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Introduction to this Report

This report is the written deliverable of Activity 4.3 of the technical assistance to Viet Nam entitled
‘Localization of water resources management technology to adapt to climate change in
Hong-Thai Binh River basin’ (reference number AF-2021000099). The proponent and recipient
of the Technical Assistance (TA) is the National Center for Water Resources Planning and
Investigation (NAWAPI) via its North Division (NVWATER).

Activity 4.3 is the last activity of Output 4 which corresponds to establishing testing protocols and
making any improvements possible to the Forecasting System which aims at improving
transboundary flow calculations. The Forecasting System was installed at the Centre for Water
Resources Planning and Investigation (CEWAFO), designated staff were trained, and the testing
period began in April 2023. The testing was to run until September 2023 before the official
closure of the TA in end of October 2023.

This report outlines the testing carried out by the CEWAFO staff members, the testing the DHI
team carried out based on the feedback from CEWAFO, the changes to the system that resulted
from that and final conclusions and recommendations.

This report and the Technical Reference Manual (both English and Vietnamese versions)
delivered in the end of October 2023, correspond to the final deliverable of the CTCN TA.
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1 Background

The United Nations awarded funding for a technical assistance (TA) request to the Climate
Technology Centre Network (CTCN) to select and customize technologies that can provide
science-based information on transboundary water resources in the Hong-Thai Binh River basin
in Viet Nam, to ensure more accurate and integrated planning. The proponent is the North
Division of the National Center for Water Resources Planning and Investigation (NVWATER). The
organization delivering the technical assistance is DHI. The duration of the CTCN TA is from April
2022 to October 2023.
The output of this TA was a Flow Forecasting System that can provide estimates of
transboundary flow coming from upstream catchments in China and according to NAWAPI's
reporting requirements. The system was developed, delivered, and tested, for the following
entities:

« Department of Water Resources Planning

« Department of Water Resources Monitoring

« Center for Water Resources Warning and Forecast (CEWAFO)

All these units are under the National Center for Water Resources Planning and Investigation
(NAWAPI). The system was installed at CEWAFO.

The implementation of this CTCN TA was organized into five outputs. Output 1 of the TA
corresponded to all the preparatory tasks such as completing CTCN reporting requirements,
organizing the kick-off meeting and establishing an approved work plan.

Output 2 led to the identification of the climate change risks and challenges in the Hong-Thai Binh
River basin. During Activity 2.1, a kick-off meeting and stakeholder consultations were carried
out. It presented the opportunity for face-to-face meetings where the broader group of TA
stakeholders were consulted. This was also an effort for information and data collection, needed
to inform the remaining activities and a critical step in the identification of climate change risk and
challenges to transboundary Water Resource Management (WRM) in the Hong-Thai Binh River
basin.

Output 3 (Activities 3.1 and 3.2) served to identify the most appropriate technology to meet the
objective of the TA. The selection was fully based on the findings of the stakeholder consultation
mission to Hanoi especially the final technical meeting held with technical and high level NAWAPI
decision-makers. The meeting included Mr. Tong Ngoc Thanh, General Director of NAWAPI, Mr.
Nguyen Ngoc Ha, Deputy General Director of NAWAPI, and the key contact point and proponent
for this TA, Mr. Nguyen Chi Nghia, Director General of NVWATER.

The main objective of Output 4 was the customization of the selected technology described in the
Activity 4.1 Report. The selected technology was implemented and installed within Activity 4.2.

Lastly, Output 5 resulted in the production of the system’s Technical Reference Manual to
accompany the system installation in English and Vietnamese languages; as well as the capacity
building activities 5.2 and 5.3.

This report constitutes the final deliverable of the TA, submitted at the end of Activity 4.3. Section
2 of this report presents the results of the testing phase. Sections 3 present the updates done to
the system as a result of the analysis of the test findings explained in Section 4. Finally, Section 5
presents the key conclusions and recommendations.
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2 System testing for 6 months

2.1 CEWAFO testing

From April to September/October 2023, CEWAFO staff member was testing the system, filling out
a testing protocol and sharing with the DHI team. The protocol template is in Appendix A and the
original filled out protocols are enclosed in Appendix B.

2.2 Issues reported

The forecasting system had been installed and configured successfully in the designated server
in CEWAFO computation room. Then, the dispatched group of client’s staff took over the system
and applied it for the flood season of 2023 year. The purpose of the test phase was to
consolidate the capacity of staffs from the client to operate the system in the future. Besides, the
test phase is also designed to verify the outcome of forecasting system to meet the requirements.

The first issue came from the client’s side with the re-installation of windows system permission.
The new account did not allow forecasting system to access the backup folder in the data drive

(D). As result, forecasting system could not create back up data. With support from developers,
the client was able to re-configure and made the system running well again.

The second is about the replacement of data server at DHI office. By design, the system will
connect to DHI server to get the historical and forecast precipitation periodically. As agreed, DHI
will provide those data for free as long as the system active. In some situation, when internet
connection is failed, or routine maintenance of server, or server upgrading would cause
disconnection for a while. When happened, a quick action will be implemented to recover the
connection to keep the forecasting system resume working.

The next issue is related to comparison between forecasting output versus data collected by the
client. It is important to make sure that the simulation from the system would fit the natural flow at
the border of Vietnam. The client started to check simulated flow of Da river at Lai Chau
station/hydro power. This river is attractive because there is a series of cascade hydropower
dams located. The closest dam to the border is Lai Chau hydro power. Since no observation is
available, the client had to collect the back-calculated discharge from water levels and release of
the dam. They did comparison with output from the system and found that there is a discrepancy
in term of magnitude. The difference happens not only in dry, but also in wet season. Both
medium forecasting (using GFS rainfall) and long term one (using CFS precipitation) face to the
same phenomenon. Even though the variation of flood hydrograph is similar, but the mismatched
plot could not be solved in the quick assessment. The DHI team had set up several meetings with
the client, and internally, to understand the situation and assigned expert to find solutions.
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3 Summary of operational system

This chapter summarizes the operation of the Flow Forecasting System focusing on how the
system jobs are organized and how the operation is scheduled. For a full description of the
system, refer to deliverables Activity 4.1 Report and Activity 5.1 Technical Reference Manual.
Only the relevant aspects to the system testing and improvement are mentioned herein in section
3.1, whereas section 3.2 describes the changes carried out by the team as a result of the testing

Figure 3.1  Overview map of MIKE Hydro Basin model setup for upper part of Hong — Thai
Binh river basin. Catchments are brown polygons, rivers and nodes are in blue,
and the reservoirs are indicated by a hydropower symbol (there are 12 in total).

3.1 From Satellite data to MHB simulations

In this study, there are several sources of satellite images are selected. They are Sentinel-1,
Sentinel-2 and SAR-1.

Satellite data is downloaded by DHI and converted to Dfs2-tiles, which is the forcing data to the
hydrological model of the Hydrological Forecasting Component of the system. The software and
model used in this component is the DHI-GHM (the Global Hydrological Model of DHI). In this
component there are three types of simulations: hindcast, medium range- forecast and seasonal
forecast simulation. For each of the three, datasets of precipitation, temperature and potential
evaporation are prepared. The simulation periods associated with each simulation of the
Hydrological Forecasting Component are depicted in Figure 3.2.
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Figure 3.2  Overview of data-input to the simulations of the DHI-GHM and MHB models within
their respective forecasting system components.

The DHI-GHM model hindcast simulation is updated daily, where the latest added data is used to
run the simulation, hot started from the previous simulation. This simulation produces another
hotstart, which replaces the previous as “latest status”. It will be used to hotstart the Medium
Range Forecast, MRF, which at the current days’ time at 00:00 will extract its state as hotstart.
However, it will continue simulating until 14 days forecast to simulate MRF GHM results (yellow
arrow of the hydrological forecast component). The MRF hotstart will then be used as input to the
Seasonal Forecast, SF, (orange arrow of the hydrological forecast component), which will
simulate all 20 ensemble members of that dataset (the simulation is run 20 times) and up to about
270 days lead time.

At some locations, discharge and intermediate runoff will be extracted, imported into MIKE
Workbench and set as an input to the MHB model of the flow forecasting component of the
system.

Moving into the Flow Forecasting Component of the system (bottom half of Figure 3.2), as the
model is not hotstarted, a warmup-period of 2200 days was introduced. Until 7 days prior to the
current day, the outputs of the hydrological hindcast simulation are used (green arrow of the flood
forecasting component) in the simulation, followed by the MRF outputs until the current day,
which is also Time of Forecast (ToF). After ToF, the MHB simulations run using its respective
forecast products (yellow and orange arrows of the flow forecasting component) up until the end
of their respective lead times.

Results are stored within a period of one year before the current day until a set number of days
after ToF (MRF: 15, SF: 270).
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3.2 Updates to the operational system

As a result of the testing period — conclusions to be described in section 4 of this report — the
system was improved to include a new option for the Flow Forecasting Component. The water
resources model of this component is now registered using two setups of the MHB model:

e With Data Assimilation (DA) at reservoir water levels
e Without DA

Consequently, and in line with the operation described in section 3.1, two MHB simulations are
operationalized for each model setup (with and without data assimilation):

¢ Medium Range Forecast
e Seasonal Forecast

In both cases, as described in the previous section, the same process is carried out and result
timeseries from the Hydrological Forecasting Component simulations are combined to one input
timeseries to the two MHB models.

3.2.1 Model registration and scenarios

To accomplish MHB simulations for both, with and without data assimilation (DA), the MHB model
has been registered twice, see Figure 3.3.

e Upper_Hong_Thai_binh_No_DA: this model is registered and set up to simulate without
data assimilation (DA) at reservoirs.

e Upper_Hong_Thai_binh_With_DA: this model is registered and set up to simulate with DA
at reservoirs.

Scenarios o x

"] Models and Scenarios

+-f Comparison Configuration

i Model Setups

-l Group of Upper_Hong_Thai_birh
i Upper_Hong_Thai_binh_No_DA
+}- =G CFSUpper_Hong_Thai_binh_No_DA
++-=@ GFSUpper_Hong_Thai_binh_No_DA
i} =@ Hindcast Upper_Hong_Thai_binh No_DA

= Upper_Hong_Thai_binh_With DA

i} =3 CFSUpper_Hong_Thai_binh_With DA
+}-w@ GFSUpper_Hong_Thai_binh_With DA
+-=3 Hindcast Upper_Hong_Thai_binh_With DA

Figure 3.3  Model registrations and scenarios of the MHB in MIKE Workbench.
Each of the model registrations contains 3 scenarios:

e GFS - medium range forecasts

e CFS - seasonal forecast

¢ Hindcast — this scenario is only run once and used to derive long term statistics and for
validation. In the operational runs, CFS and GFS will simulate a longer hindcast period.

The scenario configuration for the GFS with DA is shown in Figure 3.4. GFS scenario without DA
has the same configuration. CFS with DA scenario has a similar configuration whereas CFS
without DA has the same configuration as CFS with DA.
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Table 3.1

Main properties of the MIKE HYDRO Basin scenarios.

Scenario Hindcast period For_e S
eriod
GFS Medium Range Forecast with DA 2200 days (= 6 years) 14 days
CFS Seasonal Forecast with DA 2200 days (= 6 years) 270 days
GFS Medium Range Forecast without DA | 2200 days (= 6 years) 14 days
CFS Seasonal Forecast without DA 2200 days (= 6 years) 270 days

Table 3.1 gives an overview of the main scenario settings, which differ between the scenarios:

¢ Hindcast period warmup period used for ensuring proper initial conditions.
e Forecast period that covers the same period as available in the weather/climate forecast.

: Properties
Scenano - GFS Upper_Hong_Thai_binh_With_DA

o x

H= A
2= L

v General Properties
Description
Scenario Name
SimulationTimesOption

~ Initial Conditions

»  Upper_Hong_Thai_binh_With_DA

v Scenario settings
Checkout folder
Checkout machine
Checkout user
Generate change log
Generate Input time senes
Store simulation content
Store simulation input time series
Time series Interval

v Script
Paost-processing scnpt
Pre-processing script

~ Simulation times
Forecast period
Hindcast period
Period offset
Time of day

~  Simulation times preview
Calculated end time
Calculated time of forecast
Czlulated start time

Test run time

Scenario Name
Mame of the selected scenaric,

Scenario
GFS Upper_Hong_Thai_binh_With_DA
RelativeToDay

Upper_Hong_Thai_binh_With_DA

False
Variations
True
Variations

FullTimeseries

14.00:00:00
2200.00:00:00
0.00:00:00
06:00:00

Generdl Change log entries = Metadata

Figure 3.4  Properties of the GFS Scenario with DA (Medium Range Forecast).

3.2.2 System jobs

Some jobs have received an update during the investigation and adding of an additional model

setup. Those jobs are described in the following.
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MHB Medium range forecasting

Job 02a_MHB_GFS runs the MHB simulation for the ‘Medium range forecast’.

| % 02a_MHB_GFS

HO

= “g; 02a_MHE _GFS

=gl Properties

outputFolder

LS S 4

boleg

gl temGroup
i % RunAll
DownloadEOData

BB .|._.,
L+ L+ L+ L+ L+

SendErrorLog

@ scenanoPath_\with_DA

scenanohame_With_DA
ScenaricPath_No DA
ScenanoMame_No_DA

RunGFSForecast \with_DA
RunisFSForecast_Mo_DA

Figure 3.5 Job to run MHB simulation for the ‘Medium range forecast’.

The properties of this job are defined as shown in Table 3.2.

Table 3.2
Properties

scenarioPath_With_DA

Properties of Job 02a_ MHB_GFS.
| Value

/Group of
Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_With_DA/GFS
Upper Hong Thai_binh_With DA

outputFolder

Model Output

scenarioName_With_DA

GFS Upper_Hong_Thai_binh_With_DA

scenarioPath_No_DA

/Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_ No
_DA/GFS Upper_Hong_Thai_binh_ No _DA

scenarioName_ No _DA

GFS Upper_Hong_Thai_binh_ No _DA

EO_Filename

China-RK-reservoir-monitoring.csv

The first step is to download the EO data. Data is downloaded from an Azure blob-storage to a
temporary directory and then processed using the script “/Datalmport/ImportEOData”
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= %y 022_MHB_GFS | Properties
=-5] Properties )
i @ scenanoPath_Wwith_DA Flun Seript
i @ outputFolder i 4] |
----- @ scenanoName_With_DA v D
® S b DSS Sorpt Manager
- @ ScenarioName_No_DA mj:”_ - ."E:ll ’
| g S COFilenome Displayhame RunScript - Impot EOData
;} 5'1'-i R I'l.-'.]: up Name RunScript
- & u
: w  Mandatory
= % DownloadEQData 3
i [#-4& RunScript- Create TempDir - . /Datalmg EOData
:g Makelir F'lI . oir C Curves
[ RunSeript - Export azcopy.exe D
i . ExportDocument - Download_Reserw Ei $(Temp $(EO_Fi )
i .,3 Exec - Download_ReservoirData P4
i =@ RunScript- Impot EOData PS5
i “uiy RemoveDir PE
& & RunGFSForecast \With DA P
- & RunGFSForecast_No_ DA F'!II
W % SendErrorlLog P9
s (helead
Figure 3.6  Target to download the EO data.

Then both scenarios based on GFS data are run with DA and without DA.

MHB Seasonal forecasting

Job 02b_MHB_CFS runs the MHB simulation for the Seasonal forecast.

+F
)
*}
+}

&

=R 2 02b_MHB_CFS

-1-4| Properties

L A R R B R

i‘

Le Le e e 0

scenanoPath_With_DA
outputFolder
scenznolName_With_DA
scenarioPath_No_DA
ScenanoName_No_Da
EQO_Filename
ItemGroup

RunAll

DownloadEOData
RunCFSForecast_\With_DA
RunCFSForecast_No_DA
SendErrorLog

Figure 3.7
For the job, the properties are defined in Table 3.3

Table 3.3

Properties of Job 02b_MHB_CFS

Job for running the MHB simulation for the seasonal forecast.

Properties ’ Value

scenarioPath_With_DA

/Group of
Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_With_DA/CFS
Upper Hong Thai binh With DA

outputFolder

Model Output

scenarioName_With DA

CFS Upper_Hong_Thai_binh_With_DA

scenarioPath_No_ DA

/Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_ No
_DAJCFS Upper_Hong_Thai_binh_ No _DA
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scenarioName_ No _DA

CFS Upper_Hong_Thai_binh_ No DA

EO_Filename

China-RK-reservoir-monitoring.csv

The first step is to download the EO data. Data is downloaded from an azure blob-storage to a
temporary directory and then processed using the script “/Datalmport/ImportEOData”.

=% 02b_MHB_CFS | Propertjes
#1-4f] Properties —
RunScrip
2 hemCrom
i % RunAl o= 4l |
—}- % DeownloadEOData L
@+ RunScript - Create TempDir ¥ 1SS Seript Manag
Bg0ry 35 Script Manager
% ;1::;5:91 Export azcopy.exe Description Rurns a script
L., R . -
+§ ExportDocument - Download_Reservoir_Data Pfflf’lmame S _I - Impot EOData
= @ Exec - Download_ReservoirData T : -
- - " I
i 4 RunScript - Impot EOData
L LB RemaoveDir - (S::t i /Data / EOData
- & RunCFSForecast_\With_DA Bl /R ir C '
b & FunCFSForecast_No DA 3 ST Dir\$(EO_Fi )
t1- % SendErrorLog 3 ' -
P4
DE
Figure 3.8  Target to download the EO data

Then both scenarios based on CFS data are run: with DA and without DA.

Database maintenance
Job 03_Maintenance ensures the database is maintained.

It is ensured, that old simulations are cleaned up, where the 4 operational scenarios are added
see Figure 3.9. Simulations are kept for 2880 hours (120 days).

= TToCoge
5
gy ManageSimulations - GFS \With DA
~+ds ManageSimulations - CFS With DA
+f ManageSimulations - GFS No DA
4 ManageSimulations - CFS Mo DA

s

ok leliel

Figure 3.9  Target for managing simulations.

The next step will ensure old initial conditions are cleaned up. Both model setups, with and
without DA need to be added, see Figure 3.10.
i RunScript - Manage Inibal Conditions Baseline \With DA
.,; RunScript - Manage Initial Conditions Baseline No DA

Figure 3.10 Target for managing initial conditions.

Database Backup

Job 04_DatabaseBackup will clean up the database (vacuum) and create a backup.
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SN o4 DatabaseBickun
-1 Properties
i @ DatabaseBackup_Folder
¢ DB_Name
-~ g DB_User
# DB _Password
. @ DB_Port
- @ DB_host
temiEroup
Run&ll
Vacuum
LatabaseBackup
SendErrorLog

I
L+ L# L+ L+

Figure 3.11 Job for database vacuum and backup.

The vacuum and backup are done by batch files run on disk. These batch files are stored in the
document manager and are exported on a temporary folder before execution.

SF] Maintenance|

=-{ DatabaseBackup

: % backup.bat
= - VACLU LM
vacuum, bat

Figure 3.12 Location of DB vacuum and backup in document manager.
The batch files are designed to be able to use parameters:

- DatabaseBackup_Folder
- DB_Name

- DB_User

- DB_Password

- DB_Port

- DB_host

If any of the parameters differs from the fallback values (Table 3.4), it needs to be set.

Table 3.4 Fallback values for database backup parameters.

Parameter Fallback value

DatabaseBackup_Folder D:\H_TB\Backup

This should be set to match
maintenance

DB_Name H_TB_CTCN
DB_User postgres
DB_Password postgres
DB_Port 5432
DB_host localhost

The batch file execution uses all parameters needed (Figure 3.13 and Figure 3.14), whereby
default (parameter is empty), the fallback value is used.
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Category MSBuild Task

Description Runs the specified program or command with the specified arguments.

DigplayName Exec

MName Exec
~  Mandatory

Command vacuum bat “${(DB_Name)" “$(DB_User)” “$(DB_Password)” “${DB_Port ) “${DB_Host)"
w Dptional

Ignore ExitCode False

Timeout

Tool Path

Working Directory $(TempDir)

s W m——a

Figure 3.13 Call of the exported vacuum.bat file with parameters.

P

Exec
SIS
~ Description
Category MSBuild Task
Description Runs the specfied program or command with the specified arguments
DisplayMame Exec
Name Exec
~  Mandatory
Command backup bat “${DatabaseBackup_Folder)” “$(DB_Name)" “$(DB_User)" “${DB_Password)" “$(DB_Fort)" "${DB_Host)"
~  Dptional
lgnore ExitCode False
Timeout
TeolPath
Working Directary ${TempDir)

Figure 3.14 Call of the exported backup.bat file with parameters.
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4 List of system tests

4.1 Observations from the testing period as received from NAWAPI

Figure 4.1 presents an overview of the water resources model network and the location of the
hydrometric stations used to calibrate the model. NAWAPI provided the discharge time series
(m3/s) for these stations namely: at Dao Duc, at Lai Chau and at Lao Cai. According to NAWAPI,
the flow discharge is calculated based on the rating curves of the stations. The stations measure
water level, and sometimes during the high flow season, discharge is also measured.

