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Appendix A

Development of the Level-of-Effort Scenarios

Listed in this gppendix are the assumptions and methods employed in determining four best
management BMP (including point source technologies) implementation levels for the three tiers and
‘everything, everywhere, by everybody’ (E3) scenarios. The scenarios were developed by the
Chesapeake Bay Program’ s Nutrient Subcommittee Workgroups to provide reference points for load
reductions of nutrients and sediment that could be associated with increasing levels of BMP
implementation for both point and nonpoint sources in the Chesapeake Bay watershed. The Use
Attainability Analyss (UAA) workgroup was provided with examples of the types of BMPs and
implementation levels to develop a defensible cogting tool. These four scenarios range from Tier 1,
which represents the current level of implementation throughout the watershed plus regulatory
requirements implemented through the year 2010, up to alimit of technology scenario referred to asthe
E3 scenario. Tier 2 and Tier 3 represent intermediate levels of implementation between Tier 1 and the
E3 scenario. Each tier has associated with it a given nitrogen, phosphorus and sediment load reduction
effected by the different technologies assgned to thetier. The nutrient and sediment sources were
divided into the following categories for tier development:

+ point sources

+ nonpoint source agriculture
« nonpoint source urban

+ nonpoint source forests

« ongtetrestment systems

+ amospheric deposition

The Chesapeake Bay Program partners have acknowledged that the E3 scenario goes beyond what is
physicadly possible in some cases, and that the feasibility of implementing certain reduction measures at
Tier 3are aso questionable. Thesetiers are abroad brush estimate of technological reduction
measures that could be implemented at the bay watershed level without regard to physical limitations.
Certainly, there will be loca circumstances and conditions that make implementation of these tiers as
defined unreasonable. 1t will be up to the individua jurisdictions to tailor reduction programs that fit
their specific capabilities and needs. The series of ranging scenarios were smulated using the
Chesapeake Bay Program’s Phase 4.3 Watershed Model, and the resultant loads for nitrogen,
phosphorus, and sediment were used as inputs to the Chesapeake Bay Water Quality Modd.
Evauation of dissolved oxygen, water clarity and chlorophyll a concentrations from the Water Quality
Modd, in turn, provided a sense of the response of key water quaity parameters to the various loading
levels. For thetiered and the E3 scenario scenarios, the BMP implementation levels, the resultant
modeled |oads, and the measured responses in tidal water quality are dl informationad. They are not
intended to prescribe control measures the jurisdictions must implement to meet Chesapeake 2000
nutrient and sediment cap load dlocations.



A-2

All above and below fdl line nitrogen, phosphorus, and sediment loads are included in the loadings for
each tier. Shoreline erosion control sediment reductions a 2000 progress levels are assumed for dl
tiers.

The costs for specific management practices developed by the UAA Workgroup could be used by
Chesapeske Bay basin jurisdictions for their individud UAAs. The Water Quality Steering Committee
of the Chesapeake Bay Program believed it would be useful to provide datato the jurisdictions to
promote coordination and consstency acrossdl jurisdictions. Itisajurisdiction’s prerogative to use
the basnwide cost andyses in developing their UAA.

Implementation levelsin dl of the tiers and the E3 scenario are not the most cost effective. More cost-
effective combinations of BMPswill be evduated by jurisdictions and their tributary strategy watershed
teams astheir Srategies are developed. In addition, levels of BMP implementation for the E3 scenario
are theoretical since, generally, the scenario does not account for physical limitations or participation
levdsinits design.

Thetier and the E3 scenario BMP implementation levels were mostly deliberated and set by the
‘source’ workgroups of the Chesapeake Bay Program’s Nutrient Subcommittee. These workgroups
are made up of representatives of Chesapeake Bay-watershed jurisdictions and Chesapeake Bay
Program Office personnd. The specific workgroups that decided BMP implementation levelsinclude
the Agricultural Nutrient Reduction Workgroup, the Forestry Workgroup, the Point Source
Workgroup, and the Urban Stormwater Workgroup. The Tributary Strategy Workgroup and Nutrient
Subcommittee findlized the E3 scenario definitions after review and further ddiberation.

To conform to Chesapeake 2000 goals, al of the scenarios were based on 2010 projections of
landuses, animals, point source flows, and septic systems as well as 2007/2010 or 2020 air emission
controls. Landuses and anima populations in the Chesapeake Bay Program Watershed Modd are
developed from an array of nationd, regional, and State databases as described in Chesapeake Bay
Watershed Model Land Use and Model Linkages to the Airshed and Estuarine Models
(Chesapeake Bay Program, 2000). The modeed landuses include the following categories:

+ forest

« conventiond-tilled (hightill)

+ conservaion-tilled (low-till)

+ hay

« pasture

« manure acres (model accounting of runoff from anima feeding operations)
« pervious urban

« impervious urban

« mixed open.

The 2010 agricultural landuses were projected from 1982, 1987, 1992, and 1997 Agricultural Census
information by county according to methods chosen by individua states. Projected anima populations,
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to estimate manure gpplications, were based on county Agricultural Census trends and information from
date environmenta and agriculturd agencies.

Implementation of Low Impact Development (LID) or Environmenta Site Design (ESD) in thetiered
scenarios was used to reflect urban pollutant load reductions that go above and beyond conventional
storm water management practices. The tiered scenarios reflect an ongoing shift from conventiona
storm water management to the more innovative LID/ESD practices that address both storm water
quantity (replicating pre-development hydrology) and qudity (reducing pollutant loads). The LID/ESD
approach encourages practices that promote groundwater recharge, stream channel protection, flood
protection, and improved water qudity. The pollutant remova efficiencies for LID/ESD were
developed by the Urban Storm Water Workgroup, based on national and watershed studies and expert
professond judgement. The workgroup evauated pollutant removal efficiencies for over 50 best
management practices from sources such as the American Society of Civil Engineers Best Management
Practices nationa database, the Center for Watershed Protection's Nationa Pollutant Removal
Performance Database for Stormwater Treatment Practices, the 2000 Maryland Stormwater Design
Manud, the Virginia Stormwater Handbook, and Prince George's County's Low Impact Development
Design Strategies manua. Maintenance cogts of ESD/LID gpproaches were based on data primarily
from Maryland (which promotes ESD) and Prince George's County (which promotes LID). There are
severd jurisdictions that are actively promoting ESD (Maryland state storm water regulations) and LID
(Prince George's County, Didrict of Columbia, various municipditiesin Virginia).

