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EXECUTIVE SUMMARY

The Mid-Atlantic Water Program (MAWP) housed at the University of Maryland (UMD) led a
project to develop the components or subcategories of select BMPs and a corresponding
definition(s) and effectiveness estimates. The objective is to develop definitions and
effectiveness estimates that reflect the average operational condition representative of the entire
watershed. The Chesapeake Bay Program (CBP) historically assigned effectiveness estimates
based on controlled research studies that are highly managed and maintained by a BMP expert.
This approach is not reflective of the variability of effectiveness estimates in real-world
conditions where farmers, not BMP scientists, are implementing and maintaining a BMP across
wide spatial and temporal scales with various hydrologic flow regimes, soil conditions, climates,
management intensities, vegetation, and BMP designs. By assigning effectiveness estimates that
more closely align with operational, average conditions modeling scenarios and watershed plans
will better reflect monitored data.

A one sentence definition and effectiveness estimate for each BMP reviewed follows.

Ammonia Emission Reduction:

Litter treatment: a surface application of alum, an acidifier, to poultry litter to acidify poultry
litter and maintain ammonia in the non-volatile ionized form (ammonium).

Ammonia Emission Reduction of 50%

Biofilters: are comprised of housing ventilation systems that pass air through a biofilter media
that incorporates a layer of organic material, typically a mixture of compost and wood chips or
shreds, that supports a microbial population and reduces ammonia emissions by oxidizing volatile
organic compounds into carbon diozide, water and inorganic salts.

Ammonia Emission Reduction of 60%

Covers: the use of a permeable plastic over liquid storage that is composed of nonwoven fabric,
thermally bonded, continuous polypropylene filaments, covers create a physical barrier to prevent
mass transfer of volatile chemical compounds from the liquid by covering manure storage
facilities to decrease wind velocity (decrease surface area), and reduce radiation onto the manure
storage surface (lower temperature).

Ammonia Emission Reduction of 15%

Conservation Plans: are a combination of practices, other than conservation tillage or no-till, that
reduces soil loss to or below tolerance.

Landuse TN Reductions TP Reductions TSS Reductions
Conventional Tillage | 8% 15% 25%
Conservation Tillage | 3% 5% 8%




Hayland

3%

5%

8%

Pastureland

5%

10%

14%

Conservation Tillage: involves the planting, growing and harvesting of crops with minimal

disturbance to the soil surface through the use of minimum tillage, mulch tillage, ridge tillage, or

no-till.

% TN Reduction % TP Reduction % TSS Reduction
Separate Flow Paths Surface Subsurface | 22 30

18 0
Combined Flow Paths | 8 22 30

Cover Crops: Non-harvested winter cereal cover crops, including wheat, rye and barley, designed

for nutrient removal.

Planting date Cereal cover crop | Cereal cover TN values
on conservation crop on based on
tillage (TP and conventional planting date,
TSS) tillage species, location
and seeding
TP TSS method
Early 0% 15% 20% See full report
for table of
Standard 0% 7% 10% values
0% 0% 0%
Late

Dairy Precision Feeding: reduces the quantity of phosphorous and nitrogen fed to livestock by

formulating diets within 110% of NRC recommended level in order to minimize the excretion of

nutrients without negatively affecting milk production.

Effectiveness Estimates are determined via direct testing, however, without test results TP
reduction is assumed to be 25% and TN reductions are assumed to be 24% with no TSS
associated with dairy precision feeding.

Dry Detention Basins and Hydrodynamic Structures:




Dry Detention Ponds are depressions or basins created by excavation or berm construction that
temporarily store runoff and release it slowly via surface flow or groundwater infiltration
following storms.

Hydrodynamic Structures are devices designed to improve quality of stormwater using features
such as swirl concentrators, grit chambers, oil barriers, baffles, micropools, and absorbent pads
that are designed to remove sediments, nutrients, metals, organic chemicals, or oil and grease
from urban runoff.

Effectiveness Estimates are 5% TN, 10% TP, and 10% TSS

Dry Extended Detention Basins: depressions created by excavation or berm construction that
temporarily store runoff and release it slowly via surface flow or groundwater infiltration
following storms using a low flow control outlet that releases water over time drying out between
storm events.

