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SECTION 1  INTRODUCTION

1.1 OVERVIEW

This study has been undertaken by R. J. Brandes Company (RIBCO) of Austin, Texas, in
association with Michael Sullivan & Associates (MSA), for the purpose of developing a
computerized reservoir operations model (ROM) for Amistad and Falcon Reservoirs on the Rio
Grande in Texas. Basically, this ROM has the capability to simulate the time-varying (monthly)
behavior of these reservoirs with regard to the amount of water stored and owned by the United
States and by Mexico in each of the reservoirs, subject to specified hydrologic and climatic inputs,
prioritized water demands for each country, and current international operating procedures and State
of Texas water accounting and allocation rules. The ROM also includes routines to simulate
monthly water accounting, including provisions for positive and negative water allocations, for up
to three individual Texas water rights holders having specified amounts of authorized municipal
water rights and Class A and Class B irrigation water rights. With MSA’s assistance, a companion
conditional probability model (CPM) also has been developed that processes the outputs from the
ROM to provide information regarding the risks associated with meeting certain total United States
water demands, given certain known beginning-of-the-year reservoir storage conditions, reservoir
operating policies, and drought demand management procedures.

RIBCO has performed this work pursuant to an agreement with the Valley Water Policy and
Management Council (VWPMC) of the Lower Rio Grande Water Committee, Inc. that was
executed in October, 1995. This agreement was amended in March, 1997, to provide for additional
services related to modeling of individual water right accounts. The VWPMC received funding
support for this work through a research grant from the Texas Water Development Board (TWDB),
with assistance from the Texas Natural Resource Conservation Commission (TNRCC) and the
Texas Governor’s Office. Throughout the course of this study, technical guidance and assistance
and substantial data and information have been provided to RIBCO by the VWPMC, the TWDB,
the TNRCC, the Rio Grande Watermaster, and the International Boundary and Water Commission
(IBWC).

1.2 BACKGROUND

Historical demands for water in the Rio Grande basin by users in both the United States and Mexico
have resulted in a variety of measures aimed at improving the management of the overall water
resources of the system. Treaties and various orders have been signed by the two countries that
allocate the waters of the basin between the two countries and set forth certain operating and
accounting procedures regarding reservoir storage, river diversions, flood control and other water
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matters. The IBWC, an international Rio Grande regulatory agency with sections representing both
the United States and Mexico, administers the treaties, implements the orders, and generally
manages the operation of the river system. Amistad and Falcon Reservoirs have been constructed
on the mainstem of the river through the joint efforts of the United States and Mexico, and these
major impoundments have greatly enhanced the ability of the system to deliver an increased supply
of water to users in both countries on a more dependable basis. In Texas, specific water rights
regulations and water accounting and allocation rules have been implemented by the TNRCC and its
predecessor agencies to provide for more effective utilization of the United States’ share of the
existing water supply from the river. The TNRCC's Rio Grande Watermaster is responsible for the
day-to-day operation of the water delivery system in the Middle and Lower Rio Grande basins in
Texas, including water accounting.

It is common knowledge that the Middle and Lower Rio Grande basins are over-appropriated with
regard to existing water rightsin Texas. The estimated firm annual yield of the United States share
of Amistad and Falcon Reservoirs is not sufficient to fully supply the authorized diversions of
existing water rights, should a severe drought occur such as that experienced throughout much of
Texas during the 1950's. Certainly, the critical state of the currently available water supply in the
Rio Grande reservoirs, for both the United States and Mexico, and the continuing extremely dry
conditions in much of the watershed have caused municipal and irrigation water users in the Middle
and Lower Rio Grande basins of Texas to be especially concerned with regard to water availability
in the immediate future. '

The fundamental question facing both water regulators and water users is what should be done now
to assure an adequate future supply of water throughout the Middle and Lower Rio Grande system
such that essential needs can be satisfied in the future. One of the things needed to effectively
answer this question is a knowledge of the risks involved in doing nothing versus those associated
with implementing certain reservoir operation and drought management measures that could, in
effect, prolong the available water supply from the existing reservoirs. Specifically, information is
needed that describes the likelihood that certain levels of demand can be satisfied in the future given
that a known amount of water is currently in storage in Amistad and Falcon Reservoirs and that
certain critical climatic and hydrologic conditions could occur. More importantly, the specific water
resources development and conservation measures that may be needed to avoid a failure of the
system, at some required level of probability, with regard to its ability to supply a certain amount of
water in the future, need to be identified and evaluated and, if appropriate, implemented as soon as
possible.
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Reservoir operations modeling and conditional probability analyses of reservoir behavior and
operations represent an important starting point for developing such information. These techniques
and procedures have been applied to other reservoir systems in Texas, with results offering
significant insight with regard to the most effective means for managing and operating the reservoirs
prior to and during drought periods. The study described herein has been undertaken for the
purpose of developing the basic analytical tools required to perform reservoir operations modeling
and conditional probability analyses of Amistad and Falcon Reservoirs on the Rio Grande. The
outputs and results from utilizing these tools have direct application in water supply planning
throughout the Middle and Lower Rio Grande basins. Such applications will be made through
future planning efforts.

1.3  SCOPE OF WORK

The work described herein represents the initial phases of a more comprehensive effort to
investigate the operation of Amistad and Falcon Reservoirs and the water delivery system in the
Middle and Lower Rio Grande basins of Texas within the overall context of regional water
resources planning. Certainly, the potential development of revised reservoir operating rules and
effective drought management measures will require extensive time and effort. However, the
reservoir modeling undertaken in this study provides a solid framework for proceeding with the
more comprehensive investigations. Much of the time and effort expended in this study has been
spent just compiling and synthesizing the required data and information necessary to describe the
current operation of the system and its physical characteristics and the historical long-term trends
and extremes in hydrologic and climatic conditions throughout the watershed.

The tasks listed in Table 1-1 have been undertaken as the scope of work for Phase I of the overall
ROM/CPM project. Basically, this Phase I effort provides for the development, testing and
preliminary application of the ROM/CPM modeling system for Amistad and Falcon Reservoirs.
Upon completion of the basic Phase I modeling work outlined in Table 1-1, the scope of this overall
effort was expanded through Phase II to include extension of the ROM to provide for individual
water rights accounting. This involved additional programming to include water accounting for
three individual Texas water rights holders, each having specified authorized diversion amounts of
municipal water rights and Class A and Class B irrigation water rights. Results from this Phase I
work also are described in this report.
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TABLE 1-1 PHASE I WORK TASKS

Task L. Compilation and Analysis of Data and Information

Task II. Compilation and Analysis of Current Operational Constraints

Task III. Preliminary Drought Management Reservoir Operation and Demand
Reduction Criteria

Task IV. Development and Testing of a System Operation Model

Task V. Development and Testing of a Conditional Probability Model

Task VI. Application of ROM and CPM Models

Task VII.  Analysis and Evaluation of Existing and Proposed Operational Constraints
Task VIII.  Model Development and Evaluation Report Preparation

Task IX. Project Coordination and Management



SECTION 2 GENERAL ROM MODELING APPROACH

2.1 SIMYLD-II RESERVOIR SYSTEM MODEL

As the basis for developing and structuring the reservoir operations model (ROM) for the Amistad-
Falcon Reservoir system, the existing SIMYLD-II reservoir system model', or computer program,
has been used. The original version of this program was formulated and coded by the Texas Water
Development Board in the early 1970°s as part of that agency’s overall mathematical simulation
capabilities for analyzing water resources systems. Extensive modifications of the original
SIMYLD-II program have been made by RJIBCO in this study to adapt the program to the specific
features and characteristics of the Amistad-Falcon system that cannot otherwise be described with
the normal SIMYLD-II input data.

The basic SIMYLD-II program can be applied to provide a multi-reservoir simulation model capable
of describing the movement and storage of water through a system of river reaches, canals,
reservoirs and non-storage river junctions over a specified period of time. The SIMYLD-II
program, as applied in this study, utilizes a monthly time step to perform time-varying reservoir
storage and river flow simulations subject to a specified sequence of water demands, river inflows
and reservoir evaporation losses. During the simulation process, the model strives to meet a set of
‘'specified demands and target reservoir storage conditionsin a given order of priority. If shortages
occur during the operation, i. e., not all demands or storage conditions can be satisfied for a
‘particular time period, the shortages are spatially located and assigned at the lowest-priority demand
or storage nodes.

The SIMYLD-II program is designed to provide flexibility in selecting operating rules for each
reservoir in the system being simulated. The operating rules are formulated as the percentage of
eachreservoir’s capacity (either total or conservation) that is desired to be held in storage at the end
of each computational time step (each month). The operating rules provide flexibility by allowing
the desired reservoir storage levels and the priorities for allocating water between satisfying
demands and maintaining storage in the reservoirs to be varied by month during the year.
Furthermore, these priorities can be changed during a simulation according to the hydrologic state of
the system being modeled, 1. €., dry, normal or wet conditions based on system storage.

The fundamental concept in applying the SIMYLD-II program is that the physical reservoir system
must be transformed into a capacitated network flow problem. In making this transformation, the
real system’s physical elements are represented as a combination of two possible network

' Texas Water Development Board; *“Economic Optimization & Simulation Techniques for Management of
Regional Water Resource Systems, River Basin Simulation Model, SIMYLD-II Program Description”; July, 1972;
Austin, Texas.




THE INTERNATICNAL RESERVOIRS OPERATIONS AND DROUGHT CONTINGENCY PLANNING STUDY
FCR THE MIDDLE AND LOWER RIO GRANDE
Phase I - Development, Testing and Application of ROM/CPM Modeling System
Phase I - Extension of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts

components -- nodes and links. Given the proper parametric description of these two network
components, it becomes a straightforward task to develop the necessary network. Once properly
developed, the network system can be analyzed as a direct analog of the real system.

As the nomenclature implies, a node is a connection and/or branching point within the network.
Therefore, a node is analogous to a reservoir or a non-storage junction, e. g., a canal junction,
major river confluence, etc., in the physical system. Additionally, a node is a network component
thatis considered to have the capacity to store a finite and bounded amount of the water moving
within the network. In the case of SIMYLD-II, reservoirs are represented by nodes which have
storage capacity, as well as, the ability to serve as branching points. A non-storage capacitated
junction is handled similarly to a capacitated junction (reservoir) except that its storage capacity is
always zero. Demands placed on the system must be located at nodal points. Also, any water
entering the system, such as might occur naturaily from upstream river inflows or artificially by
import, must be introduced at nodal points.

The transfer of water among the various network nodes is accomplished by transfer components
called links. Typically, alink is a river reach, canal or closed conduit with a specified direction of
flow and a fixed maximum and minimum capacity. The specified maximum capacity represents the
upper limit on the amount of water that can be conveyed through a link. The minimum capacity
establishes a required minimum flow that must be conveyed through a link at all times.

The physical system and its basic time step operation, in this case one month, is formulated as a
network flow problem. The set of solutions to this network flow problem provides the sequential
operation of the system with the set of monthly operations becoming the operation of the system
over the entire length of the desired hydrologic sequence, i. €., the simulation period.

2.2 AMISTAD-FALCON ROM STRUCTURE
2.2.1 ROM Link-Node Network

The initial step in the application of the SIMYLD-II program is the construction of the link-node
network describing the physical system. The network used in this study for representing the
various components of the Amistad-Falcon Reservoir system as simulated with SIMYLD-II is
shown in Figure 2-1. As illustrated by this diagram, the Amistad-Falcon SIMYLD-II model
consists basically of two separate water storage and conveyance systems; one for the United States
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and one for Mexico. In this network, the physical system elements for each of the two countries are
represented by the network elements in the following manner:

r the Uni

1. The portions of Amistad and Falcon Reservoirs used to store United States water are
represented by triangles identified as Nodes 1 and 2, respectively;

2. The United States total municipal water demand between Amistad and Falcon Reservoirs is
specified at a non-storage junction identified as Node 5;

3. The United States total irrigation water demand between Amistad and Falcon Reservoirs is
specified at a non-storage junction identified as Node 6;

4. The United States total municipal water demand below Falcon Reservoir, including
channel losses, is specified at the United States Falcon Reservoir storage junction
identified as Node 2;

5. The United States total irrigation water demand below Falcon Reservoir, including channel
losses, is specified at a non-storage junction identified as Node 7; and

6. River reaches between the United States Amistad and Falcon Reservoir storage nodes and
the various United States demand nodes are represented by solid lines showing the
direction of flow and numbered 1, 2, 3 and 4.

For Mexi

1. The portions of Amistad and Falcon Reservoirs used to store Mexican water are
represented by triangles identified as Nodes 3 and 4, respectively;

2. The Mexican total municipal and irrigation water demand between Amistad and Falcon
Reservoirs is specified at a non-storage junction identified as Node 8;

3. The Mexican total municipal and irrigation water demand below Falcon Reservoir,
including channel losses, is specified at the Mexican Falcon Reservoir storage junction
identified as Node 4; and

4. River reaches between the Mexican Amistad and Falcon Reservoir storage nodes and the
various Mexican demand nodes are represented by solid lines showing the direction of
flow and numbered 5 and 6.

The inflows to the reservoir system, which are comprised of Rio Grande inflows to Amistad
Reservoir and tributary inflows to the river from the watershed between Amistad and Falcon
Reservoirs (referred to as side inflows or incremental inflows), for both the United States and
Mexico are indicated on the network diagram by inward arrows at Nodes 1, 3, 5 and 8. Flood
spills from Amistad Reservoir are allowed in the model at the Amistad Reservoir storage nodes, i.
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e., at Node 1 for the United States and Node 3 for Mexico. These flood spills enter each country’s
respective storage pool in Falcon Reservoir through Link 7 for the United States and Link 8 for
Mexico. Spills from the system into the Lower Rio Grande can occur at the Falcon Reservoir
storage nodes, i. €., atNode 2 for the United States and Node 4 for Mexico. The dashed lines with
double arrows between Nodes 1 and 3 (Amistad Reservoir) and Nodes 2 and 4 (Falcon Reservoir)
indicate the capability of the model for transferring one country’s excess inflows to the other
country’s conservation pool when the first country’s conservation pool is full. This feature is
provided for in the 1944 Treaty between the United States and Mexico.

2.2.2 ROM Storage/Demand Priorities

Each of the storage nodes and the demand nodes in the SIMYLD-II model network also has been
assigned a set of priority numbers that establish the relative priorities among nodes for either storing
water or meeting specified water demands during the simulation process. The highest priority for
storing water and/or meeting a demand is assigned the lowest number, i. e., a value of one.
Sequential higher priority numbers then are assigned in accordance with the order in which storage
and/or demands at specific nodes are to be shorted, or left unsatisfied, in the event there is not
sufficient waterin the system to satisfy all desired storage and demand requirements. The specific
priorities assigned to the individual nodes and their respective storage/demand activitiesin the
Amistad-Falcon ROM are indicated on the link-node diagramin Figure 2-1, and they are described
in more detail in the next section of this report. '

2.3 SIMYLD-II SOLUTION PROCESS

With the model network defined to approximate the components and features of the real physical
system, the solution procedure in the SIMYLD-II model progresses stepwise in moving from a
known set of state variables, i. €., nodal storage volumes and link flow values, at the beginning of a
time step (end of Month J), to the solution for the required set of state variables at the end of the
time step (end of Month J+1). The four-step solution process thatis repeated each month during a
simulation period is as follows:

1. The present status of the network is evaluated, and all system elements are given an
appropriate parametric description.

2.  All specified hydraulic and hydrologic inputs and demands are accounted for, and the
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FIGURE 2-1 LINK-NODE NETWORK FOR AMISTAD-FALCON RESERVOIR OPERATIONS MODEL
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mass balance for the entire network system is determined. Bounds are placed on
system demands, spills and storage levels.

3. The flows necessary to meet the levels required by Step 2 and, at the same time, to
minimize the system’s total cost of water transport are determined through the
application of an optimization procedure.

4.  Allnecessary state variables have now been determined, and the status of the system at
the conclusion of the current time step becomes the status at the beginning of the next
time step.

This solution procedure is repeated in a stepwise fashion until the specified simulation period has
been spanned. The resulting outputs from the SIMYLD-II program, when operated in this manner,
are the time variations in reservoir storage and channel or conduit flow for all of the network
elements over the duration of the simulation period. Hence, the basic results from the ROM for the
Amistad-Falcon Reservoir system are: (1) the end-of-month values of storage in the United States
and the Mexican portions of Amistad and Falcon Reservoirs; (2) the monthly volumes of United
States and Mexican water released from Amistad Reservoir to meet downstream demands or Falcon
storage requirements; (3) the monthly volumes of United States and Mexico water spilled from
Amistad Reservoir when the conservation storage of both countries is full; (4) the monthly volumes
of United States and Mexican water released from Falcon Reservoir to meet downstream demands;
and (5) the monthly volumes of United States and Mexico water spilled from Falcon Reservoir
when the conservation storage of both countries is full.
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SECTION 3  AMISTAD-FALCON ROM FEATURES

3.1 SEPARATE UNITED STATES AND MEXICO WATER ACCOUNTING

As indicated by the structure of the Amistad-Falcon SIMYLD-II model illustrated in Figure 2-1, the
ROM accounts for water stored in the reservoirs and used by the United States and Mexico
separately. Inflows to the system are specified separately for each country in the model, and then
simulations are made separately for each country taking into consideration each country’s available
storage in Amistad and Falcon Reservoirs and separate water demands in the Middle and Lower Rio
Grande basins. Total evaporation losses from each of the reservoirs are charged proportionally
against each country’s reservoir storage amount. At the end of each month of the overall simulation
period, the amount of water owned and stored by each country in each of the reservoirs is
determined by the ROM. Each country’s releases from Amistad Reservoir and the amounts of water
that each country has flowing in various reaches (between nodes) of the Rio Grande between
Amistad Reservoir and Falcon Reservoir also are simulated each month. Releases from Falcon
Reservoir for each country are reported each month, but these releases are not simulated. They
only reflect the water demands of each country in the Lower Rio Grande basin as specified as input
to the model.

3.2 CURRENT RESERVOIR ELEVATION-AREA-CAPACITY RELATIONSHIPS

Since construction of Falcon Reservoir in the early 1950’s and Amistad Reservoir in the late
1960’s, the storage capacity of these impoundments has changed, actually has been reduced, as
sediments carried with river inflows have been deposited and accumulated in the reservoirs.
Periodically, the IBWC has performed sedimentation surveys of each of the reservoirs to establish

current storage conditions. The results from such surveys are expressed as elevation-area-capacity
tables that indicate the surface area and storage capacity of the reservoirs at different water surface
elevations ranging from the bottom of the impoundments, i. €., near the zero area and storage
condition, up to near the maximum design water surface elevation, i. e., at the top of the flood pool.
Typically, increments of 0.005 meters (0.016 feet) in elevation are used for reporting in the IBWC
elevation-area-capacity tables.

The most recent elevation-area-capacity tables'? developed by the IBWC have been incorporated into
the Amistad-Falcon ROM data input file. These tablesreflect 1992 sedimentation conditions in both
of the reservoirs. It should be noted that the IBWC officially adopted these elevation-area-capacity

! International Boundary and Water Commission, United States Section; ““Amistad International Reservoir
Elevation-Area-Capacity Table Based on Survey of 1992”; October, 1994; El Paso, Texas.

? International Boundary and Water Commission, United States Section; “International Falcon Reservoir
Elevation-Area-Capacity Table Based on Survey of May 1992"; November, 1992; El Paso, Texas.
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tables for water accounting purposes on May 1, 1993, for Falcon Reservoir and January 1, 1995,
for Amistad Reservoir. Prior to these times, previous versions of these tables corresponding to
earlier sedimentation conditions in the reservoirs were used by the IBWC; however, only the most
recent elevation-area-capacity tables have been used in the ROM for all simulations. Figures 3-1
and 3-2 present plots of the current elevation-area and elevation-capacity relationships, respectively,
for Amistad Reservoir. Current elevation-area and elevation-capacity plots for Falcon Reservoir are
shown in Figures 3-3 and 3-4, respectively.

33 CURRENT UNITED STATES AND MEXICO STORAGE ALLOCATIONS

The ROM for the Amistad-Falcon Reservoir system incorporates allocations of reservoir storage in
accordance with agreements made between the United States and Mexico prior to construction of the
impoundments. These agreements stipulate that each country shall have control and use of the
following shares, or percentages, of the total silt and conservation storage capacity of Amistad and
Falcon Reservoirs’ .

UNITED STATES’ MEXICO’S
PERCENTAGE OF PERCENTAGE OF
SILT & CONSERVATION  SILT & CONSERVATION
STORAGE CAPACITY STORAGE CAPACITY

AMISTAD RESERVOIR 56.2 % 43.8 %
FALCON RESERVOIR 58.6 % 41.4 %

The IBWC reports* that the top of the silt and conservation pool in Amistad Reservoiris set at
elevation 340.462 meters above mean sea level (MSL), which is equal to 1,117.00 feet MSL.. For
Falcon Reservoir, it is set at 91.805 meters MSL, or 301.20 feet MSL. The maximum silt and
conservation storage capacities and associated surface areas of the two reservoirs that correspond to
these elevations, based on the most recent IBWC elevation-area-capacity tables for the reservoirs as
described and referenced above, are listed in the following table, along with the corresponding silt
and conservation storage capacities currently allocated to the United States and to Mexico in
accordance with the originally agreed upon shares:

* International Boundary and Water Commission, United States Section; “An Appraisal of Potential Rio Grande
Channel Dams In Hidalgo and Cameron Counties, Texas for Water Conservation”; Prepared for the Texas Department
of Water Resources; April, 1983; El Paso, Texas,

* United States of America, Department of State, International Boundary and Water Commission, United States
and Mexico; “Flow of the Rio Grande and Related Data, From Elephant Butte Dam, New Mexico to the Gulf of
Mexico™; Water Bulletin Number 65; 1995; El Paso, Texas.
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SILT & CONSERVATION RESERVOIR
STORAGE CAPACITY SURFACE AREA
Acre-Feet 1,000 Cu. M, Acres Hectares
AMISTAD RESERVOIR 3,151,319 3,887,094 64,438 26,077
United States Share 1,771,041 2,184,547 - -
Mexico Share 1,380,278 1,702,547 - -
FALCON RESERVOIR 2,653,803 3,273,418 87,181 35,281
United States Share 1,555,129 1,918,223 - -
Mexico Share 1,098,674 1,355,195 - -

3.4 CURRENT RESERVOIR STORAGE/DEMAND OPERATIONS

The current operation of Amistad and Falcon Reservoirs with regard to desired storage levels and
the distribution of stored water between the reservoirs appears to follow general guidelines that are
utilized by both the United States and Mexico. The allocation of stored water among users in Texas
is established by rules promulgated by the TNRCC and its predecessor agencies. Certainly, Mexico
recognizes the importance of assuring its municipal water supply before allowing releases and
diversions for irrigation of agricultural land.

As described earlier, the Amistad-Falcon ROM incorporates these various reservoir operational rules
and guidelines through the assignment of priorities to each storage/demand activity at each node in
the model. These priorities are listed in the following table for each country in order from the
highest priority to the lowest priority. It should be noted that because storage in the reservoirs is
accounted for separately for the two countries, the demand and storage priorities specified in the
ROM also are applicable to the two countries individually. Hence, a priority assigned to one
country’s demand or storage operation has no effect on the demand or storage operations of the
other country.

The definition of the storage/demand priorities for the nodes in the Amistad-Falcon ROM generally
reflect current operating procedures for the reservoir system and current demand priorities
established by both the United States and Mexico. For example, both countries recognize the higher
priority of meeting human water needs, i. e., municipal demands, before irrigation water needs.
Hence, all of the municipal demands for each country that are included in the ROM are assigned a
higher priority (lower priority number) than the irrigation demands. The use of higher priorities for
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water demands below Falcon Reservoir in the Lower Rio Grande basin than those specified for
demands along the Middle Rio Grande is purely arbitrary and actually makes little difference with
regard to the ability of the reservoirs to supply water to users in either the Lower or the Middle Rio
Grande basins.

PRIORITY STORAGE/DEMAND NODE ACTIVITY NODE
Storage Condition
Low Mod High
For the United States
1 1 1 U. S. Municipal Demands Along Middle Rio Grande 5
2 2 2 U. S. Municipal Demands Below Falcon Reservoir 2
3 3 3 U. S. Imrigation Demands Along Middle Rio Grande 6
4 4 4 U. S. Irrigation Demands Below Falcon Reservoir 7
11 10 10 U. S. Storage in Amistad Reservoir 1
10 11 11 U. S. Storage in Falcon Reservoir 2
For Mexico
5 5 5 Mexican Total Demands Along Middle Rio Grande 8
6 6 6 Mexican Total Demands Below Falcon Reservoir 4
13 12 12 Mexican Storage in Amistad Reservoir 3
12 13 13 Mexican Storage in Falcon Reservoir 4

The higher priority assigned to the storage of river inflows in Amistad Reservoir during non-
drought conditions, rather than in Falcon Reservoir, is consistent with accepted water conservation
and reservoir system operation practices in that it results in less overall evaporation losses from the
reservoirs and tends to optimize the river flow capture ability of the two impoundments.
Furthermore, Article 8, §(a), of the 1944 Treaty between the United States and Mexico® stipulates
that “storage in all major international reservoirs above the lowest shall be maintained at the
maximum possible water level, consistent with flood control, irrigation use and power
requirements”. According to IBWC, Falcon Reservoir is the “lowest international reservoir” on the
Rio Grande for purposes of the treaty; therefore, it is the policy of IBWC to maximize the storage of
water in Amistad Reservoir upstream.

As indicated in the above table of ROM priorities, three priority assignments are specified for each
node in the ROM with regard to storage/demand activities. The three priority assignments refiect the
priorities that are active in the model under three different prescribed hydrologic conditions which

* “Treaty Between the United States of America and Mexico, Utilization of Waters of the Colorado and Tijuana
Rivers and of the Rio Grande™; February 3, 1944; Washington, D. C.
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are defined based on the amount of water in reservoir storage, i. e., a “Mod” (Moderate) storage
condition, a “Low” storage condition, and a “High” storage condition. As the Amistad-Falcon
ROM is presently structured, the particular hydrologic state of the reservoir system for either the
United States or Mexico is determined by the amount of water stored only in Falcon Reservoir, i.
e., the most-downstream reservoir. Since the normal reservoir operation practice is to maintain
Amistad Reservoir as full as possible, the hydrologic state of the system at any point in time is better
reflected by the amount of water stored in Falcon Reservoir, since its storage tends to fluctuate more
directly with variations in inflows and demands.

For purposes of establishing the hydrologic state of the reservoir system for each country in the
model, the Moderate storage condition is defined by lower and upper percentages of the maximum
conservation storage capacity allocated to each country in Falcon Reservoir as follows.

PERCENTAGE AND AMOUNT OF FALCON RESERVOIR
MAXIMUM CONSERVATION STORAGE USED TO DEFINE

MODERATE RESERVOIR SYSTEM STORAGE CONDITIONS

Lower Limit Upper Limit
Percent Acre-Feet Percent Acre-Feet
UNITED STATES 9.65 150,000 75.00 1,166,347
MEXICO 10.00 109,867 75.00 - 824,006

The lower values of these Falcon Reservoir storage figures are of most significance because they
define the cutoff points between the “Low” storage condition and the “Moderate” storage condition
of the two countries’ reservoir systems. As indicated by the storage priorities listed previously, this
is the point in the ROM at which storage of river inflows in Falcon Reservoiris given a higher
priority than storage of river inflows in Amistad Reservoir. As noted previously, the normal
practice in the real system and in the ROM is to maximize the storage of river inflows in Amistad
Reservoir since it is the most upstream reservoir in the system; however, when the storage in Falcon
Reservoir falls below the lower limits shown above, the reservoir storage priorities are switched in
the ROM in order to assure a minimum supply of water in Falcon Reservoir for both countries.
While this appears to be consistent with actual reservoir operations, there is no documented
minimum level of storage for the United States in Falcon Reservoir that reflects the desired storage
condition that is supposed to be maintained during extremely dry periods. However, based on
actual reservoir storage records for the current drought period, the lowest that the United States
storage in Falcon Reservoir has been allowed to fall has been approximately 176,000 acre-feet,
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which occurred in July, 1996. Therefore, for purposes of specifying reservoir operating
procedures in the ROM, the minimum desired storage condition of 150,000 acre-feet, or 9.65
percent of the United States maximum conservation storage capacity, has been adopted as the
minimum dry-period storage level for the United Statesin Falcon Reservoir. When the quantity of
United States water stored in the reservoir falls to this minimum level of storage, additional releases
of United States water from Amistad Reservoir are initiated in the ROM to satisfy downstream water
demands, even those below Falcon Reservoir. The minimum desired dry-period storage level for
Mexicoin Falcon Reservoir has been established at 109,867 acre-feetin the ROM, which represents
approximately the same fraction (ten percent) of the Mexican total conservation capacity.

Of course, when the simulated storage of either country in Amistad Reservoir is drawn to near zero
during extremely dry periods, releases of water from the minimum storage pools in Falcon
Reservoir also are made to meet water demands. The upper storage limits indicated in the above
table as the upper bound on the Moderate storage condition actually have no real meaning with
respect to the ROM simulations since the storage/demand priorities of the nodes do not change
between the Moderate storage condition and the High storage condition.

Another important feature of the ROM with regard to effectively simulating current storage/demand
operations for the Amistad-Falcon system is the capability of the model to define target storage
levels in each of the reservoirs for both the United States and Mexico for each of the three
previously described hydrologic storage conditions. This means that once a particular hydrologic
state is determined in the model for either country during the simulation process, the model attempts
to maintain prescribed storage levels for that country in the conservation pools of both reservoirs.
The assigned storage priorities for each of the reservoirs under the three hydrologic storage
conditions determine which of the reservoirs is to be allowed to store water first in order to satisfy
its target storage level.

In the current version of the ROM, the target storage levels specified in the following table,
expressed in terms of percentages of the maximum conservation storage capacities and
corresponding storage amounts, are defined for each country in Amistad and Falcon Reservoirs for
each of the three hydrologic storage conditions. It should be noted that the target storage amounts
based on the indicated percentages are increased in the model as the maximum conservation storage
capacities of the reservoirs are operationaily increased during the non-hurricane season as described
in Section 3.8.
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PERCENTAGE TARGET
OF CONSERVATION STORAGE
STORAGE CAPACITY AMOUNT
% Acre-Feet
AMISTAD RESERVOIR
UNITED STATES
Low Storage Condition 75.0 1,328,281
Moderate Storage Condition 100.0 1,771,041
High Storage Condition 100.0 1,771,041
MEXICO
Low Storage Condition 75.0 1,035,209
Moderate Storage Condition 100.0 1,380,278
High Storage Condition 100.0 1,380,278
FALCON RESERVOIR
UNITED STATES
Low Storage Condition 9.65 150,070
Moderate Storage Condition 75.0 1,166,347
High Storage Condition 100.0 1,555,129
MEXICO
Low Storage Condition 0.1 1,099
Moderate Storage Condition 75.0 824,006
High Storage Condition 100.0 1,098,674

3.5 MONTHLY STORAGE-BASED EVAPORATION ALLOCATIONS

In accordance with Article 8, §(d), of the 1944 Treaty between the United States and Mexico,
current water accounting procedures employed by the IBWC allocate evaporation losses from
Amistad and Falcon Reservoirs to the United States and Mexico proportional to the average amount
of water stored in each of the reservoirs by each country. In the monthly water accounting process,
the IBWC calculates total monthly evaporation losses for each reservoir based on observed gross
evaporation rates as measured at several evaporation pans located around the reservoirs. To arrive
at the total monthly evaporation losses for the reservoirs, the observed monthly gross evaporation
rates are applied to the average surface area of the reservoirs as determined from the elevation-area-
capacity tables using the actual reservoir stages as measured by IBWC during each month. The
resulting total evaporation losses for each reservoir then are allocated by IBWC to each country in
proportion to each country’s average amount of storage in each of the reservoirs.
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This same evaporation allocation procedure has been incorporated into the SIMYLD-II computer
program for the Amistad-Falcon ROM. For each month during a given simulation period, the
observed monthly gross evaporationrates for each reservoir as reported by the IBWC have been
included in the ROM data input file. These gross evaporation rates then are used in an iterative
process with the simulated reservoir surface areas to determine total evaporation losses. These
losses are proportionally allocated to each country’s share of the reservoirs’ storage, i. e., the
allocated evaporation losses are subtracted from each country’s storage amount.

It should be noted that the monthly river inflows specified in the ROM for each of the reservoirs
have been determined by IBWC through water balance calculations based on observed monthly
changes in historical reservoir storage, calculated gross evaporation losses and known reservoir
releases, with no adjustment for direct rainfall on the reservoirs themselves. Hence, the IBWC river
inflows inherently include the effective inflows to each reservoir due to direct rainfall on the
reservoirs’ surface. This is why, in the ROM, the simulated evaporation losses are based on gross
evaporation rates and not net evaporation rates.

3.6 SPECIFIED UNITED STATES AND MEXICO WATER DEMANDS

As noted previously, the Amistad-Falcon ROM includes provisions for specifying water demands
on the reservoir system by both the United States and Mexico. The demand arrows identified on the
ROM network diagram in Figure 2-1 and described in Section 2.2 indicate the locations and types of
demands that are accounted for in the model. These include the following demands at the indicated
nodes:

For the Uni tates:

Node 2 United States total municipal water demand below Falcon Reservoir

Node 5 United States total municipal water demand between Amistad and
Falcon Reservoirs

Node 6 United States total irrigation water demand between Amistad and
Falcon Reservoirs

Node 7 United States total irrigation water demand below Falcon Reservoir

For Mexico:

Node 4 Mexican total municipal and irrigation water demand below Falcon
Reservoir

Node 8 Mexican total municipal and irrigation water demand between

Amistad and Falcon Reservoirs
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For purposes of developing and testing the ROM, current average values of these demands and their
typical monthly distributions throughout a given year have been determined and included in the
basic ROM data input file. As described in Sections 4.3 and 4.4 of this report, these values have
been established based on available historical water use information and Falcon Reservoir release
data compiled from records and publications of the TWDB, the TNRCC and the IBWC. For the
ROM simulations described herein, both average and actual monthly demands have been used.

3.7 MINIMUM OPERATIONAL RELEASES FROM AMISTAD RESERVOIR

In the recent past, it appears that certain minimum amounts of water have been released, or possibly
leaked, from Amistad Reservoir during non-flood periods to provide sufficient water for
hydropower generation at the dam and/or to provide adequate river flows downstream to supply
existing municipal, industrial and irrigation diverters and to offset miscellaneous channel losses
along the Middle Rio Grande. According to IBWC and the TNRCC Watermaster’s Office, there are
no established rules regarding the amounts and timing of these minimum releases; although,
consideration certainly is given to the specific diversion requirements and requests of known
downstream water users.

During the normal process of simulating storage conditions in Amistad and Falcon Reservoirs with
the ROM, specified minimum releases from Amistad Reservoir for either the United States or
Mexico can be made. In the data input file for the ROM, either a set of twelve minimum monthly
Amistad release values can be specified for each country, which are repeated each year of a
simulation, or individual monthly values can be specified for every year. All or part of these
minimum monthly release amounts may be automatically satisfied by the simulated releases that are
determined to be required for satisfying downstream water demands and/or Falcon Reservoir
storage conditions.

3.8 NON-HURRICANE SEASON FLOOD POOL STORAGE

According to current IBWC operating procedures for Amistad and Falcon Reservoirs, a portion of
the designated flood water storage capacity (flood pool) in each reservoir occasionally may be used
to temporarily store excess inflows when the reservoirs’ conservation pools are full. In effect,
flood water inflows are stored, rather than spilled. The purpose of this practiceis to increase the
amount of water stored in the reservoirs above their maximum conservation storage capacity in
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order to increase available short-term water supplies for downstream users. Since this practice
effectively reduces the flood control abilities of the reservoirs by reducing their available flood
storage capacity, the IBWC only has implemented this procedure during the non-hurricane season
when the flooding risks due to major hurricane-generated flood flows in the river are minimal. The
non-hurricane season is defined by IBWC as the period November through May, inclusive, of each
year.

Ideally, under this procedure, excess river inflows are stored in the flood pools of the reservoirs
only to the extent that such water can be utilized by downstream water users during the non-
hurricane season. Any of the stored excess inflows that remains in the flood pools of the reservoirs
at the end of April normally is evacuated through releases during the month of May in order to
restore the fully allocated flood storage capacity of the reservoirs by June 1. When the magnitude of
such deliberate releases from the reservoirs exceeds the required water demands of downstream
users, the released flood waters ultimately flow into the Gulf of Mexico.

According to IBWC, there are no set rules regarding the storage of excess river inflows in the
reservoir flood pools during the non-hurricane season; however, there are some general guidelines
that have been incorporated into the Amistad-Falcon ROM. Apparently, the maximum amount of
storage utilized in eitherreservoir for temporarily storing excess inflows in the flood pools is on the
order of 100,000 acre-feet; although, this figure has varied considerably between the reservoirs and
from year to year. For purposes of the ROM, the available temporary flood storage capacity has
been set at 100,000 acre-feet in each reservoir, and this amount has been allocated to the two
countries in proportion to their maximum conservation storage capacity. These amounts of flood
pool storage, which are listed below for each of the reservoirs, then are utilized in the ROM as
additional temporary conservation storage capacity for each of the countries during the non-
hurricane season.

TEMPORARY NON-HURRICANE SEASON
FLOOD POOL STORAGE CAPACITY

Acre-Feet
United States Mexico
AMISTAD RESERVOIR 56,200 43,800
FATL.CON RESERVOIR 58,600 41,400
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3.9 OWNERSHIP TRANSFER OF EXCESS RESERVOIR INFLOWS

The 1944 Treaty between the United States and Mexico contains the following stipulation in Article
8, §(c):

“In any reservoir the ownership of water belonging to the country whose conservation
capacity therein is filled, and in excess of that needed to keep it filled, shall pass to the
other country to the extent that such country may have unfilled conservation capacity,
except that the one country may at its option temporarily use the conservation capacity of
the other country not currently being used in any of the upper reservoirs; provided thatin
the event of flood discharge or spill occurring while one country is using the
conservation capacity of the other, all of such flood discharge or spill shall be charged to
the country using the other’s capacity, and all inflow shall be credited to the other
country until the flood discharge or spill ceases or until the capacity of the other country
becomes filled with its own water.”

The first portion of this paragraph dealing with the transfer of ownership of excess reservoir
inflows from the country with a full conservation pool to the other country with available unused
conservation storage capacity applies to Falcon Reservoir under all circumstances, since it is the
lowest international reservoir on the Rio Grande, i. e., not an “upper” reservoir subject to the
exception clause in the above citation. For Amistad Reservoir, which is an “upper” reservoir, the
same transfer of ownership of excess inflows is automatic, unless the country with the excess
inflows exercises its “option” to temporarily store the excess inflows in the other country’s available
unused conservation pool. If this occurs, as noted above, flood discharges from the reservoir are
charged first against the storage of the country using the temporary conservation storage capacity,
and inflows to the reservoir are credited to the country with the available conservation storage
capacity until such flood discharges and spills cease.

Examination of historical storage conditions for Amistad Reservoir indicates that the situation
described above under which the temporary inflow-storage option might be exercised by either the
United States or Mexico have occurred fairly infrequently. For example, since 1968 when Amistad
Reservoir was completed, there have been only five or six periods of time when the conservation
storage capacity of the reservoir has been full or exceeded, with excess inflows either stored in the
flood pool of the reservoir or discharged or spilled downstream. Furthermore, since most of the
historical flood events have extended over several months or even years with continuous flood
releases or spills occurring over much of these periods, any amount of excess inflows that was
temporarily stored by one country in the available conservation storage capacity of the other country
at the outset of a flood event very likely was entirely evacuated from the reservoir as flood spills

Page 3-11 August 1998




THE INTERNATIONAL RESERVOIRS OPERATIONS AND DROUGHT CONTINGENCY PLANNING STUDY
FOR THE MIDDLE AND LOWER RIO GRANDE
Phase I - Development, Testing and Application of ROM/CPM Modeling System
Phase Il - Extension of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts

and/or releases. Hence, it is unlikely that any of the temporarily stored water was effectively
utilized for meeting downstream water demands by the country temporarily storing the water.

For these reasons, the current version of the Amistad-Falcon ROM incorporates for both reservoirs
the ability to transfer ownership of excess inflows from the country with a full conservation pool to
the other country when it has available unused conservation storage capacity, but the model does not
include the provision for the temporary storage of excess inflows. Discussions with IBWC
personnel have confirmed that excluding the temporary storage of excess inflows in the reservoirs is
not normally of great significance with regard to water ownership.

On the link-node diagram for the Amistad-Falcon ROM shown in Figure 2-1, the dashed lines
connecting the two countries’ conservation storage pools in Amistad Reservoir and in Falcon
Reservoir are intended to indicate the ability of the model to transfer excess reservoir inflows, and
ownership of the water, from either country with a full conservation pool to the other country when
it has available unused conservation storage capacity. The separate individual links connecting
Amistad Reservoir directly to Falcon Reservoir for both the United States and Mexico in the model
network, i. e., Links 7 and 8, respectively, are included specifically to convey flood spills and
releases from Amistad Reservoir to Falcon Reservoir and to facilitate the transfer of excess inflows
and the ownership of the water, between the two countries. Normal releases from Amistad
Reservoir to meetdownstream demands and/or storage requirements in Falcon Reservoir are made
primarily through the other two sets of links, i. e., Links 1, 2 and 3 for the United States and Links
5 and 6 for Mexico.

The ROM program includes provisions that determine when and how much of the excess inflows of
one country in Amistad Reservoir or Falcon Reservoir are transferred to the storage pool of the
other country. Of course, the amount transferred is always limited by the amount of available
storage capacity of the country receiving the water in the reservoir where the excess inflows occur.
Also, in Amistad Reservoir, when one country has its conservation storage full and therefore has
excess inflows available for transfer to the other country’s pool, a check is made first to determine
whether or not there is storage capacity available in Falcon Reservoir for the country with the excess
inflows. if thereis, then all or or part of the excess inflows into Amistad Reservoir are allowed to
pass downstream into Falcon Reservoir for storage, thus maximizing the water supply of the
country with the excess inflows. In the model, the amount of excess inflows passed to Falcon
Reservoir is limited by the available storage capacityin Falcon Reservoir or by the average release
rate through the penstocks at Amistad Reservoir, whichever is smaller. As presently structured, the

Page 3-12 August 1998



THE INTERNATIONAL RESERVOIRS OPERATIONS AND DROUGHT CONTINGENCY PLANNING STUDY
FOR THE MIDDLE AND LOWER RIO GRANDE
PhaseI - Development, Testing and Application of ROM/CPM Modeling System
Phase T - Extension of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts

averagerelease rate through the penstocks at Amistad Reservoir is specified in the ROM at 120,000
acre-feet per month, which is about 2,000 cfs (cubic feet per second),

3.10 TNRCC RIO GRANDE WATER ACCOUNTING RULES

Fundamental to any computer modeling approach for describing the operation and behavior of
Amistad and Falcon Reservoirs on the Rio Grande, particularly with regard to the United States’
share of water stored in these impoundments, is the set of water accounting rules adopted and
administered by the TNRCC. These rules determine the amounts of water available for diversion
and use from the Middle and Lower Rio Grande for domestic, municipal, industrial and irrigation
purposes, and they establish storage accounts in the reservoirs for domestic, municipal and
industrial water, irrigation and mining water, and an operations reserve.

