of in stream structures {e.g., J-hooks, cross vanes) for riffle grade control and riffle/pool restoration.

An EA has been prepared for the actions relating to the construction of this project. Potential impacts were
assessed with regard to aquatic ecosystem impacts; temporary construction impacts to water, air and traffic;
endangered and threatened species; hazardous, toxic and radioactive substances; flooding; cultural resources;
and the general needs and welfare of the public.

Any person who has an interest in the project may make comments and/or request a public hearing within 30
days of the date of publication of this notice. Comments must clearly set forth the interest that may be ad-
versely affected by this proposed action and the manner in which the interest may be adversely affected.
Written comments received on or before this date will become part of the written record and will be consid-
ered in the determination of impacts to the environment. We anticipate the EA to result in a finding of no
significant impacts.

The draft feasibility report and integrated EA are available for viewing electronically at
http://go.usa.gov/clwx9, and hard copies can be found at the following Prince George’s County libraries:
Beltsville, Greenbelt, Hyattsville, Mount Rainier, and Bladensburg. Comments will be accepted by email to
CENAB-CC@usace.army.mil or by mail to: U.S. Army Corps of Engineers, Baltimore District, Attn: Angie
Sowers, 10 South Howard Street, Ste. 116000, Baltimore, Maryland 21201.

If you have any questions, please contact Angie Sowers by telephone at (410) 962-7440 or by email to

Angela.Sowers{@usace.army.mil.

Daniel Bierly
Chief, Civil Project Development Branch
Planning Division

Enclosure
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From: Katharine McCarthy -DNR-

To: Seiple, Jacqueline A NAB

Cc: Sowers, Angela NAB; Soleimani, Behnam NAB; Snead, Louis C NAB; Lori Byrne -DNR-; Tim Larney -DNR-
Subject: [EXTERNAL] Re: PG County Stream Restoration - Site 11 (UNCLASSIFIED)

Date: Thursday, September 22, 2016 5:25:58 PM

Attachments: Indian Creek Stellaria alsine (areen dots) topo.pdf

Indian Creek Stellaria alsine (areen dots).pdf

Jacqui,

Looking back through my email | realize | did not reply to you. | apologize. Attached are atopo map and aerial
image of the locations of Stellaria asine from prior field surveys. The small green dots are very accurate. The large
dot is alocator.

Going through your list of questions..

--Avoiding work in the floodplain and side channels would avoid disturbance to the Stellariaalsine, so | think
confining al work to the main channel is the way to go from Cherrywood Ct north.

-- South of Cherrywood Ct, work in the floodplain would not affect Stellaria alsine so there would be no concerns
with potential impacts.

--Regarding timing, because thisis an annual plant it would be ideal to avoid disturbance during the summer so that
fruits have time to mature and disperse. However, if no work is proposed in the floodplain or side channels, thisis
not crucial.

--The locations for Stellaria alsine shown as small green dots should suffice to map the population. The plants we
found in July that were likely to be thisrare Stellariawere al in very close proximity to these mapped locations.
Maintaining the hydrology of the Stellaria alsine habitat and avoiding disturbance to the populationsis important to
sustaining this speciesin Indian Creek.

Thank you for the site visit summary. | ook forward to seeing the designs as they are devel oped.

Kathy

On Mon, Aug 1, 2016 at 11:01 AM, Seiple, Jacqueline A NAB <Jacqueline.A.Seiple@usace.army.mil
<mailto:Jacqueline.A.Seiple@usace.army.mil> > wrote:

CLASSIFICATION: UNCLASSIFIED
Kathy,

Thanks again for meeting with us to perform the survey for Stellaria alsine within the Indian Creek floodplain
in Greenbelt. Please see the attached site visit report and let us know if you have any comments or questions.

We are now moving forward to doing our detailed feasibility level designs. It would be helpful in planning our
designsif based on our conversations at the site visit and your knowledge of the plants location and habitat
requirements, you could provide us with written recommendations to guide our designs. For example:

-Would any floodplain work be permissible adjacent to the channel or do we need to stay strictly within the
main channel in the upper portion of the reach where we surveyed?

-If floodplain work is permissible, is there a certain distance from the stream bank that we should stay within?

-Can you delineate a boundary around the identified plants where we would need to stay within the channel?
Previoudly | believe you said that floodplain work is ok south of Cherrywood Ct. Please confirm.

-Are there any timing restrictions based on the plants habitat requirements that would be helpful ?

Also, whatever other suggestions you have to guide our designs would be appreciated. It will take us afew
months to produce the designs, but we will check in with you along the way.


mailto:katharine.mccarthy@maryland.gov
mailto:Jacqueline.A.Seiple@usace.army.mil
mailto:Angela.Sowers@usace.army.mil
mailto:Behnam.Soleimani@usace.army.mil
mailto:Louis.C.Snead@usace.army.mil
mailto:lori.byrne@maryland.gov
mailto:tim.larney@maryland.gov
mailto:Jacqueline.A.Seiple@usace.army.mil













Also, can you please send a copy of the pdf you had in the field that showed the last surveyed locations for the
plant?

Thanks!
Jacqui

Jacqueline Seiple

Geographer, P.G.

Planning Division

U.S. Army Corps of Engineers, Baltimore

(410) 962-4398 <tel:%28410%29%20962-4398>

CLASSIFICATION: UNCLASSIFIED

Katharine A. McCarthy

Southern Regional Ecologist

Natural Heritage Program

Wildlife and Heritage Service

MD Dept of Natural Resources

Tawes State Office Building, E1

Annapolis, MD 21401

phone: 410/260-8569

fax: 410/260-8596

Katharine.M cCarthy @maryland.gov <mailto:K atharine.M cCarthy @maryland.gov>


mailto:Katharine.McCarthy@maryland.gov

DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS
10 5. HOWARD STREET
BALTIMORE, MD 21201

Dear President Holton:

The U.S. Army Corps of Engineers (USACE), Baltimore District is conducting a feasibility study and
preparing an environmental assessment in accordance with National Environmental Policy Act of 1969,
as amended, to restore in-stream aquatic habitat in six stream reaches within the Anacostia River
watershed in Prince George’s County, Maryland (see enclosed map). The recommended plan will restore
approximately 7 miles of in-stream habitat in Northwest Branch, Sligo Creek, Northeast Branch, Paint
Branch, and Indian Creek. The plan will open 4.3 miles of fish passage and connect 13.5 miles of
restored habitat, Fish blockages will be removed on Northwest Branch and Sligo Creek.

With this plan, habitat and stream connectivity will be improved to support river herring migration and
spawning. As a component of comprehensive watershed restoration, which includes water quality
improvements being conducted by other agencies, habitat improvements are expected to lead to increased
aquatic health for fish and benthic organisms. Further information on this study, including a draft
feasibility study and Environmental Assessment is available at the project website:
hitp://go.usa.gov/ewx9. :

Please consider this letter our notification to begin consultation on the plan recommended in the
feasibility study. We look forward to consulting with you on a Government-to-Government basis, in
accordance with the Department of Defense American Indian and Alaska Native Policy. Please let us
know if you are interested in consulting and the extent to which you wish to participate. We will provide a
USACE representative at consultation and fact-finding meetings, and we will fully consider any
information you wish to provide. Please advise me if you wish to enter into consultation and how best to
proceed to address tribal rights and resources.