—= == (wreg
dats £2023 @@3 Ges11) Map data 82023 GOOQIQ
5227 Yuxi 6357 3 =
Ew e £
G243
on G213 | ;
6287 |
L2 ™
5323 3337
o) o o
. Goe15 Wenshan
Honghe 63
Hani and Yi
Autonomous
Prefecture
i o
6213
Puet N )
R
|
m m
s / LadC
anne Ban 'i,’:u.\r!‘m\'.) X 3 Lal Chau e
"OUS £ % (00 ]
ire \ Lao Sa Chal ™y B4C Kan o
m Yot Ou Distract *\_‘
J:jta £2023 'C 80 Ke
L
‘7 Ban Kha Pou .
/\ . Phongssl ! D i Q QL33 Yén Bal
= LA s toin ?
Nohia Lo Théi Nguyén
(213 | Boun Neua p - o
/q"? \ e / Phong Lang N cres . ¥
Pl g Dién Blin Phi x >0ng CO|

Figure 4.1  Diagram of the water resources model network and the location of the
hydrometric stations used to calibrate the model based on flow (m?/s) time series
provided by NAWAPI.

DHI have received timeseries plots for the test period from three stations: Lai Chau, Lai Cao and
Dao Duc as shown in the below Figure 4.2, Figure 4.4, Figure 4.6, respectively.

The figures have been compared with respective model calibration and validation plots made
during the model calibration phase which are included here as Figure 4.3,

Figure 4.5 and Figure 4.7.

In the testing phase, the calibrated model has been applied to the period after the calibration
period. The below table shows the summary of the validation activities:

Table 4.1 List of validation stations, and periods of hindcast and forecast

| Hindcast | Forecast | Station

Frequency of 10 days from

Period 2000 days 2016-2023

Lai Chau, Dao Duc and Lao Cai

For each station, the comparison between simulations (with/without DA) versus observation are
presented in below Table 4.2, Table 4.3 and Table 4.4.
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Table 4.2 Summary of comparison for Lai Chau location

SIM with DA Difference in ‘Dif‘ference in| SIM with out ‘ Difference in |Difference in
volume % DA volume %
2016 |22,783,293,792|18,813,311,912| -3,969,981,880 -17.4 23,646,878,141| 863,584,349 3.8
2017 |26,614,203,264|14,323,090,668|-12,291,112,596 -46.2 28,397,034,163|1,782,830,899 6.7
2018 |25,991,393,513|14,466,680,419|-11,524,713,094 -44.3 29,397,557,602|3,406,164,088 131
2019 |14,525,222,400|10,125,369,457| -4,399,852,943 -30.3 18,492,402,219|3,967,179,819 27.3
2020 |21,156,212,983|11,864,675,715| -9,291,537,268 -43.9 23,973,111,355|2,816,898,372 13.3
2021 |18,045,124,102|11,348,068,593| -6,697,055,508 -37.1 21,712,380,354(3,667,256,253 20.3
2022 |21,211,562,304|11,078,765,764|-10,132,796,540 -47.8 22,451,450,773|1,239,888,469 5.8
2023 |13,945,047,264| 9,121,626,407 | -4,823,420,857 -34.6 16,776,965,674|2,831,918,410 20.3
2016 |22,783,293,792|18,813,311,912| -3,969,981,880 -17.4 23,646,878,141| 863,584,349 3.8
2017 |26,614,203,264|14,323,090,668|-12,291,112,596 -46.2 28,397,034,163|1,782,830,899 6.7
2018 |25,991,393,513|14,466,680,419|-11,524,713,094 -44.3 29,397,557,602|3,406,164,088 131
2019 |14,525,222,400|10,125,369,457| -4,399,852,943 -30.3 18,492,402,219|3,967,179,819 27.3
2020 |21,156,212,983|11,864,675,715| -9,291,537,268 -43.9 23,973,111,355|2,816,898,372 13.3
2021 |18,045,124,102|11,348,068,593| -6,697,055,508 -37.1 21,712,380,354(3,667,256,253 20.3
2022 |21,211,562,304|11,078,765,764|-10,132,796,540 -47.8 22,451,450,773|1,239,888,469 5.8
2023 |13,945,047,264| 9,121,626,407 | -4,823,420,857 -34.6 16,776,965,674|2,831,918,410 20.3

With data containing Lai Chau, the total difference is from 3.9 to 12.2 billion of m® (about 17-50%
compared to the total observation) for the case with DA. On the contrary, in the simulation case

without DA, the error is from 800 million to 3.9 m? (about 3.5-17% compared to the total
measured quantity).

Table 4.3

SIM with DA

volume

Summary of comparison for Lao Cai location
Difference in ‘

Difference in

%

SIM with out
DA

Difference in
volume

Difference in

%

2016 |12,485,664,000(14,348,615,057| 1,862,951,057 14.9 14,348,615,057| 1,862,951,057 14.9
2017 |18,269,798,400| 9,183,184,425 | -9,086,613,975 -49.7 18,212,881,079| -56,917,321 -0.3
2018 |15,553,641,600| 6,049,672,359 | -9,503,969,241 -61.1 15,351,100,784| -202,540,816 -1.3
2019 |9,134,121,600 | 3,821,350,467 | -5,312,771,133 -58.2 9,126,092,780 | -8,028,820 -0.1
2020 |14,225,328,000| 3,901,023,727 |-10,324,304,273 -72.6 11,665,810,328|-2,559,517,672 -18.0
2021 |12,448,738,091| 4,080,148,097 | -8,368,589,993 -67.2 12,106,029,577| -342,708,514 -2.8
2022 |13,723,097,509| 3,820,355,734 | -9,902,741,775 -72.2 12,395,562,790|-1,327,534,719 -9.7
2023 | 7,074,961,276 | 2,544,517,823 | -4,530,443,453 -64.0 9,540,848,119 | 2,465,886,843 34.9
2016 |12,485,664,000/14,348,615,057| 1,862,951,057 14.9 14,348,615,057| 1,862,951,057 14.9
2017 [18,269,798,400| 9,183,184,425 | -9,086,613,975 -49.7 18,212,881,079| -56,917,321 -0.3
2018 [15,553,641,600| 6,049,672,359 | -9,503,969,241 -61.1 15,351,100,784| -202,540,816 -1.3
2019 |9,134,121,600 | 3,821,350,467 | -5,312,771,133 -58.2 9,126,092,780 | -8,028,820 -0.1
2020 [14,225,328,000| 3,901,023,727 |-10,324,304,273 -72.6 11,665,810,328|-2,559,517,672 -18.0
2021 (12,448,738,091| 4,080,148,097 | -8,368,589,993 -67.2 12,106,029,577| -342,708,514 -2.8
2022 [13,723,097,509| 3,820,355,734 | -9,902,741,775 -72.2 12,395,562,790(-1,327,534,719 -9.7
2023 |7,074,961,276 | 2,544,517,823 | -4,530,443,453 -64.0 9,540,848,119 | 2,465,886,843 34.9

With data from Lao Cai Station, the total difference of the excess amount is from 1.8 billion to
10.3 billion m3 (about 15-70% compared to the total measured amount) in the case with DA.
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Whether as for the simulation case without DA, the total difference is from 2.4 billion to 2.5 billion
m3 (about 21-25% compared to the total measured amount).

Table 4.4 Summary of comparison for Dao Duc location

Difference in Difference in | SIM with out | Difference in | Difference in

Volume

SIM with DA

volume

%

DA

volume

%

2016 |2,944,261,440|3,502,505,798 | 558,244,358 19.0 4,721,769,167| 1,777,507,727 60.4
2017 |5,097,245,760| 3,607,593,229 | -1,489,652,531 -29.2 5,415,333,416| 318,087,656 6.2
2018 16,016,144,320|4,323,256,812 | -1,692,887,508 -28.1 5,330,645,588| -685,498,732 -11.4
2019 |3,941,066,880|4,186,401,019| 245,334,139 6.2 4,480,635,479| 539,568,599 13.7
2020 |4,164,730,560|3,796,153,118 | -368,577,442 -8.8 4,886,217,845| 721,487,285 17.3
2021 |3,302,795,985|4,015,118,264 | 712,322,279 21.6 5,010,321,286| 1,707,525,301 51.7
2022 |4,252,952,317|4,415,129,666 | 162,177,349 3.8 4,889,572,971| 636,620,653 15.0
2023 |2,389,695,722|2,616,743,711| 227,047,989 9.5 2,986,910,978| 597,215,256 25.0
2016 |2,944,261,440|3,502,505,798 | 558,244,358 19.0 4,721,769,167| 1,777,507,727 60.4
2017 |5,097,245,760| 3,607,593,229 | -1,489,652,531 -29.2 5,415,333,416| 318,087,656 6.2
2018 6,016,144,320|4,323,256,812 | -1,692,887,508 -28.1 5,330,645,588| -685,498,732 -11.4
2019 |3,941,066,880|4,186,401,019 | 245,334,139 6.2 4,480,635,479| 539,568,599 13.7
2020 |4,164,730,560|3,796,153,118 | -368,577,442 -8.8 4,886,217,845| 721,487,285 17.3
2021 |3,302,795,985|4,015,118,264 | 712,322,279 21.6 5,010,321,286| 1,707,525,301 51.7
2022 |4,252,952,317|4,415,129,666 | 162,177,349 3.8 4,889,572,971| 636,620,653 15.0
2023 |2,389,695,722|2,616,743,711| 227,047,989 9.5 2,986,910,978| 597,215,256 25.0

With data from Lao Cai Station, the total difference of the excess amount is from 700 million to
1.6 billion m3 (about 23-26% compared to the total measured amount) in the case with DA. As for
the simulation case without DA, the total excess amount is from 1.7 billion to 600 million m3 lower

(about 16-61% compared to the total measured amount).

From the above results it can be seen that for Lao Cai station and Lai Chau hydropower
reservoir, simulation results without DA give better total simulation results than with DA. However,
for Dao Duc station, this is the opposite.

Table 4.5 Evaluation of simulation results at stations
Lai Chau Lao Cai Dao Duc

With DA | No DA | With DA | No DA | With DA | No DA
2016 0.73 0.78 0.25 0.25 0.29 -0.74
2017 0.38 0.83 0.24 0.80 0.46 0.65
2018 0.39 0.84 -0.19 0.67 0.32 0.42
2019 0.46 0.24 -0.13 0.26 0.45 0.40
2020 0.47 0.87 -0.10 0.73 0.49 0.37
2021 0.44 0.63 -0.39 0.64 0.44 0.16
2022 0.26 0.74 -0.58 0.69 0.66 0.63

The calculation of NASH coefficients show that No DA simulations give higher reliability than with

DA.
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Our observations and comments regarding this data are the following:

a)

For the two important stations Lao Cai and Lai Chau, the model’s hindcasts and forecasts
are consistently lower than the observations during the test period in 2023. This is the
case during both dry and wet seasons.

Assuming that the observed timeseries are consistent and since the calibration and validation
results do not show biases similar to the ones observed during the test periods at the two
locations (Figure 4.3 and

b)

DEE sa@

Figure 4.5), the observed biases during the test period could originate either from the
runoff data pushed to the water resources model, from the initial conditions used in the
water resources model or from problems with the data assimilation at the upstream
reservoirs. To detect the cause, long term simulations with and without data assimilation
has been carried out on DHI’s servers as further elaborated upon in Section 4.2 below.

For the series at Dao Duc the hindcast during the dry season Oct-May is unbiased while
the flood season June -Sept is significantly underestimated.

It is noted that the simulated recession during autumn 2022 is matching well but that the
wet season is underestimated. This biased performance pattern was found also in the
calibration (Figure 4.7) but was not adjusted for. The reason for this choice was that the
calibrated parameters were quite similar to the ones giving good results for Hong and the
Da rivers (Lao Cai and Lai Chau) and that the parameters showed good performance at
Dao Duc during the validation period 2008-2013. Since, the big difference in performance
patterns during the calibration and the validation periods was not easily explainable and
likely to be due to differences in station rating, the calibration at this station was not
adjusted to the latest records.

We have investigated if we can recreate the observed bias and if data assimilation can
also have a negative impact at the Dao Duc station.

v Melp
b4

Page % @ Upper Hong_Thai_binh.mhydro - Modified

Figure 4.2  Lai Chau performance October 2021-agust 2023 (back calculated).
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Figure 4.3  Lai Chau performance during calibration and validation does not show bias
towards under- estimation of the flows.
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Figure 4.4  Lao Cai performance October 2022 - Aug 2023.
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Figure 4.5  Calibration results at Lao Cai, without any water balance bias but with a bit
delayed wet season response.
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Figure 4.6  Dao Duc Performance Oct 2022 -Sep 2023.
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Figure 4.7  Calibration of Dao Duc showing the same tendency for the calibration period, but

fine performance during the validation period.
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4.2 Test diagnosis and implemented adjustments

421 Lai Chau Station

A long-term simulation was made without data assimilation at the Chinese reservoirs to ensure
independency both of initial conditions and of data assimilation.

Figure 4.8 shows the last 7.5 and the last 2.5 years of this simulation. It is observed that the
simulation does not show a general bias. During the last 2.5 years the correspondence with
observations is very good and during 2023 (a year for which the observations were not know at
the time of model calibration) the fit is almost perfect.

This suggests that the problem could stem from the assimilation to the Earth Observations data at
the Reservoirs in China, since no real time Viethamese data has been available for assimilation.

A similar long-term model simulation was hereafter executed with the data assimilation at the
reservoirs reactivated. The result shows a clear tendency of the model underestimating the flows
at Lai Chau when compared to the observations.

Lai Chau
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Figure 4.8  Observed flows at Lai Chau vs simulated flows (Model node: N45) without data
assimilation for a 7.5- year period (top panel) and for the last 2.5 years (lower
panel).
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The difference between the results of the two simulation is illustrated in Figure 4.10. The small
spikes in the grey curve are traces of the times where the reservoir conditions have been
assimilated to Earth observations estimates of the reservoir water levels. At these dates the
simulated reservoir water levels are forced down to the observed ones resulting in water being
removed from the model, which should not have been the case.

It should be noted that the operation policies of the Chinese reservoirs are not known and that
differences between assumed and actual rule curves contribute to such problems.
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Figure 4.9 Observed flows at Lai Chau vs simulated flows (Model node: N45) with data
assimilation for a 7.5- year period (top panel) and for the last 2.5 years (lower
panel).
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Figure 4.10 Comparison of simulations at Lai Chau with (grey line) and without data
assimilation (blue line).

The EO observation technology for detection of reservoir levels is in rapid development and has
already improved markedly since the establishment of the model. Since the modelled flows
without data assimilation is actually very good it is therefore recommended to put larger emphasis
on these and to revisit the model's assumed operation rules after some years of operation where
the data series of EO level observations and observed flows in Vietnam provides a better basis
for understanding detecting the operation strategies.
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4.2.2 Lao Cai Station

Also, at the Lao Cai Station the long-term simulation without data assimilation (Figure 4.11)
shows a good and unbiased correspondence to the observations at the Lao Cai Gauging Station.
The low-flow estimation is good but the simulation of the wet season hydrograph in 2023 is a bit
delayed.

Again, the accuracy drops when introducing data assimilation as clearly indicated in Figure 4.12
and Figure 4.13.
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Figure 4.11 Observed flows at Lao Cai vs simulated flows (Model node: N34) without data
assimilation for a 7.5- year period (top panel) and for the last 2.5 years (lower
panel).

Page 22



Lao Cai

4000

3500+

—— Q_Obs
—— Q_Sim With DA

3000

NN
[= NG|
[« -]
(=B -]

=
(8]
o
o

Discharge [m3/s]

R/

2016 2017 2018

2019

2020 2021

Lao Cai

2022

2023

2024

30001

2500

—— Q_Obs

——— Q_Sim With DA

2000

1500

1000

f

Discharge [m3/s]

500

A A

| JM\

Figure 4.12 Observed flows at Lao Cai vs simulated flows (Model node: N34) with data
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assimilation for a 7.5- year period (top panel) and for the last 2.5 years (lower

panel).

Page 23



Lao Cai

—— Q_Sim No DA

30007 Q_Sim With DA

2500 +
2000

1500

Discharge [m3/s]

=
o
o
o

500 1

w

2016 2017 2018 2019 2020 2021 2022 2023 2024

Lao Cai

—— Q_Sim No DA

Q_Sim With DA
2000

1500

1000

Discharge [m3/s]

5001

2021-01 2021-05 2021-09 2022-01 2022-05 2022-09 2023-01 2023-05  2023-09

Figure 4.13 Comparison of simulations at Lao Cai with (grey line) and without data
assimilation (blue line).
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42.3 Dao Duc Station

At the Dao Duc Station the long-term simulation without data assimilation also shows a better
performance than the results received from NAWAPI. However, at this station the improvement is
not as large as in the cases of Lai Chau and Lao Cai. This is probably partly due to the fact that a
larger fraction of the catchment of the Dao Duc Station is unregulated (as compared to the
situation at the two other stations).

As explained above, the calibration of the model at the Dao Duc Station for the later years of the
station records is not as good as for the earlier period, and this certainly also has a bearing on the
results.
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Figure 4.14 Observed flows at Dao Duc vs. simulated flows (Model node: N55) without data
assimilation for a 7.5- year period (top panel) and for the last 2.5 years (lower
panel).
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Figure 4.15 Observed flows at Dao Duc vs. simulated flows (Model node: N34) with data
assimilation for a 7.5-year period (top panel) and for the last 2.5 years (lower
panel).
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Figure 4.16 Comparison of simulations at Lao Cai with (grey line) and without data
assimilation (blue line).
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5 Conclusions and recommendations

Long term simulations with the model have been made without data assimilation.

These simulations included both the Calibration period and the additional years up to middle of
2023 (additional flow data and the 6-month test period) that was not part of the calibration, and
that therefore can be seen as a new validation period.

On the main rivers (at Lai Chau on the Da River and Lao Cai on the Hong River) the system
provides very good results during the latest years and the test period. Together, these two
stations account for the largest part for the transboundary inflow to the Basin and the model
performance at these locations during the hindcast period corresponds to the good calibration
results previously reported.

When activating the model’s assimilation to the earth observations of water levels and surface
areas of the reservoirs in China the simulation accuracy of the model decreases.

This means that the biases observed during the test period is neither due to initial conditions nor
to the input from the hydrological inflows to the water resources model (MIKE HYDRO Basin) but
stems from the data assimilation in the reservoirs.

The download and processing of the earth observations of water levels have been checked and
works like it is supposed to.

In this context it must be realised, that the operation rules used for the reservoirs are not known
and the earth observations available at the time of the model calibration were not sufficiently
accurate to generate consistent operation rules (if such rules exist). The EO assessment of
reservoir characteristics has imbedded uncertainty. Due to this uncertainty and to the short
observations’ records, particularly the flood control levels and the assumed rule curves for
reservoir operation, could only be roughly assessed at the time of model establishment and such
rules may even change over time.

For the reservoir assimilation to work properly the operation rules must be consistent with the
observed levels.

However, the technology for EO observations of reservoir water levels is undergoing rapid
development and has even improved significantly during the course of this project. We therefore
recommend revisiting the reservoir operation rules again after some years of system operation
when longer and more precise records of observations have been obtained.

Until then, we recommend running the system without data assimilation which gives very good
results, not least for the main rivers, and in parallel run an exact copy of the system with data
assimilation in order to benefit from the results of this when the routines are revisited.

At the Dao Duc station a difference in model performance during peak flows has been identified
between the validation and the calibration period. We recommend revisiting the rating curve of
the station to identify if the rating curve of the station has changed and correcting the rating if
necessary. If the observed data are confirmed to be representative, the model calibration may be
adjusted by increasing the runoff coefficients, shorten the routing of the over land flow and/or
adjusting the flood control level at the Malutang Reservoir.

Adjustments have been made in MIKE Workbench so the Flow Forecasting System now
automatically runs two simulations in parallel: one without data assimilation (recommended for
reference at this stage) and one with data assimilations (go gain experience with the data
assimilation for later improvement).

