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- Portland State

CE-QUAL-W2

e Background of CE-QUAL-W2 =
e Governing equations and I|m|tat|ons
e Model state and derived variables

e Example application

e How to set-up and run CE-QUAL-W2

e CE-QUAL-W2 planned enhancements



Portland State

UNIVERSITY

ad

CE-QUAL-W2

Reservoir Branch

Estuary Branch

River-Estuary Branch
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Z condition
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CE-QUAL-W2 Governing Equations

Equation Version 3 governing equations
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Algorithms for t_, : Several
different algorithms available

k-¢ Turbulence Model

Use ‘TKE’ as the designator for the
turbulence model

v, =C —



This involves the solution of the following
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Internal Hydraulic Structures

Downstream
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Upstream
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% Dynamic shading algorithm
Topographical and Vegetative Shading
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Model
predictions
of ice cover

air

heat flux at ice surface
between ice and air

heat conduction
through ice

I heat flux at lower
ice boundary between ice
and water

é

transmitted short wave solar radiation

Ice thickness, m
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Water quality state

variables | N
« Nitrate-nitrite

: : . = Dbioavailable phosphorus (SRP)
= any number of generic constituents: . .
= |abile dissolved organic matter

= conservative tracer(s . .
( .) . = refractory dissolved organic matter
= water age or hydraulic residence _

time labile particulate organic matter
= coliform bacteria(s) " refractory particulate organic matter
= contaminant(s) = total inorganic carbon

= any number of inorganic suspended * alkalinity
solids groups = total iron

= any number of phytoplankton groups® dissolved oxygen

= any number of epiphyton/periphyton ® organic sediments
groups = LDOM-P and LDOM-N

= any number of CBOD groups L POM-P and LPOM-N

= any number of zooplankton groups RDOM-P and RDOM-N

= any number of macrophyte groups RPOM-P and RPOM-N

= ammonium = any # of CBODN and CBODP
groups



Columbia Slough, Oregon —
macrophyte model
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Model set up Copy model executables

Download model zip into example directories,
file let’s look at the DeGray

Unzip file into respective Reservoir example

directories

. examples 11/17/2013 11:44 PM  File folder

I Excel macro utility for writing files in W2 fo.. 11/17/2013 11:45 PM  File folder

. executables 11/17/2013 11:45 PM  File folder

| source 11/17/2013 11:45 PM  File folder

| W2ControlGUI 11/17/2013 11:45 PM  File folder

. W2tools post-processor integrated with W...  11/17/2013 11:45 PM  File folder

| waterbalance 11/17/2013 11:45 PM  File folder

i v37.zip 10/7/2013 10:18 AM  Compressed (zippe... 35,127 KB
g W2_Version_3.71_Release_Notes.pdf 10/3/2013 12:28 PM  Adobe Acrobat Doc... 470 KB

“L W2V3 manual371_rev12.pdf 10/7/2013 10:03 AM  Adobe Acrobat Doc... 12,462 KB
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Model set-up

Develop the Model Grid - this involves
developing a bathymetry file for each
water body. Inputs are in text file format
or csv format

Excel format — use Excel
macro utility to write out as a
CSV file format csv file


bth.csv
bth.xlsx
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2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 2 25 26 27 28 29 30 31 32 33 34 35 36 37 38
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Model set-up: Bathmetnary

180
170

320000 325000 330000

Portland State

UNIVERSITY




Portland State

UNIVERSITY

Bathymetry
> Topographic map
> Sediment range surveys
> Volume-area-elevation table

» Cross-sections for river Elvaion,
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Note

CE-QUAL-W?2 allows the specification of

e waterbodies (a collection of model branches
that have similar turbulence closure and water
guality parameter values and meteorological
forcing; a river and a reservoir)

e branches (a collection of model segments with
variable model slope; a river with different
slopes or a reservoir with multiple sidearms)

e segments (a longitudinal segment of length
AX)

e layers (a vertical layer of height Az).
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Model set-up

Construct all boundary condition files -
flow rates, temperatures, and
concentrations for all inflows,
meteorological conditions for each
waterbody, water levels for head BCs,
shading for each segment, wind sheltering
file for segments as a f(time)

