CHAPTER 6

RIVER GEODSS FRAMEWORK FOR THE LOWER ARKANSAS
RIVER VALLEY, COLORADO

Described herein is the construction and applioatiotheRiver GeoDSS framework to the
LARV as a customized version for handling basiregffgedata and characteristics, and
problem-specific analysis. THeiver GeoDSS implements the full functionality of the
spatial decision support system, including MODSIMol$ for administrative and
institutional water allocation modeling, such adexaights, the Arkansas River compact,
storage water contracts and alternate points adrsion, coupled wittRiver GeoDSS
modules for conjunctive use water quantity and iguahodeling. The objective of this
River GeoDSS development is to build a tool to analyze the ifeity and effects of the
regionally-defined water management alternatives iheavily legal and administrative
constrained system. The topics discussed in Hapter include: (a) gathering the data, (b)
creating the geo-network, (c) describing the setcadtom tools developed fdRiver

GeoDSS application in this basin, and (d) calibrating amdulating the system.

SPATIAL-TEMPORAL DATABASE

A comprehensive spatial-temporal database was a@@lfor the LARV to support
modeling, analysis and decision making tasks. ddtabase is assembled with information
from the USGS, Army Corps of Engineers, the CDWig,NRCS and CSU field-collected

and digitized data. Spatial data are compiled iRE$eo-databases; while, temporal data
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are stored in native MS-Access database formatigbpata in the GIS platform facilitates
integration and cooperation between research stadithe field, regional and basin scales.
The database includes digital topography, politidalisions, hydrography, hydraulic
structures (e.g., canals, dams, siphons, and dwergructures), irrigated fields, Soil
Survey Geographic Database (SSURGO), land use,tpeelsrock scatter points, aerial
photos (DOQs), satellite images and spatially exfeed field data. Diversion structures
and reservoirs have associated water rights whiehrelationally joined with the GIS
features. Dynamic features include measurementsharacteristics varying in time,
including water quantity and quality measurememtsboth surface and groundwater
systems, climatic variables, water diversions, graindwater pumping. Measurements
are stored in database tables and relationallggbwmith spatially-referenced features such
as gauging stations, climatic stations, diversioactures, pumping wells, and monitoring
wells. NOAA-NEXRAD precipitation data are procegsato raster maps and made
available for theRiver GeoDSS The database also contains processed data such a
watersheds, slopes, hydrologic networks, geometratworks, and geo-referenced
groundwater model results. Samples and detailseo$patial-temporal database are found

in Appendix V —Spatial-Temporal Database Description.

GEOMETRIC NETWORK

The geometric network for theAR GeoDSS is based on the USGS NHD network. The
network elements are filtered, processed and iragartto theLAR GeoDSS data-model,

with stream detail reduced to the major tributaaesl the Arkansas River. The study
region extends from Pueblo Reservoir to the Colm@dnsas state line. Flow directions

are assigned using the digitized direction, whidtks well for natural streams, but needs
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to be manually edited for canals and drains insirsgem. The network flow direction and
connectivity rules are implemented to accuratelgrasent the physical system water
movement. Complementing information from aerialotolgraphy, a system field
reconnaissance was performed in 2005 providing ngrotruthing for the geometric
network flow and connectivity implementation. Tieeonnaissance visited more than 250
locations in the study area to observe hydraularatteristics. Photographs of the visited
points and observations are digitally availabléheLAR GeoDSS database (see Appendix
V — Soatial-Temporal Database Description for an example). The ESRI Utility Network
Analyst extension was used to check connectivityhades and links, perform network
traces and verify flow paths. Figure 6.1 showsgample of the geometric network in
ArcMap, including flow directions (blue arrows) aadUtility Net Analyst downstream
trace result (in red) from the XY canal diversiofhese traces allow the checking of water

quality mixing of flows at the canal-tributary in$ections.
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GEO-MODSIM NETWORK
The Geo-MODSIM Base-Network for theéAR GeoDSSwas generated from the geometric

network. Reservoir capacities and node prioritvese imported from the data-model and
stored with the MODSIM Base-Network. Pueblo Reseramd John Martin Reservoir
were assigned priorities of 500 and 600, respdygtivenich give initial preference to water
storage upstream. Gauging station demand nodesasegigned the default priority of 100,
with consumptive demand nodes assigned a priofi§§00. This priority scheme allows
water rights to be assigned cost rankings from-8@00, with a MODSIM aggregated cost
of the water right link and the demand node aidfitink ranging from -45000 to -50000.
The demand priorities are set and saved in therdatkel MOD_Cost field. Links were
assigned the default zero cost values, excepthfollink connecting the Holbrook Canal
diversion back to the main river and reservoir Isgplinks which were assigned with a
positive cost of 10 to discourage use of theseemuigure 6.2 shows the selected (bright

blue) return link from the Holbrook Canal diversitrat is assigned a positive cost.

The LAR GeoDSS employs special structures to model irrigation atagiversions as
consumptive demands. The consumptive demandsetbadbse to the diversion point
were modeled asow-through demands with water right links immediately doweatn of
the node pulling water into the canal system bildwahg diverted water to continue
flowing to the end of the canal where it is “congathby the terminal interface. Flowing
diverted water through the canal links allows qiregyand display of diverted flow
anywhere in the canal, especially useful for anglgglong canals that extend for dozens
of kilometers. If applicable, the terminal interéaallows the return of a fraction of the

diverted flow back to the river system.
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Data obtained from Abbott et al. (1985) were useg@dpulate the reservoir capacities in

Figure 6.2 — Diversion return link example

the data-model. These values were stored in thalg@base and transferred to the Geo-
MODSIM network using th&iver GeoDSS interface menu iterfiools — Load data-model

Data.

CUSTOMIZED RIVER GEODSS
This section describes the set of customReer GeoDSS tools for the LARV modeling.

An enhancedriver GeoDSS interface was implemented to provide access toctistom
data management and analysis tools. The custdsiitmiude importing time series data,
water rights data, and system characteristics,ellsas managing and analyzing “what if”
water management scenarios, and handling storaige ey@erations and alternate points of
diversion. The tools are presented in two growtgere the first group includes tools for
system model assembly, and the second group c®nslistools designed to handle

customized analysis.
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System Model Assembly
This section describes tools that are used to lamttpopulate theAR GeoDSS modeling

system. Theses tools are developed to handleyartidata formats, units and specific
characteristics of the Arkansas River basin. Dgeson of the underlying analysis and
assumptions is also provided in this section afexence for the appropriate utilization of
these tools. Time series data in th&R GeoDSS were compiled into a central database,
with detail on the file structure provided in AppienV — Time Series Database. The time
series database is accessed by the tools desaribied section, with the database location

defined in theData Management Interface

Reservoir Storage System
The LARV contains two on-stream reservoirs (PueBReservoir and John Martin

Reservoir), and nine major off-stream reservoinsifogation purposes. Based on the
system operation described in Abbott et al. (198Byeral reservoir storage processes
occur in the basin. Lake Henry and Lake Meredffistream reservoirs owned by the
Colorado Canal, are used to store water duringvihter. The location of Lake Meredith,
however, requires an exchange with the HolbrookaGCahe Fort Lyon Storage Canal, or
the Arkansas River for the Colorado Canal irrigattr use the stored water. Although
limited availability of historical records requireisabling these reservoirs in thé\R
GeoDSS, exchanges in the records are modeled as storatge diversions (see “Storage

Diversion and Exchanges”).

The Great Plains Reservoirs [Nee So Pah (BlackrRiee No She (Standing Water),
Nee Gronda (Big Water), and Nee Skah (Queens)vasgrare part of the Amity Canal

system. These reservoirs are broad shallow lakesenthe surface-area-to-capacity ratio
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produces significant evaporation losses. Sincargel dead-storage pool permits more
stored water than can be withdrawn, storage forAtmty Canal is maintained in John
Martin Reservoir whenever possible. Since no @xare found for diversion from these

reservoirs, they were disabled in the current wvarsf theLAR GeoDSS

The Holbrook Canal can store water in Holbrook Resig but this reservoir is unable to
deliver water to the irrigated lands and requineseachange with the river to use stored
water. Diversion records for Holbrook Reservoir anty available for dates prior to 1983,
thereby limiting the modeling of storage in thiseevoir. Storage water records were used

to model water exchanges.

The Fort Lyon Storage Canal delivers water to H&@seek Reservoir and Adobe Creek
Reservoir, with the ability of releasing irrigatiovater directly to the Fort Lyon Canal.
Since these reservoirs have negligible impact eretttire system operation and because of

the lack of readily available data, therefore theye disabled in theAR GeoDSS

Flow Data

Flow data at gauging stations in the Arkansas Ruadley are available from the USGS
and CDWR. The raw daily data were stored in thnetseries database, where the current
database includes USGS data ranging from 1912pte®&er 2004 and CDWR data from
1935 to December 2003 for a total of 24 stationthanriver basin. Table 6.1 and 6.2
provide a summary of the active gauging statioraslable in the database as well as their

periods of record and average flow.
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Table 6.1 — CDWR Gauging Stations Summary

Name HydroCode DataFrom DataTo Values Count é\;:)r age
ARKANSAS RIVER NEAR CARLTON @ X-Y DITCH DAM ARKCARCO 10/1/1999 9/30/2003 2557 | 175.12
ARKANSAS RIVER NEAR NEPESTA ARKNEPCO 10/1/1935 9/30/2003 26571 | 672.52
ARKANSAS RIVER NEAR ROCKY FORD ARKROCCO 10/1/1999 9/30/2003 2557 | 270.15
CROOKED ARROYO NEAR SWINK CANSWKCO 2/1/1968 9/30/2003 13957 | 12.05
HORSE CREEK AT HIGHWAY 194 HRC194CO 10/1/1979 9/8/2003 8232 | 17.17
PURGATOIRE RIVER AT NINEMILE DAM, NEAR PURNICCO 1/1/1998 9/25/2003 2019 | 71.28
HIGBEE (C
PURGATOIRE RIVER BLW HIGHLAND DAM NR LAS PURHILCO 5/23/2001 9/22/2003 643 | 28.49
ANIMAS
ARKANSAS RIVER AND CATLIN CANAL (COMBINED) ARKCACCO 1/1/1998 9/30/2003 2098 | 657.45
Table 6.2 - USGS Gauging Stations Summary
Name HydroCode DataFrom | DataTo \ézl:nets 2:\;:; age
APISHAPA RIVER NEAR FOWLER 07119500 4/1/1922 9/30/2004 25511 | 20.48
ARKANSAS RIVER ABOVE PUEBLO 07099400 10/1/1965 9/30/2004 14610 | 602.41
ARKANSAS RIVER AT LA JUNTA 07123000 4/1/1912 9/30/2003 33778 | 240.33
ARKANSAS RIVER AT LAMAR 07133000 6/1/1913 9/30/2004 32385 | 183.10
ARKANSAS RIVER AT LAS ANIMAS 07124000 6/1/1939 9/30/2004 24229 | 236.37
ARKANSAS RIVER AT MOFFAT STREET AT PUEBLO 07099970 10/1/1988 9/30/2004 6209 | 565.81
ARKANSAS RIVER BELOW JOHN MARTIN RESERVOIR | 07130500 4/1/1938 9/30/2004 24443 | 332.65
ARKANSAS RIVER NEAR AVONDALE 07109500 5/1/1939 9/30/2004 19388 | 848.00
ARKANSAS RIVER NEAR GRANADA 07134180 12/5/1980 9/30/2004 9066 | 213.97
BIG SANDY CREEK NEAR LAMAR 07134100 2/1/1968 9/30/2004 8951 | 18.25
FOUNTAIN CREEK AT PUEBLO 07106500 1/1/1922 9/30/2004 23022 | 137.46
FOUNTAIN CREEK NEAR PINON 07106300 4/1/1973 9/30/2004 11221 | 154.75
HUERFANO RIVER NEAR BOONE 07116500 1/1/1922 9/30/2004 8712 | 43.44
PURGATOIRE RIVER NEAR LAS ANIMAS 07128500 1/1/1922 9/30/2004 24406 | 79.21
SAINT CHARLES RIVER AT VINELAND 07108900 10/1/1978 9/30/2004 9862 | 39.93
TIMPAS CREEK AT MOUTH NEAR SWINK, CO. 07121500 1/1/1922 9/30/2004 15097 | 58.18
TWO BUTTE CREEK NEAR HOLLY, CO. 07135000 6/9/1942 8/3/1999 59 | 39.31
ARKANSAS RIVER NEAR COOLIDGE, KS 07137500 1/1/1998 9/30/2003 2099 | 345.30
CHICO CREEK NEAR PUEBLO CHEMICAL DEPOT 07110400 1/1/1998 9/30/1999 612 | 7.35
WILD HORSE CREEK ABOVE HOLLY 07134990 3/18/1998 9/30/2004 1612 | 20.89

Diversion records for all water users in the bamia maintained and provided by the
CDWR, with daily diversion records included in thAR GeoDSS time series database.