I

This request for participation and information has been provided to the following Federally
Recognized Tribal Nations:

Delaware Nation Pamunkey Indian Tribe
Delaware Tribe of Oklahoma Seneca-Cayuga Nation
Eastern Shawnee Tribe of Oklahoma " Tuscarora Nation

We respectfully request your response, or questions within 30 days of the receipt of this letter.

If this office can be of further assistance, or if you have any questions concerning this matter, please
feel free to contact Mr. Scott C. Watson at 410-962-9500 or via email at scott.c.watson@usace.army.mil.
Written correspondence can be addressed to Mr., Scott C. Watson, Cultural Resource Manager, Planning
Division at 10 S. Howard St., Baltimore, MD 21201.

Enclosure - David Robbins
Acting Chief, Civil Works Project Development
Branch
Planning Division
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DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS
10 S. HOWARD STREET
BALTIMORE, MD 21201

Dear Chief Wallace:

The U.S. Army Corps of Engineers (USACE), Baltimore District is conducting a feasibility study and
preparing an environmental assessment in accordance with National Environmental Policy Act of 1969,
as amended, to restore in-stream agquatic habitat in six stream reaches within the Anacostia River
watershed in Prince George’s County, Maryland (see enclosed map). The recommended plan will restore
approximately 7 miles of in-stream habitat in Northwest Branch, Sligo Creek, Northeast Branch, Paint
Branch, and Indian Creek. The plan will open 4.3 miles of fish passage and connect 13.5 miles of
restored habitat. Fish blockages will be removed on Northwest Branch and Sligo Creek.

With-this plan, habitat and stream connectivity will be improved to support river herring migration and
spawning. As a component of comprehensive watershed restoration, which includes water quality
improvements being conducted by other agencies, habitat improvements are expected to lead to increased
aquatic health for fish and benthic organisms. Further information on this study, including a draft
feasibility study and Environmental Assessment is available at the project website:
http;//go.usa.gov/cIwx9.

Please consider this letter our notification to begin consultation on the plan recommended in the
feasibility study. We look forward to consulting with you on a Government-to-Government basis, in
accordance with the Department of Defense American Indian and Alaska Native Policy. Please let us
know if you are interested in consulting and the extent to which you wish to participate. We will provide a
USACE representative at consultation and fact-finding meetings, and we will fully consider any
information you wish to provide. Please advise me if you wish to enter into consultation and how best to
proceed to address tribal rights and resources.

This request for participation and information has been provided to the following Federally
Recognized Tribal Nations:

Delaware Nation Pamunkey Indian Tribe
Delaware Tribe of Oklahoma Seneca-Cayuga Nation
Eastern Shawnee Tribe of Oklahoma Tuscarora Nation

We respectfully request your response, or questions within 30 days of the receipt of this letter.

If this office can be of further assistance, or if you have any questions concerning this matter, please
feel free to contact Mr. Scott C. Watson at 410-962-9500 or via email at scott.c.watson(@usace.army.mil.
Written correspondence can be addressed to Mr. Scott C. Watson, Cultural Resource Manager, Planning
Division at 10 S. Howard St., Baltimore, MD 21201.

Sincgrely,

| ool /I A

Enclosure David Robbins
Acting Chief, Civil Works Project Development
Branch
Planning Division
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DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS
10 S. HOWARD STREET
BALTIMORE, MD 21201

Dear Chief Gray:

The U.S. Army Corps of Engineers (USACE), Baltimore District is conducting a feasibility study and
preparing an environmental assessment in accordance with National Environmental Policy Act of 1969,
as amended, to restore in-stream aquatic habitat in six stream reaches within the Anacostia River
watershed in Prince George’s County, Maryland (see enclosed map). The recommended plan will restore
approximately 7 miles of in-stream habitat in Northwest Branch, Sligo Creek, Northeast Branch, Paint
Branch, and Indian Creek. The plan will open 4.3 miles of fish passage and connect 13.5 miles of
restored habitat. Fish blockages will be removed on Northwest Branch and Sligo Creek.

With this plan, habitat and stream connectivity will be improved to support river herring migration and
spawning. As a component of comprehensive watershed restoration, which includes water quality
improvements being conducted by other agencies, habitat improvements are expected to lead to increased
aquatic health for fish and benthic organisms. Further information on this study, including a draft
feasibility study and Environmental Assessment is available at the project website:
http://go.usa.gov/cIwx9.

Please consider this letter our notification to begin consultation on the plan recommended in the
feasibility study. We look forward to consulting with you on a Government-to-Government basis, in
accordance with the Department of Defense American Indian and Alaska Native Policy. Please let us
know if you are interested in consulting and the extent to which you wish to participate. We will provide a
USACE representative at consultation and fact-finding meetings, and we will fully consider any
information you wish to provide. Please advise me if you wish to enter into consultation and how best to
proceed to address tribal rights and rescurces.

'This request for participation and information has been provided to the following Federally
Recognized Tribal Nations:

Delaware Nation Pamunkey Indian Tribe
Delaware Tribe of Oklahoma Seneca-Cayuga Nation
Eastern Shawnee Tribe of Oklahoma Tuscarora Nation

We respectfully request your response, or questions within 30 days of the receipt of this letter.

If this office can be of further assistance, or if you have any questions concerning this matter, please
feel free to contact Mr. Scott C. Watson at 410-962-9500 or via email at scott.c.watson(@usace.arimy.mil.
Written correspondence can be addressed to Mr. Scott C. Watson, Cultural Resource Manager, Planning
Division at 10 S. Howard St., Baltimore, MD 21201,

Sincerely,
LA~
Enclosure David Robbins
Acting Chief, Civil Works Project Development
Branch

Planning Division
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DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS
10 S, HOWARD STREET
BALTIMORE, MD 21201

Dear Chief Brooks;

The U.S. Army Corps of Engineers (USACE), Baltimore District is conducting a feasibility study and
preparing an environtnental assessment in accordance with National Environmental Policy Act of 1969,
as amended, to restore in-stream aquatic habitat in six siream reaches within the Anacostia River
watershed in Prince George’s County, Maryland (see enclosed map). The recommended plan will restore
approximately 7 miles of in-stream habitat in Northwest Branch, Sligo Creek, Northeast Branch, Paint
Branch, and Indian Creek. The plan will open 4.3 miles of fish passage and connect 13.5 miles of
restored habitat. Fish blockages will be removed on Northwest Branch and Sligo Creek.

With this plan, habitat and stream connectivity will be improved to support river hetring migration and
spawning. As a component of comprehensive watershed restoration, which includes water quality
improvements being conducted by other agencies, habitat improvements are expected to lead to increased
aquatic health for fish and benthic organisms. Further information on this study, including a draft
feasibility study and Environmental Assessment is available at the project website:
http://go.usa.gov/cIwx9.

Please consider this letter our notification to begin consultation on the plan recommended in the
feasibility study. We look forward to consulting with you on a Government-to-Government basis, in
accordance with the Department of Defense American Indian and Alaska Native Policy. Please let us
know if you are interested in consulting and the extent to which you wish to participate. We will provide a
USACE representative at consultation and fact-finding meetings, and we will fully consider any
information you wish to provide. Please advise me if you wish to enter into consultation and how best to
proceed to address tribal rights and resources.

This request for participation and information has been provided to the following Federally
Recognized Tribal Nations:

Delaware Nation Pamunkey Indian Tribe
Delaware Tribe of Oklahoma Seneca-Cayuga Nation
Fastern Shawnee Tribe of Oklahoma Tuscarora Nation

We respectfully request your response, or questions within 30 days of the receipt of this letter.

