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Chesapeake Bay Partnership Models
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Recent History of the
Chesapeake Bay Program’s
Watershed Model

« Phase 4.3 — (2002 — 2010) - C2K

 Phase 5.3.0 — (2010) — TMDL
— Segmentation Input data
— Calibration Functionality
— Accessabillity

+ Phase 5.3.2 — (2011-2017) — WIP2

— Land use
— Nutrient Management



Watershed Model Supervision

o Water Quality Goal Implementation Team
— Watershed Technical Workgroup
— Agriculture Workgroup
— Urban Stormwater Workgroup
— Forestry Workgroup
— Sediment Workgroup

 Modeling Workgroup (STAR)
« PSC



STAC Involvement iIn WSM

e Formal review in 2005 and 2008 of watershed
model

 Workshops in the past 10 years
— Modeling in the CBP: 2010 and beyond
— Pasture Management
— Atmospheric Deposition
— Wetlands
— Fertilizer Sales Data
— Shoreline Modification
— Innovative Ag BMPs



How the Watershed Model Works

Hourly Values:

Rainfall

Snowfall
Temperature
Evapotranspiration
Wind

Solar Radiation
Dewpoint

Cloud Cover

Annual or Monthly:

Land Use Acreage
BMPs

Fertilizer

Manure

Atmospheric Deposition
Point Sources

Septic Loads
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How the Watershed Model Works

Each segment consists of 30
separately-modeled land uses:

Regulated Pervious Urban « Corn/Soy/Wheat rotation
Regulated Impervious Urban (high till)

Unregulated Pervious Urban  Corn/Soy/Wheat rotation
Unregulated Impervious Urban (fow till)

Construction « Other Row Crops
Extractive * Alfalfa

Combined Sewer System * Nursery

Wooded / Open * Pasture

« Degraded Riparian Pasture
« Afo/Cafo
e Fertilized Hay

Disturbed Forest

Plus: Point Source and * Unfertilized Hay

Septic Loads, and — Nutrient management
Atmgsphe}ic versions of the above

Deposition Loads Each calibrated to nutrient and 7

Sediment targets



How the Watershed Model Works

Precipitation Eﬂe;;'ﬂigr
Atmospheric deposition
b
f ) f; b f t Management filter

EH

Hydrology
Phosphorus

submodel

River

submodel A
hourly
O O ¢ Nitrogen Y/

submodel 8




Automated Calibration
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Calibration Strategy

e Match observations in rivers

« Match properties and trends
— Groundwater recession curve
— Crop uptake of Nitrogen

e Match literature and other models

— Reasonable rates of nutrient export

— USGS estimator and sparrow empirical
models
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Log of WSM and Estimator TN Loads
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Correlation of Fall Line Stations vs Estimator Annual Loads TN
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‘Unbiased' USGS samples vs WSM Population TN p5.3
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Calibration vs validation KS statistic Nitrogen - AGCHEM
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Quick Overview of Watershed Model Scenarios

Hourly output is summed over Scenario Snanshot:
10 years of hydrology to Builde_& P '
compare against other TN

) Land Use Acreage
management scenarios

BMPs
Fertilizer
Manure
Hourly Values: Atmospheric Deposition
.iiwf"’ Point Sources
. ,"‘A‘ .
Rainfall 0 T Septic Loads
Snowfall X
Temperature ,
Evapotranspiration il ”;;,a% 4
Wind Vo
ol D R A
. L A SN I Y
Solar Radiation {;ﬁ%{’ﬁﬁ&? A
Cloud Cover 7' m_}&ﬁ;@ggﬁls}, 1991' OOO
3

Y NSNS, “Average Annual
Da NS [ Flow-Adjusted Loads”
SR @ |
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Number of Scenarios

Mid 1980s — O

Early 1990s — phase 2 — fewer than 10
Late 1990s phase 4.1 — 37

Early 2000s — phase 4.3 — 400-500
2009-2010 — phase 5.3.0 more than 300
2011 - 2017 - phase 5.3.2 - ?7?7??7

17
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Scenario
Builder

Input processor for the
watershed model

Generates past, present,
or future state of the
watershed

Land use, management
practices, fertilizer and
manure applications, crop
growth
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Sample Input and Output

Inputs Parameters Outputs
BMP :> « BMP effects on  BMP
implementation land use :> implementation on

phase 5 scale

Remote Sensing 3 Tillage Type ——s Landuse
Crop acreage

 Plant and harvest

dates
Crop yield :'; . Nutr?ent_ e Crop Uptake
Animal numbers application by T« Fertilizer
crop type

_ « Manure
e Animal manure

nutrient content



WSM Uses:
Divide Load into
contributing
areas and
sources

Septic
5%

Agriculture - manure
19%

Municipal & Industrial
Wastewater
21%

Ultimate Source

R

W
Hdl)

