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 Model Setup for CH3D-Z and 
DYNHYD5/TOXI5

 2000s and 1965 Simulations
▪ CH3D-Z

• Water Surface Elevation
• Salinity (Chlorinity)

▪ DYNHYD5/TOXI5
• Water Surface Elevation
• Salinity (Chlorinity)

 Comparisons between CH3D-Z and 
DYNHYD5/TOXI5

 DYNHYD5/TOXI5 Sensitivity Simulation

What was Presented at the Previous Meeting?

• 3,941 horizontal cells
• Max. of 33 vertical layers
• 34,524 total active cells

• 105 junctions
• Single vertical layer
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Hourly Chlorinity

CH3Dz vs. DYNHYD5 
– 1965

CL Salinity
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Selected Models 
from the previous 2016 meeting

Screening Level Model
Use the existing 1-D DYNHYD5 model linking 

with WASP8

 Logical decision because

▪ 1-D model has been calibrated and readily 
available

▪ Traditionally, DYNHYD-WASP has been a 
packaged modeling system

▪ Familiarity with the model

▪ Will serve as a quick diagnostic tools for 
multiple scenarios

Full Scale Model

Use the existing 3-D CH3DZ model linking 
with WASP8

 Logical decision because

▪ Model is available through USACE 
Philadelphia District

▪ CH3DZ and DYNHYD5 re-produced 
comparable results for 1965 and 2000s 
periods

▪ Model domain extended to Continental 
Shelf and included upper Chesapeake Bay

▪ Use a single type of WQ Model (WASP8)
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Progress

Two DRBC staffs trained for WASP8 in 
November 2016

Cleaned-up DYNHYD5 segmentation
▪ Tested for continuity and mass balance

 Linked DYNHYD5 and WASP8 

Realized issues with inconsistency 
between DYNHDY5-TOXi5 vs. DYNHDY5-
WASP8

EPA provided WASP8 version with re-
enabled ADF – model still over predicted 
chlorinity in mid- to upper- Estuary
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 EFDC model was selected as a tool for a hydrodynamic model after consultation 
with LimnoTech

 Logical decision because
▪ Numerical dispersion of the 1-D model (DYNHYD5) can be an recurrent issue

▪ Bathymetry of the 1-D model needs to be updated anyway

▪ It is better to have a finer horizontal segmentation to distinguish loads from either side 
of estuary (e.g., PA vs. NJ dischargers) 

▪ EFDC-WASP8 is widely used modeling package in recent years – likely has few linkage 
issues

Screening Level Model – under development (Dr. Li Zheng’s presentation)

Full Scale Model – import CH3DZ grid into EFDC then link with WASP8

New Tool
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Sources of Data
EFDC Model

Delaware River Basin Commission

Model Expert Panel Mee�ng
July 25-26, 2017

Namsoo Suk, Ph.D., DRBC

Li Zheng, Ph.D., DRBC
Credit: CA Ministry of Natural Resources
(c/o http://�sherynation.com/archives/date/2015/04/page/5)

http://fisherynation.com/archives/date/2015/04/page/5


Introduction

 Purpose: documentation of sources of 
data (focused on hydrodynamic model)

 Two types of data
 Model input data
 Model calibration target data

 Two temporal periods
 1/1/2012 ~ 12/31/2013: Data rich period 

(PWD model development)
 1/1/2018 ~ 12/31/2019: DRBC’s intensive 

data collection period

 Two spatial coverages 
 2-D screening level model
 3-D fine grid model
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Bathymetry Data

 U.S. Army Engineer Research and 
Development Center – Coastal & Hydraulics 
Laboratory (ERDC/CHL) performed for FEMA 
Region III in 2011.

 Topography and bathymetry data through 
personal communication.

Horizontal Datum NAD83

Vertical Datum NAVD88

Grid Spacing 1/3 arc-seconds (~10 meters)

Grid Area

Eastern and coastal North Carolina, Virginia,
District of Columbia, Maryland, West Virginia, 
Delaware, Pennsylvania, and New Jersey: 
extending offshore approximately 73.00º to 
78.00º W; 36.00º to 40.00º N, following the 15 
meter contour inland and extending to the 50 
meter bathymetric contour
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Forcing Tides and Calibration Target WSEs

 Downloaded hourly Water Surface 
Elevations (WSEs) from NOAA PORTs 
Website (MLLW datum)

 MLLW to NAVD88 datum: NOAA's Vertical 
Datum Transformation Program - v3.6.1

 WSEs were corrected to NAVD88 datum

 Boundary at the mouth of the Bay – WSE at 
Lewes, DE

 Boundary at Chesapeake and Delaware 
Canal (C&D) – WSE at Chesapeake City

 Source: 
https://tidesandcurrents.noaa.gov/ports/index.html?port=db
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Inflows

Non-point Sources

 Hourly or more frequent flows for 
Delaware River at Trenton and 
Schuylkill River

 Daily flows for ~ 25 tributaries

 Daily NPS runoffs (flows) will be 
estimated based on drainage area and 
precipitation

 Daily, direct precipitation volume onto 
water body

 Source: https://waterdata.usgs.gov/usa/nwis/uv?01463500

Point Sources

 Hourly  flows for top 10~15 traditional 
NPDES discharges

 Daily flows for the rest of traditional 
NPDES discharges

 Daily flows for CSOs

 Estimate daily flows for MS4s

 Source: will be requested by DRBC 
product
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Calibration Target – Current Velocity
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Salinity

 Convert hourly specific conductance or 
conductivity to salinity (2 to 42 ppt) using 
Practical Salinity Scale (1978)

 The relationships extended to 0 ppt by 
Standard Method (American Public Health 
Association, 1989)

 Conductivity data from 
 NOAA PORTs and 
 Four USGS gage Stations 

 Three NOAA PORTs stations, Cape May, 
Lewes, DE and Chesapeake City were 
enhanced to measure conductivity in 2017.

