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Abstract

On May 4, 2016, US District Court Judge Simon ordered the US Army
Corps of Engineers and two other Action Agencies to produce a
comprehensive Environmental Impacts Statement (EIS) by March 26,
2021. To do this, the Columbia River Systems Operation (CRSO) EIS will
evaluate and compare a range of alternatives to offset or minimize any
remaining unavoidable impacts on the Columbia River System. Due to the
unique large system model approach, there is a need to quickly develop
and analyze water quality model results. Therefore, there was a need for
several visualization tools to assist the CRSO EIS team in promptly
analyzing the results and creating publication-ready graphics. To create an
easily accessible desktop application for the CRSO EIS team, the Python
programming language was used to develop three visualization tools.
These three tools are only useful for relatively small data sets. If the team
wishes to expand the functionality for larger data sets, it is recommended
that model execution and analysis be moved to the supercomputers.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Introduction

Background

The Columbia River Systems Operation (CRSO) Environmental Impacts
Statement (EIS) Water Quality (WQ) team commissioned a tool for the
purposes of supporting their efforts to explore fish survival and
productivity based on an array of alternatives. The CRSO EIS WQ team
was charged with creating, running, and analyzing their water quality
models to contribute to the EIS ordered by US District Court Judge Simon
on May 4, 2016.

Evaluating these alternatives requires the use of two different models —
CE-QUAL-W2 (for the stratified reservoirs) and HEC-RAS (for the
isothermal/run-of-river reservoirs). These models must be run for two
different constituents, temperature and total dissolved gas (TDG), to
then be visualized in three different ways. Because of the size of these
data sets and the short timelines the WQ team is facing, they required the
creation of a robust and efficient visualization toolset. The Information
Technology Laboratory (ITL) was consulted to create three separate
visualization tools that can quickly create publication-ready Sankey plots,
Stratification heat maps, and Animations. They also required that these
tools have options for creating plots that could be tailored for technical or
non-technical audiences.!

Objective

The objective of this project was to create three Water Quality
Visualization Tools (WQVT) to support the CRSO EIS water quality
modelers. These tools needed to satisfy the following requirements:

Parse several different file formats.

Provide the users with options for customizing the visualizations.
Produce publication-ready visualizations.

Produce visualizations to be used for public presentations.
Produce visualizations of temperature and TDG data.

b @ hdE

1 Columbia River System Operations Environmental Impact Statement, mandated by US District Court
Judge Simon. In preparation.
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Approach

This application consists of three Python-based visualization tools that
have been customized for the CRSO EIS project. The Sankey and
Animation generators combine two types of model files. One file is
produced from the CE-QUAL-W2 Model (W2), and the other is generated
by the HEC-RAS Model (RAS). The Stratification generator only uses the
CE-QUAL-W2 model files. Both model file types contain the necessary
flow, elevation, temperature, and/or total dissolved gases data that is
necessary to create each of these figures.

The remaining sections break down the installation and execution
necessary to use each generator listed in Table 1.

Table 1. Tool overview.

Tool Overview Details

Sankey Plot Generator Create Temperature or TDG Sankey Diagrams
Stratification Figure Generator Create Temperature Stratification Diagrams
Animation Generator Create Temperature and TDG Animations
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2 Installation

The Sankey, stratification, and animation tools are run via an executable.
Therefore, there are no required installation steps for this
application. The executable encapsulates all necessary languages and
modules needed to run these tools. If there is no need to manually edit and
run the application, skip to Chapter 3 — Quick Start Guide.

*Note: These steps were tested on a Windows OS only.
To manually edit and run the code, complete the following steps:
*Note: If on a restricted, government machine, skip to the next section.

1. Install Python 2.7.

2. Install pip.

3. Use pip install to add the matplotlib, pillow, numpy, image, xlsxwriter,
xlrd, plotly (3.4.1 or higher), scipy, and pandas modules.

4. Change directory to the wqvt_setup_ utils.zip folder, and pip install
the basemap-1.2.0-cp27-cp27m-win__amd64.whl wheel file. A
more updated version of basemap can be retrieved here:
https://www.Ifd.uci.edu/ ~ gohlke/pythonlibs/#basemap .

If using a restricted government machine to run Python, the following
steps may be required instead of those above.

*Note: There may be no need to install all of these dependencies; this was
done with a new install of Python. Therefore, if already in a Python
environment, there may be no need to install all of these libraries.
However, if attempting to install a library and an error message occurs
that implies that a necessary dependency is missing, check the
wqvt_setup_ utils.zip folder for that missing library before searching for it
online.

1. Request a Python 2.7 installation (https://aceit.usace.army.mit)
a. Choose the “Submit Your Request” tab.
b. Search for “Software Request.”
c. Inthe App Portal, search “Python 2” and add “Python Software
Foundation Python 2 7.5.6” to Cart.
d. View Cart and Checkout.
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e. The target should be “Me on machine xxxx,” where xxxx is the
machine name.
f. Hit Next and then Submit.

2. Once Python is installed, pip should already be installed as well. To
check for this, open a command prompt and type “pip.” and if the
Usage options are populated, then pip is already installed.

3. Then, unzip and download all of the files in the wqvt_setup_ utils.zip
folder.

4. Change directory to the location where all of the wheel files are
located, and use the command “pip install <insert wheel file name>"
to install the following wheel files.

pillow-5.3.0-cp27-cp27m-win_amd64.whl

xlsxWriter-1.1.1-py2.py3-none-any.whl
xlrd-1.1.0-py2.py3-none-any.whl
scipy-1.1.0-cp27-none-win_amd64.whl
image-1.5.27-py2.py3-none-any.whl
matplotlib-2.2.3-cp27-cp27m-win_amd64.whl
plotly-3.4.0-py2.py3-none-any.whl
numpy-1.15.3-cp27-none-win_amd64.whl
pandas-0.23.4-cp27-cp27m-win_amd64.whl
basemap-1.2.0-cp27-cp27m-win_amd64.whl

T @ me e o
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3 Quick Start Guide

This section provides a flow chart of the possible paths of action for each

tool.

Run executable (First step for tools 1-3)

!g! » WQVT Application »

Organize *  Includeinfibrary »  Sharewith v  Slideshow  New folder
k. Faiitis Name ’ Date Type Size Tags
Bl Desktop build File folder
4 Downloads 2 Calendar Python File 2K8B
“| Recent Places @ CRSO_App_lcon Icon 132K8B
M| CRSO _Icon PNG image 111 KB
- Libraries M| CRSO_Icon_Window PNG ima 54 KB
| Documents # QT_Snakey_sankey_static_data Python File 90 KB
&' Music B QT _Snakey_sankey_static_dats Compiled Python ...
& Pictures # resources_rc Python File
B videos [P resources_rc Compiled Python ...
7 SystematicGUI Python File
1% Computer 2 systematicGUI Compiled Python
&, 0sDisk (C:) windowed spec SPEC File
4 DVD Drive (D) VMw. | @ wQyT \pplication At
¥ Shared Folders (wn | @ wQuT I Python File
WQUT.spec 1/12/2018 9:11 AM SPEC File
€ Network
% Mac

1M vmware-host

Sankey plot generator

a. Temperature flow chart

Sankey Plot Generator

Stratification Figure Generator
Animation Generator

Click the Sankey Plot Generator
Button.

Ensure the Constituent is set to Temperature, indicate if
you are uploading Five Year Data, indicate if it is M03 data,
and Upload Files. 1

Optional: Select your needed Output Types and Label
Options, set the Coloring Range, set the Date and Time
range, Change the Output Directory, and Enter a custom
file name.

—rn -
Hit the Generate button to
create your plot. - =

TEMPERATURE
FLOW
CHART

F 3
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b. TDG flow chart

Sankey Plot Generator

Stratification Figure Generator
Animation Generator

Click the Sankey Plot Generator
Button.

Ensure the Constituent is set to TDG, indicate if you are
uploading Five Year Data, indicate if it is M03 data, Set
the Date and Time range, and Upload Files.

Hit the Generate button to
create your plot.

Optional: Select your needed Output Types and Label
Options, Enter a custom file name, set the Coloring

Range, and Change the Output Directory.

TDG
FLOW
CHART

Stratification figure generator

a. Temperature flow chart (preprocessor below)

1. Before generating any Stratification
figure(s) you must first preprocess
the river data. (see next slide)

2. Before uploading the preprocessed
file(s), select a date range and what
constituent you wish to graph (only
Temperature allowed).

3. After successfully running all river
data through the preprocessor, click
the upload button and select the
preprocessed files you wish to graph.

While the file(s) are being uploaded
you will see the progress shown on
the loading bar. Please note that the
GUI will be unresponsive until
completion.

When the upload is complete, the file
name(s) and output directory will be
automatically filled out with the
uploaded file information. If you wish
to change the output directory do so
now.

Before generating the figure(s),
select the color range or leave blank
to use the min/max of the file(s).
You can also enable/disable the x/y
axis of the graph by using the label
options.

If you with to save the generated
figure(s) select an output type.
Please not that the PDF option will
take some time.

Click the generate button to
generate the Stratification figure(s).
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conventions.

2. Click the upload button to select the file(s) you wish to
process. Please note that large files may need to be
uploaded one at a time to reduce your overall wait. See the

Output Directory.
o

Please select a File Type and C

Dawnload Complete. All files saved to folder calied Preprocessed Files

N

[ —— = |
3. When the upload is complete, the file name(s) and output
directory will be automatically filled out with the uploaded
e P Vour Duia? s file information. If you wish to change the output directory
“‘ - “ - do so now.
= 4, Click the download button to download preprocessed file(s).
“ [upiond) The file names will be cleared when download is pressed. The
Pk AL e e o file(s) will be placed in a “Preprocessed Files” folder in the
Outout Drectory selected output directory. Please do not rename any
L preprocessed files.
[ —— =~ |
e Type: Five Year Data? Constituents
1. Before uploading any file(s), first select what file type you o -
wish to process and indicate if it will be 5 year data. Please -
note that only the selected file type will be accepted. ENy =

onstituent(s) before uploading fles.

o

R 3

Animation generator

a. Temperature and TDG flow chart (preprocessor below)

1. Before generating any Animations
you must first preprocess the data
files. (see next slide)

2. After successfully running all data
files through the preprocessor, select
a date range, what constituent you
wish to animate, and indicate if it is
MO3 data.