Page 28



6

11/

12/

13/

141

5/

16/

171

18/

References

Danielson, J.J., & Gesch, D.B. (2011). Global multi-resolution terrain elevation data 2010
(GMTED2010): U.S. Geological Survey Open-File Report 2011-1073, 26 p

Druce, D.; Tong, X.; Lei, X.; Guo, T.; Kittel, C.M.M.; Grogan, K.; Tottrup, C. An Optical and
SAR Based Fusion Approach for Mapping Surface Water Dynamics over Mainland China.
Remote Sens. 2021, 13, 1663. https://doi.org/10.3390/ rs13091663

Forest Resources Assessment Program, FAO. (2001). Global Ecological Zoning for the
Global Forest Resources Assessment 2000. Final Report. Chapter 3: Concept and
Classification. Rome, 2001.

Lehner, B., Reidy Liermann, C., Revenga, C., Vorbsmarty, C., Fekete, B., Crouzet, P., Déll,
P., Endejan, M., Frenken, K., Magome, J., Nilsson, C., Robertson, J., Rodel, R., Sindorf, N.,
Wisser, D. (2011): High- resolution mapping of the world’s reservoirs and dams for
sustainable river-flow management. Frontiers in Ecology and the Environment 9: 494-502.
doi: 10.1890/100125.

or

McMahon, T. A., Peel, M. C., Lowe, L., Srikanthan, R., & McVicar, T. R. (2013). Estimating
actual, potential, reference crop and pan evaporation using standard meteorological data: a
pragmatic synthesis, Hydrol. Earth Syst. Sci., 17, 1331-1363. https://doi.org/10.5194/hess-
17-1331-2013. Supplementary material:
https://hess.copernicus.org/articles/17/1331/2013/hess-17-1331-2013-supplement.pdf.

O'Neill, B.C., E. Kriegler, K.L. Ebi, E. Kemp-Benedict, K. Riahi, D.S. Rothman, B.J. van
Ruijven, D.P. van Vuuren, J. Birkmann, K. Kok, M. Levy, W. Solecki (2015). The roads ahead:
Narratives for shared socioeconomic pathways describing world futures in the 21st century.
Global Environmental Change, doi:10.1016/j.gloenvcha.2015.01.004.

Riahi, K. et al. (2017) The Shared Socioeconomic Pathways and their energy, land use, and
greenhouse gas emissions implications: an overview. Glob. Environ. Change 42, 153-168.

Suttleworth, W.J. (1993). Chapter 4 Evapotranspiration. In D.R. Maidment (Ed.). Handbook of
Hydrology New York: McGraw-Hill Inc.

Page 29


https://www.fao.org/3/ad652e/ad652e07.htm#P412_20600
http://www.globaldamwatch.org/
https://sedac.ciesin.columbia.edu/pfs/grand.html

Appendix A Testing protocol template

The established technology was tested during Activity 4.3 using this template with testing
requirements including a task’s component, action, and success criteria. All tasks are
evaluated on their importance in three categories, low, medium, and high. It is expected
that the success criteria of each action is checked during the review of the system.

Component Action SL.‘CC?SS Importance | Checked?
criteria
Retrieve latest Job runs
Input data rainfall data, successfully | Medium
hindcast daily
Retrieve latest Job runs
Input data temperature successfully Medium
data, hindcast daily
Retrieve latest
otential Job runs .
Input data b . successfully | Medium
evaporation dail
data, hindcast Y
Run NAM Job runs
NAM execution | module, successfully Medium
hindcast daily
Routin Run Routing Job runs
. 9 module, successfully Medium
Hindcast execution . .
hindcast daily
Pre-processing
Hotstart and post- Job runs .
: . successfully Medium
handing processing, dail
hindcast Y
Store data and
Job runs
Data extract model .
. i . successfully Medium
postprocessing | timeseries, )
. daily
hindcast
Import model
timeseries to Job runs
Data import to MIKE successfull Medium
database Workbench . Y
daily
database,
hindcast
Retrieve latest Job runs
Input data rainfall data, gfs | successfully High
forecast daily
Retrieve latest High
Job runs
temperature
Input data successfully
data, gfs )
f daily
orecast
Medium Retrle\_/e latest High
potential Job runs
range .
f Input data evaporation successfully
orecast )
data, gfs daily
forecast
Run NAM Job runs High
NAM execution | module, gfs successfully
forecast daily
. Run Routing Job runs High
Routing
> module, gfs successfully
execution )
forecast daily
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Component

Action

Success
criteria

Importance

Checked?

Pre-processing High
Hotstart and post- Job runs
) : successfully
handing processing, gfs .
daily
forecast
Extract model Job runs High
Data . .
ostprocessing timeseries, gfs supcessfully
P forecast daily
Import model High
timeseries to Job runs
Data importto | MIKE successull
database Workbench dail y
database, gfs y
forecast
Job runs High
MHB Model Run model, gfs successfully
forecast )
daily
Retrieve latest Job runs High
Input data rainfall data, cfs | successfully
forecast daily
Retrieve latest High
Job runs
temperature
Input data successfully
data, cfs )
daily
forecast
Retrieve latest High
potential Job runs
Input data evaporation successfully
data, cfs daily
forecast
Run NAM Job runs High
NAM execution | module, cfs successfully
forecast daily
. Run Routing Job runs High
Routing
Seasonal ; module, cfs successfully
execution )
forecast forecast daily
Pre-processing High
Hotstart and post- Job runs
: : successfully
handing processing, cfs dail
forecast y
Extract model Job runs High
Data - .
ostorocessin timeseries, cfs successfully
postp 9 | forecast daily
Import model High
timeseries to Job runs
Data import to MIKE successfull
database Workbench dail Y
database, cfs Y
forecast
Job runs High
MHB Model Run model, cfs successfully
forecast )
daily
Clean up on Job runs High
Maintenance database and successfully
Maintenance disk daily
Create backup Job runs High
Data base
and handle successfully
backup .
archive weekly
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Success

Component Action o Importance | Checked?
criteria
Send email with Medium
; Job runs
. job and
Reporting ! . successfully
simulation .
X daily
overview
. . Data is High
Timeseries rocessed
Model inputs extraction and b
. and used by
accumulation
the model.
Naming High
. convention is
Model output | ;| inputs Naming of met, and data
timeseries
can be found
by scripts
Compare model | Performance | High
Model outputs | outputs with indicators are
observed data met
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Appendix B Submitted testing protocols

Localization of water resources management technology to adapt to climate change
in the Hong-Thai Binh River basin

SYSTEM TESTING PROTOCOL
The estahlished technology should be thoroughly tested during Activity 4.3 from April 2023 to October
2023 (project closes). The test protocol below outlines testing requirements and strategy by including a
task’s component, action, and success criteria. Furthermore, all tasks are evaluated on their importance
in three categories, low, medium, and high. It is expected that the success criteria of each action to be
checked during the review of the system.

Time test (1/July — 15/July/2023)

Success criteria | Importance | Checked?
Refrieve latest Job runs )
Input data rainfall data, successfully Medium Completed
hindcast daily
Refrieve latest Job runs i
Input data temperature data, successiully Medium Completed
hindcast daily
REI:;WE"MI—HIEH Job runs Medium
Input data evaporation data, sucﬁmny Completed
hindcast
Completed
Job runs i 1315 days
NAM execution |  SUNNAN | successfuly | Medium | (34,7 Job stop
' daily at step Run
Mam)
Completed
) . - Job runs i 1315 days
Hindcast E';‘““"‘ no W&‘;‘Ewd'g i | successfuly | Medium | (347 Jobstop
' daily at step Run
Mam)
Pre-processing Job P i
Hotstart and post- runs : s
- ; successfully Medium | (3 4 /7 Job stop
handing processing, daily at step Run
hindcast Nam)
Store data and Completed
Data extract model Job runs i 1315 days
. - : successiully Medium | (3 4,7 Job stop
posiprocessing hrr!esenes, daily at siep Run
hindcast Nam)
Import model Completed
. timeseries to Job runs 1315 days
Data PO | MIKE Workbench | successfuly | Medium | (347 Job stop
database, daily at step Run
hindcast Mam)
10/08/2023 1/3
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Component Action Success crteria | Importance | Checked?
Refrieve latest Joby uns )
Input data rainfall data, gfs successfully High Completed
forecast daily
Refrieve latest Job runs .
Input data temperature data, successfully High Completed
ofs forecast daily
wﬂﬂ Job runs Hiah
Input data evaporation data, suctﬁamlly q Completed
afs forecast
Run NAM Job runs _ ] Mﬁ%"ﬂe%
NAM execution module, gfs successfully High Job smdayms
forecast daily P at step
Run Mam)
Medium Routing e o sty High | Completed with
range execufion fore t:ast daily emort
forecast
Pre-processing
Hotstart and post- iy High | Completed with
handing processing, gfs daily errort
forecast
Data I_E}dract_mndel Job runs Hiah Completed with
. timeseries, gfs successfully 19
postprocessing forecast daily emort
Import model
. fimeseries to Job runs
Data PO 10 | MIKE Workbench | successfuly High | Completed wih
database, gfs daily
forecast
Job runs
Run model, gfs Hiah Completed with
MHE Model forecast sum[:z?sfully 19 erTor*
ly
Refrieve latest Joby runs )
Input data rainfall data, cfs successfully High Completed
forecast daily
Refrieve latest Job runs .
Seasonal Input data temperature data, successfully High Completed
forecast cfs forecast daily
REBEVE |atest Job runs
High
PG | oysporaton catg, | SUCCESSMUly | MG | Compieted
cfs forecast
10/08/2023 2/3
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* Completed with error — NAM in the 1a, 1b, 1c broken but the next step for running 2a, 2b is can running

without error

Component Action Success criteria | Importance | Checked?
Completed
Run NAM Job runs ) 1215 days
NAM execution module, cfs successfully High (3,457 Job
forecast daily stop at step
Run MNam)
i Run Routing Job runs ) )
EI:M I'g module, cfs successfully High Cm-‘:lier? with
forecast daily
Pre-processing
Hotstart and post- op e High | Completed with
handing processing, cfs daily v eror*
forecast
Dat I_Emact_model Job runs High Completed with
. timesenes, cfs successfully q
postprocessing forecast daily emort
Import model
. timeseries o Job runs )
Data MPOTI0 | MIKE Workbench | successfully High | Completedwih
database, cfs daily
forecast
Job runs )
Run model, cfs : Completed with
MHE Model forecast successfully High amor
daily
Clean up on Job runs )
Maintenance database and successiully High Completed
disk daily
Create backup Job runs )
Maintenance Datalhase and handle successfully High Completed
P archive weekly
Send email with Job runs .
Reporting job and simulafion | successfully Medium Nee?i;l:'lnﬂ
. daily )
. Data is
Timeseries . ;
Modelinputs | extracionang | Ploves-ed and High | Checkno with
accumulation u by the r-Bac
model.
Maming
: convention is . .
Model output | o el inputs pamng of met, and data High | Checkno wih
can he found by i
scripts
Compare model Performance ] . ;
Model outputs | outputs with indicators are High | Checkno wih
observed data met ;
10/08/2023 3/3
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Localization of water resources management technology to adapt to climate change
in the Hong-Thai Binh River basin

SYSTEM TESTING PROTOCOL

The estahlished technology should be thoroughly tested during Activity 4.3 from April 2023 to Oclober
2023 (project closes). The test protocol below outlines testing requirements and strategy by including a
task’s component, action, and success criteria. Furthermore, all tasks are evaluated on their importance
in three categories, low, medium, and high. It is expected that the success critenia of each action to be
checked during the review of the system.

Time test (15/uly — 30/July/2023)

Success criteria | Imporiance | Checked?

Refrieve latest Job runs )
Input data rainfall data, successfully Medium Completed
hindcast daily
Refrieve latest Job runs )
Input data temperature data, successfully Medium Completed
hindcast daily
R’Egﬁm I.E'II'EH Job runs )
Input data evaporation data, suclﬁﬁmlly Medium Completed
hindcast
Job runs
. Run NAM .
Medium
MAM execution module, hindcast suctﬁ;mlly Completed
. " ; Job runs )
Hindcast EI:M I_g n&‘ﬂ;ﬁﬂgm successfully Medium Completed
v daih‘.
Pre-processing
Job runs
Hotstart and DCEt— Medium
handing processing, suctﬁﬁmlly Completed
hindcast
Store data and
Job runs
Data extract model Medium
posiprocessing timeseries, mc‘ﬁﬁmlly Completed
hindcast
Imiport model
. timeseries to Job runs
Da;am;"bﬁ | MIKE Workbench | successfully | Medium | Completed
database, daily
hindcast
Medium Refrieve latest Job runs )
range Input data rainfall data, gfs successfully High Completed
forecast forecast daily
10/08/2023 1/3
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Component Action Success criteria | Importance | Checked?
Refrieve latest Job runs )
Inputdata | temperature data, |  successfully High Completed
gfs forecast daily
RE:EVE lalest Job runs
ential High
Input data evaporation data, sucﬁmny g Completed
afs forecast
Run NAM Job runs )
NAM execution module, gfs successfully High Completed
forecast daily
i Fun Routing Job runs .
egm module, gfs successfully High Completed
forecast daily
Pre-processing
Job runs.
Hotstart and post- High
handing ing, gfs sucﬁmny g Completed
forecast
Dat Extract model Jab runs Hich
. fimeseries, gfs successfully 19 Completed
postprocessing forecast daily
Import model
i fimeseries fo Job runs
Da;am;"bﬁ 0 | MIKE Workbench | successfully High Completed
database, gfs daily
forecast
Job runs. )
Run model, gfis ; Completed with
MHE Model foracast successfully High armort
daily
Reftrieve latest Job runs. )
Input data rainfall data, cfs successfully High Completed
forecast daily
Refrieve latest Job runs )
Input data temperature data, successfully High Completed
cfs forecast daily
Refrieve latest
. Job runs
Seasonal potential Hiah
forecast Input data evaporation data, sucﬁmny g Completed
cfs forecast
Run NAM Job runs )
NAM execution module, cfs successfully High Completed
forecast daily
. Run Routing Job runs
Routing module, cfs successfully High Completed
execution forecast daily
10/08/2023 2/3
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Component Action Success criteria | Importance | Checked?
Pre-processing
Job runs
Hofstart and post- Hiah
handing processing, cfs sucﬁmny Ig Completed
forecast
Dat Extract model Job runs Hiah
. timesenes, cfs successfully Ig Completed
posiprocessing forecast daily
Import model
. fimeseries fo Job runs
Data MPOTO | MIKE Workbench | successfully High Completed
database, cfs daily
forecast
Job runs
MHB Model | Runmodel cfs | oo rasstully High Completed
forecast .
daily
Clean up an Jaob runs )
Maintenance database and successfully High Completed
disk daily
Create backup Job runs )
Maintenance Dmse and handle successfully High Completed
P archive weekly
Send email with Job runs .
Reporting job and simulation |  successfully Medium Nee?i;l T"ﬂ
. daily i
. Datais
Timeseries . .
Modelinputs | extractionang | PTOCesSeqand | pjgn | Checking with
accumulation u by the f-Bac
model.
Maming
. convention is . )
VodBlOB | oo puts | AT | metandcam | Hon | Checkpown
can be found by .
scripts
Compare model Performance . .
Model outputs | outputs with indicators are High | Checkig with
observed data met .

* Completed with error — NAM in the 1a, 1b, 1c broken but the next step for running 2a, 2b is can running

without error

10/08/2023

The expert in WATER ENVIRONMENTS

3/3

B-6



Localization of water resources management technology to adapt to climate change
in the Hong-Thai Binh River basin

SYSTEM TESTING PROTOCOL
The established technology should be thoroughly tested during Activity 4.3 from April 2023 to Ociober
2023 (project closes). The test protocol below outlines testing requirements and strategy by including a
task’s component, action, and success criteria. Furthermaore, all tasks are evaluated on their importance
in three categories, low, medium, and high. It is expected that the success criteria of each action to be
checked during the review of the system.

Component Action Success criteria | Importance | Checked?
Refrieve latest Job runs )
Input data rainfall data, successfully Medium Completed
hindcast daily
Refrieve latest Job runs )
Input data | temperature data, | successfully Medium Completed
hindcast daily
Ragi;ve latest Job runs
ential Medium
Input data evaporation data, suc[[:z?smuy Completed
hindcast Y
Completed
Run NAM Job runs ) 27130 days
NAM execution | o b0 i et successfully Medium | (21,22 27/6 Job
' daily stop at step
Run Nam)
Completed
) " ) Job runs 27130 days
Hindcast E':““'_‘ﬂ W&‘ﬂé“ﬁ'iﬂg i | successfully Medium | (21,22,27/6 Job
' daily stop at step
Run MNam)
) Completed
Hotstart Pﬂm“ﬂ Job runs _ 27/30 days
- . successfully Medium | (21,22 27/6 Job
handing processing, daily stop at step
hindcast Run Nam)
Completed
Store m Job runs _ 27130 days
Data extract m successfully Medium | (21,22 27/6 Job
postprocessing hrr!esenes, daily stop at step
hindcast Run Nam)
Import model Completed
. timeseries o Job runs ) 27130 days
Da;aat;“bﬁ | MIKE Workbench | successfully | Medium | (21,22 27/6 Job
database, daily stop at step
hindcast Run Nam)
23/06/2023 1/3
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Component Action Success criteria | Importance | Checked?

Refrieve latest Job runs )
Input data rainfall data, gfs successfully High Completed
forecast daily
Refrieve latest Job runs _
Input data temperature data, successfully High Completed
qfs forecast daily
Lemhlem. El_alest Job runs Hiah
[
Input data evaporation data, suctﬁlr;mny q Completed
qfs forecast
Run NAM Job runs .
MAM execution module, gfs successfully High Cun’;;l%erg with
forecast daily
. Run Routing Job runs .
Medium Houtha module, gfs successfully High | ComPletedwih
range forecast daily
forecast Pre-processing
Hotstart and post- sty High | Completed with
handing processing, gis daily emort
forecast
Extract model Job runs .
Data timeseries, gfs successfully High Completed with
postprocessing forecast daily errort
Import model
. timeseries to Job runs .
Da;am;"hg 1 | MIKE Workbench | successfully High C“”‘é‘;‘fﬂ with
database, gis daily
forecast
MHE Model | Runmodel, gfs sﬁjc?:;:nﬁw High | Completed with
forecast daily ermort
Refrieve latest Job runs _
Input data rainfall data, cfs successfully High Completed
forecast daily
Refrieve latest Job runs )
Input data temperature data, successiully High Completed
cfs forecast daily
Seasonal -
forecast Refrieve latest Job runs
Input data mﬂmﬂu'm'n s | Successiully High Completed
cfs forecast daily
Fun MNAM Job runs .
NAM execution module, cfs successfully High Cu“:ﬁ::f with
forecast daily
23/06/2023 2/3
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Component Action Success criteria | Importance | Checked?
. Run Routing Job runs _ .
EEeumm: uting module, cfs successfully High Cu"gﬁ:]e: with
forecast daily
Pre-processing
Hotstart and post- sty High | Completed with
handing processing, cfs daily emort
forecast
Extract model Job runs .
Data timeseries, cfs successiully High Completed with
postprocessing forecast daily errort
Import model
- timeseries to Job runs .
Dﬁ,{;ﬂﬁ 0 | MIKE Workbench |  successfully High G"”‘;‘;‘fﬂ with
database, cfs daily
forecast
Job runs .
Run model, cfs : Completed with
MHE Model forecast successfully High amort
daily
Clean up on Job runs )
Maintenance database and successfully High Completed
disk daily
Create backup Job runs
Maintenance Datalbase and handle successiully High Completed
P archive weekly
Send email with Job runs .
Reporting | job and simulation | successfully Medium HBE%;':‘"“
. daily )
. Datais
Timeseries - .
) ; processed and Hiah Checking with
Model inputs mmcrfﬂ& a';lr::l used by the a Mr. Bach
accd model.
MNaming
i convention is . .
Model oUtpUt | pogel inputs iaming of metanddata | High | Checking wih
can be found by ]
scripts
Compare model Performance _ . )
Model outputs | outputs with indicators are High | Checking with
ohserved data met )

* Completed with error — NAM in the 1a broken but the next step for running 1b, 1c, 2a, 2b is can running

without error

Compare model GFS outputs with observed data

23/06/2023
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Compare model CFS outputs with observed data

| have question about this, In site the data table result of CFS have 20 case can appear in real. We should

compare with which data?® Average of 20 cases or per case in 20 cases?
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DA

