L
Environment and Environnement et C d
Climate Change Canada Changement climatique Canada a.na, a,

i+l

Nutrient Load Estimation
and Reporting

Loading Calculations Technical Symposium
NOAA GLIER, Ann Arbor

Alice Dove and Sean Backus

Water Quality Monitoring & Surveillance

Isaac Wong and Phil Fong

Watershed Hydrology and Ecosystem Research Division

April 6, 2017



Contents

* \Whole Lake Loads

* Tributary Monitoring
— Sampling Methods and Load Estimation Methods

* Connecting Channel Monitoring
— Unigue opportunity to validate corridor estimates

— Overview of St. Clair, Detroit and Niagara Loads
- * Loading Estimate Decision Support
System

i+l

Environment and Environnement et C d
I *I Climate Change Canada Changement climatique Canada aIla a,




Mean TP Loads to Lake Erie, 2003-2013 (MTA)
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Tributary Sampling Approach

Field Program:
* Year-round, including the critical winter and early spring times
« Emphasis on rain and snow events plus low flow

* At automated sites:
— Samples taken every 8 hours
— On-site refrigeration
— Samples are collected weekly

— Retrospective analysis of the hydrograph for sample selection to
target runoff events

» Total phosphorus  Majorions: Cl, F, SO,
» Total dissolved phosphorus « Total Kjeldahl nitrogen
e Soluble reactive phosphorus**  Ammonia**

» Total suspended solids * Nitrate plus nitrite**
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All Season Stations

Thames River

Grand River
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Flow-Through for ISCO and Sonde
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Samples Achieved
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Sufficient Samples?

Grand River At York
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Sample Selection Protocol

Example - Thames River at Thamesuville:

* For runoff events >200 m3/s — three samples will be
analyzed (rising limb, peak, falling limb)

* For runoff events >100 m3/s up to 200 m3/s — two
samples will be analyzed (rising limb, peak)

* For runoff events >80 m3/s up to 100 m3/s — one sample
will be analyzed (peak)

If no runoff events (flow <80 m3/s)— one sample will be
analyzed every two weeks (most recent sample)

One sample on each day of Lake St. Clair survey

i+l

Environment and Environnement et C d
I *I Climate Change Canada Changement climatique Canada ana a,




Current Activities — St. Clair Detroit Corridor

* Ongoing St. Clair River monitoring with enhancements
— Increased frequency, SRP monitoring

* Ongoing Detroit River monitoring on the Canadian side onLy

* Publication: Nutrient Concentrations and Loadings from the St. Clair
River (2001-2015) and the Detroit River (2014-2015)

Debbie Burniston, Alice Dove, Sean Backus

* Thames River and Sydenham  [® /4
River monitoring for loadings /| P
Nested monitoring in the Thames|

iver watershed - 12 locations 7 /

= . . . R // @g@

Collaborative monitoring in Lake | / / o 2
t. Clair with MOECC o L s A %?
Ll gty
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St. Clair River Upstream-Downstream Program
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Year-round (all season) monitoring

* Every 2 weeks from 2001 — 2012
* Every 4 weeks 2012 to present

Nutrients (TP, TDP, NO;+NO,, TN, TDN, NH,)
Major lons (Ca, CI, Mg, K, Na, SO,, SIiO,)
Organic Contaminants 7 |n water and
Trace Metals }suspended sediment
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Total Phosphorus Loads - LoADEST
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Detroit River 2014 and 2015 (2004 and 2007)

® Grab Transect Locations
M 1SCO Sample Locations
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Detroit River 2014 and 2015 (2004 and 2007)

® Grab Transect Locations
M 1SCO Sample Locations
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Detroit River 2014 and 2015 (2004 and 2007)

® Grab Transect Locations
M 1SCO Sample Locations
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Hydrosim 2d and Dispersim 2d Model

Boundary Waters Issues, Meteorological Survey of Canada
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Corridor Total Phosphorus Loads

Water year, MTA 2007 2014 2015

Lake Huron 877 933 1250
St. Clair River 1350 1970 1980
Trenton Channel 2000-2500 718 584
Mid River 810 1580 837
Amherstburg Channel 870-1010 1250 1190
Total Load, Detroit River 3680-4320 3550 2610
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Corridor Total Phosphorus Loads

Water year, MTA 2007 2014 2015

Lake Huron 877 933 1250
St. Clair River 1350 1970 1980
Trenton Channel 2000-2500 718 584
Mid River 810 1580 837
Amherstburg Channel 870-1010 1250 1190
Total Load, Detroit River 3680-4320 3550 2610
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Niagara River Upstream-Downstream
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What we thought we knew

5.C. Chapra, D.M. Dolan / Journal of Great Lakes Research 38 (2012) 741-754
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Total Phosphorus Loads at Niagara-on-the-Lake
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Interlaboratory Comparison
Heidelberg University and ECCC NLET
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Loading Estimate Decision Support System

* Collaborative Project between Water Quality Monitoring and Research Divisions

* Purpose: an updated, more highly automated tool to estimate annual TP and SRP
loadings using Dolan Method

— Monitored tributaries, unmonitored watershed areas, point sources (municipal and industrial), atmospheric
deposition, upstream Great Lakes (i.e. Lake Huron)

— Loadings calculated on a water year basis
— Standard errors are provided for each estimate

* Project timeline:

— April 2016: Start project

— June 2016: Receive data files for Lake Erie loads

— July 2016: Develop system design of loading estimate decision support system

— September 2016: Began implementation of Dolan Method in decision support system (DSS)
— March 2017 - present: In process of beta testing, bug fixing and verifying results

Maccoux, M.J., Dove, A., Backus, S.M., Dolan, D.M., 2016. Total and soluble reactive phosphorus loadings
to Lake Erie, J. Great Lakes Res., http://dx.doi.org/10.1016/j.jglr.2016.08.005

i+l

Environment and Environnement et C d
I *I Climate Change Canada Changement climatique Canada aIla. a,