The underlying basis and authority for the TNRCC’s Rio Grande operating and accounting rules is
the decision of the Thirteenth Court of Civil Appealsin the landmark case styled “State of Texas, et
al, vs. Hidalge County Water Control and Improvement District No. 18, gt al.”, which is
commonly referred to as the Lower Rio Grande Valley Water Case. The original suit was filed by
the State of Texas in 1956 to restrain the diversion of water from the Rio Grande for irrigation when
the share of water due the United States from water impounded in Falcon Reservoir was 50,000
acre-feet or less. The 50,000 acre-feet was the amount of water that the Texas Board of Water
Engineers (predecessor agency to the TNRCC) had determined to be necessary to meet municipal,
domestic and livestock demands for only a three-month period without additional inflow into Falcon
Reservoir. Earlier efforts to apply voluntary restrictions on diversions of water had collapsed due to
severe drought conditions and the consequent shortage of water supplies.

The original trial of the Valley Water Case lasted from January, 1964 to August, 1966, and the final
judgment of the Appellate Court was entered in 1969. In 1971, the Texas Water Rights
Commission (predecessor agency to the TNRCC) adopted rules and regulations implementing the
court decision. Based on the judgment rendered in this case, a storage reserve in Falcon Reservoir
equal to 60,000 acre-feet was established to meet municipal and industrial demands, and a total of
approximately 155,000 acre-feet of water per year were allocated for municipal, industrial and
domestic uses. Irrigation water from the Rio Grande was allocated for 742,808.6 acres of
agricultural use below Falcon Dam. Of this amount, 641,221 acres were assigned Class A
irrigation rights, and the remaining acres were awarded Class B irrigation rights.
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Whereas municipal and industrial uses were granted the highest water supply priority, the result of
the Valley Water Case was to establish a weighted priority system in the Lower Rio Grande Valley
for allocating the remaining surface water supply to irrigation uses. The two classes of irrigation
water rights that were established provide a means for differentiating the rates at which water is
credited to the individual Amistad-Falcon storage accounts of the irrigators during the year. The
Class A water right accrues water ata rate 1.7 times higher than the Class B water right. Although
this weighted priority system for irrigation users generally has little significance during years of
plentiful water, its effectin water-short years is to distribute the shortage among all users, with the
greater shortages occurring on lands with the Class B water rights.

Pursuant to the TNRCC’s rules, the Rio Grande Watermaster is responsible for allocating the
amount of United States water which can be diverted by each Class A and Class B irrigator and for
administering the use of all United States water in the Middle and Lower Rio Grande basins. This
includes determining on a monthly basis the amounts of water allocated and stored in the various
accounts in Amistad and Falcon Reservoirs.

The current TNRCC rules and regulations® provide a reserve of 225,000 acre-feet of storage in
Amistad and Falcon Reservoirs for domestic, municipal, and industrial uses, which is referred to as
the “municipal pool” or the “D-M-I" reserve, and an operating reserve that fluctuates between
380,000 acre-feet and 275,000 acre-feet, depending on the amount of water in conservation storage
in Amistad and Falcon Reservoirs. The operating reserve is necessary to provide for: (1) loss of
water by seepage, evaporation and conveyance; (2) emergency requirements; and (3) adjustments of
amounts in storage, as may be necessary by finalization of IBWC provisional United States-Mexico
water ownership computations. The operating reserve is calculated monthly by multiplying the
percentage of the total United States conservation storage capacity containing water in Amistad and
Falcon Reservoirs times the maximum operating reserve of 380,000 acre-feet. The amount of the
calculated operating reserve cannot be less than 275,000 acre-feet.

The TNRCC rules also specify procedures for allocating United States water in storage to the
domestic-municipal-industrial reserve, the operating reserve, and the agricultural and mining
accounts. Such allocations are based on the amount of United States water considered to be “usable
storage” in Falcon and Amistad Reservoirs, as reported by the IBWC on the last Saturday of each
month. Usable storage is defined as the amount of United States water stored in the conservation
pools of the reservoirs less dead storage, which currently is assumed to be 4,600 acre-feetby the

¢ Chapter 303: Operation of the Rio Grande”; 31 Texas Administrative Code, §§ 303.1-303.73; Texas Water
Commission Rules; August 26, 1987; Austin, Texas.
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Rio Grande Watermaster. To determine the amounts of United States water to be allocated to the
specified reserves and accounts each month, the following computations are made:

1.  From the amount of water in usable storage, 225,000 acre-feetare deducted to
reestablish the reserve for domestic, municipal and industrial uses, i. e., the
municipal pool; hence, storage for these uses is given the highest priority;

2. From the remaining storage, the total end-of-month account balances for all Lower
and Middle Rio Grande irrigation and mining allottees are deducted; and

3. From the remaining storage, the operating reserve is deducted.

If the balance available for the operating reserve is less than 275,000 acre-feet, but greater than
150,000 acre-feet, that amount is allocated to the operating reserve. If the balance is less than
150,000 acre-feet, then deductions (negative allocations) are made from the individual irrigation and
mining water rights accounts in amounts proportional to their respective storage balances to provide
150,000 acre-feet for the operating reserve.

If there is water remaining in the United States usable storage after the above three sets of
allocations are made, the remaining storage amount, provided it is greater than 50,000 acre-feet, is
further allocated to the individual irrigation and mining water rights accounts. If the remaining
storage amount is less than 50,000 acre-feet, the excess storage is simply unallocated and held until
the beginning of the following month. The allotment of the remaining storage amount for irrigation
and mining uses is divided into Class A and Class B categories. Class A water rights (allottees)
receive 1.7 times as much water as that allotted to Class B rights. Under the rules, an irrigation
allottee cannot accumulate in storage more than 1.41 times its annual authorized diversion amount,
and, if an allottee does not use water for two consecutive years, its account is reduced to zero.

The Rio Grande Watermaster maintains records of daily, weekly and monthly diversions and usage
by all existing water rights holders along the Middle and Lower Rio Grande. Using this
information and the amount of United States storage reported by the IBWC at the end of each month
for Amistad and Falcon Reservoirs, the Watermaster performs the monthly water accounting and
makes the necessary allocations. Monthly and annual reports indicating water usage and account
balances are provided by the Watermaster to all water rights holders and diverters on the Middle and
Lower Rio Grande.

The Amistad-Falcon ROM as currently structured incorporates the above water accounting rules and
procedures for allocating the simulated end-of-month United States storage in Amistad and Falcon
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Reservoirs among the domestic-municipal-industrial reserve, the operating reserve, and the total
irrigation and mining accounts. Provisions for determining positive and negative allocations to the
total irrigation and mining storage pool are included in the model. The model also includes the
ability to simulate the account balances of three individual water rights holders, with each having a
municipal water right, a Class A irrigation water right and a Class B irrigation water right. In the
model, these individual accounts are debited as water is used in specified monthly amounts. Each
account is restored to its full authorized diversion amount at the beginning of each calendar year.
When irrigation and mining allocations are made, irrigation and mining storage accounts are credited
with water in accordance with the Class A/Class B allotment procedure and in relative proportion to
annual authorized diversion amounts. Negative irrigation and mining account allocations, when
required because the reservoir operating reserve falls below 150,000 acre-feet, are deducted from
the individual irrigation and mining accounts on a prorata basis depending on the amount of water in
each storage account.
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SECTION 4 AMISTAD-FALCON ROM DATA INPUT DEVELOPMENT

4.1 HISTORICAL MONTHLY RESERVOIR INFLOWS

As indicated on the link-node network diagram for the current version of the Amistad-Falcon ROM,
inflows to the reservoir system in the model are accounted for separately for the United States and
Mexico, with each country’s individual inflows specified for the Rio Grande upstream of Amistad
Reservoir and for the Rio Grande between Amistad and Falcon Reservoirs. Monthly values of
these inflows are used in the model.

For operating the ROM in this investigation, historical hydrologic conditions for the Rio Grande
corresponding to the 1945 through 1996 historical period have been utilized. The historical monthly
inflows to the Rio Grande for this period at the four inflow locations in the ROM, i. €., one for each
country above Amistad Reservoir and one for each country between Amistad and Falcon
Reservoirs, have been compiled from information obtained from the IBWC. For the period from
1954 through 1996, tabularlists of the four sets of monthly inflows were obtained directly from the
IBWC. For the period prior to that time, the monthly inflows were extracted from a previous
reservoir operations model of Amistad and Falcon Reservoirs that was developed and operated by
the IBWC in the 1970’s for special studies requested by the Texas Department of Water Resources.
This earlier model considered only United States water in the system. These United States inflow
values were subtracted from the total inflow values for the reservoirs (based on streamflow gage
records) as reported by the IBWC to derive the corresponding sets of Mexican monthly inflows to
the reservoirs. Recentdiscussions with IBWC staff have indicated that the Mexican inflows to
Amistad Reservoir that have been derived for the period prior to 1954 may not be correct and may
need further refinement. Such refinements have not been undertaken in this present study, but they
are scheduled to be made during the next year as part of the Senate Bill 1 regional water supply
planning study for the Middle and Lower Rio Grande basins. It is not expected that these
refinements in the Mexican inflows to Amistad Reservoir will appreciably change the modeling
results presented in this report.

Table 4-1 presents a listing of the annual amounts of historical Rio Grande inflows for both the
United States and Mexico from the watershed upstream of Amistad Reservoir and from the
watershed between Amistad and Falcon Reservoirs over the period 1945 through 1996. The
monthly values comprising these annual totals, which have been specified in the ROM for all
simulations, are listed in the tables in Appendix 1. The total United States annual inflows and the
total Mexican annual inflows also are listed in Table 4-1 in descending order. As indicated, over the
52-year period, the total United States annual inflows have ranged from over four million acre-feet
in 1954 to just under 700,000 acre-feet in 1952. Tt is significant to note that the inflows to the Rio




TABLE 4-1 HISTORICAL ANNUAL UNITED STATES AND MEXICAN INFLOWS
TO AMISTAD AND FALCON RESERVOIRS ON THE RIO GRANDE

(Acre-Feet)
YEAR | UNITED STATES INFLOWS MEXICAN INFLOWS INFLOWS RANKED IN DESCENDING ORDER
Above Below Total Above Below Total Year Total R Year Total
Amistad | Amistad | Annual } Amistad | Amistad | Annual U.S. N Mexican
Reservoir | Reservoir Inflows Reservoir | Reservoir Inflows Inflows K Inflows
1945 1,100,000  285,000{ 1,385,000 { 1,703,000f  278,000] 1,981,000 | 1954 4,120,503 | 1| 1958 4,606,524
1946 1,117,0000  506,000) 1,623,000 | 1.635000] 521,000 2156000 | 1971 3984006 { 2| 1971 3,794,271
1947 875,000 426,000} 1,301,000 | 1,571,000 371,000] 1,942,000 ] 1958 3473323 | 3] 1931 2,668,849
1948 1,384,000  595,000] 1,979,000 | 1349000 702,000 2,051,000 1974 3317228 | 4| 1976 2,467,179
1949 1,589,000  783,000| 2,372,000 | 1,612,000  442,000{ 2,054,000 | 1981 2,882903 | S| 1978 2,318,495
1950 1,035,000 248,000 1,283,000 | 1,626000f 128,000| 1,754,000 | 1976 2669234 | 6| 1990 2,226,309
1951 601,000  371,000] 1,062,000 | 1,214,000 326,000{ 1,540,000 | 1957 2,525340 { 7] 1991 2,215,340
1952 598,000 92,000] 690,000 | 1,276,000 64,000| 1,340,000 [ 1990 2,495386 (8] 1953 2,191,000
1953 457,000 380,000 837,000 | 1,188,000 1,003,000| 2,191,000 f 1987 2428644 | 91 1946 2,156,000
1954 3,704,1010 416,402 4,120,503 779,350  474,065] 1,253,415] 1949 2,372,000 |10] 1949 2,054,000
1955 1,103,803 492,704 1,596,507 680,494]  494,774| 1,175267 | 1991 2,336,391 111 1948 2,051,000
1956 515,774]  268,064] 783,838 303,177]  247,474] 550,652 1964 2,312,055 |12} 1945 1,981,000
1957 1,610,739] 914,601 2,525,340 566,668  839,072| 1,405,738 | 1978 2299662 | 13| 1987 1,952,464
1958 1,881,826| 1,591,997| 3,473,823 | 1,559,946] 3,046,578| 4,606,524 | 1986 2264727 {14 1947 1,942,000
1959 1,279,514  707,063| 1,986,577 653,034]  684,289] 1,337.326 | 1992 2,220,265 | 15| 1992 1,906,696
1960 1,096.226] 595,735 1.692,011 845465  473,986] 1,319,450 | 1988 2,000,004 [16{ 1938 1,761,931
1961 1,090303|  771,455| 1,861,758 620,768]  786,956| 1,407,723 | 1959 1,986,577 |17 1950 1,754,000
1962 841,972  527,290| 1,369,262 515482  396,565| 912,048 1943 1,976,000 |18 1986 1,748,591
1963 713,470  502,426( 1,215,896 487,817f 430,318/ 918,138 1975 1974,648 |19f 1967 1,733,630
1964 1602311}  709,744f 2,312,055 6759191 692,882 1,368,802 | 1966 1,938,452 | 20| 1975 1,662,148
1965 973,545  656,638] 1,630,183 490,504}  507,366] 997,873 1967 1,931,281 21| 1966 1,596,129
1966 1,249,166]  689,286| 1,938,452 | 1002479 593,653 1,596,129 | 1972 1,876,700 | 22! 1979 1,566,852
1967 894,820f 1,036,461} 1,931,281 605373] 1,128,259] 1,733.630 | 1961 1,861,758 | 23| 1951 1,540,000
1968 9337270 570,101} 1,503,828 876,137F  574,792| 1450927 | 1979 1,839,699 |24 1974 1,517,156
1969 843,864  346,676] 1,190,540 705,083] 382,759 1,087,843 | 1980 1,738,551 |25] 1972 1473292
1970 844,6051  297,120{ 1,141,815 620385] 283,218 903,604 1960 1,692,011 [26] 1968 1,450,927
1971 1.783,089| 2,201,017} 3,984,106 692,998% 3,101,272 3,794,271 | 1965 1,630,183 (27| 1973 1,420,825
1972 1,307,088  569,612( 1,876,700 802,803]  670,492| 1473292 | 1977 1,627,565 {28{ 1961 140778
1973 918,028]  707,828! 1,625,856 679,907  740,920| 1,420,825 | 1973 1,625,856 | 291 1957 1,405,738
1974 3,029423|  287,805] 3317228 § 1211,470] 305,682| 1,517,156 | 1946 1,623,000 |20] 1964 1,368,802
1975 1284972|  689,676] 1,974,648 748,604|  913,544] 1,662,148 | 1955 1,596,507 |31] 1980 1,361,638
1976 1,607,050] 1,062,184) 2,669,234 773,967 1,693.211] 2467179 | 1968 1,503,828 | 321 1952 1,340,000
1977 1,163283]  464.282] 1,627,565 550,896]  554,875| 1,105,771 | 1985 1,467,746 | 33| 1959 1331326
1578 1,743.638]  556,024| 2299,662 | 1,517.216] 801,281| 2318495 | 1982 1,458,930 34| 1960 1,319,450
1979 1275063  564,636{ 1,839,699 878,202]  688,648| 1,565,852 | 1993 1,431,800 [35] 1954 1,253.415
1980 1320313  409.238| 1,738,551 817,103}  544,535| 1,361,638 | 1945 1,385,000 |36| 1955 1.175267
1981 1,888274] 994,629 2,882,903 { 1,238,430{ 1,430,420( 2,668,849 | 1962 1,369,262 |37 1985 1,146,181
1982 1,118,780  340,150] 1,458,930 664,349|  338,840] 1,003,150 | 1989 1,333,316 |38| 1977 1,165,771
1983 910,765 342,907 1,253,672 497,472 291,291/ 788,762 1984 1,320,549 391 1969 1,087,843
1984 1,086,407 234,142 1,320,549 775321 243,487 1,018,806 | 1947 1,301,000 |40 1984 1,018,806
1985 1,043,484]  424,2621 1,467,746 682,379  463,802) 1,146,181 | 1950 1,283,000 41| 1993 1,018,710
1986 1,887478]  377,249] 2264727 | 1208462  540,129] 1,748,591 | 1983 1,253,672 | 42| 1982 1,003,190
1987 1,797,750] 630,894 2,428,644 | 1,203973] 748,490 1,952,464 [ 219854 1431 1965 997,873
1988 1,469,121  539,973| 2,009,094 929,864 8317711 1,761,931 | 1963 1,215,896 | 44| 1963 918,138
1989 1,055,062}  278,254| 1333316 589,071 2850241 874,096 1969 1,190,540 1962 912,048
1990 2,076,817  418,569| 2,495386 | 1,728,668  498,141| 2,226,809 9 R EC s 1970 903,604
1991 2,027,658  308,733] 2336391 | 1,892,590 322,749 2215340 | 1970 1,141,815 1989 874,096
1992 1702861  517.404{ 2220265 | 1283,085] 623,610 1,906,696 [::159 & 148] 1983 788,762
1993 1,181,767]  250,123] 1,431,890 788,586}  230,123] 1,018,710 [ 195 1,062,000 |49
1994 924,654]  295,200] 1219,854 483,813]  255.581] 744,396 1953 837,000 |50
1995 895,126]  218,838] 1,113,964 387,891 240,841 613,077 1956 783,338 | 51 9 307
1996 956,466] 227,673 1,184,139 4415771 259.854] 701,431 1952 690,000 |s2| 1956 | ss0652
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Grande for both the United States and Mexico during the most recent drought, i. e., since 1993,
have been some of the lowest experienced in the basin since 1945. For the United States, only the
drought of the early 1950’s exhibited lower inflows to the Rio Grande, and Mexico’s inflows were
lower only in 1956.

Another illustration of how the United States inflows to the Rio Grande have varied historically is
presented in Figure 4-1. This graph plots the time variation of the 12-month average annual inflow
and the 60-month average annual inflow for the total United States inflows to the Rio Grande
beginning in the year 1900 and extending through 1996. These monthly inflow quantities are based
on the same United States inflows used as input to the ROM as contained in Appendix 1 for the
1945-1996 period. For the period prior to 1945, monthly United States inflows extracted from the
IBWC reservoir operations model of Amistad and Falcon Reservoirs previously referenced above
have been used. The 12-month average annual inflows are indicative of relatively short-term inflow
variations with regard to the available water supply from the Rio Grande, whereas the 60-month
average annual inflows illustrate the more long-term trends in flow conditions. Of particular interest
are the extended low-flow periods, such as during the early 1950’s, when the United States’
inflows remained depressed for several consecutive years. These conditions define the critical
drought of record for the United States with regard to its inflows to the Rio Grande and the
associated available water supply. The plot of the 60-month average annual inflows also illustrates

the relative severity of the current drought in the Rio Grande basin for the United States compared to
the record drought of the 1950’s.

4.2 HISTORICAL MONTHLY RESERVOIR EVAPORATION

For simulations with the Amistad-Falcon ROM, evaporation losses from the reservoirs are
determined each month by multiplying the surface area of the reservoirs times a gross reservoir
evaporation rate. In these calculations, the surface area used is the average of the simulated

reservoir surface areas at the beginning and the end of each month, and the gross evaporation rate is
used because the inflow effects of direct rainfall on the reservoirs already are accounted for in the

IBWC river inflow values.

For the 1945-1996 simulation period considered in this investigation, the monthly values of gross
reservoir evaporation have been derived from two sources. Actual monthly pan evaporation data
provided by the IBWC have been used to establish the reservoir evaporation rates since 1957 for
Amistad Reservoir and since 1954 for Falcon Reservoir. These data reflect actual evaporation
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TOTAL UNITED STATES INFLOWS, MILLION ACRE-FEET/YEAR

FIGURE 4-1 12-MONTH AND 60-MONTH AVERAGE ANNUAL INFLOWS OF UNITED STATES WATER
INTO AMISTAD AND FALCON RESERVOIRS
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THE INTERNATIONAL RESERVOIRS OPERATIONS AND DROUGHT CONTINGENCY PLANNING STUDY
FOR THE MIDDLE AND LOWER RIO GRANDE
Phase I - Development, Testing and Application of ROM/CPM Modeling System
Phase Il - Extension of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts

conditions at the reservoirs, and they have been adjusted to reservoir evaporation rates using pan
evaporation coefficients provided by the IBWC. For the historical periods prior to these years,
historical monthly gross reservoir evaporation rates developed by the TWDB' have been used.

Specifically, the TWDB monthly evaporation rates for Quadrangles H-6 and K-8 have been used for
Amistad Reservoir and for Falcon Reservoir, respectively.

The historical monthly gross reservoir evaporation rates for the entire simulation period, i. e., 1945-

1996, as used in the ROM are presented in Table 4-2 for Amistad Reservoir and in Table 4-3 for
Falcon Reservoir.

4.3 CURRENT AVERAGE ANNUAL WATER DEMANDS AND DIVERSIONS

For purposes of developing and operating the Amistad-Falcon ROM, typical water demands for the
United States and Mexico have been developed and specified as inputs to the model. As noted
previously in Section 3.6 and as indicated on the ROM link-node network diagram in Figure 2-1,
the current version of the ROM has the capability to specify water demands for different types of
uses and at different locations for each country.

To develop these demands, information describing historical monthly water usage and actual Falcon
Reservoir monthly releases have been compiled from the records of the TWDB, the TNRCC Rio
Grande Watermaster, and the IBWC. Based on these data, average annual demand quantities have
been determined that are generally representative of the last five years for municipal use and the last
ten years for irrigation use. For the Lower Rio Grande demands, the actual historical releases from
Falcon Reservoir for each country have been used as the basis for establishing the annual water
demands specified in the ROM for users downstream of Falcon Reservoir. The average monthly
distributions of the various categories of annual water demands also have been derived from the
historical data.

Results from the average historical water demand analyses for the Middle and Lower Rio Grande,
including the average annual demands and their average monthly demand distributions, are
summarized in Table 4-4. The average annual water demands and their node assignments as

specified in the ROM for the different types of water uses and locations accounted for in the model
are listed below,

' Texas Water Development Board; “Monthly Reservoir Evaporation Rates for Texas, 1940 Through 19657;
Report 64; October, 1967; Austin, Texas.
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TABLE 4-2 HISTORICAL MONTHLY GROSS RESERVOIR EVAPORATION RATES
USED IN ROM FOR AMISTAD RESERVOIR
(Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
1945 0.26 0.28 0.54 0.64 0.87 1.06 0,76 1.17 0.88 0.38 0.39 037 7.60
1946 026 0.34 0.58 0.66 0.54 0.71 1.07 0.82 0.72 0.44 040 0.30 6.84
1947 023 0.33 042 0.58 0.76 0.91 1.15 092 0.86 0.73 0.38 0.25 71.52
1948 022 0.25 0.52 0.69 0.83 1.03 0.95 1.03 0.76 0.45 0.48 0.36 7.57
1949 0.13 0.26 047 0.51 0.62 0.85 0.93 0.76 0.75 043 043 0.29 643
1950 0.16 0.23 0.55 045 0.63 085 0.93 0.88 0.73 0.66 0.59 0.42 7.08
1951 037 0.29 045 0.58 0.61 0.65 1.09 1.13 0.94 0.73 046 0.38 7.68
1952 033 0.40 0.49 054 0.64 0.77 1.03 1.19 093 0.78 045 0.29 7.84
1953 043 0.38 037 0.70 0.83 1.05 1.24 1.08 0.80 0.66 046 0.35 8.35
1954 025 - 039 0.56 043 0.65 0.88 1.14 1.11 1.09 0.68 0.58 0.58 8.34
1955 027 0.34 0.55 0.62 075 0.87 1.19 093 0.71 0.93 0.53 0.40 8.09
1956 028 0.34 045 0.61 0.82 1.16 1.26 1.10 1.21 0.78 0.49 0.35 8.85
1957 0.28 0.28 0.53 0.55 0.52 0.77 123 1.21 0.71 048 0.23 0.30 7.09
1958 022 027 0.34 0.61 0.75 0.81 0.84 1.07 043 0.26 0.22 0.25 6.07
1959 0.27 0.24 0.54 0.54 0.66 0.79 0.78 0.66 0.75 0.45 0.33 0.28 6.29
1960 0.21 0.34 043 0.59 0.80 1.22 0.65 0.79 0.75 0.54 0.25 021 6.78
1961 0.21 024 0.53 0.72 0.78 0.77 0.76 0.69 0.69 0.40 0.35 0.28 6.42
1962 0.27 047 0.64 0.57 0.95 0.86 .11 1.15 0.99 0.7 0.36 0.29 8.37
1963 0.31 0.37 0.61 0.61 0.64 0.77 1.03 1.01 0.75 0.60 040 020 7.30
1964 0.34 033 0.63 0.74 0.75 093 1.11 0.94 0.63 0.42 0.30 0.22 7.34
1965 0.29 0.24 0.42 0.61 0.50 o 0.99 091 0.68 0.49 029 022 6.35
1966 021 0.25 0.49 0.59 049 071 1.02 0.73 0.50 0.23 0.19 0.29 5.70
1967 0.30 0.33 0.53 0.58 0.88 1.01 1.12 0.85 049 0.51 025 024 1.09
1968 0.14 0.22 0.33 0.46 0.52 0.74 0.76 092 0.54 0.46 034 0.27 5.70
1969 023 0.28 0.56 0.58 0.66 0.83 1.07 0.97 0.55 0.37 0.22 0.16 6.48
1970 0.16 0.25 0.38 049 0.72 0.70 0.83 0.81 0.63 0.33 035 0.23 5.88




TABLE 4-2 CONTD.

(Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC  ANNUAL
1971 0.30 0.38 0.66 0.70 0.71 0.65 0.70 0.62 0.52 0.25 0.26 0.19 5.94
1972 0.24 0.27 0.54 0.70 0.57 0.76 0.83 0.62 0.58 0.40 0.32 0.24 6.07
1973 025 0.17 052 0.57 0.76 0.58 071 0.77 0.56 0.34 027 032 5.82
1974 0.25 0.42 0.40 0.73 0.70 0.96 0.99 0.73 050 0.39 0.23 0.22 6.52
1975 0.21 0.30 0.52 0.56 0.57 0.74 0.63 0.69 0.49 047 0.35 0.27 5.80
1976 0.27 0.39 0.52 048 0.49 0.79 0.59 0.71 0.53 0.37 0.20 0.18 5.52
1977 0.20 0.30 0.46 0.54 041 0.77 0.88 1.03 0.75 0.52 0.37 0.32 6.55
1978 0.24 0.25 0.55 0.68 0.69 0.86 0.95 0.76 0.45 0.33 0.20 0.23 6.19
1979 0.20 0.24 0.35 0.51 0.64 0.69 0.78 0.76 0.72 0.69 0.36 0.24 6.18
1980 0.24 0.31 0.55 0.76 0.65 0.92 1.11 0.88 0.62 047 028 0.18 6.97
1981 023 021 0.43 043 0.56 0.60 0.81 0.76 0.72 0.52 0.34 0.27 5.88
1982 0.28 0.28 0.37 0.57 0.58 0.79 0.94 0.94 0.81 0.56 0.34 0.23 6.69
1983 0.22 0.28 0.47 0.72 0.77 0.71 0.96 0.85 071 0.61 0.36 0.1 6.77
1984 0.20 0.39 0.54 0.90 0.85 0.85 097 1.00 0.85 038 033 021 747
1985 0.23 0.19 0.38 0.52 0.70 0.71 0.82 0.97 0.66 043 0.26 0.23 6.10
1986 0.25 0.38 0.69 0.67 0.72 0.60 1.05 0.88 0.53 027 0.20 0.19 643
1987 0.23 0.23 0.38 047 0.44 0.53 0.77 0.82 0.54 0.68 047 0.23 5.79
1988 0.21 0.28 0.58 0.71 0.71 0.77 0.79 0.79 0.73 0.38 040 0.24 6.59
1989 0.23 0.22 0.43 0.59 0.85 0.95 1.07 130 091 0.83 0.51 0.16 8.05
1990 0.35 0.45 0.49 0.52 0.75 1.24 0.80 0.76 0.53 0.50 0.30 0.35 7.04
1991 0.23 0.37 0.70 0.73 0.86 0.86 1.00 0.98 0.73 0.70 047 0.20 7.83
1992 0.19 030 0.43 0.53 0.73 0.78 092 083 0.81 0.69 0.41 025 6.87
1993 0.29 0.30 0.57 0.77 0.89 0.81 1.10 1.14 0.60 0.68 041 0.41 7.97
1994 0.34 0.33 0.55 0.67 0.65 1.15 1.11 1.16 0.70 0.55 0.34 0.28 7.83
1995 0.31 0.44 0.47 0.77 0.87 0.99 1.17 1.18 0.86 0.74 0.34 0.32 8.46
1996 0.41 0.46 0.62 0.89 1.01 1.29 1.30 1.01 0.57 0.70 0.39 0.27 8.92




TABLE 4-3 HISTORICAL MONTHLY GROSS RESERVOIR EVAPORATION RATES
USED IN ROM FOR FALCON RESERVOIR
(Feet)

YEAR JAN FEB MAR APR MAY " JUN JUL AUG SEP OCT NOV DEC  ANNUAL
1945 0.34 0.41 0.52 0.58 0.83 092 1.03 0.94 1.02 0.77 0.65 0.51 8.52
1946 0.30 0.30 0.50 0.50 0.58 on 1.02 093 0.63 0.61 0.54 0.38 7.00
1947 0.31 0.36 0.48 0.52 0.67 0.91 1.03 0.78 095 0.78 0.58 0.24 7.61
1948 035 0.23 0.52 0.71 0.61 0.87 0.93 1.05 0.73 0.68 0.74 0.43 7.85
1949 0.32 0.20 0.34 0.37 0.56 0.73 0.88 0.88 0.68 0.65 0.55 0.35 6.51
1950 049 045 0.58 0.64 0.97 0.83 1.19 1.33 0.95 0.80 0.76 0.52 9.51
1951 0.53 0.51 0.60 0.62 0.69 0.84 1.14 0.95 0.93 0.86 0.58 0.51 8.76
1952 0.46 0.53 0.53 0.69 0.75 0.83 0.91 123 1.03 093 0.51 0.38 8.78
1953 044 0.37 049 0.61 0.67 0.97 1.04 0.99 0.92 0.66 0.54 0.39 8.09
1954 020 0.49 0.55 0.63 0.80 0.82 090 0.89 0.70 047 036 033 7.14
1955 031 0.28 0.56 0.63 0.80 0.89 0.96 0.84 0.51 0.55 038 0.25 6.96
1956 0.28 0.32 0.49 0.66 0.88 0.81 1.06 091 0.77 0.64 0.43 0.32 7.57
1957 028 037 0.61 0.57 0.68 0.75 1.01 0.94 0.68 0.49 039 0.33 7.10
1958 0.23 0.24 0.35 0.54 0.70 0.71 0.86 090 044 0.25 0.23 0.18 5.63
1959 0.18 0.16 040 047 0.75 0.76 0.86 0.36 0.67 0.44 0.31 0.27 5.63
1960 0.18 0.35 0.37 053 0. 0.83 0.98 0.76 049 043 0.23 0.15 6.01
1961 0.17 0.32 0.57 0.72 0.77 0.78 0.87 0.69 0.57 043 0.24 0.19 6.32
1962 0.28 043 0.55 0.63 0.86 0.79 1.04 091 0.65 0.56 0.34 0.21 7.25
1963 0.24 0.36 0.58 07 0.66 0.81 0.90 0.96 0.61 047 0.38 0.17 6.85
1964 0.28 0.30 0.51 0.62 0.67 0.72 0.89 1.00 0.64 0.46 0.34 022 6.65
1965 030 0.30 043 0.57 0.65 0.89 1.01 084 072 0.39 028 0.18 6.56
1966 0.15 0.20 0.38 0.54 0.50 0.58 0.78 0.80 0.58 0.44 040 0.31 5.66
1967 0.26 0.32 0.53 0.74 0.77 0.88 1.04 072 043 0.35 0.17 0.18 6.39
1968 0.16 0.21 0.39 0.41 0.55 0.69 0.66 0.77 042 0.37 0.3 0.27 5.21
1969 0.22 0.23 047 0.55 0.66 0.73 098 0.75 0.51 045 0.29 020 6.04
1970 0.15 0.26 0.45 0.59 0.62 0.72 0.77 0.76 0.55 0.39 0.37 0.29 592




TABLE 4-3 CONTD.

(Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC  ANNUAL
1971 0.33 040 0.63 0.72 0.74 0.84 0.87 0.61 0.54 0.32 0.29 0.20 6.49
1972 0.24 0.28 0.43 0.64 0.49 0.57 0.63 0.75 0.59 0.39 0.23 0.20 5.43
1973 0.21 0.19 0.43 045 0.62 0.64 0.70 0.55 048 033 0.26 0.27 5.12
1974 0.18 0.39 0.43 0.55 0.64 0.76 0.84 0.86 0.54 041 0.27 0.17 6.03
1975 0.26 0.30 0.51 0.58 0.60 0.72 0.67 0.55 0.39 041 037 0.25 5.61
1976 0.25 041 041 048 0.53 0.72 0.55 0.66 0.50 033 0.14 0.15 5.12
1977 0.13 0.28 0.41 0.50 0.55 0.71 0.84 0.81 0.56 0.39 0.31 0.25 5.73
1978 0.18 023 0.53 0.61 0.67 0.77 091 0.77 041 0.29 0.21 0.21 5.78
1979 0.20 0.22 0.42 047 0.67 0.72 0.79 0.78 046 0.52 0.33 0.17 5.76
1980 0.19 0.20 0.45 0.60 0.59 0.94 0.98 0.71 0.64 043 0.27 0.17 6.18
1981 0.16 0.20 0.37 0.40 0.50 0.53 0.69 0.63 0.49 041 0.28 0.22 4.88
1982 0.28 022 0.39 045 0.39 0.69 0.89 0.79 0.61 0.38 0.26 0.22 5.56
1983 0.17 0.25 0.44 0.63 0.58 0.68 0.64 0.69 0.53 042 0.34 0.19 5.55
1984 0.14 0.34 0.51 0.57 0.68 0.76 0.80 0.84 0.50 0.35 0.33 0.23 6.04
1985 0.17 0.21 0.44 0.50 0.57 0.68 0.80 0.85 0.64 0.46 0.30 0.19 5.80
1986 0.24 0.33 0.59 0.51 0.59 0.59 0.86 0.80 0.62 0.39 0.20 0.14 5.85
1987 0.21 0.27 0.33 045 0.51 0.57 0.75 0.81 0.53 048 0.29 0.20 5.40
1988 0.21 023 047 0.55 0.61 0.74 0.78 0.62 0.51 0.42 0.33 0.25 5.73
1989 0.22 0.25 0.54 0.55 0.76 0.80 0.83 0.71 0.63 0.48 0.31 0.21 6.30
1990 0.31 0.33 041 048 0.71 0.93 0.87 0.76 048 048 0.32 0.27 6.38
1991 0.19 0.28 0.60 0.55 0.61 0.71 0.68 0.81 041 0.42 026 0.20 5.71
1992 0.15 0.24 0.34 0.43 0.47 0.67 0.92 0.74 0.63 0.43 0.28 0.20 5.49
1993 0.20 0.24 0.37 0.58 0.65 0.57 0.87 0.88 0.54 0.46 0.27 0.27 592
1994 0.26 0.28 0.49 0.50 0.62 0.74 1.00 0.72 0.57 0.45 0.35 0.23 6.21
1995 0.26 0.29 0.42 0.68 0.73 0.80 0.87 0.61 0.58 043 0.25 0.20 6.12
1996 0.28 0.34 0.51 0.67 0.81 0.87 0.99 0.69 0.56 0.39 0.34 0.24 6.69




TABLE 4-4 SUMMARY OF CURRENT WATER DEMANDS AND DIVERSIONS
FOR THE MIDDLE AND LOWER RIO GRANDE

UNITED STATES DEMANDS AND DIVERSIONS FROM THE MIDDLE RIO GRANDE

DOMESTIC, MUNICIPAL AND INDUSTRIAL USE [1]
Average Annual Demand: 34,044 Acre-Feet

Percentage Monthly Demand Distribution:

JAN FEB MAR APR MAY JUN JUL  AUG SEP OCT NOV
6.11% 6.10% 7.60% 826% 892% 9.61% 10.86% 11.08% 880% 851% 7.24%

IRRIGATION AND MINING USE [2,3]
Average Annual Demand: 126,804 Acre-Feet

Percentage Monthly Demand Distribution:

JAN FEB MAR APR MAY JUN JUL AUG  SEP OCT NOV
425% 4.09% 927% 1020% 835% 1039% 11.86% 13.66% 807% 8.09% 6.66%

DATA BASE: [1] Historical Monthly Surface Water Diversions for Seven Cities in the Middle Rio Grande Basin
for 1985-1994 10-Year Period as Reported by IBWC in 1996
(Eagle Pass, Del Mar, Laredo, San Ygnacio, Rio Bravo, New Zapata and Falcon Village)
{2] Historicat Monthly Surface Water Diversions and Return Flows for Maverick Canal and Power Plant
for 1985-1994 10-Year Period as Reported by IBWC in 1996
[3]1 Historical Monthly Surface Water Diversions for Other United States Irrigators in the Middle Rio Grande Basin
for 1985-1994 10-Year Period as Reported by IBWC in 1996

DEC
6.91%

DEC
5.11%



TABLE 4-4, CONTD.

UNITED STATES RELEASES FROM FALCON RESERVOIR TQ THE LOWER RIO GRANDE

DOMESTIC, MUNICIPAL AND INDUSTRIAL USE [1,2,3]

Average Annual Demand: 125,412 Acre-Feet

Percentage Monthly Demand Distribution:

JAN FEB MAR APR MAY JUN JUL AUG  SEP OCT NOV DEC
720% 666% 771% 894% 8.66% 900% 10.04% 10.39% 850% 8.03% 744% 7.38%

IRRIGATION AND MINING USE ([1,2]

Average Annual Demand: 1,078,030 Acre-Feet

Percentage Monthly Demand Distribution:

JAN FEB MAR APR MAY JUN JULL, AUG  SEP OCT NOV DEC
747% 441% 7.80% 1437% 1342% 12.66% 10.63% 9.67% 571% 593% 4.02% 391%

DATA BASE: [1] TBWC-Reported Historical Monthly United States Falcon Reservoir Releases for Non-Floodspill Years
(1980, 1984, 1985, 1986, 1989, 1990 and 1993)
[2]1 TWDB-Reported Historical Annnal Surface Water Use for Cameron, Willacy, Hidalgo and Starr Counties
for Falcon Reservoir Non-Floodspill Years (1980, 1984, 19835, 1986, 1989, 1990 and 1993)
[3] TWDB-Reported Historical Monthly Surface Water Use for Nine Selected Cities in Lower Rio Grande Valley
for Falcon Reservoir Non-Floodspill Years (1980, 1984, 1985, 1986, 1989, 1990 and 1993)
(McAllen, Edinburg, Weslaco, Mercedes, Harlingen, San Benito, Brownsville, Mission and Donna)



TABLE 4-4, CONTD,

MEXICO DEMANDS AND DIVERSIONS FROM MIDDLE RIO GRANDE

DOMESTIC, MUNICIPAL, INDUSTRIAL AND IRRIGATION USE [1,2]
Average Annual Demand: 65,819 Acre-Feet

Percentage Monthly Demand Distribution:
JAN FEB MAR APR MAY JUN JUL, AUG SEP OCT NOV DEC
785% 127% 145% 8.49% 799% 830% 9.15% 9.10% 896% 860% 825% 859%

DATA BASE: [1] Historical Monthly Surface Water Diversions for Four Selected Cilies in the Middle Rio Grande Basin
for 1985-1994 10-Year Period as Reported by IBWC in 1996
(Cindad Acuna, Piedras Negras, Nuevo Laredo and Nueva Cd. Guerrero)
[2] Historical Monthly Surface Water Diversions for Other Mexico Irrigators in the Middle Rio Grande Basin
for 1985-1994 10-Year Period as Reported by IBWC in 1996

MEXICO RELEASES FROM FAL.CON RESERVOIR TQ THE LOWER RIQ GRANDE

DOMESTIC, MUNICIPAL, INDUSTRIAL AND IRRIGATION USE [1]
Average Annual Demand: 1,223,672 Acre-Feet

Percentage Monthly Demand Distribution:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1620% 6.49% 243% 24.13% 2651% 653% 295% 592% 2271% 344% 121% 192%

DATA BASE: [11 IBWC-Reported Historical Menthly Mexico Falcon Reservoir Releases for Non-Floodspill Years
(1980, 1984, 1985, 1986, 1989, 1990 and 1993)



THE INTERNATIONAL RESERVOIRS OPERATIONS AND DROUGHT CONTINGENCY PLANNING STUDY
FOR THE MIDDLE AND LOWER RIO GRANDE
Phase I - Development, Testing and Application of ROM/CPM Modeling System
Phase [ - Extension of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts

AVERAGE DEMAND
Acre-Feet/Year

For the United States;

Node 2 United States total municipal water demand 125,000
below Falcon Reservoir

Node 5 United States total municipal water demand 34,000
between Amistad and Falcon Reservoirs

Node 6 United States total irrigation water demand 127,000
between Amistad and Falcon Reservoirs

Node 7 United States total irrigation water demand 1,078,000
below Falcon Reservoir

For Mexico:

Node 4 Mexican total municipal and irrigation water 1,224,000
demand below Falcon Reservoir

Node 8 Mexican total municipal and irrigation water 66,000
demand between Amistad and Falcon
Reservoirs

It should be noted that the ROM has the capability to accept as input data specified monthly water
demands at any node. For example, if, during a particular simulation, it is desired to specify
individual monthly values of water demand at any or all demand nodes in the model, this can be
accomplished by appropriately including such monthly demands in the data input file as discrete
values. However, for the 1945-1996 simulation period that has been used for operating the
Amistad-Falcon ROM, complete historical water use data are not available for developing the entire
array of actual monthly water demands for each node in the model. Actually, the historical monthly
water demands are not required for the types of model development, testing and operational
simulations that have been performed to date in this study. As an alternative, the average annual
water demands for each node as listed above have been specified in the model with the
corresponding monthly demand distributions. These data then have been used in the ROM to
calculate the required monthly demands at each node, with the 12-month sets of demands repeated
for each node for each year of the 1945-1996 simulation period.

Another point to note relates to the demands that are specified in the ROM for purposes of
simulating storage variations in Amistad and Falcon Reservoirs for each country. For the water
demands in the Lower Rio Grande basin below Falcon Reservoir, the releases from Falcon
Reservoir actually are specified in the ROM, as opposed to the downstream river diversions.
Referring to the ROM link-node network in Figure 2-1, these demands are specified at Nodes 2 and
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THE INTERNATIONAL RESERVOIRS OPERATIONS AND DROUGHT CONTINGENCY PLANNING STUDY
FOR THE MIDDLE AND LOWER RIO GRANDE
Phasel - Development, Testing and Application of ROM/CPM Modeling System
Phase I - Extension of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts

7 for the United States and at Node 4 for Mexico. However, for purposes of water accounting and
allocating the United States storage in the reservoirs each month to the different reserves and storage
accounts prescribed under the TNRCC Rio Grande operating rules, the amounts of the actual river
diversions, and not the reservoir releases, are required.