If this office can be of further assistance, or if you have any questions concerning this matter, please
feel free to contact Mr. Scott C. Watson at 410-962-9500 or via email at scott.c.watson(@usace.army.mil.
Written correspondence can be addressed to Mr. Scott C. Watson, Cultural Resource Manager, Planning
Division at 10 S. Howard St., Baltimore, MD 21201,

Sincerely,

Enclosure David Robbins
Acting Chief, Civil Works Project Development
Branch
Planning Division
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DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS
10 §. HOWARD STREET
BALTIMORE, MD 21201

Dear Chief Fisher:

The U.S. Army Corps of Engineers (USACE), Baltimore District is conducting a feasibility study and
preparing an environmental assessment in accordance with National Environmental Policy Act of 1969,
as amended, to restore in-stream aquatic habitat in six stream reaches within the Anacostia River
watershed in Prince George’s County, Maryland (see enclosed map). The recommended plan will restore
approximately 7 miles of in-stream habitat in Northwest Branch, Sligo Creek, Northeast Branch, Paint
Branch, and Indian Creek. The plan will open 4.3 miles of fish passage and cormect 13.5 miles of
restored habitat. Fish blockages will be removed on Northwest Branch and Stigo Creek.

With this plan, habitat and stream connectivity will be improved to support river herring migration and
spawning. As a component of comprehensive watershed restoration, which includes water quality
improvements being conducted by other agencies, habitat improvements are expected to lead to increased
aquatic health for fish and benthic organisms. Further information on this study, including a draft
feasibility study and Environmental Assessment is available at the project website:
hitp://go.usa.govicIwx9.

Please consider this letter our notification to begin consultation on the plan recommended in the
feasibility study. We look forward to consulting with you on a Government-to-Government basis, in
accordance with the Department of Defense American Indian and Alaska Native Policy. Please let ug
know if you are interested in consulting and the extent to which you wish to participate. We will provide a
USACE representative at consultation and fact-finding meetings, and we will fully consider any
information you wish to provide. Please advise me if you wish to enter into consultation and how best to
proceed to address tribal rights and resources.

This request for participation and information has been provided to the following Federally
Recognized Tribal Nations:

Delaware Nation Pamunkey Indian Tribe
Delaware Tribe of Oklahoma Seneca-Cayuga Nation
Eastern Shawnee Tribe of Oklahoma Tuscarora Nation

We respectfully request your response, or questions within 3¢ days of the receipt of this letter.

If this office can be of further assistance, or if you have any questions concerning this matter, please
feel free to contact Mr. Scott C. Watson at 410-962-9500 or via email at scott.c.watsonfusace.army.mil.
Written correspondence can be addressed to Mr. Scott C. Watson, Cultural Resource Manager, Planning

Division at 10 S. Howard St., Baltimore, MD 21201.
Enclosure David Robbins

Acting Chief, Civil Works Project Development
Branch
Planning Division

Sipeerely,

-
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DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS
10 S. HOWARD STREET
BALTIMORE, MD 21201

Dear Chief Henry:

The U.S. Army Corps of Engineers (USACE), Baltimore District is conducting a feasibility study and
preparing an environmental assessment in accordance with National Environmental Policy Act of 1969,
as amended, to restore in-stream aquatic habitat in six stream reaches within the Anacostia River
watershed in Prince George’s County, Maryland (see enclosed map). The recommended plan will restore
approximately 7 miles of in-stream habitat in Northwest Branch, Sligo Creek, Northeast Branch, Paint
Branch, and Indian Creek. The plan will open 4.3 miles of fish passage and connect 13.5 miles of
restored habitat. Fish blockages will be removed on Northwest Branch and Sligo Creek.

With this plan, habitat and stream connectivity will be improved to support river herring migration and
spawning. As a component of comprehensive watershed restoration, which includes water quality
improvements being conducted by other agencies, habitat improvements are expected to lead to increased
aquatic health for fish and benthic organisms. Further information on this study, including a draft
feasibility study and Environmental Assessment is available at the project website:
http://go.usa.gov/cIwx9.

Please consider this letter our notification to begin consultation on the plan recommended in the
feasibility study. We look forward to consulting with you on a Government-to-Government basis, in
accordance with the Department of Defense American Indian and Alaska Native Policy. Please let us
know if you are interested in consulting and the extent to which you wish to participate. We will provide a
USACE representative at consultation and fact-finding meetings, and we will fully consider any
information you wish to provide. Please advise me if you wish to enter info consultation and how best to
proceed to address tribal rights and resources.

This request for participation and information has been provided to the following Federally
Recognized Tribal Nations:

Delaware Nation Pamunkey Indian Tribe
Delaware Tribe of Oklahoma Seneca-Cayuga Nation
Eastern Shawnee Tribe of Oklahoma Tuscarora Nation

We respectfully request your response, or questions within 30 days of the receipt of this letter,

If this office can be of further assistance, or if you have any questions concerning this matter, please
feel free to contact Mr. Scott C. Watson at 410-962-9500 or via email at scott.c.watson(@usace.army.mil.
Written correspondence can be addressed to Mr. Scott C. Watson, Cultural Resource Manager, Planning
Division at 10 S. Howard St., Baltimore, MD 21201.

Sincerely,

Enclosure David Robbins
Acting Chief, Civil Works Project Development
Branch
Planning Division




Recommended Plan:

NW-C + NE-A

Flop e S lgor
W

Heflsvilie

Cobdn g

gg Te

A

ighis

bl b,
\ . . iz iy of e p I
[ETATR) ;R B R . i < 5 it
- TR 0 B U INT TS IR PRt G
- gy Pl %% i.k
i i : = S
> e Yy N
4 ) Ry et
ge& E ' b ,;é;i J E" b
Ulgiversity w454
Paik for
Ui bl : , ’, h
el B z Ha f Lt
A7 Cacag e _ i~
_ Mywegdale 3 n
: Pask” i
gy ) Hyabtsville
\\ Fudnn mmmn Study reach proposed for restoration
) Q-:sr{ —— Previously restored streams
zﬁ*"*, Bron b ood )‘_\_‘.._\ ~N; A Fish blockages proposed for restoration
" n ) = _ Bladen %S‘g,g,ggég: i @ w @ Fish passage opened under plan
: “y S GEBCO. U 4 4 4 Existing USACE channelization N
0 i 1 N Rainder Ordnance U .
3 ] -SWisstopo e Natural limit of river herring range
R Mifes ™ GIS User




From: Blair, AaronM

To: Seiple, Jacqueline A CIV USARMY CENAB (US)

Subject: [EXTERNAL] RE: Anacostia Watershed Restoration EA - USEPA Comments
Date: Wednesday, December 21, 2016 3:48:20 PM

Hi Jacqui -

We appreciate you coordinating with UMD and EPA to determine that the restoration project is not thought to have
an appreciable impact on contamination within or reaching Paint Branch. This was the predominate concern from
EPA, and we're glad to hear that the impacts will not be significant.

