Coordinated Water Resources
Database & Model Development

Phase |1l Completion Report

Sponsored by U.S. Army Corps of Engineers

Pl. Z. Sheng and J. P. King
Co-PI: S. Tillery, C. Brown, B. Creel,
A. Michelsen, R. Srinivasan and A. Granados

URGWOM Steering Committee Meeting
March 8 2007




Outline

Project Overview
SOW for Phase 111
Deliverables

Plan for Future Phases

Lower RiIo Grande Flood Control
Model: RiverWare Model
Development (Tillery) /

L CC 0L




-

Project Overview

d Develop coordinated water
resources database for easy access
and sharing as well as model
development

d Develop a RiverWare model of the
Rio Grande flow between Elephant
Butte Dam, New Mexico and Fort
Quitman, Texas for flood control
planning
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Phase |ll Scope of Work

J Compile and verify the water quality
data

1 Assess the data availability for
expansion of the URGWOM model

J Develop the RiverWare model for the
Rio Grande flow for the selected
reaches between Elephant Butte
Reservoir and El Paso
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Phase |ll Scope of Work

u
J
J

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
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Deliverables

J Coordinated database and numerical
model
nttp://www.pdnwc.org/

J 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

\D the FLO-2D model /
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Plan for future phases

J Enhance the RiverWare model for the
Rio Grande reaches in the Mesilla

Basin by emphasizing SW/GW
Interactions;

J Expand the RiverWare model for the
reaches between El Paso to Fort
Quitman for flood control planning;




-

Plan for future phases (cont.)

\_

J 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

J Assess 20006 flood events using the
enhanced RiverWare model.

/
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Phase Ill, Task 7 - Objectives
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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

/
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Lower Ri10o Grande Reaches

d 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

d Reaches were intended to:
» Resemble actual geometry of the system

k> Fit the available data /
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Lower Rio Grande Reaches (con’t)

J

J
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Lower Rio Grande flows across
Rincon Valley Basin

Selden Canyon (high bedrock zone)
Mesilla Bolson

El Paso Narrows (high bedrock zone)

YV V VYV VY

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



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

Figure 5. Schematic of the Mesilla Reach

Drains

River Above MesillaO

Westside Canal 4—0—:%;—0—* Eastside Canal

Leasburg / Mesilla / Del Rio —o—»

Santo Tomas/ Chamberino / La Mesa —0—»|
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¥
River at El Paso O

Del Rio Lateral

2 River Below Mesilla

4—C— WWW #15 (Eastside Canal)

0~ W #25 (Santo Tomas Lateral)
*—C— WW #26 (Upper Chamberino Lateral)

«—C— W\ #18 (Eastside Canal)
—C— W #19 (Three Saints Lateral)

#—C— WV #30 (Chamberino East Lateral)

—o— WYY #31 (La Union Main Canal)
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Net Gain
. (Below Mesilla to Above Anthony)

3 River at Anthony Bridge

+—C— WY #32 (La Union East Lateral)
*—C— W #23A (Texas Lateral)

Net Gain

-———— .
(Below Anthony to Above Vinton)

< River at Vinton Bridge

—C— VYWV #32B (Vinton Cutoff Lateral)
—o— WW #34 (Canutillo Lateral)

la—C— WV #35 (Westside Canal)
—O— W #36 (Montoya Lateral)

—C— WY #38 (Montoya Lateral)

Net Gain
{Below Vinton to Above El Paso)




Surface/Groundwater Interactions

d Conceptual Model

» The main variables of interest for forecasting flows
*» Diversions

Conveyance infiltration

Deep percolation from irrigation

Groundwater withdrawal

Precipitation
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» The variable with largest effect on interactions =
DIVERSION
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Surface/Groundwater Interactions
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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

% S0 using diversion data indirectly accounts for
ground-water pumping

/
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ARIMA Transfer Function Analysis
AutoRegressive Integrated Moving Average

a4

Commonly called Box-Jenkins Approach

d Use ARIMA Transfer Function model to

» Simulate relationships between diversions and drain
return flows

d 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)