3. Click the upload button and select
the preprocessed files you wish to
animate.

While the file(s) are being uploaded
you will see the progress shown on
the loading bar. Please note that the
GUI will be unresponsive until
completion.

When the upload is complete, the file
name(s) and output directory will be
automatically filled out with the
uploaded file information. If you wish
to change the output directory do so
now.

6. Before generating the animation, set

the color range or use the defaults.

7. You can also enable/disable

displaying the dam sites and using
standard units by using the label
options.

8. If you with to save the generated

animation, leave the MP4 box
checked.

9. Click the generate button to

generate the Animation.




ERDC/ITL SR-20-4

et v Vear Datar ettt
s

- o Ho

o

Fles

Dutput Directory

1. Before uploading any file(s), first select what file type you
wish to process and indicate if it will be 5 year data. Please
note that only the selected file type will be accepted.

You can also select what constituent(s) you wish to extract
from the uploaded file(s).

Click the upload button to select the file(s) you wish to
process. Please note that large files may need to be
uploaded one at a time to reduce your overall wait. See the

conventions.

When the upload is complete, the file name(s) and output
directory will be automatically filled out with the uploaded
file information. If you wish to change the output directory
do so for the first download, and then do not change the
output directory again.

Click the download button to download preprocessed file(s).
The file names will be cleared when download is pressed. The
file(s) will be placed in a “Preprocessed Files” folder in the
selected output directory. Please do not rename any

preproiiiiii i |ii|

File Type. Five Year Data? Constituents

w2
RAS
6oL

Yes ¥ Temperaure

® o ¥ 106

‘onstituent(s) before uploading fies.

0%

Please select a File Type and €

Output Directory
2:/rdrkenfDocurs

15/ WQUT/CRS0-2014-v3-01

Downinad Complete. All fles saved to folder called Preprocessed Files.

ma)
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4 Documentation

This section provides detailed instructions for running all of the WQVT.
The Sankey, stratification, and animation tools are housed in an
executable, but they can be accessed via the command line as well.

Sankey plot generator

The Sankey plot is used to visualize the average flow and constituent value
of each section of the Columbia, Snake, and Clearwater Rivers over a given
time period. The constituents that are currently visualized are temperature
and TDG. Each section’s width is proportional to its flow, and the color of
the section represents either its temperature (degrees) or TDG
(saturation). The diagram can be labeled with flow and/or the constituent
value, if desired. For temperature, there is also an option to view the
values in metric units. The plot will automatically appear in a pop-up
window, but it can also be output as a PDF, PNG, and/or JPEG file format
for easy addition to papers and presentations.

Temperature
STEP 1: Open the executable

« This may take several seconds to open.

£ SystematicGUI 2/14/2018 3:38 PM  Compiled Python .. 18 KB
|| windowed.spec 2/2/2018 2:00 PM SPEC File 1 KB
@ waqut 2/15/2018 217 PM  Application 46,563 KB
~OWOVT 2/14/2018 3:38 PM Python Fil B KB
|| wQVT.spec 2/26/2018 7:54 AM  SPEC File 1 KB

y i

STEP 2: Select the Sankey plot generator tool

Sankey Plot Generator

Stratification Figure Generator
Animation Generator
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STEP 3: Set constituent to “Temperature,” indicate if Five Year Data will be
used, and indicate if MO3 data will be used.

Output Directory

Output File Name

Output Types

PG
IPEG

Start Date and Time

Lupiosd)

Coloring Range (deg-C)
0 15.56

Colorbind Friendly

Label Options

STEP 4: Upload all W2 and RAS files at once.

Items enclosed in brackets [ means that one of each option must be
uploaded or one year from the selection must be included in the name.
Ensure that only one version of each file is uploaded.

- It may take several seconds to parse the files. Wait for the progress bar
message to indicate the upload is complete.

Table 2 presents the Sankey temperature files.

Table 2. Sankey temperature files.

File Name Contains
(1 Year Data)

File Name Contains
(5 Year Data)

File Name
Extension

qwo_[28, 29, 34, 41, 42,43, 45, 76,
87, 101, 317, wd1_seg317]

qwo_[28, 29, 34, 41, 42,43, 45, 76, 87,
101, 317, wd1_seg317]

.opt or .csv or

Xls

two_[28, 29, 34, 41, 42,43, 45, 76,
87,101, 317, wd1_seg317]

two_[28, 29, 34, 41, 42,43, 45, 76, 87,
101, 317, wd1_seg317]

.opt or .csv or

Xls

[COLUMBIA, MID-C] and [FLOW,
TEMPERATURE] and [2011, 2014,
2015]

[COLUMBIA, MID-C] and [FLOW,
TEMPERATURE]

.opt or .csv or

Xls

[SNAKE_CLEARWATER, SNK-CLW] and
[FLOW, TEMPERATURE] and [2011,
2014, 2015]

[SNAKE_CLEARWATER, SNK-CLW] and
[FLOW, TEMPERATURE]

.opt or .csv or

Xls
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Constituent

[Temperature

File name: [ =l Open
Fiesoftpe: [ Fs () = Cancel

Five Year Data?
[No
M3z
(N0
Files
Upload comma separa ) { Upload |
74 Select Files x
TR Lok n: [ SarkeyTemp 7| @ ek
b (.. ]
P 05 Store 3/5/20195:08PM  DS_STOREFile
Output File Name 8 Columbia_Snake_SankeyDiagram _Temperat... 3/7/2019205PM  Microsoft Excel C. \g Range (deg-C)
84 Columbia_Snake_SankeyDiagram_Tempenat.. 3/7/2019205PM  PNGimage 13 1556
Desitop [ ) Columbia Snake_SankeyDiagram Temperat... 4/25/20191118 AM  Microsoft bxcel C. [ —
. B FLOW_MID-C_RESSIM_NAA 12/6/20189:24 AM  Microsoft Excel C. 342111
5 Jeecow s ciw pessmnaa L6018 144 P Microscftxcel .. 353321
traies I || qwo_28_tMN.opt 10/1/2018 1136 AM  OPT File 560!
B qwo_29_LGS 10/1/2018 10:56 AM  Microsoft Excel C., 603
qwo_34_IHR opt 10/1/2018 1214 PM  OPTFile 6,46/
qwo_41_TDA.opt 10/2/2018 1.09 PM OPT File. 12,021
awo_42_CHLopt 92172018624 PM  OPTFile 260
) quo_43_LWG 10/1/2018%17 AM  Microsoft Excel C 560
Start] || qwo_45_DWR.opt 9/27/2018225PM  OPTFile 517
7131 awo_76_BON.opt 10212018927 PM  OPTFile 988
£ quo_87_MCN 10/1/2018 316 PM  Microsoft Excel C. 11,50
awo_101_IDA.opt 10/1/20181127PM  OPT File 1073
) quo_317 12/21/2018 332 PM
) quo_wdl _seg3l? 12/21/2018 332 PM

STEP 5: Optional selections (can skip to STEP 6).

STEP 5a: Change the output directory.

Files.

Constituent
Temp

Five Year Data?
[0 O
Mo3?
= -]

Upload Complete. You can now set a color range or leave blank to use the m
L
Output Directory
2:/rdticeh/Documents/WQV T/CRSO-RESSIH-NAA-070518-0U TPUT/Sankey Termp
x
Output File Name Browse For Folder
Selecta Drectory
Output Types B Desktop =
4 Libraries
PDF -t
r
e 418 Computer
PES
]
+ i, osDisk () d
Start Date and Time ‘ '
Folder:
Make New Folder ok | [ concel |

ax of the file(s).

fabel Options

"] Temperature
I Flow

I metric

f Date and Time

Coloring Range (deg-C)

0

15.56
Colorblind Friendly

STEP 5b: Customize the output file name

. Default Name:

Columbia_Snake_SankeyDiagram_Temperature_startdate_enddate

Output File Name
Custam Name
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STEP 5c: Set the temperature coloring range.

« The values below are the default values for the range, but if both boxes
are cleared, the range will be set based on the data’s minimum and
maximum values.

« Also, check the “Colorblind-Friendly” box if wishing to use a color
palette that is readable by colorblind persons.

Coloring Range (deg-C)
0 15.56
Colorblind Friendby

STEP 5d: Select output types.

Output Types

™A 7 por

4| PNG
JPEG

N

STEP 5e: Select label options.

» These options will display the temperature and flow for each section of
the river. If the “Metric” box is checked, all values will be displayed in
metric units. By default, the values are displayed in standard units.

Label Options

J| Temperature

N | Flow
Metric
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STEP 5f: Set the start and end date and time.

Start Date and Time End Date and Time
1/1/2014 12:00:00 AM - 12/30/2014 11:00:00 PM -

Mon Tue Wed Thu
: 0 i1 2 3 4
5 6 7 8 9 10 1
1213 14 15 16 17 18
19 20 21 22 23 24 5
28027 28 29 30 A 1
, , ) y

Sun

STEP 6: Select the “Generate” button

It may take several seconds to generate the figure.

A Sankey figure will be generated and displayed, and any output files
selected will be created.

Section Legend

Columbia and Snake River Basin: 04/01/2014 to 08/31/2014

Water Temperature, “F

aE& B

35 40 45 50 55 60

Project Acronym

Miscellaneous Flow

Mixed Conditions Spill Flow

Generation Flow

Columbia River

Snake River

Clearwater River

Columbia River

Snake River
Salmon River

Motes: The color represents the average Temperature.
The thickness of each section is proportional to its Flow.
White represents no data
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Total dissolved gases (TDG)

STEP 1: Open the executable.

o This may take several seconds to open.