Thank you,
Aaron

Aaron Blair

Physical Scientist

Environmental Assessment and Innovation Division
U.S. EPA - Region 11

215-814-2748

----- Original Message-----

From: Seiple, Jacqueline A CIV USARMY CENAB (US) [mailto:Jacqueline.A.Seiple@usace.army.mil |

Sent: Friday, December 16, 2016 7:25 AM

To: Blair, AaronM <blair.aaronM @epa.gov>

Cc: Powers, Dennis JCIV USARMY CENAB (US) <Dennis.J.Powers@usace.army.mil>; Baron, James W CIV
USARMY CENAB (US) <James.W.Baron@usace.army.mil>; Sowers, AngelaM CIV USARMY CENAB (US)
<Angela. Sowers@usace.army.mil>; Snead, Louis C Jr CIV CENAB CENAD (US)
<Louis.C.Snead@usace.army.mil>

Subject: Anacostia Watershed Restoration EA - USEPA Comments

Dear Mr. Blair,

We received the attached comments from EPA on the draft Feasibility Report and Environmental Assessment for
stream restoration in Prince George's County Maryland. We wanted to coordinate with you further regarding your
comments on the impacts of the stream restoration project on groundwater in the vicinity of University of Maryland
Landfill 3A, which is adjacent to a section of Paint Branch that we propose to restore.

Since we received your comments, we have done a good deal of research on groundwater contamination at the
landfill and particularly contamination that might be reaching the stream. We coordinated with University of
Maryland and EPA through a FOIA request to obtain documentation on groundwater and sediment datain the
vicinity of Paint Branch.

A review of available data and reports, including EPA's "Documentation of Environmental Indicator Determination,
Migration of Contaminated Groundwater Under Control, Environmental Indicator (EA) RCRIS code (CA750)",
indicates that groundwater contamination is contained on the landfill site and is not migrating to Paint Branch. The
RCRA Fecility Investigation results (revised 6 April 2002, prepared by Environmental Resources M anagement
[ERM]), documents that sampling of sediments, surface water and soil samples from Paint Branch did not show any
release of Permit-list metals, volatile organic compounds (VOCs) or semivolatile organic compounds (SVOCs), as
well as Permit-list VOCS or SVOCsin ground water. Permit-list metals were reported in groundwater. 1n 1999
ERM re-sampled the Permit-list metals, including PCBs, toxins, and methane, to conclude that groundwater
conditions beneath the Paint Branch Landfill Areas do not pose unacceptable risks to human health or the
environment. We have also reviewed more recent data (2014), which indicate low concentrations of MTBE at the
monitoring well (PW-7) located along Paint Branch (not to be confused with the small tributary - Paint Branch
Creek), and concentrations of dissolved hydrocarbons continue to decrease over time.


mailto:blair.aaronM@epa.gov
mailto:Jacqueline.A.Seiple@usace.army.mil
mailto:Jacqueline.A.Seiple@usace.army.mil

Asaresult of the above information, we do not believe the restoration project will have an appreciable impact on
contamination within or reaching Paint Branch. For the draft report, designs were conceptual, but now we will be
advancing the designs to the feasibility level. We will soon have a better idea of the types and locations of the
proposed restorations. We plan to share this with you once the designs progress; however, if you have any thoughts
on additional coordination/considerations that we need to account for, please let us know as soon as possible so we
can incorporate this information.

Please let me know if | can provide anything additional or if there is more that needs to be done in consideration of
your comments.

Thanks!
Jacqui Seiple

Jacqueline Seiple

Geographer, P.G.

Planning Division

U.S. Army Corps of Engineers, Baltimore
(410) 962-4398



From: Weil, Michael

To: Seiple, Jacqueline A CIV USARMY CENAB (US)

Cc: Snead. Louis C Jr CIV USARMY CENAB (US); Roach, Andrew A CIV USARMY CENAB (US); Oestreich, Adam L CIV
CENAB CENAD (US); Singh. Surina

Subject: [EXTERNAL] RE: Anacostia Stream Restoration - Capper Crampton Act

Date: Wednesday, March 22, 2017 1:06:32 PM

Hi Jacqui, yes, based on the project materials provided to us and our earlier consultations, NCPC staff believes that
the proposed stream restoration would be consistent with the existing park use and its character and therefore, no
further NCPC review is required since our authority is contingent upon a 'change in use' to the park's General
Management Plan pursuant to the 1930 Capper-Cramton Act, and no such modification is warranted at thistime.
Should the project design be substantively modified in anyway however, please contact us to discuss whether
additional consultation isrequired.

Please contact me with any further questions, and thanks again for reaching out to us.
- Mike Weil, 202-482-7253

----- Origina Message-----

From: Seiple, Jacqueline A CIV USARMY CENAB (US) [mailto:Jacqueline.A.Seiple@usace.army.mil]

Sent: Thursday, February 2, 2017 1:39 PM

To: Weil, Michael <michael .weil @ncpc.gov>

Cc: Snead, Louis C Jr CIV CENAB CENAD (US) <Louis.C.Snead@usace.army.mil>; Roach, Andrew A CIV
USARMY CENAB (US) <Andrew.A.Roach@usace.army.mil>; Oestreich, Adam L CIV CENAB CENAD (US)
<Adam.L.Oestrei ch@usace.army.mil>

Subject: Anacostia Stream Restoration - Capper Crampton Act

Mike,

Thanks very much for speaking with us about Capper Crampton lands today. It was a useful discussion for the
current project as well as for future projects.

To summarize our conversation, the stream restoration project we are proposing does not constitute a change in the
park use from recreational open space (natural space) to another type of use. Although we may be atering the park
land dlightly (e.g. shifting the stream aong a short reach or cutting into the parkland by altering the stream course
dlightly), thisis still considered anatural use. Therefore, there is no further review required on your part with
regards to this project. Please reply to confirm that thisis correct.

As| mentioned, we will be adding a short section to our report about Capper Crampton lands, which we will
forward to you for your review. We will also forward your concurrence of the above to MNCPPC in order to close
the loop with them.

Thanks for your help!
Jacqui Seiple

Jacqueline Seiple

Geographer, P.G.

Planning Division

U.S. Army Corps of Engineers, Baltimore
(410) 962-4398


mailto:michael.weil@ncpc.gov
mailto:Jacqueline.A.Seiple@usace.army.mil
mailto:Louis.C.Snead@usace.army.mil
mailto:Andrew.A.Roach@usace.army.mil
mailto:Adam.L.Oestreich@usace.army.mil
mailto:Adam.L.Oestreich@usace.army.mil
mailto:surina.singh@ncpc.gov
mailto:Jacqueline.A.Seiple@usace.army.mil

From: Seiple, Jacqueline A CIV USARMY CENAB (US)

To: "Katharine McCarthy -DNR-"
Cc: Sowers, Angela M CIV USARMY CENAB (US); Lori Byrne -DNR-; Tim Larney -DNR-
Subject: Re: PG County Stream Restoration - Site 11
Date: Thursday, July 13, 2017 10:53:00 AM
Attachments: C-150.pdf
C-151.pdf
C-152.pdf
Hi Kathy,

It has been awhile since we last communicated about our project on Indian Creek. We have developed the
feasibility level designs (35% design) taking into account your recommendations below to confine work to the main
channel north of Cherrywood Ct. | have attached the designs for the work north of Cherrywood Court, which show
the limits of disturbance (LODs).

Please take alook and let me know if you have any concerns or would like any further discussion. Sheet 150 isthe
north end of the reach at Indian Creek adjacent to the metro station. Sheet 152 shows the stream reach extending to
just south of Cherrywood Ct.

Thanks,
Jacqui

Jacqueline Seiple

Geographer, P.G.