In the real system, the historical differences between the quantities of river diversions that are
actually made along the Lower Rio Grande and the corresponding amounts of releases from Falcon
Reservoir that are made to satisfy the downstream diversions are attributable primarily to such
channel losses as seepage, evaporation and unauthorized pumping. Results from analyses of
historical annual quantities of corresponding river diversions and Falcon Reservoir releases for the
Lower Rio Grande and other information from the IBWC and the Rio Grande Watermaster” indicate
that channel losses along the Lower Rio Grande typically range from near zero up to about fifteen
percent of the flow in the river. Therefore, for purposes of the water accounting process
incorporated in the ROM, channel losses in the Lower Rio Grande have been assumed to average
eight percent of the releases from Falcon Reservoir, i. e., of the demands specified at Nodes 2, 4
and 7. Consequently, the amounts used for river diversions in the Lower Rio Grande in debiting
the total irrigation and mining account balance are calculated as 92 percent of the United States
irrigation demand specified at Node 7, i. e., the Falcon Reservoir release amount. Channel losses
for the Middle Rio Grande are not considered in the water accounting process in the ROM because
the Middle Rio Grande water demands specified in the ROM for the United States at Nodes 5 and 6
reflect actual river diversions, and not reservoir releases.

4.4 1995-1996 MONTHLY TOTAL WATER DEMANDS AND DIVERSIONS

For testing the simulation accuracy of the Amistad-Falcon ROM, actual historical hydrologic and
demand conditions as they occurred during the drought period covered by calendar years 1995 and
1996 have been used. For these simulations, the actual quantities of historical water use by
category and location and the corresponding Falcon Reservoir releases as reported by the TWDB,
the TNRCC Rio Grande Watermaster and the IBWC have been examined to develop the monthly
water demands required at each of the nodes in the model. These historical monthly water demands
for 1995 and 1996 for the United States and for Mexico for the different use categories and
locations (nodes) specified in the ROM are listed in Table 4-5.

? International Boundary and Water Commission, United States Section; “An Appraisal of Potential Rio Grande
Channel Dams In Hidalgo and Cameron Counties, Texas for Water Conservation™; Prepared for the Texas Department
of Water Resources; April, 1983; El Paso, Texas.
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TABLE 4-5 SUMMARY OF 1995-1996 MONTHLY WATER DEMANDS FOR THE MIDDLE AND LOWER RIO GRANDE

(Acre-Feet)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC ANNUAL
UNITED STATES
DE 2, TOTA ICIP, ATER DEMAND BELOW F, RESE
1995 8,653 14,554 8,368 10,116 19,233 8.356 12,953 6,731 6,530 6,620 3,677 4,954 110,745
1996 5,465 13,419 12,802 12,175 13,569 9,763 10,263 7.648 4,598 5496 9,263 8,122 112,583
NODE 5, TOTAL ICTPAL. WATER DEMAND BE AMISTAD AND FAL RESERVOIR
1995 1,497 1,574 1,813 2,167 2451 2,463 2503 2402 1,956 2,185 2,053 1,497 24 561
1996 1,667 1,839 2,112 2,398 2,775 2,653 2,730 2,192 1,739 2,018 2,232 1,495 25,850
NODE 6, TOTAL IRRIGATION WATER DEMAND B MISTAD AND FAL R
1995 5,251 5,100 5,363 12,485 10,532 9,950 9,481 12,308 6,404 3,923 1,728 6,219 89,244
1996 6,010 5,005 12,205 9,892 10,583 10,499 11,511 14,169 6,629 6,244 5,387 3,839 101,973
DE 7. TOTAL IRRIGATI R DEMA BEL: N RESERVOIR
1995 80,060 84,616 74419 136,002 254,151 106,440 118,448 50237 37,578 43,027 16,967 21,736 1,023,681
1996 50,561 78,014 113,855 163,689 179,310 124,367 93,601 57,084 26,457 35,723 42,746 35,628 1,001,035
MEXICO
DE 4, TOTAL ICIPAL AND IRRIGATI R DEMANDS BEL FAL ER
1995 179,835 46,531 78,080 300,801 126,402 1,605 4452 4,630 245 3,266 2,976 5,720 754,543
1996 6,132 4,994 7,634 166,134 27,162 15,935 14,526 9411 2,981 3,603 16,832 4263 279,607
DER, TOTAL ICIPAL AND IRRIGATI R DEMANDS BE E D AND FAL: ER
1995 6,435 6,547 9,564 10,222 11,766 5,998 5967 6,047 5,890 6,568 6,128 5501 87,033
1996 6,176 5978 6,963 9,743 9,445 6,740 7.105 6,903 6,209 6,593 6,045 5.486 83,386
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4.5 1995-1996 MONTHLY DEMANDS FOR INDIVIDUAL WATER RIGHTS

In Phase II of this modeling effort, the Amistad-Falcon ROM has been extended to include the
capability to simulate water accounting for individual water rights pursuant to the TNRCC Rio
Grande operating rules. As described previously, the current version of the ROM now performs
monthly accounting for up to three individual water rights owners, each with a municipal water
right, a Class A irrigation or mining water right and a Class B irrigation or mining water right. In
order to simulate the water accounting for these water rights, certain information must be included in
the ROM data input file. This includes the maximum annual authorized diversion amount for each
type of water right and the monthly demands over the simulation period for each type of water right.

For purposes of demonstrating the individual water rights accounting capability of the ROM, three
existing water rights owners in the Lower Rio Grande basin, each with a municipal water right and
Class A and Class B irrigation water rights, have been selected. These water rights owners are
listed in Table 4-6, along with pertinent characteristics regarding their individual water rights and the
actual monthly diversion amounts for the 1995-1996 period as used in the modeling analysis.
These data have been compiled from the monthly water accounting reports that are regularly
prepared and issued by the Rio Grande Watermaster’s Office.

For the long-term 1945-1996 ROM simulations, the annual demands for the selected individual
water rights have been set equal to their respective authorized annual diversion amounts as listed in
Table 4-6. These annual demands then have been distributed to monthly values using the Lower
Rio Grande current average monthly demand factors for municipal uses and for irrigation uses
presented in Table 4-4. These 12-month sets of water demands for each of the individual water
rights, which are listed in Table 4-7, then have been repeatedin the ROM each year over the entire
1945-1996 simulation period.

4.6 MINIMUM RELEASES FROM AMISTAD RESERVOIR

Discussions with representatives from the IBWC and the TNRCC Rio Grande Watermaster’s Office
indicate that historically certain minimum releases have been made from Amistad Reservoir
generally to supply downstream water demands along the river and/or to generate hydropower
electricity. However, specific procedures regarding how much water is released and when by each
country are not documented and do not appearto be standardized. There is some indication, based
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TABLE 4-6 INDIVIDUAL WATER RIGHTS AND ACTUAL MONTHLY DEMANDS

USED IN 1995-1996 ROM SIMULATIONS

(Acre-Feet)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
UNITED IRRIGATION DISTRICT
TPAL. WATER RI D 49- AUTHORIZED ANNUAL DIVERSION: 5,300
1995 489 657 595 874 766 657 642 495 125 0 0 0 5,301
1996 599 748 790 6935 874 1,017 575 0 0 0 0 0 5,208
LAS IRRIGATION WATER RIGHT. AD AR47-00 AUTHORIZED ANNUAL DIVERSION: 69,464
1995 756 2371 2,179 4,283 4,387 26,188 3734 2,110 2,148 3016 149 1,336 52,657
1996 1,367 3377 5238 3,880 3,858 5441 3,730 3257 1,435 1,822 2,897 533 36,835
CLASS B IRRIGATION WATER RIGHT, ADJ, NQ, B769-00 AUTHORIZED ANNUAL DIVERSION: 4,009
1995 100 300 76 191 120 108 74 27 24 178 16 60 1,424
1996 0 0 0 410 52 20 0 0 0 0 0 0 482
SANTA CRUZ IRRIGATION DISTRICT NO. 15
NICIP. R RIGHT, AD 40- AUTHORIZED ANNUAL DIVERSION: 3,967
1995 239 145 182 248 308 589 406 613 499 268 289 100 3,886
1996 354 437 463 443 706 702 761 0 0 0 0 133 3,999
AS IRRIGATION WATER RIGHT, ADJ, N 10- AUTHORIZED ANNUAL DIVERSION: 4857
1995 187 87 82 53 268 118 230 24 69 254 0 0 1,372
1996 131 151 226 189 252 96 1,111 113 45 206 148 70 2,738
L.ASS B IRRIGATI ATER RIGHT, AD B804 AUTHORIZED ANNUAL DIVERSION: 4828
1995 0 0 0 0 0 0 0 0 0 0 0 0 0
1996 0 0 0 0 1,949 2879 0 0 0 0 1] 0 4828




TABLE 4-6, cont'd.
(Acre-Feet)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV  DEC ANNUAL
HIDALGO COUNTY IRRIGATION DISTRICT NO. 2
MUNICIPAL WATER RIGHT, ADJ, NO. 0808-001 AUTHORIZED ANNUAL DIVERSION: 6,140
1995 0 0 3 100 55 9% 181 120 0 0 1,377 1,843 3770
1996 0 0 941 507 733 724 556 426 241 242 803 967 6,140
A A - AUTHORIZED ANNUAL DIVERSION: 147,775
1995 2,663 3,039 8.845 10,112 17,240 7,093 11,385 4441 5227 4,009 97 0 79,241
1996 3,998 7202 9,636 9490 13280 14.946 751 0 2,405 2,132 3234 2293 76,187
RIGATI - AUTHORIZED ANNUAL DIVERSION: 470
1995 0 48 0 0 0 0 0 0 28 ()} 0 0 76
1996 0 0 0 0 0 0 0 0 0 0 0 0 0




TABLE 4-7 MONTHLY DEMANDS FOR INDIVIDUAL WATER RIGHTS BASED ON
DISTRIBUTED ANNUAL AUTHORIZED DIVERSIONS

(Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOvV DEC ANNUAL

UNITED IRRIGATION DISTRICT
IPAL WA AD 49-
382 353 412 474 459 477 532 550 450 426 394 391 5,300
ASS A TRRIGATT ATER RIGHT, AD A847-
5,189 3,063 5418 9,982 9,322 8,794 7384 6,717 3,967 4,119 2,793 2,716 69.464
CLASS B IRRIGATION WATER RIGHT, ADJ, NO, B769-00
299 177 313 576 538 507 426 388 229 238 161 157 4,009

SANTA CRUZ IRRIGATION DISTRICT NO. 15

NICTPA ATER RI ADJ N 4Q-

286 264 308 355 343 357 398 412 337 319 295 293 3,967

LASS A IRRIGA R RI ADI N -
363 214 379 698 652 615 516 470 217 288 195 190 4,857

ASS B IRRIGATI A IGHT, ADJ, NO, B804-
361 213 376 694 648 611 513 467 276 286 194 189 4,828

HIDALGO COUNTY IRRIGATION DISTRICT NO. 2
MUNICIPAT, WATER RIGHT, ADJ, NO, 0808-001

442 409 471 549 532 553 616 637 522 493 457 453 6,140

ASS A IGATY R RIGHT, AD -
11,039 6517 11,526 21,235 19,831 18,708 15,709 14,290 8438 8,763 5941 5,778 147,775

ASS B IRRIGATT RIGHT, ADJ, N -

35 21 37 68 63 59 50 45 27 28 19 18 470
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on information from IBWC and the Rio Grande Watermaster’s Office, that in the early to mid
1990’s under relatively normal hydrologic conditions the minimumrelease by the United States was
on the order of 25 cubic meters per second (880 cfs) and the minimum release by Mexico was about
10 cubic meters per second (350 cfs). Because of the uncertainties regarding current minimum
release procedures, all of the long-term simulations with the ROM, i. e., the 1945-1996
simulations, have been made with no minimum releases specified for Amistad Reservoir. Monthly
releases from Amistad Reservoir for each country, therefore, have been simulated by the ROM

based solely on downstream water demands and/or storage requirementsin Falcon Reservoir, with
no consideration of minimum release amounts.

For some simulations with the ROM, the actual historical monthly releases from Amistad Reservoir
for specific periods, such the 1995-1996 simulation period, have been specified in the model.
These historical release data have been obtained from the records of IBWC. For the 1995-1996
period, they are listed in Table 4-8 for both the United States and Mexico. It is interestingto note
that the actual monthly releases from Amistad Reservoir for the United States in 1995 and 1996
were somewhat greater than the minimum releases indicated above corresponding to normal
hydrologic conditions. The higher water demands downstream during this drought period and the
relatively low storage in Falcon Reservoir are obvious reasons for these higher-than-normal
releases.

Mexico’s actual monthly releases from Amistad Reservoir during January through May of 1995
were significantly greater the normal minimum releases indicated above, but beginning in June and
continuing throughout 1995 and 1996, Mexico’s actual releases were about equal to or somewhat
less than the normal minimum release amounts. Mexico’s available storage in both Amistad and
Falcon Reservoirs reached critically low levels in about mid-1995, at which time, out of necessity to
extend its available water supply, Mexico substantially reduced its overall water deliveries,
particularly for irrigation. Hence, Mexico reduced its Amistad releases.

4.7 STORAGE ACCOUNTS FOR TOTAL WATER RIGHTS

For performing water accounting in accordance with the TNRCC Rio Grande operating rules, the
Amistad-Falcon ROM requires that the authorized amounts of Texas water rights (annual diversion
amounts) on the Middle and Lower Rio Grande be specified as inputdata. This includes the annual
authorized (permitted) diversion amounts for: (1) total domestic, municipal and industrial water
rights; (2) total Class A irrigation and mining water rights on the Middle Rio Grande; (3) total Class
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TABLE 4-8 HISTORICAL 1995-1996 MONTHLY RELEASES FROM AMISTAD RESERVOIR
FOR THE UNITED STATES AND MEXICO

(Acre-Feet)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
UNITED STATES
1995 67,452 61,300 69,425 58,726 69,665 69,639 68,000 66,034 66,317 65,061 63,354 66,114 791,087
1996 65,689 54,830 57,313 89,764 154,787 147,757 63,930 64,243 60,874 60,473 61,433 68,800 949,803
MEXICO
1995 32953 29947 92,837 177441 120,667 21,894 21,502 21,083 21,229 20,803 20,346 21,311 602,013

1996 14911 10,155 11,408 13,681 14,033 11,206 11,605 11,731 11,288 11,433 11,727 12,102 145,280
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B irrigation and mining water rights on the Middle Rio Grande; (4) total Class A irrigation and
mining water rights on the Lower Rio Grande; and (5) total Class B irrigation and mining water
rights on the Lower Rio Grande. The Rio Grande Watermaster’s office maintains records of the
current amounts of authorized diversions for all water rights in the Texas portion of the Rio Grande
basin.

As of January, 1998,’ the amounts listed in the following table reflect the total authorized annual

diversions from the Middle and Lower Rio Grande for all existing water rights on record according
to the Rio Grande Watermaster's Office. These total amounts have been used for all ROM

simulations in this study.

WATER RIGHTS MIDDLE LOWER
CLASSIFICATION RIO GRANDE RIO GRANDE
Acre-Feet Acre-Feet

Municipal & Domestic 51,931.583 208,485.110
Industrial 2,308.120 8,854.505
Irrigation (Class A) 161,550.943 1,500,319.364
Irrigation (Class B) 17,254.382 195,369.119
Mining (Class A) 1,252.177 400.000
Mining (Class B) 1,472.900 139.875
Total Authorized Diversions 235,770.105 1,913,567.973

It should be noted that, in addition to these water rights, there are also significant hydropower water
rights associated with Amistad and Falcon Reservoirs, as well as, other facilities. However, since
hydroelectric power is generated by run-of-the-river water or by water released from reservoir
storage for other downstream uses, the total quantity of water rights attributed to hydropower
generation reflects only an accumulation of the permitted use of water and does not represent
consumptive use.

Excluding hydropower uses, itis apparent that the vast majority of all of the existing water rights on
the Middle and Lower Rio Grande are used for irrigation purposes, whereas, municipal uses
comprise less than ten percent of the total amounts authorized. Historically, irrigation demands in
the basin have been on the order of about a million acre-feet per year, which represents about forty-
five percent of the total authorized irrigation diversions.

?Rio Grande Watermaster, Texas Natural Resource Conservation Commission; Copies of Monthly Accounting
Reports; Provided to R. J. Brandes Company; January, 1998; McAllen, Texas.
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In addition to the above authorized diversion amounts for existing water rights, information on the
initial total storage balance for the combined irrigation and mining accounts is required as input to
the ROM. Again, such information is available from the Rio Grande Watermaster’s Office and has
been obtained for purposes of this study. For all of the long-term simulations using the 1945-1996
data base, the initial storage balance for the combined irrigation and mining accounts has been set
equal to the maximum allowed under current TNRCC rules because both Amistad and Falcon
Reservoirs are assumed to be full at the beginning of these simulation periods. This storage balance
amount is equal to 1.41 times the total authorized annual diversion amounts of all irrigation and
mining water rights* , i. e., 1.41 x (161,551 + 1,500,319 + 17,254 + 195,369 + 1,252 + 400 +
1,473 + 140) = 2,647,639 acre-feet.

For the 1995-1996 ROM simulations, the actual storage balance of the combined irrigation and
mining accounts as of the end of December, 1994, has been used as the initial storage balance
condition. Based on information provided by the Rio Grande Watermaster’s Office’, the December,
1994, irrigation and mining storage balance specified in the ROM is 1,747,743 acre-feet.

4.8 STORAGE ACCOUNTS FOR INDIVIDUAL WATER RIGHTS

For the ROM simulations of water accounting for the three individual water rights owners over the
1995-1996 period, the beginning storage balances of their Class A and Class B irrigation and
mining water rights also must be specified in the ROM data input file at the beginning of the
simulation period. These storage balances have been obtained from the records of the Rio Grande
Watermaster as of the end of December, 1994, and they are listed in Table 4-9 for each of the three
selected water rights owners and their individual irrigation accounts.

4.9 SAMPLE ROM DATA INPUT FILE LISTING

Presented in Table 4-10 is a sample of the data input file required by the Amistad-Falcon ROM.
This particular data input file corresponds to the test case simulation based on actual 1995 and 1996
hydrologic and water demand conditions for both the United States and Mexico. This case is
referred to as the “1995-1998” simulation because the basic 1995 input data are repeated for

* " Chapter 303: Operation of the Rio Grande™; 31 Texas Administrative Code, §303.22(d); Texas Water
Commission Rules; August 26, 1987; Austin, Texas.

% Rio Grande Watermaster, Texas Natural Resource Conservation Commission; Fax Report of 1995 Irrigation and
Mining Account Storage Balances, Lower and Middle Rio Grande Segments; Provided to R. J. Brandes Company;
July 29, 1996; McAllen, Texas.
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TABLE 4-9 - STORAGE BALANCES FOR INDIVIDUAL IRRIGATION ACCOUNTS

DECEMBER 1994
STORAGE BALANCE
Acre-Feet

UNITED IRRIGATION DISTRICT

Class A Irrigation Water Right, Adj. No. A847-001 87,300

Class B Irigation Water Right, Adj. No. B769-00 3,331
SANTA CRUZ IRRIGATION DISTRICT NO. 15

Class A Irrigation Water Right, Adj. No. 0810-000 6,599

Class B Irrigation Water Right, Adj. No. B804-00 6,807
HIDALGO COUNTY IRRIGATION DISTRICT NO. 2

Class A Irrigation Water Right, Adj. No. 0808-005 150,104

Class B Irrigation Water Right, Adj. No. 0573-001 14



TABLE 4-10 DATA INPUT FILE LISTING FOR 1995-1998 ROM SIMULATION

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS
TEST RM SIMILATION WITH ACTUAL MONTHLY DEMANDS AND AMISTAD RESERVOIR RELEASES

CARD 01 NJ - NUMEER OF NCDES IN THE MCOEL NETWORK 8
CARD 02 NRES -~ NUMAFR OF RESERVOIRS IN THE MODEL METWORK 4
CARD 03 NL - NUMEER OF LINKS BETWEEN NODES IN THE MODEL NETWORK 8
CARD 04 NR - NOMEFR OF LINKS THAT ARE RIVER REACHES 8
CARD 05 NYEAR - TOTAL NOMBER OF YEARS IN SIMULATION PERICD 04
CARD 06 ND - NUMBER OF DFEMAND NCDES IN THE MODEL NETWCRK 8
CARD 07 NS - NOMEER OF SPILL RESERVOIRS IN THE MCODEL NETWORK 2
CARD 08 IYFAR - EEGINNING CALENDAR YEAR OF SIMULATION PERICD 1995
CARD 09 TFRM - BEGINNING CRDINAL YEAR OF DETAILED PRINTOUT 1
CARD 10 TITCY - ENDING CRDINAL YFAR OF DEIAILED PRINTOUT 04
CARD 11 INPUT DATA SOURCE (“CARD"™ OR “TAPE") CARD
CARD 12 FIRM ANNUAL YIEID ITERATICN OCNVERGENCE LIMIT 0.040
CARD 13 IPLT=0, [O NOT SAVE; =O0DE, SAVE RES. OPER; =5, SAVE ACCOUNT 1
CARD 14 IYSTR - EBGINNING YEAR FCR FIRM ANNUAL YIELD ANALYSIS 1948
CARD 15 IYEND - ENDING YEAR FCR FIRM ANNUAL YIELD ANALYSIS 1972
CARD 16 IFLYLD=Q, NO FAY; IFLYLD =1, DETERMINE FAY FOR CRITICAL PERICD 0
CARD 17 MAXMAR - TOTAL DCMESTIC-MUNICTPAL~INDUSTRIAL WATER RIGHTS 271579
CARD 18 MXLIWR - TCTAL IRRIGATION WATFR RIGHTS ON LOWER RIO GRANDE 1696228
CARD 19 MLIAWR ~ TOTAL CIASS A IRRI WATER RIGHTS ON LOWER RIO GRANDE 1500719
CARD 20 MLIBAR - TOTAL CIASS B IRRI WATER RIGHIS ON 1LOWER RIC GRANDE 195509
CARD 21 MAMIWR - TCTAL TRRIGATICN WATER RIGHTS ON MIDDLE RIC GRANCE 181530
CARD 22 MMIAWR - TOTAL CIASS A IRRI WATER RIGHTS ON MIDDLE RIC GRANDE 162803
CARD 23 MMIBAR - TOTAL CIASS B IRRI WATER RIGHTS ON MIDDLE RIO GRANDE 18727
CARD 24 MAXMPL ~- MAX, U.S, DOMESTIC-MNICIPAL-INDUSTRIAL RESERVE PCOL 225000
CARD 25 IRSTRT - STARTING TCTAL IRRIGATICN & MINING ACCOUNT BALANCE 1747743
CARD 26 NUMAR - NUMEER OF WATER RIGHIS OWNERS INCLUDED IN ACCOUNTING 3
CARD 27 IRLFIG-0, READ ALL MONTHLY REIFASES; =1, READ AVG. MON RELEASES C
CARD 28 IWRFLG=0, READ AIl, MONTHLY DEMANDS; =1, READ AVG. MON DEMANDS 0
U.5. AMISTAD 1 1827241 1771041 1771 1205614 :

U.S. FALCCN 2 1613729 1555129 1555 937652

MEX AMISTAD 3 1424078 1380278 1380 420666

MFX FALOON 4 1140074 1098674 1099 320826

U.S.MRG MINI S 0 0 0

U.5.MRG IRRI 6 0 0 0

U.S.IRG IRRI 7 0 0 0

MEX MRG MeIR 8 0 0 0

SPILL RESR 2 4

AMISTAD 1 1 930.0 0 0

AMISTAD 1 2 945.0 5 1

AMISTAD 1 3 946.5 87 294

AMISTAD 1 q 948.2 180 823

AMISTAD 1 5 949.1 237 1180

AMISTAD 1 6 950.1 297 1684

AMISTAD 1 7 951.4 376 2782

AMISTAD 1 8 961.3 1045 13873

AMISTAD 1 g 971.1 1843 33110

AMISTAD 1 10 981.0 2710 59404

AMISTAD 1 1 99C.8 3823 93556

AMISTAD T 1z 1000.7 5004 138573

AMISTAD i 13 1010.5 6314 185568

AMISTAD 1 14 1020.3 7722 264663

AMISTAD 1 15 1030.2 9758 350120

AMISTAD 1 16 1040.0 12751 458690

AMISTAD i 17 1048.9 16734 €05456

AMISTAD 1 18 1059.7 21€27 790919

AMISTAD i 19 1069.6 27399 1029250

AMISTAD 1 20 1079.4 34051 1328936

AMISTAD 1 21 1089.2 41702 1699411

BMISTAD 1 22 1094.2 45665 1911714

AMISTAD 1 23 1009.1 49658 2142942



AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
FALCON
FALCCN
FALOCN
FALON
FALOON
FALOON
FALLCN
FALOON
FALOON
FALOON
FALOON
FALOON
FALOON
FALCON
FALOON
FALCON
FALOON
FALOON
FALCON
FALOCN
FALCCN
FAICCN
FALCCN
FALCCN
FALCON
FALOCN
FALCON
FALCCN
FALCCN
FALOCN
US AMISTAD
Us FALOON
MX AMISTAD
MX FALCON
UMRG MUNI
USMRG IRRI
USLRG IRRI
MOMRG MEIR
US MOCERAT
MX MODERAT
RESERVOTIR
CPERATING
ROLES
RESERVOIR
CPERATING
RULES
RESERVOIR
CPERATING
RULES
RESERVOIR
CPERATING
RULES
LINK1
LINK2
LINK3

P4

TABLE 4-10, cont’d.

1104.0 53679 2393700

25 1108.9 57729 2664077
26  1115.5 63173 3055670
27 1117.0 64438 3151319
28 1118.8 65915 3265037
2% 1122.0 68671 3483939
30 1131.9 TI013 4199954
1 203.3 0 [t
2 203.4 35 57
3 205.1 195 235
4 206.7 425 235
5 207.3 539 1050
€ 208.3 7217 1670
7 210,0 1100 3158
8 214.9 1559 9631
9 219.8 2202 18806
10 224.7 3526 2732
11 229.7 5169 54000

b R
BESaGRD

234.6 6531 82799
239,35 8061 110624
242.8 10341 148482
244.4 11654 166516
249.3 15894 234115
254.3 20562 323644
259.2 25677 437240

19 264,1 30775 576159
2 269.0 36184 0751
2 274.0 42448 933844
2 278.9 48929 1158684
23 282.2 53474 1326587
24 2854 58443 1509829
25 288,7 65021 1712296
26 292.0 235 1935151
27 295,13 74804 2172702
28 298,6 82000 2429861

NRMNONRONMNRODNDRONNMNRNDNONODNRODRRNNOMNRNODRDODNMNNNDROOMRODNORNDRNN B

301.2 87181 2653803

30 30s5.1 93809 3008257
1 000 20 20 20,0000.0000.0000.0000.0000.0000.0000, 0000, 00C0, 0000, 0000, 0000
2 000000 2 2 2,0720.0666.0777.0894.0866,0900,1004,1038,0850.0803.0744.0738
3 000 20 20 20,0000,0000,0000,0000,0000,0000,0000,0000.0000,0000. 0000, 0000

4 0000000 €& 6 6.1620.0649.0243.2413.2651.0653.0295.0592.0227.0344.0121,0192
S 00000 1 1 1.0611.0610.0760.0826.0832.0961.1086.1108,0880.0851.0724.0691
6 00000C 3 3 3.0425,0409.0527.1020.0835.1039.1186.1366.0807.0809.0666,0511
70000000 4 4 4.0747,0441.0780.1437.1342.1266.1063.0967.0571.0593.0402.0291
B8 00000 5 S 5.0785,0727.0745.0849,0799.0830.0915.0910.0896.0860,0825.0859
9.6 75.00
10.00 75.00
11AVERAGE 10 100, 100, 100, 10C, 100. 100, 100. 100. 100. 100.
12 LCRY 11 75, 7. 75, 7. 75, 8. 5. 5. 18, TS,
13 wET 10 100. 100, 100. 100, 100. 100. 10O, 100, 100. 100,
21AaRNE 11 75, 75, i, 75, 5. 7. 715, 1, 15, 5.
2 2 LRY 10 9.65 9.65 9.65 9.65 9.65 9.65 9,65 9.65 9.65 9.65
2 3 WET 11 100, 100. 1C0. 1€0. 100. 10C. 10C. 100. 10C, 100.
3 1 AvVERAGE 12 100, 100. 100. 100, 100. 100. 1cO. 100. 100. 100.
3 2DRY 13 75, 7. 75, 5, 75, IS. V. 75, U5, 75,
33 WET 12 100, 100. 100, 100. 100, 100. 100. 100, 100, 100,
41AVERAGE 13 75, 75, 75, 75, 75, 75. 75, 75, U5, U5,
4 2 CRY 2z o1 02 01 01 0.1 0.1 0.1 0.1 01 0.1
4 3 WET 13 100. 100. 100. 100. 100. 100. 100. 100. 100. 100.
1 1 S5 9000000 0
2 5 6 2000000 0
3 6 2 9000000 0

100.
75.
100,
5.
9.65
100.
100.
75,
100.
75.
0.1
100.

100.
5.
100,
75,
9.65
100.
100.
5.
100.
75,
0.1
100.



LINK4 a 2 7
LINKS 5 3 8
LINKE 6 8 4
LINK? 7 1 2
LINK3 8 3 [}
US AMS REL 1995 67452
US AMS REL 1996 65689
US AMS REL 1937 67452
US AMS REL 1998 67452
MEX AMS REL 1885 32953
MEX AMS REL 1996 14911
MEX AMS REL 1997 32953
MEX AMS REL 1998 32953
UNITED I.D. 1

MON ADJ NO 0849000

MIN ANN AUTH 5300
IRRIG ACCT START BALANCES
MIICIPAL 1 1995 489
MINICIPAL, 1 19%6 599
MONICIPAL 1 1997 489
MONICIPAL, 1 1998 489
CIASS A TRR 1 1995 756
cIass A IRR 1 1996 1367
CLASS A IRR 1 1997 756
C1ass A IRR 1 1998 756
CIASS B TRR 1 1995 100
CIASS B IRR 1 1996 0
CIASS B IRR 1 1887 100
CIASS BIRR 1 1998 100
SANTACRUZ 15 2

MN ADJ NO  0240~000

MON ANN AUTH 3967
IRRIG ACCT START BALANCES
MUNICIPAL 2 1995 239
MUNICIPAL 2 1996 354
MONICIPAL 2 1997 239
MUNICIPAL 2 1998 239
CIASS A IRR 2 1995 187
CIASS A IRR 2 1996 131
CIASS A IRR 2 1997 187
CIASS A IRR 2 1998 187
CIASS B IRR 2 1995 0
CIASS B IRR 2 1996 0
CIASS B IRR 2 1997 0
CIASS B IRR 2 1998 0
HCID2 S.JUBN 3

MUN ADJ NO  0808-001

MUN ANN AUTH 6140
IRRIG ACCT START BALANCES
MUNICIPAL 3 1995 0
MMNICIPAL 3 199 0
MINICIPAL 3 1997 0
MONICIPAL, 3 1998 0
CLASS A IRR 3 1895 2663
CIASS A IRR 3 1996 3998
CIASS A IRR 3 1997 2663
CIASS A IRR 3 1998 2663
CIASS B JRR 3 1995 0
CIASS B IRR 3 1896 0
CIASS B IRR 3 1997 0
CIASS B IRR 3 1998 0

TABLE 4-10, cont’d.

2000000 0
3000000 0
9000000 0
2000000 0
9000000 0
61300 69425 58726 69665 69639 6800C 66034
54830 57313 89764 154787 147757 63930 64243
61300 69425 58726 69665 69639 68000 66034
61300 69425 58726 69665 69639 68C00 66034
29947 92837 177441 120667 21894 21502 21083
10155 11408 13681 14033 11206 11605 11731
29947 92837 177441 120667 21894 21502 21083
29947 92837 177441 120667 21894 21502 21083
CL A ADJ NO AB47-001 CL B ADJ NO
CL A ANN AUTH 69464 CL B ANN AUTH
CL A BALANCE 87300 CL B BALANCE
657 595 874 766 €57 642 496
748 790 695 8714 1017 575 0
657 595 874 766 657 642 496
657 585 874 766 857 642 496
2371 2179 4283 4387 26188 3734 2110
3377 5238 3880 3858 5441 3730 3257
2371 2179 4283 4387 26188 3734 2110
2371 2179 4283 4387 26188 3734 2110
300 226 191 120 108 74 27
0 0 410 52 20 0 0
300 226 191 120 108 74 27
300 226 191 120 108 Iz 217
CL A ADJT NO 0810-000 CL B ADJ MO
CL A ANN AUTH 4857 CL B ANN AUTH
CL A BALANCE 6599 CL B BALANCE
145 182 248 308 589 406 613
437 463 443 706 702 761 0
145 182 248 3c8 589 406 613
145 182 248 308 589 406 613
87 a2 53 268 118 230 24
151 226 189 252 g6 1111 113
87 a2 53 268 118 230 24
87 82 53 268 118 230 24
0 0 0 0 0 0 0
0 0 0 1949 2879 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
CL A ADJ NO 0808-005 CL B ADJ NO
CL A ANN AUTH 147775 CL B ANN AUTH
CL A BALANCE 150104 CL B BALANCE
0 3 100 56 90 181 120
0 941 507 733 724 556 426
0 3 100 56 %0 181 120
0 3 100 56 90 181 120
8039 8845 10112 17240 7093 11385 4441
7202 9636 9490 13280 14946 7571 0
8039 8845 10112 17240 7093 11385 4441
BC39 8845 10112 17240 7093 11385 4441
48 0 0 0 0 0 o}
0 0 0 0 0 0 0
48 0 0 8} 0 0 0
48 0 0 0 0 0 0

66317 65061

60874 60473

66317 65061

66317 65061

21229 20803

11288 11433

21229 20803

21229 20803
B769-000
4009
3331

125 0

0 0

125 0

125 0

2148 3016

1435 1822

2148 3016

2148 3016

24 178

0 0

24 178

24 178
B804-000
4828
6807

499 268

0 0

499 268

499 268

69 284

45 206

69 254

69 254

0 0

0 0

0 0

0 0
0573-001
470
14

0 (v

241 242

0 0

0 0

5227 4099

2405 2132

5227 4099

5227 4099

28 ¥

0 0

28 0

28 0

63354
61433
63354
€3354
20346
11727
20346
20346

o OO

149
2897
149
149
16

16
16

289

289
289

148

OCoCOoOO0OO0CO0

1377
803
377
1377
97
3234
97

o O o0

66114
68800
66114
66114
21311
12102
21311
21311

[ele ool

1336

833
1336
1336

38

100
133
100
100

[*NeoNeoNeNoNo)

1843

967
1843
1843

2293

(==l allale)
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1995
19%
1997
1998
1995
199
1997
1998
1995

1997
1998
1995
19%
1997
199
1995
1996
1997
1998
1995
1996
1997
199
1995
19%
1997
1998
1995
199%
1997
1998
1995
1996
1997
199
1995
1996
1997
19%
1995
1996
1957
19%
1995
1996
1997
1598
1995
1996
1997
1998
1995
1996
1997
1998
1995
1996
1997
1398
1995
1996

5251
5251
80060
50561
80060
80060
6435
6176

46531
4994
16531
46531
1574
1839
1574
1574
5100
5005
5100
5100
84616
78014
84616
84616
6547
5978

COO0OO0O0COO0OO0

478

COoOO0O Qoo o

78080
7634
78080
78080
1813
2112
1813
1813
5363
12205
5363
5363
74419
113855
74419
74419
9564
6963

75819
60455
75819
75819

300801
166134
300801
300801
2167
2398
2167
2167
12485
8892
12485
12485
136002
163682
138002
136002
10222
9743

TABLE 4-10, cont’d.

101801

71853
101801
101801

126402
27162
126402
126402
2451
2775
2451
2451
10532
10583
10532
10532
234151
179310
254151
254151
11766
9445

1605
15935
1605
1605
2463
2653
2463
2463
9930
10499
9950
9950
106440
124367
106440
106440
5998
6740

80026

89329

69082 101372

80026
80026

4452
14526
4452
4452
2503
2730
2503
2503
9481
11511
9481
9481
118448
93601
118448
118448
5967
7105

89329
89329
0
0
0
0
49855
60233
49855
49855

9411
4630
4630
2402
2192
2402
2402
12808
14169
12808
12808
50237
57084
50237
50237
6047
6903

194441
95852

66388
83391
66589

61439
62195



TABLE 4-10, cont’d.

DEMAND 8 1997 6435 6547 9564 10222 11766 5998 5967 6047 5890 6568 6128 501
DEMAND 8 1998 6435 €547 9564 10222 11766 5998 5967 6047 5890 6568 6128 5901
EVAP 1 199% 0.31 0.44 0.47 0,77 0.87 0.99 1.17 1.18 0.86 0.74 0.34 0,32
EVAP 1 199 0,41 0.46 0.62 0.89 1.01 1.29 1.30 1,01 0,57 0,70 0.3%9 0.27
VP 1 1397 0.31 0.44 0.47 0,77 0,87 0.99 1.17 1.18 0.8 0.4 0.3¢4 0.32
EVAP 1 1998 0.31 0.44 0©.47 0.77 0.87 0,99 1.17 1.18 0.86 0.74 0.3¢ 0,32
EVAP 2 19% 0,26 0,29 ©.42 0,68 0,73 0.80 0.87 0.61 0.58 0.43 0.25 0.20
EVAP 2 19% 0.28 0.3¢ 0.51 0.7 0.8 0.87 0.99 0.69 0.56 0.39 0.3¢ 0.24
EVAP 2 1997 0.26 0.29 0.42 0.68 0.73 0©.80 0.87 0.61 0.58 0.43 0.25 0.2
EVAP 2 1998 0.26 0.28 0.4z 0,68 0,73 0.80 0.87 0,61 0,58 0,43 0.25 0,20
EVAP 3 1984%5 0.31 0.44 0.47 0,77 0.87 0.99 1.17 1.18 0.86 0.74 0.3¢ 0.32
EVAP J 199% 0.41 0.46 0.62 0,89 1.00 1.29 1.30 1.01 0.57 0.7 0.39 0.27
EVAP 3 1997 0.31 0.44 0.47 0.77 0.87 0.99 1.17 1.18 0.86 0.74 0.3¢ 0,32
EVAP 3 1998 0.31 0.44 0.47 0.77 0.87 0,9 1.17 1,18 ¢.,86 0,74 0,34 0,32
EVAP 4 1995 0.26 0.29 0.42 o0.68 0.73 0,80 0.87 0.6l 0,58 0.43 0.25 0,20
EVAP 4 199 0.28 0,39 0.51 0.67 0,81 0,87 0.99 0.6 0,56 0,39 0.3¢ 0.24
EVAP 4 1997 0.26 0.29 0.42 0.68 0.73 0.80 0.87 0.61 0.58 0.43 0.25 0.20
EVRAP 4 1998 0.26 0.29 0.42 0,68 0,73 0,80 0,87 0.61 0,58 0.43 0.25 0.20
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calendar years 1997 and 1998 to provide a four-year simulation of the Amistad-Falcon Reservoir
system under actual 1995-1996 conditions and assumed 1997-1998 conditions equal to those for
1995. Theresults from this simulation provide a projection of the behavior and performance of the
reservoirs assuming that the 1995 drought conditions reoccur in 1997 and 1998.

The purpose of presenting the data input file listing in Table 4-10 for the 1995-1998 four-year
simulation is to provide an idea of the amount of data and information needed to operate the ROM
and the overall data file structure and general formatting requirements. For the long-term 1945-
1996 simulations, the data input file includes monthly reservoir inflows and evaporation rates for
the entire 52-year simulation period.
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SECTION 5 AMISTAD-FALCON ROM SIMULATIONS

5.1 SAMPLE AMISTAD-FALCON ROM OUTPUT LISTING

A sample output listing from the current version of the Amistad-Falcon ROM is contained in
Appendix 2. This listing has been generated by operation of the ROM for the four-year 1995-1998
data set presented in Table 4-9. Hence, the first two years of this simulation correspond to actual
hydrologic and demand conditions for the Middle and Lower Rio Grande. The second two years of
the simulation, i. e., 1997 and 1998, reflect assumed conditions with the 1995 monthly river
inflows, reservoir evaporationrates, and actual water demands repeated to provide a hypothetical
projection of reservoir behavior and performance. Basically, the simulated 1997 and 1998 results
reflect the reoccurrence of two years of 1995 hydrologic and demand conditions beyond 1996.

The first four pages of the output present basic data and information that are read into the ROM from
the data input file and that describe the simulated conditions and reservoir system characteristics.
Nodes and links are defined, demand and storage priorities are identified, specified monthly
minimum releases from Amistad Reservoir are printed, reservoir elevation-area-storage
characteristics are established, and water rights information for the Middle and Lower Rio Grande is
tabulated. Following these initial data input listings are four-page sets of simulated results for each
calendar year simulated with the ROM. In this case, there are a total of 16 total pages of simulated
reservoir operation results, four four-page sets for the four years simulated.

Each four-page set of yearly results from the ROM includes monthly listings of the simulated
reservoir conditions for the United States’ storage in Amistad Reservoir (Node 1), the United
States’ storage in Falcon Reservoir (Node 2), Mexico’s storage in Amistad Reservoir (Node 3), and
Mexico’s storage in Falcon Reservoir (Node 4). The listed parameters include monthly watershed
inflows, total reservoir inflows, reservoir releases, end-of-month reservoir surface area, reservoir
evaporation rates, reservoir evaporation losses, downstream municipal and irrigation water
demands, simulated shortages, flood spills, and simulated end-of-month reservoir content or
storage. All parameters are expressed in acre-feet, except for the reservoir surface area, which is
expressed in acres, and the evaporation rate, which is expressed in feet. Following the reservoir
parameter listings is a matrix of the simulated monthly flows in the links between the nodes in the
model.

A listing of the simulated monthly water accounting results for United States water stored in the
reservoirs is printed at the bottom of the second page of each four-page set of yearly results. In
accordance with TNRCC Rio Grande operating rules, values listed for each month of each year
include the simulated beginning-of-month usable storage balance (which is defined a the total
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amount of United States water stored in the reservoirs less dead storage, which is assumed to be
4,600 acre-feet by the Rio Grande Watermaster), total watershed inflows, total domestic-municipal-
industrial demands or usage, total irrigation and mining demands or usage, any simulated demand
shortages, the simulated total reservoir evaporation losses, the simulated end-of-month usable
storage balance, the end-of-month percentage of the United States’ total conservation storage
capacity in the reservoirs containing stored water, the domestic-municipal-industrial reserve
(225,000 acre-feet), the simulated operating reserve, any excess unallocated usable storage, the
simulated total positive and negative allocations to irrigation and mining accounts, the simulated
end-of-month total irrigation and mining account balance, and the end-of-month percentage of the
maximum total irrigation and mining storage capacity occupied by the end-of-month total irrigation
and mining account balance.

Pages three and four of each four-page set of yearly output contain the simulated water accounting
results for the three selected individual water rights owners. As described previously, monthly
accounting is simulated with the ROM for a municipal water right and for separate Class A and
Class B irrigation/mining water rights for each of the three water rights owners. For each of these
different water rights, the printout contains the name of the water rights owner, the adjudication
number, the authorized annual diversion amount, and monthly listings of specified monthly water
demands, any simulated shortages, the Class A and Class B allocation rates calculated in accordance
with TNRCC Rio Grande operating rules, simulated monthly positive or negative allocation
amounts, the simulated end-of-month storage balance for the Class A and Class B water rights, and
the simulated end-of-month usable balance.

Finally, following the end of the yearly sets of results, the ROM output contains an annual summary
for each of the four reservoir nodes. These surnmaries present annual totals and end-of-year values
for the basic reservoir operation parameters.