Appendix C LAYV curve for reservoirs in China

Gelantan

Volume
371 0.02827 0.068532 0.0359794 | 0.125928
376 0.098515 0.423187 | 463 0.129355 0.560251
381 0.205597 1.213877 | 468 0.258709 1.60108
386 0.378641 2.689033 | 473 0.421473 3.35808
391 0.617647 5.244429 | 478 0.627927 6.06168
396 0.943175 9.324666 | 483 0.917475 10.0323
401 1.295259 15.02141 | 488 1.28669 15.7504
406 1.719302 22.72272 | 493 1.73301 23.45
411 2.158765 32.6479 498 2.23672 33.627
416 2.678753 44.96057 | 503 2.82781 46.5599
421 3.29126 60.19442 | 508 3.48829 62.7233
426 3.8952 78.42314 | 513 4.20017 82.344
431 4.571956 99.92684 | 518 4.87864 105.397
436 5.303538 124.9231 | 523 5.48343 131.668
441 6.078808 153.7401 | 528 6.05654 160.85
446 6.878065 186.4985 | 533 6.53112 192.545
451 7.776694 223.5264 | 538 7.01941 226.676
456 8.748138 265.3559 | 543 7.45716 263.097
461 9.6639 311.8225 | 548 7.89063 301.696
466 10.54197 362.7111 | 553 8.25214 342.279
471 11.38834 418.0449 | 558 8.64363 384.717
476 12.23129 477.5548 | 563 8.95459 428.874
481 13.01427 541.0688 | 568 9.22786 474.448
486 13.77926 608.424 573 9.48058 521.414
491 14.44574 679.318 578 9.70245 569.462
496 15.08052 753.4767 | 583 9.82495 618.356
501 15.63734 830.6217 | 588 9.93632 667.839
506 16.12563 910.3384 | 593 10.0228 717.802
511 16.50342 992.141 598 10.0717 768.06
516 16.82123 1075.613 | 603 10.1162 818.576
521 17.08594 1160.528 | 608 10.1342 869.205
526 17.28468 1246.605 | 613 10.1462 919.915
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Longma Yayangshan
531 0.038549 0.114791 0.01028 7.905192
536 0.115648 0.511422 774 0.016276 7.969441
541 0.239006 1.477726 779 0.047973 8.126209
546 0.358081 2.999141 784 0.182467 8.694169
551 0.521702 5.280408 789 0.542261 10.55653
556 0.765848 8.593941 794 1.183038 15.1499
561 1.097372 13.37235 799 1.978868 23.44744
566 1.506852 20.03625 804 2.707023 35.51854
571 1.978868 28.95144 809 3.490004 51.37433
576 2.46459 40.25497 814 4.440888 71.57763
581 2.922043 53.94086 819 5.493714 96.89257
586 3.482294 70.2224 824 6.62364 127.7141
591 4.061391 89.2598 829 7.756135 164.1492
596 4.722727 111.5413 834 8.890343 206.2829
601 5.410619 137.2452 839 9.848081 253.6592
606 6.117358 166.4451 844 10.63192 305.2845
611 6.859219 199.2446 849 11.34894 360.6765
616 7.620783 235.7997 854 12.02227 419.4472
621 8.397767 276.2388 859 12.57052 481.2444
626 9.223581 320.6974 864 13.00313 545.412
631 10.07338 369.2867 869 13.31924 611.388
636 11.01142 422.4446 874 13.54625 678.7037
641 11.97943 480.3115 879 13.71844 746.9755
646 13.05967 543.4717 884 13.81867 815.8976
651 14.20159 612.2138 889 13.89148 885.2136
656 15.24671 686.3245 894 13.93774 954.8252
661 16.18902 765.4613 899 13.9643 1024.598
666 17.06195 849.0354 904 13.99771 1094.508
671 17.89633 936.9572 909 14.01227 1164.548
676 18.63306 1028.726 914 14.02426 1234.648
681 19.30981 1123.97 919 14.03026 1304.788
686 19.89148 1222.259 924 14.0354 1374.955
691 20.38148 1323.202 929 14.04054 1445.142
696 20.7764 1426.371 934 14.04568 1515.359
701 21.12334 1531.319 939 14.04825 1585.599
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Longma Yayangshan
706 21.40347 1637.791 14.05253 1655.852
711 21.64333 1745.534
716 21.82409 1854.318
721 21.97828 1963.895
726 22.10935 2074.169
731 22.20273 2185.016
736 22.27897 2296.262
741 22.33208 2407.821
746 22.36806 2519.577
751 22.3989 2631.506

Sinanjiang Shimenkan

Level (m) | Area (km2) Volume Level (m) Area (km2) Volume
814 0.026556 0.096802 675 0.001713 0.001713
819 0.083952 0.38892 680 0.037693 0.089949
824 0.166191 1.04169 685 0.177327 0.657909
829 0.270702 2.178468 690 0.341804 2.030267
834 0.411193 3.93889 695 0.574814 4.390346
839 0.631353 6.627066 700 0.807824 7.915472
844 0.896915 10.55739 705 1.144488 12.96287
849 1.262706 16.13249 710 1.508566 19.70987
854 1.618217 23.47143 715 1.900913 28.4186
859 2.086806 32.90403 720 2.248714 38.9126
864 2.558822 44.78324 725 2.659907 51.42058
869 3.047971 59.02252 730 3.054824 65.91087
874 3.578239 75.82834 735 3.451454 82.36888
879 4.111933 95.33175 740 3.986006 101.1416
884 4.792972 117.92 745 4529123 122.7129
889 5.480008 143.8509 750 5.082521 147.0256
894 6.316101 173.7129 755 5.581093 173.9476
899 7.130778 207.7751 760 6.067672 203.3702
904 7.947168 245.9073 765 6.519128 235.1135
909 8.65562 287.8319 770 6.929465 268.9641
914 9.353792 333.2491 775 7.262702 304.6086
919 10.02455 382.038 780 7.569384 341.849
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Sinanjiang Shimenkan
924 10.64905 434.0703 7.822953 380.4455
929 11.22901 489.0999 790 8.008847 420.1488
934 11.73357 546.7869 795 8.151051 460.6642
939 12.17389 606.7672 800 8.24357 501.7176
944 12.52598 668.7683 805 8.302679 543.105
949 12.77869 732.1889 810 8.336945 584.7195
954 12.99542 796.7993 815 8.360075 626.4822
820 8.376351 668.3408
825 8.389201 710.2705
830 8.391771 752.2251
835 8.394341 794.196
840 8.395197 836.1685
845 8.395197 878.1445
850 8.396054 920.1248
855 8.396054 962.1051
860 8.396911 1004.087
865 8.396911 1046.072
870 8.396911 1088.056
875 8.396911 1130.041
880 8.396911 1172.025
885 8.396911 1214.01
890 8.396911 1255.994

Puxigiao Nansha
Level (m) | Area (km2) Level (m) Area (km2)
617 0.01799 11.09965 207 0.006853 0.02056
622 0.035123 11.22986 212 0.035123 0.125928
627 0.069389 11.50399 217 0.105368 0.494289
632 0.136208 12.0531 222 0.368361 1.673043
637 0.251856 13.09479 227 0.940605 5.139917
642 0.39149 14.7627 232 1.660193 12.00171
647 0.587664 17.2864 237 2.330952 22.33551
652 0.794974 20.81752 242 3.152482 36.38119
657 1.02113 25.47857 247 4.074241 54.87375
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Puxigiao

Level (m) | Area (km2) Level (m) INCEN (P Volume

662 1.267846 31.29781 4.979723 77.90401
667 1.538548 38.41403 257 5.987146 105.8523
672 1.899199 47.12533 262 7.044256 138.9499
677 2.276127 57.71784 267 8.127065 177.4959
682 2.735292 70.45969 272 9.03169 220.8896
687 3.286977 85.78436 277 9.714443 268.1854
692 3.884064 103.9831 282 10.38863 318.823
697 4.589946 125.4611 287 10.95659 372.4795
702 5.303538 150.4771 292 11.44745 428.7162
707 6.149054 179.5253 297 11.93317 487.4483
712 6.955164 212.7266 302 12.31267 548.2998
717 7.8161 250.1092 307 12.65362 610.8748
722 8.652193 291.7066 312 12.95259 675.1135
727 9.47972 337.4561 317 13.20702 740.6749
732 10.22244 387.1068 322 13.41347 807.3447
737 10.87178 440.2305
742 11.49371 496.4963
747 12.02055 555.5907
752 12.52255 617.2715
757 12.95173 681.188
762 13.36293 747.2308
767 13.69103 815.0666
772 13.98914 884.4383
777 14.25042 955.233
782 14.47401 1027.185
787 14.65562 1100.083
792 14.82523 1173.897
797 14.94002 1248.39
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Malutang Madushan

<m>
334 0.006853 | 0.01542 0.009423 |0.027413 0.099372 |0.321245
339 0.051399 |0.172187| 499 0.048829 |0.192747 155 0.257852 | 1.26442
344 0.144774 |0.673329| 504 0.128498 | 0.64763 160 0.627927 |3.530266
349 0.292975 |1.803254| 509 0.254426 |1.691889| 165 1.169331 |8.204164
354 0.442033 |3.696457| 514 0.449743 |3.540546| 170 1.970301 |16.30553
359 0.6245 [6.430893| 519 0.636493 | 6.35979 175 2.915189 | 28.9009
364 0.83181 [10.16162| 524 0.860936 |10.20873| 180 3.991145 |46.66959
369 1.097372 |15.10964| 529 1.066533 |15.14562 185 5.145057 | 70.0425
374 1.356938 |21.34093| 534 1.255853 [21.03168| 190 6.437746 |99.63472
379 1.716732 | 29.1973 | 539 1.496572 |28.03396| 195 7.733005 |135.6364
384 2.091946 |38.86976| 544 1.761278 [36.33322| 200 9.355505 |179.1038
389 2.46202 |50.44314| 549 1.999428 (45.85748| 205 11.5117 |232.1169
394 2.88692 |64.00139| 554 2.336949 |56.84491| 210 14.06538 |297.2508
399 3.30925 (79.69355| 559 2.653054 |69.48825| 215 16.6242 |375.2559
404 3.856651 |97.80748| 564 3.006851 |83.79435 220 19.04682 |465.9429
409 4.50428 [118.9951| 569 3.409478 |100.0356| 225 20.76441 |566.4857
414 5.273555 (143.7575| 574 3.831808 [118.3389| 230 22.13334 | 674.495
419 6.186747 |172.9205| 579 4.243001 |138.7418| 235 23.35664 |788.9318
424 6.980007 |206.3291| 584 4.674754 |161.2075| 240 24.3692 (908.8281
429 7.776694 |243.6081| 589 5.132207 |185.9639| 245 25.21386 |1033.269
434 8.486003 |284.6195| 594 5.667615 (213.1849| 250 25.93688 |1161.551
439 9.181605 |329.0875| 599 6.315244 |243.3939| 255 26.52283 |1293.058
444 9.857504 (377.0377| 604 7.008277 |277.0072| 260 26.99484 (1427.151
449 10.52141 (428.3812| 609 7.723582 (314.1894| 265 27.37263 | 1563.31
454 11.12792 |482.7847| 614 8.432033 | 355.026 | 270 27.67246 |1701.049
459 11.71301 |540.2387| 619 9.094226 |399.2225| 275 27.95172 (1840.231
464 12.25099 |600.4245| 624 9.775265 |446.7487| 280 28.1359 |1980.56
469 12.72044 |663.0647| 629 10.42375 |497.5979| 285 28.27383 [2121.615
474 13.10679 |727.8996| 634 10.97715 |551.3589| 290 28.39376 [2263.321
479 13.47429 | 794.596 639 11.51256 |607.8414| 295 28.46657 [2405.526
484 13.75185 |862.8558| 644 11.95716 |666.7637| 300 28.51455 |2547.992
489 13.96515 | 932.273 649 12.36064 |727.8062| 305 28.57023 [2690.729
494 14.1065 |1002.566| 654 12.70245 |790.6683| 310 28.59421 |2833.658
659 12.97572 |855.0097| 315 28.61734 [2976.699

664 13.19931 [920.6019| 320 28.63276 |3119.823
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Malutang Madushan

Level (m)|Area (km2)LeveI (m)|Area (km2)LeveI (m)|Area (km2)| Volume

13.36892 | 987.145 28.64818 |3263.039

674 13.47087 | 1054.31 330 28.65589 | 3406.3

679 13.5394 |1121.882| 150 0.099372 |0.321245

684 13.58309 |1189.724| 155 0.257852 | 1.26442

689 13.60536 |1257.711| 160 0.627927 |3.530266

694 13.62763 |1325.816| 165 1.169331 |8.204164

699 13.63449 |1393.975| 170 1.970301 |16.30553

704 13.63963 |1462.167| 175 2.915189 | 28.9009

709 13.64562 |1530.382| 180 3.991145 |46.66959

714 13.64991 |1598.623| 185 5.145057 | 70.0425

719 13.65162 |1666.875| 190 6.437746 |99.63472

724 13.65162 |1735.133| 195 7.733005 |135.6364

729 13.65248 |1803.393| 200 9.355505 |179.1038

734 13.65248 |1871.655| 205 11.5117 |232.1169

739 13.65248 |1939.918| 210 14.06538 |297.2508

744 13.65248 | 2008.18 215 16.6242 |375.2559

749 13.65333 |2076.447| 220 19.04682 |465.9429

754 13.65333 |2144.713| 225 20.76441 |566.4857

330 28.65589 | 3406.3
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Shimenkan R60 | H

1/1/2022 00:00 | 851 | 1/1/2022 00:00 | 785 | 1/1/2022 00:00 | 660
1/6/2022 00:00 | 851 | 1/6/2022 00:00 | 759 | 1/6/2022 00:00 | 660
1/10/2022 00:00 | 851 | 1/10/2022 00:00 | 759 | 1/10/2022 00:00 | 660
1/4/2023 00:00 | 851 | 1/1/2023 00:00 | 785 | 1/1/2023 00:00 | 660

Puxigiao_R64 | H | Sinanjiang_R66 ‘ H ‘ Jupudu_R68

1/1/2022 00:00 | 755 | 1/1/2022 00:00 | 923 | 1/4/2022 00:00 | 547
1/6/2022 00:00 | 755 | 1/6/2022 00:00 | 923 | 1/5/2022 00:00 | 547
1/10/2022 00:00 | 755 | 1/10/2022 00:00 | 923 | 1/10/2022 00:00 | 547
1/1/2023 00:00 | 755 | 1/1/2023 00:00 | 923 | 1/12/2022 00:00 | 547

1/4/2023 00:00 | 547
Gelantan_ R70 | H Nalan_R72 H Nansha R74 H
1/4/2022 00:00 | 478 | 1/1/2022 00:00 | 437 | 1/1/2022 00:00 | 286
1/5/2022 00:00 | 478 | 1/6/2022 00:00 | 433.5 | 1/6/2022 00:00 | 286
1/10/2022 00:00 | 478 | 1/8/2022 00:00 | 433.5 | 1/9/2022 00:00 | 286
1/12/2022 00:00 | 478 | 1/10/2022 00:00 | 437 | 1/1/2023 00:00 | 286
1/4/2023 00:00 | 478 | 1/1/2023 00:00 | 437

Madusthan_R76 | H ‘ Malutang_R78

H ‘HC_TD_Lai_Chau H

1/1/2022 00:00 | 252 | 1/1/2022 00:00 | 642 | 1/10/2020 00:00 295
1/6/2022 00:00 | 252 | 1/6/2022 00:00 | 642 | 1/10/2021 00:00 295
1/9/2022 00:00 | 252 | 1/8/2022 00:00 | 642
1/10/2022 00:00 | 252 | 1/10/2022 00:00 | 642
1/1/2023 00:00 | 252 | 1/1/2023 00:00 | 642
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Appendix E Reservoir EO based water levels