TR
3

Wy

0
74?“
".g'l.. S v
R SR
e

Agriculture - chemical

fertilizer
Urban & Suburban 16%
Runoff - chemical
fertilizer
11%0
Natural - lightning +
forest soils Agriculture -
1% Atmospheric Deposition -

livestock & fertilized soil
emissions
6%

Atmospheric Deposition -
mobile (on-road + non-
road) + utilities +
industries
21%

Septic
5%

Municipal &
Industrial
Wastewater

21%

Agriculture

40%
Land Use Source
Urban & Suburban
Runoff
18%o
Atmospheric
Deposition to Non- Forest 20

Tidal Water 15%
1%
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Nitrogen Loads Delivered to the Chesapeake Bay By Jurisdiction

Point source loads reflect measured discharges while
nonpoint source loads are based on an average-hydrology year
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How Is the Bay Watershed Model Applies
Practices and Programs

BMPs that alter nutrient applications to cropland
o Diet and feed changes

o Manure transport

o Nutrient management applications

BMPs involving landuse conversions

BMPs with nutrient and sediment reduction
efficiencies

BMPs with both landuse conversions and
reduction efficiencies

o Riparian forest buffers and wetland restoration

o Riparian grass buffers 22



Non-Point Source Practices and Programs

Agricultural BMPs

Developed Lands BMPs

Riparian Forest Buffers

Riparian Forest Buffers

Riparian Grass Buffers

Riparian Grass Buffers

Wetland Restoration

Wetland Restoration

Land Retirement

Tree Planting

Tree Planting

Forest Conservation

Conservation-Tillage

Urban Growth Reduction

Continuous No-Till

Wet Ponds & Wetlands

Carbon Sequestration/Alternative Crops

Dry Detention Ponds & Hydrodynamic Structures

Poultry and Swine Phytase

Dry Extended Detention Ponds

Poultry Litter Transport

Infiltration Practices

Ammonia Emission Reductions

Filtering Practices

Animal Waste Management Systems: Livestock & Poultry

Stream Restoration

Barnyard Runoff Control/Loafing Lot Management

Erosion & Sediment Control

Dairy Precision Feeding /and Forage Management

Nutrient Management

Nutrient Management Applications

Abandoned Mine Reclamation

Precision Agriculture

Dirt & Gravel Road Erosion & Sediment Control

Enhanced Nutrient Management

Street Sweeping

Conservation Plans/SCWQP

Septic Connections

Cover Crops (Early- and Late-Planting)

Septic Pumping

Small Grain Enhancement (Early- and Late-Planting)

Septic Denitrification

Off-Stream Watering with and without Fencing

Structural Shoreline Erosion Control

Off-Stream Watering w/ Fencing & Rotational Grazing

Non-Structural Shoreline Erosion Control

Precision Grazing

Horse Pasture Management

Forestry BMPs

Water Control Structures

Forest Harvesting Practices

Stream Restoration

23

http://archive.chesapeakebay.net/pubs/NPS BMP_Tablel.8.pdf (8 pages)



http://archive.chesapeakebay.net/pubs/NPS_BMP_Table1.8.pdf�

Process for new BMPs

* Generate request from Sector Workgroup

 Convene a review panel
— Gather research

— Characterize as to applicability, location,
variability, amount of research, and scientific

support

* Review by Source Sector Workgroup,
Watershed Technical Workgroup, and
WQGIT

http://archive.chesapeakebay.net/pubs/N utrient-Sediment_ControI_RevieW_Protoczéll.pdf



Number of Segments in DO Violation

Dissolved Oxygen Criteria Attainment

45
40 —&— Open Water Violations
== Deep Water Violations
35 \ Deep Channel Violations ———
30
\ Basin-wide load is
25 \ | 190 N and 12.7 P (MPY)
20 \
15 \
10 \ \
i \ /\\
; N - - - y
1985 Base 2009 Target Tributary | Loading | Loading Loading E3 All
Scenario |Calibration| Scenario Load A Strategy | Scenario | Scenario | Scenario | Scenario Forest
342TN 309TN 248TN 200TN 191TN 190TN 179TN 170TN 141TN 58TN
24.1TP 19.5TP 16.6TP 15.0TP 14.4TP 12.7TP 12.0TP 11.3TP 8.5TP 4.4TP
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Relative Effect of a Pound of Pollution on Bay Water Quality

Effectiveness Effectiveness
Nitrogen Phosphorus
B oo-12 B oo-16
N :-z27 Il 731
[ 28-42 [ 32-48
| 43-55 | 49-57
Bl s6-71 Bl ss-71
Il 72-103 Il 72-103
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Major River Basin by Jurisdiction Relative Impact on Bay Water Quality