5.2 1995-1996 RESERVOIR STORAGE VERIFICATION

The results from the 1995-1998 ROM simulation contained in Appendix 2 provide the basis for
evaluating the simulation accuracy of the Amistad-Falcon model. Figures 5-1 and 5-2 present
graphical comparisons of the simulated end-of-month storage for the United States and Mexico
during 1995 and 1996 with the corresponding actual historical storage amounts in Amistad and
Falcon Reservoirs, respectively. On these plots, the lines represent monthly storage values
simulated with the ROM, and the historical storage amounts are represented by the discrete data
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RESERVOIR STORAGE, MILLION ACRE-FEET

FIGURE 5-1 COMPARISON OF 1995-1996 SIMULATED AND OBSERVED MONTHLY STORAGE
IN AMISTAD AND FALCON RESERVOIRS FOR THE UNITED STATES
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RESERVOIR STORAGE, MILLION ACRE-FEET

FIGURE 5-2 COMPARISON OF 1995-1996 SIMULATED AND OBSERVED MONTHLY STORAGE
IN AMISTAD AND FALCON RESERVOIRS FOR MEXICO
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points. The agreement between the two sets of reservoir storage values is considered excellent.

The close agreement between the simulated and observed reservoir storage values in these plots
illustrates that the ROM does properly simulate the overall water balance for each of the countries
for both of the reservoirs. This is a fundamental requirement of the ROM in order to demonstrate its
general simulation capabilities and to provide confidence in the model when applying it for such
purposes as investigating different reservoir operating procedures or examining the effectiveness of
alternative water development and management programs.

5.3 LONG-TERM RESERVOIR STORAGE SIMULATION

Results from the long-term ROM simulation of the Amistad-Falcon Reservoir system provide
insight with regard to the performance and behavior of the reservoirs in terms of their storage
variations in response to historical hydrologic conditions and current average water demands. As
described in the previous section, the 1945-1996 data input file for the ROM includes historical
inflows to the Rio Grande for both the United States and Mexico (see Table 4-1 and Appendix 1)
and current average water demands for both countries (see Section 4.3). In effect, using these data
as input to the ROM results in a reservoir system simulation that provides an indication of water
availability for both countries under current demands assuming that the historical hydrologic trace of
the last 50 years or so is repeated.

A portion of the output listing from this simulation is contained in Appendix 3. To reduce the
number of pages contained in this output listing, the detailed yearly summaries of monthly reservoir
operations and water rights accounting are included only for the years 1949 through 1955. This
period has been selected because it encompasses critical drought conditions that demonstrate the
various functions and capabilities of the Amistad-Falcon ROM, including reservoir storage
accounting,

Figures 5-3 and 5-4 present time plots of the simulated monthly storage in Amistad Reservoir and
Falcon Reservoir, respectively, for the United States and Mexico over the entire 1945-1996
simulation period. It is apparent from examination of these plots that the ROM is effectively
simulating the higher priority for maintaining storage in Amistad Reservoir, rather in than Falcon
Reservoir. The simulated storage levels in Amistad Reservoir, relative to the maximum
conservation storage capacities, generally are higher than those in Falcon Reservoir. The storage
levels in Falcon Reservoir also tend to exhibit more extreme variations as they respond to releases
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RESERVOIR STORAGE, MILLION ACRE-FEET

FIGURE 5-3 SIMULATED 1945-1996 MONTHLY STORAGE IN AMISTAD RESERVOIR

FOR THE UNITED STATES AND MEXICO WITH HISTORICAL INFLOWS AND CURRENT DEMANDS
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RESERVOIR STORAGE, MILLION ACRE-FEET

FIGURE 5-4 SIMULATED 1945-1996 MONTHLY STORAGE IN FALCON RESERVOIR
FOR THE UNITED STATES AND MEXICO WITH HISTORICAL INFLOWS AND CURRENT DEMANDS
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for downstream demands without the full benefit of compensating inflows, which often are stored
in Amistad Reservoir upstream. The effect of storing water in the reservoirs above the designated
conservation pools during the non-hurricane season also is readily illustrated by the stepped
variations in the storage levels for both the United States and Mexico in Amistad Reservoir.

Summaries of annual quantities of pertinent variables from the 1945-1996 long-term reservoir
storage simulation are presented in Tables 5-1 and 5-2 for the United States” pools in Amistad and
Falcon Reservoirs, respectively, and in Tables 5-3 and 5-4 for Mexico’s pools in Amistad and
Falcon Reservoirs, respectively. These tables are reproductions of portions of the output listing
from the ROM simulation, and they also are contained at the end of the outputin Appendix3. The
column headings in these tables generally are self-explanatory, with the possible exception of
"FLDWATER TRANSFR”, which is the amount of water transferred within either Amistad or
Falcon Reservoirs from one country (negative values) with excess inflows and a full conservation
pool to the other country (positive values) with available conservation storage capacity, and
“SHORTAGE?"”, which is the portion of the municipal (D-M-I) or irrigation (IRRIG) demands (in
the columns immediately to the left in the tables) that cannot be satisfied with the available waterin
the reservoir system. The “MINIMUM STORAGE” parameter refers to the minimum end-of-month
storage simulated for each reservoir during each year. All of the quantities listed in the tables
represent either annual totals or end-of-year values in acre-feet.

The results shown in Tables 5-1 and 5-2 for the United States indicate that the current average
annual demands specified in the simulation (see Section 4.3) are not satisfied in 1953 and 1954.
Shortages occur with respect to the specified United States irrigation demands below Amistad
Reservoir (Table 5-1, 44,767 and 11,128 acre-feetof shortagesin 1953 and 1954, respectively, out
of 126,998 acre-feetof irrigation demand) and below Falcon Reservoir (Table 5-2, 347,796 and
133,076 acre-feet of shortages in 1953 and 1954, respectively, out of 1,078,002 acre-feet of
irrigation demand). As expected, the sirulated storage levels in Amistad and Falcon Reservoirs
also fall to their lowest values during these drought years. The occurrence of the simulated
shortages and minimum reservoir storage levels in the early 1950’s is consistent with the ranking of
the available annual inflows to the Rio Grande for the United States as listed in Table 4-1.

It is important to note that when the simulated United States irrigation shortages occur in 1953 and
1954 as indicated in Tables 5-1 and 5-2, there is water remaining in storage for the United States in
both Amistad and Falcon Reservoirs; however, under the TNRCC Rio Grande operating rules,
which allocate the United States available storage among the different reserves and accounts as
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1945
1946
1%47
1948
1949
1950
1851
1952
1953
1954
1855
1956
1957
1958
1959
1960
1961

1963
1964
1965
1966
1967
19€8
1969
1970
197
1972
1973
1974
1975
1976
1977
1978
1979
1980
1881
1982
1983
1984
1985
1986
1987
1988
1989
1950
1991
1992
1993
1994
1995
1996

TABLE 5-1

INITIAL
STCRAGE
1771041
1827241
1827241
1827219
1827227
1827241
1827193
1824539

815916

513791
1827207
1827241
1567133
1827241
1827241
1827241
1827241
1827241
1827002
1777825
1827241
1827241
1827235
1827241
1826918
1530618
1082716
1827241
1827241
1824929
1827241
1827241
1827241
1827241
1827241
1827241
1827241
1827241
1827241
1827158
1795398
1612799
1827241
1827241
1827241
1827044
1827241
1827241
1827241
1827241
1827177
1407536

ANNUAL SUMMARY OF 1945-1996 ROM SIMULATION RESULTS
FOR UNITED STATES POOL IN AMISTAD RESERVOIR

HISTORICAL IONG-TERM AMISTAD & FAIOCN RESERVOIR SIMULATION — 1945-96 HYDROLOGY

WIRSHED
INFLOWS
1100000
1117000
875000
1384000
1588000
1035000
691000
598000
457000
3704101
1103803
51574
1610738
1881826
1279514
1096226
1090303
841972
713470
1602311
973545
1245166
894820
933727
843864
844695
1783089
1307088
918028
3029423
1284972
1607050
1163283
1743638
1275063
1329313
1888274
1118780
910765
1086407
1043484
1887478
1797750
1469121
1055062
2076817
2027658
1702861
1181767
924634
895126
956466

SIMILATION PERICD TCTAL SUMMARY FCR NCDE 1

RESFERVR
INFLOWS
1100000
1117000
875000
1384000
1589000
1035000
691000
598000
457000
3704101
1103803
515774
1610739
1881826
1279514
1096226
1090303
841972
713470
1602311
973545
1249166
894820
933727
843864
844695
1783088
1307088
918028
3029423
1284972
1607050
1163283
1743638
1275063
1329313
1888274
1118780
910765
1086407
1043484
1887478
1797750
1469121
1055062
2076817
2027658
1702861
1181767
924654
895126
956466

FLDWATR
TRANSFR
43

OO0 O0OHOOCO

7615

0

0
=-305589
-244378
0

=10

-1

0

0
-128939
-92708
-208051
0
-23762
0

0
-4805%
-258287
732
-599

1
LN
OO0 oOCUOMNOOO

DWNSTRM
RELFASE
189389
13089
54879
68861
14734
76372
82400
1289892
763479
1960290
604775
438761
244487
0
14083
31144
0
340131
231469
864215
0
55946
258346
97292
913310
1122683
597985
0
406858
284434
9019
31586
461
4448%
7630
60122
3482
21115
411265
526594
959452
914666
938738
739349
345584
733406
62602
4242
30221
343797
714520
1192572

EVAP

Loss
276426
249172
273503
275508
234041
257611
279294
216731

95646
220210
298178
337121
269173
2429471
229115
246732
233837
309410
285244
265878
255532
234188
280126
219107
226854
169914
167320
234240
213047
239730
211382
201156
238493
25318
224821
253781
214053
243427
249920
201574
228833
232988
212431
241106
292563
265495
285132
250028
290243
289%40
317488
242373

D-M-I
DEMANDS
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33898
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33398
33398
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998
33998

U.5. AMISTAD

SHORTAGE TRRIG

ODODO0OO0CO0O 0000000000000 O0O0O0C00O0CO0QQOO00O000C0DODDOOOCOCOOO0O

DEMANDS
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126398
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
1269298
126998
126998
126998
126998
126998
126998
126998
126998
126998
126998
12699
126998
126998
126998

SHORTAGE FLOOD

[eNeNaoRalleBeNeoloNoleNoNeoNoNoNoelNeolNeNeNoelNeNelNeoNeNellolNeNollelNeolNojlejellelNoli-olNe ool RN Nel

SPILLS
578028
854729
546640
1039623
1340192
701065
331960
0

0
217800
200816
0
531382
1394977
1036306
818340
856465
192670
245934
293863
625305
750987
356342
593889
0

0
225200
814561
301167
2502348
1064571
1374308
924329
1073366
1042552
1015395
1670739
854238
249663
299999
3788
322234
523221
489619
417112
946960
1679924
1448591
861303
290981
222759
0

YEAREND
STCRAGE
1827241
1827241
1827219
1827227
1827241
1827193
1824539

915916

513791
1827207
1827241
1567133
1827241
1827241
1827241
1827241
1827241
1827002
1777825
1827241
1827241
1827235
1827241
1826918
1530618
1082716
1827241
1827241
1824929
1827241
1827241
1827241
1827241
1827241
1827241
1827241
1827241
1827241
1827158
1795358
1612799
1827241
1827241
1827241
1827044
1827241
1827241
1827211
1827241
182177
1407536

929057

MINIMM
STORAGE
1758253
1771041
1771041
1771041
177041
1771041
1760873

891681

340704

383292
1769710
1567133
1411132
1771041
1771040
1771025
1771041
1770287
1770642
1187045
1771041
1771041
1657582
1770865
1409437

947258

706804
1771041
1770358
1769907
1771041
1771041
1771040
1769800
1771041
1771023
1771041
1771041
1770282
1719121
1437879
1330007
1770290
1769885
1769345
1770434
1771041
1771041
1771041
1769978
1389956

753135



1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1855
1956
1957
1958
1959
1960
1961
1962
1%3
1964
1965
1566
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1947
1988
1983
1990
1991
1992
19493
1994
1995
1996

TABLE 5-2 ANNUAL SUMMARY OF 1945-1996 ROM SIMULATION RESULTS

INITIAL
STCRAGE
1555129
1038235
1243820
828646
1203980
1613729
885738
142879
102772
193746
1368766
992736
155724
357967
1613729
1541022
1329313
1286698
€88758
155577
573650
321098
351282
545156
329992
155497
155325
1613729
1318355
1135946
1613729
1504306
1613729
1201093
1613729
1381958
1236706
1597051
1126267
565733
155618
155454
351623
904874
1098927
540822
1099496
1611842
1511765
1018464
374327
153493

FOR UNITED STATES POOL IN FALCON RESERVOIR

HISTORTCAL LONG-TERM AMISTAD & FALOON RESERVCIR SIMULATION — 1945-96 HYDROLOGY

WIRSHED
INFLOWS
285000
506000
426000
595000
783000
248000
3000
92000
380000
416402
492704
268064
914601
1591997
707063
595785
771455
527290
502426
709744
656638
€89286
1038461
5701C1
346676
297120
2201017
569612
707828
287805
689676
1062184
464282
556024
564636
409238
994629
340150
342007
234142
424262
377249
630894
533973
278254
418569
308733
517404
250123
295200
218838
227673

SIMJLATION PERIOD TOTAL SIMVMARY FCR NCDE 2 U.S. FALOON

RESERVR FIDWATR [CWNSTRM EVAP D-M-I SHORTAGE IRRIG SHORTAGE FIOCD
INFIOWS TRANSFR RELEASE L[CSS  DEMANDS DEMANDS SPILIS

891421 117316 1203001 322630 124999 0 1078002 v 0
1212832 427547 1203001 231693 124999 0 1078002 0 0

866523 182693 1203001 261489 124999 0 1078002 0 0
1542488 286634 1203001 250787 124999 0 1078002 0 0
1976950 66697 1203001 324158 124999 0 1078002 0 106739

B64441 16876 1203001 406307 124999 0 1078002 0 0

624364 0 1203001 164223 124999 0 1078002 0 0
1220896 Q0 1203001 58001 124999 0 1078002 0 Q
1027230 0 855205 81071 124999 0 1078002 347796 0
2444624 0 1069925 198679 124999 0 1078002 133076 0
11371295 0 1203001 311328 124999 0 1078002 0 0

545829 0 1203001 179840 124999 0 1078002 0 v
1528474 0 1203001 124230 124999 0 1078002 0 0
2825978 111366 1203001 149832 124999 0 1078002 0 328749
1596466 -120792 1203001 286953 124999 0 1078002 0 58427
1284273 0 1203001 292981 124999 0 1078002 0 0
1466924 0 1203001 306538 124999 0 1078002 0 0

899095 C 1203001 294034 124999 0 1078002 0 0

818833 0 1203001 149013 124939 0 1078002 0 0
1706826 0 1203001 B5752 124999 0 1078002 0 0
1120947 0 1203001 170498 124999 0 1078c02 0 0
1335223 0 1203001 102038 124999 0 1078002 0 0
1430153 0 1203001 93278 124999 0 1078002 0 0
1100286 0 1203001 112449 124399 0 1078002 0 o]
1098920 0 1203001 70484 124999 0 1078002 0 0
1258807 0 1203001 55978 124999 0 1078002 0 0
2863206 560957 1203001 116430 124999 0 1078002 0 649017
1223177 -37070 1203001 279847 124999 0 1078002 0 0
1254857 0 1203001 235265 124999% 0 1078002 0 0
2913591 -701628 1203001 248184 124999 0 1078002 0 283593
1602270 -96303 1203001 290297 124959 0 1078002 0 121482
2307082 G979 1203001 254359 124999 0 1078002 0 741297
1228076 =-157036 1203001 280675 124999 0 1078002 0 0
1913290 25964 1203001 245977 124999 0 1078002 0 77640
1453882 -69223 1203001 292374 124999 0 1078002 0 121085
1323758 0 1203001 266010 124999 0 1078002 ¢ 0
2507854 -102283 1203001 243536 124999 0 1078002 0 598689
1054507 —46493 1203001 275797 124999 0 1078002 0 0

842839 0 1203001 200372 124999 0 1078002 ¢ 0

899739 0 1203001 106853 124999 0 1078002 v 0
1260516 0 1203001 57675 124939 0 1078002 0 0
1453153 0 1203001 53983 124999 0 1078002 0 0
1931857 0 1203001 175605 124999 0 1078002 0 |
1607945 0 1203001 210891 124999 0 1078002 0 0

879954 0 1203001 235058 12499% 0 1078002 0 0
1937939 0 1203001 176264 124999 0 1078002 0 0
1890263 7814 1203001 236593 124999 0 1078002 o 26137
1809241 -124952 1203001 281695 124999 0 1078002 0 299670

980651 0 1203001 270851 124999 0 1078002 ¢ 0

768982 0 1203001 210118 124999 0 1078002 0 0
1055121 0 1203001 70954 124999 0 1078002 Y 0
1259249 0 1203001 56214 124999 0 1078002 0 0

YEAREND
STCRAGE
1038235
1243920
828646
1203980
1613728
885738
142878
102772
193746
1369766
992736
155724
357967
1613729
1541022
1329313
128669
688758
135577
573650
321098
351282
545156
320992
155497
155325
1613729
1319355
1135946
1613729
1504306
1613729
1201083
1613729
1381958
1236706
1597051
1126267
565733
155618
155454
351623
904874
1098927
540822
1099496
1611842
1511765
1018464
374327
135493
155527

MINTDMM
STCRAGE
700736
719155
758001,
403464
1164225
885738
142878
1822
59877
1876
853311
137063
110877
343218
1424175
1180926
1110382
651808
149179
1582
321098
200475
66528
266011
118336
1581
1587
1275630
995495
605787
1480576
1196374
1201093
867419
1381958
844367
1233410
1126267
502215
101028
47314
1576
391522
669896
540822
290009
903211
1481160
1017726
373565
76945
1583



1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1985
1956
1957
1958
1959
1960
1961
1962
193
1964
1965
1966
1367
1968
1969
1970
1971
1972
1973
19714
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

TABLE 5-3 ANNUAL SUMMARY OF 1945-1996 ROM SIMULATION RESULTS
FOR MEXICO POOL IN AMISTAD RESERVOIR

HISTCRICAL LONG-TERM AMISTAD & FALCON RESERVOTIR SIMULATIQN - 1945-96 HYDROLOGY
SIMULATION PERTOD TOTAL SIMMARY FOR NCDE 3 MEX AMISTAD

INITTAL WIRSHED RESERVR FILDWATR DWNSTRM EVAP MONGIRR SHORTAGE OTHER SHORTAGE FLOOD YEAREND

STORAGE INFLOWS INFIOWS TRANSFR RELEASE LOSS  DEMANDS SPILLS STCRAGE
1380278 1703000 1703000 -43 81692 215620 65999 1361845 1424078
1424078 1635000 1635000 0 5273 194195 65999 1435532 1424078
1424078 1571000 1571000 v 86845 213261 65999 1270894 1424078

1424078 1349000 1349000
1424078 1612000 1612000 -
1424078 1626000 162600C
1424078 1214000 121400C
1424078 1276000 1276000

69994 214780 65999
11081 182399 65999
86410 200980 65999
21333z 218057 65399
553711 236183 65999

1064226 1424078
1418519 1424078
1338610 1424078
782551 1424078
486106 1424078

CCOC OO O

1424078 118800C 1183000 248672 274734 65939 664594 1424078
1424078 779330 779350 -~7615 5478 253265 65999 544471 1392599
1392599 €80494 680494 0 441064 214825 65999 0 1417204
1417204 303177 303177 0 905517 154397 65999 0 660467

660467 566668 566668 305589 492370 109890 65999 0 930464

630464 1559946 1559946 244378 1104752 84607 65999 121351 1424078

1424078 653034 653034 0 12019 178463 65999 462579 1424051
1424051 845465  B434&5 10 108320 192237 65999 544891 1424078
1424078 620768 620768 1 8447 182145 €5999 430201 1424054
1424054 515482 515482 0 297341 217012 65999 100503 1324680
1324680 487817 487817 0 BE&BOYO 1266%6 65999 ¢ 817711
817711 675919 675919 12893% 953585 55718 65999 0 613266
613266 490504 490504 92708 449726 80922 €5999 0 665830
665830 1002479 1002479 208051 705067 54061 65999 0 1117232
1117232 605373 605373 0 B45401 99180 65999 0 778024
778024 876137 876137 23762 146754 113520 65999 0 1417649
1417649 705083 705083 0 887796 149574 659399 0 1085362
1085362 €20385 620385 0 1020706 69292 65999 0 615749
615749 692998 692998 48059 750788 39986 65939 0 566032

566032 802803 802803 258287 21899 118786 65999 64672 1421765

1421765 679907  €79907 -732 255611 160236 65999 275134 1409959
1409959 1211470 1211470 599 526311 174928 65999 436711 1424078
1424078 748604 748604 0 978 164596 65999 583066 1424042
1424042  773%67 713967 0 13525 156703 65999 601722 1424059
1424059 550896 550896 0 0 185664 65999 379373 1409918
1409918 1517216 1517216 -2 56907 175656 65999 1270491 1424078
1424078 878202 878202 0 2269 175100 65999 712516 1412385
1412395 €17103 817103 15 249236 197639 65999 358573 1424065
1424065 1238430 1238430 0 0 166824 65999 1071593 1424078
1424078 664349 664349 0 6006 189622 65999 474720 1418079
141807% 497472 497472 0 362680 176613 65993 85595 1290663
1290663 775321 775321 0 1047630 129122 65999 0 889232
889232 682379 682379 0 866727 €7443 65999 0 637441

637441 1208462 1208462 203148 832401 52089 65999 0 1164561
1164561 1203973 1203973 123360 672084 157454 65999 238286 1424060
1424060 929864 929864 -953 357760 182260 65999 388875 1424076
1424076 589071 589071 0 22193 228019 65999 338871 1424064

848234 1424078
1625395 1424062
1073965 1424059

537957 1424051

162314 1124739

0 353742
0 249323

1424064 1728668 1728668 130759 848855 162324 65599
1424078 1892590 1892590 45082 222129 65999
1424062 1283085 1283085 14354 194769 65999
1424059 788586 788586 24534 226103 65999
1424051 488813 488813 425149 200662 65999
1124739 387891 3487891 1075201 83687 65999
353742 441577 441577 527977  1801% 65999

[eNeNsNaoNeNoNoloNaNaelsNoNosNoNoloNelalNasleNeNsleNelNoNoeReloNoNoleoNeNolNoloNeolelNoNeolNeNollole ool olelole el ol
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OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODODOOOOOOOOOOO%

OO0 OO OO0 CCOO0O0DO0D00000D0O0CCOCO0O0000O0OOCOoOODOO0D0O0OO0O0DO0COO0LDOO0O0000QQO0O00OC0

[« eNeleNeNel

MINIMUM
STORAGE
1380217
1380278
1380278
1380278
1380278
1380278
1380243
1379568
1294847
1380278
1118278
598286
327206
391532
1380278
1377648
1380278
1126767
614775
98320
410412
205851
407728
747923
933347
286538
1422
626024
1202507
1186006
1380278
1380278
1380278
1380276
1380278
1377308
1380278
1380278
1141885
592246
316616
1523
106464C
1223371
1380275
739778
1380278
1380278
1380278
1112634
238653
1357




TABLE 5-4 ANNUAL SUMMARY OF 1945-1996 ROM SIMULATION RESULTS
FOR MEXICO POOL IN FALCON RESERVOIR

HISTCORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLCGY
SIMJLATION PERICD TCTAL SUMMARY FCR NDE 4 MEX FALOCN

YFAR INITIAL WIRSHED RESERVR FIDWATR DWNSTRM EVAP MMNSIRR SHORTAGE CTHER SHORIAGE FIOCD YEAREND MINTMM

STORAGE INFLOWS INFLOWS TRANSFR RELEASE ICSS  DEMANDS SPILLS STCRAGE STORAGE
1945 1098674 278000 1655538 -117316 1224000 272822 1224000 0 1140074 640146
1946 1140074 521000 1895806 -427547 1224000 244259 1224000 0 1140074 677509
147 1140074 371000 1662740 -182693 1224000 256069 1224000 0 1140074 652171
1948 1140074 702000 1770221 -286634 1224000 259601 1224000 0 1140074 612578
1949 1140074 442000 1805601 -66697 1224000 221568 1224000 293336 1140074 833013
1950 1140074 128000 1487021 -16876 1224000 299603 1224000 0 1086616 661947
1951 1086616 326000 1255944 0 1224000 282022 1224000 0 836538 617263
1952 836538 64000 1037818 0 1224000 198283 1224000 ¢ 432073 217368
1953 452073 1003000 1850267 0 1224000 139084 1224000 0 939256 1115
1954 939256 474065 958015 0 1224000 151874 1224CC0 ¢ 521397 246217
1955 521397 494774 869839 0 1224000 26581 1224000 ¢ 140655 1101
0 o
0

1956 140655 247474 1086992 1224000 2507 1224000 1140 1103
1957 1140 839072 1265443 0 1224000 9037 1224000 33546 1114
1938 33546 3046578 4206682 -111366 1224000 26833 1224000 1737955 1140074 1119

1959 1140074 684289 1092888 120792 1224000 160620 1224000 19132 950002 6625390

1960 950002 473986 1061198 0 1224000 103860 1224CC0 0 643340 225648
1961 683340 786956 1159605 0 1224000 93243 1224000 0 525702 65962
1962 525702 396565 728410 0 1224C00 27415 1224000 0 2697 1103
1963 2697 430318 1232409 0 1224000 3251 1224000 0 7855 1113
1964 7855 692882 1580468 0 1224000 20339 1224000 0 343584 1098
1965 343984 507366 891093 0 1224000 9837 1224000 0 1240 1120
1966 1240 593653 1232721 0 1224000 3405 1224000 Q 6556 1129
1967 6556 1128259 1907661 0 1224000 27746 1224000 0 ea47l 1157
158 662471 574792 655547 0 1224000 30726 1224000 0 3292 1136
1969 63292 382759 1204556 0 1224000 3476 1224000 0 40372 1058
1970 40372 283218 1237925 0 1224000 6034 1224000 o] 48263 1098
1971 18263 3101272 3786061 -560957 1099188 94153 1224000 1248 939952 1140074 1135
1972 1140074 670492 631064 37070 1224000 116530 1224000 0 527678 408818
1973 527678 740920 1205666 0 1224000 39548 1224000 0 4697% 1422

1974 469796 305682 1262705 701628 1224000 46280 1224000
1975 1140074 913544 1431589 96903 1224000 183744 1224000
1976 1097163 1693211 2244459 -979 1224000 144983 1224000
1977 1140074 554875 868249 157036 1224000 171579 1224000
1978 741133 801281 2062680 -25964 1224000 65989 1224000
1979 1140074 688648 1337434 69223 1224000 201343 1224000

23775 1140074 1103
163659 1097163 745677
831386 1140074 371754

28647 741133 741133
347786 1140074 8722
122808 998580 846078

OOOOOOOOOOOOOOK;OOOOOOOOOODOODOOQCQDOQODOD
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000000000000 O0OO0ECQORO00C0COOOCOCO0O0DO0CO0OD000DO0OCOCOOOO0OCCODOODDO0COO

1980 998580 544535 1086345 0 1224000 110220 1224000 0 750705 173492
1981 750705 1430420 2436014 102283 1224000 160538 1224000 764390 1140074 623678
1982 1140074 338840 7753567 46493 1224000 142251 1224000 0 573883 573883
1983 573883 281291 673567 0 1224000 22103 1224000 0 1347 1103
1984 1347 243487 1225118 0 1224000 1219 1224000 0 1246 1110
1985 1246 463802 1264530 0 1224000 3501 1224000 0 38275 1100
1986 38275 540129 1306531 0 1168593 15099 1224000 55407 0 1lelll4 1121
1987 161114 748430 1592871 0 1224000 41485 1224000 0 0 488490 1109
1988 488490 B31771 1512407 ¢ 1224000 48727 1224000 0 o 728170 1110
1989 728170 285024 580089 0 1224000 48935 1224000 0 0 35324 3433
1990 35324 498141 2129231 0 1224000 38473 1224000 0 0 902082 1111
1991 902082 322749 1927227 -87814 1224000 130366 1224000 0 247055 1140074 305613
1092 1140074 623610 1645930 124952 1224000 196308 1224000 0 406941 1083507 1013955
1993 1083507 230123 726615 0 1224000 120248 1224000 0 0 465874 330457
1994 465874 258581 777045 0 122400C 17768 1224000 Q ¢ 1151 1108
1995 1151 240841 1250043 0 1224000 4368 1224000 0 0 22826 1098
1996 22826 259854 721832 0 734651 4132 1224000 489349 0 5875 943



THE INTERNATIONAL RESERVOIRS OPERATIONS AND DROUGHT CONTINGENCY PLANNING STUDY
FOR THE MIDDLE AND LOWER RIO GRANDE
Phase I - Development, Testing and Application of ROM/CPM Modeling System
Phase If - Extension of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts

described previously and which are incorporated into the ROM, very little of this water is available
for irrigation or mining uses. At the minimum storage condition, which occurs during the
simulation period at the end of July, 1953, the simulated total amount of water remaining in United
States storage in both reservoirs is 490,756 acre-feet. Because of provisions in the TNRCC Rio
Grande operating rules, practically all of this remaining storage either is considered dead storage
(4,600 acre-feet) and unavailable for use or is allocated to the domestic-municipal-industrial reserve
(225,000 acre-feet) or the operating reserve (261,097 acre-feet). Hence, only 59 acre-feet are
contained in the irrigation and mining account balance. With only this amount of water available for
irrigation uses and with the summer irrigation demands for the United States specified in the model
at about 130,000 acre-feet per month, simulated shortages obviously occur. This demonstrates, of
course, the higher priority given to satisfying municipal water needs, as opposed to irrigation
demands, in the current Rio Grande operating rules for the United States share of Amistad and
Falcon Reservoirs.

Whereas the United States experiences simulated demand shortages in 1953 and 1954, Mexico’s
specified current average demands in the 1945-1996 long-term ROM simulation are shorted in
1971, 1986 and 1996. As indicated by the annual summaries of Mexico’s reservoir operation
parameters in Tables 5-3 and 5-4, the simulated minimum storage in Mexico’s conservation pools in
Amistad and Falcon Reservoirs during these years is essentially zero. Whatis of most significance
is that the greatest demand shortage for Mexico occurs in 1996, i. e., 489,349 acre-feet, suggesting
that the Rio Grande inflow conditions for the current'drought period may be the most severe for
Mexico since 1945.

54 RESERVOIR SYSTEM FIRM ANNUAL YIELD ANALYSIS

The firm annual yield of a reservoir or reservoir system is defined as the maximum amount of water
that can be withdrawn each year during the occurrence of the worst drought of record without
causing storage in the reservoirs to be reduced to zero. Often, the firm annual yield of a reservoir or
a system of reservoirs is considered to be the dependable supply of water that can be reasonably
relied upon for future water planning purposes, provided allowances are made for future reductions
in reservoir storage capacity due to sedimentation. Sometimes, in performing reservoir yield
analyses, it is appropriate to maintain during the critical drought period a minimum amount of
storage in the reservoir system equal to one year’s demand. The yield produced by the reservoir or
reservoir system under this storage condition is referred to as the safe yield. Reservoir yield
analyses typically are performed using computerized reservoir operation models applied to long-
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term hydrologic sequences that are known to include severe drought conditions. Hence, the

Amistad-Falcon ROM provides the means for analyzing and determining the yield of the Amistad-
Falcon Reservoir system.

In this study, the 1945-1996 ROM data set as described previously has been used to determine the
firm annual yield of the reservoir system. For this purpose, the individual water demands specified
in the ROM for the United States and for Mexico at the various demand nodes have been adjusted
proportionally in accordance with the current average demands developedin Section 4.3 of this
report. Adjustments in these demands for each country have been made in successive ROM
simulations until the resulting simulated reservoir storage amounts have been reduced to minimum
levels with no demand shortages.

The final firm annual yield results from these analyses are summarized in Table 5-5 for both the
United States and Mexico. As indicated, the total firm annual yield figures for the United States and
for Mexico, under current operating procedures as incorporated in the ROM for the Amistad-Falcon
Reservoir system and based on historical river inflows as used in this study, are 1,261,670 and
1,122,280 acre-feet per year, respectively. The individual firm annual yield demands for each of
the demand nodes in the ROM also are listed in the table, along with the corresponding current
average water demands developed in Section 4.3. As indicated, the total and the individual firm
annual yield demands are somewhat lower than the current average water demands for both
countries. These lower firm annual yield demands are expected since the long-term ROM
simulations with the current average water demands imposed on the system, as described in Section
5.3, result in demand shortages for both the United States and Mexico.

Also indicated in Table 5-5 are the critical drought periods which, based on the ROM results,
include the critical hydrologic conditions that determine the firm annual yield amounts. By
definition, the critical drought period encompasses the minimum reservoir storage condition, and it
extends from the end of one reservoir flood spill period, or maximum storage condition, to the
beginning of the next flood spill period, with the minimum reservoir storage level occurring in
between. For the United States, the critical drought period as simulated with the ROM occurs from
November, 1949, through October, 1958, a period of exactly nine years. This period, of course,
encompasses the severe drought of the 1950°s. The simulated minimum storage condition during
this critical drought period for the United States occurs in August, 1953, when the total United
States storage in the two reservoirs is 646,028 acre-feet. The minimum storage condition simulated
for the United States during the current drought is 1,197,550 acre-feet, and it occurs in August,
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TABLE 5-5 FIRM ANNUAL YIELD RESULTS FROM AMISTAD-FALCON ROM SIMULATIONS

FIRM CRITICAL CURRENT
ANNUAL DROUGHT AVERAGE
YIELD PERIOD ANNUAL
DEMANDS DEMANDS
Acre-Feet Acre-Feet
UNITED STATES
D-M-1 Demand Between Amistad and Falcon Dams 31,440 34,000
Irrigation Demand Between Amistad and Falcon Dams 117,470 127,000
D-M-I Demand Downstream of Falcon Dam 115,620 125,000
Irrigation Demand Downstream of Falcon Dam 997,140 1,078,000
TOTAL FIRM YIELD 1,261,670 Nov. 1949 through October 1958 1,364,000
MEXICO
Total Demand Between Amistad and Falcon Dams 57,410 66,000
Total Demand Downstream of Falcon Dam 1,064,870 1,224,000
TOTAL FIRM YIELD 1,122,280 October 1992 through Present 1,290,000
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1996. Hence, based on the ROM firm annual yield simulation, the 1950’s drought appears to be
considerably more severe for the United States than the current drought.

As indicated in Table 5-5, the simulated critical drought period for Mexico actually corresponds to
the current drought, which, based on the ROM simulation, begins in October, 1992, and extends
through 1996, i. e., the end of the period for which inflow data were available for this study. The
simulated minimum storage condition during this current drought period for Mexico occurs in June,
1996, when the total Mexican storage in the two reservoirs is 5,546 acre-feet. The next lowest
minimum storage condition simulated for Mexico during the entire 1945-1996 period is 582,670
acre-feet, which occurs in May, 1986. In 1995 of the firm annual yield simulation, Mexico’s
minimum storage condition is 624,403 acre-feet, and it occurs in August. Based on these results, it
appears that the current drought definitely is more severe for Mexico than any previous drought
since 1945.

It should be recognized that the firm annual yield figures for the United States and for Mexico as
presented in Table 5-5 and discussed herein are based on an analysis of historical river inflow
conditions dating back over approximately 50 years. Certainly, there have been many modifications
made during the last 50 years throughout the Rio Grande basin in both countries that have had
significant influences on flows in the river. Reservoirs and flood control structures have been
constructed on tributaries, municipal water demands and tributary diversions have substantially
increased, wastewater return flows have changed, and land use modifications have altered runoff
patterns. Because of these types of historical changes, the historical river inflows used in this study
may not accurately reflect current watershed and hydrologic conditions. The resulting firm annual
yield figures for the United States and for Mexico, therefore, also may not accurately reflect current
watershed and hydrologic conditions. Considering the types of changes that have affected river
inflows, it is likely that the actual firm annual yields for the current Amistad-Falcon Reservoir
system are somewhat less than those presented in this study.

Also, as indicated in Section 4.1 of this report, the Mexican inflows to Amistad Reservoir for the
period prior to 1954 may not be correct and may need to be refined. These inflow refinements are
scheduled to be made as part of the Senate Bill 1 regional water supply planning study for the
Middle and Lower Rio Grande basins during the next year, and the resulting revised Mexican
inflows, when incorporated into the ROM data base, could produce somewhat different results with
regard to the firm annual yields of the reservoir system for the United States and Mexico. It is
anticipated that these yield figures will be revised and updated as part of the regional planning study.
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5.5 TNRCC RESERVOIR STORAGE ACCOUNTING

Results from the 1949-1955 ROM output listing in Appendix 3 are plotted in Figures 5-5 and 5-6 to
illustrate the performance of the TNRCC reservoir storage accounting routine incorporated in the
Amistad-Falcon ROM. Again, these results reflect drought conditions during the 1950°s as
simulated with the ROM assuming historical river inflows as used in this study and current average
water demands for both countries. The specific monthly quantities used to construct the plots in
Figures 5-5 and 5-6 are printed as part of the ROM output listing for the 1949-1955 period
contained in Appendix 3. These results are tabulated at the bottom of the second page of each
annual output set under the main heading “ALLLOCATIONOF U. S. WATER IN AMISTAD AND
FALCON RESERVOIRS PURSUANT TO TNRCC RIO GRANDE RULES”. The column
headings of this section of the output are consistent with the various operations of the TNRCC
water accounting process and should be self explanatory. For convenience, Table 5-6 presents a
sample of the TNRCC total reservoir storage accounting portion of the ROM output listing for the
year 1954.

As shown by the curves on the graph in the upper part of Figure 5-5, the sum of the total United
States water demands and the simulated evaporation losses from the reservoirs during the period
from early 1950 through about March, 1954, generally exceed the available United States inflows to
the Rio Grande. As a result, the simulated storage in both reservoirs gradually falls from a full
condition in late 1949 to relatively low levelsin late 1953 and early 1954 as illustrated by the curves
on the graph in the lower part of Figure 5-5. The effectof significant United States inflows into the
Rio Grande in mid-1954 is indicated by the sudden increases in the simulated storage levels of both
reservoirs, which again rise to the full conservation pool condition.

The simulated quantities of stored United States water in Amistad and Falcon Reservoirs that are
allocated to the domestic-municipal-industrial (D-M-I) reserve, the operating reserve, and the total
irrigation and mining accounts during the 1950-1955 period are indicated by the graphs in the upper
part of Figure 5-6. These allocations are made at the end of each month of the simulation period in
the ROM in accordance with the TNRCC Rio Grande operating rules. As described previously in
Section 3.10, the D-M-I reserve is allocated first (225,000 acre-feet), next the operating reserve
(150,000 to 380,000 acre-feet), and finally, the balance of the irrigation and mining accounts. The

effect of this allocation sequence is evident in the upper plot in Figure 5-6, where the D-M-Ireserve
and the operating reserve remain relatively constant throughout the duration of the 1950-1954 low
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TABLE 5-6  SAMPLE ROM QUTPUT LISTING SHOWING THE SIMULATED TOTAL
- RESERVOIR STORAGE ACCOUNTING RESULTS FOR 1954

ALIOCATION OF U.S. WATER IN MAMISTAD AND FALOON RESERVOIRS PURSUANT TC TNRCC RIO GRANDE RULES

MNTH INITIAL TCTAL TOTAL TOTAL TOTAL TOTAL END-MN ofc D-M-I CPRATNG EXCESS IRRIC IRRIG IRRIG o/o
USARIE WIRSHED M-I IRRIG SYSTEM RESERVR USABLE OONS RESERVE RESERVE USABIE ACCOUNT RIVER ACCOUNT IRRIG
STORAGE INFLOWS DEMANDS DEMANDS SHORTAGE EVAP STORAGE POOL STORAGE STORAGE STORAGE ALIOCAT DIVERSN FALANCE PBOOL

702937 34734 11077 85924

1 0 4443 636227 19,3 225000 275000 34046 0 79481 102181 3.9
2 636227 47311 10399 52734 0 7616 612789 18.6 225000 275000 0 59538 48930 112789 4.3
3 612789 39793 12296 95857 0 9749 534680 16.2 225000 275000 11021 0 89130 23659 .9
4 534680 221066 13983 167863 144204 9550 708554 21.4 225000 275000 0 206807 21912 208554 7.9
5 708554 211640 13858 185272 0 15385 735679 22,3 225000 275000 0 170823 143688 235679 8.9
6 735679 237073 14517 149670 0 18165 790400 23.9 225000 275000 0 193473 138752 290400 11.0
7 790400 2715700 16242 129653 0 60970 3306850 93.6 225000 378318 55893 2477724 120485 2647639 100.0
8 3306850 179185 16742 121501 0 88584 3250088 98.1 225000 372862 13587 113251 113251 2647639 100.0
9 3259088 150565 13617 71803 0 76773 3247460 97.8 225000 371533 3288 66878 66878 2647639 100.0
10 3247460 148146 12930 74199 0 49470 3259007 98.1 225000 372852 13516 69085 69085 2647639 100.0
11 3259007 T7615 11762 51794 0 39927 3233139 97.3 225000 363897 38930 0 48327 2599312 98.2
12 3233139 57705 11574 48640 0 38257 3182373 96.1 225000 365240 48089 0 45268 2554044 96.5
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flow period, but the irrigation and mining pool steadily declines in response to the overall decline in
reservoir storage.

As expected, the higher priority D-M-I and operating reserves of the reservoir system, as simulated
with the ROM, always are satisfied first at the end of each month, and with only limited inflows into
the reservoirs during the 1950-1953 period, no additional allocations are made to the lower priority
irrigation and mining accounts. As demands continue, the irrigation and mining pool steadily
declines until little or no water is available for irrigation and mining uses. This results in demand
shortages, which are indicated by the bar chart in the lower part of Figure 5-6. The monthly
amounts of irrigation shortages are shown, and, of course, they occur when the total irrigation and
mining account balance is near zero, as indicated by the graph in the upper part of Figure 5-6. No
municipal demand shortages are simulated since the D-M-I reserve always is full.

5.6 INDIVIDUAL WATER RIGHTS ACCOUNTING

As described previously, the Amistad-Falcon ROM has the ability to simulate the water accounting
process for individual water rights as set forth in the TNRCC Rio Grande operating rules. Monthly
water accounting is simulated for up to three individual water rights owners, each of which can have
a domestic-municipal-industrial water right, a Class A irrigation or mining water right, and a Class
B irrigation or mining water right. The water accounting for individual water rights is performed in
the ROM after the total reservoir storage accounting has been completed, thereby allowing any
required allocations (positive or negative) to be made in the storage accounts of the individual
irrigation and mining water rights.

To demonstrate the capabilities of the Amistad-Falcon ROM for simulating the individual water
rights accounting process, the simulated individual water rights accounting results for the year 1954
from the ROM output listing for the 1945-1996 long-term simulation with historical Rio Grande
inflows and current average total water demands are presented in Table 5-7. These pages of output
also are included in the ROM output listing contained in Appendix 3. Asillustrated by the tabulated
figures in Table 5-7, simulated water rights accounting information is presented for each of the three
individual water rights owners, i. e., United Irrigation District (UNITED I.D.} , Santa Cruz
Irrigation District No. 15 (SANTACRUZ 15), and Hidalgo County Irrigation District No. 2
(HCID2 S.JUAN). For each of the owners, the simulated accounting results are presented for their
D-M-I water rights and their Class A and Class B irrigation (or mining) water rights.
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TABLE 5-7

SIMULATICN YEAR 10

HISTCRICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION ~ 1345-%6 HYDROLOGY

CALENDAR YEAR 1954

WATER AQCOUNTING FOR SEIECTED INDIVIDCUAL TEXAS WATER RIGHTS PURSUANT TO TNROCC RIQ GRANDE RULES

NAME OF WATER RIGHTS CWNER:

D-M-I WATER RIGHTS

ADJ. NO.