All input files are text files; Use Excel macro to develop model input files



. " - A =

Boundary condition and calibration data

Model set-up data Model calibration data
Meteorological data Water level data

Air temp, dew point temp, :
wind speed/direction, Temperature profiles

cloud cover, solar and continuous probes
radiation in outflow
Inflows Dissolved oxygen and
Outflows nutrient profiles and
Water quality boundary grab samples

data (temp, nutrients, Algae data

organic matter, DO, .
3s etc) Secchi disk depth



Model set-up

Edit the Control File - this file,
w2_con.npt, is the central file for
describing how the model will run. This file
tells the code when the model starts,
ends, where the inflows/outflows are
located, names of files, kinetic
parameters, and items you cannot even
imagine. Open this file in a text editor or
open it using the GUI W2Control37.exe
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B preW2-37_64 - [CE-QUAL-W2 3.7 preprocessor. C\Users\scott\Desktop\w2 code install\examples\DeGray Reservoir [ Il Il |
. B! File Edit View State indow Help
4 ) g sediments
B -
phosphorus
moni
n

Model set-up

Run the Preprocessor

stoichiometry
DO half saturation coeff KDO

reaeration
Filenames
Volume-area-elevation
Initial conditions

ppppppppppppppppppp

Number of warnings = 2 - see the file pre.wrn for more information
Number of errors =0

mal termination

this file, preW2-

37 64.exe, checks for model errors in the
control file, bathymetry file, and all boundary

condition files. Double

click on the

executable and look at the preprocessor

screen. This file writes

out between 1 to 3

files: pre.opt (an echo of input data and
other useful items), pre.err (if fatal errors),
and pre.wrn (if warnings). Make sure you
look at pre.wrn and pre.err files.
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Model run

Run the W2 Model - the file
w2_ivf64.exe is the W2 model code.
Double click on the w2 executable and

notice the dialog box and the dynamic
animation boxes for the simulation.
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CE-QUAL-W?2 V3.7 Run Status IVF = | = |[=]
— Time Parameters —Meteorclogical Parameters——————— - Run Times————————— =
un
O e Gregarian date I December 23, 1330 Air temperature I B.E0 degC Start I 235245
I FF. St
Julian date I 358 daps I 1717 howrs || pew poirt temperature I S3degC Curent | 23:55:45 Ll
E|a|:|$e|j time I 294 dEI_','S I 217 hours ‘i SDEEd I X7 mis End 235545 Restart |
Timeste [ 1915 sec at| (15.19] (k.) e ZBE M poge |
P ‘ . Wind direction I 1.62 radians
b irimum timestep J6E zec at [9.2] (k. —Wwiater Surface
: : Cloud cower I 10.00 010
at 344 daps 910 hours Surface laper I 8k
E quilibriuirm ¢ k I 1.4 degCC
fverags fimestep Tk quilibriurm temperature eg

Water suface elevatianl 12398 m
# of iterations I—IZEDM Surface heat e:-:changel 131 Wim™2/deg C Mirimum desviation I_-1.53 m

# of imestep violations I 14 = I s Solar radiation I 12.8 'Wim™2 at zegrnent I 22

= Iniflow/ Ot flom

Branch flow, m"3/s [8.79
Branch temperature, deg C |.'-".32
Distributed tributary fow, m™3/s [.00

Distributed tibutary temperature, deg C I-l:“:'

Tributary flow, m”™34s I

Tributary inflow temperature, deg

Spillvway flow, m™3/s

Gate How, m™34s

Pump flow, m™3/s

Pipe flow, m™ 34 I

Outlet structure flow, IB'ED .
withdrawal flow, [

Maodel run directon| C:AU sershscotsDeskioptw? code installhexampleshD eGray Beseroir
— Status

Pricrity
Normal termination at 23:55:45 an 11/17/13 lde | Lowest | Low | Momsl | igh | Highest |
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Evaluate model results

Evaluate OUTPUT files or Model Results -
W2 outputs files have an extension ‘opt’.
Typical files include snapshot files (such as
snp.opt - user defined name), time series
files (such as tsr_1_seg31.opt) at a point,
and spreadsheet files (such as spr.opt).
Many of these can be used with Excel for
easy plotting. You can use Tecplot360 or the
w2_post post-processor for contour plots,
animations, and profile plots.
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Temperature

calibration

TenKiller R eservoir Temperatune
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Thermal Calibration
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Thermal Calibration in Rivers

Easier than stratified systems
- why?

Successful comparison of
model predictions to field
data are dependent on
surface area, depth, and of
course correct
meteorological conditions
and boundary conditions
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Upper Willamette River Daily Max Temperature

3/31/02

30
28
26
24
22
20
18
16
14
12
10

o N B~ OO @

5/10/02 6/19/02 7/29/02 9/7/02 10/17/02
\ \ \ \ \ \ |

Model, Segment 334

[ Data, LASAR 10353}

Willamette River, RM 135.17
City of Corvallis Drinking Water Intake

(o}
o

110

130 150 170 190 210 230 250 270 290 310
Julian Day



e B

Portland State

UNIVERSITY

) |

2001 Upper Willamette River
Temperature Model — Data Error Statistics

Station Name|RM Segment|# ME, C AME, C |RMS, C
Springfield | 185.3 2 5040 0.016 0.040 0.051
bv McKenzig 177.7 53 2362 | -0.183 | 0.400 0.514
Harrisburg | 162.0 156 5040 | 0.149 0.615 0.736
bv Long Ton| 151.6 227 5040 | 0.381 0.577 0.738