Effectiveness Estimates: TSS 60%, TN 20%, TP 20%

Forest Harvesting Practices: a suite of practices that reduce sediment and nutrient pollution to
water bodies originating from forest management activities to acceptable levels.

Effectiveness Estimate: 60% TSS, 60% TP and 50% TN

Infiltration and Filtration: The infiltration BMPs included bioretention, permeable pavement and
pavers, and infiltration trenches and basins. The filtration BMPs were filters and vegetated open

channels.

Bioretention: excavated pit backfilled with engineered media, topsoil, mulch, and vegetation

Permeable Pavement and Pavers: excavated pit backfilled with engineered media, topsoil, mulch,
and vegetation

Infiltration Trenches and Basins: excavated pit backfilled with engineered media, topsoil, mulch,
and vegetation

Filters: capture and treat runoff by filtering through a sand or organic media

Vegetated Open Channels: convey runoff and provide treatment, includes bioswales

C/D soils, underdrain 37 10 50 15 45 25 b5
Mass Based Removal (TRR)
A/B soils, underdrain 37 10 50 Banoff Reduction ggpressed as refival from 80
EMC Based Removal (PR) (RR) collection areg (acres)
A/B soils, no underdrain 37 10 50 80 85 80 90
TP TN TSS TP TN TSS
+15 +20 +15

Bioretention




Filters

All (sand, organic, peat) 60 40 80 0 60 40 80
+15 +10 +10

Vegetated Open Channels

C/D soils, no underdrain 10 10 50 0 10 10 50

A/B soil, no underdrain 10 10 50 40 45 45 70
+20 +20 +30

Bioswale 37 10 50 65 75 70 80
+15 +20 +15

Permeable Pavement (no sand/veg)

C/D soils, underdrain 10 0 50 10 20 10 55

A/B soils, underdrain 10 0 50 45 50 45 70

A/B soils, no underdrain 10 0 50 75 80 75 85
+15 +20 +15

Permeable Pavement (with sand, veg)

C/D soils, underdrain 10 10 50 10 20 20 55

A/B soils, underdrain 10 10 50 45 50 50 70

A/B soils, no underdrain 10 10 50 75 80 80 85
+15 +20 +15

Infiltration Practices (no sand/veg)

A/B soils, no underdrain 25 0 95 80 85 80 95
+15 +15 +10

Infiltration Practices (with sand/veg)

A/B soils, no underdrain 25 15 95 80 85 85 95
+15 +10 +10

Mortality Composters: Composting routine mortality in a designed, on-farm facility, with
subsequent land application of the compost.




Effectiveness Estimates: TN 40%, TP 10%, 0% TSS

Offstream watering with fencing: This BMP incorporates both alternative watering and
installation of fencing that excludes narrow strips of land along streams from pastures and

livestock with management of the alternative watering area so it does not become a source of
sediment or phosphorus.

Effectiveness Estimates: 25% TN, 30% TP and 40% TSS

Offstream watering without fencing: This BMP requires the use of alternative drinking water
sources away from streams to reflect partial removal of livestock from near stream areas and
relocation of animal waste deposition areas and heavy traffic areas surrounding water sources to

more upland locations with management of the alternative drinking watering area so it does not
become a source of sediment or phosphorus.

Effectiveness Estimates: 15% TN, 22% TP and 30% TSS

Riparian Forest Buffers: an area of trees at least 35 feet wide on one side of a stream, usually
accompanied by shrubs and other vegetation, that is adjacent to a body of water which is
managed to maintain the integrity of stream channels and shorelines, to reduce the impacts of

upland sources of pollution by trapping, filtering, and converting sediments, nutrients, and other
chemicals, to supply food, cover, and thermal protection to fish and other wildlife.