Loading Estimate Decision Support System (DSS)
Overview

* Initial beta implementation of Dolan Method

* DSS is a Windows application with a graphical user interface

* Input data (tributary flows and concentrations, point source effluent,
atmospheric deposition, etc.) are stored in multiple csv-formatted text
files

— Data import function for point source data
* A *“project” file is used to organize data and information
* Qutput results are saved in multiple csv-formatted text files

* Some input data and outputs are viewable within the DSS, others

require external application (e.g., Excel)

— Graphs generated by R software with EGRET library (Exploration and Graphics
for RivEr Trends) from USGS
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Data Sources
(for Lake Erie Loadings)

Data
Tributary Flow

Tributary Water
Quality

Point Source

Atmospheric
Deposition

Agency

Canada
Water Survey of Canada (Environment and Climate Change Canada)

U.s.
Water Resources Division (U.S. Geological Service)

Canada
Water Quality and Monitoring and Surveillance Division (Environment and Climate Change Canada)
Provincial Water Quality Monitoring Network (Ontario Ministry of Environment and Climate Change)

u.S.

National Center for Water Quality Research (Heidelberg University)

Water Resources Division (Michigan Department of Environmental Quality)
Division of Surface Water (Ohio Environmental Protection Agency)

STORET (U.S. Environmental Protection Agency)

Water Resources Division (U.S. Geological Survey)

Canada
MISA (Ontario Ministry of Environment and Climate Change)

u.s.
Water Division-PCS/ICIS (U.S. Environment Protection Agency)

Canada
Water Quality and Monitoring and Surveillance Division (Environment and Climate Change Canada)



Loading Estimate Decision Support System
Project File

Project File: general information for trlbutary Examp|e of tributary sections in project file

Basin Country  Watershed
Tributaries Area (km2)
Black-MI Huron-Erie Corridor  US 1800 Concentration Data for Black-MI
Belle-Pine Complex Huron-Erie Corridor us 1550 Date TP (me/L)
Clinton Huron-Erie Corridor us 1301 21/10/2008 0.046
Rouge Huron-Erie Corridor us 1330 14/04/2009 0.035
Thames Huron-Erie Corridor CAN 5706 15/06/2009 0.071
Sydenham Huron-Erie Corridor CAM 3038 05/08/2009 0.059
Canard Huron-Erie Corridor CAN 347 06/10/2009 0.035
Turkey Huron-Erie Corridor CAN 28 21/05/2010 0.076

13/07/2010 0.08

Flow Data for Black-Ml 11/08/2010 0.055

Project File: monitored tributary data DATE Flow (cfs) | | 12/10/2010  0.042

01/10/2008 a19.4 29/03/2011 0.06

Parameter Flow Data File Concentration Data Fil Loading Estimate 02/10/2008  407.456 20/06/2011  0.047

- Method 01 ing /011 i NS0
Maon Tributary Loads 03/10/2008 331.058
Black-MI TP IInputE"nlBIack—Ml flow.csv I Ilnputs‘\BIack—Ml TP.csv I Beale 04/10/2008 = 281.624
Black-mI SRP Inputs\Black-MI .CSV Inputs\Black-MI SRP.csv Beale 05/10/2008  229.194
; ; . 06/10/2008 191.744
Clinton TP Inputs\Clinton flow.csv Inputs\Clinton TP.csv Beale 07/10/2008  164.78
Clinton SRP Inputs\Clinton flow.csv In Beale 08/10/2008  164.78
Rouge TP Inputs\Rouge flow.csv P.csv Beale 09/10/2008  187.25
Rouge SRP Inputs\Rouge flow.csv Inputs\Rouge SRP. Beale 10/10/2008  203.728
Huron-mI TP Inputs\Huron-MI flow.csv Inputs\Huron-MI TP.csv Beale 11/10/2008  185.752
Huron-MI SRP InputE"\Huron—Ml flow.csv Inputs\,Huron—Ml SRP.csv 12/10/2008  167.776

13/10/2008  142.31
14/10/2008 137.816
15/10/2008 130.326
16/10/2008  134.82
17/10/2008  146.8304
18/10/2008 133.322
. . 19/10/2008  127.33 |\ bl

I *I Er!wronment and Enwronnement_et ) 20/10/2008  122.836 aIla a
Climate Change Canada Changement climatique Canada 7

21/10/7002 115 246




Loading Estimate Decision Support System
Schematic Diagram

INPUTS
Monitored Tributary :
Point Source Data OUTPUTS
Data Loading Estimate DSS

« Monitored tributary

loads
R Dolan Method «  Point source loads

> Loading Estimator > «  Unmonitored

watershed loads
¢ Atmospheric

deposition loads
¢ Basin and lake

/ \ total loads
» Visualization ':

Data Import Utility

Unmonitored
Watershed Data

Atmospheric
Deposition Data

A

Dolan Method calculates the
following:
. L *Monitored tributary loads
Data (will be limited to «Point source loads
specific formats) <Unmonitored watershed loads
*Atmospheric deposition loads
*Basin and lake total loads
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Loading Estimate Decision Support System
Current Status

* |Implemented loading calculations for:
— monitored tributaries (Stratified Beale Ratio Estimator, Heidelberg data)
— unmonitored watershed areas
— point sources
— atmospheric deposition
— basin, country and lake totals

* |n the process of beta testing, bug fixing and verifying results
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Loading Estimate Decision Support System
Demo

o' Dolan Method

.. 1= Loading Estimate Decision Suppert System Im port Data

Loading Estimates

Loadings from monitored tributaries, point sources,

Dolan Method | Urmoniored watrstie arses and simosshers Select Input Data

Calry tal loadings to lakes such as Lake Erie /.