The 2010 urban landuses were mostly projected from methods involving human population changes as
determined by the U.S. Census Bureau for 1990 and 2000, and by individua state agencies for 2010.
The population changes were related to 1990 high-resolution satellite imagery of the Chesapeake Bay
watershed, which isthe primary source of urban and forest acreages. In the case of Maryland, urban
growth from 2000 to 2010 was determined by Maryland Department of Natural Resources and the
Maryland Department of Planning.

For dl jurisdictions except Maryland and Virginia, 2010 forest and mixed open landuses were
determined by proportioning the net change between 2010 and 1990 agriculturd and urban land to
1990 mixed open and 1990 forest. Maryland and Virginiaforest acreage changes followed
methodologies or data submitted by these states.

Each agriculturd BMP in the tier scenariosis associated with research that identifies the expected level
of nutrient reduction. In many cases this could be viewed as the best reduction one can expect from a
BMP given optima growing conditions and expected annua maintenance. However, theyidd reserve
BMPisdightly different. ThisBMP is not based soldy on hydrologic conditions, but includesthe
known response of a particular crop to nutrient availability. Thereis an additiona amount or cushion
within universaly recommended nutrient application rates to insure optima yield under ided growing
conditions. Red world observations have shown that optimal growing conditions occur infrequently,
and ‘average hydrologic conditions may result in subgtantialy less than optima yidd. By combining
this management practice with an insurance plan to protect againg yield loss in suboptima growth
years, potentia nitrogen leaching and phosphorus runoff are reduced while providing plant nutrient
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requirements seven or eight years out of every ten. The insurance program protects producers in those
two to three years of yield loss. Since thisis the reduction of adirect input based on plant response
curves and not an estimate of nutrient reduction efficiency, the potentia benefits from ayield reserve
program can be fully modeled. Sinceyidd isafunction of rainfal and nutrient avallability, the benefits
of thistype of program can be seen best in years with less than average rainfdl when yiddsfdl, yet
Sporing application rates were high.

Edtimates of the number of septic systemsin the watershed in 2010 were derived from human
population projections and people per septic system ratios from the 1990 U.S. Census Bureau survey.

Point sources were divided into categories which include 1) sgnificant municipa wastewater trestment
fadlities—generdly discharging flows greeter than or equa to 0.5 million gdlon per day, 2) sgnificant
indudtrid facilities—discharging nutrient |oads of greater than or equivaent to municipa facilities with
flows greater than or equa to 0.5 million gdlon per day, and 3) non-sgnificant municipd wastewater
trestment facilities—discharging flows less than 0.5 million galon per day, and limited to facilitiesin
Maryland and Virginia due to availability of data

Point source nitrogen and phosphorus loads from sgnificant and non-significant municipa wastewater
treatment facilities were determined using flows projected for the year 2010 for POTWslocated in all
jurisdictions of the Chesgpeake Bay Watershed. These future flows were devel oped either from
population projections or information obtained directly from the municipa facility operators. Thetier
and E3 scenario flows for industrid dischargers remained at 2000 levels because indudtrid flows are
not necessarily subject to growth due to population.

Technologiesin municipd facilities varied among the tiers depending on the nutrient concentrationsto be
achieved under each tier description. The technologies include extended aeration processes and
denitrification zones, chemica additions, additiond clarification tanks, deep bed denitrification filters,
and microfiltration. For industria dischargers, site-gpecific information on reductions by facility was
obtained via phone contacts or Ste vigts.

Estimation of atmospheric deposition to the Chesapeake Bay watershed for dl tier and E3 scenarios
employed deposition data from the Regiona Acid Deposition Modd (RADM) which aso provides
deposition estimates representing current conditions used for Progress modd runs. All of the air
scenarios involve nitrogen oxide emissions reductions made by roughly 37 states (the depostion
modeling domain). Air scenariosin Tiers 1 and 2 describe existing Clean Air Act regulations that have
passed; the Tier 3 and E3 air scenarios describe additiona voluntary control measures.

Table A-1 provides a brief overview of the reduction measures in the tiers organized by nutrient source.
Table A-2 shows the implementation levels of the BMPsin the tier scenarios in terms of landuse acres,
or their gppropriate unit of measurement (Figures A-1 through A-3). The text that follows provides a
more detailed overview of the reduction measures per source, organized by tier scenario.
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Inthe liging of BMP levelsin Table A-2, there are cases where implementation levels may be lower in
ahigher tier, or may be lower for the 2010 scenarios, when compared to 2000 progress. Itis
important to note that landuses change from 2000 to 2010 were based on trends specified by individua
jurisdictions with concurrence from the Chesgpeske Bay Program Nutrient Subcommittee’ s Tributary
Strategy Workgroup. Also, landuses change through the 2010 tiers and the E3 scenario depending on
degrees of BMP implementation (i.e., riparian buffers, wetland restoration, land retirement, carbon
sequestration for agricultura land). In other words, aslanduses change, less land may be available to
goply BMPsin ahigher level-of-effort scenario. Overdl however, nutrient and sediment reductions will
increase through the tiers to the E3 scenario as the combined impact of nonpoint source BMPs
increases. Note that riparian buffer information is presented both in terms of acres and 1-Sde stream

miles.

Table A-1. Descriptions of the source reduction measures by tier scenario.

Nutrient
Reduction
Activity

Tier 1

Tier 2

Tier 3

E3

Cropland Conversions to Forest or Hayland

Buffers-pasture to
forest

Continue current
level of
implementation
using average rate
of 1997-2000. Note:
Includes fencing

Increase level of
implementation up
to a total of 20% of
the remaining
stream reaches in
pasture. Note:
Includes fencing

Increase level of
implementation up to
a total of 30% of the
remaining stream
reaches in pasture.
Note: Includes
fencing

Both sides of all
stream reaches
within pasture
receive 100 foot
forest buffers and
fencing.