Riparian Forest Buffers - Nutrient and Sediment Reduction Efficiencies
TN |TP [TSS
Inner Coastal Plain 65 42 |56
Outer Coastal Plain Well Drained 31 |45 |60
Outer Coastal Plain Poorly Drained 56 39 |52
Tidal Influenced 19 |45 |60
Piedmont Scnist/Gneiss 46 |36 |48
Piedmont Sandstone 56 |42 |56
Valley and Ridge - marble/limestone 34 30 |40
Valley and Ridge - Sandstone/Shale 46 139 |52
Appalachian Plateau 54 |42 |56

Riparian Grass Buffers: an area of grasses that is adjacent to a body of water which is managed
to maintain the integrity of stream channels and shorelines, to reduce the impacts of upland




sources of pollution by trapping, filtering, and converting sediments, nutrients, and other
chemicals, to supply food, cover, and thermal protection to fish and other wildlife.

Riparian Grass Buffers - Nutrient and Sediment Reduction Efficiencies
TN [TP ([TSS
Inner Coastal Plain 46 42 |56
Outer Coastal Plain Well Drained 21 |45 |60
Outer Coastal Plain Poorly Drained 39 39 |52
Tidal Influenced 13 |45 |60
Piedmont Scnist/Gneiss 32 36 |48
Piedmont Sandstone 39 42 |56
Valley and Ridge - marble/limestone 24 30 (40
Valley and Ridge - Sandstone/Shale 32 39 |52
Appalachian Plateau 38 |42 |56

Urban Erosion and Sediment Control: protecting water resources from sediment pollution and
increases in runoff associated with land development activities by retaining soil on-site so
sediment and attached nutrients are prevented from leaving disturbed areas and polluting streams.

Effectiveness Estimates are 25% TN, 40% TP and 40% TSS

Urban Wetponds and Wetlands:

Urban Wetponds: depressions or basins created by excavation or berm construction that receive
sufficient water via runoff, precipitation, and groundwater to contain standing water year-round at
depths too deep to support rooted emergent or floating-leaved vegetation (in contrast with dry
ponds, which dry out between precipitation events).

Effectiveness Estimates: 60% TSS, 20% TN, 45% TP

Urban Wetlands: Wetlands have soils that are saturated with water or flooded with shallow water
that support rooted floating or emergent aquatic vegetation (e.g. cattails).

Effectiveness Estimates: 60% TSS, 20% TN, 45% TP

Wetland Restoration and Creation:

Wetland Restoration: Returning natural/historic functions to a former wetland. Results in a gain
in wetland acres.

10



Wetland Creation: Developing a wetland that did not previously exists on an upland or
deepwater site. Results in a gain in wetland acres.

TN and TP removal depends on wetland size, see full report for effectiveness estimates; TSS is
15% regardless of wetland size
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SUMMARY TABLE OF EFFECTIVENESS ESTIMATES

NEW BMP EFFICIENCIES AS USED IN PHASE 5 OF THE WATERSHED MODEL

Phase 5 BMP

Efficiency (%)
BMPs TN TP  TSS
Conservation Plans
Conventional tillage 8 15 25
Conservation tillage 3 5 8
Hayland 3 5 8
Pastureland 5 10 14
Conservation Tillage 8 22 30
Forest Buffer
Inner Coastal Plain 65 42 56
Outer Coastal Plain Well Drained 31 45 60
Outer Coastal Plain Poorly Drained 56 39 52
Tidal Influenced 19 45 60
Piedmont Scnist/Gneiss 46 36 48
Piedmont Sandstone 56 42 56
Valley and Ridge - marble/limestone 34 30 40
Valley and Ridge - Sandstone/Shale 46 39 52
Appalachian Plateau 54 42 56
Grass Buffer
Inner Coastal Plain 46 42 56
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Outer Coastal Plain Well Drained 21 45 60
Outer Coastal Plain Poorly Drained 39 39 52
Tidal Influenced 13 45 60
Piedmont Scnist/Gneiss 32 36 48
Piedmont Sandstone 39 42 56
Valley and Ridge - marble/limestone 24 30 40
Valley and Ridge - Sandstone/Shale 32 39 52
Appalachian Plateau 38 42 56
Wetland Restoration and Creation