 Source:
 https://tidesandcurrnts.noaa.gov/ports/index.html?port=db
 https://waterdata.usgs.gov/nwis/uv?site_no=01477050
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Climatic Data

 WBAN:13739 (Weather Bureau Army Navy): 
Philadelphia International Airport

 Accessed NCEI and NCDC web sites

 ~ hourly data for: 
 Dry-air, wet-bulb, dew point temperatures,
 Precipitation rate,
 Cloud cover, relative humidity, atmospheric 

Pressure,
 Wind speed and direction

 Climate data from additional weather 
stations (Wilmington, Mt. Holly, etc.) will be 
compiled 

 Source: 
 https://www.ncdc.noaa.gov/cdo-web/datatools/lcd
 https://www7.ncdc.noaa.gov/CDO/cdopoemain.cmd?datasetabbv=DS350

5&countryabbv=&georegionabbv=&resolution=40
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Climatic Data – Solar Radiation

 Point retrieval (39.89N, 75.14W) at RM95.5: 
5 miles north of Philadelphia Airport

 Accessed NSRDB for Physical Solar Model 
(PSM) output

 30-minute data for: 

Global Horizontal Irradiance (GHI) in W/m2

= DNI cosθ + DHI

Where, 
DNI: Direct Normal Irradiance

DHI: Diffused Horizontal Irradiance (long-
wave radiation?)

 Source: https://nsrdb.nrel.gov/nsrdb-viewer

Additional data available for 
DHI, DNI, clear-sky DHI, clear-
sky DNI, clear-sky GHI, cloud 
type, dew point temperature, 
pressure, relative humidity, 
solar zenith angle, 
precipitable water, wind 
direction, wind speed
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Data to be Compiled

 Dye study (2011)

 Sediment type (2003)

 Salinity profiles (data source not 
identified yet)
 Vertical 

 Horizontal

 Any other key data?
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Preliminary Model Simulations

Delaware River Basin Commission

Model Expert Panel Meeting

July 25, 2017

Namsoo Suk, Ph.D., DRBC

Li Zheng, Ph.D., DRBC
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Hydrodynamic Model - EFDC

 Environmental Fluid Dynamics 
Code (EFDC)

 Physics and numerical scheme 
equivalent to POM

 Applied to a wide range of 
environmental studies

 Build-in linkage with WASP

 Executable file from EPA R4

 Visual EFDC 2.0 – from Tetra 
Tech, Inc.
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Preliminary Coarse Grid 

No. of cells: 1047;     average cell size: 970 m x 1500 m
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Bathymetry Projection 
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Scenario Setup

 Calibration period:  2012 ~ 2013

 Boundary conditions: (Namsoo’s presentation)

 A simple scenario

 Stream flow: Delaware River @ Trenton, Schuylkill River

 Point source: three PWD WWTP

 A three month test run with a time step of 30 s
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Short wave solar radiation

 Estimated from Iqbal (1983) and 
Rosati and Miyakoda (1988)

 Total extraterrestrial solar radiation

 Atmospheric attenuation

 Cloud attenuation

 Water albedo

 Lat./Long. And cloud cover

 NOAA Philadelphia station
0

200

400

600

800

1000

1200

W
/m

2

Hourly net short wave solar radiation

Presented to an advisory committee of the DRBC on August 24, 2017.  
Contents should not be published or re-posted in whole or in part without 
permission of DRBC.



NOAA Stations @ Delaware Estuary

 Total 11 stations

 Water surface elevation

 Water temperature

 Brandywine and Ship John Shoal

 Conductivity (part of 2012)

 Lewes

 Conductivity since 2017
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Water Surface Elevation @ Ship John Shoal
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Water Surface Elevation @ Newbold 
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USGS Stations @ Delaware Estuary

 Total 4 stations

 Specific conductance

 Water temperature

 DO

 Fort Mifflin

 No data for 2012 ~ 2013
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Water Temperature 
Lewes & Brandywine
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Water Temperature 
Ship John Shoal & Reedy Island
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Tasks Next Step - Hydrodynamics

 Refine coarse grid with boundary-fitted cells

 Develop fine grid input based on CH3DZ grid

 Adjust navigational channel delineation

 Conduct harmonic analysis of tidal constituents (amplitude & phase)

 Include current velocity in model-data comparison

 Conduct low-pass filter analysis to determine long-term flow @ C&D Canal

 Incorporate Coriolis acceleration
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Key Recommendations from EP

Parallel efforts in development of EFDC hydrodynamic models for
▪ 2-D coarse grid screening scale level Model, and 3-D finer grid full scale level Model
▪ Develop a smoother grid for the navigation channel to improve screening level model 

Full scale hydrodynamic model domain
▪ Use the regional ocean model output (salinity) to assign downstream boundary of the full 

scale model (e.g., NYHOPS model)
▪ Use hybrid Z-level option
▪ Test the model with 1:1 mapping with the CH3Dz grid
▪ Test the model with subset of the CH3Dz grid
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Key Recommendations from EP

Full scale WQ model domain
▪ Can be a subset of CH3Dz – Mouth of the Bay and Chesapeake City in the C&D Canal
▪ WASP8 can utilize a subset of the hydrodynamic model domain

Check consistencies between TOXI5 and WASP8 models using finer time steps in 
DYNHYD5 
▪ DYNHYD5 will not be further developed for use in a coarse grid eutrophication model

Check solar radiation with the complete equation (Chapra) similar to QUAL2K 
model
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