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Outline

« Background
 Salinity/temperature calculations in CMS-Flow
« Setup of salinity/temperature calculations
—Initial condition
—Boundary condition
 Export CMS-Flow files
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Background

Depth m) LavacaRiver Colorado River

Water salinity and temperature influence environmental i \
conditions in aquatic systems /
Changes in salinity can change the aggregation and GarotasCreek

consolidation of cohesive sediment

Salinity and temperature can alter the water physical .
environment that impacts marine organisms with the change Fesscael 4
of water turbidity in coastal and estuarine systems

Water quality and ecological models often require input of
water temperature and salinity information from a
hydrodynamic model

Modifications of coastal inlets, such as channel deepening
and widening and rehabilitation or extension of jetties, may
alter the salinity/temperature distributions within the estuary
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Rappahannock T4

Salinity/temperature calculations do not affect
hydrodynamics in CMS
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Salinity/Temperature Calculations in CMS-Flow

a(sd) 0(Sqx) 0(Sqy) 0 aS d aS
= K,d—|+—|K,d — P—E
ot | ox dy 0x xdax +6y yday *( )S
a(Td) 9(Tqy) 9(Tq,) @ or] @ Tl Jr
= —|K,d—|+—|K,d—| +—
ot ox dy ox| * ox +6‘y Y7 9y +pcp
S: depth-averaged salinity p: water density
T: depth-averaged temperature cp: specific heat
d: total water depth Jr: net heat flux across water surface

dx» 4y flow per unit width

K., K, diffusion or mixing coefficients of salt and heat
P: Precipitation

E: Evaporation

* CMS-Flow lateral open and flux boundaries allow water exchanges with specifications of input salinity
and temperature

* Surface boundary requires specifications of precipitation and evaporation for salinity and air-water heat
exchange for temperature

* Initial condition files need to be prepared based on measured data
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Setup of Salinity/Temperature Calculations
(Initial Condition)

@E.EEIEE--::--.E_E.=-.:-‘-:-: — O

| [ File Edit Display Feature Objects Window Help
=S ol aneml L ouse Specify a constant initial value for
| e . the entire model domain or generate
|2 St cusina 0 o a spatially varying initial salinity field
| "o — Go to CMS-Flow Simulations —>
E P Model Control
| Concortaton B> W — Check Calculate salinity and
TR e o ooty e choose the Spatially varied
| B # toggle under the Initial condition
= i cororsmistn o — Click Select —> Create toggle
S B e x and Data Set Toolbox pops up
S ey Coetors p — Assign a value and name the
A initial condition dataset in the
: pop-up window
- — “Salinity Initial Concentration”
appears in the Flow data tree
— Highlight the dataset to specify
different salinity values in the
CMS domain
7 |
- - : . crier” o —— QHIL #3
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Setup of Salinity/Temperature Calculations
(Lateral Boundary Copdition)

@ suis 1208 |@
| wd File Edit Display Feature Objects Window H e |
tUde T kamh L] 2 H Name: 1 !

CRQHER F@YanB | | » Specify time series of
| [0 Prea il =" | | salinity values along lateral
|| EE e 0o (| oeeans ! boundaries

WMNMW | — Go to CMS-Flow
Simulations —> Boundary
Conditions
| — Right-click boundary arc.
| Select Assign Boundary

WSE offset f Sea Level Change:
Constant ~

Constant value for WSE Offset {m):
0.0

Salinity
Define Salinity Curve

2-[AE] Simulation Data

Flow rate-forcing

E% CMS-Flow Simuiations ‘ f Conditions and check
=-[#] How Delete | " . s
i{'E How = Define Domain | Deflne Sallnlty Curve
{'ﬂ m Conditions ] % Split Arc(s)... i d S I. .t
B s | - i | under Salinity
- | — Click small icon and
[ Define Temperature Curve Reverse Arc Direction | im port Sal i n ity Va I ueS
Smooth Arc(s)... .
SE Prune Arc(s)... | (manua”y key In the
oo | values or read from a *xys
Assign Boundary Conditions... l,\\, .
Clear Selection data flle)
Invert Selection
Zoom to Selection
Select Connected Arcs Turning Left >

ith = 120427188724 m; Mum segments = 123. . —
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Setup of Salinity/Temperature Calculations
(Air-water Heat Exchange )