The records include flags and user id to track leegdiversions as well as storage water
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and alternate points of diversion. The databaskeides more than 300 water users with

water use records ranging over the period 191004 2

Reservoir storage data are maintained by the USyACorps of Engineers, Albuquerque
District, and the USBR. The USBR makes available Bueblo Reservoir daily data
through theHydroMet database, and storage levels from 1999 to 2008 stered in the

LAR GeoDSStime series database. John Martin Reservoirwlata downloaded from the
US Army Corps of Engineers web page and complerdesitd data from 1970 to 1991 as

provided by the Albuquerque District personnel.

Gauging Stations
Flow data at the gauging stations represent inputsheck points along the system. The

most upstream gauging stations in the network wesed as network sources, with
intermediate stations used in calibration to giamtical gains and losses. The measured
flows were loaded into the corresponding demandenode series, where the system
source nodes, modeled fa@v-through demand nodes, request the measured flow from the
calibration structure and convey the flow downstreltermediate control points regulate
the automatic calibration of the network and camiged for comparison of simulated flows

with the baseline network during simulation of thanagement alternatives.

Diversion Water

Historical diversion records were used to populatewater demand time series data sets
according to the modeled time step. Daily valuesenextracted, using the CDWR Water
Bank Codes (described in Appendix V). In this aggtion, these daily flows were then

summed to weekly volumes for modeling purposes.
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The diversion data for certain water users requspaetial handling since these users were
under a different water district subsequent to raear 1999 (Table 6.3). This situation is
identified by users having the same structure Id aser name under different water
district (WD) numbers. Diversion records for thesers associated with WD 14 extend
through water year 1999, and then are associatbdwaiter district 17 thereafter. CDWR
personnel expressed that in this situation, wheth tvater districts have records and the
data are expected to be duplicated, data for oméyad the water districts is required for

processing in theAR GeoDSS

Table 6.3 — Three Digit Structures with Data undéferent WD Numbers

ID WD Nos. NAME
540 14, 17 COLORADO CANAL
542 14, 17 ROCKY FORD HIGHLINE
558 14, 17 ROCKY FORD DITCH
652 14, 17 LAS ANIMAS TOWN DITCH
659 14, 17 COLO CANAL RETURN FLOWS

Reservoir Storage Data

Even though all major reservoirs in NHD datasetenacluded in the geometric network,
only the on-stream Pueblo and John Martin Reserwoithe LARV have readily available
measurements of historical daily volumes, inflows autflows to populate storage target
time series and be modeled as standard MODSIMvaserOff-stream reservoirs were
modeled based on the storage water diversion recasddiscussed subsequently under
“Storage Water Diversion and Exchanges”. For calibn purposes, reservoir storage
targets were set to the historical measured volumélse reservoirs. For simulation of
management alternatives, two reservoir modelingasadere tested: (1) historical storage

was used as the target storage level and (2) mséyers were used to balance the system
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storage between the active reservoirs (describedetail in Chapter7 — Reservoir

Operational modes).

Time Series Import Tool

The LAR GeoDSS Time Series Import tool processes the daily flows stored in the degab

according to the modeled time step and units. ©bkimports: (1) the processed gauging
station flow data into the correspondifigw-through demand nodes that represent the
gauging stations, (2) measured diversions into ¢beresponding consumptive use
demands, and (3) historical reservoir storage $eaglreservoir targets and reservoir initial

volumes for the corresponding simulation start date

The tool is accessed as a menu itemArkansas Tools—Populate Time Series—All
Historical. The tool allows importing time series for all exgt nodes in the network or
for a selected node from a list. A zero value sdu® fill missing daily data, indicating no

flow contributions for these time steps.

The reservoir initial volume entries are populatéth the historical reservoir volumes at
the beginning of the simulation period, and thg@eéawvolumes are assigned as historical

storage levels at the end of each time step.

Precipitation Data

Spatial precipitation data were processed intd_tkie GeoDSS using raster maps generated
by two methods: (1) NEXRAD Stage Il data and (@xtgally interpolated climate station

measurements.
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NEXRAD Stage lll employs operational hourly rainuga data, and interactive quality
control by Hydrometeorological Analysis and ServietAS) forecasters at the National
Weather Service River Forecast Centers to procue®igital Precipitation Array (DPA)
products. DPA products are generated by the Ptatign Processing Subsystem (PPS),
which is one of many automatic algorithms in the RMBD Radar Product Generator
(Fulton et al. 1998). Radar-based NEXRAD Stagesflatial precipitation data were
collected from National Oceanic and Atmospheric Adstration (NOAA) Hydrologic
Data Systems for the LARV from 1997 to 2005. Twmvnloaded hourly data were
processed and compiled into daily raster maps usinBiver GeoDSS utility for
accumulating precipitation according to the modelet steps. Figure V-6 (in Appendix

V) shows a sample of the resulting weekly-precitaraster map.

Both the NWS and CoAgMet maintain climate statitret were utilized for this project.
Since the climate stations provide point-based ipitaton in the Valley, theRiver
GeoDSS implements a utility (Figure 6.3) to generate spatrecipitation raster maps from
the point-measured values. This utility uses tineetseries database data and file
preferences in th&ver GeoDSS Data Management Interface (Figure 3.3). The station
points are assigned the measured values and sap@iial interpolation (using the inverse
distance weighting (IDW) method) is performed tgmte sets of raster precipitation
maps. In addition to simplifying automation, IDWroduces smaller errors on estimates
of climatic discontinuous phenomena such as pratipn, than other spatial interpolation
methods with smoothing effects (e.g., Kriging) (Broand Comrie 2002). Figure 6.4
shows an example of the weekly spatial interpolgtedipitation and the stations used in

the processing.
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Precipitation summary databases were created asiAR GeoDSS utility (Figure 6.5) that
implements the ArcGIonal statistics function for the user-specified zones. This ytili
generates tables of precipitation statistics fer specified zones (e.g., polygons, lines or
points) for each modeled time step. The utilitesusAR GeoDSS Data Management
Interface preferences for output database nameweatibns. Currently, precipitation data

are exclusively used as an ANN explanatory variabléhe stream-aquifer interaction
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modeling. For ANN training, the regional-scale grdwater model time steps were used
based on 52 weeks per year starting on Aptil The corresponding weekly precipitation
raster maps and summary tables were created gtamirpril I for the modeled years.
The LAR GeoDSS simulations with the ANN-based stream-aquifer reatéon relied on
previously-generated precipitation summary taldéeled with the time step starting date.
Since MODSIM time steps are continuous and unifoom the model start date, th&R
GeoDSS run requires the generation of slightly shiftedtea maps and summary tables
beginning with the second year of simulation. Asansequence, the precipitation
summary database contains tables for both MODFLOWBDIMS and MODSIM time

step start dates.

Zonal Raster Precipitation Processing
Raster Data to Process
{* NEXRAD Raster maps {~ Calculated Runaff water

maps

fo The current buffers in the working directory will be used as 2ones.
The buffer 1D will be the field 10

(" Zonal dataset ﬂ
[

fone Field

Generate Spatial Summany Precipitation
Datzbase

Figure 6.5 — Precipitation summary database gdperatility interface

Water Quality Data
A LAR GeoDSS water quality database stored measured specificlumbance values

downloaded from the USGS collected between 1963280%. Specific conductance of
the samples were collected in two modes: (1) regatarvals (e.g., 15 min, 30 min), and

(2) irregular intervals (i.e., grab samples). Tatabase includes both sample modes using
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a type id to flag them. Table 6.4 shows a sumnudrihe stations, the type of data

collected, the number of samples available, an@#nkest and latest sample in the record.

Table 6.4 — Water Quality Measuring Stations Sunymar

Name ISDta”o” ?;;2 gstuam From Date | To Date

APISHAPA RIVER NEAR FOWLER 7119500 | Regular 462 | 11/26/1963 | 05/07/2003
ARKANSAS RIVER ABOVE PUEBLO 7099400 | Irregular 6809 | 04/01/1986 | 09/30/2005
ARKANSAS RIVER ABOVE PUEBLO 7009400 | Regular 204 | 10/15/1965 | 09/28/2005
ARKANSAS RIVER AT LA JUNTA 7123000 | Regular o1 | 10/20/1961 | 09/12/2005
ARKANSAS RIVER AT LAMAR 7133000 | Regular 556 | 11/27/1963 | 00/08/2003
ARKANSAS RIVER AT LAS ANIMAS 7124000 | Irregular 6422 | 12/04/1985 | 09/30/2005
ARKANSAS RIVER AT LAS ANIMAS 7124000 | Regular 977 | 11/06/1945 | 09/20/2005
ARKANSAS RIVER AT MOFFAT STREET AT PUEBLO | 7099970 | Irregular 5434 | 10/05/1988 | 09/30/2005
ARKANSAS RIVER AT MOFFAT STREET AT PUEBLO | 7099970 | Regular 119 | 10/24/1088 | 00/07/2005
ARKANSAS RIVER BELOW JOHN MARTIN RESERVOIR | 7130500 | Irregular 6802 | 12/05/1985 | 09/30/2005
ARKANSAS RIVER BELOW JOHN MARTIN RESERVOIR | 7130500 | Regular 1291 | 10/09/1945 | 09/20/2005
ARKANSAS RIVER NEAR AVONDALE 7109500 | Irregular 7081 | 07/31/1979 | 09/30/2005
ARKANSAS RIVER NEAR AVONDALE 7109500 | Regular 916 | 02/04/1969 | 09/14/2005
ARKANSAS RIVER NEAR COOLIDGE, KS 7137500 | Irregular 1896 | 10/01/1999 | 09/30/2005
ARKANSAS RIVER NEAR COOLIDGE, KS 7137500 | Regular 687 | 11/27/1963 | 08/28/2003
ARKANSAS RIVER NEAR GRANADA 7134180 | Regular 253 | 02/21/1919 | 09/08/2003
BIG SANDY CREEK NEAR LAMAR 7134100 | Regular 281 | 02/07/1968 | 09/08/2003
CHICO CREEK NEAR PUEBLO CHEMICAL DEPOT 7110400 | Regular 44 | 04/28/1997 | 01/19/2000
FOUNTAIN CREEK AT PUEBLO 7106500 | Regular 700 | 11/26/1963 | 09/08/2005
FOUNTAIN CREEK NEAR PINON 7106300 | Regular 715 | 04/17/1973 | 07/21/2005
HUERFANO RIVER NEAR BOONE 7116500 | Regular 311 | 04/01/1976 | 06/06/2003
PURGATOIRE RIVER NEAR LAS ANIMAS 7128500 | Regular 667 | 12/20/1961 | 09/09/2003
SAINT CHARLES RIVER AT VINELAND 7108900 | Regular 400 | 11/05/1971 | 09/06/2005
TIMPAS CREEK AT MOUTH NEAR SWINK, CO. 7121500 | Regular 454 | 03/14/1967 | 07/01/2003
TWO BUTTE CREEK NEAR HOLLY, CO. 7135000 | Regular 2 | 080711007 | 08131997

The River GeoDSS Water Quality Import tool (Figure 3.14-B) was used to process and
transfer the downloaded data into the network abjetith both regular and irregular data
imported (see Appendix Il River GeoDSS Water Quality Import Tool for details and data

type analysis).

Calibration Concentration Range
Field data collection in the Arkansas River Vall@ypvided information for setting the

range of valid concentrations for water qualitylwation. TheLAR GeoDSSimplements a



179

utility to guide the selection of this concentratimnge. The utility uses the database to
present the user with maximum and minimum measuaiges at selected points in the
system. The user can also group observed contientvalues based on the types of water
bodies where the measurements were taken. The igg#emented in the database for
this purpose are: (1) River, (2) Small TributaryH level 4), (3) Large Tributary (NHD
Level 3), (4) Reservoir, (5) Canal, (6) Drain, @ Lateral. In addition, the user can
query maximum and minimum values imported into tleele concentration time series
data. Lastly, the user can manually enter the curet@n values to be used as upper and
lower limits. Figure 6.6 shows the user interféoethis utility to guide the setting of
calibration concentration limits. This utility cdre accessed for a single gauging station
(Figure 3.12) or can be used to set default vafaesll nodes in the system (accessed

through the menu itenTiools—Calibration Concentration— Set Defaults (Min/Max)).

