APPENDIX I

ANN TRAINING DATASET DESCRIPTION
EXPLANATORY VARIABLES
The ANN explanatory variables described in thisesquix were designed to represent the
system state and provide the ANN with pertinenbrimiation about the current state and
magnitude of stresses change with respect to prestates. Explanatory variables are
totalized by grouping areas and depending on tig@durther summarized by area-buffer.
In the following reference, the interrRiver GeoDSReyword for the variables is supplied
in parenthesis for each explanatory variable. Kaga were used in the training dataset,
MATLAB training and testing tools, as well as inetRiver GeoDSSANN module to
consistently keep track of the variables. The gptamprovided in this section relate to the
ANN-based stream-aquifer interaction modeling i® thARV. The results of the
explanatory variables processing is stored inhiliéersdatabase, which is a MS-Access
database that combines geo-referenced layers atadtalales to store the processed

explanatory variables and processing support irdtion.

Grouping Area-Based

These explanatory variables are extracted per grgugrea. They provide information

related to the main stream segment and the oveaaleling conditions.
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Main Stream Length (Streaml_engthArk)

This variable contains the grouping area main sirkmgth in kilometers. For most of the
modeling areas in the Arkansas Valley, it is 15 &rcept the areas intercepting John
Martin Reservoir where the main stream is submeegetthe first one that extends longer

to completely cover the irrigated valley (Figurg)l-

Figure 1-1 — Main stream length example in upstrgaouping areas

Tributary Stream 1ength (StreamlengthTrib)

This variable indicates the total length of tribytines in the grouping area in kilometers.

Average River Elevation (AveRiverElev)

The groundwater flow analysis (Chapter 4Spatial Variable Grouping exhibits the

importance of the relationship between the elewatibwater bodies, canals and the river
elevation in the magnitude and direction of thevllo This explanatory variable measures
the average elevation in the main river segmerthéngrouping area. This variable is
calculated using the GIS Zonal Statistics functfimnthe main stream line on the USGS

Digital Elevation Model (DEM).
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River Flow Indicator (RiverFlow)

The average flow in the river and tributaries lirtkat are flagged for ANN return is
computed as indicator of flow state in the groupanga. This value is computed with the
assistance of the tabRiverLinksBufferID(located in the data-model) that contains the
links and corresponding grouping area’s IDs withlace holder for a single flow value that
is updated at run time for each time step. Theaeecalculation includes flow of both the
links completely contained inside the grouping aed links intersecting the boundaries of

the grouping area.

Pumping Increase Indicator (PercPumiped)
This explanatory variable reflects the percentwhping increased, which is used only in

vertical drainage alternatives.

Subsurface Drainage Indicator (DrainSpc)

An indicator is included to provide the ANN withfanmation about the spacing density in
sub-surface improvement management alternativeke drain spacing value, used to
identify the management scenario, is entered inAiN&l training dataset to capture the
effect of drainage improvement in the stream-aquifeeraction modeling. The variable

doesn’t take into account the percent of the iteddields that are improved.

Area-buffer-Based

The following explanatory variables are extracted grea-buffer; an explanatory variable

is created in the training dataset for each ardiibu
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Area-Buffer Area (BufArea_)

This variable consists of the total area of thedmeffer in square kilometers (Km The

variable includes all polygons in the area-buffegreif they are not physically connected

(see Figure 1-2).
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Figure 1-2 — Area-buffers configuration in groupiagea 16

Average Terrain Elevation (AveElev_)

The average elevation of the area-buffers tersaused to calculate the ANN explanatory
variable. The average elevation is computed u8itg-Zonal Statistics applied on the
DEM for the area-buffer polygons. The processestaged elevations are stored in the
database tablAverageElev The explanatory variablaveElev_his calculated, for area-
buffer b, as the difference between the average elevatidghe area-bufferE,) and the

average elevation in the main ri%gRE) for grouping areda normalized by the river

elevation.