Appalachian (1% of Watershed in wetlands) 7 12 15
Piedmont and Valley (2% of watershed in wetlands) 14 26 15
Coastal Plain (4% of watershed in wetlands) 25 50 15
Cover Crops

Coastal Plain/Piedmont/Crystalline/Karst Settings:

Drilled Rye early 45 15 20
Drilled Rye normal 41 7 10
Drilled Rye late 19 0 0
Other Rye early 38 15 20
Other Rye normal 35 7 10
Other Rye late 16 0 0
Aeiral/soy Rye early 31 15 20
Aerial/soy Rye normal N/A N/A  N/A
Aerial/soy Rye late N/A N/A  N/A
Aerial/corn Rye early 18 15 20
Aerial/corn Rye normal N/A N/A  N/A
Aeiral/soy Rye late N/A N/A  N/A
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Drilled Wheat early
Drilled Wheat normal
Drilled Wheat late

Other Wheat early

Other Wheat normal
Other Wheat late
Aerial/soy Wheat early
Aerial/soy Wheat normal
Aerial/soy Wheat late
Aerial/corn Wheat early
Aerial/corn Wheat normal
Aerial/corn Wheat late
Drilled Barley early
Drilled Barley normal
Drilled Barley late
Other Barley early
Other Barley normal
Other Barley late
Aerial/soy Barley early
Aerial/soy Barley normal
Aerial/soy Barley late
Aerial/corn Barley early
Aerial/corn Barley normal

Aerial/corn Barley late

Mesozoic Lowlands/Valley and Ridge Siliciclastic:

Drilled Rye early

Drilled Rye normal

31

29

13

27

24

11

22

N/A

N/A

13

N/A

N/A

38

29

N/A

32

24

N/A

27

N/A

N/A

15

N/A

N/A

34

31

15

15

N/A

N/A

15

N/A

N/A

15

N/A

15

N/A

15

N/A

N/A

15

N/A

N/A

15

14

20

10

20

10

20

N/A

N/A

20

N/A

N/A

20

10

N/A

20

10

N/A

20

N/A

N/A

20

N/A

N/A

20
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Drilled Rye late

Other Rye early

Other Rye normal
Other Rye late
Aeiral/soy Rye early
Aerial/soy Rye normal
Aerial/soy Rye late
Aerial/corn Rye early
Aerial/corn Rye normal
Aeiral/soy Rye late
Drilled Wheat early
Drilled Wheat normal
Drilled Wheat late
Other Wheat early
Other Wheat normal
Other Wheat late
Aerial/soy Wheat early
Aerial/soy Wheat normal
Aerial/soy Wheat late
Aerial/corn Wheat early
Aerial/corn Wheat normal
Aerial/corn Wheat late
Drilled Barley early
Drilled Barley normal
Drilled Barley late
Other Barley early

Other Barley normal

15

29

27

12

24

N/A

N/A

14

N/A

N/A

24

22

10

20

18

17

N/A

N/A

10

N/A

N/A

29

22

N/A

25

19

15

15

N/A

N/A

15

N/A

N/A

15

15

N/A

N/A

15

N/A

N/A

15

N/A

15

15

20

10

20

N/A

N/A

20

N/A

N/A

20

10

20

10

20

N/A

N/A

20

N/A

N/A

20

10

N/A

20

10




Other Barley late N/A N/A  N/A
Aerial/soy Barley early 20 15 20
Aerial/soy Barley normal N/A N/A N/A
Aerial/soy Barley late N/A N/A  N/A
Aerial/corn Barley early 12 15 20
Aerial/corn Barley normal N/A N/A  N/A
Aerial/corn Barley late N/A N/A N/A
Off-Stream Watering With Fencing 25 30 40
Off-Stream Watering Without Fencing 15 22 30
Forest Harvesting 50 60 60
Urban Wetlands and Wet Ponds 20 45 60
Urban Erosion and Sediment Control 25 40 40
Dry Extended Detention Basins 20 20 60
Dry Detention Ponds/Basins and Hydrodynamic Structures 5 10 10
Ammonia Emission Reduction

