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Effects of Excess Sediment

Excess sediment can cloud Can damage habitats of some

water, block sunlight, and Plants and animals.
cause SAV to die.



Effects of Excess Nutrients

Excess algae cloud water, When excess algae die and
block sunlight, and cause SAV ~ decompose, they use up oxygen
to die. in the water that plants and animals

need to survive.
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Chesapeake Bay Program
Management Questions

 What is the estuarine response to reductions of
nutrients and sediment?
— Water quality (dissolved oxygen)
— Living resources (crabs and fish)

* What reductions are achievable?
— What to do
— Where to do it
— Changes in loads from management actions
— What are the local effects on riverine water quality?



Chesapeake Bay Program
Decision Support System
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Change Model Bay Criteria
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Watershed Model



Quick Overview of Watershed Model Scenarios

Hourly output is summed over

10 years of hydrology to
compare against other
management scenarios

Hourly Values:

Rainfall

Snowfall
Temperature
Evapotranspiration
Wind

Solar Radiation
Dewpoint

Cloud Cover

AR Iy “‘?&
<Y D (TN ¥,
iy W‘%s {

280 B al\

Snapshot:

Land Use Acreage
BMPs

Fertilizer

Manure

Atmospheric Deposition
Point Sources

Septic Loads

1991-2000

“Average Annual
Flow-Adjusted Lgads”




Each segment consists of
separately-modeled land uses

 High Density Pervious Urban
 High Density Impervious Urban
 Low Density Pervious Urban
 Low Density Impervious Urban
« Construction

« Extractive

 Wooded

« Disturbed Forest

Plus Point Source
and Septic

Corn/Soy/Wheat rotation
(high till)

Corn/Soy/Wheat rotation
(low till)

Other Crops

Alfalfa

Nursery

Pasture

Degraded Riparian Pasture
Animal Feeding Operations
Fertilized Hay

Unfertilized Hay

— Nutrient management
versions of the above
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Different Types of
Load Allocations to
Sources

Municipal & Industria
Wastewater
21%

Source

Urban & Suburban
Runoff - chemical
fertilizer
11%

Natural - lightning +

forest soils
1%

Atmosphe!

mobile (on-road + non-
road) + utilities +

Septic
5%

Agriculture - manure
19%

Agriculture - chemical
fertilizer
16%

ric Deposition -

industries
21%
Septic
5%
Municipal &
Industrial
Wastewater

21%

Land Use of origin

Urban & Suburban
Runoff

18%

Deposition to Non-

Atmospheric

Tidal Water
1%

Agriculture -
Atmospheric Deposition -
livestock & fertilized soil
emissions

6%

Agriculture
40%

Forest 14
15%



imswe® FIGURE 3

l!#'-.! - MAXIMUM POTENTIAL NITROGEN REDUCTION BAYWIDE*
_ “‘;;;" FOR INDIVIDUAL BEST MANAGEMENT PRACTICES (2002 BASELINE)

Wastewater Treatment Plant Upgrades
Enhanced Nutrient Management
Cover Crops
Traditional Nutrient Management
Conservation Tillage

Diet and Feed Adjustments (data under development)

5 10 15 20 25 30 35
Nitrogen Reduction (million Ibs/yr)
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operations

Number of segment / land-use / years in watershed model

1000000
Watershed Model
S History
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100 ! ! | | I |
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First Version of the Watershed Model:

« Completed 1n 1982.

63 model segments.

- 2 year calibration period
(Mar.- Oct.).

« 5 land uses.

« IBM mainframe platform.

Above

Fall Lin

Chesapeake Bay Watershed Model

YA\

e Model Segments and Calibration Stations

AQUA TERRA Consultants



Primary Products of the First Version of the
Watershed Model:

First estimate of relative point source and NPS loads for
each major basin.

Demonstration of the importance of controlling NPS
loads 1n the Chesapeake.

"Framework for Action" report, the first basin by basin
assessment of Chesapeake nutrient loads.
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Second Version of the Watershed Model -
Phase 2:

*Completed 1n 1992.
*63 model segments.
4 year calibration period (1984-87).

« 9 land uses.

« DEC VAX mainframe platform.
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Primary Products of Phase 2:

* First nitrogen and phosphorous allocations for each
major basin.

* First linkage to water quality model of the estuary.

* First linkage to the airshed model (RADM) and
estimates of atmospheric loads for each major basin.

250

I NPS
L] pPs

200 B Atmosphere

150

100

50
o
Base Case 40% Controllable LOT
Key Phase 2 Scenarios

VI T NL

20



Third Version of the Watershed Model - Phase 4:

e Completed 1n 1998.
* 94 model segments.
* 9 land uses.

* 14 year calibration
period (1984-97)
using automated
input and output
model processors.

 Cray, DOS, Solaris,
and linux platforms.