E SystematicGUL 2/14/2018 3:38 PM Campiled Python .., 18 KB
\, windowed spec 27272018 2:00 PM SPEC File 1 KB
WaQwT 2/15/2018 2:17 PM Application 46,563 KB

AOWONT 2/14/2018 3:38 PM Python File 8 KB

[ | WQVT.spec 2/26/2018 7:54 AM  SPEC File 1 KB

STEP 2: Select the Sankey plot generator tool.

STEP 3: Set Constituent to “TDG,” indicate if “Five Year Data” will be used,
and indicate if “M03” data will be used.

San Plot Generator
[ Constituent -]
-

key
N\

[Nu
M03?
(1o )

Please select a Constituent before uploading files.
| 0% |
Output Directory

Output File Name Coloring Range (%Sat.)
95 135
[] Colorblind Friendly

output Types Label Options

["] PDF [F] T06
[C]PNG [] Flow
["12pEG Metric

Start Date and Time End Date and Time
7/31/2018 12:00:00 AM 7/31/2019 12:00:00 AM
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STEP 4: Upload all W2 files.
Items enclosed in brackets [| means that one of each option must be
uploaded or one year from the selection must be included in the name.
Ensure that only one version of each file is uploaded.
- It may take several seconds to parse the files. Wait for the progress bar
message to indicate the upload is complete.
Table 3 presents the Sankey TDG files.
Table 3. Sankey TDG files.
File Name Contains File Name Contains File Name
(1-Year Data) (5-Year Data) Extension
qwo_[28, 29, 34, 41, 42,43,
45, 76, 87, 101, 317, awo_[28, 29'33147' A\l/\:/Lé f 23’33:’3;175]’ 76,87, 1011 ot or .csv or Xis
wd1_seg317] »wdl_seg
dwo_[28, 29, 34, 41, 42,43,
45, 76, 87, 101, 317, dwo_[28, 29'5’147' A\'Nlé f 25'33éf75’]' 76,87, 101 1 ot or .csv or Xis
wd1_seg317] - wdl_seg
dwo_gate[1-10]_seg28 dwo_gate[1-10]_seg28 .opt or .csv or .xls
dwo_gate[1-11]_seg29 dwo_gate[1-11]_seg29 .opt or .csv or .xls
dwo_gate[1-12]_seg34 dwo_gate[1-12]_seg34 .opt or .csv or .xls
dwo_gate[1-25]_seg4dl dwo_gate[1-25]_seg4dl .opt or.csv or .xIs
dwo_gate[1-3]_seg4?2 dwo_gate[1-3]_seg4?2 .opt or.csv or .xls
dwo_gate[1-10]_seg43 dwo_gate[1-10]_seg4 3 .opt or .csv or .xls
dwo_gate[1-20]_seg76 dwo_gate[1-20]_seg76 .opt or .csv or .xls
dwo_gate[1-24]_seg87 dwo_gate[1-24]_seg87 .opt or.csv or .xIs
dwo_gate[1-22]_segl01 dwo_gate[1-22]_segl101 .opt or.csv or .xIs
dwo_gate[1-5]_seg317 dwo_gate[1-5]_seg317 .opt or.csv or .xls
[COLUMBIA, MID-C] and FLOW
and [2011, 2014, 2015] [COLUMBIA, MID-C] and FLOW .opt or .csv or .xls
[SNAKE_CLEARWATER, SNK-
CLW] and FLOW and [2011, [SNAKE_CLEARWATER, SNK-CLW] and FLOW | .opt or .csv or .xls

2014, 2015]
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Constituent
(106 -]
Five Year Data?
[Yes -]
Mo3?
[ 2]
Files
T4 Select Files 2
Output Directory Look in Preprocessed Files (af=d
[T B (..
R Thumbs 3/7/2019 408 PM
Output File Name D5 Store 110/2019 104 | | Range (%sat.)
| | 3/)BON_(2011-2015) W2-Temperature-TDG-5¥earData-Animation-Preprocessed File  3/7/2019 1:11 PM 135
Desktop | BICHI(011-2015) W2-Tempersture- TDG-5VearData- Animation-Preprocessed File  3/7/2019 111 PM
- 7] Columbia River_(2011-2015)_RAS-Temp proces 19835 am| | [Forbind Friendly
= (IDWR_(011-2015) W2-Temp T0G-5VearD " File 3/7/2019 111 PM
Ubrores | E39)GCL_1_(2011-2015)_SPR-Temperature-5YearData-Animation-Preprocessed File  3/5/20196:14 PM
11GCL_2_(2011-2015)_SPR-Temp: VearD P file  3/5/2019614PM
18/16CL_3_(2011-2015)_SPR-Temperature-5YearData-Animation-Preprocessed File  3/5/20196:14 PM
1]GCL_A_(2011-2015)_SPR-Temp: VearD P file  3/5/2019614PM
18716CL_5_(2011-2015)_SPR-Temperature-5YearData-Animation-Preprocessed File  3/5/20196:14 PM
1]GCL_6_(2011-2015)_SPR-Temp: VearD P file  3/5/2019614PM
Start E4]GCL_7_(2011-2015)_SPR-Temperature-5YearData-Animation-Preprocessed File  3/5/2019 6:14 PM
e 17]GCL_8_(2011-2015)_SPR-Temp: VearD: p file  3/5/2019614PM
18716CL.9_(2011-2015)_SPR-Temperature-5YearData-Animation-Preprocessed File  3/5/20196:14 Ph
{7]GCL_10_(2011-2015)_SPR-Temperature-SVearData-Animation-Preprocessed File  3/5/20196:14 PM
187/6CL_11_(2011-2015)_SPR-Temperature-5¥earData-Animation-Preprocessed File  3/5/20196:14 Ph
6CL12.0011.2015).5PR Temp earD Mgy 3/5/20196:14 PM
N S . . s

Fie name: [ =] pen
Files of type: [rFies ) | Cancel

STEP 5: Set the start and end date and time.

Start Date and Time End Date and Time
1/1/2014 12:00:00 AM - 12/30/2014 11:00:00 PM

Mon Tue Wed Thu
B: 3
5 6 7 8 9 10 1n
12 13 14 15 16 17 18
9 20 21 22 23 M4 25

26 271 28 2 30 31

Sun

STEP 6: Optional selections (can skip to STEP 7).

STEP 6a: Change the output directory.

Constituent
DG
Five Year Data?

[es ¥
Mo3?
@ O
Files
v0_41_TDA.0pt;qwo_42_CH.0ptjawo_43_LWG.csviawo_45_DWR.opt;awo_76_BON.opt;awo_87_MCN.csviawo_101_JDA.opt;awo_317.csviawo_wdl1_sea317.csv; ()
Upload Complete. You car w set a color range or leave blank to use the min/max of the file(s).
Output Directory
T/ TPUT/Sankey TDG [ ... ]
=
Output File Name (e Coloring Range (%Sat.)
Select a Drectory 95 135
Colorbind Friendly
Output Types B Desktop “] | labet options
J Librares
POF A Administrator [ 106
PNG 48 Computer (] Fow
EG "
s | !
Start Date and Time 0 |d Date and Time
1/1/2011 12:00:00 AM -
Folder wQvr
vakehenroder | [ ok [ concdl
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STEP 6b: Customize the output file name.

Default: Columbia_ Snake_SankeyDiagram_TDG_ startdate_enddate

Output File Name

Custom MName

STEP 6c: Set the TDG coloring range.

The values below are the default values for the range, but if both boxes
are cleared, the range will be set based on the data’s minimum and
maximum values.

Also, check the “Colorblind-Friendly” box if wishing to use a color
palette that is readable by colorblind persons.

Coloring Range (%Sat.)
a5 135

Colorblind Friendhy

STEP 6d: Select output types.

\ Output Types
NA

PDF
¥| PNG
JPEG

STEP 6¢e: Select label options.

These options will display the TDG and flow for each section of the
river. The “Metric” box is disabled because TDG is in %Saturation and
has no other form. By default, the values are displayed in standard
units.

Label Options

\\ DG

Flow
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STEP 7: Select the “Generate” button.

o It may take several seconds to generate the figure.

N

e A Sankey figure will be generated and displayed, and any output files
selected will be created.

Columbia and Snake River Basin: 04/01/2014 to 08/31/2014

. N .
Section Legend Total Dissolved Gases, %Saturation

Project Acronym

Miscellaneous Flow

95 100 105 110 115 120 125 130 135
Mixed Conditions

Generation Flow

Snake River

Clearwater River

Columbia River

Snake River
Salmon River

Notes: The color represents the average Total Dissolved Gases.
The thickness of each section is proportional to its Flow.
‘White represents no data.
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Stratification figure generator (temperature only)

The Stratification figure is used to visualize the average elevation and
constituent value at each river mile for each section of the Columbia,
Snake, and Clearwater Rivers over a given time period. The constituent
that is currently visualized is temperature. Each section’s height is
represented on the y-axis, the river mile is shown on the x-axis, and the
colors in each section represent its varying temperature in degrees. The
diagram can have the x and y axes labels, if desired. The plot is
automatically saved as a PNG and can also be output as a PDF and/or
JPEG file format for easy addition to papers and presentations.

STEP 1: Open the executable.

« This may take several seconds to open.

£ SystematicGUL 2/14/2018 3:38 PM Compiled Python .., 18 KB

\, windowed.spec 2/2/2018 2:00 PM SPEC File 1 KB
WQVT 2/15/2018 2:17 PM  Application 46,563 KB
~OWQVT 2/14/2018 3:38 PM  Python File 8KB
|| WQWT.spec 2/26/2018 7:54 AM  SPEC File 1 KB

STEP 2: Select the Stratification figure generator tool.

Sankey Plot Generator

Stratification Figure Generator

Animation Generator
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STEP 3: Select the preprocessor button.

Constituent

Start Date and Time End Date and Time
7/12/2017 12:00:00 AM 7/12/2018 12:00:00 AM

Please select a Date Range before uploading files.
0%
Output Directory

‘Output File Name Coloring Range (deg-C)
1] 20

Colorblind Friendly
Output Types Label Options

River Mile

Elevation

STEP 4: Select a file type (W2 or SPR) and indicate if this is Five Year Data
to parse all temperature data from those files.