Litter Treatment 50 N/A  N/A
Biofilter 60 N/A  N/A
Cover 15 N/A  N/A
Dairy Feed Management *default numbers for when direct measurement not an option 24 25  N/A
Mortality Composting 40 10 0
Infiltration and Filtration:

Bioretention

C/D soils, underdrain 45 25 55
A/B soils, underdrain 75 70 80
A/B soils, no underdrain 85 80 90

16




Filters

All (sand, organic, peat)

Vegetated Open Channels
C/D soils, no underdrain

A/B soil, no underdrain

Bioswale

Permeable Pavement (ho sand/veg)
C/D soils, underdrain
A/B soils, underdrain

A/B soils, no underdrain

Permeable Pavement (with sand, veg)
C/D soils, underdrain
A/B soils, underdrain

A/B soils, no underdrain

Infiltration Practices (no sand/veg)

A/B soils, no underdrain

Infiltration Practices (with sand/veg)

A/B soils, no underdrain

60

10

45

75

20

50

80

20

50

80

85

85

40

10

45

70

10

45

75

20

50

80

80

85

80

50

70

80

55

70

85

55

70

85

95

95
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CRITERIA FOR DEVELOPING BMP EFFICIENCIES FOR
TRIBUTARY STRATEGIES

The University of Maryland/Mid-Atlantic Water Program’s Criteria for Developing Effectiveness
Estimates

Introduction

The Mid-Atlantic Water Quality Program (MAWP) housed at the University of Maryland (UMD)
refined definition and effectiveness estimates for best management practices (BMPs)
implemented and reported by the Chesapeake Bay watershed jurisdictions prior to 2003 and
developed definitions and effectiveness estimates for a select list of new practices. The main
objective was to develop definitions and effectiveness estimates that reflect the average
operational condition representative of the entire watershed. The Chesapeake Bay Program
(CBP) has historically assigned optimist effectiveness estimates based on controlled research
studies that are highly managed and maintained by a BMP expert. This approach is not reflective
of the variability of effectiveness estimates in real-world conditions where farmers and county
stormwater officials, not BMP scientists, are implementing and maintaining a BMP across wide
spatial and temporal scales with various hydrologic flow regimes, soil conditions, climates,
management intensities, vegetation, and BMP designs. By assigning effectiveness estimates that
more closely align with operational, average conditions modeling scenarios and watershed plans
will better reflect monitored data.

Another objective was to utilize an adaptive management approach to BMP development. An
adaptive management approach allows forward progress in implementation, management and
policy, while acknowledging uncertainty and limits in knowledge. The adaptive management
approach to BMP development incorporates the best applicable science along with best current
professional judgment into definition and effectiveness estimate recommendations. With
adaptive management it is necessary to include a schedule that allows for revisions as advances
knowledge and experience becomes available. UMD/MAWP recommends continued monitoring
of BMPs, with revision of definitions and effectiveness estimates scheduled for every three to
five years to incorporate new data and knowledge.

Criteria

The Mid-Atlantic Water Program (MAWP) housed at the University of Maryland (UMD) was
tasked with recommending BMP definition and efficiencies to be used in the Chesapeake Bay
Program’s Watershed Model and Tributary Strategies. UMD/MAWP contracted experts to
conduct literature reviews of individual BMPs and provide recommendations for their definitions.
Experts were asked to review literature that is applicable to the Chesapeake Bay Watershed, with
applicable location defined as humid, temperate climates east of the Rockies, and fill out a
template that discussed various factors that effect efficiency estimates (see Appendix A for copy
of the template). Experts were also asked to provide efficiency recommendations that should be
used in the Chesapeake Bay Program’s Watershed Model and Tributary Strategies.
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After experts submitted their reports some oversight was needed. UMD/MAWP used five criteria
or guidelines to develop efficiency estimations:

Efficiency recommendations should reflect operational conditions, defined as the average
watershed wide condition. Research scale efficiencies were adjusted to account for differences
upon scaling up.

Studies with negative efficiencies (the BMP acted as a source, not a sink for pollution) were
included in the efficiency development process as they reflect operational conditions.