W0ConcBoundsDlg &

Calibration Concentration Baunds

51U Measured
Specific Conductance To TDS

" Modes: | j - 11 TS [maA] = 683.87*EC[d5Sim] + 128 .04
- [2] TCS [magA] = 728.72*EC[d5m]~1.0
7 Type: | j (™ 2werage (1] and [2]

(" (2 TDS [mgA] = 859 7*EC[dSim] 0 &
(* [ T0S [mgd] = 727 D*EC[5m] ™1 .1
- Luerage (3] and (4

f& MinfMax Fam all Time Seres Concentration in the madel

Minimum TDS Ii Maxi TDS
Apply [ma/1: R [ma/1l: (4251858

0K | Cancel

Figure 6.6 — Calibration concentration bounds guitdéy interface

Table 6.5 shows a summary of the maximum and mimnmualues for the USGS

measurements and the different types of systenttstjar the CSU field measurements.
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Table 6.5 — Measured Concentration Limits by MeadiWater Body Type

Measured Object Type Mmlmur[nmLI/DLS] ng?;?glja
Canal 172.90 3272.50
Drain 250.78 1143.955
Large Tributary (Level 3) 477.19 2035.77
Lateral 283.63 904.75
Reservoir 280.55 975.97
River 223.69 4072.89
Small Tributary (Level 4) 307.65 2748.42
USGS Measured Time Series 317.10 4251.86

In this case study, the allowable concentratiomeafor calibration of unmeasured flows
was set basin-wide between 0 and 4500 mg/L to g@eoviexibility for diluting or

concentrating water in the reach according to tbevn$tream measurements. This
concentration adjustment includes compensatiorgfoundwater return flow over/under

predictions.

Concentration and Flow Relationship

Cain et al. (1987) developed log-log streamflowedpe conductance equations for the
Arkansas River basin, Colorado, such as log spemiinductance predicted as a function of
log streamflow. The same equation form was usedlfstations, and accommodates bi-
seasonal relationships from May through Septembdr feom October to April. The
relations developed for 19 Arkansas River and bOittary stations explain between 12 and
88 percent of the variation in the data. A regii@ation approach was used to estimate the
bi-seasonal equation coefficients for stations withufficient data for estimating the
coefficients. In this case, coefficients were reated using regression equations of the
drainage area, mean annual precipitation at thestgpercent of the drainage area that is

irrigated, and percent of the drainage area thatderlain by shale bedrock.



181

In the LAR GeoDSS, concentrations were computed for stations witbgular measured
concentration as a function of the measured flomgusa fitted regression equation
individually developed for each station. Theseaesgion equations allow concentration to
be predicted as a function of time step flow fdtiny periods that lack measured
concentrations. During simulation, the flow-cortcation relationships were used for all
time steps, regardless of the measurement avéijabifhe regression equations generate
changes in concentration due to changes in flownduthe modeling of management
alternatives. Appendix V contains details on tlasib flow-concentration relationships
developed for th& AR GeoDSS to estimate concentrations at stations with missiata.
Table 6.6 summarizes the regression equations tatidnsinformation for the irregular

measured stations.

Table 6.6 — Regression Equation Summary of Irregsdanpling Stations

Station Name MODSIM Pe_riod San_wples Regression Equation 2
Name Available Available (x=weekly Flow [Acre-ft])

SAINT CHARLES RIVER AT VINELAND STCHARCO 1978 — 2004 Conc=(3384.86)+(-345.28)*log(x) 0.69
HUERFANO RIVER NEAR BOONE HUEBOCO 1979 — 2003 264 Conc=(4431.61)+(-417.77)*log(x) 0.70
APISHAPA RIVER NEAR FOWLER APIFOWCO 1963 - 2003 Conc=(5360.23)*x"\(-0.26942) 0.80
CHICO CREEK NEAR PUEBLO CHEMICAL CHICRECO 1997 - 2000 Conc=exp((- 0.66
DEPOT * .00267)*x+(7.11166))

TIMPAS CREEK AT MOUTH NEAR SWINK,CO TIMSWICO 1967 — 2003 Conc=(10757.5)*x"(-0.30695) 0.82
ARKANSAS RIVER AT LA JUNTA * ARKLAJCO 1961 - 2002 73 Conc=(3455.02)+(-285.51)*log(x) 0.88
PURGATOIRE RIVER NEAR LAS ANIMAS PURLASCO 1961 — 2003 635 Conc=(4245.14)+(-332.65)*log(x) 0.62
ARKANSAS RIVER AT LAMAR ARKLAMCO 1963 — 2003 510 Con=(4717.8)+(-355.25)*log(x) 0.69
BIG SANDY CREEK NEAR LAMAR BIGLAMCO 1968 — 2003 262 Conc=exp((-.29e-3)*x+(8.10988)) 0.52
ARKANSAS RIVER NEAR GRANADA ARKGRACO 1981 — 2003 248 Conc=(5149.67)+(-347.61)*log(x) 0.73
FOUNTAIN CREEK AT PUEBLO FOUPUECO 1963 - 2004 584 Conc=(3386.25)*x"0.1671 0.82

*Small number of data points

Water Rights

The Prior Appropriation Doctrine governs the amaafntvater that can be diverted at each
diversion point in the Arkansas River basin. Thgppriation Doctrine establishes the

amount and, in some cases, the timing in whichathier can be diverted. The ability to
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divert water is based on the appropriation dat¢hefright, i.e., the older the date, the
higher the priority. At any given point in timéet original rights may have been modified
in several ways. The final rights are the restéllinany transactions and decrees, which
makes their determination an unwieldy task. TAR GeoDSS implements a tool that,
together with the MODSIM water rights extensiompdes processing of the water rights
database maintained by the CDWR for creation oftARV water rights in the Geo-
MODSIM network. TheLAR GeoDSS Water Rights Import tool is accessed from the
menu itemArkansas Tools—Water Rights—Load from DB. The tool requires a local copy
of the CDWR water rights database in MS-Accesshdesta format. Figure 6.7 shows the
MODSIM water rights extension interface with a séengf the imported water rights for
the LAR GeoDSS.  The text in the interfaclotes column is generated during the import
process with information on the processed trarmastused to compute the final imported
amount. The water rights extension creates thenmghts modeling links associated with
the imported rights directly into the Geo-MODSIMtwerk, with each water right
represented by a link conveying flows to the demaade representing the water user.
Details about the CDWR water rights database, riiyoit tool and its application to the
LAR GeoDSS as well as a summary of the processed watersrigine available ihAR

GeoDSS user support (Appendix V kporting Water Rights from the CDWR Database).
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5 Water Rights - Priorities Extension E]@
File  Yiew Tools
Table Display Type Automatic Cost Generation
{* Node Based Initial Cost: 5000 {+ Re-sort Colum by Water Right Date
Generate
~ Link Based Tl T lwi " Use the current row order
Add ¥Water Right | Edit Active Water Right

Systemn Water Rights and Priorities
To Mode From Mod | waterRightDate | Amount | Unit Cost | Seasonal | Skatus | Motes ‘i‘

b |PEWW_NMorthside S6_636 411861 0 acre-Friweek 4970 0 Max ¥ _APD_TO_(14)501 4109 PEWW MORTHSIDE INT,
PEWW_Southside 56 566 4/1/1881 0 acre-ftfweek 4980 0 oK _APD_TO_(14)501 4109 PEWW SOUTHSIDE INTZ
Riverside_Diary S6_S66 1/1/1883 14 acre-frfweek 0 o Ok 12054 RIVERSIDE DAIRY DITCH(|1:SEE S4CW179
Baldwin_sStubbs S6_z69 11/30/1907 305 acre-ftfweek 0 1] Ok 21152 BALDWIN STUBBS DITCH(|22:ORIGIMAL R
Excelsior_Dikch S6_526 12/31/1861 u] acre-ftfweek -4330 0 Ok 4353 EXCELSIOR DITCH{|60:ORIGIMAL RIGHT||4
Raocky_Fart_Highline S6_449 12/31/1861 555 acre-ftfwesk -4920 0 Ok 4353 ROCKY FORD HIGHLIME(|40: TF EXCELSIOR
Fort_Lyan_Starage 56 215 4151884 i acre-ftfweek 4180 0 oK _APD_TO_(17)553 12524 FORT LYOM STORAGE »
Fort_Lyon_iZanal S6_4% 4/15/1554 2286 acre-ftfweek -4170 0 Ok 12524 FORT LYON CANALL|164.64- =164, 64 ORI
Kicking_Bird_Canal S6_303 gi1/18%6 15967 acre-ftfweek -3650 0 Ok 20186,17015 KICKINGBIRD CAMAL(|1150:CARRIE
Sissonstubbs_Ditch S6_115 12/1/1891 250 acre-ftfweek -3600 0 Ok 20570.1531 5I550M & STUBES DITCH 1(|18:0RIC
Bessemer_Ditch S6_S528 4/30/1861 28 acre-ftfweek -4960 0 Ok 4138 BESSEMER DITCHI|Z:TF 'WARRANT BARMES
Booth_Ditch 56512 4/1/1861 0 acre-Friweek -S000 0 OK  _APD_TO_(14)501 4109 BOOTH DITCH(|6.2->Eﬂ

A »

0K I Cancel |
EZ|

Figure 6.7 — MODSIM Water Rights Extension for th&R GeoDSS

Alternate Points of Diversion

Alternate Points of Diversion (APD) are conditiodatersion points in the basin where the
original water right holder can take a portion lo¢it right up to a decreed amount. The
APD amounts and locations were modeled in AR GeoDSS using the historical
diversion records. Since the diverted amountb@tAPD were modeled as upper bounds
on the high priority links that guarantee allocataf the APD diversions, the original right
was consequently reduced by the amount divertéieadPD. The implementation of the
APD in theLAR GeoDSS was automated by two utilities that build the modglinks and
assign their link capacity time series from theedsion records database. The tools are
accessed using the menu iterAskansas Tools—Create Network Links from Diversion
DB—Alternate Points of Diverson and Arkansas Tools—Populate Time Serie—Fix
Capacity to Alternate Pts of Diversion respectively. The AR GeoDSS allows the APD

creation algorithm to be executed only once forheBase-Network to avoid processing
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errors by double counting the APD in the originghts. These tools use information coded
into the link description by the import tool to asgmte water rights information with the
diversions database. The APD active modeling Iwkse renamed using the following
format: “ToNode _APD_TO_[\WD)ID”. Table 6.7 summarizes the APD modeled in the
LAR GeoDSS where Table 6.7-A contains the links createdmduthe diversion database
analysis (i.e., not identified during the waterhtgy import operation) and Table 6.7-B
presents the links created during the water righgsort process that are used in the APD
modeling. Table 6.8-A contains the original rigthtat are adjusted for the current modeled
period based on APD records. Table 6.8-B sumnsthz modeled APD for information
on the original right not found as result of theevaights import operation. If this original
right was actually modeled in tHeAR GeoDSS, an error was introduced by allowing
diversion of the full amount at the original locetj plus the recorded alternate diversion.
Details on theLAR GeoDSS APD modeling procedures are available in Appendix

Modeling Alternate Points of Diversion.



Table 6.7 — LARV Modeled APD Links

A : . :
APD Demand Node HoYzztre(rv\F/%%g B APD Demand Node Ho\llzztre(rV\ll?IID%Ith
Bessemer_Ditch (14) 527 PBWW_Northside (14) 501
Bessemer_Ditch (14) 600 PBWW_Southside (14) 501
Bessemer_Ditch (14)3528 Fort_Lyon_Storage (17) 553
Bessemer_Ditch (14)3537 Booth_Ditch (14) 501
StCharles_Mesa (14) 527 Booth_Ditch (14) 591
StCharles_Mesa (14) 533 PBWW _Southside (14) 591
StCharles_Mesa (14) 600 PBWW _Southside (14) 535
StCharles_Mesa (14) 666 PBWW_Southside (14) 589
StCharles_Mesa (14) 3537 PBWW_Northside (14) 591
PBWW_Northside (14) 537 BWW_Northside (14) 590
PBWW_Northside (14) 573 BWW_Northside (14) 535
Lamar_Canal (67) 5041 Bessemer_Ditch (14) 527
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Table 6.8 — Original Rights Adjustment and Erroes&d on Alternate Diversion

Records
| Adjusted Link Name APD Node Name | | Water Right not found APD flode |- Admi
(original right) e || W N
56_45_Fort_Lyon_Canal Fort_Lyon_Storage \E’;V:XRTFEAF‘{NT BARNES & PBWW_Northside | 4109
56_512_Booth_Ditch_4 PBWW_Southside WARRANT BARNES & PBWW_Southside 4109
56_512_Booth_Ditch_8 PBWW_Southside BAXTER
. . WARRANT BARNES & Booth_Ditch | 4109
56_512_Booth_Ditch_4 PBWW_Northside BAXTER
56_566_PBWW_Southside_3 PBWW_Northside WEST PUEBLO DITCH PBWW_Southside | 8127
WEST PUEBLO DITCH PBWW Northside | 8127

Storage Water Diversion and Exchanges

Flows through diversion structures in the basin icatude water diverted from storage
contracts and the winter water program, where dalisstorage water are based on the
user’s natural flow entittement, water needed, available storage water. Currently, the
LAR GeoDSS does not implement storage account modeling gmebBAR GeoDSS lacks
information on users’ available storage water dred additional complexity of modeling
individual storage accounts does not provide autdli benefit to the comparative
evaluation of improved management alternativese wodeling of storage water in the
system was based on diversion records, simildrg@pproach used in the APD algorithm

as explained previously. Thé\R GeoDSS implemented modeling of special high priority
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links to consider total storage water represented &ingle link or individual account
diversions as multiple links. These special liske created using BAR GeoDSS tool
accessed in the menu iteArkansas Tools—Create Network Links from Diversion
DB—Sorage Links to Demands. This tool searches the diversion database faresnt
indicating water coming from storage to create theresponding modeling links. A
complementary tool assigns the historical divedatbunt from storage contracts to the
links capacity time series. This tool is acces$emin the menu itemArkansas
Tools—Populate Time Serie—Fix Capacity to Sorage Links. Table 6.9 shows a list of
users for which storage links are modeled in AR GeoDSS along with the total
diversion from storage modeled from April 1999 tatd@ber 2001 for each user. Additional
details on the storage water modeling tools areddn Appendix V -Modeling Sorage

Water Diversion.