File Type \F’we Year Data? Constituents

Yes

@ No

Example: BON_Temp_TDG_¢
Please select a File Type before uploading files.

0%

Output Directory
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STEP 5: Upload files that match the file type selected.

Items enclosed in brackets [| means that one of each option must be
uploaded or 1 year from the selection must be included in the name.
Ensure that only one version of each file is uploaded.

- It may take several seconds to parse the files. Wait for the progress bar
message to indicate the upload is complete.

» Suggested Upload Procedure: Upload all W2 files and continue through
Step 6. Next, upload all but the largest SPR files at once and continue
through Step 6. Finally, upload each of the largest SPR files separately
going through Step 6 each time.

Table 4 presents the Stratification temperature files.

Table 4. Stratification temperature files.

File Name Contains File Name Contains
(1 Year Data) (5 Year Data) File Name Extension

[LWG, LMN, DWR, CHJ, BON, TDA,

[LWG, LMN, DWR, CHJ, BON, TDA, JDA,

JDA, MCN, IHR, LGS, LWG] and .opt or .csv or .xls
[2011, 2014, 2015] and spr MCN, IHR, LGS, LWG] and spr
sprand [1_25]2%12]—[2011' 2014, sprand [1-25] .opt or .csv or .xls

Five Year Data? Constituents

Yes

- Ny

5v;Spr1.0pt_2014;pr2.0pt_2014;pr3.0pt_2014;5prd.0pt_2014;5p1S.0pt_2014;

Upload Complete. You can now Download the processed file(s).

Output Directory
Z:/rditlceh/Documents/WQV T/CRSO-2014-v3-0utput/ Stratification
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STEP 6: Wait for “Upload Complete” message to appear. Then, if this is the
first time to download, change the output directory and hit the
“Download” button. This will create a “Preprocessed Files” folder
in that directory that will store all of your preprocessed files.

Every time a file is downloaded after the first time, ensure that the output
directory is the same as the first download.

Repeat Steps 4-6 until all files needed have been preprocessed, and then,
close the preprocessor. DO NOT rename any preprocessed files.

Five Year Data? Constituents

Yes

@ No

Example: BON_Temp_TDG_SystemMode

Please select a File Type and Constituent(s) before uploading files,

0%
Output Directory

ci .

Download Complete, All files saved to folder called Preprocessed Files.,
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STEP 7: Set the date range to be viewed.

Ensure that the preprocessor is closed before moving on to this step.

Constituent

Start Date and Tll‘l‘l\ End Date and Time \
7/12/2017 12:00:00 AM 7/12/2018 12:00:00 AM

-

Please select a Date Range before uploading files,
0%
Qutput Directory

Qutput File Name Coloring Range (deg-C)
0 20

Colorblind Friendhy

Qutput Types Label Options
PDF River Mia

Elevation

JPEG
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STEP 8: Upload every preprocessed file for every section to be included in
the figures.

Constituent

Start Date and Time End Date and Time
4/1/2014 12:00:00 AM 4/30/2014 12:00:00 AM

Uploading...

0%

P
74 Select Files

Lock in: Preprocessed Files M '

Name Date modified Type
DS _Store. 5/16/2018 5:00 PM DS_STORE File

| Clearwater River_(2014)_RAS-Temperature-P... 5/16/2018 3:08 PM CSV File
- || Snake River_(2014)_RAS-Temperature-Prepr... 5/16/2018 308 PM  CSV File
Desktop | GCL_6_(2014)_SPR-Temperature-TDG-Prepr... 5/10/2018 1:52 PM CSV File
=~ || GCL_7_(2014)_SPR-Temperature-TDG-Prepr.. 5/10/2018 1:52PM  CSV File
=] | GCL_B_(2014)_SPR-Temperature-TDG-Prep| 5/10/2018 1:52 PM CSV File
Libraries | GCL_9_(2014)_SPR-Temperature-TDG-Prepr... 5/10/2018 1:52 PM CSV File
| GCL_10_(2014)_SPR-Temperature-TDG-Prep... 5/10/2018 1:52 PM CSV File
| GCL_11_{2014)_SPR-Temperature-TDG-Prep... 5/10/2018 1:52 PM CSV File
(| GCL_1_(2014)_SPR-Temperature-TDG-Prepr... 5/10/2018 1:52 PM CSV File
(| GCL_2_(2014)_SPR-Temperature-TDG-Prep 5/10/2018 1:52 PM CSV File
| GCL_3_(2014)_SPR-Temperature-TDG-Prep 5/10/2018 1:52 PM CSV File
| GCL_4_(2014)_SPR-Temperature-TDG-Prepr... 5/10/2018 1:52 PM CSV File
| GCL_5_(2014)_SPR-Temperature-TDG-Prepr... 5/10/2018 1:52 PM CSV File
| GCL_12_{2014)_SPR-Temperature-TDG-Prep... 5/10/2018 1:52 PM CSV File
| GCL_13_{2014)_SPR-Temperature-TDG-Prep... 5/10/2018 1:51 PM CSV File
| GCL_14_{2014)_SPR-Temperature-TDG-Prep... 5/10/2018 1:48 PM CSV File
| LWG_(2014)_W2-Temperature-TDG-Preproc... 5/10/2018 1:44 PM CSV File
| DA_(2014)_W2-Temperature- TDG-Preproce... 5/10/2018 1:44 PM CSV File
| LGS_(2014)_W2-Temperature- TDG-Preproce... 5/10/2018 1:44 PM CSV File
| LMN_(2014)_W2-Temperature- TDG-Preproc... 5/10/2018 1:44 PM CSV File
| DWR_(2014)_W2-Temperature- TDG-Preproc... 5/10/2018 1:44 PM CSV File
(IHR_(2014)_W2-Temperature-TDG-Preproce... 5/10/2018 1:44 PM CSV File
| CHI_(2014)_W2-Temperature-TDG-Preproce... 5/10/2018 1:44 PM CSV File
| BON_{2014)_W2-Temperature-TDG-Preproc... 5/10/2018 1:44 PM CSV File

| MCN_(2014) W2-Temperature-TDG-Prepro..  510/20181:44 PM  CSV File
TDA_(2014)_W2- Temperature- TDG-Preproc... 5/10/2018 143PM  CSV File
Fie riame Stratfication Plot ~ Open
Fies of type [aFies ) =] Cancsl

b
Recent: Places
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STEP 9: Optional selections (can skip to STEP 10).

STEP 9a: Change the output directory.

‘Constituent

Start Date and Time End Date and Time

4/13/2014 12:00:00 AM - 4/30/2014 12:00:00 AM -

Files.

ure-TDG-Preprocessed Fle.csv;MCN_(2014)_W2-Temperature-TDG-Preprocessed Fle.csv; TDA_(2014)_W2-Temperature-TDG-Preprocessed Fie.csv;

upload Complete. You can now set a color range or leave blank to use the min/max of the file(s)
Output Directory

Z:/rditiceh/ Documents/ WQV T/Stratification Plot/Preprocessed Fles o

Output File Name Browse For Folder X Coloring Range (deg-C)
Select a Directory 0 20
Colorblind Friendly
Output Types esktor | | |abel options

PO [ River Mie
;;IEG 4% Computer "] Elevation

4 £, 0SDisk (C:)

Folder: ~ OSDisk

| MekemewFolder | [ ok | [ caned

STEP 9b: Customize the output file name.

. Default name:
StratFig_Temp_(MM-DD-YYYY to MM-DD-YYYY)_River Section

Output File Name
Custom Name

STEP 9c: Set the Temperature coloring range.

» The values below are the default values for the range, but if both boxes
are cleared, the range will be set based on the data’s minimum and
maximum values.

» Also, check the colorblind-friendly box to use a color palette that is
readable by colorblind persons.

Coloring Range (deg-C)
0 20

Colorblind Friendhy
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STEP 9d: Select output types.

« PNG is automatically checked to ensure that a figure is created and can
be viewed. The other output types are optional.

\ Output Types
PDF

JPEG

STEP 9e: Select label options.

» These options will display the river mile and elevation on the x and y

axes, respectively, for each figure. By default, the values are displayed
in standard units, and both label options are selected.

N Label Options

J| Rivar Mila

/| Elevation

STEP 10: Select the “Generate” button.

« It may take several seconds to generate the figure.

N

» A Stratification figure will be generated for each section of the rivers
where data files were provided, and they will be saved to the output

directory selected. Those images can be viewed once this message
appears.

All files saved. Please check the Output Directory for figure images.
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Figure 1 presents Stratification output file names and corresponding
example plots.

Figure 1. Stratification output file names and corresponding example plots.

Four Possible Output Files

StratFig_Temp_(MM-DD-YYYY to MM-DD-YYYY)_Columbia River Upper

StratFig_Temp_(MM-DD-YYYY to MM-DD-YYYY)_Columbia River Lower

StratFig_Temp_(MM-DD-YYYY to MM-DD-YYYY)_Clearwater River

StratFig_Temp_(MM-DD-YYYY to MM-DD-YYYY)_Snake River

Temperature Degrees Celsius for Columbia River Upper_(1/5/2011 - 12/5/2015)
20.0

412 -

GCL
397 - P ‘h 17.5
382 -
367 - r15.0
352 -
F12.5
G 337 -
2
L7}
= 322 -
P +10.0
o
®
s 307 -
z CHJ
292 - F7.5
277 - -
.
5.0
262 -
247 -
25
232 -
RAS Da
217 - | | | | I I I | 0.0
750 725 700 675 650 625 600 575 550

River Mile Upstream from RAS River Section
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Figure 1 continued.

