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Presentation Outline

A 50,000 ft view of CBP Modeling

A Some Specifics
| Calibration & Validation
I Segmentation and Scale

A Watershed Model Limitations



Topics That Will Not Be Covered

A Policy of the Commonwealth on the TMDL
Development

A Policy of the Commonwealth on the phase
2 TMDL Development

A Policy of the Commonwealth on the TMDL
Milestones Development

A Policy of the Commonwealth on Possible
Expansion of the Nutrient Credit Exchange
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Why Modeling?

A First, it has provided the means to estimate nutrient and
sediment loads from those areas of the watershed where
there has been insufficient water quality data to estimate
the loads more directly

A Second, the model provides program managers an
estimate of the nutrient and sediment reductions that
may occur when management practices are
Implemented within the watershed

A It also was realized that developing a monitoring
program to provide the necessary water quality data to
guantify the distribution of nutrient and sediment loads
directly throughout the watershed would be prohibitively
expensive.



Nutrient and Sediment Impaired Waterbodies

the 1998 303 (d) List

in the Chesapeake Bay Watershed from .)

Meeting the Mandates
of Chesapeake 2000

AThe bay is impaired largely because of low
dissolved oxygen levels and other problems
related to nutrient pollution.

ABy 2010, correct the nutrient- and
sediment-related problems in the Chesapeake
Bay and its tidal tributaries sufficiently to
remove the Bay and the tidal portions of its
tributaries from the list of impaired waters
under the Clean Water Act.

AlIf the partners are not successful in meeting
their 2010 commitment to remove the Bay
from the impaired waters list, a regulatory

clean-up plan for all impaired tidal waters be
required.

AAttainment of water quality standards in

the Chesapeake Bay will be determined
by tidal water monitoring data, not the
models.




Watershed
Model
Short History

Year Name  Software Segments Years Land Uses Purpose

19872 Wah o proprietary B4 2 ] split point source and
nanpoint source

1985 phasze 1 hspf 2%} 2 5 40% goal

1992  phase 2 hapf B4 4 B define 40% hy
basins

1994 phase 3 hspf ad g =) simulate nutrient
cycle in more detail

1997  phasze 4 hapf i) B g re-evaluate and
redefine 40% by
majar basin

2000 phase 4.3 hspf 94 11 g set new goals and
distribute by major
subbasin

phase & hepf 1000 22 25 TMDL

Management questions and model have
been both increasing exponentially in
complexity.




Precipitation Model



Scope
i A 487 daily-data

| stations

¥ A 192 hourly-data

stations




xyz Methodology

A Multiple linear regression (MLR) equations are
developed for daily precipitation (p) using
Independent variables x, y, and z from climate
stations.

A The general form of the MLR equation is:

p=0+Qx+ B y+ Qe
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xyz Methodology

Aregress
p =Dy +bx+ by +byz
X = longitude
y = latitude
z = altitude
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xyz Methodology

A for each area of interest find a uniqugd
each day using O0an af
rain gages.

p=Dby+bx+ by +byz
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A5-km grid
constructed to
produce
distributed
data set
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Scope

A Daily precipitation data are simulated for 5-km
sqguare grid cells throughout the study area.

A Daily precipitation for each land segment area
within the study area is computed based on
time-series data from grid cells within each land
segment area.
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Chesapeake Bay Program

Atmospheric Deposition

Watershed

Modeling Structure

Nitrate and ammonia deposition from

improved Daily Nitrate and Ammonium

Concentration Models

Adjustments to deposition from

Models -3/Community Multi _-scale Air Quality

(CMAQ) Modeling System

Phase 5 Watershed Model
Better year -to-year simulation i mass
balance modeling ; Large aggregate land
simulation with distributed rivers; Time
series of management practices;
Automated calibration

Chesapeake Bay Estuary Model
New grid; Bank loads; Nutrient

controls on TSS and chlorophyll  -a

sinking/suspension; Hydrodynamic
and Wave Models for sediment re
suspension in the Water Quality
Model




Management
Actions

Chesapeake Bay Program

Decision Support System
Land Use

Change Model
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Purposes of the
Watershed Model

1. Accurately deliver loads to the Water
Quality Model

2. Equitably account for all load sources

3. Assess changes due to management
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Phase 5.x Watershed Model

A Based on Hydrologic Simulation Program
Fortran (HSPF) version 11

A Lumped parameter model i simulates
average concept of land uses

A Land use represented as an array or table
of numbers - segmentation is the only
distribution of land uses

A Inputs and outputs are on an hourly time
step
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Quick overview of watershed model Scenarios

Snapshot:

Land Use Acreage

BMPs
Fertilizer
Manure
Hourly Values: Atmospheric Deposition
PR Point Sources
Rainfall (2= Septic Loads
Snowfall o <l,:
Temperature =
Evapotranspiration
Wind
Solar Radiation Hourly output is summed over
Dewpoint 10 years of hydrology to
Cloud Cover compare against other
management scenarios

/ o
/.v a’ﬂ{‘. 3=
/‘1“{1‘ \‘.‘2—3‘& )(.
r*@%‘i‘;f AnAverage A
2 Flow-Ad | us jpe d




Brief description of HSPF

Each segment is simulated as a separate uni
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Each segment consists of
separately-modeled land uses

A Pervious Urban A Composite Crop with
A Impervious Urban Manure (high till)
A Construction A Composite Crop with

Manure (low till)

A Composite Crop
without Manure

A Extractive
A Combined Sewer System
A Forest

A Alfalfa
A Harvested Forest A Nursery
A Unfertilized Grass A B St o

A Degraded Stream bank

A Animal Feeding
Operations

A Hay with Nutrients
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Each Land Use type Is
divided into four soll Layers




Each soll layer is divided into
several submodels

L Land
%/Ietelorolog /Drelupltatlo/n/ / I\iorpholog /

Runoff and
Groundwater

Phosphorus Sediment Nitrogen
Cycle Export Cycle

1 1
/ Nutrient Inputs /
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Each submodel has a complex hydrologic or nutrient cycling structure
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River Simulation
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The connections quickly get complicated with multiple
land segments feeding each river segment and land
segments each feeding multiple river segmep
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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

Transfer
Module

Each land use type simulation is completely independent.
Each river simulation is dependent on the local land use 28
type simulations and the upstream river simulations.



Fu nCtlonaI |ty ﬁ Time Varying Land Use

Time Varying BMPs

BMP efficiency reacting to hydrologic condition
Design life of BMPs

Overall Flexibility
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Atmosphere Fertilizer
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BMPs

Manure
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BMPs

Nutrient
Atmosphere M o Management
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Fertilizer
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Atmosphere Fertilizer
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BMPs

Manure
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Atmosphere
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Land Use
Change
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Atmosphere Fertilizer
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Atmosphere Fertilizer

123

BMPs

Manure

Structural
BMPs
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Calibration and Validation
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Phase 5 Rivers,
Segments, and Flow fsgfaso
Calibration Stations {3725~
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River WQ
calibration

A Observed WQ Constituents

TN
A NO3
A NH3

TP

A Dissolved PO4
TOC
Sediment
Temperature
DO
Chlorophyll a

(sediment)
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