NWRI Regression, Beale Ratio Estimator and
Other Method averaging methods Calculate Loads
Calculates loadings from discharge (flow) and

frat "

co 1 Meas

3! Dolan Method Inputs

Select the Dolan loading estimate project file

CALEDSS\Lake Ere project lip Browse Choose prOJeCt f||e
Trbutary Name ~ Basn Country e =
Central us 900 £
Belle-Pine Complex: Huron-Erie Comidor | US 1550
Big Central CAN 0
Big Otter Central CAN 704
Black-MI Huron-Erie Comidor | IS 1800
Black-OH Central us 1317
Canard Huron-Erie Comidor |CAN 47
Catfish Central CAN 389
Cattarsugu: Eastem us 1440 2
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Loading Estimate Decision Support System
Demo

5! Dolan Method Load Calculation

Project File Selected: CALEDSS L ake Ere project lip

Import Data

Save Resultzto Folder:  C:A\LEDSS Output | Browse I Ch 00se 0 utp ut fo | d er
Progress Output:
Select Input Data Monitored Tributaries
Pors Scrces
Calculate Loads —
\\

Unmonitored Watershed Areas

Aumosphers Depasiion

Basin and Lake Total Loads

‘ :
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Loading Estimate Decision Support System

Monitored T

— Inputs

Grand-ON flow data

Original data file
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129 1
1A a0
Wi BA2
13 w3y
ETE R
%5 w3
BT e
131 M
6T @S
408 3008
15 LA
am mam
245 17808

convert
—_—

csv file for DSS

" Grand-ON flow.csv - No
File Edit Format View
DATE,Flow (m3/s)

21/81/1993,322
©2/81/1993,248. 64|
©3/91/1993,186.2

W i

Program Execution

Flow for Grand-ON

ributaries (Stratified Beale Ratio)

©4/81/1993,308.2

95/81/1993,913.16
@6/81/1993,955.32
97/81/1993,598.36
©8/81/1993,365.52
©9/01/1993,259.76
1e/81/1993,209.808
11/01/1993,181.336
12/81/1993,159.792
13/@1/1993,139.38038

Grand-ON concentration data
csv file for DSS

A | e

1 Neo1sanasoz

2 DATE NITRATES TKN
10/11/2008 277 0.74
09/12/2008 42 0.84
10/02/2009 359 128
16/02/2009 278 11
30/03/2009 33 107
20/04/2009 .04 0.65
31/05/2009 319 04
26/06/2009 19 0.93
27/07/2009 2 0.67
11/08/2009 133 0.91
20/09/2009 L78 .77
16/10/2009 242 .75

Original data file

SRP
0.004
0.0275
0.0544
0.087
0.0175
0.0038

0.0096
0.0087
0.0025

0.0051

"

0.057
0.045
0.087

0.193
won  convert
gy >

TP

" Grand-OM TP.csv - N
File Edit Format ¥

Date, TP (mg/L)

13/1@/2@@8,8.857
89/12/2085,8.845
1a/@2/2@@89,8.887
16/82/2889,8.193
38/83/2009,8.873
21/84,/20089,8.854
31/85/2@@89,8.804
28/@6/20@9,08.891
27/87/28@89,8.872
11/@8/2009,@.89

28/89/2889,8.866
18/1@/2809,8.837

Data files converted into csv format using
external program such as Excel

L |

Environment and
Climate Change Canada

v

Envir
Chan

nput data

s

» O e
v = (Graphs: R software with EGRET library

Calculate monitored tributary loads

and view results

Outputs

Annual loads for tributaries (csv file)

" Monitored Tributary loads.csv - Notepad
File Edit Formst View Help

Tributary,Parameter,Water Year,#Strata,loading (MTA),MSE (MTA*2),

Grand-ON, TP, 2689,3,373.579,7905.995,
Grand-ON,TP,2018,3,193.177,160.067,
Grand-ON,TP,2811,3,582.1,672.861,
Grand-ON,TP,2012,3,178.885,1787.893,
Grand-ON,TP,2013,3,346.333,1722.928,

Grand-ON

Details of results (free form text file)

" Grand-ON TP.tit - Notepad
Eile Edit Format View Help

Tributary: Grand-ON
Water Year: 2009
Parameter: TP

Unstratified Results

Beale Estimate: 395.4 MTA

Mean Squared Error: 18858.9 MTA™2
Number of Samples: 12

' Woritared Trtbukiry Loading Extirate Rasuit - Dok Mithod e
Triadmy Fatratior Method Fammetee FP
Asht b Corvm Fim i
! Water Year = Bty Lead MTA} MSE MTA™S
L " » 3 TS ™08 9%
Bo O o 20 3 15177 150007
Back M Emgm
: | am 3 521 672861
il 4 202 3 178 808 1T e
Gl oy 201 3 510 TR
=" [
Coltarmpa Eicain
Chagm Bade
Qinton e
Cupshoga | Hmcalbmey ;
Grand OH Bage
[ o= Bade
[rm— Ensin 1 : 3954 HTA
Errer: 1OBEQ.% MIA~2
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0.6 o —
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- T 146 o
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Syderham Bade
tratified Estimate made using 3 stcata
Tharms Basie . 1400 ofs, 3800 nfs
oy - ied Dea -
JIPeTNEN Ean -

Flow (m3/s) Flow (cfs) Concentration (mg/L)
28.5 1885.5 2.066
30.1 1381.2 8.@91
a1.8 1478.2 8.057
69.5 2456.5 8.057
80.5 2843.5 8.045
—p 53 2931.3 ®.09
¥ ee1 3185.2 8.857
96.5 3410.5 8.072
114.5 2846.4 8.073
117.4 4149.5 8.054
146 5160.7 8.094
352.2 12445.2 8.193

el

7989 MTAM2 1

Stratified Estimate made using 3 strata
Cuteff Peints are: 14@@ cfs, 2888 cfs
stratified Beale estimate: 373.6 MTA

Mean Squared Error for Stratified Estimate:



Loading Estimate Decision Support System
Monitored Tributaries (Heidelberg)