Time DA_R2[m”2] | DA_R60 [m"2
10/31/2015 12:00:00 AM | 7.63948 5.188382
2/10/2017 00:00 5.919466 4.883719
2/22/2017 12:00:00 AM 4.867586 5.013471
3/6/2017 00:00 4.71996 5.013471
3/18/2017 12:00:00 AM | 5.778369 4.321778
3/30/2017 12:00:00 AM | 4.658281 4.407614
4/11/2017 00:00 6.281276 4.577622
4/23/2017 12:00:00 AM 6.167924 4.386732
5/5/2017 00:00 6.281276 4.025404
5/17/2017 12:00:00 AM 5.641794 4.025404
5/29/2017 12:00:00 AM | 4.658281 4.073359
6/10/2017 00:00 4.605477 3.96939
6/22/2017 12:00:00 AM | 4.71996 4.058933
7/4/2017 00:00 4.794652 4.208964
8/9/2017 00:00 5.848454 4.476951
8/21/2017 12:00:00 AM | 5.778369 4.688955
9/2/2017 00:00 5.742128 4.688955
9/14/2017 12:00:00 AM 5.446901 4.782016
9/26/2017 12:00:00 AM | 5.396788 4.998909
10/8/2017 00:00 6.9436 4.921417
10/20/2017 12:00:00 AM | 8.100632 4.989606
11/1/2017 00:00 7.927464 5.148582
11/13/2017 12:00:00 AM | 8.069998 5.202362
11/25/2017 12:00:00 AM | 7.701333 5.213325
12/7/2017 00:00 7.701333 5.113619
12/19/2017 12:00:00 AM | 6.834124 5.262221
12/31/2017 12:00:00 AM | 6.54808 4.782016
1/12/2018 00:00 7.701333 4.763067
1/24/2018 12:00:00 AM | 6.35955 5.069907
2/5/2018 00:00 5.641794 5.113619
2/17/2018 12:00:00 AM 5.742128 5.113619
3/1/2018 00:00 5.742128 5.060186
3/25/2018 12:00:00 AM | 4.658281 5.202362
4/6/2018 00:00 5.641794 5.084909
4/18/2018 12:00:00 AM 4.867586 5.13745
4/30/2018 12:00:00 AM 5.687473 5.188382
5/12/2018 00:00 6.703661 5.262221
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Time DA_R2[m”2] | DA_R60 [m"2
5/24/2018 12:00:00 AM | 5.488083 4.998909
6/5/2018 00:00 4.71996 4.359902
6/17/2018 12:00:00 AM | 6.54808 4.438048
7/11/2018 00:00 5.598144 4.658624
7/23/2018 12:00:00 AM | 5.396788 4.28105
8/4/2018 00:00 5.778369 4.602532
8/16/2018 12:00:00 AM | 5.778369 4.602532
8/28/2018 12:00:00 AM 5.446901 4.552724
9/9/2018 00:00 5.687473 4.602532
9/21/2018 12:00:00 AM | 5.446901 4.658624
10/3/2018 00:00 6.54808 4.921417
10/15/2018 12:00:00 AM | 3.529412 5.230657
10/27/2018 12:00:00 AM | 7.927464 5.113619
11/8/2018 00:00 7.927464 5.188382
11/20/2018 12:00:00 AM | 8.069998 4.989606
12/2/2018 00:00 7.887889 4.871066
12/14/2018 12:00:00 AM | 8.100632 5.026187
12/26/2018 12:00:00 AM | 6.9436 5.230657
1/7/2019 00:00 5.687473 4.989606
1/19/2019 12:00:00 AM | 6.167924 5.13745
1/31/2019 12:00:00 AM 5.742128 5.230657
2/12/2019 00:00 6.703661 5.113619
2/24/2019 12:00:00 AM | 5.919466 4.975682
3/8/2019 00:00 5.488083 4.796076
3/20/2019 12:00:00 AM | 5.085127 4.921417
4/1/2019 00:00 4.71996 4.961791
4/13/2019 12:00:00 AM 5.085127 5.013471
4/25/2019 12:00:00 AM | 5.488083 5.13745
5/7/2019 00:00 5.212292 4.989606
5/19/2019 12:00:00 AM 4.504078 4.527474
5/31/2019 12:00:00 AM 4.261277 4.058933
6/12/2019 00:00 4.504078 3.993747
6/24/2019 12:00:00 AM 4.307494 3.96939
7/6/2019 00:00 4.344377 3.874104
7/18/2019 12:00:00 AM | 4.504078 3.993747
7/30/2019 12:00:00 AM | 4.307494 4.058933
8/11/2019 00:00 4.38254 4.260157
8/23/2019 12:00:00 AM 4.476621 4.073359
9/4/2019 00:00 4.476621 4.186744
9/16/2019 12:00:00 AM | 4.658281 4.359902
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Time DA_R2[m”2] | DA_R60 [m"2
9/28/2019 12:00:00 AM 4.344377 3.947065
10/10/2019 00:00 5.150557 4.244513
10/22/2019 12:00:00 AM | 4.440014 4.840853
11/3/2019 00:00 4.54947 4.871066
11/15/2019 12:00:00 AM | 4.54947 5.060186
11/27/2019 12:00:00 AM | 4.504078 4.975682
12/9/2019 00:00 4.504078 4.998909
12/21/2019 12:00:00 AM | 4.476621 4.763067
1/2/2020 00:00 4.175431 4.552724
1/14/2020 12:00:00 AM 5.687473 4.714593
1/26/2020 12:00:00 AM 6.167924 4.883719
2/7/2020 00:00 5.778369 4.883719
2/19/2020 12:00:00 AM | 5.276898 4.951209
3/2/2020 00:00 5.919466 4.921417
3/14/2020 12:00:00 AM | 5.742128 4.738487
3/26/2020 12:00:00 AM 4.344377 4.577622
4/7/2020 00:00 4.261277 4.438048
4/19/2020 12:00:00 AM | 4.235011 4.163884
5/1/2020 00:00 4.794652 3.874104
5/13/2020 12:00:00 AM | 4.261277 4.186744
5/25/2020 12:00:00 AM 4.344377 4.073359
6/6/2020 00:00 4.307494 3.947065
6/18/2020 12:00:00 AM | 3.815005 3.96939
6/30/2020 12:00:00 AM | 4.175431 4.058933
7/12/2020 00:00 4.235011 4.025404
7/24/2020 12:00:00 AM 4.71996 4.359902
8/5/2020 00:00 4.344377 3.96939
8/17/2020 12:00:00 AM | 5.018599 4.407614
8/29/2020 12:00:00 AM | 4.658281 4.630436
9/10/2020 00:00 4.605477 4.688955
9/22/2020 12:00:00 AM 6.703661 4.961791
10/4/2020 00:00 8.069998 5.173697
10/16/2020 12:00:00 AM | 8.069998 5.113619
10/28/2020 12:00:00 AM | 8.069998 5.113619
11/9/2020 00:00 7.701333 5.213325
11/21/2020 12:00:00 AM | 7.701333 5.202362
12/3/2020 00:00 7.05904 5.084909
12/15/2020 12:00:00 AM | 6.834124 5.042006
12/27/2020 12:00:00 AM | 4.867586 4.796076
1/8/2021 00:00 5.396788 4.809064
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Time DA_R2[m”2] | DA_R60 [m"2
1/20/2021 12:00:00 AM 4.71996 5.013471
2/1/2021 00:00 5.340012 4.763067
2/13/2021 12:00:00 AM | 5.919466 4.688955
2/25/2021 12:00:00 AM | 6.703661 4.782016
4/2/2021 00:00 4.658281 4.896307
4/14/2021 12:00:00 AM 4.71996 4.909057
4/26/2021 12:00:00 AM 4.504078 4.658624
5/8/2021 00:00 4.307494 4.186744
5/20/2021 12:00:00 AM | 4.941437 4.208964
6/1/2021 00:00 4.54947 3.947065
6/13/2021 12:00:00 AM 4.71996 4.386732
6/25/2021 12:00:00 AM | 4.605477 4.058933
7/7/2021 00:00 4.605477 4.058933
7/19/2021 12:00:00 AM | 4.307494 4.058933
7/31/2021 12:00:00 AM | 4.476621 4.058933
8/12/2021 00:00 4.344377 4.073359
8/24/2021 12:00:00 AM 4.794652 4.527474
9/5/2021 00:00 4.794652 4.738487
9/17/2021 12:00:00 AM | 4.658281 3.874104
9/29/2021 12:00:00 AM | 4.605477 4.025404
10/11/2021 00:00 5.778369 4.260157
10/23/2021 12:00:00 AM | 7.300202 4.455065
11/4/2021 00:00 8.069998 5.188382
11/28/2021 12:00:00 AM | 7.701333 5.188382
12/10/2021 00:00 7.701333 5.230657
12/22/2021 12:00:00 AM | 8.069998 5.230657
1/3/2022 00:00 7.63948 5.148582
1/15/2022 12:00:00 AM | 7.190699 4.989606
1/27/2022 12:00:00 AM | 7.510925 4.921417
2/8/2022 00:00 8.100632 4.951209
2/20/2022 12:00:00 AM 8.100632 4.714593
3/4/2022 00:00 8.100632 4.577622
3/16/2022 12:00:00 AM 7.300202 4.714593
3/28/2022 12:00:00 AM 7.05904 5.160223
4/9/2022 00:00 8.069998 4.871066
4/21/2022 12:00:00 AM | 7.63948 5.042006
5/3/2022 00:00 5.919466 4.961791
8/7/2022 00:00 4.476621 4.208964
8/19/2022 12:00:00 AM 4.476621 4.105694
9/12/2022 00:00 4.504078 4.13531
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Time DA_R2[m”2] | DA_R60 [m"2
9/24/2022 12:00:00 AM 7.701333 4.883719
10/30/2022 12:00:00 AM | 8.069998 4.998909
12/5/2022 00:00 5.742128033 | 4.73848726
12/17/2022 12:00:00 AM | 5.276898048 | 4.658624218
12/29/2022 12:00:00 AM | 4.549470153 | 4.501390875
4/4/2023 00:00 5.886707074 | 4.961791241
4/16/2023 12:00:00 AM 5.778368792 | 4.577622002
4/28/2023 12:00:00 AM 4.867585782 | 4.55272452
5/10/2023 00:00 4.605477018 | 4.281049512
5/22/2023 12:00:00 AM | 4.344376731 | 4.455064695
6/3/2023 00:00 4.549470153 | 4.105694293
7/9/2023 00:00 4.175430563 | 3.969389665
8/14/2023 12:00:00 AM | 4.344376731 | 4.07335907
9/7/2023 00:00 4.175430563 | 3.969389665
9/19/2023 12:00:00 AM | 4.261276962 | 3.969389665
10/1/2023 00:00 4.794651801 | 3.993746663
10/13/2023 12:00:00 AM | 4.549470153 | 4.989605723
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Time DA R64 [m"2

10/21/2014 12:00:00 AM | 11.24114
2/6/2015 00:00 10.31835
2/18/2015 12:00:00 AM | 11.6519

3/2/2015 00:00 11.6519

3/26/2015 12:00:00 AM | 10.20295
4/19/2015 12:00:00 AM | 10.68054
5/13/2015 12:00:00 AM | 10.31835
6/6/2015 00:00 8.476627
6/30/2015 12:00:00 AM | 11.70637
7/24/2015 12:00:00 AM | 7.513831
11/21/2015 12:00:00 AM | 10.97204
12/15/2015 12:00:00 AM | 10.4337

1/8/2016 00:00 11.19319
2/1/2016 00:00 10.4976

2/25/2016 12:00:00 AM | 9.97617

3/20/2016 12:00:00 AM | 9.048682
4/1/2016 00:00 9.841372
4/13/2016 12:00:00 AM | 8.859446
4/25/2016 12:00:00 AM | 8.629447
5/7/2016 00:00 10.04603
5/19/2016 12:00:00 AM | 7.513831
5/31/2016 12:00:00 AM | 7.759975
6/12/2016 00:00 7.759975
7/6/2016 00:00 10.04603
7/18/2016 12:00:00 AM | 10.11474
7/30/2016 12:00:00 AM | 10.81419
8/11/2016 00:00 10.86311
8/23/2016 12:00:00 AM | 11.6108

9/4/2016 00:00 10.68054
9/16/2016 12:00:00 AM | 11.41456
9/28/2016 12:00:00 AM | 11.41456
10/10/2016 00:00 11.13527
10/22/2016 12:00:00 AM | 11.6108

11/3/2016 00:00 11.41456
11/15/2016 12:00:00 AM | 11.29774
11/27/2016 12:00:00 AM | 11.56267
12/9/2016 00:00 11.6108

12/21/2016 12:00:00 AM | 11.56267
1/2/2017 00:00 11.1067

1/14/2017 12:00:00 AM | 11.0343
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1/26/2017 12:00:00 AM | 11.0343

2/7/2017 00:00 10.4976
2/19/2017 12:00:00 AM 11.24114
3/3/2017 00:00 10.4976

3/15/2017 12:00:00 AM | 10.4337
3/27/2017 12:00:00 AM | 10.20295

4/8/2017 00:00 10.11474
4/20/2017 12:00:00 AM | 9.048682
5/2/2017 00:00 7.456054

5/14/2017 12:00:00 AM | 7.759975
5/26/2017 12:00:00 AM | 7.972617

6/7/2017 00:00 8.555625
6/19/2017 12:00:00 AM | 7.656162
7/1/2017 00:00 7.656162

7/13/2017 12:00:00 AM | 10.56646
7/25/2017 12:00:00 AM | 11.0343

8/6/2017 00:00 11.36758
8/18/2017 12:00:00 AM | 11.41456
8/30/2017 12:00:00 AM | 10.97204

9/11/2017 00:00 11.36758
9/23/2017 12:00:00 AM 11.41456
10/5/2017 00:00 10.97204
10/17/2017 12:00:00 AM | 11.6108

11/10/2017 00:00 11.6108

11/22/2017 12:00:00 AM | 11.41456
12/4/2017 00:00 11.36758

12/16/2017 12:00:00 AM | 11.41456
12/28/2017 12:00:00 AM | 10.56646

1/9/2018 00:00 10.56646
1/21/2018 12:00:00 AM 10.31835
2/2/2018 00:00 9.841372

2/14/2018 12:00:00 AM | 9.694464
2/26/2018 12:00:00 AM | 8.408307

3/10/2018 00:00 7.456054
3/22/2018 12:00:00 AM 8.555625
4/3/2018 00:00 7.412348

4/15/2018 12:00:00 AM 6.885198
4/27/2018 12:00:00 AM 7.163631

5/9/2018 00:00 8.053868
5/21/2018 12:00:00 AM | 7.759975
6/2/2018 00:00 7.163631
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6/14/2018 12:00:00 AM | 6.854293
6/26/2018 12:00:00 AM | 8.986167
7/8/2018 00:00 10.56646
7/20/2018 12:00:00 AM 11.36758
8/1/2018 00:00 11.41456
8/13/2018 12:00:00 AM 11.6519

9/6/2018 00:00 11.41456
9/18/2018 12:00:00 AM 11.13527
9/30/2018 12:00:00 AM 11.36758
10/12/2018 00:00 11.6108

10/24/2018 12:00:00 AM | 11.50997
11/5/2018 00:00 11.41456
11/17/2018 12:00:00 AM | 11.29774
11/29/2018 12:00:00 AM | 10.68054
12/11/2018 00:00 10.11474
12/23/2018 12:00:00 AM | 8.92217

1/4/2019 00:00 8.629447
1/16/2019 12:00:00 AM 10.04603
1/28/2019 12:00:00 AM 10.63764
2/9/2019 00:00 10.56646
2/21/2019 12:00:00 AM 11.0343

3/5/2019 00:00 10.92078
3/29/2019 12:00:00 AM 11.1067

4/10/2019 00:00 11.29774
4/22/2019 12:00:00 AM 10.56646
5/4/2019 00:00 10.37894
5/16/2019 12:00:00 AM 10.37894
5/28/2019 12:00:00 AM | 9.117824
6/9/2019 00:00 9.345075
6/21/2019 12:00:00 AM | 7.693028
7/3/2019 00:00 6.854293
7/15/2019 12:00:00 AM | 7.759975
7/27/2019 12:00:00 AM | 7.759975
8/8/2019 00:00 7.972617
8/20/2019 12:00:00 AM | 7.163631
9/1/2019 00:00 8.053868
9/13/2019 12:00:00 AM | 9.048682
9/25/2019 12:00:00 AM | 9.612944
10/7/2019 00:00 9.117824
10/19/2019 12:00:00 AM | 9.117824
10/31/2019 12:00:00 AM | 9.261534
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11/12/2019 00:00 9.345075
11/24/2019 12:00:00 AM | 9.117824

12/6/2019 00:00 9.048682
12/30/2019 12:00:00 AM | 7.693028
1/11/2020 00:00 8.408307
1/23/2020 12:00:00 AM | 8.800952
2/4/2020 00:00 8.800952

2/16/2020 12:00:00 AM | 8.555625
2/28/2020 12:00:00 AM | 7.282946

3/11/2020 00:00 8.92217
3/23/2020 12:00:00 AM | 8.859446
4/4/2020 00:00 8.629447

4/16/2020 12:00:00 AM | 8.986167
4/28/2020 12:00:00 AM | 8.283775

5/10/2020 00:00 8.705011
5/22/2020 12:00:00 AM | 7.972617
6/3/2020 00:00 8.629447

6/15/2020 12:00:00 AM | 7.354937
6/27/2020 12:00:00 AM | 7.354937

7/9/2020 00:00 7.282946
7/21/2020 12:00:00 AM | 9.117824
8/2/2020 00:00 9.694464

8/14/2020 12:00:00 AM 11.24114
8/26/2020 12:00:00 AM 11.41456

9/7/2020 00:00 11.13527
9/19/2020 12:00:00 AM 11.13527
10/1/2020 00:00 11.41456

10/13/2020 12:00:00 AM | 11.75237
10/25/2020 12:00:00 AM | 11.75237
11/6/2020 00:00 11.36758
11/18/2020 12:00:00 AM | 11.24114
11/30/2020 12:00:00 AM | 11.0343

12/12/2020 00:00 10.4337
12/24/2020 12:00:00 AM | 10.81419
1/5/2021 00:00 10.20295

1/17/2021 12:00:00 AM 9.612944
1/29/2021 12:00:00 AM 9.261534

2/10/2021 00:00 9.345075
2/22/2021 12:00:00 AM | 9.186613
3/6/2021 00:00 10.04603

3/18/2021 12:00:00 AM | 9.528654
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3/30/2021 12:00:00 AM | 9.117824

4/11/2021 00:00 9.048682
4/23/2021 12:00:00 AM | 9.694464
5/5/2021 00:00 9.425953

5/17/2021 12:00:00 AM | 8.92217
5/29/2021 12:00:00 AM | 8.408307

6/10/2021 00:00 7.282946
6/22/2021 12:00:00 AM | 8.283775
7/4/2021 00:00 7.282946

7/16/2021 12:00:00 AM | 6.854293
7/28/2021 12:00:00 AM | 7.972617

8/9/2021 00:00 7.89726
8/21/2021 12:00:00 AM | 10.56646
9/2/2021 00:00 11.56267

9/14/2021 12:00:00 AM | 10.20295
9/26/2021 12:00:00 AM | 10.20295

10/8/2021 00:00 9.911156
10/20/2021 12:00:00 AM | 10.11474
11/1/2021 00:00 11.1067

11/13/2021 12:00:00 AM | 11.36758
11/25/2021 12:00:00 AM | 11.41456
12/7/2021 00:00 12.08345
12/19/2021 12:00:00 AM | 11.41456
12/31/2021 12:00:00 AM | 11.36758

1/12/2022 00:00 11.36758
1/24/2022 12:00:00 AM 11.19319
2/5/2022 00:00 11.0343

2/17/2022 12:00:00 AM 11.36758
3/13/2022 12:00:00 AM 11.24114
3/25/2022 12:00:00 AM 10.20295
4/6/2022 00:00 9.048682
4/18/2022 12:00:00 AM 7.456054
4/30/2022 12:00:00 AM 9.186613

5/12/2022 00:00 8.859446
5/24/2022 12:00:00 AM 8.800952
6/5/2022 00:00 7.972617

6/17/2022 12:00:00 AM | 9.048682
6/29/2022 12:00:00 AM | 9.048682

7/11/2022 00:00 8.800952
7/23/2022 12:00:00 AM 7.693028
8/4/2022 00:00 7.282946
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8/16/2022 12:00:00 AM | 8.211144
8/28/2022 12:00:00 AM | 8.92217

9/9/2022 00:00 9.612944
9/21/2022 12:00:00 AM | 11.13527
10/3/2022 00:00 11.0343

10/27/2022 12:00:00 AM | 10.73766
11/8/2022 00:00 10.92078
11/20/2022 12:00:00 AM | 10.63764
12/2/2022 00:00 9.261534
12/26/2022 12:00:00 AM | 9.425953
1/7/2023 00:00 8.800952
4/1/2023 00:00 9.97617

4/13/2023 12:00:00 AM | 9.694463
4/25/2023 12:00:00 AM | 9.612943
5/7/2023 00:00 9.528654
5/19/2023 12:00:00 AM | 8.555625
5/31/2023 12:00:00 AM | 8.986167
6/12/2023 00:00 7.116219
6/24/2023 12:00:00 AM | 7.513831
7/6/2023 00:00 7.354937
7/18/2023 12:00:00 AM | 7.513831
7/30/2023 12:00:00 AM | 7.227278
8/11/2023 00:00 8.800952
8/23/2023 12:00:00 AM | 9.767244
9/4/2023 00:00 10.56646
9/16/2023 12:00:00 AM | 9.261534
9/28/2023 12:00:00 AM | 9.186613
10/10/2023 00:00 10.81419
10/22/2023 12:00:00 AM | 10.68054
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Time DA R66 [m"2

2/5/2017 00:00 6.294217
2/17/2017 12:00:00 AM | 5.975733
3/1/2017 00:00 5.397952

3/13/2017 12:00:00 AM | 5.191181
3/25/2017 12:00:00 AM | 4.963249
4/6/2017 00:00 5.089206
4/18/2017 12:00:00 AM | 4.576399
4/30/2017 12:00:00 AM | 4.203099

5/12/2017 00:00 3.757211
5/24/2017 12:00:00 AM | 2.944896
6/5/2017 00:00 3.668693

6/17/2017 12:00:00 AM | 2.523548
6/29/2017 12:00:00 AM | 3.797213

7/11/2017 00:00 5.814425
7/23/2017 12:00:00 AM | 5.921811
8/4/2017 00:00 6.294217

8/16/2017 12:00:00 AM | 5.975733
8/28/2017 12:00:00 AM | 5.975733

9/9/2017 00:00 6.134945
9/21/2017 12:00:00 AM | 6.370041
10/3/2017 00:00 6.420225

10/15/2017 12:00:00 AM | 6.33673
10/27/2017 12:00:00 AM | 6.420225

11/8/2017 00:00 6.33673
11/20/2017 12:00:00 AM | 6.507164
12/2/2017 00:00 6.370041

12/14/2017 12:00:00 AM | 6.180168
12/26/2017 12:00:00 AM | 5.61674

1/7/2018 00:00 5.765358
1/19/2018 12:00:00 AM | 5.139095
1/31/2018 12:00:00 AM | 5.551469

2/12/2018 00:00 5.551469
2/24/2018 12:00:00 AM | 5.488122
3/8/2018 00:00 4.71014

3/20/2018 12:00:00 AM | 5.191181
4/1/2018 00:00 5.397952

4/13/2018 12:00:00 AM | 4.426914
4/25/2018 12:00:00 AM | 3.033687
5/7/2018 00:00 3.362861
5/19/2018 12:00:00 AM | 4.426914
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5/31/2018 12:00:00 AM | 3.668693
6/12/2018 00:00 3.797213
6/24/2018 12:00:00 AM | 4.843882
7/18/2018 12:00:00 AM | 6.294217
7/30/2018 12:00:00 AM | 6.420225

8/11/2018 00:00 6.458769
8/23/2018 12:00:00 AM | 6.230159
9/4/2018 00:00 6.420225

9/16/2018 12:00:00 AM | 6.370041
9/28/2018 12:00:00 AM | 6.134945

10/10/2018 00:00 6.420225
10/22/2018 12:00:00 AM | 6.370041
11/3/2018 00:00 6.370041

11/15/2018 12:00:00 AM | 6.635101
11/27/2018 12:00:00 AM | 6.370041

12/9/2018 00:00 6.420225
12/21/2018 12:00:00 AM | 6.458769
1/2/2019 00:00 6.370041

1/14/2019 12:00:00 AM | 6.370041
1/26/2019 12:00:00 AM | 6.458769

2/7/2019 00:00 6.370041
2/19/2019 12:00:00 AM | 6.370041
3/3/2019 00:00 6.370041

3/15/2019 12:00:00 AM 6.294217
3/27/2019 12:00:00 AM 6.294217

4/8/2019 00:00 6.294217
4/20/2019 12:00:00 AM | 6.077679
5/2/2019 00:00 5.344583

5/14/2019 12:00:00 AM | 4.366954
5/26/2019 12:00:00 AM 2.681905

6/7/2019 00:00 2.690052
6/19/2019 12:00:00 AM | 2.336632
7/1/2019 00:00 2.34011

7/13/2019 12:00:00 AM | 2.681905
7/25/2019 12:00:00 AM | 2.533434
8/6/2019 00:00 3.668693
8/18/2019 12:00:00 AM | 3.362861
8/30/2019 12:00:00 AM | 3.362861

9/11/2019 00:00 3.920335
9/23/2019 12:00:00 AM | 4.576399
10/5/2019 00:00 4.061397
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10/17/2019 12:00:00 AM | 4.203099
10/29/2019 12:00:00 AM | 4.203099