Buffers-cropland
to forest

Continue current
level of
implementation
using average rate
of 1997-2000.

Increase level of
implementation up
to a total of 20% of
the remaining
stream reaches in
cropland.

Increase level of
implementation up to
a total of 30% of the
remaining stream
reaches in cropland.

Both sides of all
stream reaches
within cropland
receive forest
buffers.

Buffers-cropland
to grass

Continue current
level of
implementation
using average rate
of 1997-2000.

25% of remaining
stream reaches
within cropland.

50% of remaining
stream reaches
within cropland.

Buffers-hayland to
forest

Continue current
level of
implementation
using average rate
of 1997-2000.

25% of remaining
stream reaches
within hayland over
Tier 1.

50% of remaining
stream reaches
within hayland over
Tier 1.

Both sides of all
stream reaches
within hayland
receive forest
buffers.

Wetland Reserve
(cropland to
forest)

Continue current
level of
implementation
using average rate
of 1997-2000.

Increase level of
implementation up
to a total of 33% of

the remaining goal.

Increase level of
implementation up to
a total of 66% of the
remaining goal.

Wetland Reserve
equals 25,000 acres
in signatory states
(based on
Chesapeake 2000
goal).
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Table A-1. Descriptions of the source reduction measures by tier scenario.

Nutrient
Reduction Tier 1 Tier 2 Tier 3 E3
Activity
CRP/CREP Continue current CRP-CREP- CRP-CREP-Wetland |CRP-CREP-
(cropland to level of Wetland Reserve- Reserve-buffers Wetland Reserve
mixed open) implementation buffers (combined) (combined) comprise |buffers (combined)
using average rate comprise 10% of 15% of cropland comprise 25% of
of 1997-2000. cropland within within each county. cropland within
each county. each county.
Carbon Applied to 15% of Applied to 25% of
Sequestration & remaining The E3 remaining cropland
Bioenergy scenario cropland after land

after land conversion
programs applied.

conversion
programs applied.

Agriculture NPS

Conservation

Continue current

Applied to 30% of

Applied to 60% of

Conservation tillage

Tillage level of remaining cropland |remaining cropland on 100% of
implementation beyond Tier 1. beyond Tier 1. cropland.
using average rate
of 1997-2000.

Farm Plans Continue current Applied to 30% of Applied to 70% of Applied to 100% of

level of
implementation
using average rate
of 1997-2000.

remaining
agricultural land
(crop, hay, pasture)
beyond Tier 1.

remaining agricultural
land (crop, hay,
pasture) beyond Tier
1.

agricultural land
(crop, hay, pasture).

Cover Crops

Continue current
level of
implementation
using average rate
of 1997-2000.

Applied to 40% of
remaining cropland
beyond Tier 1.

Applied to 75% of
remaining cropland
beyond Tier 1.

Applied to 100% of
cropland

Nutrient
Management
Planning

MD & DE: 100%
cropland and
hayland under
nutrient
management. Other
basin states:
Continue current
level of
implementation
using average rate
of 1997-2000.

MD & DE: 100%
cropland and
hayland under
nutrient
management.
Other basin states:
Applied to 30% of
remaining cropland
and hayland beyond
Tier 1.

MD & DE: 100%
cropland and hayland
under nutrient
management. Other
basin states:

Applied to 30% of
remaining cropland
and hayland beyond
Tier 2.

Applied to 100% of
cropland and
hayland.
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Table A-1. Descriptions of the source reduction measures by tier scenario.

Nutrient

Reduction

Activity

Tier 1

Tier 2

Tier 3

E3

Yield Reserve

Applied to 30% of

the cropland and
hayland under
nutrient
management.
Replaces nutrient
application
component of
nutrient management
plan.

Applied to 100% of
cropland and
hayland. Replaces
nutrient application
component of
nutrient
management plan.

Excess Nutrients

Assume alternative
use for excess
manure.

Assume alternative
use for excess
manure.

Assume alternative
use for excess
manure.

Assume alternative
use for excess
manure.

Agriculture
Waste Systems

Continue current
level of
implementation
using average rate
of 1997-2000.

Applied to 25% of
remaining confined
animal units beyond
Tier 1 (combines
storage system and
barnyard runoff
controls).

Applied to 60% of
remaining confined
animal units beyond
Tier 1 (combines
storage system and
barnyard runoff
controls).

Applied to 100% of
confined animal
units (combines
storage system and
barnyard runoff
controls).

Stream Protection
without fencing

Continue current
level of
implementation
using average rate
of 1997-2000.

Applied to 10% of
remaining stream
reaches within
pasture land beyond
Tier 1.

Applied to 25% of
remaining stream
reaches within
pasture land beyond
Tier 1.

N/A (see buffers-
forest-pasture)

Stream Protection
with fencing

Continue current
level of
implementation
using average rate
of 1997-2000.

Applied to 15% of
remaining stream
reaches within
pasture land beyond
Tier 1.

Applied to 75% of
remaining stream
reaches within
pasture land beyond
Tier 1.

N/A (see buffers-
forest-pasture)

Grazing Land

Continue current

Applied to 25% of

Applied to 50% of

Applied to 100% of

Protection level of remaining pasture remaining pasture pasture land.

implementation land beyond Tier 1. land beyond Tier 1.

using average rate

of 1997-2000.

Urban NPS

Urban Land Full 2000-2010 2000-2010 urban 2000-2010 urban 2000-2010 urban
Conversion (PA, urban land conversion -reduced |conversion -reduced conversion -
MD, VA and DC conversion based 10% (acres 20% (acres reduced 30% (acres
only) on 2010 population. |‘returned’ as 65% ‘returned’ as 65% ‘returned’ as 100%

forest, 20% mixed
open, 15%
agriculture)

forest, 20% mixed
open, 15%
agriculture)

forest).
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Table A-1. Descriptions of the source reduction measures by tier scenario.