0

849-000

ANNUAL AUTH:  S300 AF

NITED I.

D.

CIASS A IRRIGATICN WATER RIGHIS

ADJ. NO.

ANNUAL AUTH:

A847-001
69464 AF

CLASS B IRRIGATTON WATER RIGHTS

ADJ. NO,

ANNUAL AUTH:

SAMPLE ROM OUTPUT LISTING SHOWING THE SIMULATED
INDIVIDUAL WATER RIGHTS ACCOUNTING RESULTS FOR 1954

B769-000
4009 aF

MONTH DEMAND SHORT USAELE
AMOUNT AMOUNT BALANCE

1 382
2 353
3 412
4 474
5 459
6 Ly
7 532
8 550
9 430
10 426
i1 3
12 391
ANGAL 5300

CO0OO0O0OO0CODLDOOO

[=)

4918
4565
4153
3679
3220
2743
2211
166l
1211
785
391
Y

NAME OF WATER RIGHTS OWNER:

D-M-T WATER RIGHTS
0240-000

ADJ, NO.

RINUAL AUTH:

3967 AF

DEMAND SHORT RATE A ALLCC STCRAGE USARIE DEMAND SHORT RATE B ALLOC STCRAGE USRHRLE
AMOUNT BALANCE BALANCE

AMDUNT AMOUNT
5189 2582 00000
3063 3063 .03327
5418 3107 .00000
9982 9982 ,11556
9322 1294 .09546
8794 2163 .108l1
7384 0 1.38456
6717 0 .0e328
3967 0 ,03737
4119 0 ,03860
2793 0 .00000
2716 0 .00000
69464 22191

SANTACRUZ 15

CLASS A IRRIGATICN WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

AMOUNT BALANCE BALANCE

0
2311
0
8024
6631
7510
g6177
4396
2596
2682
0

0

130331

0
2311
0
8028
6631
7510
96303
93982
92611
91174
88381
85665

0810-000
4857 AP

66857
66857
64546
€4546
56518
49887
42503
35786
31819
27700
24907
22191

AMOUNT

239
177
313
576
538
507
426
388
229
238
161
157

4009

AMOUNT

299

CLASS B IRRIGATICN WATER RIGHTS

00000
.01957
.00000
.06798
.05615
.06360
.81445
.03723
.02198
0z2n
00000
. 00000

0
78
0
273
225
255
3265
149
g8
9l
Y

0

4424

0

78

0
273
225
255
3265
3026
2885
2738
2577
2420

B204~000
4828 aF

4009
4009
3931
3931
3658
3433
3178
2790
2561
2323
2162
2005

MINTH DEMAND SHORT USABRLE
AMIUNT RMOUNT BALANCE

286
264
308

343
357
398
412
7
319

[ :
REBovowuoaustwne

293

:

3967

CO00DO0OQO0ODO0OD OO0

o

Je8l
3417
3108
2754
2411
2054
1656
1244

07

588

293

DEMAND SHORT RATE A ALLOC STORAGE USABIE
AMOUNT BALANCE BALANCE

AMOUNT AMOUNT
363 180 .00000
214 214 ,03327
379 217 .00000
698 698 .11556
652 91 .09546
615 151 .10811
516 0 1.38456
470 0 .06328
2N 0 .03737
288 0 .038€0
185 0 .000Q0
190 0 .00Co0

4857 1351

0
162
0
561
464
525
6725
307
182
188
0

0

9114

0
162
0
561
464
525
6734
6571
6476
6376
6181
5991

464
4674
4312
4512
3951
3487
2971
2501
2224
1936
1741
1551

DEMAND SHORT RATE B ALLCC STORAGE USARLE

ADJ, NO.

ANNUAL AUTH:

AMCUNT AMCUNT
361 361 .00000
213 213 01957
376 282 .00000
694 634 .06798
648 320 .05615
611 340 ,06360
313 206 .81445
467 0 .03
276 0 ,02198
286 0 .02271
134 0 ,00000
189 0 .00000

4828 2416

ofo

106
110

5328

328
271
307
3932
3645
3475
3299
3105
2916

4828
4428
4734
4734
4406
4135
3828
3361
3085
2799
2605
2416



STMUTATION YEAR 10

TABLE 5-7, cont.

HISTORICAL LONG-TERM AMISTAD & FAICON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

CALENDAR YEAR 1954

WATER ACCOUNTING FOR SELECTED INDIVICUAL TEXAS WATER RIGHTS PURSUANT TO THRCC RIO GRANDE RULES

NAME CF WATER RIGHTS OWNER:

D-M-I WATER RIGHTS

HCIDZ S.JUAN

CLASS A TRRIGATICN WATER RIGHTS

CLASS B TRRIGATION WATER RIGHTS

ADJ. NO. 0808-001 ADJ. NO. 0808005 ADJ. NO. 0573-001
ANNUAL AUTH: 6140 AF ANNUAL AUTH: 147775 AF ANNUAL AUTH: 470 AF
MCNTH DEMAND SHORT USAELE DEMAND SHORT RATE A ALLLC STORAGE USABLE DEMEND SHORT RATE B ALIOC STORAGE USARBLE
AMOUNT AMOUNT BALANCE AMOUNT AMCUNT AMOUNT BAIANCE BALANCE AMOUNT AMOUNT AMCUNT BAIANCE BALANCE
3 442 0 5698 11039 5494 .00000 0 0 142230 35 35 .000C0 0 0 47C
2 409 0 5289 6517 6517 .03327 4916 4916 142230 21 21 .01957 9 9 470
3 a7 0 4812 11526 6610 ,00000 0 0 137314 37 28 .00000 Q 0 461
4 549 0 4263 21235 21235 ,1155%6 17077 17077 137314 68 68 ,06798 32 3z 461
S 532 0 3731 19831 2754 ,09546 14106 14106 120237 63 31 05615 26 26 429
6 553 0 3178 18708 4602 ,10811 13976 15976 106131 59 33 .06360 30 30 403
7 616 0 2562 15709 0 1.38456 204603 204870 90422 50 20 .81443 383 383 373
B 637 0 1925 14290 0 .06328 9352 199932 76132 45 0 .03723 17 355 328
9 522 0 1403 8438 0 ,03737 5523 197017 67694 27 0 .02198 10 338 301
10 433 0 910 8763 0 .03860 5705 193959 58931 28 0 027N 11 321 273
11 457 0 453 5941 0 .00000 0 188018 52990 19 0 .0C0CO 0 302 254
12 453 0 0 5778 0 .0co0C 0 182240 47212 18 0 .00000 0 284 236
ANNUAL 6140 0 1477715 47212 277258 470 236 518
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For each of the individual water rights, the monthly demand amounts (DEMAND AMOUNT) as
specified in the ROM data input file are listed. For this simulation, the annual demands for all of the
individual water rights are set equal to their authorized annual diversion amounts, i. e., their full
water rights. Also listed are any simulated shortages (SHORT AMOUNT) that occur with respect
to the specified demands because of insufficient available water supplies as simulated with the
model. In the accounting process, the net amount of the specified demand and shortage (demand
minus shortage) in any given month is deducted (debited) from the usable and the storage account
balances for each of the water rights. For the irrigation and mining water rights, allocations
(ALLOC AMOUNT) to the individual storage account balances (STORAGE BALANCE) are made
in accordance with the TNRCC Rio Grande operating rules regarding Class A and Class B
allocation rates (RATE A and RATE B). In the model, the allocation rates are determined based on
the simulated results from the total reservoir storage accounting process as described in the previous
section, in particular, the simulated total irrigation and mining allocation amounts. The amount of
water remaining in a particular water right account that can be diverted and used in a given year is
referred to as the USABLE BALANCE. In the accounting process, the usable balance is
determined at the end of each month by subtracting from the beginning-of-the-month user balance
the specified amount of monthly water usage (demands) less any shortages. Of course, at the
beginning of each year, the usable balance for each water right is fully restored to the authorized
(permitted) annual diversion or use amount.

The simulated monthly amounts of the various water accounting parameters for each of the
individual water rights as listed in Table 5-7 illustrate the expected changes in these quantities as
they would occur under the river inflow conditions of 1954. In the first half of this year, as
indicated by the total reservoir storage accounting results presented in Table 5-6, the simulated total
irrigation and mining account balance (IRRIG ACCOUNT BALANCE) is extremely low.
Likewise, the corresponding simulated storage balances of the individual irrigation water rights
(STORAGE BALANCE) aiso are low, with the storage balance of each irrigation water right equal
to zero at the beginning of the year. Consequently, the specified demands for the individual
irrigation water rights cannot be satisfied, and shortages are simulated for the individual Class A
irrigation water rights in the first six months of the year and for the individual Class B irrigation
water rights in the first seven months of the year. The difference in the simulated allocations
(ALLOC AMOUNT)to the Class A water rights as compared to those for the Class B waterrights
results in the additional month of shortages for the Class B waterrights. No shortages occurin any
of the months during the year for the individual D-M-I (municipal) water rights since, in accordance
with the TNRCC Rio Grande operating rules, the D-M-I reserve for the reservoir system is refilled
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to its designated amount, i. e., 225,000 acre-feet, each month as part of the total reservoir storage
accounting process.

As indicated by the simulated storage amounts for the overall reservoir system in Table 5-6,
significant inflows enter the United States portions of the reservoirs in July of 1954. Just as the
simulated total irrigation and mining pool is restored to its maximum level at the end of July, the
storage balances of the individual irrigation water rights also are restored to near their full storage
capacities, i. e., 1.41 times their annual authorized diversion amounts. After July, the storage
balances of the individual irrigation water rights gradually decline as monthly demands exceed the
simulated monthly allocations for the remainder of the year. Atthe end of the year, the simulated
storage balances are carried forward to January of the following year, and the usable balances are
restored to their maximum levels, i. e., to the annual authorized diversion amounts.

«
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SECTION 6 CONDITIONAL PROBABILITY MODELING

6.1 INTRODUCTION

Conditional Probability Analysis (CPA) is a tool that allows resource managers to analyze the
current supply and demand conditions of a single or multiple reservoir system, and to develop and
evaluate water management policies which may result in more efficient use of the available water
resources and provide drought condition management. Through the development and application of
a Conditional Probability Model (CPM), a wide variety of potential reservoir operating rules and
demand management options can be examined and evaluated, taking into consideration the entire
range of possible beginning-of-the-year storage conditions for the reservoir, as well as historical
reservoir inflows.

Complex operating rules governing reservoir storage, withdrawals, allocations, releases and
diversions can be included in the CPM, just as they have been included in the Amistad-Falcon
ROM. The CPM can also be used to evaluate potential management options that provide for
reservoir diversions in excess of the firm annual yield of a reservoir system when storage and
inflow conditions are higher than normal, and it can provide guidance with regard to the systematic
reduction of certain diversions during potential or anticipated drought conditions.

For the Amistad-Falcon Reservoir system, the CPM has been developed as an extension of the
previously described Reservoir Operations Model (ROM). Basically, the ROM computer program
has been modified to include the various calculations and statistical analyses required for the CPA.
The resulting computer program as applied to Amistad and Falcon Reservoirs is referred to as the
Amistad-Falcon CPM.

6.2 BASIC CONDITIONAL PROBABILITY ANALYSIS

For any set of reservoir operating rules, the CPA begins by assuming or specifying a known
reservoir storage level (the *condition”) at the beginning of a year. The ability, or the inability
(failure), of the reservoir to satisfy certain prescribed user demands during this year then is
calculated or simulated with the ROM, taking into account the assumed start-of-year storage in the
reservoir and all of the annual traces of historical reservoir inflows that have occurred over the
period of record of available data. This process then is repeated for a sequential series of assumed
start-of-year reservoir storage conditions ranging from empty to full. The result of this calculation
process is a set of data describing the number of months during each year of the period of record of
historical reservoir inflows that the reservoir could not satisfy the specified demands assuming that
the reservoir began each year at varying levels of storage. This set of data then can be analyzed to
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determine the probability that the reservoir will begin any given year at or below a certain storage
level and the probability that the reservoir will not be able to satisfy the specified demands in any
given year for the entire range of start-of-year storage conditions.

The probability information from the CPA can be useful for developing and applying reservoir
management plans that will allow for optimal use of available water supplies. For example, if the
probability of failing to satisfy certain prescribed demands is high for a certain start-of-year storage
condition, demands during the upcoming year can be reduced through implementation of drought
management or demand managementrules. Conversely, if the probability of meeting the prescribed
demands is high for a certain start-of-year storage condition, then provisions for increasing the
reservoir diversions above the prescribed demands may be considered. Such procedures can be
incorporated into the reservoir operating plan so that water supplies in the future can be fully
utilized, but not threatened at an unacceptable level of risk.

An advantage of the CPM approach to reservoir management is that it allows water users to predict
at the beginning of a year, knowing the amount of water in storage, the quantity of water that
potentially will be available for diversion and use in the coming year, with a known level of risk or
probability of failure. With CPA information, users have some ideaas to how much the reservoir
system can be overdrafted during high storage periods and how much conservation is necessary
during drought periods in order to avoid future water supply shortfalls for a given level of risk.

The CPM uses historical monthly reservoir inflow sequences, specified reservoir storage and
withdrawal (release) rules, and a set of prescribed monthly water demands for a given reservoir or
reservoir system to develop information for two relationships. One relationship describes the
probability that the amount of water stored in the reservoir or reservoir system at the beginning of
any given year, or management period, will be at or below a specified level of storage under the
specified rules of operation and demands. Any point along this relationship represents a “start
condition” for the upcoming year or managementperiod. The second relationship represents the
corresponding probability of meeting the specified demands under the given rules of operation for
any start-of-year storage condition. Thus, the “condition” is the system storage at the beginning of
the management period, and the “probability” represents the level of risk associated with satisfying
certain prescribed demands for a given start-of-year storage condition. The “start condition”
probability often is expressed as the probability of starting a management period at or below a
specified level, and the demand probability may be expressed as the probability of “failure” to meet
certain specified demands.
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6.3 AMISTAD-FALCON CPM DEVELOPMENT

The first step in the CPA process is to divide the reservoir or reservoir system into horizontal layers
of equal volume. In this study, the elevation-area-capacity relationships for Amistad and Falcon
Reservoirs have been examined, and based on these relationships, the combined storage capacity of
these impoundments has been divided into 40 horizontal layers (elements) of equal volume.
Because of the inverted trapezoidal shape of natural reservoir cross-sections, the elements near the
bottom of the impoundments are much thicker than those near the surface. The resulting cumulative
storage-per-element relationship for the Amistad-Falcon system is shown in Figure 6-1. As
indicated, the CPA process requires that the first element be assigned a volume of zero.

Selection of an appropriate management period for any reservoir system starts with the examination
of the historically recorded reservoir inflows. Recorded inflows generally exhibit intra-year serial
correlation. The inflows in any month of the year are somewhat related to the inflows of the
previous month. Normally, a one-year management period is used for the CPA; however, when
statistical analysis reveals significant serial correlations for periods in excess of twelve months, the
management period generally must be extended to the next highest whole year interval to be
conservative in the CPA. For purposes of analyzing the Amistad-Falcon system, the historical
inflow record has been divided into traces with interval lengths ranging from one to five years.
Thus, for a management interval of two years, the 1945-1994 hydrologic record that has been used
for the CPA has been grouped into independent hydrologic traces corresponding to the periods
1945-1946, 1946-1947, 1947-1948 and so on through 1993-94.

For each selected management interval, the ROM has been operated with specified demands to
simulate the storage behavior of the reservoir system for each independent hydrologic trace as a
separate hydrologic condition, assuming that the storage in the reservoir system at the beginning of
each hydrologic trace is at one of the 41 predefined storage levels. These simulations have been
performed beginning with the bottom storage level (Element 1) and proceeding upwards through the
top storage level (Element 41). Hence, for the one-year managementinterval, 41 sets of simulations
have been made, with each comprised of 50 independent simulations corresponding to the 50 one-
year periods of hydrologic traces for the 1945-1994 analysis period.

From the results of these simulations, two statistical parameters have been derived and recorded in
separate arrays. The first array contains the element number correspending to the simulated storage
level of the reservoir system at the end of each hydrologic trace analyzed as a function of the starting
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clement number (storage condition) that was assumed at the beginning of each hydrologic trace.
The second array includes the number of months during each hydrologic trace that the prescribed
demands could not be supplied as a function of the starting element number (storage condition) that
was assumed at the beginning of each hydrologic trace. For the one-year management interval, each
of these arrays represents a 41 x 50 matrix corresponding to the 41 storage elementsand the 50
years of independent hydrologic traces.

Through the application of matrix algebra, the starting-ending element array has been reduced to a
simple column matrix. Based on historical hydrology and the specified demands, this matrix
defines the probability of starting any management period at or below any specified storage volume.
If starting at the bottom element, a cumulative sum of probabilities is recorded. This matrix
represents the probability of starting any year at or below the specified storage level.

The above sets or matrices of reservoir storage information represent the fundamental outputs from
the CPA, and they provide useful data for managing reservoir operations. By observing the level of
storage in the reservoir system at the beginning of a year or some other management interval, water
users will know the relative frequency of occurrence for that level of storage. Knowing that
frequency, they also will know in advance if the system is in a normal or uniquely good or bad
storage condition entering the management period. Based on the current level of storage and the
desired amount of diversions through the management period, the probability of failure (the inability
to supply the desired diversions at least one month during the management period) also will be
known. The acceptable level of risk associated with the desired diversions can then be weighed
against the potential gains associated with increasing or decreasing diversions during the
management period.

6.4 AMISTAD-FALCON CPM APPLICATION

For the Amistad and Falcon Reservoir system, the CPM first has been exercised using the current
average annual total United States demand of 1,364,000 acre-feetand the current average annual
total Mexican demand of 1,290,000 acre-feet as determined in this study. This first scenario
assumes that no water conservation demand reductions are applied during drought conditions to
either the United States or Mexican diversions. Each country attempts to divert its full monthly
demand each and every year, in accordance with the demands specified in the ROM. Under these
conditions, the probability of starting any one-year management interval at any given United States
storage level is shown in Figure 6-2. This curve indicates that the probability of starting any year
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with United States storage less than 20 percent of the combined maximum conservation capacity of
Amistad and Falcon Reservoirs is extremely low, and starting any year with less than 50 percent of
maximum conservation capacity is likely to occur only about 10 percent of the time. The curve also
suggests that approximately 30 percent of the time, the United States storage at the beginning of any
year will be at least 90 percent of the maximum conservation storage. Thus, with current average
annual United States and Mexican demands and current rules of reservoir operation, the system
tends to operate toward the full storage condition.

The probability of failure to meet the current average annual United States demand, with the current
Mexican demand also imposed on the reservoir system, as a function of start-of-year United States
storage is presented in Figure 6-3. The probability of failure, which is defined as the probability
that the full United States demand can not be satisfied at least one month during any year for a
particular start-of-year storage condition, is extremely low for all years where the United States
storage starts greater than about 45 percent of the full conservation capacity. In fact, the probability
of failure is less than five percent all the way down to a start-of-year storage level of about 28

percent of the maximum capacity. If the start-of-year United States storage is less than 25 percent
of capacity, the probability of failure increases dramatically.

The total or compound probability of failure of the reservoir system to supply the specified United
States demand is the product of the probability of starting any year with a given storage volume and
the probability of failure associated with that start-of-year storage. For example, Figure 6-3
indicates that with the current average annual United States demand and a start-of-year storage level
at about 20 percent of the full conservation storage capacity, there is about a 25-percent probability
of failure in any given year. However, Figure 6-2 indicates that with the current demand, there is
an extremely low probability that any year will start with a storage capacity equal to or less than
about 20 percent. Thus, at the 20-percent storage level, the probability of failure to satisfy demands
is high, but the probability of occurrence of this reservoir storage condition is low. At the other
extreme, these figures show that there is zero probability of failure with the current average annual
United States demand if the start-of-year storage is greater than about 50 percent of full capacity,
and there is about a 90-percent chance that any given year will start with storage levels above 50
percent. Hence, under these conditions, the probability of failure is low and the probability of
occurrence is high.

Figure 6-4 shows the compound probability of failure with respect to satisfying the United States
demand under current reservoir operating rules and current average annual United States and
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Mexican demands. Note that below about 15 percent start-of-year capacity for the United States,
there is nearly a zero probability of failure. This occurs primarily because, as indicated in Figure 6-
2, there is nearly a zero probability that the start-of-year storage in the reservoir system will be less
than 15-percent full. A storage level equal to 15 percentof the total conservation storage capacity
for the United States is about 500,000 acre-feet. The United States water accounting procedures, in
accordance with current TNRCC Rio Grande operating rules, reserve on a priority basis each month
225,000 acre-feet of storage for the domestic, municipal and industrial (DMI) pool and another
275,000 to 380,000 acre-feet of storage for the operating reserve. Although current operating rules
do allow for irrigation and mining usage when the total United States storage is less than 500,000
acre-feet, negative allocations of water stored in the irrigation and mining accounts are authorized to
be made as necessary to restore and maintain the DMI and operating reserves at their authorized
capacities, even under extreme drought conditions when storage in the reservoirs is at low levels
and when inflows are minimal.

Under these conditions, such negative allocations can result in significant reductions in the amount
of water available for irrigation and mining uses. In practice, however, when drought conditions
occur or, to some extent, are anticipated, the projected demands for irrigation water from the
reservoir system generally are reduced, usually voluntarily by individual irrigators, at the beginning
of a year or prior to planting seasons in anticipation of future limited water supplies. The effect of
such action, is, of course, to extend the available supply of water stored in the reservoirs. In the
ROM as it is presently structured, the total United States irrigation demand is not reduced at the
beginning of each year in response to the projected available water supply stored in the reservoirs;
rather, it is maintained constant at the maximum level specified in the input data for any particular
simulation. The sameis true for Mexico. Hence, the United States irrigation water shortages, and
failures to satisfy specified demands, simulated with the ROM reflect the theoretical water shortages
that would occur as if the full irrigation demand were to be satisfied. .
Figure 6-4 also shows that above a start-of-year reservoir storage condition of about 45 percent,
there is approximately a zero probability of failure for satisfying current average annual United
States demands under current reservoir operating rules. Hence, it is when the start-of-year storage
levels are above 45 percent that there may be opportunities to divert and use water in excess of the
current average annual demands. Obviously, these opportunities increase as the start-of-year
storage levels approach the full-reservoir condition. For start-of-year storage volumes between 15
percent and 45 percent, the curve in Figure 6-4 indicates that drought management rules and water
conservation measures are likely to be necessary in order to extend available supplies and to reduce
the risk of curtailment of irrigation diversions. When the start-of-year storage is less than about 15
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to 20 percent, drought management measures are automatically implemented through reductions of
the available water for irrigation and mining uses through the existing TNRCC operating rules.

Figure 6-5 illustrates conceptually the various components and procedures that might comprise a
staged drought management and reservoir operations program for a system such as Amistad and
Falcon Reservoirs. Various conditions of demand, reservoir storage, and reservoir inflows are
identified, each relating to different levels of water availability. The results from CPM analyses as
described and presented above can be useful for defining meaningful reservoir storage and inflow
conditions and corresponding demand levels that can provide the basis for developing an effective
reservoir management plan. Some of these types of information are described below.

Figure 6-6 presents a graph showing the probabilities of starting a year with a given amount of
United States storage in the reservoir system for annual United States demands ranging from
600,000 to 1,800,000 acre-feet/year. These curves have been developed by operating the Amistad-
Falcon CPM for the specific annual United States demands indicated. As the demands increase, the
probability (or percentage of time) that the United States storage in the reservoir system at the
beginning of a year will be at or below any given storage level increases dramatically. The
probability of starting any year at-or-below 50 percent of the maximum conservation storage
capacity is less than one percent with a United States demand of 600,000 acre-feet/year
(approximately half of the current demand), but it increases to more than 55 percent with a demand
of 1.8 million acre-feet/year (roughly a 30-percent increase over the total current demand). Figure
6-7 shows the corresponding probabilities of failure for the same 600,000 to 1,800,000 acre-
feet/year demand range.

The Amistad-Falcon CPM also has been operated to investigate the dependable yield of the reservoir
system as a function of start-of-year storage levels. For purposes of this study, the dependable
annual yield (DAY) is defined as the maximum amount of annual United States diversions that can
be made from the reservoirs for each start-of-year storage level without failures (shortages) during
the worst year of the drought of record. Figure 6-8 is a graph showing the variation of the DAY’s
for the Amistad-Falcon Reservoir system for one-year through five-year hydrologic traces
(management intervals) as a function of start-of-year (or period) storage condition as derived with
the CPM. Also plotted on the graph are the United States firm annual yield (FAY) for the reservoir
system and the current average annual United States demands. As indicated, all five DAY curves
start at 225,000 acre-feet/year for start-of-year storage levels less than 10 percent of the maximum
conservation storage capacity. When storage volumes fall below 500,000 acre-feet, irrigation
diversions are typically suspended, leaving only the 225,000 acre-feet/year domestic, municipal and
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FIGURE 6-7 PROBABILITY OF INSUFFICIENT WATER TO MEET UNITED STATES
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industrial reserve. As expected, as the start-of-year (period) storage condition increases, the DAY
curves also steadily increase, with the curve for the one-year management interval increasing more
rapidly than those for the two- through five-year hydrologic traces. The DAY curve for the one-
year hydrologic trace crosses the firm annual yield line at about 37 percent of maximum capacity and
the current average annual demand line at about 42 percent of maximum capacity. Thus, if one year
is selected as the management interval, for all start-of-year storage levels less than about 42 percent,
the maximum drought condition demands that could be satisfied would be less than current

demands, and at start-of-year storage less than about 37 percent, the maximum DAY would be less
than the firm annual yield.

For start-of-year capacities greater than about 42 percent, Figure 6-8 suggests that for a one-year
management interval, diversions well above current demands, up to 3,200,000 acre-feet/year,
possibly could be made with proper management policies. However, examination of the DAY
curves for the two-year through five-year management intervals, which generally are grouped
together, indicates that this may be too optimistic. The four- and five-year management intervals are
approaching the duration of the drought of record for this portion of the Rio Grande (eight years),
and the corresponding DAY curves validate the previously-determined FAY for the United States
(1,261,670 acre-feet/year) at a start-of-year storage capacity of 100 percent. The maximum three-
year DAY is approximately equal to the current average annual demand. The three- through five-
year DAY curves suggest that, for all start-of-year storage levels less than about 85 percent of
capacity, the Amistad and Falcon Reservoir system should be operated under conservation rules.
However, just as selection of a one-year management interval may be too optimistic, three-, four-
or five-year management intervals may be too restrictive.

The DAY curve produced by the two-year trace simulations appears to offer the most reasonable
management interval for the United States portion of the Amistad-Falcon system under their current
rules of operation. At start-of-year storage volumes greater than about 70 percent of capacity, this
curve suggests that the system could be moderately overdrafted by the United States, i. €., up to
about 180,000 acre-feet/year (30 percent more than current average annual demands). At start-of-
year storage levels less than about 70 percent, conservation demand reductions would be required to
compensate for the overdrafting in order to avoid shortages during the critical drought period.

Figure 6-9 presents an example of how the DAY curve for a two-year management interval could be
used to develop drought definitions and a demand reduction (management) plan for the United
States’ use of water from Amistad and Falcon Reservoirs. Under this plan, if the start-of-year
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FIGURE 6-9 EXAMPLE AMISTAD-FALCON CONSERVATION MANAGEMENT PLAN
AS A FUNCTION OF START-OF-YEAR UNITED STATES STORAGE
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THE INTERNATIONAL RESERVOIRS OPERATIONS AND DROUGHT CONTINGENCY PLANNING STUDY
FOR THE MIDDLE AND LOWER RIO GRANDE
PhaseI - Development, Testing and Application of ROM/CPM Modeling System
Phase II - Extension of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts

storage volume for the United States is greater than 70 percent, which is defined as the “normal
storage” condition, the system could be safely overdrafted commensurate with the initial volume and
inflow conditions. At start-of-year storage volumes between 55 percentand 70 percent of capacity,
which is defined as a “partial hydrologic drought” condition, Stage I Conservation measures could
be instituted requiring a 10-135 percent demand reduction. In the case of irrigation demands, the
percentage of demand reduction should not be interpreted to mean that the amount of irrigation water
supplied to all fields would be reduced by the same fraction. Instead, the reductions in irrigation
water would be allocated among all irrigators, much as they are today. Depending on the amounts
of the irrigation water reductions, individual irrigators could choose to plant either less irrigated
acreage or non-irrigated or less water-demanding crops.

For those years when the beginning reservoir storage is between 40 percent and 55 percent of
maximum capacity, which is defined as a “full hydrologic drought” condition, Stage II
Conservation measures could be instituted, which would result in an additional 10-15 percent
reduction in water usage. Finally, when the total United States reservoir storage at the beginning of
a year falls below 40 percent of maximum capacity, there is a high probability that there will be
insufficient water to meet all irrigation demands. This condition is defined as an “extreme
hydrologic drought” and would require Stage III Conservation measures to be implemented, i. e.,
total demand reductions on the order of 35-40 percent. Under this example management scenario,
much as is practiced now, irrigators and agricultural interests would have to decide which crops, if
any, should be grown to most effectively and efficiently use the remaining available water supply.

As noted previously, the Amistad and Falcon Reservoir system operated under current rules and
with current demands tends to be in the normal storage condition, i. e., greaterthan 70-percent full
at the beginning of any year. Figure 6-10 shows the percentages of time that the Normal Storage
condition (overdrafting) and Stages I, II and III Conservation conditions (demand reductions)
would occur for the above e¢xample. As indicated, diversions from the reservoir system could meet
or exceed current demands under the Normal Operation condition approximately 61 percent of the
time. In the case of partial hydrologic droughts, Stage 1 Conservation would be in effect
approximately 27 percent of the time. Thus, the system could be operated at or near current demand
levels about 88 percentof the time. Stage Il Conservation and Stage II Conservation would be in
effect only 11 percent and two percent of the time, respectively. While the demand reductions
associated with the Stage IT and IIT Conservation levels would be significant, i. €., reductions on the
order of 25-40 percent of current demands, these conditions would occur relatively infrequently.
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APPENDIX 1

MONTHLY RIO GRANDE INFLOWS
FOR THE UNITED STATES AND MEXICO
AS SPECIFIED IN THE ROM



HISTORICAL UNITED STATES MONTHLY RIO GRANDE INFLOWS INTO AMISTAD RESERVOIR
AS ASSIGNED AT ROM NODE 1

(Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC

1945 67,000 58,000 55,000 72,000 50,000 40,000 187,000 57,000 61,000 295,000 77,000 81,000
19486 81,000 58,000 58,000 71,000 80,000 177,000 71,000 55,000 77,000 229,000 73,000 77,000
1947 90,000 68,000 69,000 56,000 96,000 74,000 57,000 44,000 130,000 70,000 52,000 69,000
1948 57,000 53,000 46,000 44,000 55,000 411,000 380,000 69,000 66,000 70,000 65,000 68,000
1949 65,000 137,000 98,000 161,000 164,000 126,000 178,000 225,000 132,000 138,000 81,000 84,000
1950 85,000 67,000 65,000 59,000 66,000 82,000 135,000 97,000 132,000 116,000 62,000 69,000
1951 64,000 55,000 63,000 46,000 79,000 84,000 55,000 45,000 57,000 53,000 52,000 38,000
1852 38,000 34,000 30,000 37,000 65,000 53,000 170,000 34,000 27,000 35,000 36,000 39,000
1953 37,000 33,000 43,000 31,000 30,000 24,000 32,000 50,000 58,000 48,000 35,000 36,000
1954 34,614 30,275 30,977 197,344 116,639 237,073 2,622,785 141,349 96,082 84,666 57,034 55,263
1955 53,265 46,070 46,480 38,188 91,475 77,148 112,166 137,761 262,213 121,255 63,085 54,706
19586 51,698 46,324 42,584 35,356 39,771 34,332 28,392 36,898 37,058 86,838 39,032 37,491
1957 37,596 47,316 41,800 136,538 659,505 177,265 73,927 75,0986 76,050 140,350 78,115 67,181
1958 63,009 67,3086 62,519 49,886 88,405 165,714 77,970 69,672 368,294 627,571 145,989 95,491
1959 86,964 70,142 70,196 62,285 91,215 97,881 159,542 94,683 127,497 259,847 82,364 76,898
1960 77,578 82,910 78,171 60,722 49,659 54,643 153,709 145,031 119,888 119,400 74,599 79,915
1961 75,479 64,525 61,028 43,264 61,780 250,977 146,310 107,238 78,170 73,880 64,597 63,055
1962 59,058 51,9083 50,2186 47,126 44,670 66,5615 82,407 47,154 112,122 149,367 69,901 61,533
1963 54,323 45,290 43,948 44,657 72,860 78,232 69,548 77,256 81,827 55,644 42,633 47,152
1964 56,642 43,785 46,516 78,145 56,652 86,591 46,508 63,682 855,709 118,850 76,906 72,325
1965 67,986 61,973 60,398 52,426 93,262 241,613 59,0886 73,252 83,221 70,950 56,061 53,317
1968 51,052 43,226 45,316 115,240 100,037 102,287 74,195 137,367 303,118 146,858 68,020 62,450
1967 64,656 54,448 58,577 51,990 44,969 79,005 110,504 83,361 142,669 84,122 61,720 58,799
1968 57,237 45,586 46,743 69,553 77,852 54,662 131,994 93,447 164,133 94,458 59,908 38,154
1969 59,631 54,983 56,636 95,899 81,456 69,074 65,326 48,985 63,267 122,658 64,670 61,279
1970 54,181 56,541 59,879 46,572 56,565 82,176 74,870 65,609 133,861 103,064 59,300 51,977
1971 47,458 74,064 51,354 59,800 57,118 122,660 122,555 769,277 169,876 178,262 61,741 68,926
1972 74,371 62,622 73,565 67,437 89,356 91,731 80,713 401,460 166,768 95,550 53,831 49,684




HISTORICAL UNITED STATES MONTHLY RIO GRANDE INFLOWS INTO AMISTAD RESERVOIR, CONT'D.

AS ASSIGNED AT ROM NODE 1

(Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1973 48,704 57,063 65,390 54,551 74,438 65,044 122,131 121,412 148,629 87,150 39,735 35,781
1974 49,979 40,836 87,326 90,485 103,805 78,188 58,187 155,061 1,690,713 395,996 162,287 116,560
1975 96,081 104,061 147,536 131,421 107,960 85,401 154,811 126,916 97,082 83,108 75,802 74,793
1976 67,703 74,070 80,445 82,235 102,453 81,918 455,057 164,994 184,622 120,053 95,102 98,398
1977 89,008 85,013 101,136 147,229 148,707 106,444 101,933 95,317 89,932 74,485 61,9989 62,080
1978 60,420 61,675 75,543 91,355 134,599 168,315 107,300 154,627 118,017 445,622 240,779 85,488
1979 71,806 78,664 121,406 103,579 128,394 235,341 142,118 136,697 80,578 60,607 53,330 62,543
1980 67,160 62,311 75,471 75,331 102,078 77,657 68,958 281,384 245,093 127,441 73,919 72,510
1981 83,096 74,848 96,882 220,281 174,608 150,108 110,515 147,960 179,909 443,195 112,126 94,746
1982 93,576 81,846 98,486 102,927 152,460 135,910 108,229 83,599 73,987 60,019 55,632 62,109
1983 64,240 63,752 62,000 65,647 90,020 71,170 60,444 80,636 54,696 162,207 84,295 51,658
1984 71,795 65,832 70,138 73,716 85,155 127,691 112,178 122,723 103,037 114,561 65,828 73,753
1985 80,817 59,997 73,653 69,616 83,746 99,230 88,313 80,917 155,621 128,097 70,269 53,308
1986 63,429 59,928 76,810 70,322 128,185 170,831 151,349 149,990 215,841 499,780 146,111 155,102
1987 156,284 140,452 143,562 143,294 179,545 236,029 186,572 185,032 132,521 121,320 91,033 82,106
1988 79,165 76,343 87,264 99,944 114,589 94,284 212,892 167,090 278,705 101,198 80,012 77,635
1989 84,613 84,150 88,689 90,840 97,514 89,478 75,820 113,492 111,571 90,729 76,017 52,169
1890 70,810 71,819 84,714 87,094 125,922 82,381 237,328 409,204 350,926 338,661 129,731 88,227
1991 98,305 92,208 108,985 113,656 117,755 109,018 145,834 230,821 497,082 318,888 94,443 100,663
1992 145,135 182,132 144,066 135,629 217,972 213,410 194,327 119,361 102,339 91,789 72,315 84,386
1993 67,435 72,192 87,821 80,034 97,834 111,852 187,126 118,431 127,818 80,203 73,798 77,223
1994 83,071 67,994 80,523 72,772 104,279 87,619 88,168 71,032 74,270 63,971 62,796 68,159
1895 67,882 56,680 61,812 75,819 101,801 79,903 80,026 89,329 95,852 66,988 62,195 56,829
19986 55,280 55,444 54,797 60,455 77,853 82,278 69,082 101,372 194,441 83,691 61,439 60,434




HISTORICAL MEXICO MONTHLY RIO GRANDE INFLOWS INTO AMISTAD RESERVOIR
AS ASSIGNED AT ROM NODE 3

{Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1945 143,000 132,000 139,000 94,000 95,000 101,000 247,000 112,000 89,000 297,000 148,000 106,000
1946 105,000 108,000 108,000 116,000 94,000 67,000 125,000 93,000 325,000 235000 134,000 125,000
1947 128,000 129,000 107,000 85,000 92,000 95,000 90,000 232,000 254,000 100,000 136,000 123,000
1948 106,000 111,000 118,000 80,000 82,000 123,000 147,000 102,000 137,000 112,000 122,000 109,000
1949 102,000 153,000 124,000 87,000 89,000 81,000 153,000 227,000 177,000 145,000 151,000 123,000
1950 126,000 131,000 130,000 98,000 96,000 124,000 200,000 156,000 180,000 144,000 125,000 116,000
1951 85,000 107,000 92,000 75,000 133,000 86,000 130,000 109,000 102,000 94,000 94,000 107,000
1952 76,000 78,000 77,000 76,000 93,000 117,000 248,000 105,000 107,000 98,000 99,000 102,000
1953 101,000 82,000 104,000 92,000 93,000 98,000 118,000 100,000 109,000 91,000 100,000 100,000
1954 17,390 16,551 14,764 70,432 45,584 99,035 236,329 122,108 67,878 44,157 23,250 21,872
1955 22,309 20,812 18,282 13,271 55,394 44,002 67,429 137,336 126,021 112,111 36,852 26,675
1956 25,889 23,731 20,463 14,986 17,946 20,610 14,865 28,622 31,319 55,076 25,670 24,000
1957 24,736 27,696 24,061 66,730 142,728 63,618 23,395 40,202 31,206 62,726 31,001 28,569
1958 23,940 22,878 20,651 12,641 20,969 23,527 15,297 29,713 372,761 838,948 121,126 57,495
1959 45,780 29,629 28,854 25,837 43,957 44,085 85,372 83,306 118,100 75,133 36,772 36,420
1960 48,657 63,913 53,837 31,339 22,238 32,120 129,271 138,808 125,662 80,427 54,580 64,815
1961 58,196 46,153 40,262 19,605 35,729 95,189 81,651 74,157 52,368 47,267 35,408 34,783
1962 33,890 29,220 27,332 22,269 23,263 36,660 55,335 30,233 83,620 94,028 40,701 38,931
1963 33,5290 25,755 23,684 19,802 31,184 51,736 45,292 66,192 78,759 45,441 32,669 33,774
1964 31,819 27,405 31,082 42,084 31,161 67,232 34,790 55,504 229,645 52,529 36,964 34,804
1965 34,962 35577 31,635 21,932 40,716 90,784 22,906 39,714 61,798 42,215 36,124 32,141
1966 29,563 24,308 24,469 28,101 27,908 57,307 55,388 132,447 431,243 110,927 44,308 36,510
1967 38,690 28,670 30,543 22,954 23,163 44,749 90,038 67,081 107,022 89,327 45,904 39,232
1968 34,377 20,830 20,146 25,712 31,187 21,142 83,759 90,739 292,200 139,723 83,816 32,506
1969 85,209 80,154 84,419 82,487 46,984 50,851 58,830 35,350 52,029 61,180 35,225 32,385
1970 29,729 29,280 27,597 18,748 28,634 47,680 47,475 44,817 111,656 120,358 67,719 46,692
1971 33,484 38,445 30,716 28,081 29,026 52,730 52,470 181,580 85,533 98,933 21,006 41,014
1972 63,187 35,598 42,476 40,524 47,942 568,874 63,929 112,324 194,565 75,961 30,647 26,776




HISTORICAL MEXICO MONTHLY RIO GRANDE INFLOWS INTO AMISTAD RESERVOIR, CONT'D.