Planning Division

U.S. Army Corps of Engineers, Baltimore
(410) 962-4398

----- Origina Message-----

From: Katharine McCarthy -DNR- [ mailto:katharine.mccarthy @maryland.gov]

Sent: Thursday, September 22, 2016 5:24 PM

To: Seiple, Jacqueline A NAB <Jacqueline. A.Seiple@usace.army.mil>

Cc: Sowers, Angela NAB <Angela. Sowers@usace.army.mil>; Soleimani, Behnam NAB

<Behnam.Sol eimani @usace.army.mil>; Snead, Louis C NAB <L ouis.C.Snead@usace.army.mil>; Lori Byrne -
DNR- <lori.byrne@maryland.gov>; Tim Larney -DNR- <tim.larney@maryland.gov>

Subject: [EXTERNAL] Re: PG County Stream Restoration - Site 11 (UNCLASSIFIED)

Jacqui,

Looking back through my email | realize | did not reply to you. | apologize. Attached are atopo map and aerial
image of the locations of Stellaria alsine from prior field surveys. The small green dots are very accurate. The large
dot isalocator.

Going through your list of questions..

--Avoiding work in the floodplain and side channels would avoid disturbance to the Stellariaalsine, so | think
confining al work to the main channel isthe way to go from Cherrywood Ct north.

-- South of Cherrywood Ct, work in the floodplain would not affect Stellaria alsine so there would be no concerns
with potential impacts.

--Regarding timing, because thisis an annual plant it would be ideal to avoid disturbance during the summer so that
fruits have time to mature and disperse. However, if no work is proposed in the floodplain or side channels, thisis
not crucial.

--The locations for Stellaria alsine shown as small green dots should suffice to map the population. The plants we
found in July that were likely to be thisrare Stellariawere al in very close proximity to these mapped locations.


mailto:katharine.mccarthy@maryland.gov
mailto:Angela.Sowers@usace.army.mil
mailto:lori.byrne@maryland.gov
mailto:tim.larney@maryland.gov
mailto:katharine.mccarthy@maryland.gov
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From: Seiple, Jacqueline A CIV USARMY CENAB (US)

To: "Katharine McCarthy -DNR-"

Cc: Sowers, Angela M CIV USARMY CENAB (US); "Lori Byrne -DNR-"; "Tim Larney -DNR-"; Soleimani, Behnam CIV
USARMY CENAB (US); Martyn, Michael CIV USARMY CENAB (US); "Greg Golden -DNR-"

Subject: RE: [Non-DoD Source] Re: PG County Stream Restoration - Site 11

Date: Tuesday, August 01, 2017 8:50:00 AM

Kathy & Greg (please forward to Chris),

Thanks for speaking with us last week (7/25/2017). | just want to follow up with a summary of what we discussed
for our records:

-Ben explained the rationale for the design proposed for Indian Creek, which includes widening the channel in some
places, deepening the channel in some places, and adding flood plain benches. We took MDDNR recommendations
into account by confining work to the main channel as much as possible north of Cherrywood Court.

-Impactsto trees were discussed. We will conserve trees as much as possible. Details will be included at a higher
level of design.

-Greg identified that the proposed work, including removal of vegetation, could be a concern if the stellariaasine
inhabits that area, but since it does not, it is not a concern for the plant. The LOD does not impact the plant which
livesin the low energy braided channels. Ben explained the modeling that was performed (HEC-RAS and SIAM)
including to evaluate changes to the areas hydrology (water surface elevation and flooding). Based on this, the
hydrology outside the channel will not be changed and so will not impact the plant.

-We discussed future potential development in the area, and that the proposed design is not inconsistent with at least
the plans that were proposed for development related to the metro station/FBI.

-MDDNR agreed that the design does not appear to impact the plant. They will discuss further internally. The final
report will be made available for state and agency review and comment in April next year.

Let me know if you have any questions/concerns/additions to the above.

Thanks!
Jacqui

----- Origina Message-----

From: Katharine McCarthy -DNR- [ mailto:katharine.mccarthy @maryland.gov]

Sent: Thursday, July 20, 2017 3:14 PM

To: Seiple, Jacqueline A CIV USARMY CENAB (US) <Jacqueline.A.Seiple@usace.army.mil>

Cc: Sowers, AngelaM CIV USARMY CENAB (US) <Angela.Sowers@usace.army.mil>; Lori Byrne -DNR-
<lori.byrne@maryland.gov>; Tim Larney -DNR- <tim.larney@maryland.gov>; Soleimani, Behnam CIV USARMY
CENAB (US) <Behnam.Soleimani @usace.army.mil>; Martyn, Michael CIV USARMY CENAB (US)
<Michadl.Martyn@usace.army.mil>; Greg Golden -DNR- <greg.golden@maryland.gov>

Subject: Re: [Non-DoD Source] Re: PG County Stream Restoration - Site 11

| am also free on Tuesday from 11-5 and could talk then. Please let me know what time works best for you and what
number to call. Thanks!
Kathy
On Thu, Jul 20, 2017 at 2:47 PM, Seiple, Jacqueline A CIV USARMY CENAB (US)
<Jacqueline.A.Seiple@usace.army.mil <mailto:Jacqueline. A .Seiple@usace.army.mil> > wrote:

Hi Kathy,

Thanks for your response. | think it would be best if we could set up a meeting with you and our engineers.


mailto:katharine.mccarthy@maryland.gov
mailto:Angela.Sowers@usace.army.mil
mailto:lori.byrne@maryland.gov
mailto:tim.larney@maryland.gov
mailto:Behnam.Soleimani@usace.army.mil
mailto:Behnam.Soleimani@usace.army.mil
mailto:Michael.Martyn@usace.army.mil
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THE PRINCE GEORGE’S COUNTY GOVERNMENT

Department of Permitting, Inspections and Enforcement

Office of the Director DEPARTMENT OF PERMITTING,
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Rushern L. Baker, [11
County Executive

MEMORANDUM

Auqust 7, 2015

TO: Dawn Hawkins-Nixon, Acting Associate Director
Department of the Environment

FROM: Haitham A. Hijazi, Director LM\)\/
Department of Permitting, Inspections and Enforcement

RE: Anacostia River Watershed Multiple Stream & Wetland
Restoration Projects
Clearinghouse Referral Number: MD20150605-0487

This memorandum is in response to your June 26, 2015,
memorandum regarding the U.S. Army Corps of Engineers Anacostia
River Watershed Multiple Stream & Wetland Restoration Projects.

The Department of Permitting, Inspections and Enforcement
(DPIE) has reviewed this request and offers the following

comments:

1. Stormwater Management Concept approval and site
development fine grading permits are required for all
of these project sites.

2. 100-year floodplain approval from DPIE is required.

If you have any questions or need additional information,
please feel free to contact Mr. Steve Snyder, District Engineer
for the area, at 301.636.2060.