AM ‘Yswr
VA ‘vswr
VA ‘YA
VA ‘vdey
VA ‘gswr
diN ‘Vixd
Vd ‘V10d
AM ‘V10d
Vd ‘Ysm
VA ‘V10d
VA ‘A
diN ‘viod
VA ‘gdey
AN ‘bsng
VA ‘d10d
diN ‘g10d
04 ‘viod
3Q ‘SIPIN
0Q ‘diod
VA ‘VAYs3
diN ‘dixd
vd ‘bsng
3@ ‘SIMmo7
vd ‘s3dn
aN ‘Ysm
AN ‘SIMoT
aN ‘bsns
a ‘SIpIN
3@ ‘s3dn
aw ‘sadn




—eo— A|ll Other
—— \WWTP

100%

Nitrogen -- Phase 5.3 -- Goal=190

90%
80%
70%
60%

150%
40%
30%

20%

@)
]
n
o
=
m
@)
c
o
—
o
AN
S
o
S
(-
c
@)
=]
(&)
=]
©
(8]
S
]
c
()
(&)
S
5
o

10%

0%
4 5 6
Relative Effectiveness




Pollution Diet Pollution Diet
by River by State

Major Basin
POTOMAC RIVER BASIN 8.23/0.52
SUSQUEHANNA RIVER BASIN Jurigdiction
EASTERM SHORE Delmware
PATUXENT RIVER BASIN District of Columbia
WESTERN SHORE Maryland
JAMES RIVER BASIN Mew York
YORK RIVER BASIN Penrsyhania
RAPPAHANNOCK RIVER BASIN iegmia
State Boundary West Virginia

[ chesapeake Bay Watershed Stale Boundary

Chesapeake Bay

76.77/2.74

81.06/2.88 ("] Chesapeake Bay Watershed

39.09/2.72

9.76 /1 0.46
44,88 /3,66

285/021

14.15/1.563

5.84/0.90
53.40/5.41

5.41/0.54

23.50/235

Meote: There is also an Atmespheric Deposition Allocation

Mote: There is also an Almespheric Deposition Allocation
of 15.70 million poundsiyear.

of 15.70 millien poundsiyear.




Jurisdictions’ _
Land Areas of the Chesapeake Bay Basin
Watershed Draining into the 92 303d Segments .

Implementation
Plans

92 Individual

[ | Major Basin

State Boundary

Table B2, Format for Submitting Phase 1 “§t¢r&l¢d Implementation Plan Outputs t

St | Maj. |Impaired |Unique Source Seetor® Type® NFDES
Basin | Segment Code Permit
Drainage
MD | W.Shord PAXTF | MWPTF | Agriculture-CAFO Agg. WLA
Agriculure-CAFO Ind. WLA | MD356913
Agricullure LA
Subtotal: Agricalture
Wastewater: POTW#HL Ind. WLA | MDD12452
W = POTW#H2 Ind. WLA MDD 13943
Wastewater: Indus 21 Ind. WLA | MDE21672
‘Wastewater: Indus #2 Ind. WLA | MDE5S3653
Subitotal: Wastewater
Cmsite LA
Urb/Suburb Runoff: MS4 Agg WLA | MD546195
Urh/Suburt Runoff: Mon-MS54 | LA
Urb/Suburb Runoff: MS4 Ind. WLA | MDE92645
Industrial Swormwater Age, WLA
Industrial Stormwater Ind. WLA | MD246139
Construction Agz WLA
Sub I: Urb/Suburk
Forest LA
MD | 'W. Shord SEVMH MWSeM Agriculiure-CAFO Agp. WLA | MD382614
Agriculture LA
Subtotal: Agriculture
Wastewater: POTW#I Ind. WLA MIDEI6HTY
Wastewater: POTW#H2 Ind. WLA | MDO34732
Wastewater: Indus #1 Ind. WLA | MDB366T9
Wastewater: Indus #2 Ind. WLA | MDE54469
Subtotal: W
Omnsite LA
UrbvSuburb Runofl: MS4 Agg WLA | MDS88578
Urb/Suburb Runoff: Non-MS4 | LA
Subtotal: Urb/Suburh
Forest LA Mote: Land areas do not refect the actual area
draining inte a segment with 100% accuracy but
:{[J; ﬁ:::: iy mmmm WLATA are basically comrect at the map scals.




System Configuration and Flows

Feds, States and DC
submit Non-Point Source
Load, Practices/Verification
using NEIEN

Wastewater Point
Source /Data Direct

Final TMDL, Reporting

Baseline Progress,
Other data.

Watershed Model runs
measure loadings progress.

Back-end — BayTAS
O&M Team and State
Access (QA, data
entry, review etc.)

To Chesapeake Stat for Pre%\]sntation
31
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