AS ASSIGNED AT ROM NODE 3

(Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1973 25,789 27,363 25,781 18,269 29,477 38,917 92,508 152,806 166,534 56,001 25,263 21,198
1974 28,270 22,809 51,064 65,280 93,690 72,342 36,392 70,322 345,406 297,838 80,137 47,920
1975 39,053 67,640 152,322 95,620 50,347 38,0986 82,148 70,278 54,822 34,986 30,274 32,118
1978 31,054 26,043 26,135 33,898 43,999 58,258 209,414 126,796 93,956 54,289 30,968 39,162
1977 33,941 29,435 56,352 81,031 83,134 49,961 45,395 54,238 38,298 28,899 25,077 24,135
1978 22,719 24,852 27,504 50,868 93,956 79,482 59,410 135,160 186,318 549,428 227,771 49,748
1979 45,558 47,475 83,573 82,227 92,494 182,466 96,608 124,367 44,682 27,348 25,017 26,387
1980 31,670 27,459 38,983 42,772 72,049 34,680 28,340 234,988 127,781 99,558 39,131 39,694
1981 52,936 61,796 85,932 139,227 76,729 82,394 58,659 111,812 212,626 214,082 79,1890 63,047
1982 46,492 52,387 55,228 73,876 108,660 91,900 59,594 45,5638 44,351 32,322 28,943 25,058
1983 26,633 28,357 29,212 26,353 63,540 38,608 27,203 58,365 37,393 80,429 54,508 26,871
1984 38,405 39,992 34,140 30,578 44,382 105,591 91,301 132,843 79,074 92,897 39,830 46,288
1985 44,361 38,288 42,656 39,042 57,737 51,125 47,111 53,823 115,025 109,010 50,043 34,1568
1986 37,309 35,791 46,058 38,600 51,933 115,227 118,409 110,897 246,970 200,218 96,427 110,822
1987 104,036 84,667 112,280 100,241 131,421 169,964 122,162 129,300 84,640 82,205 43,218 39,839
1988 39,143 35,653 38,000 47,348 66,499 68,397 121,618 146,122 201,853 66,692 53,970 44,571
1989 45,068 42,725 43,500 35,329 50,394 41,753 36,388 72,419 82,548 68,873 41,090 28,986
1990 31,532 41,127 48,500 45,920 49,205 31,075 106,713 434,169 280,507 499,003 119,755 41,162
1991 55,727 54,954 65,690 74,159 70,030 64,5613 115,050 286,483 681,612 322,515 43,267 58,690
1992 158,566 165,946 91,560 82,462 164,866 239,963 122,761 81,921 53,835 44,256 41,577 35,382
1993 47,763 31,236 36,274 33,152 46,992 93,704 215,840 69,832 78,181 47,182 43,768 44,672
1994 50,832 36,937 44,798 40,202 86,549 41,047 40,014 29,349 31,169 28,947 28,074 30,895
19956 28,687 21,287 23,319 26,625 38,768 29,252 37,006 49,855 43,976 35,154 30,206 23,756
1996 23,037 22,888 20,943 19,311 17,171 26,255 34,280 60,233 88,867 79,094 25,897 23,601




HISTCRICAL UNITED STATES MONTHLY RIO GRANDE INFLOWS BETWEEN AMISTAD AND FALCON RESERVOIRS

AS ASSIGNED AT ROM NODE 5

(Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC

1945 20,000 15,000 19,000 65,000 14,000 2,000 0 10,000 0 124,000 9,000 7,000
1946 7,000 7,000 2,600 32,000 177,000 69,000 37,000 41,000 33,000 72,000 18,000 11,000
1947 14,000 13,000 10,000 7,000 57,000 133,000 19,000 108,000 33,000 17,000 9,000 6,000
1948 6,000 €,000 9,000 1,000 18,000 164,000 101,000 22,000 177,000 61,000 16,000 14,000
1949 10,000 76,000 37,000 283,000 70,000 83,000 4,000 73,000 52,000 47,000 26,000 22,000
1950 17,000 12,000 11,000 17,000 91,000 61,000 0 10,000 8,000 20,000 1,000 0
1951 2,000 0 4,000 5,000 87,000 59,000 0 10,000 163,000 27,000 9,000 5,000
1952 6,000 0 0 1,000 41,000 17,000 1,000 1,000 24,000 1,000 0 0
1953 ¢ 0 0 0 1,000 0 0 97,000 223,000 59,000 0 0
1854 120 17,036 8,816 23,722 95,001 0 892,915 37,806 54,483 63,480 20,581 2,442
1955 27,719 36,136 41,745 42,016 44,340 38,884 35,364 71,120 76,243 30,353 30,308 18,476
1856 24,027 22,890 22,304 22,667 33,004 8,166 28,351 12,254 45,630 26,178 9,088 13,505
1957 666 6,848 29,984 142,237 264,991 137,468 55,042 57,381 102,026 51,840 33,630 32,487
1958 83,612 44,490 43,508 54,626 165,740 128,223 83,150 67,382 143,882 413,093 245,106 119,285
1859 87,446 75,360 65,020 59,620 55,930 109,521 71,734 48,999 57,361 37,185 33,655 25,232
1960 19,768 36,185 42,607 52,326 57,286 52,010 56,436 47,524 61,801 113,260 36,1286 20,458
1961 24,492 36,355 55,070 70,773 63,554 167,818 93,676 66,355 86,250 50,534 36,089 20,489
1962 25,220 43,950 42,641 88,637 45,422 49,322 37,995 49,533 69,781 32,091 30,000 12,698
1663 12,0919 20,308 30,999 48,488 86,717 96,671 41,856 31,699 50,143 55,549 18,178 8,899
1964 8,227 20,520 28,305 19,004 42,062 29,108 33,132 64,686 265,141 140,329 38,818 20,412
1965 32,411 31,768 44,802 51,659 159,441 60,866 66,561 56,049 54,302 36,222 34,971 27,586
19686 14,454 22,264 30,980 77,746 214,078 48,993 50,045 47,479 96,837 32,833 29,631 23,9486
1967 30,020 27,311 53,604 78,908 48,490 49,296 57,694 120,387 427,295 80,031 41,238 22,187
1968 26,307 33,630 44,122 56,440 73,558 58,875 61,234 43,391 94,012 49,042 13,828 15,664
1969 5,789 10,559 5,162 49,017 48,003 12,375 0 52,548 39,826 78,384 22,435 22,578
1970 18,045 0 34,368 16,673 18,877 20,269 28,017 15,646 69,273 48,326 13,009 14,617
1971 0 576 21,342 16,018 0 271,318 312,041 248,103 573,395 575,018 113,862 69,344
1972 61,254 44,889 36,899 41,085 94,037 52,021 24,181 62,881 72,089 36,880 16,987 26,349




HISTORICAL UNITED STATES MONTHLY RIO GRANDE INFLOWS BETWEEN AMISTAD AND FALCON RESERVOIRS, CONTD.

AS ASSIGNED AT ROM NODE 5

(Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1973 30,905 47,598 37,312 21,719 24,901 148,819 67,508 33,623 109,434 124,198 40,856 20,955
1974 26,575 11,647 48,845 22314 21,661 21,798 11,801 24,445 0 51,818 15,978 30,923
1975 24,878 17,755 14,770 13,543 115,397 68,352 201,670 76,265 82,873 22,632 29,707 21,834
1976 16,454 11,975 30,678 34,540 55,709 25,411 359,476 115,155 134,023 95,134 96,819 86,810
1977 53,404 54,556 41,583 22,609 86,065 44,932 31,825 20,654 17,762 55,146 16,643 19,103
1978 19,140 19,949 8,399 28,187 19,673 57,260 6,580 52,531 126,670 47,404 98,407 71,824
1979 49,334 42,905 21,934 90,334 22,395 167,177 75,880 23,690 43,476 11,487 4910 11,114
1980 11,983 14,518 0 26,503 71,293 6,934 12,155 159,815 27,787 33,057 24,209 20,984
1981 26,295 25,960 30,930 166,158 289,492 199,381 121,898 34,733 9759 47,777 22,080 20,166
1982 9,489 32,572 26,535 34,189 93,272 28,362 19,944 0 38,836 18,059 15,529 23,363
1983 20,840 31,006 24,576 32,158 32,078 29,165 19,884 14,383 37,266 57,406 33,260 10,875
1984 35,650 18,978 8,161 31,527 32,981 6,317 0 0 16,755 85,476 12,632 5,665
1985 19,161 21,194 18,312 39,286 71,939 63,668 41,702 5797 17,189 91,810 26,710 7,493
1986 15,834 2,132 0 0 30,473 120,162 26,243 12,285 67,776 54,315 22,787 25,262
1987 21,540 34,500 21,548 39,399 68,855 182,132 55,017 54,281 65,639 34,741 29,598 23,844
1988 20,628 28,825 23,820 25,371 27,614 36,659 29,221 31,023 126,924 112,110 565,598 22,180
1989 29,811 25,920 23,516 34,875 45,249 34,662 8,975 18,321 23,890 19,335 3,198 10,502
1990 5050 40,402 21,258 49,495 42,125 21,899 94,819 50,854 37,435 12,530 31,079 11,623
1991 29,965 27,328 15,154 29,803 54,953 41,735 11,485 0 24,682 0 27,828 45,800
1992 35,804 35,357 11,232 46,393 72,989 80,871 69,496 53,437 41,465 21,961 22,773 25,626
1993 27,011 20,357 29,487 21,487 17,471 61,463 9,805 12,271 27,953 3,339 9,876 9,603
1994 23,445 15,648 16,847 27,793 48,520 53,964 28,394 11,543 32,073 10,878 8,365 17,730
1995 7,832 7,386 2,433 0 57,403 8,711 1,299 3,501 73,473 17,386 33,696 5718
1998 7,807 10,255 4,586 0 5213 10,551 18,724 30,928 82,151 36,792 12,953 7,713




HISTORICAL MEXICO MONTHLY RIO GRANDE INFLOWS BETWEEN AMISTAD AND FALCON RESERVOIRS

AS ASSIGNED AT ROM NODE 8

(Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1945 24,000 18,000 17,000 ¢ 21,000 11,000 17,000 1,000 24,000 106,000 19,000 20,000
1946 17,000 8,000 11,000 26,000 0 175,000 51,000 43,000 81,000 55,000 28,000 26,000
1947 20,000 11,000 12,000 8,000 34,000 0 7,000 177,000 62,000 10,000 15,000 15,000
1948 11,000 8,000 20,000 13,000 9,000 0 47,000 12,000 501,000 34,000 29,000 18,000
1949 15,000 26,000 41,000 0 104,000 0 45,000 114,000 43,000 23,000 16,000 15,000
1950 16,000 10,000 8,000 0 0 0 24,000 7,000 42,000 0 11,000 10,000
1951 14,000 8,000 11,000 27,000 55,000 77,000 25,000 11,000 8,000 75,000 8,000 7,000
1952 6,000 10,000 7,000 9,000 16,000 0 6,000 1,000 0 2,000 3,000 4,000
1953 6,000 5000 11,000 22,000 7,000 1,000 9,000 566,000 215,000 118,000 28,000 17,000
1954 12,996 24,383 19,969 38,335 135,435 0 73,957 25,816 47,928 62,864 21,169 11,213
1955 20,735 28,170 30,598 32,995 38,570 28,463 29,715 75,716 139,724 27,584 27,606 14,898
1956 19,998 19,693 20,084 21,419 33,621 5,065 23,713 5,098 57,211 20,529 9,193 11,850
1957 0 3,975 24,791 135,428 318,218 131,583 29,282 30,220 82,680 39,922 22,987 19,986
1958 73,996 33,020 27,773 33,207 145,772 91,583 55,378 32,749 336,015 1,638,061 388,384 190,640
1959 93,710 100,837 68,993 52,452 47,348 85,690 63,652 39,231 47,557 36,344 29,378 19,097
1960 12,268 25,383 27,317 38,143 41,857 29,855 34,518 38,158 57,197 117,814 34,219 17,257
1961 22,094 32,656 40,836 55,842 51,080 234,049 096,564 63,673 89,339 52,439 33,238 15,037
1962 17,511 32,550 27,938 77,524 26,352 33,861 13,859 32,436 73,549 29,645 23,825 7,515
1963 8,665 15,397 21,083 37,211 79,242 87,221 27,846 13,268 681,536 58,505 13,566 6,778
1964 4,480 18,531 24,363 14,991 36,415 16,598 17,723 86,218 274,377 164,696 37,144 17,348
1965 25659 23,601 32,150 35,906 162,425 45839 36,084 35512 38,605 23,820 26,472 21,293
1966 7,562 15,756 20,125 67,321 239,170 37,546 30,526 36,275 90,076 21,451 16,746 11,099
1967 20,206 17,107 38,531 83,707 23,793 29,587 37,466 123,841 599,489 103,929 48,558 22,045
1968 27,382 30,907 39,149 49,318 63,523 49,033 72,895 45158 106,076 57,125 14,265 19,061
1969 7,463 12,749 6,707 48,940 58,291 14,705 0 681,047 44,360 83,431 22,934 22,132
1970 15,122 0 31,513 10,956 8,590 4552 15,650 13,371 86,786 63,622 16,034 17,022
1971 0 926 19,747 10,471 0 326,517 464,146 313,217 861,701 788,216 202,357 113,974
1972 52,444 58,559 44,777 47,119 105,531 83,846 31,101 78,548 87,772 50,583 22,877 27,335




HISTORICAL MEXICO MONTHLY RIO GRANDE INFLOWS BETWEEN AMISTAD AND FALCON RESERVOIRS, CONT'D.

AS ASSIGNED AT ROM NODE 8

(Acre-Feet)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC
1973 29,847 48,711 36,021 21,673 25,964 166,431 10,192 32,730 118,885 172,487 51,931 26,048
1974 28,295 13,213 49,656 19,315 18,767 23,691 4,848 23,330 0 65,200 24321 34,956
1975 25,382 16,856 13,035 14,549 119,189 70,655 325,522 100,315 117,641 40,012 41,754 28,634
1976 21,040 17,091 31,731 37,731 66,432 26,177 613,827 232,922 204,504 146,887 153,781 141,088
1977 82,341 78,369 49,815 29,152 98,027 49,766 36,403 21,094 17,272 61,562 14,856 16,218
1978 15,038 16,421 5549 22041 11,956 64,016 15852 68,719 192,724 109,521 167,112 112,332
1979 78,260 54,649 27,705 97,091 24,548 221,257 89,746 26,591 46,059 8,989 3,176 10,577
1980 11,215 14,203 0 24,294 76,365 3,405 7,968 234,132 44,963 54,945 39,663 33,382
1981 34,142 34,949 37,041 253,568 438,750 297,231 170,120 43,826 15,091 56,896 26,872 21,934
1982 6,954 29,023 27,603 36,133 105,173 27,068 16,728 0 38369 17,207 13,939 20,643
1983 17,595 31,829 28,355 30,870 26,985 19,462 6,041 4,528 27,747 51,699 38,010 8,170
1984 29,926 12,813 3,946 24,218 55,034 12,610 0 0 22,287 71,668 8,118 2,867
1985 19,931 20,762 18,517 49,636 76,989 71,436 47,557 6,934 17,243 104,559 26,962 3,276
1986 14,080 0 0 0 23,904 155,485 34,114 16,766 124,050 89,078 43,226 39,426
1987 32,161 44,593 30,263 41,181 31,687 190,066 97,968 72,925 90,496 48,307 38,803 30,040
1988 24,985 30,643 21,676 23,952 27,909 46,658 30,118 43,196 277,506 182,655 90,303 32,170
1989 35,881 30,167 25,595 31,318 50,654 25,958 9,952 18,517 26,016 19,763 2,131 9,074
1990 0 32,965 16,719 53,902 37,287 15,060 114,041 57,849 65,956 45,551 42,909 15,902
1991 31,390 23,863 9,409 25,304 53,173 39,924 7,660 0 40,150 7,379 34,116 50,381
1992 39,062 39,748 13,890 49,775 85,743 94,973 104,991 67,637 52,173 25,106 23,703 26,809
1993 23,361 15,343 25,194 17,303 12,163 72,790 6,816 10,590 29,368 2,384 7,627 7,186
1994 21,670 13,312 14,748 21,721 43,575 47,246 27,416 8,770 32,969 6,979 4,198 12,977
1995 3,906 3,825 0 0 58,914 10,260 3,913 5,330 98,882 18,370 33,717 3,724
1996 6,958 9,093 4,786 0 12,781 20,695 27,018 40,713 88,400 33,031 11,824 4,555




APPENDIX 2

AMISTAD-FALCON ROM SAMPLE OUTPUT LISTING
FROM 1995-1998 SIMULATION



RIVER BASIN SIMULATION PROGRAM - TEXAS WATER DEVELOPMENT BOARD
ADAPTED AND MODIFIED FOR AMISTAD AND FALCON RESERVOIRS IN THE RIQ GRANDE BASIN

INCLUDING U,S. / MEXICO WATER ACCOUNTING AND TNRCC OPERATING RULES

R, J. BRANDES COMPANY SEPT, 1997

ECHO PRINT OF INPUT DATA FILE PARAMETERS WITHCUT FLOW, DEMAND, OR EVAPORATION DATA

CURRENT 1995-1996 AND EXTENDED 1997-1998 DRCUGHT SIMULATION WITH 1995 CONDITIONS
TEST ROM SIMULATION WITH ACTUAL MONTHLY DEMANDS AND AMISTAD RESERVOIR RELEASES

CARD 01 NJ - NUMBER OF NCDES IN THE MODEL NETWORK

CARD 02 NRES - NUMBER OF RESERVOIRS IN THE MOCEL NETWORK

CARD 03 NL - NUMBER OF LINKS BETWEEN NODES IN THE MODEL NETWORK

CARD 04 NR - NUMBER OF LINKS THAT ARE RIVER REACHES

CARD 05 NYEAR - TOTAL NUMBER OF YEARS IN SIMULATION PERIOD

CARD 06 ND - NUMBER QOF DEMAND NODES IN THE MODEL NETWORK

CARD 07 NS - NUMBER QF SPILL RESERVOIRS IN THE MODEL NETWORK

CARD 08 IYEAR - BEGINNING CALENDAR YEAR OF SIMULATION PERIOD

CARD 0% 1IFRM - BEGINNING ORDINAL YEAR OF DETAILED PRINTOUT

CARD 10 ITOY - ENDING ORDINAL YEAR OF DETAILED PRINTOUT

CARD 11 INPUT DATA SOURCE ("CARD" OR "TAPE")

CARD 12 FIRM ANNUAL YIELD ITERATION CONVERGENCE LIMIT

CARD 13 1IPLT=0, DO NOT SAVE; =NODE, SAVE RES. OPER; =5, SAVE ACCOUNT
CARD 14 IYSTR - BEGINNING YEAR FOR FIRM ANNUAL YIELD ANALYSIS

CARD 15 IYEND - ENDING YEAR FOR FIRM ANNUAL YIELD ANALYSIS

CARD 16 [IFLYLD=0, NO FAY; IFLYLD =1, DETERMINE FAY FOR CRITICAL PERIOD
CARD 17 MAXMWR - TOTAL DOMESTIC-MUNICIPAL-INDUSTRIAL WATER RIGHTS
CARD 18 MXLIMWR - TOTAL IRRIGATION WATER RIGHTS ON LOWER RIO GRANDE
CARD 19 MLIAWR - TOTAL CLASS A IRRI WATER RIGHTS ON LOWER RIO GRANDE
CARD 20 MLIBWR - TOTAL CLASS B IRRI WATER RIGHTS ON LOWER RIO GRANDE
CARD 21 MXMIWR - TOTAL IRRIGATION WATER RIGHTS ON MIDDLE RIC GRANDE
CARD 22 MMIAWR - TOTAL CLASS A IRRI WATER RIGHTS ON MIDDLE RIO GRANDE
CARD 23 MMIBWR - TOTAL CLASS B IRRI WATER RIGHTS ON MIDDLE RIQ GRANDE
CARD 24 MAXMPL - MAX. U.S. DOMESTIC-MUNICIPAL-INDUSTRIAL RESERVE POOL
CARD 25 1IRSTRT - STARTING TOTAL IRRIGATION & MINING ACCOUNT BALANCE
CARD 26 NUMWR - NUMBER OF WATER RIGHTS OWNERS INCLUDED IN ACCOUNTING
CARD 27 [IRLFLG=0, READ ALL MONTHLY RELEASES; =1, READ AVG. MON RELEASES
CARD 28 IWRFLG=Q, READ ALL MONTHLY DEMANDS; =1, READ AVG. MON DEMANDS
U.S. AMISTAD 1 1827241 1771041 1771 1205614

U.S. FALCON 2 1613729 1555129 1555 937652

MEX AMISTAD 31424078 1380278 1380 420666

MEX FALCON 4 1140074 1098674 1099 320826

U.5.MRG MUNI 5 0 0 0

U.S.MRG IRRI é 0 0 0

U.S.LRG IRRI 7 0 0 0

MEX MRG M&IR 8 0 0 0

SPILL RESR 2 4

AMISTAD 1 1 930.0 0 0

AMISTAD 1 2 945.0 5 1

AMISTAD 1 3 946.5 a7 294

AMISTAD 1 4 948.2 180 823

AMISTAD 1 5 949.1 237 1180

AMISTAD 1 6 950.1 297 1684

AMISTAD 1 7 957.4 376 2782

AMISTAD 1 8 961.3 1045 13873

AMISTAD 1 9 971.1 1843 33110

AMISTAD 1 10 981.0 2770 59404

AMISTAD 1 11 990.8 3823 93556

™ oo~

04

1995

1

04
CARD
0.040

1

1948
1972

0
271579
1696228
1500719
195509
181530
162803
18727
225000
1747743
3

0

0

DATE:

FILE:

2-14-1998

USMX96G2
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20 20
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20 20
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6
1
3
4
5
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75.00

1 1 AVERAGE 10

5004
6314
7722
9758
12751
16734
21627
27399
34051
41702
45665
49658
53679
57729
63173
64438
65915
68671
77013
0

35
195
425
539
727
1100
1559
2202
3526
5169
6531
8061
10341
11654
15894
20562
25677
30775
36184
42448
48929
53474
58443
65021
70235
74804
82000
87181
93809

.000¢.0000.0000. 0000.
.0720.0666.0777.0894.
.0000.0000. 0000.0000.
.1620.0649.0243.2413.
.0611.0610.0760.0826.
.0425.0409.0927.1020.
.0747.0441.0780. 1437,
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0
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235

735
1050
1670
3158
2631
18806
32732
54000
8279%
118624
148482
166516
234115
323644
437240
576159
740751
933844
1158684
1326587
1509829
1712296
1935151
2172702
2429861
2653803
3008297

0000

0866.
0000.

2651

0892.
083s.
1342.
079%.

100. 100.

.0000, 0000,
0900.
0000.
.0653,
0961.
1039.
1266.
0830.

100.

1004.
0000.
0295.
1084.
1184.
1063.
0915,

100.

00C0.0000.0000.0000.0000
1038.0850.0803,0744,0738
€000.000G. 0000. 0000. 0000
0592.0227.0%44.0121,0192
1108.0880.0851.0724, 0691
1366.0807.0809.0666.0511
0967.0571.0593.0402.0391
0910.0896.0860.0825.0859

100.  100.

100, 100,

100.

100.



OPERATING 1 2 DRY

RULES 1 3 WET
RESERVOIR 2 1 AVERAGE
OPERATING 2 2 DRY
RULES 2 3 WET
RESERVOIR 3 1 AVERAGE
OPERATING 3 2 DRY
RULES 3 3 WET
RESERVQIR 4 1 AVERAGE
QOPERATING 4 2 DRY
RULES 4 3 WET
LINKI 1 1 5
LINKZ 2 5 6
LINK3 3 6 2
LINK4 4 2 7
LINKS 5 3 8
LINKS 6 3 4
LINKT 7 1 2
LINK8 8 3 4

US AMS REL 1995 67452
US AMS REL 1996 65689
US AMS REL 1997 67452
US AMS REL 1998 67452
MEX AMS REL 1995 32953
MEX AMS REL 1996 14911
MEX AMS REL 1997 32953
MEX AMS REL 1998 32953
UNITED I.D. 1

MUN ADJ NO 084%-000

MUN ANN AUTH 5300
IRRIG ACCT START BALANCES
MUNICIPAL 1 1995 489

MUNICIPAL 1T 1996 559
MUNICIPAL 1 1997 489
MUNICIPAL 7 1998 489
CLASS A IRR 1 1995 756
CLASS A IRR 1 1996 1367
CLASS A IRR ' 1997 756
CLASS A IRR T 1998 756
CLASS B IRR 1 1995 100
CLASS B IRR 1 1996 0
CLASS B IRR 1 1997 100
CLASS B IRR 1 1998 100
SANTACRUZ 15 2

MUN ADJ NO 0240-000

MUN ANN AUTH 3967

IRRIG ACCT START BALANCES
MUNICIPAL 2 1995 239

MUNICIPAL 2 1996 354
MUNICIPAL 2 1997 239
MUNICIPAL 2 1998 239
CLASS A IRR 2 1995 187
CLASS A IRR 2 1996 131
CLASS A IRR 2 1997 187
CLASS A IRR 2 1998 187
CLASS B IRR 2 1995 0
CLASS B IRR 2 1996 g
CLASS B IRR 2 1997 0
CLASS B IRR 2 1998 0
HCIDZ2 S.JUAN 3

75,
100,
75.
9.65
100.
100.
75.
100.
75.
0.1
100.

66034
64243
66034
66034
21083
1731
21083
21083

NO

496
0
496
496
2110
3257
2110
2110
27

0

7
27

NG

AUTH
ANCE

613
0
613
613
24
113
24
24

1 75, 75. 75, 75. 75, 75, 7S,
10 100, 100. 100. 100, 100. 100. 100,
11 75. 75. 75, 75. V5. 75, 7S,
10 9,65 9.65 9.65 9.65 9.65 9.65 9.65
1t 1¢0. 100, 100. 100. 100, 100. 100.
12 100, 100. 100. 100, 100. 100, 100,
13 75, 75. 75. 75. 7% 7%, 7S,
12 100, 10C. 100, 100. 100. 10Q0. 100Q.
13 75. 75. 75. 75. 75, 75. V5.
12 0.7 0.1 0.1 0.7 0.1 0.1 0.4
13 100. 100. 100. 100. 100. 100. 100.
9000000 Y
9000000 0
9000000 0
9000000 0
9000000 ¢
9000000 0
9000000 0
9000000 Y
61300 69425 58726 69665 69639 68000
54830 57313 89764 154787 147757 63930
61300 69425 058726 69665 69639 68000
61300 69425 58726 69665 69639 68000
29947 92837 177441 120667 21894 21502
10155 11408 13681 14033 11206 11605
29947 92837 177441 120667 218%4 21502
29947 92837 177441 120667 21894 21502
CL A ADJ NO AB4T-001 CL 8 ADJ
CL A ANN AUTH 69464 CL B ANN AUTH
CL A BALANCE 87300 CL B BALANCE
657 595 874 766 657 642
748 790 695 874 1017 575
657 595 aré 766 657 642
657 595 874 766 657 642
2371 2179 4283 4387 26188 3734
3377 5238 3880 3858 5441 3730
23717 2179 4283 4387 26188 3734
2371 2179 4283 4387 26188 3734
300 226 191 120 108 74
0 0 410 52 20 0
300 226 191 120 108 74
300 226 191 120 108 74
CL A ADJ NO 0810-000 CL B ADJ
CL A ANN AUTH 4857 CL B ANN
CL A BALANCE 6599 CL B BAL
145 182 248 308 589 406
437 463 443 706 702 761
145 182 248 308 589 406
145 182 248 308 589 406
87 82 53 268 118 230
151 226 189 252 96 1111
a7 82 53 268 118 230
87 82 53 268 118 230
0 0 0 0 0 c
0 0 D 1949 2879 aQ
0 0 0 0 0 0
0 0 0 0 b} 0

O o o O
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75.
9.65
100.
100.
73,
100.
75.
0.1
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MUN AQJ NO

MUN ANN AUTH
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MUNICIPAL
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RIVER BASIN SIMULATION PROGRAM - TEXAS WATER DEVELOPMENT BOARD DATE: 2-14-1998

ADAPTED AND MODIFIED FOR AMISTAD AND FALCON RESERVOIRS IN THE RIO GRANDE BASIN TIME: 16: é:30
INCLUDING U.S. / MEXICO WATER ACCOUNTING AND TNRCC OPERATING RULES FILE:  USMX96G2
R. J. BRANDES COMPANY SEPT. 1997

CURRENT 1995-1996 AND EXTENDED 1997-19%8 DROUGHT SIMULATION WITH 1995 CONDITIONS
TEST ROM SIMULATION WITH ACTUAL MONTHLY DEMANDS AND AMISTAD RESERVOIR RELEASES

NUMBER OF NODES = 8 NUMBER OF RESERVOIRS = 4
NUMBER OF LINKS = 8 NUMBER OF RIVER REACHES = 8
CALENDAR YEAR OPERATION STARTS = 1995 NUMBER OF YEARS TO SIMULATE = 4
NUMBER OF DEMAND NODES = 8 NUMBER OF SPILL NODES = 2
NUMBER OF INDIVIDUAL WATER RIGHTS = 3
SYSTEM NODE CHARACTERISTICS
NODE NO.  NODE NAME =~ -===--=------ CAPACITIES -----m==-n=mmm YEARLY
FLOOD CONSERV ~ MINIMUM  STARTING DEMAND
(AC-FT)  (AC-FT)  (AC-FT}  (AC-FT)  (AC-FT)
1 U.S. AMISTAD 1827241 1771041 1771 1205614 0
2 U.S. FALCON 1613729 1555129 1555 937652 0
3 MEX AMISTAD 1424078 1380278 1380 420666 0
4 MEX FALCON 1140074 1098674 1099 320826 0
5 U.S.MRG MUNI 0 0 0 0 0
6 U.S.MRG IRRI 0 0 0 0 0
7 U.S.LRG IRRI 0 0 0 0 0
8 MEX MRG M&IR 0 0 0 0 ¢

NOTE: FLOOD POOL IS AVAILABLE FOR CONSERVATION STORAGE DURING NOVEMBER-APRIL NON-HURRICANE SEASCN

SYSTEM LINK CONFIGURATION

LINK NO. FROM NODE TG NODE MAX. CAPACITY MIN, CAPACITY
(AC-FT/MON} (AC-FT/MON)
1 1 5 9000000 0
2 5 6 9000000 0
3 6 2 9000000 0
4 2 7 9000000 0
5 3 8 9000000 0
6 8 4 9000000 0
7 1 Z 2000000 0
8 3 4 000000 0



CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

MINIMUM MONTHLY U, S. OPERATIONAL RELEASES FROM AMISTAD RESERVOIR (AC-FT)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC

1995 67452 61300 69425 58726 69665 69639 68000 66034 66317 65061 63354 66114
1996 65689 54830 57313 89764 154787 147757 63930 64243 60874 60473 61433 68800
1997 67452 61300 69425 58726 69665 69639 68000 66034 66317 65061 63354 46114
1998 67452 61300 69425 58726 69665 69639 63000 66034 66317 65061 63354 66114

MINIMUM MONTHLY MEXICO OPERATIONAL RELEASES FROM AMISTAD RESERVOIR (AC-FT)

YEAR JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC
1995 32953 29947 92837 177441 120667 21894 21502 21083 21229 20803 20346 21311
1996 14911 10155 11408 13681 14033 11206 11605 11731 11288 11433 11727 12102
1997 32953 29947 92837 177441 120667  218%4 21502 21083 21229 20803 20346 21311

1998 32953 29947 92837 177441 120667  218%4 21502 21083 21229 20803 20346 21311



CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONGITICNS

U.S. SPILL RESERVOIR NODE: 2

MEXICO SPILL RESERVOIR NODE: 4

u.s.

'"MODERATE' STORAGE CONDITION DEFINED AS §.65 TO 75.00 PERCENT OF FALCON U.S. CONSERVATION CAPACITY

MEXICO "MODERATE' STORAGE CONDITICON DEFINED AS 10.00 TO 75.00 PERCENT OF FALCON MEXICAN CONSERVATION CAPACITY

NODE MONTHLY DEMAND DISTRIBUTIONS AND DEMAND PRIQRITIES

NCDE NO.

O N O W

MONTHLY FRACTIONS OF ANNUAL DEMAN

JAN FEB MAR APR MAY JUN JUL AUG

.0000 .0CCO .COOO .0QOO .000O0 ,QCOO .000O .0000
L0720 .0666 .O777 .0894 .0866 .0900 .1004 .1038
.0000 .0000 .0000 .00CO .0QDO .0OOQ .0COC .000Q
L1620 .064% .0243 .2413 .2651 0653 .0295 .0592
0611 .0610 .0760 .0826 .08%92 .0%61 .1086 .1108
L0425 .0409 .0927 .1020 .0835 .1039 .1186 .1366
L0747 0441 0780 L1437 .1342 1266 .1063 .0967
.0785 .0727 .0745 .0849 .079% .0830 .0915 .0%910

RESERVOIR MONTHLY STORAGE TARGETS AND STORAGE PRIORITIES

RESERVOIR
NO.
1 MOD
LO
HI
2 MOD
LO
HI
3 MOD
Lo
HI
4 Moo
Lo
HI

JAN

100.
75,
100.

75.
9
100.

100.
75.
100.

75.

.100

100.

DESIRED MONTHLY STORAGE LEVEL (PERCENT Of
APR

FEB MAR

000100.000100.000100.
000 75.000 75.000 75.
00010Q.000100.000100.

000 75.000 75.000 75.

650 9.650 9.650 9.

000100Q.000100. 000100,

000100.000100.000100.
000 75.0Q00 75.000 75.
000100Q.0001Q0.000100.

0G0 75.000 75.000 75.
.100 100
000100.000100.000100.

.100

MAY JUN JuL AUG

00010C.000100.000100.000100.000100.

000 75.000 75.000 75.000 75.000 75

000100.000100.000100.000100.000100.

000 75.000 75.000 75.000 75.000 75.
650 9.650 9,650 9.650 9.650 9.
000100, 000100, 000100.,000100.000100.

000100.000100.000700.000100.000100Q.
000 75.000 75.000 75.000 75.000 75.
000100.000100. 000100.000100.000100.

000 75.000 75.000 75.000 75.000 75,

L1000 100 100 100
000100, 000100.000100.000100.000100

D
SEP

.0000 .
.0850 .
.0ooo .
0227 .
.0880 .
0807 .
L0571 .
L0896 .

SEP

.100

.000700.

000100.
.000 75.
000100.

000 75.
650 9.
00a100.

000100.
0co 75.
000100.

0ot 7s.

MAXT MUM STORAGE CAPACITY)

ocT NQV DEC
0000 .0000 .CQO0
0803 .0744 .0738
0000 .0000 .0000
0344 .0121 .0192
0851 .0724 .0691
0809 .0666 .0511
0593 .0402 .0391
0860 .0825 .0859
ocT NOV DEC
00G100.00010C.000

000 75.000 75.000
000100.00C100. 000

000 75.000 75.000
650 9.650 9.650
000100.000100.000

000100.000100.000
000 75.000 75.000
000100.000100.000

000 75.000 75.000
100 100 .100
000100.000100.000

PRIORITIES
MOD LO HI
20 20 20
2 2 2
20 20 20
6 6 6
1 1 1
3 3 3
4 4 4
5 5 5
PRIORITIES

10

11

10

11

10

1"

12

13

12

13

12

13



CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

STAGE-AREA-CAPACITY RELATIONSHIPS FOR TOTAL STORAGE IN AMISTAD AND FALCON RESERVOIRS

AMISTAD RESERVOIR . FALCON RESERVOIR
POINT STAGE AREA  CAPACITY STAGE AREA CAPACITY
NO, {FT MSL) (AC) {AC-FT) (FT MSL)  (AC)  (AC-FT)
1 930.0 0 0 203.3 0 0
2 945.0 5 1 203.4 35 57
3 946.5 ar 294 205.1 195 235
4 948.2 180 823 206.7 425 735
5 949.1 237 1180 207.3 539 1050
é 950.1 297 1684 208.3 7er 1670
7 951,4 376 2782 210.0 1100 3158
8 961,3 1045 13873 214.9 1559 9631
9 971.1 1843 33110 219.8 2202 18806
10 981.0 2770 59404 224.7 3526 32732
" 990.8 3823 93556 229.7 5169 54000
12 1000.7 5004 138573 234.6 6531 82799
13 1010.5 6314 195568 239.5 8061 118624
14 1020.3 7rez 264663 262.8 10341 148482
15 1030.2 9758 350120 244.4 11654 166516
16 1040.0 12791 458690 249.3  158% 234115
17 1049.9 16734 605456 254.3 20562 323644
18 1059.7 21627 790919 259.2 25677 437240
19 1069.6 27399 1029250 264.1  3077S 576159 -
20 1079.4 34051 1328996 | 269.0 36184 740751
21 1089,.2 41702 1699411 274.0 42448 933844
22 1094,2 45665 1911714 . 278.9 48929 1158684
23 1099.1 49658 2142942 282.2 53474 1326587
24 1104.0 53679 2393700 285.4 58443 1509829
25 1108,9 57729 2664077 288.7 65021 1712296
26 1115.5 63173 3055670 292.0 70235 1935151
27 1117.0 64438 3151319 295.3 74804 2172702
28 1118.8 65915 3265037 298.6 82000 2429841
29 1122.0 68671 3483939 301.2 87181 2653803
20 1131.9 77013 4199954 305.1 93809 3008297

SUMMARY OF TEXAS WATER RIGHTS IN MIDDLE AND LOWER RIO GRANDE AND
MAXIMUM STORAGE ALLOCATIONS IN AMISTAD AND FALCON RESERVOIRS

TOTAL DOMESTIC, MUNICIPAL AND INDUSTRIAL WATER RIGHTS (AC-FT/YR): 271579
TOTAL IRRIGATION & MINING WATER RIGHTS ON MIDDLE RIQO GRANDE (AC-FT/YR): 181530
CLASS A IRRIGATION & MINING WATER RIGHTS ON MIDDLE RIO GRANDE {AC-FT/YR): 162803
CLASS B IRRIGATION & MINING WATER RIGHTS ON MIDDLE RIO GRANDE (AC-FT/YR): 18727
TOTAL IRRIGATION & MINING WATER RIGHTS ON LOWER RIO GRANDE {AC-FT/YR}: 1696228
CLASS A IRRIGATION & MINING WATER RIGHTS ON LOWER RIO GRANDE (AC-FT/YR): 1500719
CLASS B IRRIGATION & MINING WATER RIGHTS ON LOWER RID GRANDE (AC-FT/YR): 195509
MAXIMUM STORAGE CAPACITY IN AMISTAD-FALCON D-M-I POOL {AC-FT); 225000
MAXIMUM STORAGE CAPACITY IN AMISTAD-FALCON IRRIGATION POOL (AC-FT): 2647639
TOTAL RESERVOIR DEAD STORAGE USED IN WATER RIGHTS ACCOUNTING (AC-FT): 4600
MAXIMUM STORAGE CAPACITY ALLOTTED TO OPERATING RESERVE (AC-FT): 380000
MAXIMUM USABLE STORAGE AVAILABLE FOR WATER RIGHTS ACCOUNTING (AC-FT}: 3321570

TOTAL IRRIGATION & MINING ACCOUNT BALANCE AT BEGINNING OF SIMULATION (AC-FT): 1747743



SIMULATION YEAR

RESERVOIR NO.

MONTH

1
2
3
4
5
[
7
8

9
10
"
12

WTRSHED
INFLOWS
67892
56680
61812
75819
101801
79903
80026
89329
95852
66988
62195
56829

ANNUAL 895126

RESERVOIR NO. 2

MONTH

12

WTRSHED
INFLOWS
7832
7386
2433

0

57403
arn
1299
3501
73473
17386
33696
S718

ANNUAL 218838

RESERVCIR NO. 3

MONTH

1

G N on W

9
10
1M
12

ANNUAL

WTRSHED
INFLOWS
28687
21287
23319
26625
38768
29252
37006
49855
43976
35154
30206
23756
387891

1

CURRENT 1995-1996 AND EXTENDED 1957-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

1 CALLENDAR YEAR 1995

U.S. AMISTAD

MAX FLOOD POOL: 1827241

RESERVR FLOWATR DWNSTRM
INFLOWS TRANSFR RELEASE

67892
56680
61812
75819
101801
79903
80026
89329
95852
66588
62195
56829
895126

u.s.

RESERVR
INFLOWS
68536
62012
64682
44074
114085
65937
57315
54325
131430
76339
93269
64116
896120

0
0
0
0
0
0
0
0
0
0
0
)

FALCON

FLOWATR

MEX AMISTAD

RESERVR
INFLOWS
28687
21287
23319
26625
38768
29252
37006
49855
43976
35154
30206
23756
387891

FLDWATR
TRANSFR

0
0
0
0
0
0
0
0
0
0
0
0
0

67452
61300
69425
58726
69665
69639
68000
66034
66317
65061
63354
66114
791087

MAX FLOOD POOL:

DWNSTRM
RELEASE
88713
99170
82787
146118
273384
114796
131401
56968
44108
49647
20644
26690
1134426

MAX FLOOD POOL:

DWNSTRM
RELEASE
32953
29947
92837
177441
120667
218%4
21502
21083
21229
20803
20346
2131
602013

SURFACE
AREA
40024
39539
38240
35594
33050
32022
31759
31814
32247
32434
32323
32107

SURFACE
AREA
49162
45545
44087
39526
32924
29688
27287
25719
23056
32954
35429
37904

SURFACE
AREA
50024
39539
38240
35594
33050
32022
31759
31814
32247
32434
32323
32107

EVAP EVAP
RATE LOSS
.31 9210
A4 12961
AT 137N
JIT 22555
.87 25881
.99 29437
1.17 34210
1.18 33991
.86 24652
T4 21056
.34 9549
.32 8877
246090
1613729
Evap EVAP
RATE LOSS
.26 10102
.29 11203
42 15739
.68 24274
73 2277
.80 20940
.87 19741
.61 12370
.58 11965
43 9312
.25 5730
.20 4909
169056
1424078

EVAP EVAP
RATE LOSS
.31 3197
b 4436
AT 4262
JT7 4852
.87 2873
.99 2265
1.7 2548
1.18 3550
.86 3080
T4 2945
.34 1441
.32 1397
37246

MAX CONSERVATION POGL:

D-M-1

DEMANDS
1497
1574
1813
2167
2451
2463
2503
2402
1956
2185
2053
1497
24561

SHORTAGE

QOO o0 000000090 O QO

IRRIG

DEMANDS
5251
5100
5363
12485
10532
9950
9481
12808
6404
3923
1728
6219
89244

MAX CONSERVATION POOL:

D-M-I
DEMANDS
8653
14554
8368
10116
19233
8356
12953
€731
6530
6620
3677
4954
110745

SHORTAGE

IRRIG
DEMANDS
80060
84616
74419
136002
254151
106440
118448
50237
37578
43027
16967
21736
1023681

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
6435
6547
9564

10222
11766
5998
5967
6047
5850
6568
6128
5901
87033

QO 00 oo o000 o000

DEMANDS

0O 0O 09O 0O 0O 0000 oo oo0

1771041

SHORTAGE

OO0 00000 0DoC 00000

1555129

SHORTAGE

o000 00000 oo oo

1380278

SHORTAGE

O OO0 00 0O O oc o oo0

DEAD POOL:

FLOOD
SPILLS

O 00000000 Co o .