RM 147 147.4 255 5040 | 0.490 0.638 0.812
RM 141.7 142.4 287 5040 | 0.359 0.603 0.752
Corvallis 135.2 334 2520 [ 0.206 0.485 0.619
Albany 120.2 434 2179 | -0.109 [ 0.370 0.472
Conser Rd | 113.9 476 4967 | 0.023 0.454 0.580
River Rd 96.9 589 4958 | -0.167 | 0.424 0.523
abv rickreall| 88.9 643 2520 [ 0.126 0.630 0.824
Salem 84.7 666* 600 0.167 0.514 0.641
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Dissolved oxygen calibration
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DO Calibration

Mar 17,1980 Apr 3, 1980 Apr 11,1980 May 15, 1980 Jun 10, 1980 Jul 22, 1980
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DO Calibration ”
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DO Calibration
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Analysis of Model Calibration

Fish habitat in DeGray Reservoir 1980

Small mouth bass: Temperature < 29°C and DO > 4.0 mg/I
Gizzard Shad: Temperature < 26.7°C and DO > 6.0 mg/I

T e m p e r a t u r e a N d 3/30/80  4/29/80  5/29/80  6/28/80  7/28/80  8/27/80  9/26/80
| L | | | | |

106 | |

dissolved oxygen * ha\
habitat volumes  « | \\

Determine species © - k
habitat volumes | "3:,.’1».
based on 1 ﬂi
temperature and :~ !
dissolved oxygen : \

C I‘I te rl d 20 — small mouth bass | &

= = = = = Gizzard Shad %

0 | | T
File: habitat3.opt in N . D R
DeGray application
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Analysis of
Model

DO Sources and Sinks

Algae Production (source)

Algae Respiration (sink)

e \Vater Column Organic Matter Decay (sink)
Nitrification (sink)

Reaera tion (source )

s Sediment Uptake (sink)

Calibration N TR RIS TR T AR
eI/O improvements: kinetic i
fluxes output — big picture *
look at model predictions : H | MM A M |
LML
o a7 M i
File: kwflux_jwl.opt W YU

and flx.opt in DeGray .

application 40

15000

15100 15200 15300
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Use of model post-processor

Animations - up to 4 animations at a time. Can generate AVI files.

F W2 Parameter Animation = 53
Formn  Format Go  Pause AVl Help
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W2 Longitudinal Profile Plots

Model post-processor - contours

Format Help

File

Degray Reservoir - March 4 through December 27, 1980
Degray Reservoir - March 4 through December 27, 1980
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Model post-processor - profiles

H| W2 Profiler - CAUsers\scott\Desktop\w2 code install\examples\DeGray Reserv...| 22
File Options Help

" Profiling Selections

Segment: 31 WB BR US DS SEG
125.00 —
118.50
112.00
Segment: |31 LI |31
105.50 Parameter List
Honzontal ¥elocity ~
Yertical Yelocit
- 5900
£
s
= 5250
= Time Steps
% Key 207.000 ~
85.00 Model: 208.500
JDate: 214.5 210.000
ate: =1 211.500
7950 213.000
T3.00
66.50 -
80.00 L ] . | L | . | L |
8 14 21 27 34 40

Temperature
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Model post-processor: Integration
with Google Maps

S Google Earth

o el
¥ Search
detroit reservorr, or Search
ex: 1600 Pennsylvania Ave, 20500

Get Directions History
’ Detroit Lake, Oregon, USA

|+ ] X
¥ Places
+ WS MyPlaces -

V&2 Sightseeing Tour

Iy
VP ks, 119
Y& 13,118
Y|P k13,117
/1P k14,116
7P k14,115
7P K14,114
Vi kis113
7 @ 18,112
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7 & K14.110 >

Q[m e B.A| (=Y

v Layers Earth Gallery »»
4 W2 Primary Database
71 Borders and Labels
¥ @ Places
[Z1 = Pphotos
[ Roads
[ & 30 Buildings
(@€ ocean
[ % Weather
O ge Gallery
[F1@ Global Awareness
5 More

Lake Roosevelt, WA, Water age
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Auto-Port Selection