Nutrient
Reduction Tier 1 Tier 2 Tier 3 E3

Activity
Stormwater 66% of new 75% of new 50% of new 100% of new
management & development has development has development has development
LID - New stormwater stormwater stormwater employs
Development management. management. 25% |management. 50% environmental site
(2001-2010) (TN=35, TP=45, of new development [of new development [design and low-

TSS=80) employs employs impact development

environmental site
design and low-
impact development
techniques.
Efficiencies
represent a
75%/25% weighted
average reduction.
(TN=40, TP=55,
TSS=85)

environmental site
design and low-
impact development
techniques.
Efficiencies
represent a
50%/50% weighted
average reduction.
(TN=45, TP=57,
TSS=87)

techniques (TN=50,
TP=60, TSS=90).

Stormwater
management-
Recent
Development
(1986-2000)

60% of recent
development has
stormwater
management.
(TN=27,
TP=40,TSS=65)

60% of recent
development has
stormwater
management.
(TN=27,
TP=40,TSS=65)

60% of recent
development has
stormwater
management.
(TN=27,
TP=40,TSS=65)

Retrofits - Recent
(1986-2000) & OId
(pre 1986)
Development

0.8% of recent and
old (pre 1986)
development is
retrofitted (TN=20,
TP=30,TSS=65)

5% of recent and
old (pre 1986)
development is
retrofitted (TN=20,
TP=30,TSS=65)

20% of recent and
old (pre 1986)
developmentis
retrofitted (TN=20,
TP=30,TSS=65)

100% of recent and
old (pre 1986)
developmentis
retrofitted (TN=40,
TP=40, TSS=80).

Urban Nutrient
Management

Continue to
implement BMP at
average annual rate
through 2010, using
average of 1997-
2000. (TN=17%,
TP=22%)

40% of urban
pervious and mixed
open lands are
under nutrient
management.
(TN=17%, TP=22%)

75% of urban
pervious and mixed
open lands are under
nutrient
management.
(TN=17%, TP=22%)

No fertilizer is
applied to urban
pervious or mixed
open land.
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Table A-1. Descriptions of the source reduction measures by tier scenario.

Nutrient
Reduction Tier 1 Tier 2 Tier 3 E3
Activity
Buffers-Grass All urban stream Reduce grass Reduce grass buffers
(existing) reaches are buffers by 10% by 30% below Tier 1
assumed to have below Tier 1 level. level. (conversion to
either grass or tree (conversion to forest |forest buffers)
buffers. Where buffers)
urban disturbance
has altered a
stream reach
beyond
repair/restoration, it
is notincluded as a
potential buffer area.
Buffers- Grass to Increase forest Increase forest buffer |50 foot forest buffer

Forest

buffer acreage by
the same amount of
‘reduced’ grass
buffer acreage.

acreage by the same
amount of ‘reduced’
grass buffer acreage.

on both sides of
stream reaches in
urban pervious
areas. No credit
given on upstream
effects, land
conservation only.

Buffers- Mixed
Open to Forest

Continue current
level of
implementation
using average rate
of 1997-2000.

Increase forest
buffer acreage by
the same amount
as forest buffers on
urban pervious.

Increase forest buffer
acreage by the same
amount as forest
buffers on urban
pervious.

100 foot forest buffer
on mixed open. No
credit given on
upstream effects,
land conservation
only.

On

site Treatment Systems

New Systems
(post 2000)

Maintain current
concentration/load
per system.

10% of new
treatment systems
will meet an edge of
drainage field
concentration for
nitrogen of 10 mg/L
TN per system.
Remaining systems
meet existing
concentration/load
levels.

100% of new
treatment systems
will meet an edge of
drainage field
concentration for
nitrogen of 10 mg/L
TN per system.

100% of new
treatment systems
will meet an edge of
drainage field
concentration of
nitrogen of 10 mg/L
TN per system.
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Table A-1. Descriptions of the source reduction measures by tier scenario.

Nutrient
Reduction
Activity

Tier 1

Tier 2

Tier 3

E3

Existing Systems

Maintain current

Maintain current

1% of existing (per

100% of existing

(pre-2001) concentration/load concentration/load year) treatment treatment systems
per system. per system. systems will meet an |will meet an edge of
edge of drainage field |drainage field
concentration for concentration of
nitrogen of 10 mg/L nitrogen of 10 mg/L
TN per system. (1% | TN per system.
represents failed
systems and
opportunities for
upgrades.)
Remaining systems
maintain existing
concentrations/
loads.
Point Sources
Municipal Existing NRT and Reach and maintain |Reach and maintain Reach and maintain
Wastewater those plannedtogo |8.0mg/I TNand 1.0 |5.0mg/I TN and 0.5 3.0mg/I TN and
Treatment to NRT by 2010: mg/l TP mg/l TP 0.10 mg/I TP
(Significant 2010 flow at 8.0 concentrations at concentrations at concentrations at

Facilities as of
2000)

mg/l TN and 2000
concentrations for
TP. Forall
remaining facilities
without NRT
existing or planned:
2000 TN & TP. For
certain VA facilities
in lower VA
tributaries TP=1.5
mg/|

2010 flows at all
facilities.
(Phosphorus
concentration is 1.0
mg/l or permit limit,
whichever is lower).

2010 flows at all
facilities.
(Phosphorus
concentration is 0.5
mg/l or permit limit,
whichever is lower.)

2010 flows at all
facilities.
(Phosphorus
concentration is 0.1
mg/l or permit limit,
whichever is lower).

Industrial
Wastewater
Treatment
(Significant
Facilities as of
2000)

Maintain current
levels.

Generally a 50%
reduction from

Tier 1 (2000
concentrations) or
permit conditions if
less

Generally an 80%
reduction from

Tier 1 (2000
concentrations) or
permit conditions if
less

TN=3.0;TP=0.1
or permit conditions
if less

Municipal
Wastewater
Treatment (Non-
significant
Facilities as of
2000)

Maintain current
TN/TP
concentrations with
2010 flows.