11/10/2019 00:00 4.061397
11/22/2019 12:00:00 AM | 3.920335
12/4/2019 00:00 3.840421

12/16/2019 12:00:00 AM | 3.975807
12/28/2019 12:00:00 AM | 3.334942

1/9/2020 00:00 3.362861
1/21/2020 12:00:00 AM | 3.649469
2/2/2020 00:00 3.160926

2/14/2020 12:00:00 AM | 3.668693
2/26/2020 12:00:00 AM | 2.681905

3/9/2020 00:00 3.216308
3/21/2020 12:00:00 AM | 2.810974
4/2/2020 00:00 3.479208

4/14/2020 12:00:00 AM | 2.523548
4/26/2020 12:00:00 AM | 2.336632

5/8/2020 00:00 2.336632
5/20/2020 12:00:00 AM | 2.810974
6/1/2020 00:00 2.336632

6/13/2020 12:00:00 AM | 2.681905
6/25/2020 12:00:00 AM | 3.757211

7/7/2020 00:00 3.649469
7/19/2020 12:00:00 AM | 3.087421
8/12/2020 00:00 4.103047
8/24/2020 12:00:00 AM | 5.139095
9/5/2020 00:00 4.843882

9/17/2020 12:00:00 AM | 5.139095
9/29/2020 12:00:00 AM | 5.344583

10/11/2020 00:00 5.139095
10/23/2020 12:00:00 AM | 5.019911
11/4/2020 00:00 4.843882

11/16/2020 12:00:00 AM | 4.061397
11/28/2020 12:00:00 AM | 4.426914

12/10/2020 00:00 3.797213
12/22/2020 12:00:00 AM | 3.920335
1/3/2021 00:00 3.668693

1/15/2021 12:00:00 AM 3.570106
1/27/2021 12:00:00 AM 3.757211
2/8/2021 00:00 3.757211
2/20/2021 12:00:00 AM 3.920335

The expert in WATER ENVIRONMENTS D-14



3/4/2021 00:00 3.975807
3/16/2021 12:00:00 AM | 38.757211
3/28/2021 12:00:00 AM | 3.362861

4/9/2021 00:00 3.757211
4/21/2021 12:00:00 AM | 3.975807
5/3/2021 00:00 3.920335

5/15/2021 12:00:00 AM | 3.757211
5/27/2021 12:00:00 AM | 2.681905

6/8/2021 00:00 2.681905
6/20/2021 12:00:00 AM | 3.708879
7/2/2021 00:00 4.505271

7/14/2021 12:00:00 AM | 4.71014

7/26/2021 12:00:00 AM | 4.642399
8/7/2021 00:00 4.963249
8/19/2021 12:00:00 AM | 5.139095
8/31/2021 12:00:00 AM | 5.139095

9/12/2021 00:00 4.778613
9/24/2021 12:00:00 AM | 4.642399
10/6/2021 00:00 4.426914

10/18/2021 12:00:00 AM | 4.71014
10/30/2021 12:00:00 AM | 5.344583

11/11/2021 00:00 5.397952
11/23/2021 12:00:00 AM | 5.698165
12/5/2021 00:00 5.139095

12/17/2021 12:00:00 AM | 5.191181
12/29/2021 12:00:00 AM | 5.344583

1/10/2022 00:00 5.344583
1/22/2022 12:00:00 AM | 5.191181
2/3/2022 00:00 5.019911

2/15/2022 12:00:00 AM 5.344583
2/27/2022 12:00:00 AM | 4.366954

3/11/2022 00:00 4.061397
3/23/2022 12:00:00 AM | 3.797213
4/4/2022 00:00 4.311481

4/16/2022 12:00:00 AM | 4.642399
4/28/2022 12:00:00 AM | 4.963249

5/10/2022 00:00 4.642399
5/22/2022 12:00:00 AM | 4.160532
6/3/2022 00:00 3.649469

6/15/2022 12:00:00 AM 3.757211
6/27/2022 12:00:00 AM 3.888387
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7/9/2022 00:00 4.71014

7/21/2022 12:00:00 AM | 4.71014

8/2/2022 00:00 4.103047
8/14/2022 12:00:00 AM | 4.263697
8/26/2022 12:00:00 AM | 3.920335
9/7/2022 00:00 4.061397
9/19/2022 12:00:00 AM | 4.642399
10/1/2022 00:00 5.019911
10/13/2022 12:00:00 AM | 5.139095
10/25/2022 12:00:00 AM | 5.139095
11/6/2022 00:00 5.139095

11/18/2022 12:00:00 AM

5.191181159

11/30/2022 12:00:00 AM

5.191181159

12/12/2022 00:00 4.778613261
12/24/2022 12:00:00 AM | 4.009036823
1/5/2023 00:00 3.453942892
4/11/2023 00:00 2.906083086
4/23/2023 12:00:00 AM | 3.668693235
5/5/2023 00:00 2.681905227
5/17/2023 12:00:00 AM | 2.33663206

5/29/2023 12:00:00 AM | 2.340110401
8/9/2023 00:00 4.963249294
8/21/2023 12:00:00 AM | 5.55146924

9/2/2023 00:00 6.049484917

9/14/2023 12:00:00 AM

5.921810914

9/26/2023 12:00:00 AM

5.397952101

10/8/2023 00:00

5.34458293

10/20/2023 12:00:00 AM

5.13909502

The expert in WATER ENVIRONMENTS
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Time DA R68 [m"2

2/5/2017 00:00 5.002147
2/17/2017 12:00:00 AM | 4.774961
3/1/2017 00:00 4.934165

3/13/2017 12:00:00 AM | 4.572691
3/25/2017 12:00:00 AM | 4.728691
4/6/2017 00:00 4.37289

4/18/2017 12:00:00 AM | 4.200144
4/30/2017 12:00:00 AM | 4.353793

5/12/2017 00:00 4.504062
5/24/2017 12:00:00 AM | 4.37289
6/5/2017 00:00 4.285587

6/17/2017 12:00:00 AM | 4.285587
6/29/2017 12:00:00 AM | 4.285587

7/11/2017 00:00 4.572691
7/23/2017 12:00:00 AM | 3.84417
8/4/2017 00:00 3.84417

8/16/2017 12:00:00 AM | 4.22031
8/28/2017 12:00:00 AM | 4.332438

9/9/2017 00:00 4.145947
9/21/2017 12:00:00 AM | 4.572691
10/3/2017 00:00 4.934165

10/15/2017 12:00:00 AM | 4.71234
10/27/2017 12:00:00 AM | 4.37289

11/8/2017 00:00 3.994099
11/20/2017 12:00:00 AM | 4.39159
12/2/2017 00:00 4.886323

12/14/2017 12:00:00 AM | 4.37289
12/26/2017 12:00:00 AM | 4.37289
1/7/2018 00:00 5.002147
1/19/2018 12:00:00 AM | 4.200144
1/31/2018 12:00:00 AM | 4.353793

2/12/2018 00:00 4.823235
2/24/2018 12:00:00 AM | 4.934165
3/8/2018 00:00 3.994099
3/20/2018 12:00:00 AM | 4.39159

4/1/2018 00:00 4.285587

4/13/2018 12:00:00 AM | 4.636946
4/25/2018 12:00:00 AM | 4.472234
5/7/2018 00:00 3.994099
5/19/2018 12:00:00 AM | 4.37289
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5/31/2018 12:00:00 AM | 4.555489
6/12/2018 00:00 4.504062
6/24/2018 12:00:00 AM | 3.669547
7/18/2018 12:00:00 AM | 4.145947
7/30/2018 12:00:00 AM | 4.353793

8/11/2018 00:00 4.200144
8/23/2018 12:00:00 AM | 4.472234
9/4/2018 00:00 4.37289

9/16/2018 12:00:00 AM | 4.472234
9/28/2018 12:00:00 AM | 4.06963

10/10/2018 00:00 3.84417
10/22/2018 12:00:00 AM | 5.002147
11/3/2018 00:00 4.934165

11/15/2018 12:00:00 AM | 4.87239
11/27/2018 12:00:00 AM | 4.839485

12/9/2018 00:00 4917316
12/21/2018 12:00:00 AM | 5.002147
1/2/2019 00:00 5.114614

1/14/2019 12:00:00 AM | 4.353793
1/26/2019 12:00:00 AM | 5.002147

2/7/2019 00:00 4.285587
2/19/2019 12:00:00 AM | 4.807563
3/3/2019 00:00 4.518837

3/15/2019 12:00:00 AM | 4.555489
3/27/2019 12:00:00 AM | 4.823235

4/8/2019 00:00 4.774961
4/20/2019 12:00:00 AM | 4.667468
5/2/2019 00:00 4.39159

5/14/2019 12:00:00 AM | 4.39159
5/26/2019 12:00:00 AM | 4.249149

6/7/2019 00:00 4.285587
6/19/2019 12:00:00 AM | 4.22031
7/1/2019 00:00 4.22031

7/13/2019 12:00:00 AM | 4.332438
7/25/2019 12:00:00 AM | 4.06963
8/6/2019 00:00 4.332438
8/18/2019 12:00:00 AM | 4.22031
8/30/2019 12:00:00 AM | 4.472234

9/11/2019 00:00 4.112581
9/23/2019 12:00:00 AM | 4.035125
10/5/2019 00:00 4.035125
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10/17/2019 12:00:00 AM | 3.84417
10/29/2019 12:00:00 AM | 4.112581

11/10/2019 00:00 4.332438
11/22/2019 12:00:00 AM | 4.696046
12/4/2019 00:00 4.636946

12/16/2019 12:00:00 AM | 5.114614
12/28/2019 12:00:00 AM | 4.696046

1/9/2020 00:00 4.39159
1/21/2020 12:00:00 AM | 4.572691
2/2/2020 00:00 4.536986

2/14/2020 12:00:00 AM | 4.823235
2/26/2020 12:00:00 AM | 4.472234

3/9/2020 00:00 4.083104
3/21/2020 12:00:00 AM | 4.285587
4/2/2020 00:00 4.572691

4/14/2020 12:00:00 AM | 4.332438
4/26/2020 12:00:00 AM | 4.285587

5/8/2020 00:00 4.39159
5/20/2020 12:00:00 AM | 4.472234
6/1/2020 00:00 4.353793

6/13/2020 12:00:00 AM | 4.249149
6/25/2020 12:00:00 AM | 4.169711

7/7/2020 00:00 4.22031

7/19/2020 12:00:00 AM | 4.332438
8/12/2020 00:00 4.200144
8/24/2020 12:00:00 AM | 4.353793
9/5/2020 00:00 4.332438

9/17/2020 12:00:00 AM | 4.285587
9/29/2020 12:00:00 AM | 4.353793

10/11/2020 00:00 4.285587
10/23/2020 12:00:00 AM | 4.917316
11/4/2020 00:00 4.285587

11/16/2020 12:00:00 AM | 4.667468
11/28/2020 12:00:00 AM | 4.917316

12/10/2020 00:00 4.536986
12/22/2020 12:00:00 AM | 4.886323
1/3/2021 00:00 4.667468

1/15/2021 12:00:00 AM | 4.807563
1/27/2021 12:00:00 AM | 4.87239

2/8/2021 00:00 4.353793
2/20/2021 12:00:00 AM | 4.728691
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3/4/2021 00:00 4.823235
3/16/2021 12:00:00 AM | 4.249149
3/28/2021 12:00:00 AM | 4.37289

4/9/2021 00:00 4.22031
4/21/2021 12:00:00 AM | 4.145947
5/3/2021 00:00 5.002147

5/15/2021 12:00:00 AM | 4.169711
5/27/2021 12:00:00 AM | 4.169711

6/8/2021 00:00 4.035125
6/20/2021 12:00:00 AM | 4.332438
7/2/2021 00:00 3.895435

7/14/2021 12:00:00 AM | 4.06963
7/26/2021 12:00:00 AM | 4.06963
8/7/2021 00:00 4.332438
8/19/2021 12:00:00 AM | 4.169711
8/31/2021 12:00:00 AM | 4.353793

9/12/2021 00:00 4.200144
9/24/2021 12:00:00 AM | 4.332438
10/6/2021 00:00 4.332438

10/18/2021 12:00:00 AM | 4.472234
10/30/2021 12:00:00 AM | 4.332438

11/11/2021 00:00 4.807563
11/23/2021 12:00:00 AM | 5.114614
12/5/2021 00:00 4.312708

12/17/2021 12:00:00 AM | 4.487786
12/29/2021 12:00:00 AM | 4.636946

1/10/2022 00:00 4.71234
1/22/2022 12:00:00 AM | 4.886323
2/3/2022 00:00 4.536986

2/15/2022 12:00:00 AM 5.002147
2/27/2022 12:00:00 AM | 4.667468

3/11/2022 00:00 4.572691
3/23/2022 12:00:00 AM | 4.572691
4/4/2022 00:00 4.200144

4/16/2022 12:00:00 AM | 4.71234
4/28/2022 12:00:00 AM | 4.37289

5/10/2022 00:00 4.262437
5/22/2022 12:00:00 AM | 4.169711
6/3/2022 00:00 3.994099

6/15/2022 12:00:00 AM | 4.145947
6/27/2022 12:00:00 AM | 4.249149
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7/9/2022 00:00 4.39159
7/21/2022 12:00:00 AM | 4.169711
8/2/2022 00:00 4.249149
8/14/2022 12:00:00 AM | 4.035125
8/26/2022 12:00:00 AM | 3.84417
9/7/2022 00:00 4.169711
9/19/2022 12:00:00 AM | 4.353793
10/1/2022 00:00 4.249149
10/13/2022 12:00:00 AM | 3.994099
10/25/2022 12:00:00 AM | 4.169711
11/6/2022 00:00 4.39159
11/18/2022 12:00:00 AM | 4.249148818
11/30/2022 12:00:00 AM | 4.391590085
12/12/2022 00:00 4.249148818
12/24/2022 12:00:00 AM | 5.114613925
1/5/2023 00:00 4.823234986
4/11/2023 00:00 4.391590085
4/23/2023 12:00:00 AM | 4.200143584
5/5/2023 00:00 4.33243778
5/17/2023 12:00:00 AM | 4.249148818
5/29/2023 12:00:00 AM | 4.249148818
8/9/2023 00:00 4.112580743
8/21/2023 12:00:00 AM | 3.895435038
9/2/2023 00:00 4.069629567
9/14/2023 12:00:00 AM | 4.112580743
9/26/2023 12:00:00 AM | 4.03512487
10/8/2023 00:00 4.145946527
10/20/2023 12:00:00 AM | 3.994099163

The expert in WATER ENVIRONMENTS

D-21



Time DA_R70 [km"2
10/31/2015 12:00:00 AM | 8.416524
2/10/2017 00:00 7.437201
2/22/2017 12:00:00 AM 8.48971
3/6/2017 00:00 7.930149
3/18/2017 12:00:00 AM | 8.416524
3/30/2017 12:00:00 AM | 8.200315
4/11/2017 00:00 7.686934
4/23/2017 12:00:00 AM 7.551731
5/5/2017 00:00 8.376819
5/17/2017 12:00:00 AM | 7.350492
5/29/2017 12:00:00 AM 7.647036
6/10/2017 00:00 7.0724
6/22/2017 12:00:00 AM | 7.686934
7/4/2017 00:00 7.794962
8/9/2017 00:00 8.284863
8/21/2017 12:00:00 AM 7.974857
9/2/2017 00:00 8.376819
9/14/2017 12:00:00 AM | 7.722031
9/26/2017 12:00:00 AM | 8.228483
10/8/2017 00:00 8.600705
10/20/2017 12:00:00 AM | 8.55479
11/1/2017 00:00 8.429966
11/13/2017 12:00:00 AM | 8.346021
11/25/2017 12:00:00 AM | 8.284863
12/7/2017 00:00 8.257293
12/19/2017 12:00:00 AM | 8.600705
12/31/2017 12:00:00 AM | 7.647036
1/12/2018 00:00 8.023377
1/24/2018 12:00:00 AM | 7.897371
2/5/2018 00:00 7.828434
2/17/2018 12:00:00 AM 7.897371
3/1/2018 00:00 7.974857
3/25/2018 12:00:00 AM 8.054442
4/6/2018 00:00 7.551731
4/18/2018 12:00:00 AM | 7.227353
4/30/2018 12:00:00 AM | 7.551731
5/12/2018 00:00 7.897371
5/24/2018 12:00:00 AM 8.200315
6/5/2018 00:00 8.200315
6/17/2018 12:00:00 AM | 7.930149
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7/11/2018 00:00 8.376819
7/23/2018 12:00:00 AM | 7.860608
8/4/2018 00:00 8.110963
8/16/2018 12:00:00 AM | 7.994628
8/28/2018 12:00:00 AM | 8.284863

9/9/2018 00:00 8.228483
9/21/2018 12:00:00 AM | 8.376819
10/3/2018 00:00 7.647036

10/15/2018 12:00:00 AM | 8.416524
10/27/2018 12:00:00 AM | 8.48971

11/8/2018 00:00 8.55479
11/20/2018 12:00:00 AM | 8.416524
12/2/2018 00:00 8.55479

12/14/2018 12:00:00 AM | 8.284863
12/26/2018 12:00:00 AM | 8.416524
1/7/2019 00:00 8.284863
1/19/2019 12:00:00 AM | 8.228483
1/31/2019 12:00:00 AM | 8.257293

2/12/2019 00:00 8.200315
2/24/2019 12:00:00 AM | 7.930149
3/8/2019 00:00 8.284863
3/20/2019 12:00:00 AM | 7.686934
4/1/2019 00:00 8.316241

4/13/2019 12:00:00 AM | 8.257293
4/25/2019 12:00:00 AM | 8.429966
5/7/2019 00:00 7.994628
5/19/2019 12:00:00 AM | 8.257293
5/31/2019 12:00:00 AM | 7.686934

6/12/2019 00:00 7.473954
6/24/2019 12:00:00 AM 7.686934
7/6/2019 00:00 7.591828

7/18/2019 12:00:00 AM | 7.551731
7/30/2019 12:00:00 AM | 7.473954

8/11/2019 00:00 8.257293
8/23/2019 12:00:00 AM 7.686934
9/4/2019 00:00 7.437201

9/16/2019 12:00:00 AM | 8.200315
9/28/2019 12:00:00 AM | 7.686934

10/10/2019 00:00 7.860608
10/22/2019 12:00:00 AM | 8.023377
11/3/2019 00:00 8.023377
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11/15/2019 12:00:00 AM | 8.200315
11/27/2019 12:00:00 AM | 8.376819

12/9/2019 00:00 8.178494
12/21/2019 12:00:00 AM | 8.376819
1/2/2020 00:00 7.591828

1/14/2020 12:00:00 AM | 7.551731
1/26/2020 12:00:00 AM | 8.054442

2/7/2020 00:00 7.551731
2/19/2020 12:00:00 AM | 7.686934
3/2/2020 00:00 8.023377

3/14/2020 12:00:00 AM | 8.054442
3/26/2020 12:00:00 AM | 7.897371

4/7/2020 00:00 7.0724
4/19/2020 12:00:00 AM | 8.200315
5/1/2020 00:00 7.591828

5/13/2020 12:00:00 AM | 8.023377
5/25/2020 12:00:00 AM | 7.264608
6/6/2020 00:00 6.828127
6/18/2020 12:00:00 AM | 7.828434
6/30/2020 12:00:00 AM | 7.227353