@
Lt e e e Use meteorolqglcal parametersf: solar radiation,
QO VEEE @V | cloud cover, air temperature, wind speed, and
N é surface water temperature and the bulk formulas to
' m Depth (m) calculate the heat flux components
; + Short Wave Solar Radiation
E“f“”'m""- k JSW = JSW,CLR (1- 0‘65C§'LD )(1- RSW)(l' fSHD)
L1 Activity
* Long Wave Atmospheric Radiation
JLW = SAIRGT,fIR(1+ 0'17C§‘LD)(1- RLW)' gWTRGTVIL/lTR
* Latent Heat Flux
Jg = fUpnp)er- €5)
» Sensible Heat Flux
JS = CBf(UWND)(TAIR' TWTR)
Total Heat Flux: J, = JSW + JLW + J,.+ JS
US Army Corps of Engineers e Engineer Research and Development Center e = CHL EReRAUICs,
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Setup of Salinity/Temperature Calculations
(Air-water Heat Exchange )

Wind, air temperature, and cloud cover were obtained from
National Centers for Environmental Information:
https://www.ncdc.noaa.qgov/cdo-web/datatools/Icd

e

& Online Stere | National Centers... & Local Climatological Data (... %

Solar radiation data from National Solar Radiation Data
Base:

http://rredc.nrel.qgov/solar/old data/nsrdb/

wwwncde.noaa gov/cdoweb/ datatools/lcd - 82| search.. £~ ve 8 @ ©) & rwsy/medzruel gow/solar/old dsta/nard, - @ 0 |[ search.. o~ AR C
L © Online Store | National Centers... & Local Climatological Data (LC... |2 National Solar Radiation Da...

= NATIONAL CENTERS FOR
& NOA A ERV RSN ERAE TS oRarion

|‘ National Solar Radiation Data Base

Home Climate Information  Data Access

Customer Support

Contact

About

Home > Climate Data Online > Data Tools > Local Climatological Data (LCD)

[ Datasets | [l Search Tool | [l Mapping Tool | ] Data Tools | ] Help

Cart (Free Data) ¥ 0 items

HEData Tools: Local Climatological Data (L.CD)

Local Climatological Data (LCD) is only available for stations and locations within the United States and its terrifories. Select the state or
territory, location, and time to view specific data. Click the station name to view details or click "ADD TO CART" to order that station's data.

Map Tool

Select a Location Type Select a State

Data Sets

National Solar Radiation Database 1961-1990

The National Solar Radiation Data Base 1961-1990
(NSRDB) contains 30 years of solar radiation and
supplementary meteorological data from 237 NWS sites
in the U.S_ plus sites in Guam and Puerto Rico

Country New Jersey
US Territory New Mexico ~
New York
County Nerth Carolina
Zip Code North Dakota
Ohio
Oklahoma ¥
QOregon

Local Climatological Data > State > Virginia

1-25 of 56 Stations

>

ATION DETAILS

ABINGDON VIRGINIA HIGHLANDS AIRPORT, VA US
View Full Details ©

Station ID: WBAN'53818

Period of Record: 2005-01-01 to 2019-09-09

ASHLAND HANOVER CO MUNICIPAL AIRPORT, VA US

View Full Details

ADD TO CART

ANN TN CADT

US Army Corps of Engineers e

Hourly Solar Data

« Statistical Summaries
* Daily Statistics Files

* Solar Radiation Data Manual for Buildings

+ Solar Radiation Data Manual for Flat-Plate and
Concentrating Collectors

Documentation & User's Manuals

National Solar Radiation Database 1991-2010
Update

The updated 1991-2010 National Solar Radiation
Database holds solar and meteorological data for 1,454
locatiens in the United States and its territories.