END-MON
STORAGE
1196844
1179263
1157939
1152477
1158732
1139559
117375
1106679
1111562
1092433
1081725
1063563

DEAD PCOL:

FLOQD
SPILLS

O 0O OO0 Q0 Q0 C o000 0o

END-MON
STORAGE
9Q7373
859012
825168
698850
516780
446981
353154
338141
413498
430878
497773
530290

DEAD PQOL:

FLOOD
SPILLS

o 0O 0 000000000

END-MON
STORAGE
413203
400107
326327
170659
85887
90380
103536
128758
148425
159831
168250
169298

1771

TARGET
STORAGE
1827241
1827241
1827241
1771041
1771041
1771041
1771041
1771041
1771041
1771041
1827241
1827241

1555

TARGET
STORAGE
1210297
1210297
1210257
1166347
1166347
1166347
1166347
1166347
1166347
1166347
1210297
1210297

1380

TARGET
STORAGE
1424078
1424078
1424078
1380278
1035209
1035209
1035209
1035209
1035209
1380278
1424078
1424078



CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

SIMULATICON YEAR 1 CALENDAR YEAR 1995
RESERVOIR NO. & MEX FALCON MAX FLOOD POOL: 1140074
WTRSHED RESERVR FLDWATR DWNSTRM SURFACE  EVAP EVAP
MONTH INFLOWS INFLOWS TRANSFR RELEASE AREA RATE LOSS
1 3906 30424 0 179835 49162 .26 2680
2 3825 27225 0 46531 45545 .29 2005
3 0 83273 0 78080 44087 42 2778
4 0 167219 0 300801 39526 .68 2604
5 58914 167815 0 126402 32924 .73 1264
6 10260 26156 0 1605 29688 .80 2810
7 3913 19448 0 4452 27287 .87 3999
8 5330 20366 0 4630 25719 .61 3319
9 98882 114221 0 245 29056 .58 4887
10 18370 32605 0 3266 32954 43 4858
11 33717 47935 Y 2976 35429 .25 3127
12 3724 19134 0 5720 37904 .20 2672
ANNUAL 240847 755821 Q0 754543 37003
MONTHLY FLOWS IN SYSTEM LINKS (ACRE-FEET)
MONTH JAN FEB MAR APR MAY JUN JUL
LINK NO,
1 67452 61300 69425 SB7T26 69665 69639 68000
2 73787 67112 70045 56559 124617  75B&7 66796
3 68536 62012 64682 44074 114085 65937 57315
4 80060 84616 74419 136002 254151 106440 118448
5 32953 29947 92837 177441 120667 21894 21502
] 30424 27225 83273 167219 167815 26156 . 19448
7 0 0 0 0 0 g 0
8 0 0 0 0 0 a g

ALLOCATION OF U.S, WATER IN AMISTAD AND FALCON RESERVOIRS PURSUANT

MONTH

@ ~N oo g

—_
o= O o

INITIAL  TOTAL
USABLE WTRSHED
STORAGE INFLOWS
2138666 75724
2099617 64066
2033675 64245
1978507 75819
1846727 159204
1670912 88614
1581940 81325
1465929 92830
1440220 169325
1520460 84374
1518711 95891
1574898 62547

TOTAL
D-M-1
DEMANDS

10150
16128
10181
12283
21684
10819
15456
9133
8486
8805
5730
6451

TOTAL
IRRIG
DEMANDS

8531
89716
79782
148487
264683
116390
127929
63045
43982
46950
18695
27955

TOTAL

TOTAL

END-MON

SYSTEM RESERVR USABLE

SHORTAGE

OO0 OO0 0 000 oo

EVAP

19312
24164
29450
46829
48652
s0377
53951
46361
36617
30368
15279
13786

STORAGE

2099617
2033675
1978507
1846727
1670912
1581940
1465929
1440220
1520460
1518711
1574898
1589253

DEMANDS
179835
46531
78080
300801
126402
1605
4452
4630
245
3266
2976
5720
754543

AUG

66034
67133
54325
50237
21083
20366

0

0

o/o

PooL S

63.3
61.3
59.6
55.7
50.4
47.7
44,2
43.4
45.9
£5.8
47.5

MAX CONSERVATION POOL: 1098674 DEAD POOL: 1099
MUN&IRR SHORTAGE OTHER  SHORTAGE FLOOD END-MON  TARGET
DEMANDS SPILLS STORAGE STORAGE
0 0 0 0 168735 855056
0 0 0 0 147424 855056
0 0 a 0 149839 855056
0 0 0 0 13653 824006
0 0 0 0 53802 1099
0 0 g 0 75543 1099
0 0 a 0 86540 1099
o 0 0 Y 98957 109%
0 0 g 0 208046 1099
0 o} 0 0 232527 824006
] o 0 0 274359 855056
0 0 0 0 285101 855056
0 0 0 0
SEP ocT NOV DEC AVG
66317 65061 63354 66114 65918
137834 80262 94997 70335 82108
131430 76339 93269 64116  T46T2
37578 43027 16567 21736 85301
21229 20803 20346 21311 50161
14221 32605 47935 19134 62979
0 0 0 0 0
a 0 0 0 ¢
TO TNRCC RIO GRANDE RULES
D-M-1  OPRATNG EXCESS IRRIG IRRIG IRRIG o/o
CONS RESERVE RESERVE USABLE ACCOUNT RIVER  ACCOUNT IRRIG
TORAGE STORAGE STORAGE ALLOCAT DIVERSN BALANCE POOL
225000 205780 0 0 78906 1668837 63.0
225000 222784 0 0 82946 1585891 59.9
225000 241444 0 0 73828 1512063 57.1
225000 247270 0 0 137606 1374457 51.9
225000 275000 40805 0 244350 1130107 42.7
225000 275000 0 59707 107874 1081940 40.9
225000 275000 2442 0 118453 963487 36.4
225000 275000 35759 0 59026 904461 34.2
225000 275000 0 156974 40975 1020460 38.5
225000 275000 41758 0 43507 976953 36.9
225000 275000 0 115282 17337 1074898 +40.6
225000 275000 40571 Q0 26216 1048682 39.6

47.9



CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

SIMULATION YEAR 1

CALENDAR YEAR 1995

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-I WATER RIGHTS

ADJ. NO, 0849-000
ANNUAL AUTH; 5300 AF
MONTH DEMAND SHORT USABLE
AMCUNT AMOUNT BALANCE

1 489 0 4811
2 657 0 4154
3 595 0 3559
4 874 0 2685
5 766 o} 1919
6 657 0 1262
7 642 0 620
8 496 0 124
9 125 1 o}
10 0 0 Y
11 0 0 0
12 0 0 o

ANNUAL 5301

—y

NAME OF WATER RIGHTS OWNER:

0-M-I WATER RIGHTS

ADJ. NO. 0240-000
ANNUAL AUTH: 3967 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 239 0 3728
2 145 a 3583
3 182 0 3401
4 248 0 3153
5 308 0 2845
6 589 0 2256
7 406 ¥ 1850
8 613 a 1237
9 499 0 738
10 268 0 470
1 289 0 181
12 100 0 81
ANNUAL 3886 0

UNITED I.

AMOUNT

756
2371
2179
4283
4387

26188
3734
2110
2148
3014

149
1336

52657

D.

CLASS A IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

AMOUNT

o

SANTACRUZ 15

AMOUNT

187
87
a2
53

268

118

230
24
69

254

1372

. 00000
.00000
.0000C
00000
.00000
.0333¢6
.00000
.00000
.08772
.00000
06442
.00000

AB4T-001
69464 AF

DEMAND SHORT RATE A ALLOC STORAGE

AMOUNT BALANCE

o o o o O

2318

6093

4475

12886

86544
84173
81994
77711
73324
49454
45720
43610
47555
44539
48865
47529

USABLE
BALANCE

68708
66337
64158
59875
55488
29300
25566
23456
21308
18292
18143
16807

CLASS A IRRIGATION WATER RIGHTS

ADJ. NC.

ANNUAL AUTH:

AMOUNT

o o0 000000000

.00000
.00000
.00000
RuHe
.00000
.03336
.00000
. 00000
.08772
.00000
.06442
00000

0810-000

4857 AF
DEMAND SHORT RATE A ALLOC STORAGE USABLE
AMOUNT BALANCE BALANCE

S o o O o

162

426

313

901

6412
6325
6243
6190
5922
5966
5736
5712
6069
5815
6128
6128

4670
4583
4501
4448
4180
4062
3832
3808
3739
3485
3485
3485

CLASS B IRRIGATION WATER RIGHTS
ADJ. WNO.

ANNUAL AUTH:

DEMAND SHORT RATE B ALLOC STORAGE

AMOUNT

100
300
226
191
120
108
74
27
24
178
16
60

1424

AMOUNT

O o000 Q0O 00 00 0o

.00000
.00000
.00000
. 00000
.00000
.01963
.000C0
.00000
.05160
.00000
. 03789
.00000

B769-000
4009 AF
AMOUNT BALANCE
0 3231
] 2931
0 2705
0 2514
0 2394
79 2365
0 2291
0 2264
207 2447
0 2269
152 2405
0 2345
438

USABLE
BALANCE

3909
3609
3383
3192
3072
2964
2890
2863
2839
2661
2645
2585

CLASS B IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

DEMAND
AMOUNT

(= e R o R = i o B @ B o i o B o B o B o B o

SHORT
AMOUNT

0O 0 0 0 0000 o000

. 00000
. 00000
.0oooo
.00000
.000C0
.01963
.Coooo
.00000
.051&0
. 00000
.03789
.00000

B804-000
4828 AF
RATE B ALLOC STORAGE
AMOUNT BALANCE
0 6807
0 6807
0 6807
¢ 6807
0 6807
0 6807
0 6807
0 6807
4] 6807
g 6807
0 6807
0 6807
0

USABLE
BALANCE

4828
4828
4828
4828
4828
4828
4828
4828
4828
4828
4828
4828



SIMULATION YEAR

1

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

CALENDAR YEAR 1995

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIQ GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS
0808-001

ADJ. NO.
ANNUAL AUTH:

6140 AF

MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 0
2 0
3 3
4 100
5 56
6 90
7 181
8 120
9 0
10 0
11 1377
12 1843
ANNUAL 3770

O QO O 00 o0 o oc oo

6140
6140
6137
6037
5981
5891
5710
5590
5590
5590
4213
2370

HCIDZ2 S.JUAN

CLASS A IRRIGATION WATER RIGHTS
0808-005

ADJ. NO.

ANNUAL AUTH:

DEMAND  SHORT
AMOUNT AMOUNT

2663
8039
8845
10112
17240
7093
11385
441
5227
4099
97

0

O oD o000 aoaooaoaao

79241

(=]

.00000
.00000
.00000
.00c00
.00000
.03336
.00000
.00000
.08772
.00000
Q6442
. 00000

147775 AF

ALLOC STORAGE
AMOUNT BALANCE

o o o o o

4930

12962

9520

27412

147441
139402
130557
120445
103205
101042
89657
85216
92951
88852
98275
98275

USABLE
BALANCE

145112
137073
128228
118116
100876
93783
82398
77957
72730
68631
68534
68534

CLASS B IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

0573-001
470 AF

ALLOC STCRAGE USABLE
AMOUNT BALANCE BALANCE

DEMAND  SHORT
AMOUNT AMOUNT

48 34

o O o o a o

28 1

(=]

76 53

.00000
.00000
.00000
. 00000
.00000
01963
.00000
.00000
.05160
00000
.03789
.00000

[= e R el ellellel e

NN O O O QO

S oo
N N

470
456
456
456
456
456
456
456
447
47
47
447



SIMULATION YEAR 2

RESERVOIR NO. &

MONTH
1

2
3
4
5
6
7
8

9
10
1"
12
ANNUAL

CURRENT 1995-1996 AND EXTENDED 1997-1998 OROUGHT SIMULATION WITH 1995 CONDITIONS

MEX FALCON

WTRSHED RESERVR FLOWATR
INFLOWS TRANSFR

INFLOWS
6958
2093
4786

¢
12781
20695
27018
40713
88400
33031
11824
4555
259854

15693
13270
9231
3938
17369
25161
31518
45541
93479
37871
17506
1M
321748

0
¢
0
0
0
0
0
0
0
0
0
0
0

CALENDAR YEAR 1996

MAX FLOOD POQCL:

DWNSTRM
RELEASE
6132
4994
7634
166134
27162
15935
14526
9411
2981
3603
16832
4263

279607

MONTHLY FLOWS IN SYSTEM LINKS (ACRE-FEET)

MONTH

JAN

LINK NO.

Co ~N o0 v g =

£5689
71829
65819
50561
14911
15693

0

0

FEB

54830
63246
58241
78014
10155
13270

0

0

MAR

57313
59787
47582
113855
11408
9231
0

v

APR

89764
87366
77474
163689
13681
3938
0

0

SURFACE
AREA
38743
38266
36095
29808
22753
21119
20252
20194
25114
29814
31151
31670

MAY

154787
157225
146642
179310
14033
17369
0

0

1140074

EVAP EVAP

RATE LOSS

.28 81

.34 4730

.51 7272

.67 7407

.81 5518

.87 5771

.99 7082

.69 5824

.56 6278

.39 5206

.34 4664

. 24 3258

66821
JUN JuL
147757 63930
155655 79924
145156 68413
124367 93601
11206 11605
25161 31518
0 0

0 0

MAX CONSERVATION PQOL:

MUNEIRR SHORTAGE OTHER

DEMANDS
6132
4994
7634

166134
27162
15935
14526

9411
2981
3603
16832
4263
279607

AUG

64243
92979
78810
57084
11731
45541

0

0

SEP

60874
141286
134657

26457

11288

93479

o
0

ALLOCATION OF U.S. WATER IN AMISTAD AND FALCCN RESERVQIRS PURSUANT TO TNRCC RIO GRANDE RULES

MONTH

W00 N P N

Ny
N - o

INITIAL
USABLE
STORAGE

1589253
1570415
1517195
1408039
1244926
1084681

989710

920184

942989
1160075
1208540
1208496

TOTAL
WTRSHED
INFLOWS

63087
65699
59383
60455
83066
92829
&7806
132300
276592
120383
74392
68147

TOTAL
D-M-1
DEMANDS

7132
15258
14914
14573
16344
12416
12993

9840

6337

7514
11495

9617

TOTAL
IRRIG

56571
83019
126060
173581
189893
134866
105112
71253
33086
41967
48133
39467

TOTAL

TOTAL

END-MON

SYSTEM RESERVR USABLE
DEMANDS SHORTAGE

O 00 0000000 00O

EVAP

18222
20642
27565
35414
37074
40518
39227
28402
20083
22437
14808
10411

STORAGE

1570415
1517195
1408039
1244926
1084681

989710

920184

942989
1160075
1208540
1208496
1217148

o/o
CONS R
POOL $

47,4
45.8
42.5
37.6
32.7
29.9
27.8
28.5
35.0
36.5
36.5
36.7

B-M-1
ESERVE
TORAGE

225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000

POOL: 10

FLOOD END-MON

1098674 DEAD
SHORTAGE
DEMANDS SPILLS S
0 0 0 0
Y 0 0 0
0 0 0 0
0 0 0 0
¢ 0 0 0
0 0 0 0
0 0 0 0
0 Y 0 0
Q Yy 0 0
0 Q 0 0
0 0 0 0
0 Q 0 0
0 0 0 0
ocT NOV DEC AVG
60473 61433 68800 79153
95247 72154 75018 95971
B9003 66767 TUITS 87473
35723 42746 35628  B3414
11433 11727 12102 12101
37871 17506 11171 26805
0 0 0 0
Q 0 0 0
OPRATNG EXCESS IRRIG  IRRIG
RESERVE USABLE ACCOUNT RIVER
STORAGE STORAGE ALLOCAT DIVERSN
275000 0 74259 52526
275000 23557 Q TerTT
275000 31352 0 116951
275000 28724 0 160485
275000 44027 0 175548
275000 0 73972 124916
275000 28097 0 97623
275000 0 117588 66686
275000 0 248055 30969
275000 0 87574 39109
275000 44669 0 44713
275000 0 89937 36616

TORAGE S
290851
254397
288722
119119
103808
107263
117173
147479
231699
260761
256771
260421

IRRIG
ACCOUNT
BALANCE

1070415
993638
876687
716202
540654
489710
392087
442989
660075
708540
663827
717148

99

TARGET
TORAGE
855056
855056
855056
824006
824006

1099

1099
824006
824006
824006
855056
855056

o/o
IRRIG
POOL

40.4
37.5
331
271
20.4
18.5
14.8
16.7
24.9
26.8
25.1
271



SIMULATION YEAR 2

RESERVOIR NO. 1

MCNTH
1

o N O S N

9
10
"
12
ANNUAL

RESERVOIR NO. 2

MONTH
1

e ~N O 1N

9
10
1"
12

ANNUAL

RESERVOIR NO. 3

MONTH

0o N ONu N —

—
]

11
12
ANNUAL

WTRSHED
INFLOWS
55280
55444
54797
60455
77853
82278
69082
101372
194441
83591
61439
€0434
956466

WTRSHED
INFLOWS
7807
10255
4586

0

5213
10551
18724
30928
82151
36792
12953
7713
227673

WTRSHED
INFLOWS
23037
22888
20943
19311
17171
26255
34280
60233
88867
79094
25897
23601
4461577

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDIT]ONS

U.S. AMISTAD

CALENDAR YEAR 1996

MAX FLOOD PCOL:

RESERVR FLDWATR DWNSTRM
INFLOWS TRANSFR RELEASE

55280
55444
54797
60455
77853
82278
69082
101372
194441
83591
61439
60434
956466

u.s.

RESERVR
INFLOWS
65819
58241
47582
77474
146642
145156
68413
78810
134657
89003
66767
71179
1049743

(=]

FALCON

FLDWATR
TRANSFR

0
0
0
v
Q
0
0
g
0
0
0
0
0

MEX AMISTAD

RESERVR
INFLOWS
23037
22885
20943
19311
17171
26255
34280
60233
88867
79094
25897
23601
441577

FLDWATR
TRANSFR

0
0
0
0
0
v
0
0
0
0
0
0
0

65689
54830
57313
89764
154787
147757
63530
64243
60874
60473
61433
68800
949893

MAX FLO0D POOL:

DWNSTRM
RELEASE
56026
91433
126657
175864
192879
134130
103864
64732
31055
41219
52009
43750
1113618

MAX FLOOD POOL:

DWNSTRM
RELEASE
14911
10155
11408
13681
14033
11206
11605
11731
11288
11433
117327
12102
145280

SURFACE
AREA
31748
31565
31414
30710
29000
26867
25768
26413
29307
32222
32994
32944

SURFACE
AREA
38743
38266
36095
29808
22753
21119
20252
20194
25114
29814
31151
31670

SURFACE
AREA
31748
31565
31414
30710
29000
26867
25768
26413
29307
32222
32994
32944

1827241
EVAP EVAP
RATE LOSS

A1 11185

46 12362

.62 16429

.89 22850

1.01 24162
1.29 27915
1.30 26260
1.01 20292
57 12297

.70 16016

.39 8as1

a7 6068

204717

1613729
EVAP EVAP
RATE LOSS

.28 7037
L34 8280
.51 11138
.67 12564
.81 12912
.87 12603
.99 12967
.69 8110
.56 7786
.39 6421
.34 5927
. 24 4343

110088

1424078
EVAP EVAP
RATE LOSS

41 1832

.46 2158
.62 3048

.89 4482
1. 5128
$.29 6743
1.30 7238
1.01 6385

.57 4408
.70 6539
.39 3987
27 2827

54775

MAX CONSERVATION POOL:

D-M-1

DEMANDS
1667
1839
2112
2398
2775
2653
2730
2192
1739
2018
2232
1495
25850

SHORTAGE

IRRIG
DEMANDS
6010
5005
12205
9892
10583
10499
11511
14169
6629
6244
5387
3839
101973

MAX CONSERVATION POOL:

D-M-1
DEMANDS
5465
13419
12802
12175
13569
9763
10263
7648
4598
5496
9263
8122
112583

SHORTAGE

IRRIG
DEMANDS
50561
78014
113855
163689
179310
124367
93601
57084
26457
35723
42746
35628
1001035

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
6176
5978
6963
743
9445
6740
7105
6903
6209
6593
6045
5486

83386

S OO0 O A O 0o oo o0O0o.g

DEMANDS

000000000000

1771041

SHORTAGE

O O 00000 0Cc 0o o o0

1555129

SHORTAGE

o OO0 O 0 0000 0o0cc o0

1380278

SHORTAGE

O 0O 0 000 o0 00000

DEAD PCOL:

FLOOD
SPILLS

o O 0O 00 o0 aoooooo

END-MON
STORAGE
1041969
1030221
1011276
959117
858021
764627
743519
760356
881626
8aa7z28
879853
865419

DEAD POOL:

FLOOD
SPILLS

O 00000 a0 oo o0

END-MON
STORAGE
533046
491574
401363
290409
231260
229683
181265
187233
283049
324412
333243
356329

DEAD POOL:

FLOOD
SPILLS

O 00 0o 0o o0o0oo oo

END-MON
STORAGE
175592
186167
192654
193802
191812
200118
215555
257672
330843
391965
402148
410820

1771

TARGET
STORAGE
1827241
1827241
1827241
1771041
1771041
1771041
1771041
1771041
1771041
1771041
1827241
1827241

1555

TARGET
STORAGE
1210297
1210297
1210297
1166347
1166347
1166347
1166347
1166347
1166347
1166347
1210297
1210297

1380

TARGET
STORAGE
1424078
1424078
1424078
1380278
1380278
1035209
1035209
1380273
1380278
1380278
1424078
1424078



SIMULATION YEAR 2

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

CALENDAR YEAR 1996

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS
0808-001

ADJ, NO,

ANNUAL AUTH:

6140 AF

MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

0

0
941
507
733
724
556
426
9 241
10 242
" 803
12 967

0 ~N 0 N =

ANNUAL 6140

O 0O 0O oo oo o0 0o oOoo oo

6140
6140
5199
4692
3959
3235
2679
2253
2012
1770
967
0

HCIDZ S.JUAN

DEMAND
AMOUNT

3998
7202
9636
9490
13280
14946
7571
0
2405
2132
3234
2293

76187

CLASS A IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

SHORT
AMOUNT

0O 0O O 0O 00000000

.04150
. 00000
.00000
.€0000
.Qoooo
.04134
.00000
. 06571
. 13861
. 04894
.00000
.05026

0808-005

147775 AF
RATE A ALLOC STORAGE
AMOUNT BALANCE BALANCE

6132
0

0

0

0
6108
0
9710
20484
7232
0
7427

57093

100409
93207
83571
74081
60801
51963
44392
54102
72181
77281
74047
79181

USABLE

143777
136575
126939
117449
104169
89223
81652
81652
79247
77115
73881
71588

CLASS B IRRIGATION WATER RIGHTS
0573-001

ADJ. NO.

ANNUAL AUTH:

470 AF

RATE B ALLOC STORAGE USABLE

DEMAND

SHORT

AMOUNT AMOUNT

O 0O 0000000 ooO

O 00 0O 00000 QO Q

02441
00000
.00000
. 00000
.Qo000
,02432
.00000
.03865
.08154
.0287%
.000G0
.02956

AMOUNT BALANCE BALANCE

106

53
53
53
53
53
64
64
82
120
134
134
148

470
470
470
470
470
470
470
470
470
470
470
470



SIMULATION YEAR 2

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

NAME OF WATER RIGHTS OWNER:

MONTH

Qo ~ oo N WA e

~0

10
11
12

ANNUAL

D-M-I WATER RIGHTS
0849-C00

ADJ. NO.
ANNUAL AUTH:

5300 AF

DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

599
748
790
695
874
1017
575

o 0O o 0O o

5298

OO 00000 O 00 aod

4701
3953
3163
2468
1554

577

[AC T AN T LR A VI AW ¥ ]

NAME OF WATER RIGHTS OWNER:

MONTH

o~ O W I g

ANNUAL

D-M-1 WATER RIGHTS
0240-000

ADJ. NO.
ANNUAL AUTH:

3967 AF

OEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

354
437
463
443
706
702
761

3999

0O o 0O 0 0 0000 00O

L
~n

w
™~

3613
3176
2713
2270
1564
862
101
107
10
10
101
0

CALENDAR YEAR 1996

UNITED I.D.

CLASS A IRRIGATION WATER RIGHTS
ADJ. NO,

ANNUAL AUTH:

DEMAND  SHORT
AMOUNT AMOUNT

1367
3377
5238
3880
1858
5441
3730
3257
1435
1822
2897

533

O 00000 o000 o0oo

36835

(=]

SANTACRUZ 15

.04150
.00000
.00000
.000Q0
.00000
.04134
.00000
.06571
. 13861
. 04894
.0000a
.05026

A847-001

69464 AF
RATE A ALLOC STORAGE
AMOUNT BALANCE

49044
45667
40429
36549
32691
21
26391
27698
35892
37469
34572
37530

USABLE
BALANCE

63097
64720
59482
55602
51744
46303
42573
39316
37881
36059
33162
32629

CLASS A IRRIGATION WATER RIGHTS
0810-000

ADJ. NO.

ANNUAL AUTH:

DEMAND  SHORT
AMOUNT AMOUNT

133
151
226
189
252
96
"
113
45
206
148
70

O 00 0000000000

2738 0

.04150
. 00000
.0ocoo
.00000
.00000
.04134
. 00000
.06571
. 13861
. 04894
.0ooeco
.05026

4857 AF

RATE A ALLOC STORAGE
AMOUNT BALANCE

202

201
319
673
238

244

ar7

6199
6048
5822
5633
5381
5486
4375
4581
5209
5241
5093
5267

USABLE
BALANCE

4726
4575
4349
4160
3908
3812
271
2588
2543
2337
2189
2119

GRANDE

AMOUNT

410
52
20

O o o o0 OO

482

DEMAND
AMOUNT

OO0 o o

1949
2879

O O o O O C

4828

RULES

CLASS B IRRIGATION WATER RIGHTS
ADJ. NG.

ANNUAL AUTH:

AMOUNT

O 0O 00000000 od

.02441
.00000
. 00000
. 00000
.00000
. 02432
. 00000
. 03865
.08154
.02879
.Q0coo
.02956

8769-000

4009 AF

DEMAND SHORT RATE B ALLOC STORAGE

155
327
115
119

91

AMOUNT BALANCE

2443
2443
2443
2033
1981
2058
2058
2213
2540
2655
2655
2774

USABLE
BALANCE

4009
4009
4009
3599
3547
3527
3ser
3527
3527
3527
3527
3527

CLASS B IRRIGATION WATER RIGHTS

ADJ.
ANNUAL AUTH:

AMOUNT

[« ololalle s Boclolellolelle)

NO.

02441
.00Co0
.000ao
.00000
.00000
.02432
.00c00
.03865
08154
.02879
.0oooa
.0295%¢

B&04-000

4828 AF

SHORT RATE 8 ALLOC STORAGE USABLE
AMOUNT BALANCE BALANCE

~N o0 O o o Q

187
394
139
143

980

6807
6807
6807
6807
4853
2096
2096
2283
2677
2816
2816
2959

4828
4828
4828
4828
2879

O 0O o O o o



SIMULATION YEAR 3

RESERVOIR NO. 4

MONTH
1

2
3
4
5
6
7
8

9
10
1"
12
ANNUAL

WTRSHED
INFLOWS
3906
3825

0

0

58914
10260
3913
5330
98882
18370
33117
3724
240841

MONTHLY FLOWS IN

MONTH

JAN

LINK NO.

o ~N O U=

67452
73787
68536
80080
32953
30424

o

0

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

MEX FALCON

RESERVR

FLDWATR

INFLOWS TRANSFR

30424
27225
83273
218014
129885
26156
19448
20366
114221
32605
47935
19134
768686

0

0
0
0
Q
Q
0
0
0
0
0
0
0

CALENDAR YEAR 1997

MAX FLOOD POQL:

DWNSTRM
RELEASE
179835
46531
78080
300801
126402
1605
4452
4630
245
3266
2976
5720
754543

SYSTEM LINKS (ACRE-FEET)

FEB

61300
67112
62012
84616
29947
27225

0

0

MAR

69425
70045
64682
74419
92837
83273

0

0

APR

58726
56559
44074
136002
177441
167219
0
50795

SURFACE
AREA
29014
24354
22421
17012

6570

7017
12880
13797
19460
24909
27912
30761

MAY

69665
124617
114085
254151

82737
129885

13329

0

1140074
EVAP EVAP
RATE LOSS

.26 2634
.29 1695
42 2292
.68 2164
.73 394
.80 1198
.87 2296
.61 2150
.58 4214
W43 4593
.25 2991
.20 2564
29185

JUN JUL
69639 68000
75887 66796
65937 57315
106440 118448
21894 21502
26156 19448
198112 85891
0 0

MAX CONSERVATION PCOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
179835
46531
78080
300801
126402
1605
4452
4630
245
3266
2976
5720
754543

AUG

66034
67133
54325
50237
21083
20366
8969
0

SEP

66317
137834
131430

37578

21229
114221

¢
0

ALLOCATION OF U.S. WATER IN AMISTAD AND FALCON RESERVOIRS PURSUANT TO TNRCC RIQ GRANDE RULES

MONTH

O N O NN

- 2 -
N = O N

INITIAL
USABLE
STORAGE

1217148
1185610
1128778
1085712
974437
823507
760930
671492
668766
765936
777516
840049

TOTAL
WTRSHED
INFLOWS

75724
64066
64245
75819
159204
88614
81325
92830
169325
84374
95891
62547

TOTAL
D-M-1
DEMANDS

10150
16128
101813
12283
21684
10819
15456
9133
8486
8805
5730
6451

TOTAL
IRRIG
DEMANDS

85311
89716
79782
148487
264683
116390
127929
63045
43982
46950
18695
27955

TOTAL  TOTAL END-MON
SYSTEM RESERVR USABLE
SHORTAGE  EVAP STORAGE
0 11801 1185610

0 15054 1128778

0 17348 1085712

0 26324 974437

0 23767 823507

0 23982 760930

0 27378 671492

0 23378 668766

0 19687 765936

0 17039 777516

0 8933 840049

0 8157 860033

c/o

D-M-1

CONS RESERVE

POOL §

35.8
34.1
32.8
29.4
24.9
23.0
20.3
20.2
23,2
23.9
25.4
26.0

TORAGE

225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000

1098674
SHORTAGE
DEMANDS
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 e 0
0 Q 0
Q 0 0
ocT NOV CEC
65061 63354 66114
80262 94997 70335
76339 93269 64116
43027 16967 21736
20803 20346 213N
32605 47935 19134
0 0 0
0 0 0
OPRATNG EXCESS IRRIG

DEAD

FLOCD E

SPILLS s

RESERVE USABLE ACCOUNT
STORAGE STORAGE ALLOCAT

275000
275000
275000
275000
275000
275000
275000
275000
275000
275000
275000
275000

47368
0
30762
0
0
45297

O o o oo

46200

7348

5709
9342

7431
5630
13814
5508
79871

0
2
0
3
0
0
2
0
5
7
0
0

0
0
0
0
0
0
0
0
0
0
0
0
¢

AVG

65918
82108
T4672
85301
47000
59818
25523

4232

IRRIG
RIVER
DIVERSN

78506
82946
73828
137606
244350
107874
118453
59026
40975
43507
17337
26216

POOL: 10

ND-MON
TORAGE S
108376
87375
90276
5325
8414
31767
L4467
58053
167815
192561
234529
245379

IRRIG
ACCOUNT
BALANCE

638242
628778
554950
LT4437
323507
215633
171492
168766
265936
277516
340049
313833

99

TARGET
TORAGE
855056
1140
1140
1099
1099
1059
1099
1099
1099
824006
855056
855056

o/o
IRRIG
POOL

26,1
23.7
21,0
17.9

~
o

P e

R el o -V o V) IR N



SIMULATION YEAR 3

RESERVOIR NO. 1

WTRSHED
MONTH INFLOWS
1 67892
2 56680
3 61812
4 75819
S 101801
) 79903
7 80026
8 89329
9 95852
10 66988
1 62195
12 56829

ANNUAL 895126

RESERVQIR NO. 2

WTRSHED
MONTH INFLOWS
1 7832
P4 7386
3 2433
4 0
5 57403
6 8711
7 1299
8 3501
9 73473
10 17386
1" 33696
12 5718

ANNUAL 218838

RESERVQIR NO, 3

WTRSHED

MONTH  INFLOWS
1 28687
2 21287
3 23319
4 26625
5 38768
6 29252
7 37006
8 49855
9 43976
10 35154
1 30206
12 23756

ANNUAL 387891

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

U.S. AMISTAD

RESERVR
INFLOWS
67892
56680
61812
75819
101801
79903
80026
89329
95852
66988
62195
56829
895126

u.s.

RESERVR
INFLOWS
68536
62012
64682
44074
127414
264049
143206
63294
131430
76339
93269
64116
1202421

FLDWATR
TRANSFR

0
o}
0
0
0
0
Y
0
0
0
0
0
0

FALCON
FLDWATR

TRANSFR
0

0
0
o
¢
0
0
0
0
0
0
0
0

MEX AMISTAD

RESERVR
INFLOWS
28687
21287
23319
26625
38768
29252
37006
49855
43976
35154
30208
23756
38781

FLOWATR
TRANSFR

CALENDAR YEAR 1997

MAX FLOOD POOL:

DWNSTRM
RELEASE
67452
61300
£9425
S8726
82994
267751
153891
75003
£6317
65061
63354
66114
1097388

MAX FLOOD PCOL:

DWNSTRM
RELEASE
88713
99170
82787
146118
273384
114796
131401
56968
44108
459647
20644
26690
1134426

MAX FLOOD PCOL:

DWNSTRM
RELEASE
32953
29947
92837
228236
82737
21894
21502
21083
21229
20803
20346
213N
614878

SURFACE
AREA
32725
32265
30943
27642
24609
21598
17889
17144
17932
18453
18519
18383

SURFACE
AREA
29014
24354
22421
17012

6570

7017
12880
13797
19460
24909
27912
30761

SURFACE
AREA
32725
32285
30943
2ré42
24609
21598
17889
17144
17932
18453
18519
18383

1827241
EVAP EVAP
RATE LOSS

.3 6891
s 9686
A7 10223
7 16920
.87 19365
.99 19566
1.17 18468
1.18 17112
.86 12614
LTA 10921
L34 4946
.32 4569

151281

1613729
EVAP EVAP
RATE LOSS

.26 4910
.29 5368
.62 7125
.68 9404
.73 4402
.80 4416
.87 8910
.61 6266
.58 7073
.43 6118
.25 3987
.20 3588

71567

1424078
EVAP EVAP
RATE LOSS

.3 3254
b 4511
47 4320
77 4364
87 2045
.99 1816
1.17 2462
1.18 ERRE-S
.86 2308
T4 2734
.34 1350
.32 1314
34096

MAX CONSERVATION POOL:

O-M-]

DEMANDS
1497
1574
1813
2167
2451
2463
2503
2402
1956
2185
2053
1497
24561

SHORTAGE

0
0
0
0
0
0
0
v
0
0
o
0
0

IRRIG

DEMANDS
5251
5100
5363
12485
10532
9950
9481
12808
6404
3923
1728
6219
89244

MAX CONSERVATION POOL:

D-M-1
DEMANDS
8653
14554
8368
10116
19233
8356
12953
6731
6530
6620
3677
4954
110745

SHORTAGE

0
0
0
0
0
0
0
0
0
0
0
0
0

IRRIG
DEMANDS
80060
84618
76419
136002
254151
106440
118448
50237
37578
43027
16967
21736
1023681

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
6435
6547
9564

10222
11766
5998
SS67
6047
5890
6568
6128
5901
87033

O 0G0 00000000

DEMANDS

O 0O 0000000000

1771041

SHORTAGE

cC O 0000 0cCcCoo0 oo

1555129

SHORTAGE

L= B = B o B o I o B o B = B o B« BN o BN o B o B o

1380278

SHORTAGE

OO 0O 0 000000 oo0o.o

DEAD POOL:

FLOOD
SPILLS

O 0O 0O 0000 o000 o oo

END~MON
STORAGE
858963
844662
826826
826999
826441
619027
526694
523908
540829
531835
525730
511876

DEAD POOL:

FLOOD
SPILLS

o 0O 0000000 o000

END-MON
STCRAGE
331242
288716
263486
152038
1666
146503
149398
149458
229707
250281
318919
352757

DEAD POOL:

FLOOD
SPILLS

O 0C O 0000000000

END-MON
STORAGE
403300
390129
316291
110316
64302
69844
82886
108540
128479
140096
148606
149737

177

TARGET
STORAGE
1827241
1827241
1827241
1771041
1771041
1328281
1328281
1328281
1328281
1771041
1827241
1827241

1555

TARGET
STORAGE
1210297
1210297
1210297
1166347
1166347

150070

150070

150070

150070
1166347
1210297
1210297

1380

TARGET
STORAGE
1424078
1068059
106805%
1035209
1035209
1035209
1035209
1035209
1035209
1380278
1424078
1424078



CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

SIMULATION YEAR 3

CALENDAR YEAR 1997

WATER ACCOUNTING FOR SELECTED INDIVIODUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIC GRANDE RULES

NAME OF WATER RIGHTS CWNER:

MONTH

00~ OGS N -

0

10
1
12

D-M-I WATER RIGHTS
ADJ. NO. 0808-001

ANNUAL AUTH:

DEMAND SHORT
AMOUNT AMOUNT

100
56
g0

181

120

0
0
1377
1843

OO 00 O 00000 oo

ANNUAL 3770 0

6140 AF
USABLE
BALANCE

6140
6140
6137
6037
5981
5891
5710
5550
5590
55%0
4213
2370

HCIDZ S.JUAN

CLASS A IRRIGATION WATER RIGHTS

ADJ. NO.
ANNUAL AUTH:

0808-005
147775 AF

RATE A ALLOC STORAGE
AMOUNT BALANCE

DEMAND SHORT
AMOUNT AMOUNT

2663
8039
8845
10112
17240
7093
11385
4441
5227
4099
97

0

O 0O 00 0 00000 0Cco

79241

o

.00000 0
.04106 6068
.00000 0
.03190 4715
.05220 7714
.000C0 0
.04153 6136
03146 4649
.07720 11408
.03078 4549
04463 6595
.00000 0

51834

76518
74547
65702
60305
50779
43686
38437
38645
44826
45276
51774
51774

USABLE
BALANCE

145112
137073
128228
118116
100876
93783
82398
77957
72730
68631
68534
68534

CLASS B IRRIGATION WATER RIGHTS
0573-001

ADJ. NO.

ANNUAL AUTH:

470 AF

RATE B ALLOC STORAGE USABLE
AMOUNT BALANCE BALANCE

DEMAND SHORT
AMOUNT AMOUNT

48

oo oo oo

28

<
O 0O O 0 0 0000 Qoo

76 0

.0gooe
.02415
.00000
.01877
.03071
.00000
.02443
.01851
04541
.01811
02625
.00000

148
m
m
120
134
134
145
154
147
156
168
168

470
422
422
422
422
422
422
422
394
394
394
394



CURRENT 1995~19%6 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

SIMULATION YEAR 3

CALENDAR YEAR 1997

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M~1 WATER RIGHTS

ADJ. NO. 084%-000
ANNUAL AUTH: 5300 AF
MCONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 489 0 4811
2 657 0 4154
3 595 0 3559
4 874 0 2685
5 766 0 191%
6 657 0 1262
7 642 0 620
8 496 0 124
9 125 1 0
10 Q 0 0
11 0 Y 0
12 0 0 0
ANNUAL 5301 1

NAME OF WATER RIGHTS OWNER:

D-M-I WATER RIGHTS

ADJ, NC. 0240-000
ANNUAL AUTH: 3967 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMCUNT BALANCE

1 239 0 3728
2 145 0 3583
3 182 0 3401
4 248 0 3153
5 308 0 2845
) 589 0 2256
7 406 0 1850
8 613 0 1237
9 499 0 738
10 268 0 470
1" 289 0 181
12 100 0 81
ANNUAL 3886 0

UNITED I.

DEMAND

D.

CLASS A IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

SHORT

AMOUNT AMOUNT

756
2371
2179
4283
4387

26188
3734
2110
2148
3016

149
1336

52657

o

SANTACRUZ 15

AMOUNT

187
87
82
53

268

118

230
24
69

254

1372

. 00000
04106
.00000
.03190
.05220
.00000
.04153
.03146
.07720
.03078
.04463
.0gooo

AB4T7-001

69464 AF
RATE A ALLOC STORAGE
AMOUNT BALANCE

2852

2216
3626

2885
2185
5362
2138
3100

24364

36774
37255
35076
33009
32248
6060
5211
5286
8500
7622
10573
9237

USABLE
BALANCE

68708
66337
64158
59875
55488
29300
25566
23456
21308
18292
18143
16807

CLASS A IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

AMOUNT

.00000
.04106
.0acaa
.03150
.05220
.0C000
.04153
.03146
.07720
.03078
L046463
. 00000

0810-000
4857 AF

DEMAND SHORT RATE A

ALLOC STORAGE
AMOUNT BALANCE

199

155
254

202
153
375
150
217

1705

5080
5192
5110
5212
5198
5080
5052
5181
5487
5383
5600
5600

USABLE
BALANCE

4670
4583
4501
4448
4180
4062
3832
3808
3739
3485
3485
3485

CLASS B IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

AMOUNT AMOUNT

100
300
228
191
120
108
74
27
24
178
16
60

1424

DEMAND
AMOUNT

oo O 000000000

OO0 OO 00000000

.00000

.02415

.00000
01877
.03071
. 00000
.02443
.01851
. 04541
.01811
.02625
. 00000

8749-000

4009 AF

DEMAND SHORT RATE B ALLOC STORAGE
AMOUNT BALANCE

g7

75
123

98
74
182
73
105

827

2674
2471
2245
2129
2132
2024
2048
2095
2253
2148
2237
2177

USABLE
BALANCE

3909
3609
3383
3192
3072
2964
28%0
2863
2839
2661
2645
2585

CLASS B IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

AMOUNT

(=T o B« R o R« R o I o J o N R e BN e BN @ |

.00000
.02415
.00000
01877
03071
. 00000
.02443
.01851
04541
.018n
02625
. 00000

B804-000

4828 AF
SHORT RATE B ALLOC STORAGE
AMOUNT BALANCE

mr

91
148

118
89
219
87
127

996

2959
3076
3076
3167
3315
3315
3433
3522
3741
3828
3955
3955

USABLE
BALANCE

4828
4828
4828
4828
4828
4828
4828
4828
4828
4828
4828
4828



SIMULATION YEAR 4

RESERVOIR NO. 4

MONTH

1
2
3
A
5
é
7
8

9
10
1
12

ANNUAL

WTRSHED
INFLOWS
3906
3825

0

0

58914
10260
3913
5330
98882
18370
33717
3724
240841

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

MEX FALCON

RESERVR
INFLOWS
30424
27225
83273
77386
85918
5285
19448
20366
114221
32605
47935
19134
563220

MONTHLY FLOWS IN SYSTEM

MONTH JAN

LINK NO.
1 67452
2 73787
3 68536
4 80060
5 32953
& 30424
7 Q
8 0

FEB

61300
67112
62012
84616
29947
27225

0

0

FLDWATR
TRANSFR

0
0
0
0
0
0
0
0
0
0
0
0
0

CALENDAR YEAR 1998

MAX FLOOD POQL:

DWNSTRM
RELEASE
179835
46531
78080
150471
85937
1605
4452
4630
245
3266
2976
5720
563748

LINKS (ACRE-FEET)

MAR

69425
70045
64682
74419
92837
83273

0

0

APR

58726
56559
44074
136002
47303
37081
a
40305

SURFACE
AREA
28335
23529
21609
16346
10481
10663
11373
12093
17861
23561
26829
29488

MAY

69665
124617
120600
96941
1050
48198
4727

37720

1140074
EVAP EVAP
RATE LOsS

.26 2449
.29 1456
.42 1946
.68 1766
.73 57
.80 158
.87 714
.61 M4
.58 3384
W43 4069
.25 2726
.20 2359
22198
JUN JUL
69639 68000
75887 66796
65937 63612
106440 39773
1023 21502
5285 19448
57229 0
0 0

ALLOCATION OF U,S. WATER IN AMISTAD AND FALCON RESERVOIRS PURSUANT TO TNRCC RIO GRANDE RULES

MONTH

N0 N oUW e

—_ o =
N - O

INITIAL  TOTAL
USABLE WTRSHED
STORAGE INFLOWS
860033 75724
831025 64066
777784 64245
738564 75819
633876 159204
650831 88614
590802 81325
590104 92830
589854 169325
688758 B4374
701765 95891
764924 62547

TOTAL
D-M-1
DEMANDS

10150
16128
10181
12283
21684
10819
15456
9133
8486
8805
5730
6451

TOTAL
IRRIG

TOTAL

DEMANDS SHORTAGE

85311
89716
79782
148487
264683
116390
127929
63045
43982
46950
18695
27955

TOTAL END-MON
SYSTEM RESERVR USABLE
EVAP  STORAGE
9271 831025
11463 777784
13502 738564
19737 633876
19607 650831
21434 590802
23610 590104
20902 589854
17953 688758
15612 701765
8307 764924
7568 785497

MAX CONSERVATION POOL: 1098674
MUNGIRR SHORTAGE OTHER  SHORTAGE
DEMANDS DEMANDS s

179835 0 0 0
46531 0 0 0
78080 0 0 0

300801 150330 0 0

126402 40465 0 0

1605 0 0 0

4452 ) 0 0

4630 0 0 o

245 0 0 0

3266 0 0 0

2976 0 0 0

5720 0 0 0

754543 190795 0 0

AUG SEP OCT NOV DEC

66034 66317 65061 63354 66114
67133 137834 80262 94997 70335
54325 131430 76339 93269 64116
50237 37578 43027 16967 21736
21083 21229 20803 20346 21311
20366 114221 32605 47935 19134
0 0 0 0 0

e 0 0 0 0

o/o D-M-I OPRATNG EXCESS IRRIG

CONS RESERVE RESERVE USABLE ACCOUNT

POOL STORAGE STORAGE STORAGE ALLOCAT

25.1 225000 275000 0 96098

23.5 225000 275000 29705 0

22.3 225000 275000 0 64313

19.2 225000 275000 32918 0

19.7 225000 275000 0 143075

17.9 225000 275000 47845 0

17.9 225000 275000 0 86922

17.9 225000 275000 0 58776

20.8 225000 275000 0 139879

21.2 225000 275000 0 56514

23.1 225000 275000 0 8049

23.8 225000 275000 46789 0

DEAD

FLOOD E
PILLS 5

O O 00000000000

AVG

65918
82108
75740
65644
27609
40428

5162

6501

IRRIG
RIVER
DIVERSN

78906
82546
73828
137606
93202
107874
39775
59026
40975
43507
17337
26216

poOL: 10

ND-MON
TORAGE S
93519
72757
76004
1153
1077
4599
18881
33503
144095
169365
211598
222653

IRRIG
ACCOUNT

99

TARGET
TORAGE
855056
1140
1140
1099
1099
1099
1099
1099
1099
824005
855056
855056

c/o
IRRIG

BALANCE PGOL

331025
248079
238564
100958
150831

44957

90104

89854
188758
201765
264924
238708

1

—

2.
9
9
3
5
1
3.
3
7
7
0
9.