Table 6.9 4 AR GeoDSS-Modeled Storage Water Summary

User Name Total S['tof)cr?i?t]Usage User Name Total Sfx)crrag?t]Usage

Amity_Canal 178541 Keesee_Ditch 8690
Animas_Town_Ditch 0 Kicking_Bird_Canal 0
Baldwin_Stubbs 0 Lamar_Canal 71217
Bessemer_Ditch 27527 Las_Animas_Consol 0
Buffalo_Canal 2473 Manvel_Canal 0
Catlin_Canal 28498 Otero_Canal 4627
Collier_Ditch 0 Oxford_F_Ditch 283
Colorado_Canal 464 PBWW_Northside 19278
Excelsior_Ditch 2315 Riverside_Diary 39
Fort_Bent_Canal 32585 Rocky Ford Ditch 0
Fort_Lyon_Canal 79083 Rocky_Fort_Highline 11163
Fort_Lyon_Storage 0 SissonStubbs_Ditch 0
Holbrook_Canal 50485 StCharles_Mesa 0
Hyde_Ditch 411 X-Y_Canal 0

Exchanges of natural flow for storage water ardurag in this modeling methodology

since there are records in the database of divefsim storage representing the exchange.
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Additional releases from off-stream reservoirsdrchanges with the Arkansas River were
modeled through the calibration structures wheosaevater rights were harmed due to the
water exchange (e.g., Rocky Ford Ditch diversioffeceed by Holbrook Reservoir

exchange with the Arkansas River).

Arkansas River Compact

The Arkansas River compact is an agreement bettirestates of Colorado and Kansas,
signed in 1948, that ensures both states will veciieir percentage share of the Arkansas
River flow. John Martin Reservoir plays an impattaole in regulating flow in the
Arkansas River for compliance with the compact. aA®sult of the 1980 operating plan,
which was a resolution of the Arkansas River Corhgabministration to provide more
efficient utilization of storage water, reservaiflows that are not immediately called are
stored in separate storage accounts for Kansathanditches of Colorado Water District
67 according to rules specified in the resolutidie irrigation ditches of Colorado Water
District 67 are located downstream of John Martes@&voir. Water users can call for
releases from their stored water independently rdoog to their needs. The compact
requires complex rules on storage and carry ovéerna the accounts. For this stage of
the LAR GeoDSS, compliance with the Compact is achieved by guesng historical
deliveries to Kansas. These deliveries are basetailable water in the Kansas account
in John Martin, as accrued according to the compalgs. During the “what if”
management alternative modeling, if water provittedhe demand representing Kansas
equaled or exceeded the historical flows then iheulation was assumed to be in
compliance with the Compact. Since water entelotgn Martin Reservoir is subject to the

storage rules imposed by the compact, implementingnges in historical amounts
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entering the reservoir require special attentifrflows entering the reservoir are reduced,
there is a risk of not having enough water in tteire to meet the compact requirements,
however in this case theAR GeoDSS will operate the system to provided the requiratad
and replenish the historical level in the reserasirsoon as possible. In the case of larger
flows entering the reservoir, unless the operatioulas of the compact are modified, this
water will be split in the storage accounts and mat be available for (1) replenish storage
water used to meet water requirements in lower thstorical flow periods, and (2) use
additional generated water for water quality immmments by strategic releases AR
GeoDSS simulations herein assume different degrees atfbilgy in the Arkansas River

compact operational rules.

Users in Colorado were treated differently in thenagement alternative simulations by
assuming that these users patrticipate in basin-pidgrams to improve conditions in the
basin. Therefore, diversions in Water Districtvé@re modeled as any other water use in
the lower basin; i.e., these diversions are reddomm the historical diversions when
considering scenarios for improving irrigation educing canal seepage. It was assumed
that reductions from the historical diversion ftiese users are not a violation of the
compact, and that the unused water can be usestidigran implementation program. The
priority assigned to the demand node for modeliagsés flow requirements was set to 50,
giving it a higher priority over other users in tegstem in order to secure compact

compliance.

The Kansas water demand was represented at the I8GI#ige, KS, gauging station

(ARKCOOKYS) located at the farthest downstream roidéhe Geo-MODSIM network. A
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special structure was implemented in tb&R GeoDSS to handle additional flows to
Kansas during the modeling of the management aliggs. This structure creates a
System Sink node (hamed “__SYSTEM_SINK”), which kaew priority (i.e., 2200 in
simulation and 4850 in calibration) and a high dedhanode linked to the node
ARKCOOKS (Figure 6.8). The structure is automdifjcadded to the Geo-MODSIM
network at run time. Flow to the system sink wddeal to the flow to the ARKCOOKS

station to represent the total flow to Kansas @LiBR GeoDSS simulations.

__ SYATEM_SINK

ARKCCOOKS

Figure 6.8 — System Sink in thé\R GeoDSS network

Canals Interfaces

The concept of #erminal interface was implemented for modeling the canals in order t
allow water to flow downstream of the diversion @& node to be captured at a terminal
flow-through demand node that can implement a fractional retarthe river system.
Terminal interfaces are nodes located at the ends of the canals throbigch return flows
can occur. Special terminal interfacesservoir interfaces, are implemented when the
canal flows into a reservoilReservoir interfaces allow a fraction of the water in the canal
to be stored in the reservoir or a specified tierges of flows to be stored. The interfaces
were implemented in the data-model non-storageufeatiass using th&RK_Type field.

Nodes in this interface were assigned wWARK Type = ‘Terminal Interface’ and
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ARK_Type = ‘Reservoir Interface’, depending on the typentérface. Both interface types

handle a return flow fraction as specified in tlaéeemode/ARK _Return field. At run time,
the LAR GeoDSS converts the interface nodes and the diversionadesitoflow-through
demand type nodes. In addition, thA&R GeoDSS sets theflow-through demand node
parameters accordingly, where diversion demandsissigned with a return fraction of 1
and interfaces are set with the data-model spdcifection. Though the return fraction
could be estimated for canals with available mesasueturns, the currebfAR GeoDSS

uses the calibration structures to account for lgabarns.

Carrier Diversion Structure

Some diversions act as carriers of water for otrears, usually for storage purposes.
These diversion points are marked in the diverdimabase with the field=3. A Carrier
Diversion Structure is implemented in the Geo-MOmR3lketwork to allow diverting water
for downstream demand nodes. The structure cerdistbypass credit link that connects
the downstream and upstream nodes of demand neglesenting diversions (Figure 6.9).
The flow through théoypass credit link is considered as part of the diversion flow (i.e.,
surface water delivered to the demand node). lirtkss assigned with zero cost allowing
downstream demands on the canal (eegervoir interfaces) to call for water through the

bypass link.
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ToStorage

Zero Flow
Diversion_Structure |_
Dhiversion to storage A“

part of the total
diversion EyFass Credit
Link
UpStream MonStoragel DownStream MNetworkSink

Figure 6.9 — Carrier diversion structure diagram

The carrier link is named using the name of theedion demand node, followed by
“ CarrierByPass_" and the ID of the user for whilel water is carried. A summary of the

diversion structure IDs that have entries with Trrfhe database is shown in Table 6.10.

Table 6.10 — Carrier Structures Summary (basedwarsion records)
WD ID Name Carried For ID

14 533 | BESSEMER DITCH (Municipal use in the St. 527
Charles mesa water district)

14 | 540 | COLORADO CANAL (Single Entry) 3537
17 | 648 | FORT LYON STORAGE CANAL 3525
67 | 614 | LAMAR CANAL 3512
14 | 539 | EXCELSIOR DITCH 3537

The Fort Lyon Canal requires a manual entry indiwersion database to represent the
Kicking Bird Canal diversion, which takes wateraigh the Fort Lyon Canal diversion.
Even though there are diversion records for thé&ikigBird Canal, no records are found in
the database indicating that Fort Lyon Canal as#énger. An entry is manually added to
the diversions table to define this physical phesmoom for theLAR GeoDSS interpreter,
but no data are needed for this entry (Table 6.Ah).inconsistency could have been

introduced by this measure if the Kicking Bird Cladeversions were not added to the
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database for total diversion at the structure simater passing through the bypass link is

added to the diverted water.

Table 6.11 — Manual Diversion Database Entry fait Egon to Create Water
Carrier Structure
wop [ D [T]| F Name

17 | 553 | 3 | 555 | FORT LYON CANAL

In this implementation, any water that flows thrbuipe diversion structure is used to
supply the water demand. The structure guarasiggsly to demands downstream of the
diversion nodes, but lacks specification of ownigxsti the diverted water. This situation
only appears in the case of Fort Lyon Canal dieersnodeling where the Kicking Bird
Canal uses the bypass link to convey only watexgess of the Fort Lyon diversion, using

the Fort Lyon Canal diversion as supply.

Canal Seepage Modeling

Canal seepage field studies conducted in the AdsaRver Valley indicate significant
seepage losses (Gates et al. 2006). Studies ceddurcthe regions both upstream and
downstream of John Martin Reservoir show seepaggeforanging from 0.003*s per km

(0.2 f€/s per mile) to 0.065 ffs per km (3.7 fis per mile). There is a high variability in
the losses depending on the underlying soil typeger levels in the canals, adjacent
ground water levels, and other factors. Canalagepvas modeled in the baseline using
the user defined coefficients{, which computes seepage loss as a fraction of the
diversion, where the calculated seepage is asstormutur uniformly along the full length

of the canal. As a first approximation to the @llesystem seepage, thé\R GeoDSS
assumed a baseline seepage loss coeffi@en0.2 for all canals in the Valley based on

the regional groundwater model average conveyafiigenacy (Ec) (Gates et al. 2002).
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Future refinements should adjust the coefficieseldeon detailed field studies and updated

groundwater modeling results.

Stream-Aquifer Interaction Predictions in the Geo-MODSIM Network

Stream-aquifer interaction predictions were assurttetbe an average result of the
interaction as evenly distributed over the groupamga. Nodes in the data-model that
intersect the grouping area are assigned to aspumneling return flow (or depletion) using
a special construct. At the beginning of the satiahs, the ANN module buildssaurce-
sink structure with links in and out of all nodes flaggor conjunctive use modeling. The
structure used the connecting link upper boundsbooed with a large negative cost to
model the predicted ANN returns/depletions. Fig6r&0 illustrates the source/sink
MODSIM structure to provide calculated return flotwshe stream network and depletions

from the network.

ANN Simulation Structure
=]
ANMN SOURCE ANN SINK

Tributary

B il o il
L .

Inflowe Conjuntive Use 1 Conjunctive Use 2 Metwork Sink

Demand

Figure 6.10 — ANN module MODSIM simulation struatur

The ANN module was coupled with the MODSIM modelperform dynamic stream-

aquifer interaction. The ANN module is initializedter MODSIM is initialized and the
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ANN explanatory variables are calculated along witt MODSIM solution (each time
step and iteration, if specified). Figure 5.1 sh@simplified diagram of the ANN module
and MODSIM coupling. Detailed ANN-MODSIM couplingt run time is explained in

Appendix 111 —ANN predictionsin Geo-MODS M.

Based on the ANN development results, the expepttbrmance of the two sets of
trained ANNs can be compared for the different mesie operation scenarios. TH&AR
GeoDSS  simulation  was  implemented  with  the Dataset A ANNs
(AllScen_ GWR _VvBBArk b andAll_Scen GWR Vv8BTrib_c). These ANNs have the more
parsimonious structure of the two sets with lesslver of recurrent explanatory variables

(see discussion on Chapter ke Smulation Challenge).