\Q Residuals are represented by ARMA model/
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ARIMA Transfer Function Analysis

d 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

d Disadvantages of Transfer Function Model

» More difficult and time consuming to derive and
Implement

k> Must re-evaluate whenever system changes /




Transfer Function Model Form

(1-6,8%)
i-¢BL-¢,87)"

(1-B?)Z, = w,(1-B?)X, +

Z,= Drain flow (LN) at time period t (AF)

X, = Diversion at time period t (AF)

a,= Residuals =Y, (actual) — Y, (predicted)

B = Back-shift operator, used to take differences over time of a value
t = Time period

w,= Regression coefficient for diversion

¢, ¢, = Autoregressive parameters for the residuals ARMA model
8,= Moving-average parameter for the residuals ARMA model

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




Forecast Equation Form

~

¢2( n-11 ~ n 23)+(0 [X _Xn—12 B
(X, —X, 13)+¢1¢2( X 24)

¢2 (X n-11 n—23 )] - 91( n-12 2n—12 )

ZAn =Z, 12+¢1( n13) ¢1¢2( a2 — Lo 24)"‘

Z, ;= Drain flow for first month after observed data (AF)
X, ;= Diversion (AF) at month n-i

n = number of observations

I = number of months of lag

¢, = 0.54189

¢, =0.22134

6,=0.72055

w, = 0.00005324




Transfer Functions Implemented
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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

YV V YV VY




RiverWare Model Development

d Time period simulated in model
» Jan 1985 through Dec 1999

d Using observed data
» Jan 1985 through Dec 1998

d Flow data units
» Acre-feet/month

Q Monthly time steps




Model Development (con’t) \

J 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

d 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

\_ /




URiverWare Model Layout

»Mesilla Reach to

Above Anthony Bridge

Net Gain Below Picacho to Above Mesilla

Picacho DrainGag\

Del Rio Drain Gage

Del Rio Drain

La Mesa Drain Gage

.
Net Gain Below Mesilla to Above Anthony \\ %

Below Mesilla to Ab

—~—
Above Mesilla Local Inflows \

Picacho Bridge to Above Mesilla

WW40 from Picacho Lateral

-
CLC WWTP

Above Mesilla Return Flows

Net Gain Below Leasbu;g to Above Mesilla
WW15 from Eastside Canal
WW25 from Santo Tomas Lateral
WW26 from Upper Chamberino Lateral

WW18 from Eastside Canal

WW19 from Three Saints Lateral

A
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-
WW31 from La Union Main Canal

_—
WW21 from Three Saints West Lateral

ove Anthony Bridge




Rio Grande at Anthony Bridge

URiverWare Model Layout
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W38 from Montoya Lateral

-
Net Gain Below Vinton to Above El Paso

Mentoya Drain \ E% /

n to El Paso

Net Gain Below Mesilla To Above El Paso
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Input Data
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Input data sites require monthly historic
data for 1985 through 1999

» Sites that are not calculated require historic data for

entire simulation time period

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

1 Forecast data sites require monthly historic

/




~

Input Data (con’t)