Maintain current
TN/TP
concentrations with
2010 flows.

Maintain current
TN/TP
concentrations with
2010 flows.

Maintain 8.0 mg/L
nitrogen and 2.0
mg/L phosphorus
concentrations or
2000 concentrations
if less with 2010
flows.
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Table A-1. Descriptions of the source reduction measures by tier scenario.

Nutrient
Reduction Tier 1 Tier 2 Tier 3 E3
Activity
CSO Control 43% reduction in 43% reduction in 43% reduction in Zero discharge from
(DC) CSOs. CSOs. CSOs. DC CSOs.

Forest NPS

Forest Harvest
BMPs

Forestry BMPs are
properly installed on
80% of all harvested
lands.

Forestry BMPs are
properly installed on
90% of all harvested
lands.

Forestry BMPs are
properly installed on
100% of all harvested
lands with no
measurable increase
in nutrient and
sediment discharge.

Forestry BMPs are
properly installed on
100% of all
harvested lands with
no measurable
increase in nutrient
and sediment
discharge.

Air Emissions

Air Controls (NO,
only)

2007/2010 Base
with NOx SIP.

2020 CAA with Tier
2 and heavy duty
diesel regulations.

2020 CAA with
aggressive utility
controls.

2020 CAA
aggressive utility
controls and
industry-point and
mobile controls.




Table A-2. 2000 Progess, 2010 tiers, and 2010 E3 scenario BMP implementation levels.
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Applicable 2000 2010 2010 2010
BMP Unit of Measure Landuse Progress Tier 1 Tier 2 Tier 3 | 2010 E3
Agricultural BMPs
1,962,82 | 2,340,90 | 2,300,09 | 2,312,20
Conservation Tillage Acres Low-Till 1,994,745 4 8 3 9
Riparian Forest Buffers Acres Row Crop, Hay 9,054 30,588 | 133,772 | 206,663 | 494,450
1-side stream miles,
Riparian Forest Buffers 100 foot width Row Crop, Hay 747 2,524 11,036 17,050 40,792
Wetland Restoration Acres Row Crop, Hay 1,277 2,862 10,260 17,659 25,282
1,090,54
Land Retirement Acres Row Crop, Hay 87,488 128,510 | 500,452 | 742,695 0
Grass Buffers Acres Row Crop 4,294 15,036 71,985 | 113,800 0
Tree Planting Acres Row Crop, Pasture 8,568 4,142 0 0 0
Riparian Forest Buffers Acres Pasture 0 0 46,732 63,851 | 184,081
1-side stream miles,
Riparian Forest Buffers 100 foot width Pasture 0 0 3,855 5,268 15,187
Carbon Sequestration/ Bio-Energy Acres Row Crop 0 0 0 509,431 | 770,736
Standard Nutrient Management Plan 3,023,74 | 3,850,24 | 2,967,87
I mplementation Acres Row Crop, Hay 2,283,426 2 4 0 0
1,271,94 | 4,830,81
Yield Reserve Implementation Acres Row Crop, Hay 0 0 0 4 7
Total Nutrient Management Plan 3,023,74 | 3,850,24 | 4,239,81 | 4,830,81
Implementation Acres Row Crop, Hay 2,283,426 2 4 4 7
5,075,54 | 5,860,00 | 6,854,95 | 7,202,28
Farm Plans Acres Agriculture 3,666,165 9 3 3 0
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Applicable 2000 2010 2010 2010
BMP Unit of Measure Landuse Progress Tier 1 Tier 2 Tier 3 | 2010 E3
1,544,63 | 2,203,19 | 2,312,20
Cover Crops Acres Row Crop 220,134 152,766 5 6 9
Stream Protection With Fencing Acres Pasture 40,744 69,257 | 171,739 | 580,365 | 712,302
Stream Protection Without Fencing Acres Pasture 26,166 27,979 83,584 63,583 0
1,394,90 | 2,371,46
Grazing Land Protection Acres Pasture 134,327 304,868 | 853,863 9 3
Anima Waste Management Acres Manure Acres 4,886 6,425 6,953 7,692 8,537
1,008,20 | 1,115,35 | 1,237,80
Animal Waste Management Anima Units Manure Acres 708,498 931,677 8 1 1
Wet Tons As 1,927,89 | 2,145,27 | 1,870,08 | 8,856,82
Manure Excess Excreted N/A 1,270,139 9 7 5 5
Urban and Mixed Open BMPs
Abandoned Mine Reclamation Acres Urban/Exposed 6,062 0 0 0 0
Urban Growth Reduction Acres Urban 38,787 0 26,096 52,192 78,288
Riparian Forest Buffers Acres Pervious Urban 0 364 9,808 28,522 93,643
1-side stream miles,
Riparian Forest Buffers 50-foot width Pervious Urban 0 60 1,618 4,706 15,451
Grass Buffers Acres Pervious Urban 0 95,022 84,997 65,702 0
Stormwater Management on New
Development Acres Urban 0 153,157 | 207,705 | 183,440 | 159,560
SWM on Recent Development Acres Urban 165,040 374,357 | 373,817 | 373,236 0
SWM On Recent and Old 3,740,80
Development Acres Urban 0 29,959 | 187,185 | 748,488 6
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Applicable 2000 2010 2010 2010
BMP Unit of Measure Landuse Progress Tier 1 Tier 2 Tier 3 | 2010 E3
1,305,16 | 3,900,36
Total Stormwater Management Acres Urban 165,040 57,474 | 768,707 4 6
Erosion and Sediment Control Acres Urban 25,911 0 0 0 0
1,055,07 | 1,964,78 | 2,601,73
Urban Nutrient Management Acres Pervious Urban 6,608 28,630 7 4 3
Tree Planting Acres Mixed Open 22,596 44,280 0 0 0
Riparian Forest Buffers Acres Mixed Open 0 0 54,702 73,757 | 413,922
1-side stream miles,
Riparian Forest Buffers 100-ft. width Mixed Open 0 0 4513 6,085 34,149
1,997,49 | 3,870,25 | 4,950,62
Mixed Open Nutrient Management Acres Mixed Open 0 60,791 7 2 1
Forestry BMPs
Forest Harvesting Practices Acres Forest 67,448 0 0 0 0
Septic BMPs
Septic Connections Systems Septic 31,514 31,514 31,514 31,514 31,514
Septic Pumping Systems Septic 2,954 N/A N/A N/A N/A
Septic Denitrification Systems Septic 312 312 N/A N/A N/A
Denitrification/Pumping on New & 1,357,02
Existing Systems Systems Septic N/A N/A 8,305 93,014 6
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2010 TIER 1 SCENARIO

2010 Tier 1 BMP implementation levels were generaly determined by continuing current levels of effort
and cogt-share in the Chesapeske Bay watershed. In addition, expected regulatory measures,
jurisdictional programs, and construction schedules between 2000 and 2010 were included.