AveElev b = E-RE
RE

b Explanatory Variable .AveRiverE/fev for area-buffer b.
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Water Bodies Areas (WBArea_)

This explanatory variable is created to represémt éxtension of the surface water
accumulation in the area-buffer. GIS geo-procesdools are used to intersect the
polygons representing water bodies and area-buffEng total area of polygons (or part of
polygons) inside the area-buffers are summarizetth@&xplanatory variable. The value
itself provides an idea of the extent of the wditedies and the grouping in area-buffers
provides insight on the location of them respeetritier system. The results are compiled

in theBWBodiegprefixedtables in théduffers database

Water Bodies Elevation (WBElev_)
The elevation of the water bodies with respech&rmean sea level is calculated based on

the DEM using the GIS-Zonal Statistics functionheTaverage values are summarized in
the database tabR\WBodiesElev.This explanatory variable captures the averageagtav

of the water bodies in the area-buffer with respedhe river elevation. The explanatory
variable is computed as the difference betweeratieeage water bodies elevatioNBE,)

in the area-buffelb minus the average elevation of the riviRE] in grouping areadivided

by the average elevation in the rivRH).

WBE, - RE,

WBElev b=
[ RE

(1.1)

Diversion (AveDiversion_)

An explanatory variable is created to provide infation of the magnitude of the diversion
water applied to the irrigated fields in the areffdrs. The diversion per area-buff@)
is calculated as the combination of the fractidinthe diversions proportional to their area-

buffer irrigated area with respect their totalgaied area.
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_ A
D,=> D, "
G /% (1.2)

where,D. = the diversion of canal C, = the set of canals that irrigate fields in butfer

A, c = the area irrigated by carmain bufferb, andA; = the total area irrigated by carmal

Precipitation (Precip_)
Spatially-varied precipitation is processed at iieéikne steps for th®iver GeoDS$ise.

The spatially-varied (raster) maps can be generatdgbr from NEXRAD processed
rainfall or using spatial interpolation from theimemeasurement data (CoAgMet and
NWS stations). Thd&iver GeoDSSmplements a tool using GIS functions that allows
processing point-measured variables to generateaidi variable raster maps using the
inverse distance method. The weekly precipitaisostored in a database that is accessed
for both training and simulation. GIS Spatial Arsdlfunctions are used to create weekly
summary tables with the mean precipitation per-brdter. The table name uses a user-
defined prefix and the beginning of time step ddtimmYY. Summary tables are reliant
on area-buffers and time step, alteration in anthe$e elements requires re-generation of
the precipitation summary tables. For exampl&NN training time steps are shifted from
the simulation time steps, different tables willedeto be generated for training and

simulation.

Canals (Canals_)

The length of canals in the area-buffer will bringan indicator of the amount of potential
seepage interfaces and their location with respgethe main stream. This explanatory

variable is computed clipping the canal lines madbuffers and totalizing all the lengths.
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Canal Elevation (BCanalsElev_)
In the groundwater regional-scale modeling (Burtdrahnd Gates 2005; Burkhalter and

Gates 2006), the relationship between the canafgesand water table depth shows a
significant influence in the modeling results. b&sin scale, we can approximate the canal
stage using the DEM-derived canal elevation respecthe mean sea level. This
explanatory variable captures the relationship betwthe average elevation of all canal
lines in the area-buffer with respect to the averalgvation in the river. The variable is
computed using GIS-Spatial Analyst tools and staredhe tableBCanalsElev The
explanatory variable is computed as the differéne®veen the average canals elevation
(Ck) in the area-buffeb minus the average elevation in the riieE] in grouping area

divided by the average river elevatidRE).

BCanalElev_b = E (1.3)
RE

Irrigated Area (IrrgArea_)

This explanatory variable captures the amountriofated area in the area-buffer in
squared kilometers. These values are calculated) wise Colorado Division of Water

Resources potential irrigated fields map and GI&i&8pAnalyst tools.