— Inputs Program Execution Outputs

View input data

et Toatey Luing it ko Lot NEE
- Dt P
Original data file Maumee daily loads T Dt e e e TV s Annual loads from tributaries (csv file)
v
TN T
2 oo edated to U203 e o e ey
H Maumee loads_updated to s Y ™ g Suyahoge | 0082011 e e . .
- S - 5 . - = = . e e s | Menitored Tributary loads.csv - Notepad
dMal:‘mee Porsm it “""""ﬂ': ki) nimae] File Edit Format View Help
Focam ar gy Potsgn. 2y Hacabar, L
‘(S,ﬁnﬁ;ﬂe Maumee Maumes Maumes Sanchay i I Sanausi | S e 3 Tributary,Parameter,Water Year,#Strata,loading (MTA),MSE (MTA2).
cubic 53 Load S5 TP Load TP SRP Load & B
1 |Date Month _ Date 2 meters)  (tonnes) Remark  (tonnes) Remark  (tonnes) R Do awa o |
12421 10/01/2008 418 Oct-2008 0861 213 0109 0.004 = B Maumee TP loads )
12422 10502/[2005 418 Oct-2008 0,651 160 0071 0.004 2 — 1 Maumee, TP, 2080,1,2152.713,1610. 352,
12423 10/03/2008 418 Oct-2008 0487 86 0.043 0.002
12424|10/04/2008 418 Oct-2008 0618 103 0.051 0.002 Maumee, TP, 2618, 1,1528.752,513. 885,
12425|10/05/2008 418 Oct-2008 0.663 124 0.055 0.002 Maumes, TP, 2011, 1,2808.268,1218. 323, Maumee
12426|10/06/2008 418 Oct-2008 0587 179 0.061 0.004 Maumee, TP, 2612,1,2238.618,553. 46,
12427 |10/07/2008 418 Oct-2008 0.565 152 0.055 0005 Maumee, TP, 2013,1,2127.186,1176.38,
12428 10/05/2008 413 Oct-2008 0817 160 0.076 0.007
12429|10/09/2008 413 Oct-2008 0810 167 0.082 0005
12430 10/10/2008 413 Oct-2008 0.568 28 0.046 0002
12431|10/11/2008 418 Oct-2008 0553 152 0.080 0002
12432 | 10/12/2008 418 Oct-2008 0.710 139 0.087 0.003
12433 | 10/13/2008 418 Oct-2008 0673 150 0.073 0.005
12434 | 10/14/2008 418 Oct-2008 0673 169 0.078 0.005
12435 | 10/15/2008 418 Oct-2008 0.548 142 0.075 0.003
12435 | 10/16/2008 418 Oct-2008 1.030 266 0.138 0.004
12437 | 10/17/2008 418 Oct-2008 1.084 279 0.142
12438 | 10/18/2008 418 Oct-2008 0.986 219 0.121
12439 | 10/19/2008 418 Oct-2008 1311 53.2 0.173
12440 | 10/20/2008 418 Oct-2008 1.006 272 0.126
12441 | 10/21/2008 418 Oct-2008 1.050 240 0.104 0.005

Sum up daily loads of monitored tributaries in

. Details of results (free form text file)
1§ water year and view results

nvert

Maumee TP loads

: | Maumee TP.txt - Notepad
| Maumee TP loads.csv - Notepad Bttt 7] Pasase [ 2 File Edit Format View Help
H File Edit Format View Help i :
csyv file for DSS == = = X = Water Year ¥ S losdMTA MSEMTAD) [rributary: Maumee
pate, TP (tonnes) x B 1 Fauclas e Water Year: 2009
B1/18/2008,9.108769454 S Lol ! ads S Parameter: TP
o 1 %8 1HEX
s ar e = - ——
e o s 1 [0z [z Annual Load: 2152.713
B4/18/2085, 8. 851866419 s . :
#5/10/2008 0 .BSAT64513 Fra Mean Square Error: 1618.352
86/18/2008,8.861124714 S
B7/18/20688, 8054998258 [ Date Load
88/16/2008, 8975758785 redabery D | B Z
89/18/2668,0.831791981 Bania 81/18/2088 2.188769454
16/18/ 2608, 8. 845578966 Do 82/10/2008 ©.871391943
11/18/2008,0.068400433 e @3/18/2008 @.84299872
12/18/2008,0.887269813 o 84/18/2003 2.851066419
13/16/2008,0.672802799 bt o 85/10/2008 8.0549645813
14/18/2008,08.0775087925 [ e ositen | o —) B6/18/2088 B.861124714
15/16/2668,6.674587676 i e a — " @7/10/2008 8.854998258
16/18/2608,0.137712841 ey o .
17/10/2008.8. 142308624 iy @ .08 B8/1e/2008 B.875758785
18/16/20088,0.1208838557 P o PRt @9/1le/2003 @.881791981
At il = b ShuLivaken 18/10/2008 8.045578966
) ) . | weszem sleenzesnss - 11/10/2608 0.860409433
Data files converted into csv format using Envi : e, — 12/10/2088 5.057260513
external program such as Excel Char — 13/10/2008 0.072802799
al TYSTIISTic Limriatyuc wariadd 14/18/2063 B.8775687925

15/1@/28@3 B.874587676




e

Bile [dit Fgemat View Help

Loading Estimate Decision Support System

Point Sources

— Inputs

Point source effluents
(monthly average flows and
concentrations or loads)

Original data file
(multiple facilities)

L 1 s -
melﬁ'_mll?{“.

A [T
FHOESOSLA AL TTRFIUOATILY A
now MY AVBRAGE

PO L TERE T

ﬁiEE%iii§i§i§§5ii§i§§§iitﬁ

iﬁiiiﬁ{#i#ﬁ#i##ii#gﬁiiﬁ

*m
aRTTINNGD

convert

csv file for DSS
(multiple facilities)

<
<

TESTSBBRE, 6,01/10/2008, 31/10/2008, 1, 008-31,1.