7/12/2020 00:00 7.304704
7/24/2020 12:00:00 AM | 7.897371
8/5/2020 00:00 8.200315

8/17/2020 12:00:00 AM 7.758209
8/29/2020 12:00:00 AM 8.054442

9/10/2020 00:00 8.200315
9/22/2020 12:00:00 AM | 7.722031
10/4/2020 00:00 8.083494

10/16/2020 12:00:00 AM | 8.257293
10/28/2020 12:00:00 AM | 8.284863

11/9/2020 00:00 8.141024
11/21/2020 12:00:00 AM | 7.974857
12/3/2020 00:00 7.897371

12/15/2020 12:00:00 AM | 8.316241
12/27/2020 12:00:00 AM | 8.054442

1/8/2021 00:00 8.083494
1/20/2021 12:00:00 AM | 8.200315
2/1/2021 00:00 8.054442

2/13/2021 12:00:00 AM 8.257293
2/25/2021 12:00:00 AM 7.794962
4/2/2021 00:00 7.437201
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4/14/2021 12:00:00 AM | 7.930149
4/26/2021 12:00:00 AM | 7.591828
5/8/2021 00:00 7.828434
5/20/2021 12:00:00 AM | 8.141024
6/1/2021 00:00 7.227353
6/13/2021 12:00:00 AM | 7.828434
6/25/2021 12:00:00 AM | 7.164125
7/7/2021 00:00 8.200315
7/19/2021 12:00:00 AM | 8.023377
7/31/2021 12:00:00 AM | 7.994628
8/12/2021 00:00 7.164125
8/24/2021 12:00:00 AM | 8.141024
9/5/2021 00:00 7.860608
9/17/2021 12:00:00 AM | 7.974857
9/29/2021 12:00:00 AM | 7.591828
10/11/2021 00:00 7.794962
10/23/2021 12:00:00 AM | 7.794962
11/4/2021 00:00 7.974857
11/28/2021 12:00:00 AM | 7.994628
12/10/2021 00:00 8.257293
12/22/2021 12:00:00 AM | 8.518557
1/3/2022 00:00 8.257293
1/15/2022 12:00:00 AM | 8.054442
1/27/2022 12:00:00 AM | 7.994628
2/8/2022 00:00 8.054442
2/20/2022 12:00:00 AM | 8.284863
3/4/2022 00:00 8.083494
3/16/2022 12:00:00 AM | 8.083494
3/28/2022 12:00:00 AM | 8.023377
4/9/2022 00:00 7.551731
4/21/2022 12:00:00 AM | 8.023377
5/3/2022 00:00 8.429966
8/7/2022 00:00 7.994628
8/19/2022 12:00:00 AM | 7.551731
9/12/2022 00:00 8.054442
9/24/2022 12:00:00 AM | 8.284863
10/30/2022 12:00:00 AM | 7.930149
12/5/2022 00:00 7.994627786
12/17/2022 12:00:00 AM | 8.054442011
12/29/2022 12:00:00 AM | 7.758208528
4/4/2023 00:00 8.200315417
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4/16/2023 12:00:00 AM

8.141023962

4/28/2023 12:00:00 AM

8.141023962

5/10/2023 00:00 8.376818626
5/22/2023 12:00:00 AM | 7.828434073
6/3/2023 00:00 7.227352874
7/9/2023 00:00 7.647035403
8/14/2023 12:00:00 AM | 8.200315417
9/7/2023 00:00 7.551730735
9/19/2023 12:00:00 AM | 7.930148742
10/1/2023 00:00 7.994627786

10/13/2023 12:00:00 AM

8.376818626
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Time DA_R72 [km"2
2/5/2017 00:00 5.749035
2/17/2017 12:00:00 AM 4.915517
3/1/2017 00:00 4.764217
3/13/2017 12:00:00 AM | 5.084038
3/25/2017 12:00:00 AM | 4.703593
4/6/2017 00:00 5.218187
4/18/2017 12:00:00 AM 4.992167
4/30/2017 12:00:00 AM 3.132477
5/12/2017 00:00 3.778555
5/24/2017 12:00:00 AM | 2.716522
6/5/2017 00:00 3.990392
6/17/2017 12:00:00 AM 4.270263
6/29/2017 12:00:00 AM | 5.346484
7/11/2017 00:00 6.358473
7/23/2017 12:00:00 AM | 6.16106
8/4/2017 00:00 6.070567
8/16/2017 12:00:00 AM | 6.038378
8/28/2017 12:00:00 AM | 6.258609
9/9/2017 00:00 5.927925
9/21/2017 12:00:00 AM | 6.202008
10/3/2017 00:00 6.358473
10/15/2017 12:00:00 AM | 6.111324
10/27/2017 12:00:00 AM | 6.296902
11/8/2017 00:00 5.703282
11/20/2017 12:00:00 AM | 5.439336
12/2/2017 00:00 6.111324
12/14/2017 12:00:00 AM | 6.202008
12/26/2017 12:00:00 AM | 5.084038
1/7/2018 00:00 6.258609
1/19/2018 12:00:00 AM | 6.398061
1/31/2018 12:00:00 AM | 6.202008
2/12/2018 00:00 5.611332
2/24/2018 12:00:00 AM 6.296902
3/8/2018 00:00 5.475638
3/20/2018 12:00:00 AM | 5.084038
4/1/2018 00:00 5.039167
4/13/2018 12:00:00 AM | 5.039167
4/25/2018 12:00:00 AM 3.647304
5/7/2018 00:00 3.778555
5/19/2018 12:00:00 AM | 4.270263
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5/31/2018 12:00:00 AM | 2.870344
6/12/2018 00:00 4.866417
6/24/2018 12:00:00 AM | 5.611332
7/18/2018 12:00:00 AM | 5.811834
7/30/2018 12:00:00 AM | 5.749035

8/11/2018 00:00 5.703282
8/23/2018 12:00:00 AM | 6.202008
9/4/2018 00:00 5.659209

9/16/2018 12:00:00 AM | 5.971797
9/28/2018 12:00:00 AM | 5.475638

10/10/2018 00:00 5.392461
10/22/2018 12:00:00 AM | 6.258609
11/3/2018 00:00 6.038378

11/15/2018 12:00:00 AM | 6.16106
11/27/2018 12:00:00 AM | 6.038378

12/9/2018 00:00 6.358473
12/21/2018 12:00:00 AM | 6.604108
1/2/2019 00:00 6.111324

1/14/2019 12:00:00 AM | 6.507117
1/26/2019 12:00:00 AM | 6.038378

2/7/2019 00:00 5.302064
2/19/2019 12:00:00 AM | 5.392461
3/3/2019 00:00 6.111324

3/15/2019 12:00:00 AM 5.392461
3/27/2019 12:00:00 AM 5.475638

4/8/2019 00:00 3.300264
4/20/2019 12:00:00 AM | 5.475638
5/2/2019 00:00 5.084038

5/14/2019 12:00:00 AM 3.647304
5/26/2019 12:00:00 AM 5.17514

6/7/2019 00:00 4.270263
6/19/2019 12:00:00 AM | 4.270263
7/1/2019 00:00 2.657593

7/13/2019 12:00:00 AM | 4.955073
7/25/2019 12:00:00 AM | 5.83495

8/6/2019 00:00 5.611332
8/18/2019 12:00:00 AM | 5.084038
8/30/2019 12:00:00 AM | 5.039167

9/11/2019 00:00 4.955073
9/23/2019 12:00:00 AM | 5.084038
10/5/2019 00:00 5.084038

The expert in WATER ENVIRONMENTS D-28



10/17/2019 12:00:00 AM | 5.218187
10/29/2019 12:00:00 AM | 5.611332

11/10/2019 00:00 5.259113
11/22/2019 12:00:00 AM | 5.084038
12/4/2019 00:00 5.039167

12/16/2019 12:00:00 AM | 5.039167
12/28/2019 12:00:00 AM | 5.17514

1/9/2020 00:00 5.140634
1/21/2020 12:00:00 AM | 5.611332
2/2/2020 00:00 5.475638

2/14/2020 12:00:00 AM | 5.611332
2/26/2020 12:00:00 AM | 5.084038

3/9/2020 00:00 5.039167
3/21/2020 12:00:00 AM | 3.260977
4/2/2020 00:00 3.778555

4/14/2020 12:00:00 AM | 1.979434
4/26/2020 12:00:00 AM | 2.657593

5/8/2020 00:00 2.657593
5/20/2020 12:00:00 AM | 2.657593
6/1/2020 00:00 2.423906

6/13/2020 12:00:00 AM | 2.474667
6/25/2020 12:00:00 AM | 4.079422

7/7/2020 00:00 5.218187
7/19/2020 12:00:00 AM | 5.811834
8/12/2020 00:00 5.749035
8/24/2020 12:00:00 AM | 5.659209
9/5/2020 00:00 5.572

9/17/2020 12:00:00 AM | 5.83495
9/29/2020 12:00:00 AM | 5.83495

10/11/2020 00:00 6.202008
10/23/2020 12:00:00 AM | 6.038378
11/4/2020 00:00 5.883701

11/16/2020 12:00:00 AM | 5.17514
11/28/2020 12:00:00 AM | 5.140634

12/10/2020 00:00 5.218187
12/22/2020 12:00:00 AM | 5.218187
1/3/2021 00:00 5.17514

1/15/2021 12:00:00 AM 5.218187
1/27/2021 12:00:00 AM 5.572

2/8/2021 00:00 5.140634
2/20/2021 12:00:00 AM 5.259113

The expert in WATER ENVIRONMENTS D-29



3/4/2021 00:00 4.413069
3/16/2021 12:00:00 AM | 5.218187
3/28/2021 12:00:00 AM | 5.218187

4/9/2021 00:00 5.084038
4/21/2021 12:00:00 AM | 5.039167
5/3/2021 00:00 4.955073

5/15/2021 12:00:00 AM | 4.627007
5/27/2021 12:00:00 AM 2.996824

6/8/2021 00:00 4.703593
6/20/2021 12:00:00 AM | 2.423906
7/2/2021 00:00 5.084038

7/14/2021 12:00:00 AM | 5.439336
7/26/2021 12:00:00 AM | 5.611332
8/7/2021 00:00 5.515927
8/19/2021 12:00:00 AM | 5.659209
8/31/2021 12:00:00 AM | 5.659209

9/12/2021 00:00 5.515927
9/24/2021 12:00:00 AM | 5.140634
10/6/2021 00:00 5.039167

10/18/2021 12:00:00 AM | 5.811834
10/30/2021 12:00:00 AM | 5.811834

11/11/2021 00:00 5.611332
11/23/2021 12:00:00 AM | 5.439336
12/5/2021 00:00 5.749035

12/17/2021 12:00:00 AM | 5.611332
12/29/2021 12:00:00 AM | 5.572

1/10/2022 00:00 5.83495
1/22/2022 12:00:00 AM | 5.439336
2/3/2022 00:00 5.475638

2/15/2022 12:00:00 AM 5.346484
2/27/2022 12:00:00 AM 5.475638

3/11/2022 00:00 5.259113
3/23/2022 12:00:00 AM | 5.302064
4/4/2022 00:00 5.218187

4/16/2022 12:00:00 AM 5.084038
4/28/2022 12:00:00 AM | 4.627007

5/10/2022 00:00 3.948722
5/22/2022 12:00:00 AM | 5.084038
6/3/2022 00:00 5.392461

6/15/2022 12:00:00 AM 5.346484
6/27/2022 12:00:00 AM 5.346484

The expert in WATER ENVIRONMENTS D-30



7/9/2022 00:00 5.811834
7/21/2022 12:00:00 AM | 5.749035
8/2/2022 00:00 5.039167
8/14/2022 12:00:00 AM | 5.084038
8/26/2022 12:00:00 AM | 4.509075
9/7/2022 00:00 5.084038
9/19/2022 12:00:00 AM | 5.302064
10/1/2022 00:00 5.084038
10/13/2022 12:00:00 AM | 5.392461
10/25/2022 12:00:00 AM | 5.439336
11/6/2022 00:00 5.611332
11/18/2022 12:00:00 AM | 5.515927
11/30/2022 12:00:00 AM | 5.439336
12/12/2022 00:00 5.392461
12/24/2022 12:00:00 AM | 5.346484
1/5/2023 00:00 5.475639
4/11/2023 00:00 2.657594
4/23/2023 12:00:00 AM | 3.778555
5/5/2023 00:00 3.778555
5/17/2023 12:00:00 AM | 2.474667
5/29/2023 12:00:00 AM | 2.474667
8/9/2023 00:00 4.992166
8/21/2023 12:00:00 AM | 5.611332
9/2/2023 00:00 5.259113
9/14/2023 12:00:00 AM | 5.17514
9/26/2023 12:00:00 AM | 5.611332
10/8/2023 00:00 5.611332
10/20/2023 12:00:00 AM | 5.572

The expert in WATER ENVIRONMENTS

D-31



Time DA R74 [km"2

2/5/2017 00:00 6.789251
2/17/2017 12:00:00 AM | 6.854057
3/1/2017 00:00 6.10626

3/13/2017 12:00:00 AM | 5.927901
3/25/2017 12:00:00 AM | 6.07106

4/6/2017 00:00 6.000204
4/18/2017 12:00:00 AM | 6.250167
4/30/2017 12:00:00 AM | 5.865273

5/12/2017 00:00 6.031541
5/24/2017 12:00:00 AM | 5.748631
6/5/2017 00:00 5.748631

6/17/2017 12:00:00 AM | 5.437095
6/29/2017 12:00:00 AM | 5.66804

7/11/2017 00:00 6.626879
7/23/2017 12:00:00 AM | 6.932812
8/4/2017 00:00 6.830011

8/16/2017 12:00:00 AM | 7.147813
8/28/2017 12:00:00 AM | 6.356387

9/9/2017 00:00 6.830011
9/21/2017 12:00:00 AM | 6.830011
10/3/2017 00:00 6.830011

10/15/2017 12:00:00 AM | 6.53805
10/27/2017 12:00:00 AM | 6.726905

11/8/2017 00:00 6.457539
11/20/2017 12:00:00 AM | 6.69728
12/2/2017 00:00 5.97132

12/14/2017 12:00:00 AM | 6.174655
12/26/2017 12:00:00 AM | 5.927901
1/7/2018 00:00 5.97132
1/19/2018 12:00:00 AM | 6.07106
1/31/2018 12:00:00 AM | 6.10626

2/12/2018 00:00 6.427917
2/24/2018 12:00:00 AM | 5.97132

3/8/2018 00:00 6.427917
3/20/2018 12:00:00 AM | 6.000204
4/1/2018 00:00 5.748631

4/13/2018 12:00:00 AM | 5.546954
4/25/2018 12:00:00 AM | 5.258637
5/7/2018 00:00 6.000204
5/19/2018 12:00:00 AM | 5.598312

The expert in WATER ENVIRONMENTS D-32



5/31/2018 12:00:00 AM | 5.782278
6/12/2018 00:00 5.513033
6/24/2018 12:00:00 AM | 6.356387
7/18/2018 12:00:00 AM | 5.97132
7/30/2018 12:00:00 AM | 6.07106

8/11/2018 00:00 6.626879
8/23/2018 12:00:00 AM | 6.830011
9/4/2018 00:00 6.932812

9/16/2018 12:00:00 AM | 6.626879
9/28/2018 12:00:00 AM | 6.69728

10/10/2018 00:00 6.277587
10/22/2018 12:00:00 AM | 6.457539
11/3/2018 00:00 6.53805

11/15/2018 12:00:00 AM | 6.250167
11/27/2018 12:00:00 AM | 6.457539

12/9/2018 00:00 6.457539
12/21/2018 12:00:00 AM | 6.250167
1/2/2019 00:00 6.07106

1/14/2019 12:00:00 AM | 6.330827
1/26/2019 12:00:00 AM | 6.356387

2/7/2019 00:00 6.156553
2/19/2019 12:00:00 AM | 6.394617
3/3/2019 00:00 6.53805

3/15/2019 12:00:00 AM 6.512358
3/27/2019 12:00:00 AM 6.457539

4/8/2019 00:00 5.865273
4/20/2019 12:00:00 AM | 5.890689
5/2/2019 00:00 5.707305

5/14/2019 12:00:00 AM 5.83096
5/26/2019 12:00:00 AM 5.513033

6/7/2019 00:00 5.927901
6/19/2019 12:00:00 AM | 5.473292
7/1/2019 00:00 5.205341

7/13/2019 12:00:00 AM | 5.748631
7/25/2019 12:00:00 AM | 5.628782
8/6/2019 00:00 5.628782
8/18/2019 12:00:00 AM | 5.473292
8/30/2019 12:00:00 AM | 5.707305

9/11/2019 00:00 5.437095
9/23/2019 12:00:00 AM | 6.000204
10/5/2019 00:00 5.437095

The expert in WATER ENVIRONMENTS D-33



10/17/2019 12:00:00 AM | 5.437095
10/29/2019 12:00:00 AM | 5.598312

11/10/2019 00:00 6.031541
11/22/2019 12:00:00 AM | 5.97132
12/4/2019 00:00 6.000204

12/16/2019 12:00:00 AM | 6.394617
12/28/2019 12:00:00 AM | 5.97132

1/9/2020 00:00 6.07106
1/21/2020 12:00:00 AM | 6.000204
2/2/2020 00:00 5.66804

2/14/2020 12:00:00 AM | 6.10626
2/26/2020 12:00:00 AM | 6.031541

3/9/2020 00:00 5.546954
3/21/2020 12:00:00 AM | 5.748631
4/2/2020 00:00 5.546954

4/14/2020 12:00:00 AM | 5.66804
4/26/2020 12:00:00 AM | 5.513033

5/8/2020 00:00 5.133935
5/20/2020 12:00:00 AM | 5.30554
6/1/2020 00:00 5.30554

6/13/2020 12:00:00 AM | 5.205341
6/25/2020 12:00:00 AM | 5.205341

7/7/2020 00:00 5.83096
7/19/2020 12:00:00 AM | 5.133935
8/12/2020 00:00 5.473292
8/24/2020 12:00:00 AM | 6.53805
9/5/2020 00:00 5.865273

9/17/2020 12:00:00 AM 5.748631
9/29/2020 12:00:00 AM 5.748631

10/11/2020 00:00 5.513033
10/23/2020 12:00:00 AM | 6.031541
11/4/2020 00:00 5.473292

11/16/2020 12:00:00 AM | 5.628782
11/28/2020 12:00:00 AM | 5.707305

12/10/2020 00:00 6.10626
12/22/2020 12:00:00 AM | 5.628782
1/3/2021 00:00 6.07106

1/15/2021 12:00:00 AM 6.000204
1/27/2021 12:00:00 AM 6.53805
2/8/2021 00:00 5.400884
2/20/2021 12:00:00 AM 5.30554

The expert in WATER ENVIRONMENTS D-34



3/4/2021 00:00 6.000204
3/16/2021 12:00:00 AM | 6.000204
3/28/2021 12:00:00 AM | 5.707305

4/9/2021 00:00 5.748631
4/21/2021 12:00:00 AM | 6.156553
5/3/2021 00:00 5.927901

5/15/2021 12:00:00 AM | 5.513033
5/27/2021 12:00:00 AM | 5.258637

6/8/2021 00:00 5.400884
6/20/2021 12:00:00 AM | 5.437095
7/2/2021 00:00 5.400884

7/14/2021 12:00:00 AM | 5.258637
7/26/2021 12:00:00 AM | 5.437095
8/7/2021 00:00 5.473292
8/19/2021 12:00:00 AM | 6.830011
8/31/2021 12:00:00 AM | 5.782278

9/12/2021 00:00 5.598312
9/24/2021 12:00:00 AM | 5.437095
10/6/2021 00:00 5.437095

10/18/2021 12:00:00 AM | 5.782278
10/30/2021 12:00:00 AM | 6.174655

11/11/2021 00:00 5.782278
11/23/2021 12:00:00 AM | 5.748631
12/5/2021 00:00 6.031541

12/17/2021 12:00:00 AM | 6.174655
12/29/2021 12:00:00 AM | 5.748631

1/10/2022 00:00 5.890689
1/22/2022 12:00:00 AM | 5.782278
2/3/2022 00:00 5.707305

2/15/2022 12:00:00 AM 5.865273
2/27/2022 12:00:00 AM 6.07106

3/11/2022 00:00 6.031541
3/23/2022 12:00:00 AM | 5.546954
4/4/2022 00:00 5.927901

4/16/2022 12:00:00 AM 6.000204
4/28/2022 12:00:00 AM 5.350712

5/10/2022 00:00 5.400884
5/22/2022 12:00:00 AM 6.031541
6/3/2022 00:00 5.707305

6/15/2022 12:00:00 AM 5.748631
6/27/2022 12:00:00 AM 5.350712

The expert in WATER ENVIRONMENTS D-35



7/9/2022 00:00 5.890689
7/21/2022 12:00:00 AM | 5.205341
8/2/2022 00:00 5.437095
8/14/2022 12:00:00 AM | 5.400884
8/26/2022 12:00:00 AM | 5.437095
9/7/2022 00:00 5.782278
9/19/2022 12:00:00 AM | 6.277587
10/1/2022 00:00 6.07106
10/13/2022 12:00:00 AM | 5.927901
10/25/2022 12:00:00 AM | 5.30554
11/6/2022 00:00 5.628782
11/18/2022 12:00:00 AM | 5.927900831
11/30/2022 12:00:00 AM | 6.000203985
12/12/2022 00:00 5.865272507
12/24/2022 12:00:00 AM | 5.400883653
1/5/2023 00:00 5.782277805
4/11/2023 00:00 5.668040126
4/23/2023 12:00:00 AM | 5.305539776
5/5/2023 00:00 5.205341554
5/17/2023 12:00:00 AM | 4.966797559
5/29/2023 12:00:00 AM | 5.082785475
8/9/2023 00:00 6.031541404
8/21/2023 12:00:00 AM | 5.400883653
9/2/2023 00:00 5.707305036
9/14/2023 12:00:00 AM | 5.205341554
9/26/2023 12:00:00 AM | 5.205341554
10/8/2023 00:00 6.071059924
10/20/2023 12:00:00 AM | 5.598311934