Canal Seepage Indicator (Avel olSeep_)

An explanatory variable is computed to provide atingate of the amount seeped in the
area-buffers to the groundwater. The seepage ‘loafculation is reliant on a user

defined coefficient §.) that specifies, for canal the fraction of the total diversiorD()

that will flow to the groundwater along the runtbé canal (from the head gate to the end
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of the canal). The total seepad® ), in canalk, is computed using the diversion flo®)

and the canal seepage coefficient.

Sc = Dc Ec (1.4)

The estimated seeped amount in the area-buffealtsilated as a fraction of the total

seepage of the canal. The area-buffer seepagg, (for canalc, is computed as the total

seepage per unit length times the length of thalgatersecting the area-buffer.

(1.5)
where,L. = the total length of canalandL., = the length of the canalthat lays in area-
bufferb. The length of each canal per area-buffer isuta@ied during the data preparation
summing the canal line lengths in the area-buffet storing the results grouped by the

corresponding canélydrolD and thebufferlD.

The explanatory variabl&yeVolSeep for each area-buffer, it is calculated as theaye
seeped volume of the canals in the buffer. Theaaeeseeped volum&yj in the bufferb

is calculated as:

= (1.6)

where,Cy, = number of canals present in the area-buifes, = the seepage of the canal

command arenin the buffer.
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This indicator is factored by the percent reductimhen simulating management

alternatives inRiver GeoDSS The seepage reduction fraction for cana(Rg.) is

incorporated in the explanatory variable as follow:

D, 5 [,
Y ]
Sn = i c (1.7)

Canal Seepage Reduction (PercSeep_)

An indicator for the canal seepage reduction foacin the area-buffer is incorporated into
the explanatory variables. The seepage reduatmtidn corresponds to the fraction of the
baseline seepage that was reduced by improvemek® icanal conveyance efficiency.
The area-buffer indicator is computed as the aweadghe fractions for the set of canals

intersecting the area-buffe€y). The indicator for area-buffércan be calculated as:

Cy
2R
PercSeepb = % (1.8)

b

where, Ry, = Seepage reduction fraction for canal

Agquifer Recharge (Rech_)

An explanatory variable is introduced to provide tANN with information about the
amount of water that is deep-percolated to thergiaater from irrigation practices. The
aquifer recharge is approximated as a fractiorhefwater available to the fields. Water
available for irrigation E¢) for canal command area is approximated as the diverted
water minus the seepage losses. Assuming an a&veraching fractionlf|), the aquifer

recharge volumeR;) from canak is calculated as:
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R =F.(If)=(D, - D, (&, )If 9).

where, D, = the diversion of canal S. = the average seepage coefficient for canal

The recharge indicator for area-bufferis calculated using the proportional aquifer

recharge amount for all canals that irrigate thigelbu The average recharge for area-buffer

b (R, ) is calculated as:

S If (D, - D, [5)A,
5 ( 5)A

o & A
= 1.10
R, C, (1.10)

where,D; = the canal diversion in acre-ft/weelC, = the number of canals that irrigate
fields in area-buffeb andA , = the area irrigated by canah bufferb. A; = the total area

irrigated by canall.

During the management scenarios simulation, theifeaquecharge reduction is
implemented using the recharge reduction fad®). (The recharge indicator is calculated

as:

S If (D, - D, [5)A,
Z ( i A| S)A (1_ RR)
R == (1.11)

Notice that the recharge indicator becomes Equdtih when the recharge reduction
factor Rz equals to zero (e.g., baseline and managememhatltees that don’t include

recharge reduction).
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Recharge reduction is achieved by improvement qlicgiion efficiency at the field

operations, resulting in a new leaching fractidh'\. The recharge indicator can be

expressed as a function of the scenario curreetslon and improved leaching fraction as:

i If '(Di' -D [S')A,b
R, = A (1.12)
C, '

WhereD;’= Diversion in the simulated recharge reductiomade for canal, and S’ =
average adjusted canal seepage coefficient to peothe management scenario seepage.
The adjusted leaching fraction can be calculatexliramg that the scenario aquifer

rechargeR’) equals the reduced baseline rechafgfg ¢ R, )).