+ Hourly Solar Data

« Statistical Summaries
* Daily Statistics Files
- Houtly Statistics Files
- Threshold Files

National Solar Radiation Database
1998-2014 Update

The current version of the NSRDB (v2.0.0)
was developed using the Physical Solar
Model (PSM), and offers users the latest
available data (1998-2014). NSRDB
comprises 30-minute solar and meteorological
data for approximately 2 million 0.038-degree
latitude by 0.038-degree longitude surface
pixels (nominally 4 km2). The area covered is
bordered by longitudes 25° W on the east and
175° W on the west, and by latitudes -20° §
on the south and 60° N on the north.

* 30-minute Solar Data on the NSRDB
Data Viewer

National Solar Radiation Data Base User’s Manual
(1961-1990)

This document describes the National Solar
Radiation Data Base, 1961-1990. The marual
provides zuidance in using data base products,
acquaints the user with the many features of the
data base, and provides information on how to
use data base products.

<

National Solar Radiation Database 1991-2010 Update:
User's Manual

‘This document deseribes the National Solar
Radiation Data Base Update 1991-2010. The
manual provides guidance in using data base
products, acquaints the user with the many
features of the data base update, and provides
information on how to use data base products.
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Standard Time Series Data File Format

This document describes the format in which data is
downloaded from the NSRDB Data Viewer.

Model and Database Development
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Setup of Salinity/Temperature Calculations
(Initial and Surface Boundary Conditions)

@

wi File Edit Display Feature Objects

UsEcel daak

GoBEEE @YD«
]

Window Help

& Faliks @

ow  SedimentTransport — Salinity/Temperature

Wave Wind Qutput

O Project
&[0 Guadtres Data
| &[ZFH default coverageGrid
55| ManningsN (2)
Zz

E-E| & default coverageGrid
- [;® default coverageGrid
- [F1#® Boundary Conditions
ga Activity

Salinity
[ calculate salinity

US Army Corps of E..5...ce.o —

Help...

Ei~ R

OK

Dl B A S

UNCLASSIFIED

g Time steps !

q R — . Specify a constant initial value for the

f — entire model domain or generate a

/ spatially varying initial temperature field

A A A I — - | — Go to CMS-Flow Simulations —>

i T Model Control

s e — Check Calculate temperature and

: o3 choose the Constant Water

: < Temperature toggle under the Initial

e gt st mine condition

' [ s s B — Assign a value of 18.85° C
: s o : — Import time series of meteorological
s fZ Z:i or parameters

[

.~ -enter e
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Setup of Salinity/Temperature Calculations
(Lateral Boundary Condition)
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<)

[T

Help...

oK. Cancel

f)m; MNum segments = 42,

oG EEN @Y ]\ z oo
© Project @ i
£ [Z][@ Quadiree Data | S
Eﬁd.\zxgsn o[ osbors mj} . . .
e e — . Specify time series of temperature values
9 | | along lateral boundaries
Ew,..mm — Go to CMS-Flow Simulations —>
Zi‘ﬁm m Boundary Conditions
L — Right-click boundary arc. Select
ffset [ Se | Chang . agm

aaaaaaaa Assign Boundary Conditions and

Constant value for WSE Offset (m): @ .

 — T check Define Temperature Curve

R T N under Temperature

coremaners | (LI0 o — Click small icon and import

B i temperature values (manually key in
£ the values or read from a *xys data
] file)
‘1 500 1000 1500 2000
Time (hrs)
Help ] | mpon. Expott.. oK Cancel

US Army Corps of Engineers

e Engineer Research and Development Center e

UNCLASSIFIED

———————————————————————————————
o COASTAL &
= HYDRAULICS
o LABORATORY

10



UNCLASSIFIED

Export CMS-Flow Files

@

s File Edit Display Data Cells Window Help

UsSE=el kaeams| & 02 & il 53

GOHERI @Y a | <

&

© Project é

= B8 Quadtree Data .