Figure 4
Above and Below Fall Line Segments in the
Phase 4.2 Chesapeake Bay Watershed Model
C’;A:.:FL:;:: ;ﬁiiﬁmw - J-\f \Aﬁ/ ) Ll ’_}
5\

w t2o Mid-Adsntic States




Primary Products of Phase 4

* Nutrient Allocations 1in 2000 (p4.1)  |[Fawes

Lower Chesapeake Bay Basins

* Nutrient Allocations in 2003 (p4.3)

* Began open source, public domain,
web distribution of preprocessors,

post processors, and open source T

R JAMES RIVER BASIN
code. First download and use by non- RAPPAHANNOCK RIVER BASIN
CBP.

T

30 0 30 80 Miles A

T —

77



1,063 model segments.
» 21 year calibration period (1985-2005).

* 24 land uses using
e time-varying land use & BMPs.
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* Open source, public domain, distributed
over the web:

http://ches.communitymodeling.org/
models/CBPhase5/index.php
* Purpose: TMDL
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> Automated Calibration

Edit BMPs | Edit Land Use | Edit Sources | Model
Vortex - Model Input/Output Creation and Visualization

Select Watershed Grouping:

ocalRun @ View Model Inputs/Outputs
del Inputs

Input Data

-l “Scenario builder”
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, Phase 5 — A Ten Fold Increase in Segmentation Over
{ Previous Phase 4.3 Model

Phase 4.3 land and
river segments Phase 5 land segments Phase 5 river segments
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A software solution was devised that

directs the appropriate water, nutrients,
and sediment from each land use type
within each land segment to each river

segment
W ‘
Each land use type simulation is completely independent.

Each river simulation is dependent on the local land use 26
type simulations and the upstream river simulations.
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FleX|b|e FunCt|OnaI|ty WDM = HSPF-specific binary file type

UCI = User Controlled Input (input file)

MET | ATDEP PS

Land Input
WDM | WDM WDM

File Generator

River Input
File Generator

External
Transfer

\M)t,l! I8 oftol

R

Land variable River variable D Final Text
WDM WDM Output

Land UCls are generated

HPSF is run on the land UCIs and output is stored in individual WDMs

The ETM is run converting land output to river input, incorporating land use, BMPs, and
land-to-water delivery factors. Output is stored in river-formatted WDMs

River UCls are generated

HSPF is run on the river UCIls and output is written back to WDMs 27
Postprocessor reads river WDMs and writes ASCII output



Scenario
Builder

Scenario
Input Files
Manure , Fertilizer,

Chesapeake Bay Program Watershed Model Phase5 Software

CBP
Software

Meteorological

Legume , Uptake,

CMAQ Atmospheric By
Atmospheric gnd Deposition RURSIES
Precipitation Data
Output Data Data Exogenous
Data
Data to
WDM
processing
Programs § Internal or
Calibration Exogenaus
Data

Targets

%

Crop Cover, Isce:‘gf:" v —
Land use , BMP type, ngu (v' s Gt Point Source, Septic,
BMP acreage eptic, Precipitation ,‘and and Diversion Internal Binary Data
Point Atmospheric WDMS
Sources Deposition WDMs
Calibration
: e
i Land
Calibration L Internal ASCII
Landcl Land UCIs oA S pats
Generator " Land Variable Program
(LuG) = WDMs
17390 3 E:j‘zond
independent
PN 1-3 second
runs
L, Output
Data
Land Control s Hydrology o
Files - _| | Calibration Calibration
.out files FEdeate Rules -
rogram
‘\ ‘ Y
HSPF: > h—
Parameter
Files e — M
1 WQM input NI NI
A generator l — A
Geographic Observed
Specifjcation River Water Data
Files | |p——— — Quality External
— Calibration ™ Transfer
9 \ Update Module
Program
— |
¥/ WQM input
1/0 Variable
Files
[ I R — Text Output
Upst Edge-of-
. pstream f
River Control A WDM L Stream River PostProcessor
Files Input Variable
Adder WDMs
River UCI HSPF
Generator e River Variable
(LUG) F WDMs
1-7392 3-8 second
independent runs
1-3 second
runs T -
| ] ¢ ! 28

.out files .ech files pltgens




Scenario Builder



Chesapeake Bay Program
Decision Support System

Land Use

Change Model Bay Criteria
T Watershed Model Assessment
LS e Model Procedures
= s .
= -
'%i'} %1
Cﬁ#g’ CFD Curvi
Scenario st s
| g
H-\