F'Of' =F Of (1- Ry) (1.13)

F F If fi- R,)
If'=—If {l-Ry)=————If (I-R,)=7——R~« .
F’ {-R,) F - FOF R, {-R,) (1-1f [Ry) (114

Aguifer Recharge Indicator (PercRech_)

An indicator for the recharge reduction factor ne tarea-buffer is used as explanatory
variable. The indicator is the average of the\llial recharge reduction fractioRd)

overall canals that irrigate fields in the areafuf

Cp

2R
PercRech_ b= (1.15)
b

Where R;, = Recharge reduction fraction for canal, = the number of canals that irrigate

area-buffeb.
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Groundwater Pumping (AvePumped_ and NoPumps_)

Historical pumping data in the area-buffers is uasdexplanatory variable for the ANN
stream-aquifer interaction modeling. Two explanatariables are created to indicate the
magnitude and density of the pumping in the ardéetss The first oneAvePumped) is
the total volume pumped from the aquifer and tleeiseé one loPumpsb) is the number

of active pumps in the area-buffer

The pumped volume is increased in by the factoicatdd by the simulated management

scenario. The vertical drainage alternative puinpater P’) is calculated as:

P =PL+1,) (1.16)

where,P = historical pumped water, aifig= the factor in which the pumping is increased.

The additional pumpingXP ) can be calculated from the historical recordshef pumps
located in the grouping areas using thdactor or it can be extracted from the total

scenario pumping (in MODFLOW output) using thedalling relationship:

P'=P+AP=P(L+1,) (1.17)

where P’ = management scenario pumping @&hd baseline pumping. Rearranging the

equation termd@\P is computed as:

(P -aP)L+1,)=P (1.18)

(1.19)
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MODFLOW-MT3DMS VARIABLES FOR ANN TRAINING

The following variables are processed and incluidethe ANN training dataset, for the
baseline and management alternatives, using GeofMOW with the user specified
binary MODFLOW-MT3DMS output files. The Geo-MODFMD queries the individual
cell outputs. The geo-processed MODFLOW-MT3DMSXd geells are clipped to the
grouping areas. All cells outputs are adjusteghgriional to the area inside the grouping
area. A proportionality factor, defined as théordetween the cell area inside the grouping
area and total area of the cell, is multiplied sm#e cell output to compute the

corresponding grouping area portion.

MODFLOW-MT3DMS River Cells Grouped Variables

The following output variables of the training dets are populated for both the Arkansas
River (Main River) and the tributaries using thiscthe MODFLOW-MT3DMS flagged

river cells. These variables summarized per grayprea.

Main River Aquifer Return (OUTPUTInRiverArk)

This variable includes the total water volume fl@ws from the aquifer to the river during

each time step in the grouping area.

Tributary Aquifer Return (OUTPUTInRiverTrib)

This variable equals the total water volume thatwvél from the aquifer to the tributary

streams during a time step in the grouping area.

Main Stream depletion (OUTPUTOutRiverArk)

This variable contains the sum of the water deglétem the main river into the aquifer

during a time step in the grouping area.
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Tributary depletion (OUTPUTOutRiverTrib)

This variable contains the sum of the water deglétem the tributaries into the aquifer

during a time step in the grouping area

Main Stream/ Aguifer Salt 1.0ad (OUTPUTQuality Ark/ OUTPUTQualityTrib)
These variables summarized the total salt loadhd¢ontain river and tributaries from the

aquifer in the grouping area.

Main Stream/ Aquifer Salt 1.oad (OUTPUTConeArk/OUTPUT Conclrib)
These variables contained the computed concentrafigvater returned to the main river

and tributaries respectively. It is calculatedresratio between mass returned and volume

returned.