. 5[ default coverageGrid W

i8] Mary

L@z =

E\L@ Map Data g

| A hrea Fopeny

H -[A<5 Boundary Condiions Eﬂ

L L@ Adivity

= =] Simulation Data \‘1

. -Flow Simulations
v d =

a‘a Boundary C Duplicate

Model Check...

Export CMS-Flow

Launch CMS-Flow l'\\’

Save, Export, and Launch CMS-Flow

B Bvdk

Properties...

2.7

Save Project —>
Export CMS-Flow —>
Launch CMS-Flow
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Simulation Results

Salinity — Matagorda Bay

Temperature — Corrotoman River
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Salinity Calculations in the Coastal

US Army Corps Modeling System
of Engineers,,

by Honghai Li, Christopher W. Reed, and Mitchell E. Brown

PURPOSE: This Coastal and Hydraulics Engineering Technical Note (CHETN) describes

Salinity Calculations in the Coastal Modeling System P
Li, H., Reed, C., and Brown, M. (2012) e

Engineers (USACE April 2017
. - - - mixed in the vertica
https://erdc-library.erdc.dren.mil/xmlui/handle/11681/1981 S e
g;nf?c?ﬁ::?; T Temperature Calculations in the
g and intied el Coastal Modeling System
lead to formation d
degree of saline watf by Honghai Li and Mitchell E. Brown

PURPOSE: This Coastal and Hydraulics Engineering Technical Note (CHETN) describes
procedures to calculate temperature change within the Coastal Modeling System (CMS) operated
in the Surface-water Modeling System (SMS), version 12.1 (Aquaveo 2010). The defined

procedures are demonstrated i an application of deling in the C Ruiver.
Virginia
In coastal zones an
changes in circulatif INTRODUCTION: Water temperature is an important physical property influencing
changes in salinity environmental conditions in aquatic systems. Its value changes with atmosphenic conditions,
modify circulation typically ranging from close to 0 °C n the polar regions to more than 30 °C in tropical regions. In

coastal zones and estuaries, both temporal and spatial variations in water temperature are also

H H H salinity-driven flow|
e m e ra u re a c u a IO ns I n e oas a o e I n s e m aggregation and cof controlled by changes in circulation, tide, wind, and freshwater inflows. These changes in
Salinity can also al temperature can have major effects on water density and water stratification, which can change

abundance of which} ocean mixing and modify circulation patterns. Dynamic behavior of suspended sediment can be

. of coastal inlets. su controlled by the density-driven flow and muxing Temperature can alter the water physical

L I H a n d B rOW n M 2 O 1 7 jetties, may alter the environment that impacts marine organisms with the change of water turbidity in coastal and

y . 3 . : estuarine systems. Water quality and ecological models often require input of water temperature
COASTAL MODH and salinity information from a hydrodynamic model

" N . through the couplin
L] CMS-Wave. These COASTAL MODELING SYSTEM (CMS): The CMS calculates water levels, currents, and
https://erdc-library.erdc.dren.mil/xmlui/handle/11681/21666 e | B
(CMS-Wave). These two models can be coupled to simulate sediment transport. morphology
change. and salinity transport (Lin et al. 2008; Sanchez et al. 2014; Li et al. 2012).

CMS-Flow is a tws (2D). fi volt mode] that solves the mass conservation
and momentum equations of shallow water motion. CMS-Flow is forced by water surface
elevation (WSE) (e.g.. from tide) and river discharge at model boundaries, wave radiation stress.
and wind forcing over a model computational domain. Physical processes calculated by
CMS-Flow include wave-current interaction. sediment transport, morphology change, and
salinity transport. CMS-Wave is a 2D. quasi-steady spectral wave transformation model. The
model contains theoretically derived approximations of wave diffraction. reflection, and wave-
current interactions for wave simulations at coastal inlets with jetties and breakwaters

TEMPERATURE CALCULATIONS IN CMS: The CMS calculates the temperature field
based on the following 2D heat transfer equation:

. ] 3 o :
od)  o(Tg,)  8Ta,) _ o[, 0T 8], o], J .
o ox oy oxl oxl ol "oyl pe,

Approved for public release; distribution is unlimited
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