Temperature Degrees Celsius for Columbia River Lower_(1/5/2011 - 12/5/2015)

20.0
106 -  RAS Data MCN
- 17.5
91 -
JDA
15.0
76 -
F12.5
7
& 6l-
s
= TDA | 10.0
T 46-
£
w
F7.5
31 - BON
5.0
16 -
1- 2.5
—-14 - | | | | | | | | 0.0
325 300 275 250 225 200 175 150
River Mile Upstream from Bonneville
Temperature Degrees Celsius for Clearwater River_(1/5/2011 - 12/5/2015)
20.0
497 -

DWR

67 - y _—

452 -

F12.5
437 -

r10.0
422 -

Elevation {Meters)

407 -

392 -

377 -

362 -

North Fork
RAS Data

i ] ] | ] |
230 220 210 200 190 180
River Mile Upstream from Confluence of Snake River
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Figure 1 concluded.
Temperature Degrees Celsius for Snake River (1/5/2011 - 12/5/2015)
239 - 20.0
RAS Data LWG
224 -
17.5
209 -
r15.0
LGS
194 -
F12.5
— 179 -
@
@
= LMN
c 164 - r10.0
o
K]
>
K]
W49 -
7.5
HR
134 -
5.0
119 -
2.5
104 - -
89 | i | i | ' ' 0.0
140 120 100 80 60 40 20 0
River Mile Upstream from Confluence of Columbia River

Animation generator

The animations are used to visualize the depth averaged constituent value
per day at each river mile for each section of the Columbia, Snake, and
Clearwater Rivers over a given time period. The constituents that are
currently visualized are temperature and TDG. Each section’s color
represents either its temperature degrees or TDG saturation. The diagram
can be labeled with the dam sites, if desired. For temperature, there is also
an option to view the values in standard units. The plot will automatically
appear in a pop-up window, but it can also be output as an MP4 for easy
addition to websites or presentations.



ERDC/ITL SR-20-4

30

Temperature
STEP 1: Open the executable.

« This may take several seconds to open.

E° SystematicGUL 2/14/2018 3:38 PM Compiled Python ... 18 KB

A || windowed spec 2/2/2018 2:00 PM SPEC File 1 KB
& wqvt 2/15/2018 2:17 PM  Application 46,563 KB

2 OWQVT 2/14/2018 3:38 PM  Python File 8 KB

|| WQVTspec 2/26/2018 7:54 AM  SPEC File 1 KB

STEP 2: Select the Animation generator tool.

(=B %

Sankey Plot Generator

Stratification Figure Generator

Animation Generator

STEP 3: Select the preprocessor button.

TaT %

Animation Generator
Coeprocesor

Preprocessor
Constituent
[Temperature hd ]
M03?
Mo D)
Start Date and Time

7/31/2018 12:00:00 AM
Files

Upload comma separated files only

End Date and Time
7/31/2019 12:00:00 AM

Please select a Constituent and Date Range before uploading files.

[ 0% |
Output Directory

Output File Name

Coloring Range (deg-C)

3

[ colorblind Friendly

Output Types Label Options

) v+ [¥] Dam Sites

[¥] standard Units

Generate
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STEP 4: Select a file type (W2, RAS, or SPR) and indicate if this is Five Year
Data to parse all temperature and/or TDG data from those files.

Note: If parsing a RAS file, temperature data will be the only data in
the file since RAS files do not contain TDG data. Also, if parsing for
both temperature and TDG on all files, the preprocessor will need to

be run only once. If parsing for temperature only, the preprocessor
will have to be run again to look at TDG data.

‘w& Year Data? ‘unstituents

Yas J| Temperature

@ No /| TDG

Please select a File Type before uploading files.

0%

Output Directory




ERDC/ITL SR-20-4 32

STEP 5: Upload files that match the file type selected.

Items enclosed in brackets [| means that one of each option must be
uploaded or one year from the selection must be included in the name.
Ensure that only one version of each file is uploaded.

- It may take several seconds to parse the files. Wait for the progress bar
message to indicate the upload is complete.

« Suggested upload procedure: Upload all W2 files and continue through
Step 6. Next, upload all RAS files and continue through Step 6. Then,
upload all but the largest SPR files at once and continue through
Step 6. Finally, upload each of the largest SPR files separately going
through Step 6 each time.

Table 5 presents the Animation temperature files.

Table 5. Animation temperature files.

File Name Contains File Name Contains
(1 Year Data) (5 Year Data)

[LWG, LMN, DWR, CHJ, BON, TDA,
JDA, MCN, IHR, LGS, LWG] and
[2011, 2014, 2015] and spr

[COLUMBIA, MID-C] and
TEMPERATURE and [2011, 2014,
2015]

[SNAKE_CLEARWATER, SNK-CLW]
and TEMPERATURE and [2011,
2014, 2015]

sprand [1-25] and _[2011, 2014,
2015]

File Name Extension

[LWG, LMN, DWR, CHJ, BON, TDA,

JDA, MCN, IHR, LGS, LWG] and spr | -OPtor-csvor.xis

[COLUMBIA, MID-C] and

TEMPERATURE .opt or .csv or .xls

[SNAKE_CLEARWATER, SNK-CLW] and

TEMPERATURE .opt or .csv or .xlIs

sprand [1-25] .opt or .csv or .xls
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Five Year Data? Constituents

Yes | Temperature

2 Mo | TDG

Files
S0_SystemModel_2014_v3_spr.opt;LWG_CR50_SystemModel_2014_v3_spr.csv;
Upload Complete. You can now Download the processed file(s).
DOutput Directory
Zrditlceh/Docurments/ WOV T/CRS0-2014-v3-0utput/Stratification

S
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STEP 6: Wait for “Upload Complete” message to appear. Then, if
downloading for first time, change the output directory and hit the
“Download button.” This will create a “Preprocessed Files” folder
in that directory that will store all of the preprocessed files.

Every time a file is downloaded after the first time, ensure that the output
directory is the same as the first download.

Repeat Steps 4-6 until all files needed have been preprocessed, and then
close the preprocessor. DO NOT rename any preprocessed files.

Five Year Data? Constituents

Yes J| Temperatura

@ No | TDG

Exampla: BON_Temp_TDG_ ! amMode

Please select a File Type and Constituent(s) before uploading files.
0%
Output Directory

7:/rditlceh/ Documents/ WOV T/CRS0-2014-v3-Output/Stratification a

Download Complete. All files saved to folder called Preprocessed Files.
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STEP 7: Set the date range, constituent type that you want to view, and
indicate if it is MO3 data.

Ensure that the preprocessor is closed before moving on to this step.

Animation Generator
— ?

Mo3?
[ Wa

Start Date and Time End Date and Time
7/31/2018 12:00:00 AM - 7/31/2019 12:00:00 AM -
Files
Upload comma separated files only
Please select a Constituent and Date Range before uploading files.
| 0% |
Output Directory

Output File Name Coloring Range (deg-C)
3 25

|| colorblind Friendly
Output Types Label Options

T ves [¥] Dam Sites

[#] Standard Units
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STEP 8: Upload every preprocessed file for every section to be included in
the animation.

Constituent

lTEmperature
M03?
|ves

Start Date and Time

7/31/2015 12:00:00 AM

-
*)

Uploading...

End Date and Time

8/31/2015 12:00:00 AM

74 Select Files
Output Direc
Z:/rditlceh/Do

Laok in:

outputFile nj
Recert Places

Desktop

=uH
Librariss

A

Computer

“w

Preprocessed Files j

& ef B~

Thumbs

DS _Store
3 BOM_(2011-2015)_W2-Temperature-TDG-5Y..,
3 CHJ_(2011-2015)_W2-Temperature-TDG-5Y .,
| Columbia River_(2011-2015)_RAS-Temperat..,
3 DWR_(2011-2015)_W2-Temperature-TDG-5Y ..
GCL_1_(2011-2015)_SPR-Temperature-5Year...

3
i)
3
3
3
37 GCL_2_(2011-2015)_SPR-Temperature-5Year...
3
o)
3
3
el

3 GCL_3_(2011-2015)_SPR-Temperature-5Year...
3 GCL_4_(2011-2015)_SPR-Temperature-5Year...
3 GCL_5_(2011-2015)_SPR-Temperature-5Year..,
3 GCL_6_(2011-2015)_SPR-Temperature-5Year...
3 GCL_7_{2011-2015)_SPR-Temperature-5Year...
37 GCL_8_(2011-2015)_SPR-Temperature-5Year...
37 GCL 9 (2011-2015)_SPR-Temperature-5¥ear...
£ GCL_10_(2011-2015)_SPR-Temperature-5Yea...
(37 GCL_11_(2011-2015)_SPR-Temperature-5Yea...
£3°] GCL_12_(2011-2015)_SPR-Temperature-5Yea...

ek ¥ mmt 4 samaa mnars mnnT . ru

37772019 4:08 PM
4/10/2019 1:04 PM
3/7/2019 1:11 PM
3/7/2019 1:11 PM
3/6/2019 8:35 AM
3/7/20191:11 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
/5/2019 6:14 PM

o
Data Base File
DS_STORE File

Microsoft Excel C..,
Microsoft Excel C..,
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...

204

2
297,96,
138,82
242,441
278,00
11,30
6,54,
7,50,
6,1L
14,32
789
13,81
967
8,28
5,98,
734
80,734

File name ‘

=

Fles of type: | Al Fies (")

=l

Open

Cancel

Range (deg-C)
25

lorblind Friendly
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STEP 9: Optional selections (can skip to STEP 10).

STEP 9a: Change the output directory.

Constituent
‘ Temperature
Mo3z?
[ves

Start Date and Time End Date and Time

7/31/2015 12:00:00 AM A 8/31/2015 12:00:00 AM -

Files
“Ternperature-TDG-5 YearData-Animation-Preprocessed File.csv;CHI_(2011-2015)_W2-Temperature-TDG-5 YearData-Animation-Preprocessed File.csv;

Upload Complete. You can now set the Color Range and select Label Options.
Output Directory
Z:/rditlceh/Documents/WQV T/CRSO-RESSIM-NAA-070518-0UTPUT/Preprocessed Files

Output File Name > Coloring Range (deg-C)
Browse For Folder o
3 25

Select a Directory
Colorblind Friendly
Output Types ptions
M Desktop -

" n Sites
¥ Mea 4 Librarie:

A Administrator indard Units
418 Computer

L Eloccniln
a &, 0sDisk (C:)
i

Folder: ~ WQVT

Make New Folder |

STEP 9b: Customize the output file name.