HAH:SS:dar

cc: Gary E. Cunningham, Deputy Director, DPIE
Dawit Abraham, P.E., Associate Director, DO, DPIE
Mary C. Giles, P.E. Associate Director, S/RPRD, DPIE
Rey de Guzman, P.E., Chief, Site/Road Section, S/RPRD, DPIE
Steve Snyder, P.E., District Engineer, S/RPRD, DPIE
M.J. Labban, Engineer, S/RPRD, DPIE

9400 Peppercorn Place, 5t Floor, Largo, Maryland 20774
Phone: 301.636.2020 ¢ http://dpie.mypgc.us ¢ FAX: 301.636.2021



' y Larry Hogan, Governor David R. Craig, Secretary

= Il D ) Boyd Rutherford. Lt. Governor Wendi W. Peters, Deputy Secretary
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Maryland 'Department of Planning

July 13,2015

Mr. Christopher Spaur

CENAB-PL-P (Spaur)

U.S. Army Corps of Engineers, Baltimore District
P.O. Box 1715

Baltimore, MD 21203-1715

STATE CLEARINGHOUSE RECOMMENDATION
State Application Identifier: MD20150605-0487
Applicant:  U.S. Army Corps of Engineers, Baltimore District
Project Description: Scoping to Prepare an Environmental Assessment (EA) for Multiple Stream and Wetland
Restoration Projects being Proposed in Anacostia River Watershed, Prince George's County, MD
Project Location: Prince George's County
Approving Authority: U.S. Department of Defense DOD/ARMY
Recommendation:  Consistent with Qualifying Comment(s) and Contingent Upon Certain Action(s)

Dear Mr. Spaut:
In accordance with Presidential Executive Order 12372 and Code of Maryland Regulation 34.02.01.04-.06, the State

Clearinghouse has coordinated the intergovernmental review of the referenced project. This letter constitutes the State
process review and recommendation. This recommendation is valid for a period of three years from the date of this letter.

Review comments were requested from the Maryland Department(s) of Natural Resources (DNR), Transportation
(MDOT), the Environment (MDE) and the Maryland Department of Planning (MDP), including the Maryland Historical
Trust; and Prince George's County.

The Maryland Department(s) of Transportation and the Maryland Department of Planning; and Prince George's County
found this project to be consistent with their plans, programs and objectives.

The Department of Transportation stated that "as far as can be determined at this time, the subject has no unacceptable
impacts on plans or programs."

Prince George’s County stated that all 10 sites are located within the Anacostia River watershed (maps listing the 10 sites
will be sent to MDP electronically). In addition, there are three maps for each site which include the effective FEMA
map, the preliminary DFIRM (Digital Flood Insurance Rate Map) and the Storm Water Management Technical Group
(SWMTG) Anacostia River watershed study each with the 1-percent annual chance (100-year) floodplain shown. The
Department of Permitting, Inspections, and Enforcement (DPIE) is the regulatory agency that determines which study
governs at each site (the highest 100-year floodplain elevation) and therefore should review all sites.

301 West Preston Street - Suite 1101 - Baltimore - Maryland - 21201
Tel: 410.767.4500 - Toll Free: 1.877.767.6272 - TTY users: Maryland Relay - Planning.Maryland.gov




DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS
10 SOUTH HOWARD STREET
BALTIMORE, MARYLAND 21201

CENAB-PL-E

Ms. Elizabeth Hughes

State Historic Preservation Officer
Maryland Historical Trust

100 Community Place

Crownsville, Maryland 21032-2023

Dear Ms. Hughes:

The purpose of this letter is to continue consultation with your office under Section 106 of the
National Historic Preservation Act regarding the Anacostia Watershed Restoration Study in Prince
George’s County, Maryland. The study is being conducted by the U.S. Army Corps of Engineers,
Baltimore District (USACE) to develop and evaluate potential ecosystem restoration solutions to
address degraded aquatic ecosystems in the Anacostia watershed. The project’s goal is to restore
ecological function, structure, and health in selected stream reaches and riparian zones. The
proposed project area originally included ten stream reaches within six sub-watersheds of the
Anacostia River watershed (Enclosure 1); however, the recommended plan (Enclosure 2) now
includes six of the original ten stream reaches (Sites 3, 5, 9, 13, 11, and 15).

The area of potential effect (APE) for the project includes areas of ground disturbance and areas
where the undertaking may directly or indirectly cause alterations in the character or use of historic
properties, including visual effects. Any access roads or staging areas associated with the project
will not include subsurface excavation and will be confined to previously disturbed areas when
possible.

Previous correspondence from your office dated June 15, 2015 provided your opinion that work
in six of the ten stream reaches was unlikely to have an adverse effect on cultural resources, while
the remaining four reaches had moderate to high potential for archaeological resources and might
require investigation. The four reaches with archaeological potential include the Little Paint
Branch (Site #12), the Northwest Branch (Site #13), the Northwest Branch Hyattsville (Site #3),
and the Sligo Creek (Site #9). Since receipt of your letter, Little Paint Branch (Site #12) is no
longer under consideration. In addition, USACE has determined that the majority of the proposed
work in the remaining three reaches will be conducted within the active stream banks, in areas
with low to no archaeological potential. Additionally, records reviews indicate significant past
disturbance and/or prior surveys for cultural resources at all sites within the recommended plan.

Ground disturbing work outside the stream banks is proposed for Site #11, Indian Creek — College
Park, and Site #15, Northeast Branch — Calvert Road. Although your office did not recommend
any archaeological testing at these two locations, a review of their topographic settings and the
presence of known archaeological resources in similar settings nearby suggested that a limited
Phase IB-level archaeological survey would be warranted. USACE conducted this survey in



November 2016 and July 2017. No significant archaeological resources were identified at either
site, and both areas are characterized by the presence of modern alluvium and heavy ground
disturbance from flooding. A report describing the Phase | investigation is enclosed for your
review and comment (Enclosure 3).

No National Register eligible archaeological or architectural resources are present in the project’s
direct APE, and no historic architectural resources are located within the project’s viewshed.
USACE has determined that implementation of the activities recommended by the Anacostia
Watershed Restoration, Prince George’s County, Study, will have no effect on historic properties,
and no further investigations are recommended.

USACE looks forward to receiving your response to this determination within thirty (30) days of
your receipt of this letter. Should we become aware, from any source, that historic properties are
located in the project area we will notify your office immediately. Questions or comments
regarding this project should be directed to Mr. Scott C. Watson at (410) 962-9500 or email at
scott.c.watson@usace.army.mil. Thank you for your assistance with this project.

Sincerely,

4

W ; ._[‘r /ﬂl .

Daniel M. Bierly
Chief, Civil Project Development Branch
Planning Division

Enclosures


mailto:scott.c.watson@usace.army.mil

Enclosure 1: Stream Sites in Prince George’s County selected for study
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Enclosure 2: Sites in the recommended plan
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MARYLAND DEPARTMENT OF

m . ‘m Larry Hogan, Governor Robert S. McCord, Acting Secretary
P L A N N ]I N G Boyd Rutherford, Lt. Governor

MARYLAND HISTORICAL TRUST
October 30, 2017

Mr. Scott C. Watson
Archeologist, Planning Division
Baltimore District

U.S. Army Corps of Engineers
10 S. Howard Street

Baltimore, Maryland 21201

Re:  MHT Review of Phase I Archeological Survey for Anacostia Watershed Restoration Project
Prince George’s County, Maryland

Dear Mr. Watson:

Thank you for providing the Maryland Historical Trust (MHT) with a draft report detailing the results of the
Phase I archeological survey work that has been conducted for the above-referenced project. The proposed
watershed restoration study is being conducted by the U.S. Army Corps of Engineers, Baltimore District and is
therefore subject to federal historic preservation law. We have therefore reviewed the draft document in
accordance with Section 106 of the National Historic Preservation Act and are writing to provide the following
comments and recommendations regarding potential effects on historic properties.

