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Project Overview
Develop coordinated water 
resources database for easy access 
and sharing as well as model 
development
Develop a RiverWare model of the 
Rio Grande flow between Elephant 
Butte Dam, New Mexico and Fort 
Quitman, Texas for flood control 
planning



Phase III Scope of Work

Compile and verify the water quality 
data 
Assess the data availability for 
expansion of the URGWOM model
Develop the RiverWare model for the 
Rio Grande flow for the selected 
reaches between Elephant Butte 
Reservoir and El Paso



Phase III Scope of Work
Organize a RiverWare training 
workshop on rule-based simulations
Provide technical assistance in 
development of the FLO-2D model
Implement data transfer interface 
between the coordinated database 
and hydrologic models



Deliverables
Coordinated database and numerical 
model
http://www.pdnwc.org/
Project reports published as Technical 
Reports: one published and three in 
review. 
Organized two RiverWare training 
workshops for regional stakeholders
Provided comments for development of 
the FLO-2D model



Deliverables (con’t)



Plan for future phases

Enhance the RiverWare model for the 
Rio Grande reaches in the Mesilla 
Basin by emphasizing SW/GW 
interactions;
Expand the RiverWare model for the 
reaches between El Paso to Fort 
Quitman for flood control planning;



Plan for future phases (cont.)

Assess management scenarios with 
containment of storm water to reduce 
run-off discharge into the river and 
irrigation system and recharge aquifers 
during the flood; and 
Assess 2006 flood events using the 
enhanced RiverWare model. 
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OverviewOverview

Objectives
Lower Rio Grande Reaches
Surface Water/Groundwater Interactions
ARIMA Transfer Functions
RiverWare Model Development
RiverWare Model Results
Conclusions



Phase III, Task 7 Phase III, Task 7 -- ObjectivesObjectives

Subtask c
Develop conceptual model for surface/ground 
water interaction
Develop RiverWare model for Lower Rio 
Grande (LRG)
Use RiverWare DMI to link data to the model



Lower Rio Grande ReachesLower Rio Grande Reaches

Reach definitions were based on:
Physiography of study area
Locations of major diversion dams

Rincon Reach – Below Caballo to Leasburg Div. Dam
Leasburg Reach – Leasburg to Mesilla Div. Dam
Mesilla Reach – Mesilla Div. Dam to RG at El Paso

Reaches were intended to:
Resemble actual geometry of the system
Fit the available data



Lower Rio Grande Reaches (Lower Rio Grande Reaches (concon’’tt))

Lower Rio Grande flows across
Rincon Valley Basin
Selden Canyon (high bedrock zone)
Mesilla Bolson
El Paso Narrows (high bedrock zone)

High bedrock zones create separate 
groundwater systems

River below Caballo to Selden Canyon (Rincon Reach)
River below Selden Canyon to El Paso Narrows 
(Leasburg and Mesilla Reaches)



Rincon Reach

Leasburg Reach

Mesilla Reach

Figure 1. Lower Rio Grande Basins (Terracon et al., 2004)



Figure 5.  Schematic of the Mesilla Reach

Mesilla Reach:

Between Mesilla Div. Dam 
and RG at El Paso

Water is diverted at Mesilla 
Div. Dam to:

• Westside Canal
• Eastside Canal
• Del Rio Lateral

Return flows are from 
Westside and Eastside Canal 
diversions



Surface/Groundwater InteractionsSurface/Groundwater Interactions

Conceptual Model
The main variables of interest for forecasting flows

Diversions
Conveyance infiltration
Deep percolation from irrigation
Groundwater withdrawal
Precipitation

The variable with largest effect on interactions =
DIVERSION



Surface/Groundwater InteractionsSurface/Groundwater Interactions

Conceptual Model (con’t)
Use diversions as input time-series to an ARIMA
Transfer Function model to predict return flow

Even though ground-water withdrawals can be 
significant

Ground-water pumping is strongly correlated to 
diversions
So using diversion data indirectly accounts for 
ground-water pumping



ARIMA ARIMA Transfer FunctionTransfer Function AnalysisAnalysis
AutoRegressive Integrated Moving Average

Commonly called Box-Jenkins Approach 
Use ARIMA Transfer Function model to 

Simulate relationships between diversions and drain 
return flows

Return flow predictions are made from a 
linear combination of

Past values of the return flow
Current and past values of the diversion
Past errors (or residuals)

Residuals are represented by ARMA model



ARIMA ARIMA Transfer FunctionTransfer Function AnalysisAnalysis

Advantages of Transfer Function Model
Accounts for current and past values in predicting future 
values
Represents physical process while maintaining statistical 
cohesion
Doesn’t assume residuals are independent

Disadvantages of Transfer Function Model
More difficult and time consuming to derive and 
implement
Must re-evaluate whenever system changes