Reservoir Salt Transport Model

The ANN module predicts concentrations at the Jbfamtin Reservoir outlet based on
reservoir inflow characteristics and initial anddgry volumes (See Chapter 4). Since the
flows and concentration explanatory variables gmeachically linked with the simulated
values, the explanatory variables may diverge fthentraining values depending on the
type of run and the reservoir operating rules.sThodule implements an option where the
measured concentrations are used to build the ANMulation dataset, which is
recommended for ANN testing only. Improvementrali¢ives analysis uses the modeled
concentrations for the reservoir salt transpoadvalhg prediction of changes in the baseline

transport based on the changes in the modeledratply variables.

The WQM was enhanced to integrate the ANN-basedrves salt transport. If the

reservoir salt transport model is active, the WQMrarrites the calculated concentrations
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at the reservoir outlet with the ANN predicted ocemitations. Links immediately
downstream of the reservoir outlet are assignetl thié predicted concentrations. This
type of transport modeling is expected to creat@rdralance in the mass conservation at

the node representing the reservoir outlet.

Simulation Scenario Manager

The customLAR GeoDSS Smulation Scenario Manager implements the following
management alternatives: (1) areal aquifer rechagection fraction per command area,
(2) canal seepage reduction by canal system, (@sstiace drainage improvements per
grouping area, and (4) vertical drainage pumping greuping area. The Simulation
Scenario Manager stores the management alternpteferences in the geo-database,
where each alternative also contains informatiooutithe location of the groundwater
modeling (MODFLOW-MT3DMS) output files and trainddNN export files. Figure 6.11
shows two sample views of the Simulation Scenal@mager user dialog. The active
scenario is selected using the combo-box listetdb, with several buttons to create, save
and delete simulation scenarios. The lower poribRigure 6.11-A displays the table for
setting the drainage intensity and pumping incrgeseentage per grouping area. Figure
6.11-B shows the management alternative preferefiocesquifer recharge reduction and
canal seepage reduction per canal command areditioha@l options include start and end
dates of the irrigation activity (for aquifer recha). Figure 6.11-C shows an area of the
Simulation Scenario Manager displaying flags aredgsences for theAR GeoDSS project
such as: (1) global irrigation activity deep peatwn fraction, (2) active modules (water
quality and ANN), (3) reservoir transport modeltgsa (4) run type, and (5) calibration

preferences (calibration network name).
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Figure 6.11 — Simulation Scenario Manager Userdgi®ample (AR GeoDSS)

Figure 6.12 shows user dialog views for the managenalternative-based ANN,

MODFLOW-MT3DMS preferences.

file locations and names for the stream-aquifegraxtion (both main river and tributaries).

In Figure 6.12-A, theer specifies the ANN export

The user enters (Figure 6.12-B) location and nahtkeoMODFLOW project {.mfs), the

MODFLOW river cells file (*riv ), and the MT3DMS output (&on) files associated with

each management alternative.
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A tool to assist users in setting management altimen preferences for all canal command
areas or all grouping areas is also available énShmulation Scenario Manager (Figure

6.13).

Simulation Scenario Analysis Tool

This section describes a set of custom tools imefeed for the. AR GeoDSS to expedite
results processing and analysis. The tools assishecking, analyzing and comparing
basin-wide simulations results. The summary tapésaccessed at the “Summary” tab in

the LAR GeoDSS interface.

The first tool summarizes each run individually fwpviding four tables containing the
system-wide summary of network inflows, MODSIM cedited channel losses, water
demand, water shortages, measured flow with shestéigr calibration control) and flow
checks on high priority links. The high priorityks, i.e., the storage contracts and APD
modeling links, are checked to corroborate that tre flowing at maximum capacity at all
times, as expected in the algorithm. The checknsaiy table includes links flowing at
partial capacity at any point of the simulationheTnetwork calibration structures were
designed to provide any additional water for switigf all demands and therefore no
shortages are expected at any time. The watetagi/gosummary is valuable since it
identifies total water shortages in the systemtipee step, as well as detailed locations of
the shortages for a particular time step. Figutd 8hows a sample of the summary tables

generated in theAR GeoDSSinterface (Summary Tab).
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The second tool compares the system-wide baseénfermance with the results from

alternative management scenarios. Comparisorsidban (1) reservoir storage in Pueblo
and John Martin Reservoirs, (2) flows and concéntrtasummaries at key points in the
basin, (3) Arkansas River compact compliance, {fBam-aquifer interaction modeling

summary, and (5) calibration flows summary. Figbu®s shows the simulation scenarios
comparison interface as displayed in ArcMap. Triterface consists of four areas: Area 1
allows selection of the available simulation scentr include in the analysis and selection
of the baseline simulation; Area 2 displays Puelnid John Martin Reservoir storage plots
(only Pueblo Reservoir is shown in Figure 6.15)e&RB provides a tabular summary of
total water in storage at the end of the simulatiotal diversions, diversion shortages,
diversion average concentrations, canal seepagealagated by the simulation scenario
manager), total flow and average flow concentratioto Kansas, total return

flow/depletions and corresponding average conciorisa(as grouped according to main
river and tributaries), total calibration flowse(i. inflows and outflows), and John Martin
Reservoir salinity transport indicators (i.e., totaass inflows/outflows and the

corresponding ratios). Area 4 in Figure 6.16 pitesicomparative plots of basin-wide total
diversions, shortages, seepage losses, return,flower depletions, Arkansas River

compact flows to Kansas and average concentrdtomsch time step.
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Figure 6.16 — System-wide result summary plotgiate

MODEL CALIBRATION

A weekly time step was selected for this case stpdgviding a compromise between
accurate water rights modeling and adequate repsagm of the system for planning

purposes. Although errors could be introducedhédllocation of water by not accounting
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for the daily variability, weekly time steps proeideliable modeling of the system yield.
The LAR GeoDSS Base-Network was populated with weekly historitavs from April
1999 to October 2001 extending over the same pa®dhe available regional-scale
groundwater model. The baseline modeling systeabled the ANN-based stream-aquifer
interaction modeling methodology and the WQM inesidhe John Martin Reservoir salt
transport model as presented in Chapter 4. Thidelimy system was calibrated for both
water quantity and quality using theAR GeoDSS hydrologic calibration tools and
procedures introduced in Chapter 5. Calibrationcsires were created to provide local
gains and losses, and unmeasured concentrationsfifmvs were adjusted to match as
closely as possible the measured concentratiortieatontrol points. The calibration
network used the historical volumes in the resesvas storage targets for computing

calibration flows that resulted in replication béthistorical reservoir storage levels.

Modeling Underlying Characteristics

Since a weekly time step was selected for netwlork $imulation, it is assumed that flow
routing can be neglected in the network streamcandl reaches. This means that changes
in storage in the connecting elements of the mogl@lesenting streams and canals are
neglected in this modeling system, i.e., the flaweeng a link is equal to the flow leaving
the link. At the nodes, complete mixing was asslinfier water quality modeling;
therefore, the concentration of flows leaving tliele are assumed to have concentrations
equal to the total mass entering the node dividethé total volume flowing into the node

during the given time step.

Although potentially large errors could exist irethow measurements, one of the main

assumptions in the model calibration was that thifase water measurements are accurate.
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Local gains and losses were calculated based ame¢lasured surface water flows with the
ANN predicted stream-aquifer interaction considesisdknown input/output to the system
and gains and losses calculated accordingly teiateeany discrepancy with the measured

flows.

With specification of a weekly time step, the tdatWiene of water through the flow
networks was assumed to be less than one weekwater travels from any point in the
system to another within the time step intervatavel times are a function of stream and
river reach conditions. Based on the average-flamdsa representative rate of travel from
Pueblo Reservoir to John Martin Reservoir as giveriivingston (1978), one week is
approximately the time that would take an averdge-felease from Pueblo Reservoir to

reach the state line (approximately 185 (miles) mtveam at 0.9 (h/mi)).

Some additional assumptions in the Arkansas Rigsinbmodeling: (1) no diversion data
were assigned to the Pueblo Board of Water WorkstiSale intake diversion, since
diversions at this point in the system are appgrdimked to the Riverside Dairy (id =
536); (2) Booth Ditch was not modeled since noords of diversion exist after 1973.
Stream-aquifer interaction was neglected in thieutaries or portions of the Arkansas
River outside of the groundwater modeling groupamgas, or for those portions of the
tributaries outside of the irrigated valley. Adarifstream interaction was not considered
for: (1) Purgatoire River, (2) Chico Creek, (3) Rtain Creek, (4) Two Butte Creek and (5)
the Arkansas River upstream of the ARKMOFCO statidn the Purgatoire River, the
portion of the stream that would be modeled is@urded by irrigated fields and is located

in a groundwater modeling grouping area coveredtlier most part by John Martin
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Reservoir. In this case, the ANN explanatory \[des lose their meaning. The location of
the PURLASCO gauging station provides baseline slékat include groundwater return
flow close to the reservoir inlet, thereby reducthg effect of this modeling restriction.
For the water quality modeling, it was assumed thatflow-concentration relationships
developed for stations with sporadic data adequatgresent the concentrations of the
average weekly flows. The values computed at thBos are used in the modeling

regardless of the measurement availability.

Calibration Results and Analysis

Since the calibration network was set up to mdéisiorical flows in both demands and
control points (gauging stations), water shortagesurring during calibration required
careful analysis. TheAR GeoDSS simulation analysis tool was used to check forewat
shortages. Table 6.12 shows the summary of whtetagyes amounts during a calibration
run. In this case, water shortages for the thredesmowere caused by missing or

misinterpreted water rights, exchanges or ADP eddtpoints that generated these errors.

Table 6.12 — Calibration Water Shortage Summary

NName SumOfShortage

Buffalo_Canal 144
Excelsior_Ditch 12
PBWW_Northside 3307

With the exception of minor round-off errors, thew checks at high priority links
confirmed that the storage water contracts and AB&quately model these components,
thereby leaving the available natural flow riglgssatisfy the remaining water demands in

the system.
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During calibration, both Pueblo and John Martin étesirs operate at the defined storage

targets (Figure 6.17 and Figure 6.18).
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Figure 6.18 — John Martin Reservoir storage cortatibration run

Since all control points in the system, i.e., gaggstations, exactly met the measured

flows; each of these node#o(v-through demands) provided the downstream reach with

exactly the measured flow each time step.

Analysis

of the calibration network results pointedoroblems with the diversion records

for Water District 14 and 17. Gains and lossegdathan expected in the reach led to

identification of missing inflow or outflow dataFrom this analysis, it was concluded that
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diversion records for the structures with double SMDable 6.3) are split between the
districts for water year 1999, whereas the stodhigersion records seem to be duplicated
during the same period. Rules to implement thes#ings were coded into thieAR

GeoDSSdata import tools.

Calibration Results per River Reach
The calibration analysis was carried out usingdbetrol points for the surface drainage

areas. ArcHydro tools were used to construct thiéase drainage areas for the control
points in LARV and these drainage areas were usedréup the system nodes by
calibration reach for analysis of gains and losSde calibration reach was named after its

downstream station. Figure 6.19 shows the conwoitpsurface drainage areas used for

grouping nodes in the calibration analysis.
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Figure 6.19 — Control points surface drainage areas
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The system inflows and outflows were analyzed dibation reach, representing water
handled by the calibration structures to match mneaisflows at the control points. Figure
6.20 and Table 6.13 present a summary of totadwsland outflows during the simulation
period for reaches marked as system sources,réaches corresponding to the most
upstream gauging stations. Inflows to Pueblo Resewere not included in the summary
plot since this was a calculated inflow, modelethgigshe upstream source link of the
ARKPUECO intermediate reach. Total inflow is ore torder of 1.3 million of acre-ft
during the simulated period. The summary shows tthe largest tributary inflow to the
Arkansas River occurs at Fountain Creek (FOUPIN@@cHh). Excess water in source
reaches occurs when the ANN-predicted return flapstream of the gauging station are
larger than the measured flows. As a result ofctid#oration procedure, the source nodes
release flows that exactly match the downstreamsaored amounts. System source
reaches with modeled stream-aquifer interactiodude APIFOWCO, BIGLAMCO,

CANSWKCO, HRC194CO, HUEBOOCO, STCHARCO, TIMSWCOdaNILDHOCO.
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Figure 6.20 — Measured system inflows and outflahe system source reaches
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Table 6.13 — Summary Calibration System SourcdewisiOutflows

Inflows Losses GW Return River Depletion
Reach [Acre-ft] [Acre-ft] Flow [Acre-ft] [Acre-ft]

APIFOWCO 33356 6 3365 3914
BIGLAMCO 50346 0 8073 783
CANSWKCO 214 39965 69040 0
CHICRECO 6961 0 0 0
FOUPINCO 482964 0 0 0
HRC194CO 26227 17995 49101 1315
HUEBOOCO 55925 369 3143 1126
PURNICCO 181259 0 0 0
STCHARCO 67104 1142 12560 619
TIMSWICO 94531 0 27616 0
TWOBUTCO 290 0 0 0
WILDHOCO 24612 3741 20190 26