Fermit 10,0ucfall 10 ,5%ars Date,End Date,Conc. (mg/L),Flow (MED),Loed (kp/day),Facility Wame,Recelving Water

enegk
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK

82, TULED CHEMITALS
-2, 5UL00 CHEMICALS
82, SULED EMEMICALS
£82,SULEO CHEMICALS
-92,50LE0 CHEMICALS
87, SULED CHEMITALS
£.02, SULCO CMEMICALS
-02,5ULC0 CHINICALS
€82, SULEO CHEMICALS
£-0, SULCO CHEMICALS
02, 3ULE0 CHEMICALS
£.02,SULCO CHEMICALS

RERRERRREIE:

IEETER00E, 6,81/09/ 2009, 30,09,/ 2009, 1. 00E 21, 3.

Function available in DSS to import point

source data into required csv format.
Il ' .

Industry: Sulco Chemicals Ltd.

wllmdle wnange ‘wanaauda

Progect Fis Salecaed:

Savem Flamlbe o Fokder

Program Execution

COLEDSS Lakis Bre project ko

CLEDSS Dot

l Moritored Tributanies

Caluiate Loads | |

<=

=

l Unmortored Watershed Arcas | Cadsis Losds | |

ln-ou—nwo-dm [ Coints Loois | |

| Basin and Loke Totol Loads | Calodate Losds | |

===

Calculate point source loads and view results
Grand-ON TP loads

Fawe 17 =
- Carsy
et e = [ Y 4
WmYer o+ Hrepd = =] sE Bhrced = e £
Sy win A iy Wik
£y -  EOd [ £33 ] ] (1] [usts Joar
rrmm T men ) oocs aam (] s
= w2t ne ™ so ) (] LE]
i i ) wom i oo | L] s Jnme
& = £ ) a1 Bk ) e [
b, on 5 5
Cwnga s
- Tacames
] [ [ Ty b [—— £ !
A . T SR OAMIEAS o (]
wa TETOON | BACOOMNENI  vews oo
= IENODM | GACOCHEMEAS hebea
wa THRON | NGO GAMENS  |haea
w3 IETION | SACOOMNENS  |rnc 1
=1 TN WATSRLOO WP hea [ 5%
vr = IO | WATIILO0 WP bdea [ ) o

Environnement et
Changement climatique Canada

Outputs

Annual loads from all point sources for
each tributary (csv file)

Bile  fan Fomat iew  Help
Water Body,Paraseter,Water Year,Indirect Municipal (MTA),SE,Indirect Industrisl (MTA),S

Grand-Ot, TP, 2009, 38,117, 1.27 '
Grand-OH, TP, 2010, 37.873,1.059,0.005,8,0. 47; 8.165,9. su
G and -0, TP, 2011, 38,824, 1. 759, 0,004, , 0.404,0. 043, 0. 204, ,
Grand-0W, TP, 2012, 36.054,1.511,0.004, ,0.644,0.065,0. 204, ,
Grand-ON, TP, 2010, 34,940, 0. 651, 0,004, , 0. 015, 9,003, 0. 294, ,

Grand-ON

Average daily loads at individual point
sources (csv file)

Eile fdu Formar Yiew Help

PermATID, Facility, Paraseter, atervear, Avg Cone. (BE/L), Avg Flow (MGD), Avg Load (kg

ZE5750008, SULCO CHEMICALS LTD,TP,2009,8,0,0.015,0.002
285750008, SULCO CHEMICALS LTD,SRP,2009,0,0,0.01,0.00]
185750008, SULCO CHEMICALS LTD,TP,2010,0,8,0.814,0.
TESTSOMME, SULCO CHEMICALS LTO,SRP,2000,0.8,0.01,0. 531
285750008, SULCO CHEMICALS LTD,TP,2011,0,0,0.01,
185750008, 5ULCO CHEMICALS LTD,SRP,2011,0,0,0.807,
285756008, SULCO CHEMICALS LTD,TR, 2012,9,08,0.01,
285750008, 5ULCO CNEMICALS LTD, 58P, 2012,9,0,0.007,
IESTSOUDE, SULCO CHEMICALS LTD, TP, 2003,9,9,9.01,
ZESTSOR8R, SULCO CHEMECALS LTD,SAP,2813,8,8,8.807,

Sulco Chemicals

Al 1AUuA



Loading Estimate Decision Support System
Unmonitored Watershed Areas (Unit Area Load)

— Inputs

Annual loads for monitored tributaries
calculated by DSS

Black-MI TP loads

-?WMM-M
Ele fan fgmat Wew Mep
Tributary,Parameter Mater Yeor,85trats, Loading (MTA)MSE (NTA2],

Calculate unmonitored watershed area loads

Program Execution

Progsct Fia Selected: CALEDSS!Lake Ere project o

Sove Remti to Folder.  COLEDSS'Outont rowse
Frogrees Cutgnt.

T — = Unmmoriored Trbndary loadding estmst

| Morilored Tritadarios [ Cobudate Loads. | | FO17 10:5107 P

Progect Fle. ©\LEDSS \Loke B4 project

[ 1 Caldating Black M
 Colcuinto Lopde | | Mengoms oy

Farameter. TF

Fesuts fle: CHLEDS!