. Default name:
<River(s)>_Animation_Temperature_ startdate_enddate

Output File Name
Custom Mame

STEP 9c: Set the temperature coloring range.

« The values below are the default values for the range, but they can be
changed if a different range is preferred.

» Also, check the “Colorblind Friendly” box to use a color palette that is
readable by colorblind persons.

Coloring Range (deg-C)
3 25

Colorblind Friandly
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STEP 9d: Select output type.

« MP4 is automatically checked to generate a movie of the interactive
animation. However, to generate the interactive animation faster,
uncheck the MP4 box and only view the animation without saving it.

Output Types

N

7] MP4

STEP 9e: Select label options.

» These options will label the site of each dam and ensure that the
animation is generated in standard units. Uncheck the “Standard
Units” box to view the animation in metric units, and/or uncheck the
“Dam Sites” box to not see the dam site labels.

\ Label Options

| Dam Sites

/| Standard Units

STEP 10: Select the “Generate” button.

« It may take several seconds to generate the figure.

N

« An animation figure will pop up when the generation is complete, and
an MP4 file will be saved to the output directory if the checkbox was
selected.

Generation Complete.
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Figure 2. Presents Animation temperature output file names and corres-
ponding example plots.

Figure 2. Animation temperature output file names and corresponding example plots.

Three Possible Output Files

Columbia and Snake Rivers_Animation_Temperature_
startdate_enddate.mp4

Columbia River_Animation_Temperature_ startdate_enddate.mp4

Snake River_Animation_Temperature_ startdate_enddate.mp4

Depth Averaged Temperature(°F) for Columbia and Snake Rivers on June 11, 2014
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Figure 2 concluded.

Surface Temperature( ° F) for Columbia River on June 24, 2014
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Depth Averaged Temperature( ° F) for Snake River on July 9, 2014
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TDG

STEP 1: Open the executable.

« This may take several seconds to open.

£ SystematicGUI

\, windowed spec
WONT

A WOVT
|| WOQVT spec

2/14/2018 3:38 PM Campiled Python ...

27272018 2:00 PM SPEC File
2/15/2018 2:17 PM

21472018

Application
1:38 PM
2/26/2018 7:54 AM

Python File

SPEC File

46,563 KB

18 KB
1 KB

8 KB
1 KB

STEP 2: Select the Animation generator tool.

Sankey Plot Generator

Stratification Figure Generator

Animation Generator

STEP 3: Select the preprocessor button.

Constituent
[T06
M03?
[0
Start Date and Time
7/31/2018 12:00:00 AM

End Date and Time

7/31/2019 12:00:00 AM
Files

Upload comma separated files onfy

Please select a Constituent and Date Range before uploading files,
\ 0% |
Output Directory

Output File Name Coloring Range (%Sat.)

95 135

[ colorblind Friendly

Output Types Label Options

[¥] MP4 [¥] Dam Sites

Standard Units

Generate
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STEP 4: Select a file type (W2 or SPR) to parse all temperature and/or TDG
data from those files.

Note: If parsing a RAS file, temperature data will be the only data in the
file since RAS files do not contain TDG data. Also, if parsing for both
temperature and TDG on all files, the preprocessor will have to be run
only once. If parsing for TDG only, the preprocessor will have to be run
again to look at temperature data, and the parsing of the RAS files must
be verified.

‘we Year Data? ‘unstituents

Yes | Temperature

@ No 4| TDG

Example: BON_Temp_ TDG SystermnM
Please select a File Type before uploading files.

0%

Output Directory
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STEP 5: Upload files that match the file type selected.

Items enclosed in brackets [| means that one of each option must be
uploaded or one year from the selection must be included in the name.
Ensure that only one version of each file is uploaded.

- It may take several seconds to parse the files. Wait for the progress bar
message to indicate the upload is complete.

« Suggested upload procedure: Upload all W2 files and continue through
Step 6. Next, upload all but the largest SPR files at once and continue
through Step 6. Finally, upload each of the largest SPR files separately
going through Step 6 each time.

Table 6 presents the Animation TDG files.

Table 6. Animation TDG files.

File Name Contains
(1 Year Data)

File Name Contains
(5 Year Data)

File Name Extension

[LWG, LMN, DWR, CHJ, BON, TDA, JDA, MCN,
IHR, LGS, LWG] and [2011, 2014, 2015]
and spr

[LWG, LMN, DWR, CHJ,
BON, TDA, JDA, MCN,
IHR, LGS, LWG] and spr

.opt or .csv or .xls

sprand [1-25] and _[2011, 2014, 2015]

spr and [1-25]

.opt or .csv or .xls

Five Year Data?

Yes

@ No V| TDG

Files

SO_SystemModel_2014_v3_spr.opt;LWG_CRS0_SystemModel_2014_v3_spr.csv;

Upload Complete. You can now Download the processed file(s).

Output Directory

Z:/rditlceh/Docurnents/\WQVT/CRSO-2014-v3-0utput/Stratification

e

Constituents

/| Temperature
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STEP 6: Wait for “Upload Complete” message to appear. Then, if
downloading for the first time, change the output directory and hit
the “Download” button. This will create a “Preprocessed Files”
folder in that directory that will store all of the preprocessed files.

Every time a file is downloaded after the first time, ensure that the output
directory is the same as the first download.

Repeat Steps 4-6 until all files needed have been preprocessed, and then,
close the preprocessor. DO NOT rename any preprocessed files.

Five Year Data? Constituents

Yes J| Temperature

@ No J TDG

Example: BON_Temp_TDG_SystemMade

Please select a File Type and Constituent(s) before uploading files.
0%
Output Directory

7:/rditlceh/Documents/ WOV T/ CRSO-2014-v3-Output/Stratfication a

Download Complete. All files saved to folder called Preprocessed Files,
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STEP 7: Set the date range and constituent to be viewed.

Ensure that the preprocessor is closed before moving on to this step.

- L]
Animation Generator
Constituent /
[ToG
M03?

[No
Start Date and Time\ End Date and Time
7/31/2018 12:00:00 AM - 7/31/2019 12:00:00 AM

Upload comma separated files only

Files

Please select a Constituent and Date Range before uploading files.
| 0% |
Output Directory

Output File Name Coloring Range (%Sat.)
a5 135

["] colorblind Friendhy
Output Types Label Options

] Mp4 [¥| Dam Sites

Standard Units

Generate
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STEP 8: Upload every preprocessed file for every section to be included in
the animation.

Start Date and Time

Constituent
| T0G

[No

7/31/2018 12:00:00 AM

Output Directq

Output File Nar|

End Date and Time
7/31/2019 12:00:00 AM

74 Select Files

Look in:

ol Bt

Recent Places

Desktop

=
Libraries

A

Computer

@

Metwork

Preprocessed Files

Mame

& cf @

Date modified
—

TVE

Thurmbs

DS_Store
'} BOM_(2011-2015)_W2-Termperature-TDG-5Y..,
| CHJ_{2011-2015)_W2-Temperature-TDG-5Y...
| Columbia River_(2011-2015)_RAS-Temperat...
| DWR_(2011-2015)_W2-Temperature-TDG-5Y...
|GCL_1_(2011-2015)_SPR-Temperature-5Year...
|GCL_2_(2011-2015)_SPR-Temperature-5Year...
]
]
J
|
|

GCL_3_(2011-2015)_5PR-Temperature-5Year...
GCL_4_(2011-2015)_5PR-Temperature-5Year...
GCL_5_(2011-2015)_SPR-Temperature-5Year...
GCL_6_(2011-2015)_SPR-Temperature-5Year...
GCL_7_(2011-2015)_SPR-Temperature-5Year...
'-} GCL_8_(2011-2015)_SPR-Temperature-5Year...
'-} GCL_9_(2011-2015)_SPR-Temperature-5Year...
3| GCL_10_(2011-2015)_SPR-Tem perature-5Yea...
| GCL_11_(2011-2015)_SPR-Tem perature-5Yea...
| GCL_12_(2011-2015)_SPR-Tem perature-5Yea...

M ms 4n sanad smars eme T . ru

3/7/2019 4:08 PM
4/10/2019 1:04 PM
3/7/2019 1:11 PM
3/7/2019 1:11 PM
3/6/2010 &:35 AM
3/7/2019 1:11 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM
3/5/2019 6:14 PM

3/5/2019 6:14 PM

Data Base File
DS_STORE File nge (%oSat.)
Micrasoft Excel C.., 135

Microsoft Excel C..,
Microsoft Excel C..,
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Micrasoft Excel C...
Micrasoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...

blind Friendhy

File name: |

=

Fles of type: [ A Fles )

j Cancel
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STEP 9: Optional selections (can skip to STEP 10).

STEP 9a: Change the output directory.

Constituent
(706 -]
Mo3?
o O
Start Date and Time End Date and Time

7/31/2015 12:00:00 AM - 8/31/2015 12:00:00 AM -

TDG-5YearD Fil.c5v;BON_(2011-2015)_W2- TDG-5YearD Fie.csv;
Upload Complete. You can now set the Color Range and select Label Options.
Output Directory
Z:/rditiceh/Documents/WQV T/CRSO-RESSIM-NAA-070518-0U TPUT/Preprocessed Files

Output File Name: Erewse For Folder X Coloring Range (%Sat.)

95 135
Select a Directory
Colorblind Friendly
Output Types

7| upa

(% Computer
4, OsDisk (€}

Folders ~ WQVT

Make New Folder | |

STEP 9b: Customize the output file name.

Default Name:

<River(s)>_Animation_TDG __startdate enddate

Output File Name
Custom Mame

STEP 9c: Set the TDG coloring range.

« The values below are the default values for the range but can be
changed if a different range is preferred.

« Also, check the “Colorblind Friendly” box to use a color palette that is
readable by colorblind persons.

Coloring Range (%:5at.)
05 135

Colorblind Friendhy
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STEP 9d: Select output type.

« MP4 is automatically checked to generate a movie of the interactive
animation. However, to generate the interactive animation faster,
uncheck the MP4 box and only view the animation without saving it.