The system local gains and losses were totaledgdbration reach, where the gains were
located at the upstream ends of the reach andb#ised were located at the downstream
station. Figure 6.21 and Table 6.14 shows thébredbd system gains and losses per
calibration reach. Stations showing gains ande®ssmultaneously in the summary
indicate that, over time, the reach switches batwga&ning and losing conditions. An
example of this gain and loss behavior during theukated period is shown in Figure 6.22
(reach ARKLAJCO). In this example, predominantngay and losing conditions appear
to occur in consecutive time steps, and rarely o&multaneously. Although, the
calibration structure avoids unnecessary additiod emoval of calibration water, the
locations of the water demands and reach inflowghtmequire additional water upstream,
while at the same time removing water downstreaetailzd gain and loss summary plots
for all the control points are given in Appendix Mthe reach ARKPUECO shows local
gains corresponding to the Pueblo Reservoir infl@ivece the upstream source node
(PuebloResInflow) is not provided with measured inflows; i.e., avfls are auto-calculated
to match the reservoir operation, reach diversemm$ measured flow at the downstream

station.
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Figure 6.21 — Calibrated system gains and losses

Table 6.14 — Summary Calibration River Reach Gaims Losses

PURLASCO F

Inflows Losses GW Return River Depletion
Reach [Acre-ft] [Acre-ft] Flow [Acre-ft] [Acre-ff]

ARKAVOCO 51008 88889 146561 1857
ARKCACCO 57871 106697 138753 2359
ARKCARCO 23561 43767 142386 2349
ARKCOOKS 55004 66578 171483 209
ARKGRACO 24283 39655 55579 0
ARKIMRCO 42493 130123 17331 144
ARKLAJCO 37362 106691 136002 270
ARKLAMCO 13753 104441 174324 0
ARKLASCO 55859 34560 126476 3461
ARKMOFCO 37929 29769 5561 0
ARKNEPCO 71190 123271 138644 3012
ARKPUECO 1366378 0 0 0
ARKROCCO 51770 184051 257563 4489
FOUPUECO 30786 16126 0 0
PURHILCO 5880 56176 0 0
PURLASCO 17335 1174 0 0
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Figure 6.22 — Local gains and losses during cdlimgor reach ARKLAJCO
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Stream-Aquifer Interaction Modeling Analysis

In this section, the ANN predicted aquifer retux®@r depletions were analyzed using the
LAR GeoDSS calibration tools. Stream-aquifer interaction waecessed using Geo-
MODFLOW to evaluate performance of the trained AMNhe LAR GeoDSS based on:
(1) the quality of the predictions with unknowntial conditions and (2) the effect of using
imperfect previous time step explanatory variables;, using previous time step
predictions as explanatory variables rather than “grerfect” modeled values. For the
former, the ANN module priming procedure (describedChapter 3) was tested for
providing the ANN with reasonable initial conditefor the modeling. The ANN stream-
aquifer interaction prediction was analyzed using tifferent grouping elements: (1) the
stream-aquifer modeling grouping areas and (2¢#tibration reaches. The first grouping
provides direct comparisons with the MODFLOW-MT3DM8odeling, whereas the

second allows comparison of the predictions ag#iesieasured gains and losses.

Geo-MODFLOW and ANN Predictions

The ANN was trained to represent return flows aaitl Isadings for the grouping areas,
assuming they were evenly distributed within theuging area nodes. Therefore, a weak
correlation is expected when comparing the ANN ltesnith the MODFLOW modeled
values at a higher resolution than the groupingsre.g., comparing individual MODSIM
nodes and the corresponding upstream link MODFLO®rn flows. Earlier
experimentation using predictions of flows/loadings unit length in the grouping areas
showed little improvement in matching MODFLOW maatereturn flows. However, this
approach proportionally distributes return flowsdasalt loadings among short and

extremely large segments.
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ANN modeling grouping areas-based Analysis

The LAR GeoDSS stream-aquifer interaction modeling was analyzgdaggregating the
predictions and MODFLOW-MT3DMS modeled values fiwe tinteraction modeling
grouping areas (Figure 4.2). Geo-MODFLOW summadrittee modeled interaction per
grouping area to be compared with th&R GeoDSS values. The net aquifer return flow
with negative sign represents a MODFLOW'’s aquifeitpat; for comparisonLAR
GeoDSS was plotted to match the MODFLOW sign. The reswulere analyzed separately

for the Arkansas River and tributaries.

Arkansas River Stream-Aquifer Interaction
The mean squares error (MSE) quantifies the amioyinthich an estimator differs from

the true value of the quantity being estimated. MSEomputed as the expected value of
the squared difference between the observed amlicige values (Lehmann and Casella
1998). The root mean squared error (RMSE) is coatpbas the square root of the MSE,
being for unbiased estimators the standard errdheénsame units of the quantity being
estimated. Figure 6.23 shows a comparison of tf@DMLOW-MT3DMS andLAR
GeoDSStotal net return flow estimated for the five matebrouping areas in the Arkansas
River, including the MSE and RMSE for each regiorhe overall average expected root
mean error = 10.68 acre-ft/tkm. The predictionsroupd after the first modeled year,
where Figure 6.24 shows that larger errors occurrdke first year of the simulation. The

average RMSE over the second and third years =a@i@4ft/km.

The average predicted concentration of return flawsthe Arkansas River over the
modeled period was compared with the MODFLOW-MT3Dki8deled concentrations

(Figure 6.25). Except for grouping area 11, theas a slight tendency to under estimate
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the concentrations. Figure 6.26 shows the coratemrRMSE per grouping area and per
year, with the overall average RMSE = 200 mg/L. miir to the flow prediction
performance, the largest errors occurred during firet year with respect to the
MODFLOW-MT3DMS modeled concentrations, with the @age RMSE over years 2000

and 2001 = 132.82 mg/L.
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Figure 6.23 — Arkansas River total net return flmmparison for the modeled
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Both theLAR GeoDSS net returned volume and concentration results sigreement with
the corresponding MODFLOW-MT3DMS modeled valueth® grouping areas. The year

1999 exhibits the largest errors, resulting in aberable degradation of the overall

prediction performance.
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Figure 6.25 — Arkansas River Average concentratmmparison for modeling
grouping areas
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Figure 6.26 — Arkansas River Concentration RMSEgpeuping area per year

The basin-wide stream-aquifer modeling resultssaramarized in Figure 6.27. The total

basin-wide return flow predictions seem reasonbhed on the range of the total modeled
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grouping area predictions. Slightly larger rettiaws were predicted in the upper half of
the grouping areas, where the average net retus flor grouping areas 1 to 10 = 1634.51
acre-ft/km, as compared with the average net retows for grouping areas 11 to 20 =

1357.80 acre-ft/lkm.
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Figure 6.27 — Basin-wide Arkansas River stream{agimteraction modeling
summary

Tributaries stream-aquifer interaction

The LAR GeoDSS tributary return flows and concentrations were pamed with the
MODFLOW calculations. Figure 6.28 shows total agquifer return flows during the
three-year calibration period for those groupinggparwith tributary modeling. The average
RMSE for the four-modeled areas = 8.98 acre-ft/khe prediction error analysis per year
is shown in Figure 6.29, with the largest errorl@f77 acre-ft/km (RMSE) occurring in
grouping area 6 during the first year of simulataord 6.48 acre-ft/km over the remaining

two calibration years.
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With the exception of grouping area 11, tR GeoDSS average predicted concentrations
tend to be lower than the MODFLOW modeled concéotra in all the grouping areas
(Figure 6.30). In this case, analyzing the corretion error per calibrated-year shows no
clear difference in the concentration predictionfgmenance for the grouping areas (Figure
6.31). It is noticed that in both analyses (ifer, individual years and the overall
performance), there is a sequence of larger coratemt prediction errors in the grouping
areas in the downstream direction. It is believealyever, that this behavior would not

provide a reasonable basis for generalizing predistover the entire basin.
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Figure 6.31 — Tributary Concentration RMSE per ging area per year

The basin-wide tributary stream-aquifer interactishows that total predictions for
MODFLOW-MT3DMS non-modeled grouping areas are i ithodeled range, with larger
return flows predicted in the downstream regiontleé modeled area (Figure 6.32).
Grouping Area 7 was excluded from the ANN trainbegause less than 1 km of tributary
length is intercepted by the grouping area; theeethe return per unit length is not
representative. TheAR GeoDSS prediction was only calculated if the length i®ager

than 1 km, i.e., grouping area 7 stream-aquifegradtion prediction was omitted in the

LAR GeoDSS modeling.
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Figure 6.32 — Basin-wide tributary total net retflaw summary

Analysis based on Calibration Reaches

The goal of the calibration is to estimate the mekwunmeasured gains and losses.
Without specifically modeling the stream-aquifetemaction in theLAR GeoDSS, the
computed gains and losses are based on streamié@surements that include the aquifer
return flows and river depletions. An analysistted calibration results with and without

the ANN stream-aquifer modeling provided informatfor the ANN prediction analysis.

System Source Reaches Analysis
The system source analysis without stream-aquiteraction gives the surface measured

inflows to the system at their corresponding gaggstations (Table 6.15). Analyzing
Figure 6.33 and Figure 6.20, the reaches APIFOWB(GLAMCO, HUEBOOCO,
STCHARCO, WILDHOCO, and TIMSWCO show a groundwatentribution that is a
portion of the surface measured based gains. ReaCANSWKCO (Crooked Arroyo)
and HRC194CO (Horse Creek) show a groundwater ibotitbn larger than the measured

flow in Figure 6.33, indicating a possible overgiotion of return flows in these
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tributaries. Since both CANSWKCO and HRC194CO weagtially contained in the

groundwater modeled area, it was possible to clieiMODFLOW-MT3DMS results to

examine the situation.
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Figure 6.33 — System source reaches inflows witstream-aquifer modeling

Table 6.15 — Net System Source Reaches Inflow Suypnma

Reach

Inflows
[Acre-ft]

Losses
[Acre-ft]

APIFOWCO

32801

BIGLAMCO

57636

CANSWKCO

29289

CHICRECO

6961

FOUPINCO

482964

HRC194CO

56018

HUEBOOCO

57573

PURNICCO

181259

STCHARCO

77903

TIMSWICO

122147

TWOBUTCO

290

WILDHOCO

41035

o|o|o|o|o|o|o|o|o|o|o|o

The Geo-MODFLOW tool was used to extract the MODML.®@eturn flow volumes to

Crooked Arroyo upstream of the station.

Comparisérthe measured amounts, the

MODFLOW return flows and the ANN predicted retutow volumes show that over-

prediction occurred at Crooked Arroyo in th&R GeoDSS simulation (Figure 6.34). The

ANN predictions for tributary return flows (per tilength of tributary reach) in the

grouping area represent the MODFLOW total retusa/fin the tributaries of grouping area
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8 quite well (as shown in Appendix Il All_Scen GWR v8Trib_a Overall and Basdline

Predictions Analysis). However, since the volume is evenly distribubedr the nodes on
the tributaries in grouping area, the small tribet (e.g., Crooked Arroyo) could have
received a portion of the return flows that wagudbportionally large for their size, while
large tributaries (e.g., Timpas Creek) receivednaller return flow for their size. Figure
6.35 supports this hypothesis by showing the lak@DFLOW return flows and smaller
LAR GeoDSS predictions at Timpas Creek (i.e., larger tribytar grouping area 8). The
limitation illustrated in this exercise reiteratbe expected low accuracy of stream-aquifer

interaction predictions at smaller scales thamibdeling grouping areas.

Figure 6.35 shows that the MODFLOW return flow voks were generally larger than the

measured gains, indicating a groundwater modelpreatiction in Timpas Creek.
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Figure 6.34 — Crooked Arroyo return flow comparison
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Figure 6.35 — Timpas Creek return flow check

The section of Horse Creek in the irrigated vallgstream of the statioHRC194CO
extends for about 23 km, with the length of theekrimside the two area-buffers about 11
km. Since the explanatory variables for streamifaginteraction were calculated only in
the area-buffers, it is believed that the predictieas over estimated by using the entire
length of the creek in the irrigated valley to poedhe return flows. A more accurate
prediction should be calculated with a shorterutdby length in the grouping area

(approximately one-half); to provide better agreenwédth the measured values.

Intermediate Reaches Analysis
Network calibration was performed without the ANtdeam-aquifer interaction, with the

gains and losses calculated in this calibratiomase shown in Figure 6.36 and Table 6.16.
Using the ANN stream-aquifer interaction modelitingg calibrated local losses increased in
magnitude and the local gains reduced in magnitndéeating that there could have been
more total aquifer return flows than the anticipateom the surface water reach balance.