2010 Tier 1 Scenario Nonpoint Source BMPs

For most nonpoint source BMPs, implementation rates between 1997 and 2000 were continued to the
year 2010 with limits that levels could not exceed the available or the E3 scenario land area to gpply the
BMPsto. The scae of the calculations was a county-segment, or the intersection of a county political
boundary and amodd hydrologic segment. Thisisthe same scde that most jurisdictions report BMP
implementation levels to the Chesgpeake Bay Program Office.

Every effort was made to include BMPs submitted by the jurisdictions for progress modd runsinto Tier
1. Since historic BMP data was not available from New Y ork, Delaware, and West Virginia, 2010
Tier 1 projections were determined from watershed-wide implementation rates in the states which
employ and track the practice.

2010 Tier 1 BMPs were extrgpolated from recent implementation rates by the landuse types submitted
by the states for each BMP. For example, if ajurisdiction submits data for nutrient management on
crop, 2010 Tier 1 crop was projected and then split among high-till, low-till, and hay according to
relative percentages. If ajurisdiction submits data as nutrient management on highttill, low-till, and hay
individualy, projections were done for each of these landuse categories.

The 2010 Tier 1 scenario does not include tree planting on tilled land, forest conservation, and forest
harvesting practices as these BMPs are not part of the tier and E3 scenarios. For forest harvesting
practices and erosion and sediment control, the model smulation does not account for additiond loads
from disturbed forest and congtruction areas, respectively. For forest conservation, planting above
what is removed during development is accounted for in the 2010 urban and forest projections. Tree
planting on agricultural land wasincluded in Tier 1 for pasture as forest buffers sncethisBMP isdso
part of the tier and E3 scenarios and pasture tree planting and pasture buffers are treated the same in
the modd.

2010 Tier 1 Scenario Agricultural BMPs

« Tier 1 Consarvation tillage
— Continue 1997—-2000 implementation rates of conservetion-tillage.
— Low-till acres cannot be below 2000 levels or greater than 75 percent of the available
cropland by county-segment.
— Landuse converson of highttill to low-till.
+ Tier 1 Riparian forest buffers on agriculture
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— Continue 1997-2000 implementation rates of riparian forest buffers on cropland and hay to
the year 2010.

— Continue 1997-2000 implementation rates of tree planting on pasture to the year 2010.

— Tier 1implementation levels cannot exceed the available or E3 scenario land area to apply
the BMP to.

— The E3 scenario assumes 100-foot forest buffers on un-buffered stream miles (each sde)
associated with crop, hay, and pasture.

— Landuse conversion of crop, hay, and pasture to forest.

— For every acre of crop and hay converted, two upland acres of crop and hay receive a
reduction of 57 percent (TN), 70 percent (TP), and 70 percent (SED).

— Thereisno upland benefit associated with forest buffers on pasture.

Tier 1 Wetland restoration

— Continue 1997-2000 implementation rates of wetland restoration on cropland and hay to
the year 2010.

— Landuse conversion of crop and hay to forest.

Tier 1 Agriculturd land retirement

— Continue 1997-2000 implementation rates of cropland and hay retirement to the year 2010.

— The sum of the acreagein Tier 1 riparian forest buffers, wetland restoration, and land
retirement cannot exceed 25 percent of the total crop and hay in a county-segment.

— Landuse conversons of crop and hay to mixed open.

Tier 1 Riparian grass buffers on cropland

— Continue 1997-2000 implementation rates of riparian grass buffers on cropland to the year
2010 with limits that levels cannot exceed the available or the E3 scenario land areato apply
the BMPsto.

— The E3 scenario leves are revised following the same methodol ogies but account for
previoudy applied BMPs that involve landuse changes.

— The E3 scenario assumes 100-foot buffers on un-buffered stream miles (each side)
associated with agricultura [and.

— Landuse conversons of crop to mixed open.

— For every acre of cropland converted, two upland acres of crop receive areduction of 43
percent (TN), 53 percent (TP), and 53 percent (SED).

Tier 1 Nutrient Management Plan Implementation

— Continue 1997-2000 rates of nutrient management plan implementation on crop and hay to
the year 2010 in al jurisdictions except MD and DE where dl crop and hay acres are fully
implementing nutrient management plans.

— Nutrient management plan implementation levels cannot exceed the avallable land area to
apply the BMPsto.

— Under nutrient management plans, crop and hay acres do not receive more than 130 percent
of their TN and TP need.

Tier 1 Manure excess

— Excess nutrients resulting from the differences between manure generated and conforming to
nutrient management rules and losses in agriculturd land are reported.
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— Itisassumed that dl of the excess manure has aternative uses that do not affect loads to the
Chesapeske Bay tidal waters.

Tier 1 Anima waste management/runoff control

— Continue 1997-2000 implementation rates of anima waste management on ‘ manure acres
to the year 2010 with limits that levels cannot exceed the available area to gpply the BMPs
to.

— Manure acres are the modd’ s accounting of runoff from anima feeding operations based on
the number of animd units.

— The BMP combines storage systems and barnyard runoff controls and reduction factors of
75 percent (TN and TP) are applied to protected manure acres.