1 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 Sites

Rincon Reach

Leasburg Reach

Mesilla Reach

River below Caballo

Leasburg Canal

Westside Canal

Arrey Canal

City of LC WWTP

Eastside Canal

Percha Lateral

Picacho Drain

Del Rio Lateral

All Wasteways

Net Gain

Net Gain

All Wasteways

All Wasteways

\_




Forecast Data Sites

Rincon Reach

Leasburg Reach

Mesilla Reach

Garfield Drain

none

Del Rio Drain

Hatch Drain

La Mesa Drain

Rincon Drain

East Drain

Net Gain

Montoya Drain

\_




Output Data Sites

Rincon Reach

Leasburg Reach

Mesilla Reach

Garfield Drain

Gain Below Leasburg to Picacho Bridge

Del Rio Drain

Hatch Drain

River at Picacho Bridge

La Mesa Drain

Rincon Drain

Gain Below Picacho Bridge to Above
Mesilla

East Drain

Gain Below Caballo to Haynor Brdg

Gain Below Leasburg to Above Mesilla

Montoya Drain

River at Haynor Bridge

River Above Mesilla

Gain Below Mesilla to Above
Anthony

Gain Below Haynor Bridge to
Above Leasburg

River at Anthony Bridge

Gain Below Caballo to Above
Leasburg

Gain Below Anthony to Above
Vinton

River Above Leasburg

River at Vinton Bridge

Gain Below Vinton to Above El
Paso

Gain Below Mesilla to Above
El Paso

River at El Paso




RiverWare System Control Tables

SCTs were
developed

for each
Reach.

Sample
SCT for
Mesilla
Reach.

B 5CT LRGFCM_MesillaReach.5CT (LRGFCM.mss)
File Edit Slots TimeSteps

View Config DMI Run Diagnostics GoTo

idFEEFe tE®r MEMHE LT e W o R I |January, 1985 ]
s ﬁ::“ :b“e Westside Canal ~ Eastside Canal  Del Rio Lateral ﬂ:;“:e"’“ Del Fio Drain~ La Mesa Drain =
i S acre-ft /maonth acreft/manth acredt/maonth i acreft/manth acreft/manth 'E'I B
1/31/85 | Thu NaM NaN NaN 0.00 NaM NaN NaN| —
2/28/85 |Thu 1931.90 0.00 0.00 0.00 1931.90 196959 53157
3/31/85 | Sun 47410.92 17754.05 7047.27 456.20 22153.40 2463 47 1039.34
4/30/85 |Tue 5093357 20148.10 22302 64 255,87 21726.96 3036.69 1553.06
5/31/85 | Fri 60944.14 22347.60 9427.44 347.11 28321.99 47504 1830.74
6/30/85 |Sun 74312.74 27966.94 11202 64 517.69 3462547 4022 48 194579
7/31/85 | Wed 5112858 11549.09 1161124 749.75 4721850 5103.47 2899.83
8/31/85 |Sat 70622.98 2734413 1064529 561.32 3213224 5170.91 2372.23
9/30/85 | Mon 46679.01 1983868 8072.73 115.04 18652 56 4301.98 232264
10/31/85 | Thu 22006.63 5622 64 2814 55 27372 1323572 189752 1884.30
11/30/85 | Sat 412363 0.00 0.00 0.00 412363 248727 122579
12/31/85 | Tue 2663.30 0.00 0.00 0.00 2663.80 2054.88 961.98
1/31/86 | Fri 23946 .45 443107 2165.95 29.26 1726017 2188.75 983.80
2/28/26 | Fii £2227.45 1439603 6317.36 126.94 41387.12 2679.67 1053.22
3/31/86 | Mon 99235.02 24731388 1072066 27372 £3506.76 433190 1505.45
4/30/36 |Wed 75709.08 20467.44 9796.36 527.60 4491768 422479 181091
5/31/86 | Sat 105615.26 25100.83 1044099 474.05 £9599.99 5276.03 2350.41
6/30/26 |Mon 13311474 25301.16 10496 53 42843 96328 62 £035.70 21157
(| s J

WW31 from La Union Main Canal Gage Outflow — Vaolume: 63.35803 [1,000 acrefest]
180 values: Sum 64840.64 — Ave 260.23 - Min 0.00 - Max 4484 21 - Range 4434.21 [acrefest/morth31]




Results for La Mesa Drain
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Forecast (AF)
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R =0.9191
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Results for Montoya Drain

Historic
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Forecast (AF)
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Results for River Above Mesilla




Forecast (AF)
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Results for River At El Paso

\_

Flow (AF)
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Forecast (AF)
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CONCLUSIONS

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

1 Results are highly correlated with historic values

d Equations provide more accurate results than
simple linear relationships

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




Questions?