This suggest that there could have been a timsgis the return flows and possibly an
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over prediction. This analysis was affected byi@ta having zero flows (i.e., time steps
without flow measurements) since the calibratiogoathm opens the station to allow
predicted flows to continue downstream. This situaforces the removal of additional
losses at the immediate downstream control poigtaAonsequence, comparison of gains
and losses with predicted return flows should comlbbhese types of calibration reaches in
order to be meaningful. As shown in Figure 6.2teah-aquifer interaction was not
modeled in Fountain Creek and the Purgatoire RF&UPUECO, PURHILCO, and
PURLASCO), so the results in Figure 6.36 show thé&camme of upstream measured
inflows in relation to the measured flows at thetsgions. The FOUPUECO reach reveal a
losing/gaining section, PURHILCO shows a predomiriasing reach, and PURLASCO

indicate a predominantly gaining reach.

Table 6.16 — Calibrated Gains and Losses withaaa®t-Aquifer Interaction

Reach

Modeling

Inflows
[Acre-ft]

Losses
[Acre-ft]

ARKAVOCO

156804

49981

ARKCACCO

137469

49901

ARKCARCO

104087

6152

ARKCOOKS

169804

10104

ARKGRACO

85154

23051

ARKJMRCO

50107

120550

ARKLAJCO

148037

27649

ARKLAMCO

96488

12852

ARKLASCO

148972

4658

ARKMOFCO

40858

27137

ARKNEPCO

133161

49610

ARKROCCO

132362

72550

FOUPUECO

30786

16126

PURHILCO

1664

55976

PURLASCO

21551

1374
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Figure 6.36 — System gains and losses for caldmatithout stream-aquifer
interaction modeling

Three reaches intercept the groundwater modeled étg ARKLAJCO, (2) most of the
ARKROCCO and (3) a portion of the ARKLASCO. Streaquifer interaction predictions
in these reaches were expected to be the closést tdODFLOW-MT3DMS calculated
interaction because they were located in the gnvatet modeled area. Figure 6.37 shows
net gains to these reaches from groundwater in thettMODFLOW-MT3DMS and AR
GeoDSSresults as compared with the net gains calculaésed on the surface water mass
balance calculations. The results show that #ie GeoDSS predictions were close to the
MODFLOW net return flows, whereas the measuremasetl net gains were more
variable with positive (gains) and negative (loysgskes. The average net gains during
the modeled period in this reach were: 1283.60-tcl®28.27 acre-ft, and 945.19 acre-ft
for MODFLOW, LAR GeoDSS and measurement-based respectively. Assumingribsit

of the measured gains were due to the groundwatéaeg water interaction, the averages
indicate a slightly tendency in MODFLOW and thAR GeoDSS to over predict return

flows in the long run.
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Figure 6.38 shows the ARKROCCO reach comparisonttier net gains calculated in
MODFLOW, theLAR GeoDSS and the measurement-based surface water balaroe.
MODFLOW andLAR GeoDSS results show some agreement in their predictibnsthe
measurement-based mass balance show high vayiadid small agreement with the
MODFLOW andLAR GeoDSS predictions. Since no measured data were availabl
ARKROCCO prior October 1999, theAR GeoDSS disabled the station during this period
to allow flows to continue downstream. This sitbltcreated losses in this reach that were
caused by excess flows in the downstream reach,gains in this period estimated to only
meet historical diversions. The average net gainMODFLOW, LAR GeoDSS and

measurement-based mass balance were: 1283.6Q,at9&+.22 acre-ft and 419.95 acre-ft

respectively.
10000
&000
& E0004—
]
£ 4000
E L
2000 1A A Pt v
E __E,E.ﬂﬁ'_‘..._,.:.—z__ i S — e JEIR
z 0+ NS et | - — —
&
= -2000
-4000
50004+

e e

4111999
42211999
51131988

5341999 ]
52441999
71511999

81511999
512611999 J
34164999
104741999

104251899

11M5M939 3
121911999 ]

12/30/1998 ]
142042000
21042000

Fr2iz000 ]
3/23/2000 3
441312000

5142000
56252000 3
£/15/2000 7

71512000
712712000
817/2000 7

QT 2000
9/28/2000 7

1041912000
11212000 ]

1143002000 3

1242442000 7
212212001
30512001 7
42612001 ]
s1 7200 ]
7192001 ]
81301200
342002001 3

]
E
T

| —&— Sum of MODFLOYWY Met Gains  —Jl— Sum of GeoDES Gains Sum of Messured Net Gains |

Figure 6.37 — ARKLAJCO reach return flow comparison
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Figure 6.38 — ARKROCCO reach return flow comparison

Figure 6.39 shows a comparison of the modeled ameadsored net gains for the

ARKLASCO reach, indicating a good agreement betweeh gains calculated in

Thestar

MODFLOW, LAR GeoDSS and measured surface water reach balance.

disagreement and highest variability was seen atirittial time steps of the modeling

where large spikes were calculated from the medsiata.
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Figure 6.39 — ARKLASCO reach return flow comparison
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Interpreting the comparison for ARKROCCO and ARKL&S reaches requires taking

into account that the entire area was not modaled/ODFLOW (see Figure 6.19).
Consequently, the MODFLOW net return flows weregkdted based only on the modeled
cells. Detailed plots for the gains and lossestipee step with and without the stream-
aquifer interaction modeling are found in Appendix— Detailed Gains and Losses

Analysis.

Water Quality Calibration Analysis

During calibration, the ANN-predicted flows and centrations were assigned as known
system inputs and outputs. Consequently, an exdessdeled salt contributions from the
aquifer to the surface system was compensateduiongd calibration by assigning low
concentrations to reaches with unknown sourcesalbhsass; i.e., system measurements or
calibrated inflows without concentrations defineth this section, the calibrated water
concentrations at the control points with measwgeekific conductance were compared
with the measured values to evaluate the effeatis®rof the semi-automatic calibration
procedure. For the calibrated results, the casesrewvbalculated concentrations were
greater than the measured concentrations, the nuartze magnitudes of the unknown
inputs were insufficient to dilute flows in the obeand match the measured value, recalling
that unknown concentration limits lain between @ #me maximum field observed value.
In contrast, for cases where the calculated coretémris were lower than the measured
concentrations, the unknown concentrations at thgimum allowed concentration were
not high enough to elevate the concentrations @ réach to match the downstream-
measured concentrations. Time series plots of dlmilkated and measured concentrations

for all the reaches in theAR GeoDSS can be found in Appendix V Water Quality
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Calibration Detailed Analysis. The root mean squared error (RMSE) was calalilaith

the predictions for all the modeled time stephatwater quality control points in the basin
(Figure 6.40). The RMSE values give a sense femtlagnitude of the expected error in
the water quality calibration. The errors wergdarin the more downstream stations since
the calibration errors accumulate in the directioh the flow; i.e., the modeled
concentration was continuously computed througlhefcontrol points, propagating the
unmatched concentration downstream until there wareugh unmeasured inputs to

overcome the discrepancies with measured concemsaiownstream.
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Figure 6.40 — Root Mean Squared Error (RMSE) at thie GeoDSS control points

The average concentration at the control pointwvigead a measure of over or under

prediction of concentrations in the calibrationutes Figure 6.41 and Table 6.17 present a
summary of the statistics of the predicted and omeals average concentrations at the
control points in the modeled Arkansas River baBased on the average concentrations,
reaches ARKKAVCO, ARKGRACO, ARKLAJCO, ARKLASCO adEBOOCO tend to

be over-predicted, whereas concentrations in ARKESQARKIMRCO, ARKLAMCO,

ARKMOFCO and FOUPUECO were general under-predictedhe coefficient of
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determination was also calculated for the conceatrgredictions at the gauging stations.
For most of the control points, the proportion bé tvariability accounted for in the
calibration procedure ranged from 0.6 to 1, exéepthe FOUPUECO station th&t0.35.
Even though the FOUPUECO calculated concentrationatch the measured
concentrations in several time steps, these cakesevwoncentrations were not matched
resulted in under-prediction that produced a lovorer” overall. The measured and
predicted averages were separated by only by 6Q argd the standard deviations were
similar, indicating that the predictions were rewdue despite the low coefficient of

determination.
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Figure 6.41 — Average calibrated and measured otrat®n comparison
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Table 6.17 — Calibrated Concentration StatistiasGmntrol Point

Modeled Concentration Measured Concentration
Reach Average Standard Average Standard Average R
[mg/L] Deviation [mg/L] Deviation Difference
APIFOWCO 1304.05 220.16 1304.05 220.16 0.00 1
ARKAVOCO 865.05 244.67 689.36 152.82 -175.69 0.87
ARKCOOKS 2569.88 489.73 2815.04 700.76 245.16 0.57
ARKGRACO 2426.54 410.45 2367.64 343.00 -58.90 0.87
ARKIMRCO 1786.23 344.14 1807.87 218.82 21.64 0.60
ARKLAJCO 1771.09 448.18 1349.86 324.68 -421.23 0.70
ARKLAMCO 2023.46 335.88 2152.88 518.33 129.42 0.48
ARKLASCO 2582.50 784.64 2241.85 686.24 -340.65 0.79
ARKMOFCO 461.10 78.84 471.16 93.12 10.06 0.84
ARKPUECO 422.92 53.26 422.92 53.26 0.00 1
BIGLAMCO 2956.00 303.63 2956.00 303.63 0.00 1
CHICRECO 1034.97 327.47 1034.97 327.47 0.00 1
FOUPINCO 831.66 108.66 831.66 108.66 0.00 1
FOUPUECO 865.45 114.98 924.82 117.41 59.37 0.35
HUEBOOCO 2278.11 627.15 2267.58 612.57 -10.52 0.97
PURLASCO 2161.13 387.36 2161.13 387.36 0.00 1
STCHARCO 1443.38 304.15 1443.38 304.15 0.00 1
TIMSWICO 1445.61 307.38 1445.61 307.38 0.00 1

ARKJMRCO was computed using the ANN-based algoritbnthe reservoir water quality
transport. As anticipated during development ef ANN-based predictions (Chapter 4 —
The Smulation Challenge), the results show that the ability of the ANN poedict
measured concentrations at the reservoir outlgffésted by alterations in the explanatory
variables. That is, concentrations at the resemt@ts change as result of the inability to
match the measured values during the water quadiiipration. Although the explanatory
variables for calibration of reservoir salt trandpmodeling reflected slightly different
conditions than occurred historically, the ANN m®& outlet concentration predictions
followed a close trend with the measured conceatrat (Figure 6.42), giving some
confidence in the consistency of the predictiorspde changes in system conditions. The
simulation runs presented the ANN with variatiomghe baseline scenario (i.e., historical
conditions), which dictated changes in the conegioins downstream of the reservoir. The
reservoir salt transport modeling plays an impdrtate in the analysis of the management

alternatives.
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Figure 6.42 — ANN-based John Martin Reservoir watelity transport results

Deliveries based on Water Rights

During calibration, the Arkansas River modelingtsgs allocated available flows to the
demands based strictly on the specified watersighiite MODSIM consumptive demands
were set to the maximum amount deliverable at gawht. The water right decree
amounts assigned as capacities on the links camyégiws to the nodes served to limit the
amounts delivered at each time step. In this é&erthe reservoirs were set to meet
historical storage levels by assigning these targstthe highest priority in the system.
Storage contracts and alternate points of divensiere modeled with higher priorities than
other water rights, and therefore these histoffioaés were preserved in the simulation.
Water allocation differed from the historical red®rwhen an entitled diversion did not
occur historically, which affected water availalighe system for all diversions with more
junior water rights. In this case, differenceswmssn the historical and calculated
diversions across the basin show significant diffiees, exemplifying the uncertainty
introduced by the human component influencing ttegewdiversion operations. As a
consequence, the consumptive water demand timessegre used in the simulation to
provided additional information to the water riglgiocation, thereby maintaining the

system operation as close as possible to the iest@onditions. Further investigation of
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these operational uncertainties was not pursudtisnstudy. For future work, theAR
GeoDSS tool can be applied to comparing strict water tsghllocation with historical
occurrences to further investigate the source wlgons that might be causing of the

differences between the expected and actual doressi

MODEL SIMULATION

The baseline simulation network was created usimg Base-Network with the same
settings as the calibration network, i.e., enablimfggANN-based stream-aquifer interaction,
the John Martin Reservoir salt transport modeliaugg theLAR GeoDSS water quality
module. The network simulation implemented thebcalion flows and salt loadings
computed during the calibration step as fixed systélows and outflows. Simulation was
carried out in two reservoir operational modes: &g the historical volumes in the

reservoirs as storage targets, and (2) using a ME@D&servoir layer balancing set up.

Reservoir Modeling Mode A

This modeling mode used tHeAR GeoDSS Base-Network defaults, i.e., the reservoir
historical volumes as storage targets and theifemiof 500 and 600 for Pueblo Reservoir
and John Martin Reservoir respectively. As expkctieese results show full agreement
between the calibration and simulation flows andcemtrations, demonstrating the
adequate implementation of the simulation algoritising the calibration flows and salt

loadings. Pueblo and John Martin Reservoirs opdratcording to the specified targets in
this case (Figure 6.17 and 6.18). No shortageroetun the baseline simulation run for
demands having water shortages during calibratiorces the baseline simulation

recalculated water demands equaled the actual wapglied during calibration. For the
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improved water management alternatives demands \adpested according to the

characteristics of the scenario (e.g., reducticer@al recharge or reduction in seepage).