= -




Number of Scenarios

Phase 1 -0

Phase 2 — fewer than 10

Phase 3 — never used

Phase 4.1 — 37

Phase 4.3 — 400-500

Phase 5 — about 30 pre-finalization

— Lauren Hay plans to run 600
— 1000s? For management

31



Watershed Wide Crops by Acreage

25.7%

0.3%
| —0.8%
0.3%
0.9%

11.7%

Tracking yields and
acreages on a
county basis

9.1%

OCorn & Sorghum (Grain) OCorn & Sorghum (Silage) B Soybeans O Small Grains
@ Other Hay O Alfalfa B Vegetables Harvested EBerry & Orchard
O Potatoes O Tobacco l Cotton B Peanuts

Approximately 100 crop types and 10 growing
regions with different parameters for each

32



Manure Data Model

Uncollected

A 4

Beef

Dairy

Swine

Layers

Broilers

Turkeys

Volatilizatior

Collected

y

Enclosure

Volatilizatiox

o Daily Application ©

o

Barnyard

Storage

Spring/Fall

Application

Daily Application



Non-NM acres

NM acres w/ manure

starter fertilizer, with
manure applied after

Manure on NM acres

Non-NM acres w/ all

leftover fertilizer

Non-NM acres w/

leftover manure




Scenario
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Select Your Watershed

S

1.
@w W-‘*F""S‘"'I LAYERS Legend‘ [Find Hot Spots‘ [net NLCD Stats

[+ -+ [0

lon:

MI

K EO

B EOOO0OO0ODO

8 E

Oo0oooaog

Layers

Bl I Ed tributary Strategy Basins Names
Tributary Strategy Basins

n u m Land River Segments

USGS Realtime Gaging Stations
Bl M Ed surface water Gages

Ground Water Gages

B 4 B o -igh

NHD -Medium

n n m Cities

Roads

B 1 B vighways

GNIS/Atlas County Names

n u m County Boundaries

NLCD 2001 - Impervious Surface
Bl M Ed nico 2001 - canopy

NLCD 2001

n ﬂ m TerraServer USA DOQ

Topo Maps

0

S0 100 1s0 200

Product of USGS and CBPO

Chesapeake Online Assessment Support T ool

Choose your task

S LT AT

e
Tay® ‘
P 1
> i yay
et
b~
w
=
: i
fi- 1]

View loads spatially

Observed Data and

4

Scenario Builder

View Factors Affecting Trends




Estuarine Model
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The 1987 Model

1985 grid, 585 cells

3-D hydrodynamics and
water quality.

Summer, steady-state.

Indicated the
importance of sediment-
water interactions.

One part of decision
process that concluded
a 40% nutrient load
reduction would
eliminate anoxia.
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Three-D Time Varying Model (1992)

* Linked watershed,
hydrodynamic, and
eutrophication models.

T * Dynamic benthic sediment
diagenesis component.

« Continuous application
1984-1986 and 1959-1988.

* Guided 1991 re-evaluation
of 1987 Chesapeake Bay
Agreement.

1992 grid, 5000 cells 41



Tributary Refinements

10,000 cell grid.

Intertidal
hydrodynamics.

Ten-year simulation
1985-1994.

Direct simulation of
living resources.

Dissolved Oxygen
Summer 85—-88
© -, DO Mainbay Bottom

[

= T T T e
-70 0 70 140 210

Kilometers

T 1
280 350
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Tributary Refinements 1997

 Move boundary out to
continental shelf.

* |ntroduce suspended

solids.
¢ Relate Ilght Dissolved Oxygen
. Summer 85—-88
attenuation to o DO Mainboy Bottom

suspended solids. o]

[

= T T T ST T 1
-70 0 70 140 210 280 350

Kilometers
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Added Living Resources 2003

13,000 cells
Mesozooplankton

Microzooplankton

Submerged Aquatic Vegetation

Filter Feeding Benthos (three species)
Deposit-Feeding Benthos

44
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Phytoplankton

T
-‘

\4

Dissolved P Particulate

«—> Nutrients

s SAV Shoots

Nutrients

Water Column
Sediments

\4

SAV Roots DI Dissolved P Particulate
Nutrients Nutrients

| f

Submerged Aquatic Vegetation
Model
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Particulate

Organic

respiration

filtration

excretion Dissolved Dissolved
Water Nutrients Oxygen
Column Filter

Feeders

sediment-water
exchange
demand

biodeposits

sediment-oxygen

Particulate
Organic
Matter

m Nutrients

diagenesis

(o2}
=
©

O

(<)
Y=

Deposit

respiration

Feeders Benthic submodel
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The 2008 Model

57,000 total cells.

* Process-oriented

suspended solids model
with ROMS bed.

« Advanced optical
model.