SOutput’,
Water Year 200920102011, 20122013,
Aruas m ¢ Pt Cornphi

Montored Trbutery, Cinton
™

Trbutary Loads cav

Fammeter

| [ Flests the. CLE

| oAl Water Yasr- 2005,

' Calcvdutieg Cirdon
Montored Trbuaary:
Farometer. TF

Fesults e CLEDSS Dutpul\nmordored Trbadary Loads cav

Water Tewr

Calndating Rouge
Mordored

Annual loads from indirect point sources
calculated by DSS

D35 Outont ' rmorored Triadary Losds cav
2000.2011.2012.20013,

urce loads for Black-Ml

Trinsary

Outputs

Annual loads for unmonitored watershed
areas (csv file)

| Unmenitored Tributary Loads.csv - Notepad
(£ File Edit Format View Help
g Tributary, Parameter, Water Year, Loading (MTA), MSE (MTA*2), Country

Black-MI,TP,2009,9.234,6.894,
Black-MI,TP,2018,0.165,0.441,
Black-MI,TP,2011,4.935,0.683,
Black-MI,TP,2012,3.248,4.322

_> Black-MI,TP,2013,12.078,157. 394,
Black-Ml

Areas of monitored and unmonitored
watersheds

Environnement et

Climate Change Canada Changement climatique Canada

i+l

Canada




Loading Estimate Decision Support System
Atmospheric Deposition

Program Execution

- |nputs OUtpUtS

Monthly precipitation volumes

and TP concentrations Annual loads for basins (csv file)

] Loads-Basin.csv - pi
Original data file Point Pelee File Edit Format View Help
i Basin,Year,Parameter,Load (MTA), Std Error (MTA)
) EC_Precip HutrientDataxls [Compatibility Mode] . .
By P i R - o T T o ) e | Calculate atmospheric deposition loads :
1 .
2 Sample Number IV Project  FNV Station StartDale  FedDate  Days  volume AT 52 Dolan Method Load Calculation .
3 [T Huron-Erie Corridor,2889,TP,41.229,36.11
: I‘_:f;’"} P e et L EDS S ok B ; Huron-Erie Corridor,2818,TP,26.1,21.84
& ik picgadi rolect Fle Select @ Ene project lp Huron-Erie Corridor,2@11,TP,34.787,21.532
T80 200811481 OWOTOR  CWOIGHOTOY  PEOTON  0INZ08  camans ) 1058 [TI7) Huren-Erie Corridor,2@12,TP,19.463,12.892
181 WOMIG OIS OMIGNOTO!  PENOY  D2O205  OMO2GR 3 19uz 00057 oS R Ie ) C \LEDSS\Cutput L Huron-Erie Corridor,2@13,TP,35.641,35.391
152 00S00E13 ONTOY OHOPGHOTO PEOM 00209 a0 » 082 00504
183 00901550  OWOTOS  ONOIGHOTOY  PELO4DY  OULOAZ09 0105009 0 28 oo7ie Progress Output Western,2089,TP,89.837,53.066
184 0081347 OHOTOS  OMONCHOTSY  PELOSM  CLDST00D  O1OATN0 k1 1343 00535 Atmospheric load estimation p Western,201e,TP,56.365,30.918
:;: 0094610 ONGTOR  ONOEGHOTOY :l.m QUONIN0U  OVUTNGY t1] 264 0008 Monitored Tributaries 29/03/2017 10:32:26 PM P Western,2011,TP,75.125,31.643
00R0EIGH owros i Lo Ll Lol e ] X [} -} 00029
187 000776 ORaT0S m:::m PELEAIY 2,.“@..,&‘3?? DIBA00G n 408 00054 Project File: C:\LEDSS\Lake Erie project lip Western,20812,TP,42.831,17.769
188 200809445 OMOTOS  ONONGHOTGY  PELOSOY  CLOASOOS  ONIORNCY £ 138 LT Calculating: Point Peles Western,2013,TP,76.97,52.869
:: 20081134 ONOTDS  OMODGHOTOY  PELAGMY  CRADA0CE  O201200H 12 1808 oecat Point Sources Data Fie: Inputs'\Point Pelee-TFP csv Central, 2889,TP,372.303,188.511
o Omaros ONORGHOTOY PELMIOT 02111008 30012008 m o4an o004 Parameter: TP
191 HOHIMTE OWITOS  CMORGHOTOT  PELAZ 0N D10HEN0 k-3 28 0.0034 Water Years: 2008.2010.2011.2012.2013 Central,201,TP,235.684,63.224
147 0914180 ONOTDS  OMOPGHOTOY  PELEADY  CLOAGOMD  O102E010 n 0T 00088 Station Report: C:\LEDSS\Output'Poirt Pelee Central,2811,TP,314.127,64.765
OHOTDE  OMOMCHOTSY  PELEXM  BLOITOID  S1OLTS1R n 1383 ooesT ‘ Unmonitored Watershed Areas | Calculzte Loads. ‘ Caleuiating: Rock Pt Central,2e12,TP,175.75,36.335
Ea\a File: |r1F;l|s\Hudi Poirt-TP csv Central, 2013,TP,321.5843,186.351
arameter.
e e 2008.2010.2011 2012.2013 Eastern,2809,TP,148.765,68.592
‘C m]m ‘ Station Report: C:\LEDSS\Cutput\Rock Point .
. Calculating: $t. Clair .
Data File: Inputs\St. Clair-TP.
csv file for DSS : bt i i, 2 o : _ _
convert Basin and Lake Total Loads | Calculate Loads Wit Yaors: 2008.20102011 20122013 Lake Erie basins
Station Report: CALEDSSAOutput'St. Clair
PO Int Pelee Summary Output File: CALEDSS\Output\Atmosphers Loads-station. osv
Basin Summary File: C:\LEDS5\Output'\Atmosphere Loads-Basin csvEstimate Complated
| Point Pelee-TP.csv - Notepad Ll P

File Edit Format View Help

Year,Month,Volume (L),TP (mg/L)
2689,1,1.856,0.08182
20089,2,1.902,0.8057
26089,3,3.092,0.8504
2689,5,1.343,0.8535
2009,6,2.624,0.0093
2009,7,0.829,0.0029 ]
20089,5,4.028,0.0094
2689,9,1.36,8.814
20089,10,1.608,0.0081
2089,11,0.471,8.0184
2689,12,2.468,8.0034
2610,1,0.76,0.8049
201@,2,1.253,0.8057
2010,3,1.33,8.802
2010,4,3.349,0.0129
261@,5,3.159,0.8091