Output Types
~
A

v MP4

STEP 9e: Select label option.

« This option will label the site of each dam. Uncheck the Dam Sites box
to not see the dam site labels.

Label Options

N

\ 4| Dam Sitas

STEP 10: Select the “Generate” button.

« It may take several seconds to generate the figure.

N

« An animation figure will pop up when the generation is complete, and
an MP4 file will be saved to the output directory if the checkbox was
selected.

Generation Complete.
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Figure 3 presents Animation TDG output file names and corresponding
example plots.

Figure 3. Animation TDG output file names and corresponding example plots.

Three Possible Output Files

Columbia and Snake Rivers_Animation_TDG_ startdate_enddate.mp4

Columbia River_Animation_TDG_ startdate_enddate.mp4

Snake River_Animation_TDG_ startdate_enddate.mp4
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Figure 3 concluded.

Depth Averaged TDG(%Saturation) for Columbia River on June 22, 2014
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Surface TDG(%Saturation) for Snake__River on May 19, 2014
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5 Troubleshooting

This section outlines some of the known issues that can occur while using
the WQVT set.

Sankey plot generator issues

The tool being used may go into a “Not Responding” mode. The files may
take several minutes to upload and be parsed or generate. The flow
calculations may be incorrect if the wrong options are selected before
upload. The user may specify a time range that is not in the data or may
forget to upload a necessary file.

Table 7 presents the Sankey issues overview.

Table 7. Sankey issues overview.

Issue Details

GUI manipulation while figure is displayed or files

Not Responding are being parsed could cause this issue.

Excessive time needed to parse large files and/or a

Upload Time large number of files.

Excessive time needed to generate figure due to

Generation Time large amount of data being displayed.

Flow calculations for connected sections are not

Flow Calculations Error o .
within a certain tolerance.

The start and/or end dates are not set within the

Time Range Error bounds of the data.

There are missing data files for sections of the river

Missing Section system that must be included to create the figure.

“Not Responding”

This error may occur for several different reasons. However, the most
common reasons are the following:

1. The user attempts to generate a new figure while there is a figure
already displayed.

2. The user attempts to upload new files while there is a figure already
displayed.

3. When large files are uploaded, parsing time may be long and cause the
application to freeze temporarily.
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Prevention

1. Ensure that the figure window is closed before trying to generate a
new figure.

2. Ensure that the figure window is closed before trying to upload new
files.

3. Ensure there is no unnecessary data in the files that make them
excessively large.

Solutions

1. Close the application and restart.

2. Close the application and restart.

3. Wait for the parsing to complete and it should resolve itself.
Otherwise, close the application and restart.

Upload Time

This issue may occur when there are many large files uploaded to create
the figure. The amount of time that it takes to parse each of these files
cannot be avoided. However, if the file names take longer than 5 minutes
to appear in the “Files” box, restart the application.

Generation Time

This issue may occur when there is a large amount of data needed to create
the figure. The amount of time that it takes to create the figure cannot be
avoided. However, if the figure takes longer than 5 minutes (10 minutes
for multi-year figures) to appear, restart the application.

Flow Calculations Error

This error may occur when the “TDG” or “Temperature” Coloring Option
was not set correctly before uploading files. This occurs because the flow
files were parsed for temperature flow instead of TDG flow or vice versa.
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Prevention

Ensure that the diagram coloring option is set to the desired figure type
before uploading any files.

Solution

Close the figure, ensure the proper diagram coloring option is selected,
and re-upload the files.

Time Range Error

This error may occur when the “Start Date and Time” and/or “End Date
and Time” are not set within the bounds of the file date ranges. This occurs
after selecting the “Generate” button because that is when the data are
parsed for the time period.

-
Start Date and Time End Date and Time
9/1/2012 12:00:00 AM - 12/30/2014 11:00:00 PM -

Error: Sites CHJ spill, CH] misc
has(have) no flow during this time period. Adjust time period or evaluate the files,

Prevention

Ensure that the “Start Date and Time” and the “End Date and Time” are
set to dates and times that fall within the data’s time and date range before
selecting the “Generate button.”

Solution

Adjust the dates and times to be within the data’s time and date range and
select the “Generate” button.

Missing Section

If the files are evaluated and there are data during this time, ensure that all
needed files have been uploaded because this error may also occur when
there are needed sections missing from the data. These sections may be
contained in separate files (W2), or there may only be one file missing that
contains all of the needed sections (RAS). This error occurs after selecting
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the “Generate” button because that is when every needed section is
checked for.

Error: Sites Clearwater-RAS, Snake-RAS
has{hawve) no flow during this time period. Adjust time period or evaluate the files.

Prevention

Ensure that all necessary files are uploaded before selecting the “Generate”
button.

Solution

Re-upload all files and be sure to include the files that contain the missing
sections, then select the “Generate” button.

Stratification figure preprocessor and generator issues

The tool being used may go into a “Not Responding” mode. The files may
take several minutes to upload and be parsed or generate. Uploading the
wrong files or downloading the preprocessed files to different locations
can also be an issue. The “Not Responding” and upload time issues are
also applicable to the preprocessor.

Table 8 presents the stratification issues overview.

Table 8. Stratification issues overview.

Issue Details

GUI manipulation while parsing files could cause

“Not Responding” this issue

Excessive time needed to parse large files and/or

Upload Time a large number of files.

Excessive time needed to generate figure due to

Generation Time large amount of data being displayed.

The generator will not parse non-preprocessed
files.

Changing the Output Directory after the initial
preprocessed file download.

Uploading Non-Preprocessed Files

Preprocessed Files Missing
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“Not Responding”

This error may occur for several different reasons. However, the most
common reasons are the following:

1. If the user attempts manipulate any part of the interface while files are
being uploaded, the application may freeze temporarily.

2. When large files are uploaded, parsing time may be long and cause the
application to freeze temporarily.

Prevention

1. Do not attempt to change any options or upload new files while the
current files are still being processed.

2. Ensure there is no unnecessary data in the files that make them
excessively large.

Solutions

1. Wait for the parsing to complete, and it should resolve itself.
Otherwise, close the application and restart.

2. Wait for the parsing to complete, and it should resolve itself.
Otherwise, close the application and restart.

Upload Time

This issue may occur when there are many large files uploaded to create
the figure(s). The amount of time that it takes to parse each of these files
cannot be avoided. However, if parsing takes longer than 5 minutes,
restart the application.

Generation Time

This issue may occur when there is a large amount of data needed to create
the figure(s). The amount of time that it takes to create the figure(s)
cannot be avoided. However, if the figure(s) take longer than 5 minutes
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(10 minutes for multi-year figures) to generate and save, restart the
application.

Uploading Non-Preprocessed Files

This issue will occur when a non-preprocessed file is uploaded to the
generator. To prevent this issue, ensure that all files that are uploaded
have been run through the preprocessor first. This issue should not affect
the generation of the stratification plots, but any data that were uploaded
via a non-preprocessed file will not be displayed.

Files

\
"spro.opt_2014" is not a preprocessed file,

0%

Dutout Directory

Preprocessed Files Missing

If the preprocessor folder is missing files that were supposed to have been
uploaded for preprocessing, they may have been accidently stored in a
different location. This error will occur if the output directory was changed
after the initial download. Before downloading any preprocessed files,
select the output directory that will house the “Preprocessed Files” folder
for all files. After the first download, the output directory cannot be
changed or there will be multiple “Preprocessed Files” folders that only
contain some of the necessary files.

Animation preprocessor and generator issues

The tool being used may go into a “Not Responding” mode. The files may
take several minutes to upload and be parsed or generate. Uploading the
wrong files or downloading the preprocessed files to different locations
can also be an issue. The “Not Responding” and upload time issues are
also applicable to the preprocessor.

Table 9 presents an overview of animation issues.
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Table 9. Animation issues overview.

Issue

Details

“Not Responding”

GUI manipulation while parsing files could cause
this issue.

Upload Time

Excessive time needed to parse large files and/or
large number of files.

Generation Time

Excessive time needed to generate the animation
due to large amount of data being displayed.

Uploading Non-Preprocessed Files

The generator will not parse non-preprocessed
files.

Preprocessed Files Missing

Changing the Output Directory after the initial
preprocessed file download.

Connection Closed by Remote Host

Occurs when the application cannot connect to the
internet to create the map background.

“Not Responding”

This error may occur for several different reasons. However, the most
common reasons are the following:

1. The user attempts to generate a new figure while there is a figure

already displayed.

2. The user attempts to upload new files while there is a figure already

displayed.

3. When large files are uploaded, parsing time may be long and cause the

application to freeze temporarily.

Prevention

1. Ensure that all figure windows are closed before trying to generate a

new figure.

2. Ensure that all figure windows are closed before trying to upload new

files.

3. Ensure there is no unnecessary data in your files that makes them

excessively large.
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Solutions

1. Close the application and restart.

2. Close the application and restart.

3. Wait for the parsing to complete, and it should resolve itself.
Otherwise, close the application and restart.

Upload Time

This issue may occur when there are many large files uploaded to create
the figure. The amount of time that it takes to parse each of these files
cannot be avoided. However, if parsing takes longer than 5 minutes,
restart the application.

Generation Time

This issue may occur when there is a large amount of data needed to create
the figures. The amount of time that it takes to create the figure cannot be
avoided. When generating the figure, it will generate faster if it is not being
saved (mp4 checkbox). However, if the figures take longer than 5 minutes
(10 minutes for multi-year figures) to generate and save, restart the
application.

Uploading Non-Preprocessed Files

This issue will occur when a non-preprocessed file is uploaded to the
generator. To prevent this issue, ensure that all files that are uploaded
have been run through the preprocessor first. This issue should not affect
the generation of the animation, but any data that were uploaded via a
non-preprocessed file will not be displayed.

Files

"spro.opt_2014" is not a preprocessed file.

0%

L Output Directory

Preprocessed Files Missing

If the preprocessor folder is missing files that were supposed to have been
uploaded for preprocessing, they may have been accidently stored in a
different location. This error will occur if the output directory was changed
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after the initial download. Before downloading any preprocessed files,
select the output directory that will house the “Preprocessed Files” folder
for all files. After the first download, the output directory cannot be
changed or there will be multiple “Preprocessed Files” folders that only
contain some of the necessary files.