Since multiple experts were contracted to recommend efficiencies, consistency among the
experts’ evaluation criteria and process was needed. This does not mean all efficiencies are
adjusted equally because with each BMP there is variability in site specific and management
conditions. But the evaluation criteria used by the expert during efficiency development to adjust
research scale efficiencies were uniform.

Peer reviewed literature has been subject to stringent evaluation and results from that literature
were given more weight than literature that has not undergone the same review process.

Data from individual BMP project sites were utilized over median or average values calculated
from multi-site analysis.

Uncertainty in nonpoint source estimates is due to variability in natural landscape conditions,
degree of management, and spatial and temporal changes among BMPs and their location.
Examples include precipitation, hydrology and geology, lag time between implementation of
practices and full performance, and between implementation and observed water quality benefits.
To minimize uncertainty in BMP efficiency estimation, and to more realistically estimate
operational pollutant removals from BMPs, one must examine this suite of factors. These factors
should be used to adjust efficiencies estimated from research plots. Not every BMP will be
subject to all the conditions, but a research project will not capture the entire suite of factors that
determine efficiencies when practices are widely implemented across natural landscapes.

The expected spatial and temporal variability for a practice was estimated based on available
science and knowledge of the expected geographic extent of implementation of the practice.
Different reduction efficiencies were established for practice implementation across different
physiographic, geomorphic or hydrologic settings. Where possible, efficiencies were adjusted for
surface water and groundwater interactions (permeability), along with geology and soil types
(slope, seeps, floodplain, etc.). BMP age, size, time to maturity and species composition are other
site specific conditions that create variability in efficiencies.
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Management conditions, including operation and maintenance of BMP, design and construction
supervision, and/or upland land use change will also impact efficiencies, usually making them
lower than research scales. While there is little quantitative information on how BMP
efficiencies should be adjusted to account for the impacts of improper maintenance on receiving
waters, general adverse impacts on practice operation are understood. If maintenance is
neglected a BMP may become impaired, no longer providing its designed functions. Proper
maintenance of outlet structures, flow splitters and clean out gates is key to achieving a
stormwater BMPs designed efficiency (Koon, 1995). “Average” management was assumed but it
was assumed the practices were implemented and being operated and maintained. Reviews and
audits of practice implementation and performance are needed to better estimate actual impacts of
reported practices.

When analyzing BMP effectiveness an adaptive management approach is warranted.
Methodology employed to develop efficiencies varies depending on the practice, but there are
guidelines the Mid-Atlantic Water Program (MAWP) utilized when recommending efficiencies.
These criteria help determine how efficiencies reported in literature should be adjusted to reflect
operational conditions.

Translating Research Studies to Operational Scale Efficiencies

Using research- and demonstration-site derived efficiencies for watershed-scale implementation
efforts do not reflect the spatial variability of the entire watershed. Both the scale and
management differences between a research plot and a BMP site will alter efficiencies.

The research-based estimates of best management practices need to be adjusted to provide more
realistic estimates of efficiencies for widespread adoption of the practice. Virtually all research
data is generated under excellent management conditions; meaning that studies are done on better
than average soils (poorly drained soils avoided, plots easily worked in a day), agronomic
management is optimal (timely planting, excellent farm management, high germination seed,
etc.), and other hazards (goose grazing, deer grazing, etc) are eliminated. Hence, the research
estimates represent a best-case scenario. This optimistic scenario needs to be adjusted to lower
effectiveness when the efficiencies are being applied to widespread field implementation under
“average condition” across the Chesapeake Bay watershed.

The nature of plot, field and watershed scale research introduces variability in BMP effectiveness.

@At the plot scale the researcher controls the land and typically only one experiment is carried out
at a time. Varying levels of treatment, including controls, are easily carried out in a replicated
experimental design. Research designs include approaches that reduce the likelihood of
inconclusive results due to variations in natural factors such as soil, hydrology, topography, and
other conditions. Most aspects of weather are consistent from plot to plot, and rainfall is often
simulated, providing control over amount and intensity. Data is analyzed statistically to account
for variability and significance of results.