Annual loads at monitoring stations (csv file)

Loads-station.csv -
File Edit Format View Help
Station,Year,Parameter,Load (MTA), Std Error (MTA"2), # Samples

Point Peles,2009,TP,222.529,92.36,11
Point Pelee,2616,TP,58.653,24.461,12
point Pelee,2011,TP,263.858,76.728,12
point Pelee,2012,TP,189.514,29.471,12
Point Peles,2013,TP,167.367,84.775,11

Data files converted into csv format using : Point Pelee |

external program such as Excel Environnement et
m = unmarte unange vanaaa Changement climatique Canada

S ULAA AN ACANA



Loading Estimate Decision Support System
Basin and Lake Total Loads

— Inputs

All annual loads calculated by DSS

Monitored tributaries Unmonitored watershed

areas

Mt Tty b Mg

tie pde bgmet s b
 Urerensred Tty Lewtun - Metepas
Fle fdr Fornt hew Hop

Ay, Gty

Clinton, 589, 912,10,
Chinton, 589, }13,0,02. 379, 1, 654,

Atmospheric Deposition

| Atmosphere Loads-Basin.csv - Notepad
File Edit Format View Help

Sum up loads from all sources by basin, country, lake

Program Execution

Outputs

Basin and lake total annual loads from all
sources (csv file)

j basin loads.csv - Motepad
File Edit Format View Help

Basin,Parameter,Water Year,load (MTA),SE (MTA"2)
Huron-Erie Corridor,TP,28089,2425.174,66.866
Huron-Erie Corridor,SRP,28@89,1221.361,56.394

Basin,Year,Parameter,Load (MTA), Std Error (MTA)
Huron-Erie Corridor,2869,TP,41.229,36.11
Huron-Erie Corridor,2@69,SRP,14.43,12.639
Huron-Erie Corridor,2818,TP,26.1,21.64
Huren-Erie Corridor,2818,SRP,9.135,7.364
Huren-Erie Corridor,2811,TP,34.787,21.532
Huren-Erie Corridor,2811,5RP,12.175,7.536
Huren-Erie Corridor,2012,TP,19.463,12.092
Huron-Erie Corridor,2012,5RP,6.812,4.232
Huren-Erie Corridor,2013,TP,35.641,35.391
Huron-Erie Corridor,213,SRP,12.475,12.387
Western,2009,TP,89.037,53.066

Western, 2009,5RP,31.163,18.573

Western, 201@,TP,56.365,30.918
Western, 2610, SRP,19.728,10.821
Western,2611,TP,75.125,31.643
Western, 2611, SRP,26.294,11.875

Western, 2012,TP,42.831,17.769

Western, 2612,5RP,14.711,6.219

Western, 2613,TP,76.97,52.869

Western, 2613,5RP,26.939,18.203
Central.2069.TP.372.303.188.511

' Poing Source Cutpusecrs - Hotepad
Ede fde fgemar few pelp . .
ter Body,Paraseter,dater Year,Indirect Menicipal (NTA),51, Indir

O, 18P, 2012, 35, 2
-0, TP, 03, 4. B4,
o8, 529, 2013, 74, 46

B1,882.0, 80, , ,8.607,0. 147,
OB, 22,308, 0615, ,  §.445,8.103,

Loads from Upstream
Great Lakes

Environment and
Climate Change Canada

*

Western, TP, 20809, 2701.691,66. 835
Western,SRP,2089,498.68,18. 988
Central,TP,2809,1952.451,115.949
Central,SRP,20@89,554.287,38. 287
Eastern,TP,2809,538.422,114.844
Eastern,SRP,208@9,219.275,62.198

Huron-Erie Corridor,TP,201@,1755.85,49.852
Huron-Erie Corridor,SRP,2018,9082.737,12.381
Western,TP,2018,1926.779,39.815
Western,SRP,201@,54@.231,11.881
Central,TP,2018@,1417.276,71.4081
_’CentralJSRPJ2GlGJ4—32.923,23.99

e

Loading -

-
Total Laks Outout Fle: CLEDSS\Output \basn losds o
Complets

5/ Dolan Method Load Calculution
Project Fle Selecind: SLake Fo progect I
Save Flastato Fldar  CALEDSS\Dutour
Progrmss Dhitpnd
| r Caluiating Lisk
| ) e | Coume Loscs TV 1L DAM
Project Fie: CLEDS S \Lake Ene prosect i
| Poird Sowrces. | Cokcndote Lowds.
>
Ao 1 Calen,
jilaban 1] Courtey Tetal Ohdpad Fim: €\
1 Estimete
KSwvrm Dewotios) \.Cataulste Loods |
g o et (G
= o ‘

Eastern,TP,2018,479.85,43.812
Eastern,SRP,281@,130.168,15.525
Huren-Erie Corridor.TP.2811.2984.121.415.342

Environnement et
Changement climatique Canada

Basin and lake annual loads from each individual source (csv file)