All MODFLOW-MT3DMS Cells Grouped Variables

Using all the cells in the grouping area, the folltg variables are computed for the ANN

training dataset:

Aquifer Recharge (AqguifRech)
This variable contains the sum of the total aquiéeharge amount for all the cells and all

the MODFLOW-MT3DMS layers in the area-buffers. Auatput variable is created per

area-buffer in the grouping area.

Stmulated Drainage 1 olume (DrainReturn)

This variable summarizes the total drained wat&rne in the grouping area.

Simulated Drained Salt 1 oad (DrainSaltl oad)

This variable contains the salt load contributedtiyy drained water that flows to the

surface system.
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MODFLOW-MT3DMS Pumped Water (OUTPUTPumped)
This variable summarized the MODFLOW-MT3DMS grourader pumped in a time step

from the grouping area.

Pumped Salt 1oad (OUTPUTPumpedSalt)
This variable contains the total salt load from fhemping activity in MODFLOW-

MT3DMS.

Canal Seepage (CanalSeepage_)

For each area-buffer in the grouping areas thé setpage is summarized to the training

dataset.

ANN TRAINING DATABASE

The tool produces a database containing the ANINitigadataset. The database includes

three tables:

General Information Table (ANN_InputOutput_Original_Generallnf)
This table contains general information about tbarse tables, preferences, variables

generated description and date of execution.

Data Sources Information Table (ANN_InputOutput_Original_DataSources)

This table holds information about the scenariedus generate the dataset. It contains
the scenarios number and names keys (unique igesitibs well as the MODFLOW file

name used to generate the cases for each managdtaesrdtive.

Data Sonrces Information Table (ANN_InputOutput_Original)

This table contains the sets of inputs/output fdiNAtraining and simulation. The training

cases will have sets of inputs and correspondimguisl The simulation cases correspond
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to pre-calculated explanatory variables that walldvailable basin-wide at simulation time.
The input/output cases (table rows) have infornrmaéibout the grouping area, the scenario

where it came from as well as the time step forcwiiti was generated.

ANN TRAINING DATASET FILES DESCRIPTION

The ANN Database Managemeuntility exports the dataset to a set of comma rstpd
files (*.CSV) files for training, testing and sinatilon. The files are created in the folder
specified in theDutput Folderbox using the prefix name given by the user inRile Base

Name(Figure 4.12). The files created are:

ANN_to MODSIM_DataSources.csv contains the list of scenario number id and name.

ANN_To MODSIM_CONST.csv holds a table with values for the explanatory alalgs
that are constant for all the modeled time steftsis structured with the explanatory

variables in the columns and the grouping are#isemows.

ANN_To MODSIM_AvgOutputs.csv provides the average values for the output vagabl

to be predicted.

ANN_To MODSIM_Awvglnputs.csv contains a summary table with average values for

recurrent explanatory variables.

ANN_OutputVarLabels.csv provides the labels and units information for thetput
variables. These values are user-defined irAtiN Database Managemeutility support

tables.
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ANN_To MODSIM.csv contains the generated dataset including all thglagatory

variables (and available recurrent variables) tbthe scenarios. This table is used for

River GeoDS%esting purposes.

ANNTrain_X.csv contains the training dataset for each grdujefined in Figure 4.11.

ANNTest_X.csv contains the testing dataset for each grdugefined in Figure 4.11. It

includes all available time steps (some of thaahttme steps are excluded from training
for not having recurrent variables) and it might mzlude the training dataset filters, if
selected by the user in the interface. This datagght also include training cases since it

will provide an overall performance measurement.

ANNI Ol nfo.csv contains information for MATLAB ANN training. Thifile includes the
number of previous time steps included in the @dtabe number of area-buffers, the
training and testing grouping areas, the name plaeatory variables, name of recurrent

variables and output variables.