Transfer Function Model FormTransfer Function Model Form
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Zt = Drain flow (LN) at time period t (AF)
Xt = Diversion at time period t (AF)
at = Residuals = Yt (actual) – Yt (predicted)
B = Back-shift operator, used to take differences over time of a value
t = Time period
ωo= Regression coefficient for diversion
φ1, φ2 = Autoregressive parameters for the residuals ARMA model
θ1= Moving-average parameter for the residuals ARMA model 

SAS System for Windows, V9.1 used for Time Series Analysis



Forecast Equation FormForecast Equation Form
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Zn-i = Drain flow for first month after observed data (AF)
Xn-i = Diversion (AF) at month n-i
n = number of observations
i = number of months of lag
φ1 = 0.54189
φ2 = 0.22134
θ1 = 0.72055
ωo = 0.00005324



Transfer Functions ImplementedTransfer Functions Implemented

Rincon Reach
Garfield Drain from Arrey Canal Diversion
Hatch Drain from Arrey Canal Diversion
Rincon Drain from Arrey Canal Diversion

Mesilla Reach
Del Rio Drain from Eastside Canal Diversion
La Mesa Drain from Westside Canal Diversion
East Drain from Eastside Canal Diversion
Montoya Drain from Westside Canal Diversion



RiverWare Model DevelopmentRiverWare Model Development

Time period simulated in model
Jan 1985 through Dec 1999

Using observed data
Jan 1985 through Dec 1998

Flow data units 
Acre-feet/month

Monthly time steps



Model Development (Model Development (concon’’tt))

Rules were used to calculate transfer 
function expressions

To make sure equations were executed in proper order
To make sure there are valid values for all time steps

Dimensionless data were used in transfer 
function calculations

To circumvent RiverWare’s automatic conversions on 
monthly data based on number of days in the month
Exponential function does not work with units of AF/mo 
on value to be exponeniated



RiverWare Model Layout

Mesilla Reach to 
Above Anthony Bridge



RiverWare Model Layout

Mesilla Reach 
Below Anthony Bridge



Input DataInput Data

Input data sites require monthly historic 
data for 1985 through 1999

Sites that are not calculated require historic data for 
entire simulation time period

Forecast data sites require monthly historic 
data for 1985 through 1987

Forecast equations may use data from up to 24-
months ago, so 2 years of historic data must be 
available



Input Data (Input Data (concon’’tt))

Forecast data sites require previous forecast 
results for 1986

Forecast data in model starts in 1987
Forecast equations require previous forecast data
for up to 12-months ago
Results from SAS simulation are used for previous 
forecast data



Input Data SitesInput Data Sites

All WastewaysAll Wasteways

Net GainNet GainAll Wasteways

Del Rio LateralPicacho DrainPercha Lateral

Eastside CanalCity of LC WWTPArrey Canal

Westside CanalLeasburg CanalRiver below Caballo

Mesilla ReachLeasburg ReachRincon Reach



Forecast Data SitesForecast Data Sites

Montoya DrainNet Gain

East DrainRincon Drain

La Mesa DrainHatch Drain

Del Rio DrainnoneGarfield Drain

Mesilla ReachLeasburg ReachRincon Reach



Output Data SitesOutput Data Sites

Gain Below Mesilla to Above 
Anthony

River Above MesillaRiver at Haynor Bridge

River at Anthony BridgeGain Below Haynor Bridge to 
Above Leasburg

Gain Below Anthony to Above 
Vinton

Gain Below Caballo to Above 
Leasburg

River at Vinton BridgeRiver Above Leasburg

Gain Below Vinton to Above El 
Paso

Gain Below Mesilla to Above 
El Paso

River at El Paso

Montoya DrainGain Below Leasburg to Above MesillaGain Below Caballo to Haynor Brdg

East DrainGain Below Picacho Bridge to Above 
Mesilla

Rincon Drain

La Mesa DrainRiver at Picacho BridgeHatch Drain

Del Rio DrainGain Below Leasburg to Picacho BridgeGarfield Drain

Mesilla ReachLeasburg ReachRincon Reach



RiverWare System Control TablesRiverWare System Control Tables

SCTs were
developed 
for each
Reach.

Sample 
SCT for
Mesilla 
Reach.



Results for La Mesa DrainResults for La Mesa Drain
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y = 0.9869x
R2 = 0.9191
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Results for Montoya DrainResults for Montoya Drain
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y = 0.9832x
R2 = 0.9376
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Results for River Above MesillaResults for River Above Mesilla
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y = 0.9942x
R2 = 0.9919
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Results for River At El PasoResults for River At El Paso
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y = 0.9916x
R2 = 0.9826
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CONCLUSIONSCONCLUSIONS

ARIMA Transfer Functions are adequate for 
estimating drain return flows from diversions

Results are highly correlated with historic values

Equations provide more accurate results than 
simple linear relationships

However, deriving and implementing the Transfer 
Function equations can be difficult and time 
consuming



Questions?Questions?