The expert in WATER ENVIRONMENTS

D-36



Time ‘ DA_R76 [km"2]

2/5/2017 00:00 15.1566
2/17/2017 12:00:00 AM | 14.39889
3/1/2017 00:00 15.64243

3/13/2017 12:00:00 AM | 15.30087
3/25/2017 12:00:00 AM | 15.36985
4/6/2017 00:00 14.39889
4/18/2017 12:00:00 AM | 14.05909
4/30/2017 12:00:00 AM | 14.18196

5/12/2017 00:00 14.18196
5/24/2017 12:00:00 AM | 13.83288
6/5/2017 00:00 13.41524

6/17/2017 12:00:00 AM | 12.83527
6/29/2017 12:00:00 AM | 12.28292

7/11/2017 00:00 15.52919
7/23/2017 12:00:00 AM | 16.08163
8/4/2017 00:00 16.35216

8/16/2017 12:00:00 AM | 16.49512
8/28/2017 12:00:00 AM | 16.49512

9/9/2017 00:00 16.39932
9/21/2017 12:00:00 AM | 16.32745
10/3/2017 00:00 16.69544

10/15/2017 12:00:00 AM | 16.35216
10/27/2017 12:00:00 AM | 16.69544

11/8/2017 00:00 16.17216
11/20/2017 12:00:00 AM | 16.08163
12/2/2017 00:00 15.1566

12/14/2017 12:00:00 AM | 15.97584
12/26/2017 12:00:00 AM | 15.76822
1/7/2018 00:00 16.32745
1/19/2018 12:00:00 AM | 16.49512
1/31/2018 12:00:00 AM | 16.17216

2/12/2018 00:00 16.59739
2/24/2018 12:00:00 AM | 16.55904
3/8/2018 00:00 16.32745
3/20/2018 12:00:00 AM | 16.32745
4/1/2018 00:00 15.93813

The expert in WATER ENVIRONMENTS D-37



4/13/2018 12:00:00 AM | 15.43393
4/25/2018 12:00:00 AM | 15.06945
5/7/2018 00:00 14.99327
5/19/2018 12:00:00 AM | 13.93984
5/31/2018 12:00:00 AM | 13.93984
6/12/2018 00:00 13.83288
6/24/2018 12:00:00 AM | 14.60211
7/18/2018 12:00:00 AM | 14.4975

7/30/2018 12:00:00 AM | 14.4975

8/11/2018 00:00 16.44334
8/23/2018 12:00:00 AM | 16.44334
9/4/2018 00:00 16.49512

9/16/2018 12:00:00 AM | 16.44334
9/28/2018 12:00:00 AM | 15.43393

10/10/2018 00:00 15.70343
10/22/2018 12:00:00 AM | 16.03281
11/3/2018 00:00 15.76822

11/15/2018 12:00:00 AM | 15.58274
11/27/2018 12:00:00 AM | 15.43393

12/9/2018 00:00 16.17216
12/21/2018 12:00:00 AM | 16.17216
1/2/2019 00:00 15.88586

1/14/2019 12:00:00 AM | 16.39932
1/26/2019 12:00:00 AM | 16.17216

2/7/2019 00:00 15.52919
2/19/2019 12:00:00 AM | 16.08163
3/3/2019 00:00 16.26519

3/15/2019 12:00:00 AM | 15.58274
3/27/2019 12:00:00 AM | 15.43393

4/8/2019 00:00 15.36985
4/20/2019 12:00:00 AM | 14.60211
5/2/2019 00:00 15.36985

5/14/2019 12:00:00 AM | 15.36985
5/26/2019 12:00:00 AM | 15.58274

6/7/2019 00:00 13.11547
6/19/2019 12:00:00 AM | 11.88732
7/1/2019 00:00 11.39792

The expert in WATER ENVIRONMENTS D-38



7/13/2019 12:00:00 AM | 12.28292
7/25/2019 12:00:00 AM | 11.88732
8/6/2019 00:00 11.68537
8/18/2019 12:00:00 AM | 11.88732
8/30/2019 12:00:00 AM | 12.15247

9/11/2019 00:00 11.53173
9/23/2019 12:00:00 AM | 11.68537
10/5/2019 00:00 11.82104

10/17/2019 12:00:00 AM | 12.83527
10/29/2019 12:00:00 AM | 14.18196

11/10/2019 00:00 14.29759
11/22/2019 12:00:00 AM | 14.18196
12/4/2019 00:00 13.27932

12/16/2019 12:00:00 AM | 14.29759
12/28/2019 12:00:00 AM | 14.99327

1/9/2020 00:00 16.17216
1/21/2020 12:00:00 AM | 16.26519
2/2/2020 00:00 15.93813

2/14/2020 12:00:00 AM | 16.39932
2/26/2020 12:00:00 AM | 15.88586

3/9/2020 00:00 15.43393
3/21/2020 12:00:00 AM | 14.39889
4/2/2020 00:00 13.41524

4/14/2020 12:00:00 AM | 11.68537
4/26/2020 12:00:00 AM | 10.86335

5/8/2020 00:00 11.82104
5/20/2020 12:00:00 AM | 11.68537
6/1/2020 00:00 10.46174

6/13/2020 12:00:00 AM | 10.86335
6/25/2020 12:00:00 AM | 12.28292

7/7/2020 00:00 10.86335
7/19/2020 12:00:00 AM | 10.73494
8/12/2020 00:00 11.23609
8/24/2020 12:00:00 AM | 16.44334
9/5/2020 00:00 14.80762

9/17/2020 12:00:00 AM | 15.70343
9/29/2020 12:00:00 AM | 16.17216

The expert in WATER ENVIRONMENTS D-39



10/11/2020 00:00 15.88586
10/23/2020 12:00:00 AM | 15.70343
11/4/2020 00:00 15.06945
11/16/2020 12:00:00 AM | 14.60211
11/28/2020 12:00:00 AM | 14.89888

12/10/2020 00:00 15.06945
12/22/2020 12:00:00 AM | 14.89888
1/3/2021 00:00 14.4975

1/15/2021 12:00:00 AM | 14.39889
1/27/2021 12:00:00 AM | 14.60211

2/8/2021 00:00 15.64243
2/20/2021 12:00:00 AM | 15.06945
3/4/2021 00:00 15.43393

3/16/2021 12:00:00 AM | 14.99327
3/28/2021 12:00:00 AM | 13.27932

4/9/2021 00:00 13.01373
4/21/2021 12:00:00 AM | 12.39124
5/3/2021 00:00 12.28292

5/15/2021 12:00:00 AM | 11.53173
5/27/2021 12:00:00 AM | 12.02629

6/8/2021 00:00 12.15247
6/20/2021 12:00:00 AM | 12.02629
7/2/2021 00:00 11.53173

7/14/2021 12:00:00 AM | 11.12747
7/26/2021 12:00:00 AM | 12.39124
8/7/2021 00:00 12.02629
8/19/2021 12:00:00 AM | 14.60211
8/31/2021 12:00:00 AM | 14.89888

9/12/2021 00:00 13.93984
9/24/2021 12:00:00 AM | 14.18196
10/6/2021 00:00 14.60211

10/18/2021 12:00:00 AM | 15.30087
10/30/2021 12:00:00 AM | 15.70343

11/11/2021 00:00 16.17216
11/23/2021 12:00:00 AM | 15.52919
12/5/2021 00:00 15.93813

12/17/2021 12:00:00 AM | 16.17216

The expert in WATER ENVIRONMENTS D-40



12/29/2021 12:00:00 AM | 15.43393

1/10/2022 00:00 15.70343
1/22/2022 12:00:00 AM | 15.76822
2/3/2022 00:00 15.52919

2/15/2022 12:00:00 AM | 16.17216
2/27/2022 12:00:00 AM | 15.52919

3/11/2022 00:00 15.36985
3/23/2022 12:00:00 AM | 14.80762
4/4/2022 00:00 15.52919

4/16/2022 12:00:00 AM | 15.70343
4/28/2022 12:00:00 AM | 15.52919

5/10/2022 00:00 14.39889
5/22/2022 12:00:00 AM | 13.72887
6/3/2022 00:00 14.80762

6/15/2022 12:00:00 AM | 13.11547
6/27/2022 12:00:00 AM | 12.83527

7/9/2022 00:00 14.4975
7/21/2022 12:00:00 AM | 13.01373
8/2/2022 00:00 12.64767

8/14/2022 12:00:00 AM | 12.39124
8/26/2022 12:00:00 AM | 12.02629

9/7/2022 00:00 13.93984
9/19/2022 12:00:00 AM | 14.89888
10/1/2022 00:00 14.4975

10/13/2022 12:00:00 AM | 14.4975
10/25/2022 12:00:00 AM | 13.53128
11/6/2022 00:00 14.18196
11/18/2022 12:00:00 AM | 13.01372903
11/30/2022 12:00:00 AM | 13.83288225

12/12/2022 00:00 14.80762057
12/24/2022 12:00:00 AM | 13.1154657

1/5/2023 00:00 12.48967478
4/11/2023 00:00 13.72886777
4/23/2023 12:00:00 AM | 13.72886777
5/5/2023 00:00 12.48967478

5/17/2023 12:00:00 AM | 11.82104329
5/29/2023 12:00:00 AM | 12.73427571
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8/9/2023 00:00 12.39124029

8/21/2023 12:00:00 AM | 11.82104329

9/2/2023 00:00 13.01372903

9/14/2023 12:00:00 AM | 12.83527505

9/26/2023 12:00:00 AM | 12.73427571

10/8/2023 00:00 14.18196385

10/20/2023 12:00:00 AM | 14.60211209
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Time ‘ DA_R78 [km"2]
10/16/2014 12:00:00 AM | 8.796401
11/9/2014 00:00 8.6192
12/3/2014 00:00 8.488844
12/27/2014 12:00:00 AM | 7.371698
1/20/2015 12:00:00 AM | 6.808702
2/13/2015 12:00:00 AM | 6.903632
3/9/2015 00:00 6.142809
4/2/2015 00:00 4.154129
4/26/2015 12:00:00 AM | 2.656125
5/20/2015 12:00:00 AM | 2.411963
6/13/2015 12:00:00 AM | 2.656125
7/7/2015 00:00 2.819247
8/24/2015 12:00:00 AM | 5.731174
9/17/2015 12:00:00 AM | 6.808702
11/4/2015 00:00 8.575836
11/28/2015 12:00:00 AM | 8.761065
12/22/2015 12:00:00 AM | 8.244165
1/15/2016 12:00:00 AM | 6.570246

2/8/2016 00:00 5.010907
3/3/2016 00:00 3.351627
4/8/2016 00:00 2.899411
4/20/2016 12:00:00 AM | 2.498543
5/2/2016 00:00 2.819247

5/14/2016 12:00:00 AM | 2.411963
5/26/2016 12:00:00 AM | 2.411963
6/7/2016 00:00 2.498543
7/1/2016 00:00 2.571288
7/13/2016 12:00:00 AM | 2.266016
7/25/2016 12:00:00 AM | 2.411963
8/6/2016 00:00 3.635589
8/18/2016 12:00:00 AM | 5.205587
8/30/2016 12:00:00 AM | 6.808702

9/11/2016 00:00 7.689165
9/23/2016 12:00:00 AM | 8.244165
10/5/2016 00:00 8.39074

10/17/2016 12:00:00 AM | 8.172583
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10/29/2016 12:00:00 AM | 8.116466

11/10/2016 00:00 8.172583
11/22/2016 12:00:00 AM | 8.065652
12/4/2016 00:00 7.371698

12/16/2016 12:00:00 AM | 6.142809
12/28/2016 12:00:00 AM | 4.827404

1/9/2017 00:00 3.635589
1/21/2017 12:00:00 AM | 3.713463
2/2/2017 00:00 3.713463

2/14/2017 12:00:00 AM | 3.082553
2/26/2017 12:00:00 AM | 2.571288

3/10/2017 00:00 2.571288
3/22/2017 12:00:00 AM | 2.266016
4/3/2017 00:00 2.411963

4/15/2017 12:00:00 AM | 2.571288
4/27/2017 12:00:00 AM | 2.09432

5/9/2017 00:00 2.766293
5/21/2017 12:00:00 AM | 2.571288
6/2/2017 00:00 2.571288

6/14/2017 12:00:00 AM | 2.173205
6/26/2017 12:00:00 AM | 2.349663
7/20/2017 12:00:00 AM | 5.731174
8/1/2017 00:00 7.526844
8/13/2017 12:00:00 AM | 8.666884
8/25/2017 12:00:00 AM | 8.525103
9/6/2017 00:00 8.6192

9/18/2017 12:00:00 AM | 8.714371
9/30/2017 12:00:00 AM | 8.796401

10/12/2017 00:00 8.796401
10/24/2017 12:00:00 AM | 8.796401
11/5/2017 00:00 8.889266

11/17/2017 12:00:00 AM | 8.796401
11/29/2017 12:00:00 AM | 8.761065

12/11/2017 00:00 8.433668
12/23/2017 12:00:00 AM | 8.065652
1/4/2018 00:00 7.526844

1/16/2018 12:00:00 AM | 7.441246
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1/28/2018 12:00:00 AM | 7.526844

2/9/2018 00:00 7.371698
2/21/2018 12:00:00 AM | 8.116466
3/5/2018 00:00 6.808702

3/17/2018 12:00:00 AM | 6.020053
3/29/2018 12:00:00 AM | 5.400267

4/10/2018 00:00 3.431151
4/22/2018 12:00:00 AM | 2.411963
5/4/2018 00:00 2.349663

5/16/2018 12:00:00 AM | 2.571288
5/28/2018 12:00:00 AM | 2.411963

6/9/2018 00:00 2.571288
6/21/2018 12:00:00 AM | 2.819247
7/3/2018 00:00 5.868344

7/15/2018 12:00:00 AM | 6.808702
7/27/2018 12:00:00 AM | 8.337397

8/8/2018 00:00 8.889266
8/20/2018 12:00:00 AM | 8.796401
9/1/2018 00:00 8.993361

9/13/2018 12:00:00 AM | 8.796401
9/25/2018 12:00:00 AM | 8.796401
10/7/2018 00:00 8.575836
10/19/2018 12:00:00 AM | 8.6192
10/31/2018 12:00:00 AM | 8.83808

11/12/2018 00:00 8.83808
11/24/2018 12:00:00 AM | 8.993361
12/6/2018 00:00 8.946137

12/18/2018 12:00:00 AM | 8.525103
12/30/2018 12:00:00 AM | 8.575836

1/11/2019 00:00 8.575836
1/23/2019 12:00:00 AM | 8.6192
2/4/2019 00:00 8.761065

2/16/2019 12:00:00 AM | 8.525103
2/28/2019 12:00:00 AM | 8.280838

3/12/2019 00:00 8.116466
3/24/2019 12:00:00 AM | 7.301397
4/5/2019 00:00 6.808702
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4/29/2019 12:00:00 AM | 5.572775

5/11/2019 00:00 5.010907
5/23/2019 12:00:00 AM | 3.635589
6/4/2019 00:00 3.713463

8/15/2019 12:00:00 AM | 4.088533
8/27/2019 12:00:00 AM | 3.801962

9/8/2019 00:00 4.56768
9/20/2019 12:00:00 AM | 5.572775
10/2/2019 00:00 5.731174

10/14/2019 12:00:00 AM | 5.868344
10/26/2019 12:00:00 AM | 6.142809

11/7/2019 00:00 5.731174
11/19/2019 12:00:00 AM | 5.572775
12/1/2019 00:00 5.205587

12/13/2019 12:00:00 AM | 4.827404
12/25/2019 12:00:00 AM | 3.883866
1/6/2020 00:00 3.167665
1/18/2020 12:00:00 AM | 2.899411
1/30/2020 12:00:00 AM | 2.992036

2/11/2020 00:00 3.167665
2/23/2020 12:00:00 AM | 3.261845
3/6/2020 00:00 2.571288

3/18/2020 12:00:00 AM | 2.819247
3/30/2020 12:00:00 AM | 2.766293

4/11/2020 00:00 2.498543
4/23/2020 12:00:00 AM | 2.349663
5/5/2020 00:00 2.411963
6/10/2020 00:00 2.498543
6/22/2020 12:00:00 AM | 2.498543
7/4/2020 00:00 2.173205

7/16/2020 12:00:00 AM | 2.266016
7/28/2020 12:00:00 AM | 2.173205

8/9/2020 00:00 2.498543
8/21/2020 12:00:00 AM | 4.088533
9/2/2020 00:00 4.695024

9/14/2020 12:00:00 AM | 4.827404
9/26/2020 12:00:00 AM | 6.43265
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10/8/2020 00:00 8.280838
10/20/2020 12:00:00 AM | 8.761065
11/1/2020 00:00 8.796401
11/13/2020 12:00:00 AM | 8.714371
11/25/2020 12:00:00 AM | 8.575836
12/7/2020 00:00 8.796401
12/19/2020 12:00:00 AM | 8.714371
12/31/2020 12:00:00 AM | 8.796401

1/12/2021 00:00 8.666884
1/24/2021 12:00:00 AM | 8.946137
2/5/2021 00:00 8.796401
2/17/2021 12:00:00 AM | 8.83808

3/1/2021 00:00 8.575836

3/13/2021 12:00:00 AM | 8.244165
3/25/2021 12:00:00 AM | 8.433668
4/6/2021 00:00 7.301397
4/18/2021 12:00:00 AM | 6.570246
4/30/2021 12:00:00 AM | 6.142809

5/12/2021 00:00 4.695024
5/24/2021 12:00:00 AM | 2.173205
6/5/2021 00:00 2.349663
6/27/2021 12:00:00 AM | 1.936735
7/9/2021 00:00 2.349663
7/21/2021 12:00:00 AM | 3.508108
8/2/2021 00:00 4.088533

8/14/2021 12:00:00 AM | 4.695024
8/26/2021 12:00:00 AM | 6.142809

9/7/2021 00:00 6.290655
9/19/2021 12:00:00 AM | 6.43265
10/1/2021 00:00 6.721032

10/13/2021 12:00:00 AM | 7.098298
10/25/2021 12:00:00 AM | 8.889266
11/6/2021 00:00 8.796401
11/18/2021 12:00:00 AM | 8.889266
11/30/2021 12:00:00 AM | 9.034616
12/12/2021 00:00 9.034616
12/24/2021 12:00:00 AM | 9.034616
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1/5/2022 00:00 9.034616
1/17/2022 12:00:00 AM | 7.625784
1/29/2022 12:00:00 AM | 7.098298
2/10/2022 00:00 6.570246
3/6/2022 00:00 4.088533
3/18/2022 12:00:00 AM | 4.827404
3/30/2022 12:00:00 AM | 9.034616
4/11/2022 00:00 5.868344
4/23/2022 12:00:00 AM | 6.290655
5/5/2022 00:00 6.721032
5/17/2022 12:00:00 AM | 6.721032
5/29/2022 12:00:00 AM | 6.570246
6/10/2022 00:00 6.290655
6/22/2022 12:00:00 AM | 8.016104
7/4/2022 00:00 7.625784
7/16/2022 12:00:00 AM | 7.768523
7/28/2022 12:00:00 AM | 6.997989
8/9/2022 00:00 6.570246
8/21/2022 12:00:00 AM | 6.020053
9/2/2022 00:00 6.570246
9/14/2022 12:00:00 AM | 7.301397
9/26/2022 12:00:00 AM | 8.172583
10/8/2022 00:00 8.525103
10/20/2022 12:00:00 AM | 8.796401
11/1/2022 00:00 9.034616
11/13/2022 12:00:00 AM | 8.714371

11/25/2022 12:00:00 AM

8.016103622

12/7/2022 00:00

7.371698178

12/19/2022 12:00:00 AM

7.979474802

12/31/2022 12:00:00 AM | 8.433667942
4/6/2023 00:00 4.088533227
4/18/2023 12:00:00 AM | 3.883865924
4/30/2023 12:00:00 AM | 2.411962698

5/12/2023 00:00

2.173205011

5/24/2023 12:00:00 AM

2.819247595

6/5/2023 00:00

2.899410953

8/16/2023 12:00:00 AM

4.350369306
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8/28/2023 12:00:00 AM | 4.69502368
9/9/2023 00:00 4.350369306
9/21/2023 12:00:00 AM | 4.247759783

10/3/2023 00:00

5.010907273

10/15/2023 12:00:00 AM

5.731174186

The expert in WATER ENVIRONMENTS

D-49