| basi
File Edit Format View Help

<ountry loads.csv - Notepad

Basin,Country,Parameter,later Vear,Mon Trib (MTA), Mon SE (MTA“2),Unmon (MTA), Unmon SE (MTA®2),Dir Indust PS (MTA),DI-SE (MTA*2),
Huren-Erie Corrider,CAN,SRP,2009,277.619,51.283,,,5.617,0.425,27.284,1.228, ,,39.483,0.573,313.52,51. 364
Western,CAN,SRP, 2009, ,,,,,,2.84,0.33,,,,,2.04,0.33
Central,CAN,SRP,2869,78.396,3.3,,,,,8.983,0.241,0.378,,3.59,0.249,79.379,3.369
Eastern,CAN,SRP, 2889,119.672,57.363, ,,4.678,8.339,2.79,0.241,6.664, ,27.959,8.92,126.54,57.364
Huron-Erie Corrider,US,SRP,2009,96.271,7.637,4.566,3.395,3.415,0.462,634.159,17.842, 1. 564,0.093,85.192,10.733,738.411,19.708
Western,Us,SRP, 2689,381.473,1.396,8.149, ,8.288,0.853,75.647,3.238,21.9,3.755,116.876, 3.511,465.477,3.527
Central,Us,SRP, 2089,108. 365, 8. 833,48.677, ,8.575,8.145,187.845,3.442,1.841,0.184,94.643,2.477,344.602,3.544
Eastern,US,SRP, 2089, ,,,,0.22,8.846,46.447,1.275,,,1.694,0.122,46.667,1.276
Huron-Erie Corridor,CAN,TP,2009,647.918,33.797,137.509,12.475,12.31,8.607,38.976,1.755,,,56.403,1. 248,835.813,36.073
Western,CAN, TP, 2889, ,,,,,,2.914,8.471,,,,,2.914,8.471
Central,CAN,TP,2809,110.783,10.314,64.689,12.521,,,1.484,8.345,8.54,,5.128,8.356,176. 276,16.226
Eastern,CAN,TP,2009,383.797,88.938,128.175,17.707,5.826,8.486,3.985,0. 344,0.005,0.001, 39.942,1.315,521.786,90.686
Huron-Erie Corridor,Us,TP,2009,214.422,16.941,101.891,29.19,4.377,0.661,985.942,25.488,2.233,0.133,121.701,15.333,1227.132,41.946
Western,US,TP,2889,2331.117,48.385,176.261,2.189,8.297,0.876,108.065,4.625,31.285,5. 364, 166.964, 5. 444, 2689 . 74,40 628
Central,Us,TP,2689,922.696,35.839,213.749,9.885,6. 82,0208, 267.267,4.917,2.634,0. 263, 135. 205, 3. 538, 1463872, 37.502
Eastern,US,TP, 2009, ,,109.776,5.603,0.314,0.065,57.781,1.821,,,2.419,0.175,167.571,5.734
Huron-Erie Corridor,CAN,SRP,2818,29.37,3.967,,,10.726,8.596,22.362,8.752,,,24.17,0.655,62.458,4.082
Western,CAN,SRP, 2018, , ,,,,,2.797,8.285,,,,,2.797,8.285
Central,CAN,SRP,2010,8.501,1.363, ,,,,0.813,0.171,0.375,,3.084,0.21,9.314,1.374
Eastern,CAN,SRP, 2010,55.162,6.636,,,4.011,8.058,2.579,0.242,0.004, ,27.416,8.755,61.752,6.64
Huron-Erie Corridor,US,SRP,2818,79.361,5.811,24.455,1.884,11.389,0.904,561.819,6.653,2.802,0.295,98. 245,16.396,676.144,9.678
Western,US,SRP, 2016,433.312,3.32,3.414, ,8.219,0.852,80.761,3.599,22.733,4.131,124.229,5.945,517.706,4. 596
Central,Us,SRP, 2010,127.672,5.008,49.84,,8.339,0.019,163.869,7.674,1.112,8.118,80.376, 3.674,341.12,9.164
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Loading Estimate Decision Support System
Implementation Issues

e After initial round of beta testing of DSS, discrepancies in some results were discovered
* Implementation is our interpretation of Dolan Method based on Maccoux et al., (2016)

1. Monitored tributaries: When calculating loads using Stratified Beale Ratio Estimator,
there were cases where the DSS used different flow cutoff values and/or number of

strata compared to Maccoux et al., (2016).

Examples: Black-Ml in 2013 Sydenham in 2013
#of TP Lload # of Flow cutoff TP Load MSE
strata  (MTA) MSE (MTAA2) strata (cfs) (MTA) (MTA72)
Maccoux 1 49 709 Maccoux 2 400 90 1100
DSS 2 44 (-10%) 637 (-10%) DSS 2 300 88 (-2%) 1085 (-1%)

If we have detail information on the algorithms from Dolan program used by Maccoux
et al., (2016) to compute flow cutoff values and to choose number of strata, then issue

can be resolved.

i+l
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Loading Estimate Decision Support System
Implementation Issues (continued)

2. Point sources: Differences in assigning point sources to tributaries and/or categorizing
them as indirect or direct. This process was performed manually using a GIS by visual
Inspecting point source locations in relation to tributaries and water quality monitoring
stations.

Example: Huron-MlI in 2011

Indirect Municipal Indirect Industrial
(MTA) (MTA)
Maccoux 27.95 0.17
DSS 33.06 (18%) 0.13 (-23%)

Note that differences in aggregated loads from multiple point sources can be large. If
the same tributary and indirect/direct assignments from Maccoux et al., (2016) were
used, then differences can be resolved.

2. Heidelberg data: Annual mean square errors (MSEs) were not computed by DSS, but
were obtained from Maccoux et al., (2016) data files. For future years, MSEs need to
be provided or calculation method needs to be known. Also for future years, daily loads
need to be provided since these were not calculated by the DSS.
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Loading Estimate Decision Support System
Next Steps

* Refine implementation of Dolan Method in DSS to reduce differences in
results
* Implement visualization of results

— Tables: annual loads from individual sources (or all aggregated) by tributary,
basin, lake, country -

_ Maps and graphs P 1 b -.- ™ J-» ....i o

o =
* Implement data import utllltles as required

i+l
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Summary

* ECCC is monitoring in the Huron-Erie corridor, priority
Canadian tributaries to Lake Erie, nested monitoring in
the Thames River watershed, Lake St. Clair with
MOECC, and in the Great Lakes

* Loadings estimates based on Dolan approach, with 50-
100 samples collected per location per water year

* LEDSS will be a publically available tool, modernizing the
Dolan approach using Al and a user-friendly interface

ECCC is working with partners to ensure data
comparability and is supporting watershed and lake
modeling initiatives with enhanced data
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