At the field scale, research becomes more difficult as replication becomes less feasible or more
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expensive. Different levels of treatment are still feasible and each field receives a uniform
treatment across its full extent. Heterogeneity in soils, topography, weather, and management
introduce larger errors into the observations, obscuring the effects of the treatments to a greater
extent than the plot scale. Rainfall is not simulated, and is natural, resulting in heterogeneous
amounts and intensity across the research site.

At the watershed scale, the researcher becomes more of an observer than a manipulator of the
research site. Most water quality research projects attempt to interpret the cumulative result of
multiple changes in land management practices taking place at different times. Replication of
experiments is rarely feasible. Implementation of specific practices usually cannot be targeted to
specific places in the landscape, and is often limited to a small percentage of the total land area.
Timing and intensity of climatic events is often the main determinant of fluctuations in water
quality. Weather and the agricultural economy play a large role in crop choices, tillage practices,
and fertilizer application. If a control watershed is available, the researcher often has little control
over management. There may be lag times between land use change and a response in water
quality. Given the high level of natural variability in water quality data, failure to detect a change
is not an indication that BMPs did not work.

Alternatively, given the multitude of factors that influence water quality, detecting a change does
not lead to the conclusion that the BMPs were responsible for the change unless other factors,
such as management changes, can be ruled out. All these problems become more severe as
watershed size increases. The scale of study should be taken into account and be reflected in
efficiency adjustment as research and demonstration site derived efficiencies for watershed scale
implementation do not reflect the spatial viability of the entire watershed.

As discussed, data extrapolation to any scale is difficult and research, field and watershed scale
efficiencies will differ. The variability that results from site specific and management conditions
justified adjusting efficiencies between scales. Thus assuming all BMPs will produce the same
efficiency at the operational scale as the research scale is erroneous.

Implementation and hydrologic lag times were mention as factors that contribute to uncertainty
and variability in efficiencies. Many practices are reported as implemented once the plan or
design has been completed. In reality, the plan may call for phased implementation over as much
as five to ten years. In addition, with agricultural land the farmer may not implement the practice
as scheduled due to climatic, management or economic constraints. The time it takes for an
implemented practice to reach its full potential may delay pollution reduction percentages.
Efforts should be made to assure that reported implementation is close to actual, and to determine
if implementation and operation is as rigorous as specified in the practice. Identifying possible
lag times in reaching BMP pollution reductions due to phased-in implementation or time to
maturity will more accurately estimate effectiveness.

The loss pathways and hydrologic lag time associated with each practice should be examined to

see if an adjustment in effectiveness should be made. Transport of pollutants occurs through a
variety of environmental pathways that include the soil surface, vadose zone, saturated zone, tile
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drains, and streams. The time scale of this transport varies substantially depending on the
pathway followed by water from the land surface to the stream. For example, surface runoff to a
stream may take minutes to days, whereas leaching to groundwater followed by discharge to a
stream may take months to decades.

We are recommending efficiencies based on operational conditions. Is the recommendation by
the expert and/or in the literature representative of the efficiency one would expect at the
watershed scale? Does this efficiency represent watershed-wide effectiveness? If the efficiency
is not expected to occur uniformly across the watershed then an efficiency more reflective of
operational conditions was recommended. As no quantified data on how much to adjust research
values to reflect operational values exists, UMD used best professional judgment based on known
scientific processes to adjust the efficiency and make a recommendation.

Using Best Professional Judgment

While literature was reviewed and experts were recruited to suggest BMP efficiencies for all year
one practices in the BMP project, there were several cases where it was necessary to use “Best
Professional Judgment” (BPJ). The most common reason for their application of BPJ was to
adjust for spatial, temporal and management variability and resulting change in practice
effectiveness at widespread “average” implementation across the Chesapeake Bay watershed. On
other occasions, such as off stream watering, it was necessary to adjust for differences in
approach among the experts.