The report, Phase I Level Cultural Resource Investigation, Anacostia Watershed Restoration Project, Prince
George's County, Maryland (U.S. Army Corps of Engineers 2017), is consistent with the reporting
requirements of the Standards and Guidelines for Archeological Investigations in Maryland (Shaffer and Cole
1994) and presents the necessary documentation on the goals, methods, results, and recommendations of the
Phase I survey work that has been conducted within six areas of proposed stream restoration work. Please note,
however, that the final Phase I report should include the qualifications of the principal investigator as an
appendix.

The Phase I survey was carried out during the summer of 2017 and consisted of background research,
pedestrian survey and the excavation of shovel test pits at a 50-foot interval at Sites 11 (Indian Creek) and 15
(Northeast Branch). While the survey failed to identify any cultural features or intact archeological deposits, it
did reveal that the area of potential effect at both Sites 11 and 15 have experienced significant erosion and
stream channel migration. Based on the documentation presented in the Phase I report, we concur that the
Anacostia Watershed Restoration project area possesses no archeological research potential and that further

Maryland Historical Trust e 100 Community Place e Crownsville « Maryland « 21032

Tel: 410.697.9591 o toll free 877.767.6272 ¢ TTY users: Maryland Relay « MHT.Maryland.gov



archeological investigations are not warranted for Section 106 purposes. It is our opinion that the proposed
stream restoration work will have no adverse effect on historic properties.

The archeological survey work that has been conducted for the Anacostia Watershed Restoration project has
generated important information regarding the presence of historic properties within the project area, and we
appreciate the conscientious efforts that have been made to recover this information. If you have any questions
or require further information, please do not hesitate to contact me at 410-697-9553 or
dixie.henry@maryland.gov. Thank you for providing us with this opportunity to comment.

Sincerely,

by

Dixie L. Henry, Ph.D.
Preservation Officer
Maryland Historical Trust

DLH/201705176
cc: Dan Bierly (COE)
Ethan Bean (COE)



DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

The Honorable Larry Hogan e
Govemnor of Maryland e B3 W8
State House

100 State Circle

Annapolis, Maryland 21401

Dear Governor Hogan:

The purpose of this letter is to notify you of the distribution of the proposed report
of the Chief of Engineers and the report of the district engineer on the Anacostia
Watershed Restoration Project, Prince George’s County, Maryland. In accordance with
Executive Order 12372, Intergovernmental Review of Federal Programs, and the State
process instituted by Maryland; Public Law 78-534 (as amended by Public Law 104-
303) pertaining to coordination procedures on water resources reports; and Public Law
85-624 pertaining to fish and wildlife, we have requested comments on the proposed
report from single point of contact, Ms. Myra Barnes, Maryland State Clearinghouse,
Maryland Department of Planning. We will consider State process comments provided
by the single point of contact to be the position of the State of Maryland regarding the
recommendation of the Chief of Engineers.

Comments of the State of Maryland will be considered in determining whether the
proposed report of the: Chief of Engineers should be changed prior to its transmittal to
the Secretary of the Army. These comments will be included with the report when it i is
transmitted to Congress.

Receipt of State views and recommendations within 30 days will facilitate
expeditious processing of the final report of the Chief of Engineers.

Sincerely,

) H e
Jose %V(I;\ %

edican
Acting Chief, Planning and Policy Division
Directorate of Civil Works




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

Prince George’s County Department AUS 03 208
of Environment

Attn: Mr. Adam Ortiz
Director

1801 McCormick Drive, Suite 500

Largo, Maryland 20774

Dear Mr. Ortiz:

For your information, enclosed is a copy of the proposed report of the Chief of
Engineers on the Anacostia Watershed Restoration Project, Prince George’s County,

Maryland.

The district engineer's report is currently under review by the Office of Water Project
Review. Upon completion of that review and receipt of comments on the proposed
report from Federal agencies and the State, the Chief of Engineers will forward his final
report to the Secretary of the Army. :

Sincerely,

\ Wil

Joséph H. Redican
Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

The Honorable Bill Shuster e 12 W8

Chairman, Committee on Transportation
and Infrastructure

House of Representatives

2165 Rayburn House Office Building

Washington, D.C. 20515

Dear Representative Shuster:

Enclosed for your information is a copy of the proposed report of the Chief of
Engineers and the report of the district engineer on the Anacostia Watershed
Restoration Project, Prince George’s County, Maryland. The district engineer's report is
currently under review by the Office of Water Project Review. Upon completion of that
review and receipt of comments on the proposed report from Federal agencies and the
State, the Chief of Engineers will forward his final report to the Secretary of the Army.

Sincerely,

Mo e

Joséph H. Redican ,
Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

The Honorable John Barrasso
Chairman, Committee on Environment o
and Public Works AR DT 08
United States Senate
410 Dirksen Senate Office Building
Washington, D.C. 20510

Dear Senator Barrasso:

Enclosed for your information is a copy of the proposed report of the Chief of
Engineers and the report of the district engineer on the Anacostia Watershed
Restoration Project, Prince George’s County, Maryland. The district engineer's report is
currently under review by the Office of Water Project Review. Upon completion of that
review and receipt of comments on the proposed report from Federal agencies and the
State, the Chief of Engineers will forward his final report to the Secretary of the Army.

Sincerely,

N/

Jos ph H. Redican
Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

National Resources Conservation
Service
Attn: Mr. Terron L. Hillsman, Ph. D. _
- Maryland State Office ae 13 o
John Hanson Business Center
339 Busch'’s Frontage Road, Suite 301
Annapolis, Maryland 21409

Dear Mr. Hillsman:

Enclosed for your review and comment are two copies of the proposed report of the
Chief of Engineers and the report of the district engineer on the Anacostia Watershed
Restoration Project, Prince George’s County, Maryland.

In accordance with established coordination procedures on water resources reports,
please furnish your comments and recommendations on any aspect of the report for
which your agency has jurisdiction by law or has special expertise. In order to facilitate
processing of this document in a timely manner, you are requested to provide any
comments or recommendations within 30 days. Send your reply to me at the following

address:

Headquarters

U. S. Army Corps of Engineers
CECW-P (SA)

7701 Telegraph Road
Alexandria, VA 22315-3860

| appreciate your assistance with this review. Any questions on the proposed project or
this request can be addressed to Mr. Jeff Trulick at (202) 761-1380.

Sincerely,

e ———

Josép H. Redican
Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTNVENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

Department of Transportation
Federal Highway Administration
Attn: Mr. Gregory Murrill

Division Administrator
George H. Fallon Federal Building
31 Hopkins Plaza, Suite 1530
Baltimore, Maryland 21201

e 13 208

Dear Mr. Murrill:

Enclosed for your review and comment are two copies of the proposed report of the
Chief of Engineers and the report of the district engineer on the Anacostia Watershed
Restoration Project, Prince George’s County, Maryland.

In accordance with established coordination procedures on water resources reports,
please furnish your comments and recommendations on any aspect of the report for
which your agency has jurisdiction by law or has special expertise. In order to facilitate
procéssing of this document’in a timely manner, you are requested to provide any - -
comments or recommendations within 30 days. Send your reply to me at the following
address:

Headquarters

U. S. Army Corps of Engineers
CECW-P (SA)

7701 Telegraph Road
Alexandria, VA 22315-3860

| appreciate your assistance with this review. Any questions on the proposed project or
this request can be addressed to Mr. Jeff Trulick at (202) 761-1380.