Reservoir Modeling Mode B

In this reservoir modeling mode, the reservoiragerspace was divided into storage layers
that store water using incremental costs assigoezhath layer. The cost of the system
reservoir layers were set up to fill the resen@yers in such pattern that system storage is
balanced between the reservoirs. The storaget taggeset to the maximum volume since
the incremental costs assigned to the reservoardagrives the allocation of water. The
node priorities and layer costs were adjusted toagea the operation of the reservoirs in
similar fashion to the historical operation. InstBimulation mode, a calibrated network
was used to provide historical flows through thetom points, while using the reservoir
layer to store water in the system reservoirs. @b& adjustment process showed that
Pueblo Reservoir required slightly higher priorit¥760) than John Martin Reservoir
(1800), with the corresponding storage link cost3#000 and -32400 respectively. Ten
layers were defined for modeling both John Martid &ueblo Reservoirs, with the layers
defined as a percentage of the reservoir capagltigre John Martin Reservoir capacity
was 701,755 acre-ft and Pueblo Reservoir capaaty 357,000 acre-ft. Table 6.18 shows
the definition of the layers in John Martin Resénand the associated incremental costs.

Table 6.19 gives the Pueblo Reservoir layers astsco

The ANN prediction sensitivity was tested using thperational mode. The stream-aquifer
interaction modeling was simulated for comparisath Wwoth ANNSs trained as described in
Chapter 4, corresponding to Datasets A and B. Odtaset B was trained using the flows

in this system operational mode. The use of thiaded B ANN required re-calibration of
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the system using historical reservoir storages @aiculation of the corresponding gains
and losses that match the measured flows, whdnea8NN for Dataset_A used the Mode

A calibration.

Table 6.18 — John Martin Reservoir Layers Defimitand Incremental Cost

Initial Ending Capacity
Volume Volume Percent Cost Total Cost
0 140351 20 200 -31800
140351 210526.5 30 266 -31734
210526.5 280702 40 333 -31667
280702 350877.5 50 400 -31600
350877.5 421053 60 466 -31534
421053 491228.5 70 533 -31467
491228.5 561404 80 600 -31400
561404 631579.5 90 800 -31200
631579.5 666667.25 95 1000 -31000
666667.25 701755 100 1500 -30500

Table 6.19 — Pueblo Reservoir Layers Definition ammemental Cost

Initial Ending Capacity
Volume Volume Percent Cost  Total Cost
0 71400 20 300 -32100
71400 107100 30 366 -32034
107100 142800 40 433 -31967
142800 178500 50 500 -31900
178500 214200 60 566 -31834
214200 249900 70 633 -31767
249900 285600 80 700 -31700
285600 321300 90 900 -31500
321300 339150 95 1100 -31300
339150 357000 100 1600 -30800

Using the Mode A calibration and the Dataset_A ANIN reservoir storage as a result of
this operational mode is shown in Figures 6.43 @rdl for Pueblo and John Martin

Reservoirs, respectively. The calibration storageesponds to the historical storage in
this case, which is provided for performance comspar This reservoirs operational mode
stored larger volumes in Pueblo Reservoir, and eqursntly smaller volumes in John
Martin Reservoir. The operation resulted in anremely low level in John Martin

Reservoir, which should be improved in the futwerhore realistic simulation. Since the
calibrated local gains and losses were computeddbas the historical measured flows,

simulations for this operational mode assumed that historical hydrological and
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operational conditions on which the calibrated #owere based remained unchanged in

this simulation (e.g., precipitation, end of thadirunoff, canal operational flows.)
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Figure 6.43 — Pueblo Reservoir storage in Modeniukition
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Figure 6.44 — John Martin Reservoir simulated gferia Mode B

A comparison of selected simulation indicators wasied out to verify the algorithm key
elements and observe the stream-aquifer interasgositivity in this simulation mode to
both small changes in modeling conditions and AMNNing and number of recurrent
variables. Table 6.20 shows a summary of seledtedlaion indicators for the baseline

simulations in operational mode B with different Nl for stream-aquifer simulation, as
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well as, the calibration network in operational ragd for comparison. Storage at the end
of the simulation was the same in Mode A and ModgeitB Dataset B, indicating that the
same total amount of water is stored in the syses@n though, in operational mode B the
reservoir storages are different than the histbricehe end-of-simulation storage was
lower in the Mode B with Dataset_A simulation besmthis network used the calibration
from Mode A. In this case, the ANN generated lowet return flows, thereby causing a
reduction in storage at the end of the simulatiigyres 6.43 and 6.44). The total system
demands were the same in the compared runs, wiih feortages in the baseline
simulation runs as expected. The baseline simulatework in Mode B, with the ANN
used in Mode A, changes the way water was moveldeirsystem. Therefore, the stream-
aquifer interaction modeling explanatory variablesre affected and consequently small
variations in the return flows and concentrationsld be observed in the results. The
overall stream-aquifer interaction modeling resalisw a low sensitivity of less than 1%,

to small variations in the MODSIM dependent exptanavariables (i.e., streamflow).

Small sensitivity was also observed in the preolictiusing ANN from Dataset B in the
simulation, demonstrating the consistency in thedjotions generated by the priming
algorithm that avoids having large errors due touawlation of errors using recurrent
variables from th& AR GeoDSS predicted values (Dataset_B contained a largeteurof
recurrent variables). The total local gains ars$és decreased in the calibration for Mode
B with Dataset_B with respect to calibration Mode A detailed summary per reach of
simulation gains and losses and the percent of gghdrom the calibration cases is
presented in Table 6.21. Few calibration reachew gercent changes larger than 2%, but

in general changes were a small percentage ofalif@ation gains and losses. Additional
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flows to Kansas at the Colorado-Kansas border \Wwarglled by the additional sink node
connected to the Coolidge Station as discussedigugly. This node collected any
additional flows in the system that cannot be stanethe reservoirs. This simulation mode
generated small additional flows to Kansas, maésiylicoming from return flows close to

the border that could not be adjusted by the catidon links.

Table 6.20 — Operational modes Indicators Compariso

Stream-Aquifer Interaction ANN | Dataset A Dataset_B Dataset A
Simulation Indicator Units Mode A Mode B Mode B
End System Storage [Acre-ft] 145182.0 145192.0 139931.0
Total Diversion [Acre-ft] 3027545.0 3027545.0 | 3027545.0
Total Diversion Shortage [Acre-ft] 0.0 0.0 0.0
Diversion Avg. Conc [ma/L] 1271.6 1233.9 1232.6
Canal Seepage [Acre-ft] 605509.0 536691.2 605509.0
Total Kansas Flow [Acre-ft] 975814.0 975804.0 975804.0
Kansas Avg Conc [ma/L] 2590.3 2539.8 2538.3
Total Return Flow [Acre-ft] 1717562.0 1704669.0 1711713.0
Return Flow Avg Conc [ma/L] 2768.7 2768.5 2768.5
Arkansas River Return Flow [Acre-ft] 1148182.0 1141118.0 1144117.0
Arkansas River Ret.Flow Conc [ma/L] 2796.0 2794.3 2796.0
Tributaries Return Flow [Acre-ft] 569380.0 563551.0 567596.0
Tributaries RetFlow Conc [mg/L] 2698.4 2699.1 2695.4
Total River Depletion Flow [Acre-ft] 19654.0 25954.0 19169.0
River Depletion Avg Conc [ma/L] 1816.1 1684.8 1801.5
Arkansas River Depletion [Acre-ft] 4511.0 4524.0 4281.0
Arkansas River Depletion Conc [ma/L] 1230.9 1186.4 1189.3
Tributaries Depletion [Acre-ft] 15143.0 21430.0 14888.0
Tributaries Depletion Avg Conc [ma/L] 1957.1 1780.2 1945.6
Total Local Losses [Acre-ft] 1205633.0 1196815.0 | 1205625.0
Total Local Gains [Acre-ft] 1939539.0 1943164.0 1939539.0
Total Calib Flow In [Acre-ft] 2959868.0 2966962.0 | 2959868.0
JMR Total Mass In [Tons] 1710820.0 1415548.0 | 1415909.0
JMR Total Mass Out [Tons] 2172141.0 2142178.8 2129815.0

The Mode B (Dataset_B) water quality calibratiomwha slight increase in mean squared
error (Figure 6.45) with respect to the calibrati@iwork (Figure 6.40). An exception is
the localized RMSE increase at ARKLASCO and ARKM@FControl points caused by a
higher number of reach zero flow events in the Ades River that reduced the dilution

effect on the contribution of salt loadings frome ttributaries. Figure 6.46 shows the
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average simulated concentrations in Mode B (Dat&eas compared with the measured

concentrations at tHeAR GeoDSS control points.

Table 6.21 — Detailed Simulation Gains and Logsg<Calibration Reach Mode
B with Dataset B ANN

GW Return River o Gl ely
Inflows Losses Flow Depletion gtz
Reach [Acre-ff] [Acre-ft] [Acre-ft] [Acre-ff] Inflows Losses
ARKAVOCO 51005 89061 146730 1851 -0.01 0.19
ARKCACCO 57959 106961 138930 2360 0.15 0.25
ARKCARCO 23611 43749 142305 2343 0.21 -0.04
ARKCOOKS 54933 66780 171757 210 -0.13 0.30
ARKGRACO 24319 39690 55585 0 0.15 0.09
ARKIMRCO 42495 130141 17347 144 0.00 0.01
ARKLAJCO 33451 105973 136075 270 -10.47 -0.67
ARKLAMCO 13951 104642 174327 0 1.44 0.19
ARKLASCO 55864 35173 127066 3443 0.01 1.77
ARKMOFCO 37925 29772 5568 0 -0.01 0.01
ARKNEPCO 71218 123012 138381 3036 0.04 -0.21
ARKPUECO 1366378 0 0 0 0.00 0.00
ARKROCCO 56054 185105 257445 4502 8.28 0.57
FOUPUECO 30786 16126 0 0 0.00 0.00
PURHILCO 8062 56015 0 0 37.11 -0.29
PURLASCO 15153 1335 0 0 -12.59 13.71
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Figure 6.45 — Simulated water constituent concéiottdRMSE summary at theAR
GeoDSS control points
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REMARKS

Simulation of the ANN-based stream-aquifer intecactappears to closely represent the
MODFLOW-MT3DMS calculated return flows and TDS centration for the modeled
reaches. However, it was found that the ANN pregidjains reduced the surface water
balance based gains, but at the same time, arasene water loss. This situation suggests
an over-prediction of the return flows and/or timissues. The calibration analysis reveals
a stream-aquifer interaction modeling weaknesscaurately representing tributary return
flows. When the sizes of the tributaries in a ging area are significant, over predictions
are expected in the smaller tributaries and undedligtion in the larger ones. In addition,
it was noted that over prediction of return flowscoars in tributaries extending
considerably their stream-aquifer modeled linessidet the area-buffers in the grouping
area since the explanatory variables were captmédin the area-buffers that is stresses

outside the area-buffers diminished since retuowsl per unit length of tributary are
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expected to reduce outside of the irrigated valldyich was not considered in the current

algorithm.

The water quality calibration algorithm was unatte fully match the measured
concentrations at the control points, because ef ¢bmbination of inflows with
unmeasured concentration magnitudes and calibratomcentration limits restricted the
process. The larger discrepancies are found iohesawith few or small unmeasured
inflows and gains. The unmatched measured corat@mroccurrences propagated the
calibration-calculated concentrations downstreaatentially increasing the difficulty of
matching the next downstream measured concentsatiomhe overall water quality
calibration performance show a reasonable set afefed concentrations at the control
points where, in most cases, more than 60% of &nahility was explained. In the most
downstream stations, the highest root mean squared is around 500 mg/L. A small
tendency to over-predict concentrations at corgomhts where discrepancies were found
indicate that there should have been more diluitiothe reach that what was currently

modeled.

Water allocation based solely on water rights geeer discrepancies with historical
diversions due to unexpected human operationseokyistem (e.g., not diverting entitled
water), causing a cascading effect on all the npaméor water users resulting in large
inconsistencies basin-wide with the historical dsi@ns. Diversion records time series are
recommended to keep the water rights water allmcaih track and closely simulate

historical conditions.
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The ANN-based stream-aquifer interaction modelihgvs low sensitivity to changes in
average river flows, which were used extensivelgxydanatory variables (four previous
values were used as shown in Figure 4.16). Thasacheristic gives confidence in the

stability of predictions on small variations in teeplanatory variable space.