Connection Closed by Remote Host

After selecting the “Generate” button to create the animation, if an error
appears in the command line window that mentions “remote host,” ensure
that there is a connection to the internet, and select the “Generate” button
again. If this problem persists, close and restart the application and try
again.
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6 River Section Breakdown

Upper Columbia River System

Section Name

Section Abbreviation

Section Number*

Grand Coulee

GCL

317

Chief Joseph

CHJ

42

Lower Columbia River System

Section Name

Section Abbreviation

Section Number*

McNary MCN 87
lohn Day IDA 101
The Dalles TDA 41
Bonneville BON 76

Middle Columbia River System

Section Name

Section Abbreviation(s)

Section Number*

Wells WEL 515.4887
Rock Island RIS 453.4
Rocky Reach RRH 473.712
Wenatchee WAN 415.1
Priest Rapids PRD 395.6788

Yakima KIOW 0.188

Snake River System

Section Name

Section Abbreviation

Section Number*

Lower Granite LWG 413
Little Goose LGS 29
Lower Monumental LMN 28
Ice Harbor IHR 34
Snake-RAS (WHBI, HCDI, ANQW) 147.85

Clearwater River System

Section Name

Section Abbreviation(s)

Section Number*

Dworshak

DWR

45

Clearwater-RAS

(PEKI, ORFI, LEWI)

1.97

*The section number is the site of the dam at the most downstream part of that section. If the
section number is an integer, that means the file is a W2 model file. If the section number is a
float, that means the file is a RAS (HEC-RAS) model file.
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Summary and Recommendations

This manual presented three visualization tools to be used by the CRSO
EIS WQ team. The Sankey plot generator produces a large block diagram
whose sections are sized based on their flow and colored based on their
constituent value. The Stratification figure generator creates a
temperature heat map for each major division of the rivers. The Animation
generator creates animations of each section of the rivers for both
temperature and TDG.

Since these models produce such large datasets and this project was
restricted to being a desktop application, these tools are not as fast as they
could be. Also, the speed of running the models that produce the data
required for these visualization tools could also be increased. If this project
is continued, it is recommended that the models and the visualization of
the resulting data be moved to the high performance computers to
increase the speed of analysis.
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Appendix: Constituents and Abbreviations

The following table is taken from CE-QUAL-W2 Postprocessors Users’
Manual: A Users’ Manual for Using the MATLAB Developed Software
(in preparation).

Constituent | Option 1 Option 2 Option 3 Option 4 Units
Ammonium NH3 NH4 NH_3 Ammonium mg/L
Phosphate PO4 PO4 PO_4 Phosphate mg/L
Nitrate-Nitrite NO3 NO3_NO2 NO_3 Nitrate-Nitrite mg/L
Carbonaceous
BOD5 BOD-5 BOD BOD BOD mg/L
Carbonaceous
BOD5-1 BOD-51 BOD51 BOD1 BOD1 mg/L
Carbonaceous
BOD5-2 BOD-52 BOD52 BOD2 BOD2 mg/L
Carbonaceous
BOD5-3 BOD-53 BOD53 BOD3 BOD3 mg/L
Carbonaceous
BOD5-4 BOD-54 BOD54 BOD4 BOD4 mg/L
Carbonaceous
BOD5-5 BOD-55 BOD55 BOD5 BOD5 mg/L
Carbonaceous
BOD5-6 BOD-56 BOD56 BODG6 BODG6 mg/L
Total
Carbonaceous
BOD
(Ultimate) BOD-U CBOD BODU Carbonaceous_Ultimate_BOD mg/L
Total
Inorganic
Carbon TIC Inorganic_carbon TIC Total_Inorganic_Carbon mg/L
Alkalinity ALK ALK ALK Alkalinity mg/L
pH pH PH pH PH_ SU
Total Organic
Carbon TOC TOC TOC Total_organic_carbon mg/L
Dissolved
Organic
Carbon DOC DOC DOC Dissolved_organic_carbon mg/L
Particulate
Organic
Carbon POC POC POC Particulate_organic_carbon mg/L
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Constituent | Option 1 Option 2 Option 3 Option 4 Units
Total Organic
Nitrogen TON TON TON Total_organic_nitrogen mg/L
Dissolved
Organic
Nitrogen DON DON DON Dissolved_organic_nitrogen mg/L
Particulate
Organic
Nitrogen PON PON PON Particulate_organic_nitrogen mg/L
Total Kjeldahl Total_Kheldahl_Nitroge
Nitrogen TKN n TKN Total_Kjeldahl_Nitrogen mg/L
Total Nitrogen TN TN TN Total_nitrogen mg/L
Total
Phosphorus TP TP TP Total_phosphorus mg/L
Total Organic
Phosphorus TOP TOP TOP Total_organic_nitrogen mg/L
Dissolved
Organic
Phosphorus DOP DOP DOP Dissolved_organic_phosphorus mg/L
Particulate
Organic
Phosphorus POP POP POP Particulate_organic_phosphorus | mg/L
Chlorophyll-a | CHL_A CHLA CHL-A Chlorophyll_a ug/L
Temperature TEMP T2 T Temperature oC
Velocity 'U' U vel U Horizontal_velocity_[U] m/s
Flow flow Q FLOW Flow cms
Short Wave
Solar
Radiation SRON sron SRON SRON W/m2
Equilibrium
Temperature EXT ext ET ET °oC
Depth DEPTH Depth DEPTH Depth
Ice Thickness | ICETH iceth ICETH Ice_Thickness
Model Time
Step dit time step DLT Time Step S
Water Surface
Elevation elws Elevation ELWS Water_Surface_Elevation
Width WIDTH Width WIDTH width
Shade SHADE Shade SHADE shade
Dissolved
Oxygen Dis_Ox DO DO Dissolved_oxygen mg/L
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Constituent | Option 1 Option 2 Option 3 Option 4 Units
Total
Dissolved
Solids TDS TDS TDS TDS mg/L
Generic
Constituent GC GEN G_CONST Salinity mg/L
Generic
Constituent1 | Genl GEN1 GEN1 Tracer mg/L
Generic
Constituent2 | Gen2 GEN2 GEN2 Age mg/L
Generic
Constituent3 | Gen3 GEN3 GEN3 Coliform mg/L
Inorganic
Suspended
Solids ISS Inorg_SS ISS ISS mg/L
Inorganic
Suspended
Solids 1 ISS1 Inorg_SS1 ISS1 ISS1 mg/L
Inorganic
Suspended
Solids 2 ISS2 Inorg_SS2 ISS2 ISS2 mg/L
Inorganic
Suspended
Solids 3 ISS3 Inorg_SS3 ISS3 ISS3 mg/L
Dissolved
Silica DSI dsi S102-diss Dissolved_silica mg/L
Particulate
Silica PSI psi PSI Particulate_silica mg/L
Iron fe FE FE Total_iron mg/L
Labile DOM Idom LDOM LDOM Labile_DOM mg/L
Refractory
DOM rdom RDOM RDOM Refractory DOM mg/L
Labile POM Ipom LPOM LPOM Labile_POM mg/L
Refractory
POM rpom RPOM RPOM Refractory_POM mg/L
Algae ALG ALG ALG Algae mg/L
Algae 1 Algae_1 ALG1 ALG1 Alg_1 mg/L
Algae 2 Algae_2 ALG2 ALG2 Alg_2 mg/L
Algae 3 Algae_3 ALG3 ALG3 Alg_3 mg/L
Zooplankton Z00 Z00 Z00 zooplanktonl mg/L
Labile DOM-P | IdomP LDOMP LDOMP LDOM_P mg/L
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Constituent | Option 1 Option 2 Option 3 Option 4 Units
Refractory
DOM-P rdomP RDOMP RDOMP RDOM_P mg/L
Labile POM-P | lpomP LPOMP LPOMP LPOM_P mg/L
Refractory
POM-P rpomP RPOMP RPOMP RPOM_P mg/L
Labile DOM-N | IdomN LDOMN LDOMN LDOM_N mg/L
Refractory
DOM-N rdomN RDOMN RDOMN RDOM_N mg/L
Labile POM-N | IpomN LPOMN LPOMN LPOM_N mg/L
Refractory
POM-N rpomN RPOMN RPOMN RPOM_N mg/L
Algal
Production APR APR APR Algal_production mg/L
Total Algal
Biomass ATOT ATOT ATOT Total_algae mg/L
Dissolved
Oxygen
Saturation DOS DOS DOS Oxygen_%_Gas_Saturation %
Total
Suspended
Solids TSS TSS TSS Total_suspended_Solids mg/L
Total
Inorganic
Suspended
Solids TISS TInorg_SS TISS Total_Inorganic_Suspended_Solids | mg/L
Carbon
Dioxide Cc0o2 Cco2 C02 C02 mg/L
Bicarbonate HCO3 HCO3 HCO3 HCO3 mg/L
Carbonate C0o3 COo3 C03 C0o3 mg/L
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CRSO

EIS

RAS

TDG

WQVT

W2
Columbia River
BON

CHJ

DSC

GCL

JDA

KIOW

MCN

PRD

RIS

RRH

TDA

WAN

WEL

Snake River
IHR

LGS

LMN

LWG
Clearwater River

DWR

Acronyms and Abbreviations

Columbia River System Operations
Environmental Impacts Statement
HEC-RAS Model

Total Dissolved Gases

Water Quality Visualization Tools

CE-QUAL-W2 Model

Bonneville
Chief Joseph
Downstream Columbia
Grand Coulee
John Day
Yakima
McNary
Priest Rapids
Rock Island
Rocky Reach
The Dalles
Wanapum

Wells

Ice Harbor
Little Goose
Lower Monumental

Lower Granite

Dworshak (45)
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Unit Conversion Factors

Multiply By To Obtain
cubic feet 0.02831685 cubic meters
degrees Fahrenheit (F) - 32 (5/9) degrees Celsius
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