We chose to consider the need for efficiency modification based on BPJ on a practice by practice
basis based on availability of literature, field scale implementation data, recent revisions to BMP
efficiencies and other factors. This resulted in variable application of BPJ to different practices
which we felt was warranted based the factors above and our experience. The STAC review cited
the lack of a consistent approach or explanation for the application of BPJ as an area of concern.
The reasons for adjusting the efficiency for specific practices based on BPJ are described below.

Another option, as proposed for cover crops by the expert panel assembled to discuss that
practice, would have been to assume a standard reduction in efficiency for all practices when
going from controlled research based efficiencies to wide spread field scale implementation.
While this is a simpler approach that does not require consideration of factors influencing
efficiency on a practice by practice basis, we felt that knowledge and experience with practices,
and differences in the research base, supported the need for considering each practice
independently. If it is decided that a standard 25% reduction in efficiencies from research levels
is simplest and most defensible, our efficiencies can easily be modified to achieve this, but it must
be applied consistently without regards to knowledge of individual practices.

It must also be recognized that practice efficiencies are being developed using an adaptive
management approach that recognizes that our knowledge is incomplete but proposes a science
based but conservative approach to efficiencies that will be reviewed and updated at recurring

intervals based on new research, monitoring and experience.—
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Accounting for variability in management

When scaling-up BMPs from the research plot or small scale to widespread implementation
across a watershed, it is important to account for the impact that expanded variability will have on
practice performance. Several studies have shown that when BMPs are applied across even a
small watershed the resulting improvement in water quality is far less than would have been
projected based on research scale data. While some part of this may be due to “legacy” nutrients
or sediments, this does not explain the majority of the difference. USGS research has suggested
an average lag time of about 10 years in the Bay watershed to see the full impact of changes.
However, they found that after one year about 50% of the change should have occurred and by 5-
8 years 80-90% of the change should be observed. This addresses water flow and does not deal
with other factors such as practice maturity.

Spatial and temporal variability due to soils, hydrology, geology, climate etc are often recognized
as sources of variability. However, management and operation can also be highly variable both
between the research and operational scale and between different managers within the operational
scale. When practices are implemented across a large area on parcels managed by many different
individuals, it is important to assume an “average” level of expertise, control and management in
planning design, implementation and operation of any given BMP. While there may be limited
data quantifying the difference between research and “average” planning, design, implementation
and management, it is recognized that widespread implementation rarely has the same level of
oversight and control that is essential to get statistically meaningful results observed at research
scale. As a result, there is a need to lower effectiveness from the research scale when widespread
implementation occurs.

While the effect of “average” management has been considered in proposed BMP efficiencies,
whether or not a practice is fully or partially implemented and whether it is properly maintained
and revised, replaced or upgraded as needed was not considered in efficiency estimates. These
tend to be program management and compliance issues and should be addressed in considering
the actual likely impact of implementation of a suite of BMPs as part of a watershed management
plan, however, they were not considered in development of efficiencies for individual BMPs. We
assumed the BMPs were implemented and revised, upgraded or replaced as recommended for the
practice.

Incorporating negative efficiencies

Some studies report negative efficiencies due to natural processes, or construction and operational
related issues with the BMP. During the MAWP/UMD efficiency development process, negative
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efficiencies reported in literature were not omitted because situations where BMP systems
sometimes act as a source and not as a sink occur in the real world. Errors in design, construction
and maintenance can create a system that is not providing its expected pollutant removal. With
some BMPs errors in design or construction can lead to flow bypassing the BMP, possibly
resulting in negative efficiencies. Additionally, systems with permanent water pools will result in
phosphorous saturated soils and may leach phosphorous into the water column, also producing
negative efficiencies.

The question then becomes, does the recommended efficiency use negative efficiencies in its
calculations? Are studies with negative efficiencies used to calculate medians or eliminated from
the study sample? If negative efficiencies are not included, efficiencies should be discounted to
account for failed systems that occur operationally. Negative efficiencies often are not published
and when they are, they have undergone rigorous scientific review so the reason for the negative
efficiencies is understood.

Consistency among reviewers

As multiple experts provided efficiency recommends, their approach to efficiency development
and adjustment varies. Thus some overview and adjustment of all recommendations must occur
to be co