« oyster model.
« Menhaden model

48



8400 Oyster Bars
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Linkages to outside
models
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> Climate Change
M Od e I Massachusetts

» EPA office of climate change supplied

down-scaled climate change output it
 Linked to rainfall model and | < 20102039
watershed model. fdy

2070-2099 ‘a

o 14% 2 25%

> PRECIPITATION INTENSITY NO. OF DAYS WITH RAIN > 2" . MAXIMUM PRECIPITATION IN 5 DAYS Il Higher Emissions Scenario
2 B Lower Emissions 5o . - % 2 20% 4| WHigher Emissions Lower Emissions Scenario
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) 0 1 cr -
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Chesapeake Bay Land

Sewer Service

-

Change Model Areas
COG and MDP
Dem:nra hic Growth Sewer
g‘ P Allocation . Sewer < outflows
Employment ,,g::;;,, Model Septic
Forecasts '
Slope \ Calibration
Protected Metics
lands, _
Zoning,
Priority Funding Cellular
Areas \_ Automata
( Model
“CB-SLEUTH”
Land Use/ T
Land Cover
]
(NLCD) 1990 Impervious
Surface
and

2000 Impervious
Surface




Rainfall

487 dally stations
192 hourly stations

Monthly Regression of
Latitude
Longitude
Altitude

Daily Intercept
1984-2005

54
Lauren Hay — USGS NRP




| »>Atmospheric Deposition Estimates

NOx SIP Reg +
o Tier Il Mobile +
Combmmg Heavy Duty Diesel Regs
. 2020
d ICgression 0x-N Dep % Change from 1990

model of
wetfall
deposition...

Jim Lynch, Jeff Grimm

(4.‘25 4.§0 4.?5 5.?0 5.|65 6.90 6.‘35 6.?0 7.95 7.:1[] )7.‘75

B Penn State LEGEND:
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0 -20
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25 =30
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CI [A Weather Model Concentrations gﬁﬂza
Q Air Quality
. Model: CMAQ
A
estimates —— Wet and Dry
EPA National Inventory Transport Deposition .
Of dl y Transformation: SO,gas NO .o o and us1ng the

Gas Chemistry S0, aerosol r[:lloo2
Aqueous Chemistry SO« Wet N0

deposition LossProcesses | B o, power of the

Hg(part.)  Organic NO,

for the Robin Dennis, EPA/ o E/SN:a CMAQ model f%l‘

NOAA :
base... : scenarios.




Legend

I
y CM ﬁ M d 1 Chesapeake Watershed
O e D Phase 5 drainage area

CMAQ 12km domain

The Community Multiscale Air
Quality Model (CMAQ) has a domain
that covers the North American
continent at a 36 km x 36 km grid
scale and 1s nested at a finer 12 km x
12 km grid scale over the Chesapeake
watershed and Bay.




Mostly ad hoc, hard coded

CMAQ = watershed model

Rainfall =» watershed model

Land change models =» scenario builder
Estuarine model outputs

Scenario Builder = watershed model
— But could easily be fit to a standard

Y



Watershed — Estuarine coupling

Not a particular standard, but very flexible.
Geography file
Transcription of Variables file

Uses so far

— 13k estuarine model

— 57k estuarine model

— 4k estuarine model (CBEO)
— Potomac TMDL

— York TMDL

— SERC Study

— UMD study

58



Watershed model is actually a
coupled system of models

24 X 308 land models
700 river models
Translation models

Examples of modularity

— Mass-balance and coefficient-based land
nutrient models running simultaneously

— Some urban models swapped for CSO data
— Reservoir operations models inserted

59



Crystal Ball

60



Scenario Builder Future

* Within the next year
— Finish building
— Create web-based GUI
— Port to grid
* Longer Term
— Interface with other models?
— Automated data gathering?
— Integrate with EPA’s BASINS?
— Use for a different study area?

61



Watershed Model future

* Near Future
— Port to grid

— Uncertainty analysis

— Substitute models
* Different river simulation?
« Small-scale agricultural models?

— Expand geographic area?
* Longer Term

— Evolve on phase 5 framework
* Or

— Move to distributed

62
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(\( N Water Quality Model

Coupling the Ecopath with Ecosim ecological model to the Water
Quality Model will examine the interaction between habitat and
living resources.

Water Quality Model Trophic Network Model
Inorganic Respiration Respiration
Cag)on —'=( — — Galatimous Zooplankten
% | = T Cona rea)
Three / l Poplank ) — ” 3 k" Sadiises
Algal —»lMicrozooplankton|—'|Mesozooplankton| & - Plankthores “
Gfoups Y A Y 25 3 @ L ARCDEG nu
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Current questions

* Has the assimilation capacity changed
(Hagy hypothesis)

* What is the interaction between water
qguality and living resources

* Refine factors that predict nutrient and
sediment runoff from land sources
iIncluding management practices.
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Questions requiring
short-term modeling

Are the fish safe to eat?

Can we swim?

What will the current be tomorrow?
Are the fish biting”?

Will there be jellyfish tomorrow?

Will my city flood when the hurricane
comes?
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