End of selective withdrawal, revert back to original elevation of 210 m

21 —
/
20 3
19 TSRT:10 TEND:45
TEMP control 15C
Initial outlet elevation: 210 m
ELEV1=200 m ELEV2=190 m
18
%)_ Elevation change from 200 m to 190 m
(O]
3 17 :
5 Elevation change from 210 m to 200 m
Q.
£ /
Q
5 16
5
O
15 N |
14
13
12
| | | | |
0 10 20 30 40 50

Julian dav
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Hyporehic Flow

0p_ 0,508 K

at & 8x (¢ ¢)

Transfer with river/stream

————————————————————————

09 :: >§B N | =(_ o9 0 %)
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R e L el
-
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Groundwater horizontal movement
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Hyporehic Flow

oC N 0Cq, o0 o oC

- %p % iy
ot  oOx OX ~ OX
k !
r = o (¢O — ¢)Ab Transfer with river/stream
(T TN T (qXC +Ax—8CquBAy
: aC : L xJ)
qu BAy : E E Ax4yB | E Advected flux out
advected mass E E Rate ofchange in E |
fluxin i> ! B constituen t mass !
m, B4 i o raayB |
i | L s | | (me +Ax am*]BAy
mass dispersive I I source/sinks I I OX
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Streambed' Mddel
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Implementation In
Model segment i CE-Q UAL-W2
(_E_é Py Air — streambed — A
< heat exchange B vertical
/ 7 / / / Y lavers
“— i / z :
oo, // 7/ ,3/\
~
can / / channel
% bottom
&
Water — streambed v <
heat exchange

1-D heat transfer

in streambed
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Zooplankton
feeding rates,
organic matter

O

Temperature,
zooplankton
densities/species,

excretion and light as a
(jpcation)
N Bioenergetics Model
growth consumption waste metal39I ism
= - . N 7 N
G = C —(F+U)-(R-ACTIVITY +5)
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- Portland State

Increased P loading: effect on Fish
mass — 50% 1ncrease!
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Current Directions: Fish-Particle S
Bioenergetics Transport Model

Volitional + Randdm.Tansport -
Passive
movement | RandamERdssive “ish beRENIBRY elocity
e

Limit of Sensory Ovoid

——
—
. = e )
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Fluxes of
02, H2S,
CH4->CO02 CHA4, NH4,
_\ /_ NH4->NO3 NO3, PO4,
Organic matter->C02 + NH4+PO4 S|
H2S->S04
Aerobic layer 1 mm NO3->N2 4} Diffusion|and

1 ! gas release

Organic matter>CH4+NH4+H2S+P0O4+Si

NO3->N2
Dissolved N2, CH4, NH4, H2S, CO2->Gaseous CH4, NH4, H2S,
CO2
Anaerobic layer 10 cm N
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598000

Max. Surface Area — 23.3 km?
Model Segments 439 m to 635  ses0-
m long

Vertical Layer Thickness — 1 m
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Dam Outtlow of Hydrogen Sulfide

H,S, mg/l
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— Amaila Falls Dam Outflow H,S (Segment 26)
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Dam Outflow of Methane

— Amaila Falls Dam Outflow CH, (Segment 26)
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Dissolved Oxygen, mg/I

Dissolved Oxygen in Dam Outflow

12/31/49 5/15/51 9/26/52 2/8/54 6/23/55 11/4/56 3/19/58 8/1/59
. T R R I T
6 — ‘ ‘

- | Y At ad L

b H,qn{,' AJ"”( il
4 ,1‘7 1 J'{ il )1 ‘ , “ ‘
\ Q' H ' ‘

T
T MM
0 MJM N B ) B N B

500 1000 1500 2000

Julian Day

2500 3000 3500

Amaila Falls Dam Outflow (Segment 26)
30 Day Moving Average

High Flow
= e = = Average Flow Year
Low Flow
Average Flow Year with No Vegetation Removed

Portland State

UNIVERSITY



Summary

d CE-QUAL-W2 widely used 2D

hydrodynamic and water quality model -
open source

d New updates coming: sediment diagenesis
model, fish bioenergetics and volitional
movement, non-conservative alkalinity, ...



3D vs 2D?

Sammamish Lake, Washington

RUSS North

AR il o
ATy

Example from Curtis DeGasperi,
King County

RUSS South]
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CE-OUAL-W2

Laterally Averaged 2-D water quality model

EEE-QUAL-\VZ ¥Yersion 3.1 - [Top Yiew]
B3- File Window Help

S|H|8| n| & = [X @] =|v| =
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CE-QUAL-W2 Results — only 2-D
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Model Run Time Differences

8 year simulation on a 3GHz
Xenon (I know its old) from
Curtis DeGasperi

CH3D: 16:40 hours
CE-QUAL-W2: 1:10 hours

Note in the end - both models
had similar model vs data
error.