Tier 1 Farm Plans (non-nutrient management)

— Continue 1997-2000 rates of Farm Plan implementation on agriculturd land (crop, hay, and
pasture) to the year 2010 with limits that levels cannot exceed the available land areato
apply the BMPsto.

— Nutrient and sediment reduction factors for Farm Plans on high-till are 10 percent (TN) and
40 percent (TP and SED). Low-till and hay reduction factors are 4 percent (TN) and 8
percent (TP and SED) while the reduction factors for Farm Plans on pasture are 20 percent
(TN) and 14 percent (TP and SED).

Tier 1 Cover crops

— Since cover crop acreage varies annudly or is not cumulative, cover crop implementation is
determined as the average of 1997-2000 implementation acreage (or years in that period
where data exigts from the jurisdictions) with limits that levels cannot exceed the available
land area to apply the BMPsto.

— BMP reduction factors of 35 percent (TN) and 15 percent (TP and SED) are applied to
cover Crop acres.

Tier 1 Streambank protection with fencing

— Continue 1997-2000 implementation rates of streambank protection with fencing on pasture
to the year 2010 with limits that levels cannot exceed the available of the E3 scenario land
areato apply the BMPsto.

— The E3 scenario levels are revised following the same methodol ogies but account for
previoudy applied BMPs that involve landuse changes.

— The E3 scenario assumes for every stream mile protected, 51 upland acres of pasture
receive a reduction benefit.

— BMP reduction factors of 75 percent for TN, TP, and SED are applied to pasture acres
protected.

Tier 1 Streambank protection without fencing

— Continue 1997-2000 implementation rates of streambank protection without fencing on
pasture to the year 2010 with limits that levels cannot exceed the available pasture land area
to apply the BMPsto.

— BMP reduction factors of 40 percent for TN, TP, and SED are applied to pasture acres
protected.

Tier 1 Grazing land protection
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— Continue 1997-2000 implementation rates of rotationa grazing on pasture to the year 2010
with limits thet levels cannot exceed the available land area to gpply the BMPs to.

— BMP reduction factors of 50 percent (TN) and 25 percent (TP) are applied to protected
pasture acres.

2010 Tier 1 Urban and Mixed Open BMPs

Tier 1 Stormwater Management on new development

— Stormwater Management gpplied to 66 percent of new devel opment between 2000 and
2010.

— Stormwater Management practices are designed to reduce TN by 35 percent, TP by 45
percent, and SED by 80 percent.

Tier 1 Stormwater Management on recent devel opment

— 60 percent of recent development (1986-2000) is has Stormwater Management that are
designed to reduce nutrients and sediment in scormwater runoff by 27 percent (TN), 40
percent (TP), and 65 percent (SED).

Tier 1 Stormwater retrofits on old and recent devel opment

— 0.8 percent of pre-1986 urban land and 19862000 recent devel opment is retrofitted with a
suite of practices that reduce nutrients and sediment in runoff by 20 percent (TN), 30
percent (TP), and 65 percent (SED).

Tier 1 Riparian forest and grass buffers on urban

— Itisassumed that dl urban stream reaches have ether forest or grass riparian buffers except
where urban disturbance has atered a stream reach beyond repair/restoration (i.e.,
impervious surface).

— B0-foot buffers on al un-buffered stream miles (each side) associated with pervious urban.

— Landuse conversion of pervious urban to mixed open (grass buffers) or forest (forest
buffers).

— Thereisno upland benefit associated with forest and grass buffers on urban.

Tier 1 Riparian forest buffers on mixed open

— Continue 1997—-2000 implementation rates of tree planting on mixed open to the year 2010
with limitsthat levels can not exceed the available or the E3 scenario land areato apply the
BMPsto.

— 100-foot forest buffers on al un-buffered stream miles (each sde) associated with mixed
open.

— Landuse converson of mixed open to forest.

— Thereisno upland benefit associated with forest buffers on mixed open.

Tier 1 Nutrient management on urban and mixed open

— Continue 1997-2000 implementation rates of nutrient management on pervious urban and
mixed open to the year 2010 with limits that levels cannot exceed the available land areato
apply the BMPsto.

— BMP reduction factors of 17 percent (TN) and 22 percent (TP) are applied to acres under
nutrient management.
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2010 Tier 1 Forest Harvest BMPs

+ Itisassumed that forestry BMPs designed to minimize the environmenta impacts from timber
harvesting, such as road building and cutting/thinning operations, are properly ingaled on dl
harvested lands with no measurable increase in nutrient and sediment discharge.

+ The assumption is based on maintaining the state of forest loads as measured during the
cdibration of the Chesapeake Bay Watershed Moddl.

2010 Tier 1 Septic BMPs

« Current edge-of-septic-field concentrations and flows per system are maintained.

« Thenumber of systems varies according to population projections from 2000 to 2010.

«  Septic BMPs incorporate submissons from the Chesapeake Bay-basin jurisdictions of the
current number of systems employing denitrification technologies (50 percent TN reduction)
and those with regular maintenance through pumping (5 percent TN reduction).

2010 Tier 1 Point Source BMPs

« Tier 1 Sgnificant municipa wastewater trestment facilities
— Nitrogen — POTWs with exigting nutrient-remova technologies (NRT) and those planned to
go to NRT by 2010 are at 2010 projected flows and 8 mg TN/L effluent concentrations
(annud average). All remaining sgnificant facilities are a 2010 projected flows and 2000
TN effluent concentrations.
— Phosphorus — 2010 projected flows and 2000 TP/L effluent concentrations except those
targeted in VA which area 1.5 mg TP/L (annua average).
« Tier 1 Sgnificant indudtrid dischargers
— 2000 flows and maintain current (2000) levels of effluent concentrations for TN and TP or
the permit limit, whichever isless
« Tier 1 Non-significant municipa wastewater treatment facilities
— 2000 TN and TP effluent concentrations gpplied to 2010 projected flows.