Sincerely,

. QLS
Joseph H. Redican

Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

National Marine Fisheries Service
Attn: Mr. Michael Pentony
Regional Administrator
Greater Atlantic Region Fisheries Office w6 83 08
55 Great Republic Drive
Gloucester, Maine 01930

Dear Mr. Pentony:

Enclosed for your review and comment are two copies of the proposed report of the
Chief of Engineers and the report of the district engineer on the Anacostia Watershed
Restoration Project, Prince George’s County, Maryland.

In accordance with established coordination procedures on water resources reports,
please furnish your comments and recommendations on any aspect of the report for
which your agency has jurisdiction by law or has special expertise. In order to facilitate
processing of this document in a timely manner, you are requested to provide any
comments or recommendations within 30 days. Send your reply to me at the following
address:

Headquarters

U. S. Army Corps of Engineers
CECW-P (SA)

7701 Telegraph Road
Alexandria, VA 22315-3860

| appreciate your assistance with this review. Any questions on the proposed project or
this request can be addressed to Jeff Trulick at (202) 761-1380.

Sincerely,
\ i WAL=
Jose . Redican

Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTNMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

NOAA, Office of Strategic Planning

Attn: Ms. Rachel Lipsy e 83 ue
1315 East West Highway, Room 15123

Silver Spring, Maryland 20910

Dear Ms. Lipsy:

Enclosed for your review and comment is a copy of the proposed report of the Chief
of Engineers and the report of the district engineer on the Anacostia Watershed
Restoration Project, Prince George's County, Maryland. We are also forwarding a copy
of the report to Mr. Michael Pentony, Greater Atlantic Region Fisheries Office.

In accordance with established coordination procedures on water resources reports,
please furnish your comments and recommendations on any aspect of the report for which
your agency has jurisdiction by law or has special expertise. In order to facilitate processing
of this document in a timely manner, you are requested to provide any comments or
recommendations within 30 days. Please send your reply to me at the following address:

Headquarters

U. S. Army Corps of Engineers
CECW-P (SA)

7701 Telegraph Road
Alexandria, VA 22315-3860

| appreciate your assistance with this review. Any questions on the proposed project or this
request can be addressed to Mr. Jeff Trulick at (202) 761-1380.

Sincerely,

o dLS

(I
Joseph H.'Redican
Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

Environmental Protection Agency

Attn: Ms. Barbara Rudnick b 0
NEPA Team Leader, Region 3 e

1650 Arch Street, 3RA00

Philadelphia, Pennsylvania 19106

Dear Ms. Rudnick:

Enclosed for your review and comment are two copies of the proposed report of the
Chief of Engineers and the report of the district engineer on the Anacostia Watershed
Restoration Project, Prince George’s County, Maryland.

In accordance with established coordination procedures on water resources reports,
please furnish your comments and recommendations on any aspect of the report for
which your agency has jurisdiction by law or has special expertise. In order to facilitate
processing of this document in a timely manner, you are requested to provide any
comments or recommendations within 30 days. Send your reply to me at the following
address:

Headquarters

U. S. Army Corps of Engineers
CECW-P (SA)

7701 Telegraph Road
Alexandria, VA 22315-3860

| appreciate your assistance with this review. Any questions on the proposed project or
this request can be addressed to Mr. Jeff Trulick at (202) 761-1380.

Sincerely,

\. | ~\\fs?rﬁt~§7 ‘

Joseph'H. Redican
Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 203141000

Department of the Interior

Office of Environmental Policy
and Compliance

Attn: Ms. Lisa Treichel b 12 0%

1849 C Street NW, MS 5538 L

Washington, DC 20240

Dear Ms. Treichel:

Enclosed for your review and comment are two electronic copies of the proposed
report of the Chief of Engineers and the report of the district engineer on the Anacostia
Watershed Restoration Project, Prince George’s County, Maryland. The final feasibility
report and technical appendices supporting this Chief's Report are available for
download from the following website:

http://www.nab.usace.army.mil/Missions/EnvironmentaI/Anacostia~Watershed-
Restoration/

In accordance with established coordination procedures on water resources reports,
please furnish your comments and recommendations on any aspect of the report for
which your agency has jurisdiction by law or has special expertise. In order to facilitate
processing of this document in a timely manner, you are requested to provide any
comments or recommendations within 30 days. Please send your reply to the following
address:

Headquarters

U. S. Army Corps of Engineers
CECW-P (SA)

7701 Telegraph Road
Alexandria, VA 22315-3860

| appreciate your assistance with this review. Any questions on the proposed project or
this request can be addressed to Mr. Jeff Trulick at (202) 761-1380.

Sincerely,

D),

Joseph H' Redican
Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

Maryland State Clearinghouse

Attn: Ms. Myra Barnes . 9
Maryland Department of Planning ae 03 X
301 West Preston Street, Suite 1101

Baltimore, Maryland 21201

Dear Ms. Barnes:

Enclosed a copy of the proposed report of the Chief of Engineers and the report of
the district engineer on the Anacostia Watershed Restoration Project, Prince George's

County, Maryland.

In accordance with Executive Order 12372, Intergovernmental Review of Federal
Programs, and the State process instituted by Maryland, we request your comments
and recommendations, as the State single point of contact, on the proposed report. As
set forth in Public Law 78-534 (as amended by Public Law 104-303) pertaining to
coordination procedures on water resources reports and Public Law 85-624 pertaining
to fish and wildlife, please submit your comments and recommendations (including the
views of the agency responsible for fish and wildlife) within 30 days. Please send your
reply to the following address:

Headquarters

U. S. Army Corps of Engineers
CECW-P (8A)

7701 Telegraph Road
Alexandria, VA 22315-3860

| appreciate your assistance with this review. Any questions on the proposed project or
this request can be addressed to Mr. Jeff Trulick at (202) 761-1380.

The position of the State of Maryland will be considered in determining whether the
proposed report of the Chief of Engineers should be changed prior to its transmittal to
the Secretary of the Army. If all State process recommendations cannot be
accommodated in the final report of the Chief of Engineers, you will be so informed.




Your comments will be included with the report when it is transmitted to Congress. A
copy of the transmittal letter will be provided when the Secretary of the Army transmits
the report to Congress.

Sincerely,

< A W d——

Joseph H. Redican
Acting Chief, Planning and Policy Division
Directorate of Civil Works

Enclosures




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

CECW-P
¢ UG 03 A%

MEMORANDUM FOR DEPUTY ASSISTANT SECRETARY FOR PROJECT
PLANNING AND REVIEW, OFFICE OF THE ASSISTANT SECRETARY OF THE
ARMY FOR CIVIL WORKS

SUBJECT: Proposed Report of the Chief of Engineers on the Anacostia Watershed
Restoration Project, Prince George’s County, Maryland -- INFORMATION
MEMORANDUM

1. Purpose. To provide you with a copy of the subject proposed report.
2. Discussion.

a. | enclose for your information a copy of the proposed report of the Chief of
Engineers.

b. We have transmitted the proposed report together with the report of the district
engineer, to the State of Maryland; Departments of the Interior, Commerce, Agriculture,
and Transportation; and Regional Administrator, Region 3, Environmental Protection
Agency, for review and comment. :

c. We have provided information copies to the Committee on Environment and
Public Works of the United States Senate and Committee on Transportation and
infrastructure of the House of Representatives.

\, gl S

Encl Jose Oﬁ Redican
Acting Chief, Planning and Policy Division
Directorate of Civil Works

¥
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