2010 Tier 1 Combined Sewer Overflow BMPs
+ Thereisa43 percent reduction in the current discharge from DC combined sewer overflows,
the only CSO loads among al jurisdictions for which the Chesapeske Bay Program has nutrient
load data specificaly quantified in the modd amulation.
« Thereduction from 2000 loads iswhat is expected by the Didtrict to be achieved by 2010.
2010 Tier 1 Atmospheric Deposition BMPs

Tier 1 aamospheric deposition assumes implementation of the 1990 Clean Air Act projected for the
year 2010 with nitrogen oxide emissons regulations for ground-level ozone and acid rain that have
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passed. Edtimated changes in deposition for the Tier 1 scenario includes the following controls on
nitrogen oxide emissons

« 2007 non-utility (industrid) point source and area source emissons.

2007 mobile source emissonswith ‘Tier 11’ tall pipe sandards on light duty vehicles.

« 2010 utility emissonswith Title IV (Acid Rain Program) fully implemented and 20-state NOx
SIP call reductions at 0.15 IbsyMMbtu during the May to September 0zone season only.

The impacts of Tier 1 emissions and deposition to the Chesapeake Bay watershed's land area and
non-tidal waters are part of the reported nutrient loads from the individua landuse source categories
(i.e., agriculture, urban, mixed open, forest, and non-tidal surface waters). The reported Watershed
Modd loads, however, usudly do not include contributions from atmospheric depostion to tidal waters
athough the water quality responses, as measured by the Estuary Model, account for this source at
levels prescribed by Tier 1.

2010 Tier 1 Shoreline Erosion BMPs
« Tier 1 shordine eroson controls include structurd and non-structura practices a 2000 levels.
The impacts of Tier 1 shoreline eroson controls are not included in the reported Watershed Model

loads athough the water quality responses, as measured by the Estuary Modd, account for this source
at BMP leves prescribed by Tier 1.
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2010 TIER 2 SCENARIO

2010 Tier 2 BMP implementation levels for nonpoint sources were generdly determined by increasing
levels above Tier 1 by a percentage of the difference between the Tier 1 and the E3 scenario levels for
each BMP. These percentages were mostly recommended by individua source workgroups under the
Chesapeske Bay Program Nutrient Subcommittee, and were applied watershed-wide by
county-segments, or the intersections of county politica boundaries and the Watershed Modd’s
hydrologic segmentation.

For Tier 2 point source municipa facilities, technologies to achieve 8 mg TN/L include extended
aeration processes and denitrification zones, dong with chemical addition to achieve a phosphorus
discharge of 1.0 mg/l where facilities are not aready achieving these levels.

In the design of the Tier 2 scenario, consderations of the costs of BMP implementation, participation
levels, and physicd limitations are very limited. Tier 2 BMP levels are condgdered technicdly possible,
and are listed below for each of the mgjor source categories.

2010 Tier 2 Scenario Agricultural BMPs

+ Tier 2 Consarvation tillage
— Applied to ‘Tier 1' levels plus 30 percent of the of the available crop acres between ‘Tier 1'
and the * E3' scenario levels.
— Tier 1 and the E3 scenario leves are revised following the same methodol ogies but account
for previoudy gpplied BMPs that involve |anduse changes.
— Landuse converson of highttill to low-till.
+ Tier 2 Riparian forest buffers on agriculture
— Appliedto ‘Tier 1' levels plus 20 percent of the of the available stream reaches in cropland
and pasture and 25 percent of the remaining stream reaches in hay between ‘Tier 1' and ‘the
E3 scenario’ levels.
— Tier 1 and the E3 scenario levels are revised following the same methodol ogies but account
for previoudy applied BMPs that involve landuse changes.
— The E3 scenario assumes 100-foot forest buffers on un-buffered stream miles (each Sde)
associated with crop, hay, and pasture.
— Tier 1 forest buffers on pasture are rooted in agriculturd tree planting from jurisdictiond
BMP reporting.
— Landuse conversions of crop, hay, and pasture to forest.
— For every acre of crop and hay converted, two upland acres of crop and hay receive a
reduction of 57 percent (TN), 70 percent (TP), and 70 percent (SED).
— Thereisno upland benefit associated with forest buffers on pasture.
« Tier 2Wetland restoration
— Appliedto ‘Tier 1' levels plus 33 percent of the of the available crop and hay acresin PA,
MD, and VA between ‘Tier 1' and the ' E3' scenario levels,
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— Tier 1 and the E3 scenario leves are revised following the same methodol ogies but account
for previoudy applied BMPs that involve landuse changes.

— Landuse conversion of crop and hay to forest.

Tier 2 Agriculturd land retirement

— Theremainder of 10 percent of thetota crop and hay acres and those acres converted
through forest buffers and wetland restoration is retired to a grass condition.

— Landuse conversons of crop and hay to mixed open.

Tier 2 Riparian grass buffers on cropland

— Appliedto ‘Tier 1' levels plus 25 percent of the of the available stream reachesin cropland
between ‘Tier 1' and the * E3' scenario levels and after forest buffer planting.

— Tier 1 and the E3 scenario leves are revised following the same methodol ogies but account
for previoudy applied BMPs that involve landuse changes.

— The E3 scenario assumes 100-foot buffers on un-buffered stream miles (each side)
associated with agricultura [and.

— Landuse conversons of crop to mixed open.

— For every acre of cropland converted, two upland acres of crop receive areduction of 43
percent (TN), 53 percent (TP), and 53 percent (SED).

Tier 2 Nutrient Management Plan Implementation

— Applied to ‘Tier 1' levels plus 30 percent of the of the available crop and hay acres between
‘Tier 1' and ‘the E3 scenario’ levelsin PA, VA, NY, and WV.

— All crop and hay acresin MD and DE are fully implementing nutrient management plans.

— Tier 1 and the E3 scenario levels are revised following the same methodol ogies but account
for previoudy applied BMPs that involve landuse changes.

— Under nutrient management plans, crop and hay acres do not receive more than 130 percent
of their TN and TP need.

Tier 2 Manure excess

— Excess nutrients resulting from the differences between manure generated and conforming to
nutrient management rules and losses in agriculturd land are reported.

— Itisassumed t