SIMULATION YEAR 4

RESERVOIR NO, 1

MONTH

1
2
3
4
5
6
7
8

9
10
"
12

WTRSHED
INFLOWS
67892
56680
61812
75819
101801
79903
80026
89329
95852
66988
62195
56829

ANNUAL 895126

RESERVOIR NO, 2

MONTH

1

o~ N oW

9
10
"
12

WTRSHED
INFLOWS
7832
7386
2433

0

57403
a7n
1299
3501
73473
17386
33696
5718

ANNUAL 218838

RESERVOIR NO. 3

MONTH

1

N8 N P WY

—
[=]

11
12

WTRSHED
INFLOWS
28687
21287
23319
26625
38768
29252
37006
49855
43976
35154
30206
23756

ANNUAL 387891

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

U,S. AMISTAD

RESERVR
INFLOWS
67892
56680
61812
75819
101801
79903
80026
89329
95852
66988
62195
56829
895126

U.S.

RESERVR
INFLOWS
68536
62012
64682
44074
125327
123166
63612
54325
131430
76339
93269
64116
970888

FLDWATR
TRANSFR

0
0
G
0
0
0
0
g
0
0
0
0
0

FALCON

FLOWATR
TRANSFR

(=]

MEX AMISTAD

RESERVR
INFLOWS
28687
21287
23319
26625
38768
29252
37006
49855
43976
35154
30206
23756
387891

FLDWATR
TRANSFR

0
0
0
0
0
0
a
0
0
0
0
0
0

CALENDAR YEAR 1998

MAX FLOOD POOL:

DWNSTRM
RELEASE
67452
61300
69425
58726
74392
126868
68000
66034
66317
65061
63354
66114
853043

MAX FLOOD POOL:

DWNSTRM
RELEASE
88713
99170
82787
146118
116174
114796
52726
56968
44108
49647
20644
26690
898541

MAX FLOOD POOL:

CWNSTRM
RELEASE
32953
29947
92837
87608
38770
1023
21502
21083
21229
20803
20346
2131
409412

SURFACE
AREA
18091
17689
16280
14384
13846
13618
13342
13986
15003
15602
15712
15597

SURFACE
AREA
28335
23529
21609
16346
10481
10663
11373
12093
17861
23561
26829
23688

SURFACE
AREA
18091
17689
16280
14384
13846
13618
13342
13986
15003
15602
15712
15597

1827241
EVAP EVAP
RATE LOSS

.31 4353

b4 6096

a7 6372

77 10388

.87 12013

.99 13082

117 14429
1.18 14639
.86 10978

T4 9550

.54 4326

.32 3989

110195

1613729
EVAP EVAP
RATE LOSS

.26 4918

.29 5367

.42 7130

.68 9349

.73 7594

.80 8372

.87 9181

.61 6263

.58 6975

.43 6062

.25 3981

.20 3579
78771

1424078
EVAP EVAP
RATE LOss

.31 1255

A 1687

A7 1280

JT7 688

.87 33

.99 420
1.17 1181
1.18 1864

.86 1925

74 1995

.34 1014

.32 1002

14346

MAX CONSERVATION POOL:

D-M-1

DEMANDS
1497
1574
1813
2167
2451
2463
2503
2402
1956
2185
2053
1497
24561

SHORTAGE

o OO0 0 C O 0o 0oaooo

IRRIG

DEMANDS
5251
5160
5363
12485
10532
9950
9481
12808
6404
3923
1728
6219
89244

MAX CONSERVATION POOL:

D-M-1
DEMANDS
8653
14554
8368
10116
19233
8356
12953
6731
6530
6620
3677
4954
110745

SHORTAGE

0
0
0
0
0
0
¢
0
0
0
0
0
0

IRRIG
DEMANDS
80060
84616
74419
136002
254151
106440
118448
50237
37578
43027
16967
21736
1023681

MAX CONSERVATION POOL:

MUNKIRR SHORTAGE OTHER

DEMANDS
6435
6547
9564

10222
11766
5998
5967
6047
5890
6568
6128
5901
87033

O OO0 0O 00000 00O oo

DEMANDS

O OO0 000000000

1771041

SHORTAGE

1555129

SHORTAGE

O o 0o

157210
0
78675

O O Cc o C

235885

1380278

SHORTAGE

O OO0 O 0O 0o o o0 Oo o o0

DEAD POOL:

FLOOD
SPILLS

0O 000 0C o000 000o0

END-MON
STORAGE
507963
497247
483262
489967
505363
445336
442933
451589
470146
462523
457038
443764

DEAD POOL:

FLOCD
SPILLS

O C 0o 0 00000 0000

END-MON
STORAGE
327662
285137
259902
148509
150068
150066
157771
142845
223212
243842
312486
346333

DEAD POOL:

FLOOD
SPILLS
0

0
0
0
0
0
0
0
0
0
0
0
0

END-MON
STORAGE
144216
133869
63071
1400
1365
29174
43497
70405
91227
103583
112427
113870

1771

TARGET
STORAGE
1827241
1827241
1827241
1771041
1328281
1328281
1328281
1771041
1328281
1771041
1827241
1827241

1555

TARGET
STORAGE
1210297
1210297
1210297
1166347

150070

150070

150070
1166347

150070
1166347
1210297
1210297

1380

TARGET
STORAGE
1424078
1068059
1068059
1035209
1035209
1035209
1035209
1035209
1035209
1380278
1424078
1424078



CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 199> CONDITIONS

SIMULATION YEAR 4

CALENDAR YEAR 1998

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS
ADJ. NO. 0808-001

ANNUAL AUTH:

MONTH DEMAND  SHORT
AMOUNT AMOUNT

100
56
90

181

120
9 0

10 0

11 1377

12 1843

o ~N v N -
O 00000000000

ANNUAL 3770 0

6140 AF
USABLE
BALANCE

6140
6140
6137
6037
5981
5891
5710
5590
5590
5590
4213
2370

HCIDZ S, JUAN

CLASS A IRRIGATION WATER RIGHTS
0808-005

ADJ. NO.

ANNUAL AUTH:

DEMAND  SHORT
AMOUNT AMOUNT

2663
8039
8845
10112
17240
7093
11385
4441
5227
4099
97

0

OO0 000000 o000

79241 0

.05370
.00000
.03594
.00000
.07995
.00000
. 04857
.03284
07816
.03158
04498
.00000

147775 AF

RATE A ALLOC STORAGE
AMOUNT BALANCE

7935
0
5311
0
11815
0
7178
4854
11551
4667
6647
0

55958

57046
49007
45473
35361
29936
22843
18636
19049
25373
25941
32491
32491

USABLE
BALANCE

145112
137073
128228
118116
100876
93783
82398
77957
72730
68631
68534
68534

CLASS B IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

0573-001
470 AF

RATE B ALLOC STORAGE USABLE
AMOUNT BALANCE BALANCE

DEMAND SHORT
AMOUNT AMOUNT

48

O O 0o o oo

28

(=]
o o0 000000 ao0oo0

76 ¥

.03159
.00000
02114
.00000
. 04703
. 00000
.02857
.01932
. 04598
.01858
.02646
.00000

15
0
10
0
22
0
13
9
22
9
12
0

12

183
135
145
145
167
167
180
189
183
192
204
204

470
422
422
422
422
422
422
422
394
394
394
394



CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

SIMULATION YEAR 4

CALENDAR YEAR 1998

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RID GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS

ADJ. NO. 0849-000
ANNUAL AUTH: 5300 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 489 0 4811
2 657 0 4154
3 595 0 3559
4 874 0 2685
5 768 0 1919
] 657 ] 1262
7 642 0 620
8 496 0 124
9 125 1 0
10 0 0 0
1 Q 0 0
12 c 0 Q
ANNUAL 5301 1

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGKTS
ADJ. NO. 024C-000
ANNUAL AUTH: 3967 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 239 0 3728
2 145 0 3583
3 182 0 3401
4 248 g 3153
5 308 0 2845
6 289 0 2256
7 406 0 1850
8 613 0 1237
9 499 0 738
10 268 a 470
11 289 0 181
12 100 0 81
ANNUAL 3886 0

UNITED 1.

DEMAND
AMOUNT

756
2371
2179
4283
4387

26188
3734
2110
2148
3016

149
1336

52657

D.

CLASS A IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

SHORT
AMOUNT

[ I wo T s T o [ o

19147
3734

[ e I o R = I o

22881

SANTACRUZ 15

AMOUNT

187
87
82
53

268

118

230
24
69

254

1372

.05370
.0ooga
. 03594
.000c0
.07995
.000C0
.04857
.03284
.07816
.03158
. 04498
. 00000

AB4T-001

69464 AF
RATE A ALLOC STORAGE
AMOUNT BALANCE

3730
0
2496
0
5554
0
3374
2281
5430
2194
3125
0

28184

1221
9840
10157
5874
7041
0
3374
3545
6827
6005
8981
7645

USABLE
BALANCE

68708
66337
64158
59875
55488
48447
48447
44337
44189
41173
41024
39688

CLASS A IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

AMOUNT

O 000000 00000 oo

.05370
. 00000
03594
.00000
.07995
. 00000
. 04857
.03284
.07816
.03158
. 04498
.0ooQe

0810-000
4857 AF

DEMAND SHORT RATE A

ALLOC STORAGE
AMOUNT BALANCE

261
0
175
0
388
0
236
160
380
153
218
0

1971

5674
5587
5680
5627
S747
5629
5635
5771
6082
5981
6169
6199

USABLE
BALANCE

4670
4583
4501
4448
4180
4062
3832
3808
3739
3485
3485
3485

AMOUNT

100
300
226
191
120
108
74
27
24
178
16
60

1424

DEMAND
AMOUNT

O O G O o oo o oo a

CLASS B IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

AMOUNT

O 0O 00O 00 oo oaoao

.03159
.0caqo
02114
. 00000
.04703
.00000
.D2857
.01932
. 04598
.01858
02646
.Qoogo

B769-000
4009 AF

DEMAND SHORT RATE 8

ALLOC STORAGE USABLE
AMOUNT BALANCE BALANCE

127
g
85
0
189

115

184

74
106

957

2204
1904
1763
1572
1641
1533
1574
1624
1784
1680
1770
1710

3909
3609
3383
3192
3072
2964
28%0
2863
2839
2661
2645
2585

CLASS B IRRIGATION WATER RIGHTS
B804-000

ADJ, NO.

ANNUAL AUTH:

SHORT
AMOUNT

O o 0 0O 000000 oo

.03159
. 00000
.02114
.00000
.04703
.00000
.02857
.01932
.04598
.01858
.02646
. 00000

4828 AF

RATE B ALLOC STCRAGE
AMOUNT BALANCE

153
0
102
0
227
0
138
93
222
90
128
0

153

4108
4108
4210
4210
4437
4437
4575
4668
4890
4980
5108
5108

USABLE
BALANCE

4828
4828
4828
4828
4828
4828
4828
4528
4828
4828
4,828
4828



YEAR

1995
1996
1997
1998

INITIAL
STORAGE
937652
530290
356329
352757

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

WTRSHED
INFLOWS
218838
227673
218838
218838

SIMULATION PERIOD TOTAL SUMMARY FOR NODE 2

RESERVR FLDWATR
INFLOWS TRANSFR

8%6120
1049743
1202421

970888

0

0
0
0

DWNSTRM
RELEASE
1134426
1113618
1134426

898541

EVAP
LOSS
169056
110086
71567
78771

D-M-1
DEMANDS
110745
112583
110745
110745

u.s.

SHORTAGE

o o0 oo

FALCON

IRRIG
DEMANDS
1023681
1001035
1023681
1023681

SHORTAGE

0
0
0
235885

FLOOD
SPILLS
0

0
0
0

YEAREND
STORAGE
530290
356329
352757
346333

MINIMUM
STORAGE
338141
181265
1666
142865



1995
1996
1997
1998

INITIAL
STORAGE
1205614
1063563
865419
511876

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIQNS

WTRSHED
INFLOWS
895126
956466
895126
895126

SIMULATION PERIOD TOTAL SUMMARY FOR NODE 1

RESERVR FLOWATR
INFLOWS TRANSFR

895126
956466
895126
895126

0

G0
a
0

DWNSTRM
RELEASE
791087
949893
1097388
853043

EVAP
Loss
246090
206717
151281
110195

D-M-1
DEMANDS
24561
25850
24561
24561

U.S5. AMISTAD

SHORTAGE

O o o o

IRRIG
DEMANDS
89244
101973
89244
89244

SHORTAGE

12812

FLOOD
SPILLS
0

0
0
0

YEAREND
STORAGE
1063563
865419
511876
443764

MINIMUM
STORAGE
1063563
743519
511876
442933



YEAR

1995
1996
1997
1998

INITIAL
STORAGE
320826
285101
260421
245379

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

WTRSHED
INFLOWS
240841
259854
240841
240841

SIMULATION PERIOD TOTAL SUMMARY FOR NODE 4

RESERVR FLDWATR
INFLOWS TRANSFR

755821
321748
768686
563220

0

0
0
0

DWNSTRM
RELEASE
754543
279607
754543
563748

EVAP
LOSS
37003
66821
29185
22198

MEX FALCON

MUN&IRR SHORTAGE OTHER

DEMANDS
754543
279607
754543
754543

0

0
190795

DEMANDS
0

0
0
0

SHORTAGE

o o O o

FLOOD
SPILLS
0

0
0
0

YEAREND
STORAGE
285104
260421
245379
222653

MINIMUM
STORAGE
13653
103808
5325
1077



YEAR

1995
1996
1997
1998

INITIAL
STORAGE
420666
169298
410820
149737

CURRENT 1995-1996 AND EXTENDED 1997-1998 DROUGHT SIMULATION WITH 1995 CONDITIONS

WTRSHED
INFLOWS
387891
441577
387891
387891

SIMULATION PERIOD TOTAL SUMMARY FOR NODE 3

RESERVR FLDWATR
INFLOWS TRANSFR
387891 0
441577 0
387891 0
387891 0

DWNSTRM
RELEASE
632013
145280
614878
409412

EVAP
LOsS
37246
54775
34096
14346

MEX AMISTAD

MUN&IRR SHORTAGE OTHER

DEMANDS
87033
83386
87033
87033

o o o o

DEMANDS

o O o O

SHORTAGE

[= =B e e

FLOOD
SPILLS
0

0
0
0

YEAREND
STORAGE
169298
410820
149737
113870

MINIMUM
STORAGE
85887
175592
64302
1365



APPENDIX 3

AMISTAD-FALCON ROM SAMPLE OUTPUT LISTING FOR 1949-1955
FROM 1945-1996 SIMULATION



RIVER BASIN SIMULATION PROGRAM - TEXAS WATER DEVELOPMENT BOARD
ADAPTED AND MODIFIED FOR AMISTAD AND FALCON RESERVOIRS IN THE RIO GRANDE BASIN

INCLUDING U.S. / MEXICO WATER ACCOUNTING AND TNRCC OPERATING RULES

R. J. BRANDES COMPANY SEPT, 1997

ECHO PRINT OF INPUT DATA FILE PARAMETERS WITHOUT FLOW, DEMAND, OR EVAPORATION DATA

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY
AVERAGE CURRENT HISTORICAL DEMANDS, ACTUAL HISTORICAL GROSS EVAPORATION

CARD 01 NJ - NUMBER OF NODES IN THE MODEL NETWORK

CARD 02 NRES - NUMBER OF RESERVOIRS IN THE MODEL NETWORK

CARD 03 NL - NUMBER OF LINKS BETWEEN NODES IN THE MODEL NETWORK

CARD 04 NR - NUMBER OF LINKS THAT ARE RIVER REACHES

CARD 05 NYEAR - TOTAL NUMBER OF YEARS IN SIMULATION PERICD

CARD 06 ND - NUMBER OF DEMAND NCDES IN THE MODEL NETWORK

CARD Q7 NS - NUMBER OF SPILL RESERVOIRS IN THE MODEL NETWORK

CARD 08 IYEAR - BEGINNING CALENDAR YEAR OF SIMULATION PERIQD

CARD 09 [IFRM - BEGINNING ORDINAL YEAR OF DETAILED PRINTOUT

CARD 10 ITOY - ENDING ORDINAL YEAR OF OETAILED PRINTOUT

CARD 11 INPUT DATA SOURCE ("CARD" OR "TAPE")

CARD 12 FIRM ANNUAL YIELD ITERATION CONVERGENCE LIMIT

CARD 13 [IPLT=0, DO NOT SAVE; =NODE, SAVE RES. OPER; =5, SAVE ACCOUNT
CARD 14 IYSTR - BEGINNING YEAR FOR FIRM ANNUAL YIELD ANALYSIS

CARD 15 [IYEND - ENDING YEAR FOR FIRM ANNUAL YIELD ANALYSIS

CARD 16 IFLYLD=0, NO FAY; IFLYLO =1, DETERMINE FAY FOR CRITICAL PERIOD
CARD 17 MAXMWR - TOTAL DOMESTIC-MUNICIPAL-INDUSTRIAL WATER RIGHTS
CARD 18 MXLIWR - TOTAL IRRIGATION WATER RIGHTS ON LOWER RIO GRANDE
CARD 19 MLIAWR - TOTAL CLASS A IRRI WATER RIGHTS ON LOWER RIQ GRANDE
CARD 20 MLIBWR - TOTAL CLASS B IRRI WATER RIGHTS ON LOWER RIO GRANDE
CARD 21 MXMIWR - TOTAL IRRIGATION WATER RIGHTS ON MIDDLE RIO GRANDE
CARD 22 MMIAWR - TOTAL CLASS A IRRI WATER RIGHTS ON MIDDLE RIO GRANDE
CARD 23 MMIBWR - TOTAL CLASS B IRRI WATER RIGHTS ON MIDDLE RIO GRANDE
CARD 24 MAXMPL - MAX. U.S. DOMESTIC-MUNICIPAL-INDUSTRIAL RESERVE PCOL
CARD 25 IRSTRT - STARTING TOTAL IRRIGATION & MINING ACCOUNT BALANCE
CARD 26 NUMWR - NUMBER OF WATER RIGHTS OWNERS INCLUDED IN ACCOUNTING
CARD 27 IRLFLG=0, READ ALL MONTHLY RELEASES; =1, READ AVG. MON RELEASES
CARD 28 |IWRFLG=0, READ ALL MONTHLY DEMANDS; =1, READ AVG. MON DEMANDS
U.S. AMISTAD 1 1827241 1771041 1771 1771041

U.S. FALCON 2 1613729 1555129 1555 1555129

MEX AMISTAD 31424078 1380278 1380 1380278

MEX FALCON 4 1140074 1098674 1099 1098674

U.S5.MRG MUNI 5 0 0 0

U.S.MRG IRRI 6 0 0 0

U.S.LRG IRRI 7 0 Q )

MEX MRG M&IR 8 0 0 0

SPILL RESR 2 4

AMISTAD 1 1 930.0 0

AMISTAD 1 e 945.0 1

AMISTAD 1 3 946.5 &7 294

AMISTAD 1 4 948.2 180 823

AMISTAD 1 5 949.1 237 1180

AMISTAD 1 é 950.1 297 1684

AMISTAD 1 7 951.4 376 2782

AMISTAD 1 8 961.3 1045 13873

AMISTAD 1 9 971.1 1843 33110

AMISTAD 1 10 981.0 2770 59404

AMISTAD 1 " 990.8 3823 93556

0w o &~ o

52

1945

1

52
CARD
0,040

1

1948
1972

0
271579
1696228
1500719
195509
181530
162803
18727
225000
0000000
3

1

1

DATE:

FILE:

2-14-1998

UM4596G2



AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
AMISTAD
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON
FALCON

US AMISTAD
US FALCON
MX AMISTAD
MX FALCON
USMRG MUNI
USMRG IRRI
USLRG IRRI
MXMRG M&IR
US MODERAT
MX MODERAT
RESERVOIR

D ~N o d1 N

NN NN NN NN R e = 2 A =
O O 0 N OOl = O NNy NN

N Q0N U

NN NN R RS PO RN N N 3 a3 e b e 3 e
W N U S O 0 NN NNy

L S B o I N o B o F o B N AN I A A S o I A T N Y I Y I Y T o e N N R N I e e IV I AV I o F B o F R e R R R e T B e T o T ]
(2% —_
o [w]

30

1000.7 5004 138573

1010.5 6314 195568
1020.3 77z 264663
1030.2 9758 350120

1040.0 12751 458690
1049.9 16734 605456
1059.7 21627 790919
1069.6 27399 1029250
1079.4 34051 1328996
1089.2 41702 1699411
1094.2 45665 1911714
1099.1 49658 2142942
1104.0 53679 2393700
1108.9 57729 2664077
1115.5 63173 3055670
M17.0 64438 3151319
1118.8 65915 3265037
1122.0 68671 3483939
1131.9 77013 4199954

203.3 0 o
203.4 35 57
205.1 155 235
206.7 425 735
207.3 539 1050
208.3 7er 1670
210.0 1100 3158
214.9 1559 9631
219.8 2¢02 18806
226.7 3526 32732
229.7 5169 54000
234.6 6531 82799
239.5 5061 118624

242.8 10341 148482
244.4 11654 166516
249,3 15894 234115
254.3 20562 323644
25%.2 25677 437240
264.1 30775 576159
26%.0 36184 740751
274.0 42448 933844
278.9 48929 1158684
282.2 53474 1326587
285.4 58443 1509829
288.7 65021 1712296
292.0 70235 1935151
295.3 74804 2172702
298.6 482000 2429861
301.2 87181 2653803
305.1 93809 3008297

000 20 20 20.0000.0000.0000.0000.0000.0000.0000.000C. 0000, 0000

125000

2

000 20 20 20.0000.0000.0000.0000.0C0C.000C.0000.0000.0000. 0000

1224000
34000
127000
1078000
66000
9.65
10.00

6

[V, B L WY I

1 1.0611.0610.0760.0826.08%2.0961.1086. 1108.0880.0851

4 4.0747,0441,0780,1437,.1342.1266.1063.0967.0571.0553

75.00
75.00

.0000.0000
2 2.0720.0666.0777.0894.0866.0900.1004.1038.0850.0803,

0744.0738

.0000.0000
6 6.1620.0649.0243.2413.2651.0653.0295.0592.0227.0344.

0121.0192

.0724.0691
3 3.0425.040%9.0927.1020.0835.1039. 1186. 1366.0807.0809.

0666.0511

.0402.0391
5 5.0785,0727.0745.0849.0799.0830.0915.0910.08%6.0860.

0825.085%

1 1 AVERAGE 10 100. 100. 100. 1i00. 100. 100. 100. 100. 1Q0. 100.

100.

100. -



OPERATING
RULES

RESERVOIR
OPERATING
RULES

RESERVOIR
OPERATING
RULES

RESERVOIR
OPERATING
RULES

LINK1

LINKZ

LINK3

LINK4

L INKS

LINKS

LINK7

LINK8

US AMS REL

MEX AMS REL

UNITED 1.D.

MUN ADJ NO

MUN ANN AUTH

IRRIG ACCT START BALANCES

MUNICIPAL

CLASS A IRR 1
CLASS B IRR 1

1 2 DRY
1 3 WET
2 1 AVERAGE
2 2 DRY
2 3 WET
3 1 AVERAGE
3 2 DRY
3 3 WET
4 1 AVERAGE
4 2 DRY
4 3 WET
1 1 5
2 5 6
3 6 2
4 2 7
5 3 8
6 8 4
7 1 2
8 3 4
0
Q
1
0849-000
5300
1945 382
1945 5189
1945 299

SANTACRUZ 15 2

MUN ADJ NO 0240-000
MUN ANN AUTH 3967
IRRIG ACCT START BALANCES

MUNICIPAL 2 1945 286
CLASS A IRR 2 1945 363
CLASS B IRR 2 1945 361

HCID2 S.JUAN 3

MUN ADJ NO 0808-001
MUN ANN AUTH 6140
IRRIG ACCT START BALANCES

MUNICIPAL 3 1945 442
CLASS A IRR 3 1945 11039
CLASS B IRR 3 1945 35

11 75,
10 100.
11 75.
10 9.65
1% 100.
12 100,
13 75,
12 100.
13 75,
12 0.1
13 100.
9000000
9000000
9000000
9000000
9000000
9000000
2000000
9000000

CL A
CL A
CLA
353
3063
177

CLA
CL A
CL A
264
214
213

CLA
CLA
CL A
4029
6517
21

75. 75, 7S,
100, 100. 100.
75. 75. 75,
9.65 9.65 9.65
100. 100. 100.
100. 100. 100,
75. 75. 75,
100. 100, 100.
75.  75. 75,
0.1 0.1 0.1
100. 100. 100.
0
0
0
0
0
0
0
0
0
0
ADJ NO ABAT-001
ANN AUTH 69464
BALANCE 97944
412 474 459
5418 9982 9322
313 576 538
ADJ NO 0810-000
ANN AUTH 4857
BALANCE 6848
308 355 343
379 698 652
376 . 694 648
ADJ NO 0808-005
ANN AUTH 147775
BALANCE 208363
477 549 532
11526 21235 19831
37 68 63

75.
100,
75.

9.6
100
100

75.
100,
75.

0.
100

75. 75, 75,
100, 100, 100,
75. 75. 75,
5 9.65 9.65 9.65
. 100, 100. 100.
. 100, 100, 100.
75. 75, 75,
100. 100. 100.
75. 75, 75,
1 01 0.1 04
. 10¢. 100. 100.
¢ 0
0 0
CL B ADJ NO

CL B ANN AUTH
CL B BALANCE

477 532 550

8794 7384 6717

507 426 388
CL B ADJ NO

CL B ANN AUTH
CL B BALANCE

357 398 412

615 516 470

611 513 467
CL B ADJ NO

CL B ANN AUTH
CL B BALANCE

553 616
18708 15709
59 50

637
14290

45

75.
100.
75,
9.65
100.
100.
75.
100.
75.
0.1
100.

75.
100.
75.
9.65
100.
100.
75.
100.
75.
0.1
100.

B769-000
4009
5653

450
3967
229

426
4119
238

B804-000
4828
6807

337
277
276

319
288
286

0573-001
470
663

522
8438
27

493
8763
28

75.
100.
75.
9.65
100.
100.
75.
100.
75.
0.1
100.

394
2793
161

295
185
194

457
5941
19

75.
100.
75.
9.65
100.
100.
75.
100.
7s.
0.1
100,

39
2716
157

293
190
189

453
5778
18



RIVER BASIN SIMULATION PROGRAM - TEXAS WATER DEVELOPMENT BOARD DATE:

ADAPTED AND MODIFIED FOR AMISTAD AND FALCON RESERVOIRS IN THE RIO GRANDE BASIN TIME:
INCLUDING U.S., / MEXICO WATER ACCOUNTING AND TNRCC QOPERATING RULES FILE:
R. J. BRANDES COMPANY SEPT. 1997

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY
AVERAGE CURRENT HISTORICAL DEMANDS, ACTUAL HISTORICAL GROSS EVAPORATION

NUMBER OF NODES = 8 NUMBER OF RESERVOIRS = 4
NUMBER OF LINKS = 8 NUMBER OF RIVER REACHES = 8
CALENDAR YEAR OPERATION STARTS = 1945 NUMBER OF YEARS TO SIMULATE = 52
NUMBER OF DEMAND NODES = 8 NUMBER OF SPILL NODES = 2
NUMBER OF INDIVIDUAL WATER RIGHTS = 3
SYSTEM NODE CHARACTERISTICS
NODE NO.  NODE NAME  =—=----------- CAPACITIES ~=----=======- YEARLY
FLOOD ~ CONSERV ~ MINIMUM  STARTING  DEMAND
(AC-FT)  (AC-FT)  (AC-FT)  (AC-FT)  (AC-FT}
1 U.S. AMISTAD 1827241 1771041 1771 1771041 0
2 U.S. FALCON 1613729 1555129 1555 1555129 125000
3 MEX AMISTAD 1424078 1380278 1380 1380278 0
4 MEX FALCON 1140074 1098674 1099 1098674 1224000
5 U.S.MRG MUNI 0 0 0 0 34000
6 U.S.MRG IRRI 0 0 0 0 127000
7 U.S.LRG IRRI 0 0 0 0 1078000
8 MEX MRG M&IR 0 0 0 0 66000
NOTE: FLOOD POOL IS AVAILABLE FOR CONSERVATION STORAGE DURING NOVEMBER-APRIL NON-HURRICANE SEASON

SYSTEM LINK CONFIGURATION

LINK NO. FROM NODE 70 NODE MAX. CAPACITY MIN. CAPACITY

o N Onn g -

(AC-FT/MON) (AC-FT/MON)

9000000
9000000
9000000
9000000
9000000
2000000
9000000
9000000

W — O W NN =
SN o
O o0 o 0o oo



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

MINIMUM MONTHLY U. S. OPERATIONAL RELEASES FROM AMISTAD RESERVOIR {AC-FT)

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC

MINIMUM MONTHLY MEXICO OPERATIONAL RELEASES FROM AMISTAD RESERVOIR (AC-FT)

JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

U.S, SPILL RESERVOIR NODE:

MEXICO SPILL RESERVOIR NODE:

4

U.S. "MODERATE' STORAGE CONDITION DEFINED AS 9.65 TO 75.00 PERCENT OF FALCON U.S. CONSERVATION CAPACITY

MEXICO 'MODERATE' STORAGE CONDITION DEFINED AS 10,00 TO 75.00 PERCENT OF FALCON MEXICAN CONSERVATION CAPACITY

NODE MONTHLY DEMAND DISTRIBUTIONS AND DEMAND PRIORITIES

NODE NO.

D~ O NN

JAN

.0000
.0720
.0000
L1820
L0611
L0425
Q747
.0785

FEB

. 0000
. 0666
.0000
L0649
.0610
.0409
. 0441
0727

MAR

.0000
o777
.0000
.0243
.0760
.0927
.0780
L0745

MONTHLY FRACTIONS OF ANNUAL DEMAND

APR

. 0000
. 0894
. 0000
.2413
.0826
.1020
L1437
.0849

MAY

.0000
. 0866
. 0000
. 2651
. 0892
.0835
.1342
L0799

JUN

.00Qa
.0%00
.0000
.0653
L0961
.1039
L1266
.0830

RESERVOIR MONTHLY STORAGE TARGETS AND STCRAGE PRIORITIES

RESERVOIR
NO.

1 MOD
Lo

HI
2 MOD
Lo

HI
3 MOD
Lo

HI
4 MOD
Lo

HI

JAN

100.00010C.000100.000100.000100.00010C.000100.000100.000100.000100.000100.
75.000 75.000 75.000 75.0C0 75.000 75.000 75.000 75.G00 75.000 75.000 75.
100.000100.000100.000100.000100.000100. 000100, 000100, 000100.00C100.000100.

75.000 75.
9.650 9.
100.0003100Q.

100.000100.
75.000 75.
100.000100.

75.000 75.

.100

100.000100.

DESIRED MONTHLY STORAGE LEVEL (PERCENT OF MAXI MUM STORAGE CAPACITY)

FEB

.100

MAR

.100

APR

.100

MAY

.100

JUN

.100

JUL

.0000
. 1004
.0000
.0295
. 1086
.1186
. 1063
.0915

JUL

.100

AUG

.00a00
.1038
.0000
.0592
.1108
. 1366
L0967
.0%10

AUG

.100

SEP

.0000
.0850
.0000
.0227
. 0880
.08g7
.07
.08%6

SEP

.100

.0000
.0803
.0000
. 0344
.0851
.0809
.0593
. 0860

ocT

ocT

000 75.000 75.000 75.000 75.000 75.000 75.000 75.000 75.000 75.
650 9.650 9.650 9.650 9.650 9.650 9.650 9.650 9.650 9.
000100.000100.0G0100.000100.000100.000100.000100.00010G. 000100

000100.000100.000100.000100.000100.000100.000100.000100.000100.
000 75.000 75.000 75.000 75.000 75.00C 75.000 75.000 75.00Q 75.
000100.000100.000100.000100.000100.000100.000100.000100.000100.

000 75.000 75.000 75.000 75.000 75.000 75.000 75.000 75,000 75,

.100

NOV

.0000
L0744
.0000
0121
L0724
. 0666
. 0402
.0825

NOV

.100

000100.000700.000100. 000100, 000100, 000100, 000100.000100.000100. 000100,

000100.
000 75.
000100.

000 75.
650 9.650
.0oo100.

000100.
000 75.000
000100C. 000

00Q 75.

DEC

.0ooo
.0738
. 0000
0192
L0691
051
L0391
.0859

DEC

000

000

000

0co

000

000

000
.100
00C

PRIORITIES

MCD LO H

20 20 2
2 2
20 20 2

[V, TSP RN,
[V, IR NN TV, N

PRIORITIES

10
1"
10

1
i0
11

12
13
12

13
12
13

I

0
2
0

LV I SR+



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

STAGE-AREA-CAPACITY RELATIONSHIPS FOR TOTAL STORAGE IN AMISTAD AND FALCON RESERVOIRS

AMISTAD RESERVOIR FALCON RESERVOIR

POINT STAGE AREA CAPACITY STAGE AREA CAPACITY
NO, {FT MSL) (AC)  (AC-FT) (FT MSL)  (AC)  (AC-FT}
1 930.0 0 0 203.3 0 0
2 945.0 5 1 203.4 35 57
3 $46.5 87 294 205.1 195 235
4 948.2 180 823 206.7 425 735
5 949.1 237 1180 207.3 539 1050
6 950.1 297 1684 208.3 727 1670
7 951.4 376 2782 210.0 1100 3158
8 961.3 1045 13873 214.9 155% 9631
g 971.1 1843 33110 219.8 2202 18806
10 981.0 2770 59404 224.7 3526 32732
11 990.8 3823 93556 229.7 5169 54000
12 1000.7 5004 138573 234.6 6531 82799
13 1010.5 6314 195568 239.5 8061 118624
14 1020.3 7722 264663 242.8 10341 148482
15 1030.2 9758 350120 244.4 11654 166516
16 1040.0 12751 458690 249.3 15894 234115
17 1049.9 16734 605456 254.3 20562 323644
18 105%.7 21627 790919 259.2 25677 437240
19 106%.6 27399 1029230 264.1 30775 576159
20 1079.4 34051 1328996 269.0 36184 740751%
21 1089.2 41702 1699411 274,0 42448 933844
22 1094.2 45665 1911714 278,9 48929 1158684
23 1099.1 49658 2142942 282.2 53474 1326587
24 1104,0 53679 2393700 285.4 58443 1509829
25 1108.9 57729 2664077 288.7 65021 1712296
26 1115.5 63173 3055670 292.0 70235 1935151
27 1117.0 64438 3151319 295.3 74804 2172702
28 1118.8 65915 3265037 298.6 82000 2429861
29 1122.0 68671 3483939 301.2 87181 2653803
30 1131.9 77013 4199954 305.1 93809 3008297

SUMMARY OF TEXAS WATER RIGHTS IN MIDDLE AND LOWER RIO GRANDE AND
MAXIMUM STORAGE ALLOCATIONS IN AMISTAD AND FALCON RESERVOIRS

TOTAL DOMESTIC, MUNICIPAL AND INDUSTRIAL WATER RIGHTS (AC-FT/YR): 271579
TOTAL IRRIGATION & MINING WATER RIGHTS ON MIDDLE RIO GRANDE {AC-FT/YR): 181530
CLASS A IRRIGATION & MINING WATER RIGHTS ON MIDDLE RIO GRANDE (AC-FT/YR): 162803
CLASS B IRRIGATION & MINING WATER RIGHTS ON MIDDLE RIO GRANDE {AC-FT/YR): 18727
TOTAL IRRIGATION & MINING WATER RIGHTS ON LOWER RIO GRANDE (AC-FT/YR): 1696228
CLASS A IRRIGATION & MINING WATER RIGHTS ON LOWER RIO GRANDE (AC-FT/YR): 1500719
CLASS B IRRIGATION & MINING WATER RIGHTS ON LOWER RIO GRANDE (AC-FT/YR): 195509
MAXIMUM STORAGE CAPACITY IN AMISTAD-FALCON D-M-I POOL {AC-FT): 225000
MAXIMUM STORAGE CAPACITY IN AMISTAD-FALCON IRRIGATION POOL (AC-FT): 2647639
TOTAL RESERVOIR DEAD STORAGE USED IN WATER RIGHTS ACCOUNTING (AC-FT): 4600
MAXTMUM STORAGE CAPACITY ALLOTTED TO OPERATING RESERVE (AC-FT): 380000
MAXIMUM USABLE STORAGE AVAILABLE FOR WATER RIGHTS ACCOUNTING (AC-FT): 3321570

TOTAL IRRIGATION & MINING ACCOUNT BALANCE AT BEGINNING OF SIMULATION (AC-FT): 2647639



SIMULATION YEAR 5

RESERVOIR NO.

MONTH

1

o~ oW NN

9
10
11
12

WTRSHED
INFLOWS
65000
137000
98000
161000
164000
126000
178000
225000
132000
138000
81000
84000

ANNUAL 1589000

RESERVCIR NO. 2

MONTH

1
2
3
4
5
6
7
8

9
10
11
12

ANNUAL

RESERVOIR NO. 3

MONTH

1

WTRSHED
INFLOWS
10000
76000
37000
283000
70000
83000
4000
73000
52000
47000
26000
22000
783000

WTRSHED
INFLOWS
102000
153000
124000
87000
89000
81000
153000
227000
177000
145000
151000
123000

ANNUAL 1612000

1

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVQIR SIMULATION - 1945-96 HYDROLOGY

U.S5. AMISTAD

RESERVR
INFLOWS
65000
137000
98000
161000
164000
126000
178000
225000
132000
138000
81000
84000
1589000

u.s.

RESERVR
INFLOWS
62709
196126
103279
465783
197910
161756
129567
249362
143599
156261
24151
86447
1976950

FLOWATR
TRANSFR

0
0
0
0
0
0
0
0
1
0]
0
0
1

FALCON

FLOWATR
TRANSFR
0

0

81672
-98883
-13325

29047
68186
66697

MEX AMISTAD

RESERVR
INFLOWS
102000
153000
124000
87000
89000
81000
153000
227000
177000
145000
151000
123000
1612000

FLOWATR
TRANSFR
0

O 0O O o o oo

CALENDAR YEAR 1949

MAX FLOOD POOL:

DWNSTRM
RELEASE

o O o O a o

14754

o

O o O o

14754

SURFACE
AREA
65737
65737
65737
65087
64438
64438
64438
64438
64438
64438
65087
65737

1827241
EVAP EVAP
RATE LOsS

13 4803
.26 9606
AT 17364
.51 18655
.62 22453
.85 30782
.93 33679
T6 27523
75 2761
.43 15572
.43 15729
.29 10714

234041

MAX FLOOD PQOOL: 1613729

DWNSTRM
RELEASE
89527
55865
93796
166084
155493
147725
127141
17218
72179
73962
52636
51375
1203001

SURFACE
AREA
77614
78593
81799
83730
83864
81189
81009
84532
87181
87181
87009
87614

EVAP
RATE
.32
.20
.34
37

EVAP
LOSS
12937
8378
14850
18100
29092
38093
44950
44591
34740
33207
27615
17605
324158

MAX FLOOD POOL: 1424078

DWNSTRM
RELEASE

SURFACE
AREA
85737
65737
65737
65087
64438
64438
64438
64438
64438
64438
65087
65737

EVAP
RATE
L3
.26
AT
.51
.62
.85
.93
76
.75
W43
.43
.29

EVAP
LOSS
3743
7486
13532
14539
17499
23990
26248
21450
21168
12136
12258
8350
182399

MAX CONSERVATION POOL: 1771041

D-M-1I

OEMANDS
2077
2074
2584
2808
3033
3267
3692
3767
2992
2893
2462
2349
33998

SHORTAGE

IRRIG
DEMANDS
S397
5194
1773
12954
10604
13195
15062
17348
10249
10274
8458
6490
126998

MAX CONSERVATION POOL:

D-M-1
DEMANDS
9000
8325
9712
11175
10825
11250
12550
12975
10625
10037
9300
9225
124999

SHORTAGE

IRRIG
DEMANDS
80527
47540
84084
154909
144668
136475
11459
104243
61554
63925
43336
42150
1078002

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
5181
4798
4917
5603
5273
5478
6039
6006
5314
5676
5445
5669

65999

O 0 00 000000000

DEMANDS

O o0 0o oo o0 act oo

SHORTAGE

1555129

SHORTAGE

OO OO0 000 o o 0000

1380278

SHORTAGE

DEAD PCOL:

FLOOD
SPILLS
60183
127354
80636
198545
141547
95218
129567
197477
104840
122428
92071
73286
1340192

END-MCN
STORAGE
1827241
1827241
1827241
1771041
1771041
1771041
1771041
1771041
1771041
1771041
1827241
1827241

DEAD POOL:

FLOCD
SPILLS

o0 00000

20967
36680
49092
Q

0
106739

END-MON
STORAGE
1164225
1296108
1372413
1555129
1555129
1531067
1488543
1555129
1555129
1555129
1528076
1613729

DEAD POOL:

FLOOD
SPILLS
98257
145514
110468
110658
71501
51532
126752
205550
155831
132864
94942
114650
1418519

END-MON
STORAGE
1424078
1424078
1424078
1380278
1380278
1380278
1380278
1380278
1380278
1380278
1424078
1424078

1771

TARGET
STORAGE
1827241
1827241
1827241
1771041
1771041
1771041
1771041
1771041
1771041
1771041
1827241
1827241

1555

TARGET
STORAGE
1210297
1210297
1613729
1555129
1555129
1555129
1555129
1555129
1555129
1555129
1613729
1613729

1380

TARGET
STORAGE
1424078
1424078
1424078
1380278
1380278
1380278
1380278
1380278
1380278
1380278
1424078
1424078



SIMULATION YEAR 5

RESERVOIR NO. 4

MONTH
1

oDy PN

—_
<

"
12

WTRSHED
INFLOWS
15000
26000
41000
0
104000
a
45000
114000
43000
23000
16000
15000

ANNUAL 442000

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

MEX FALCON
RESERVR FLDWATR
INFLOWS TRANSFR

108076 0
166716 0
146551  -81672
110658 98883
170228 13325

51532 0
165713 0
313544 0
192917 0
150188 0
105457  -29047
123981  -68186
1805601  -66697

CALENDAR YEAR 1949

MAX FLOOD PQOL:

DWNSTRM
RELEASE
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

MONTHLY FLOWS IN SYSTEM LINKS {ACRE-FEET)

MONTH JAN FEB

LINK NO.
1 4]
2 7923 73926
3 2526 68732
4 80527 47540
5 0 0
6 9819 21202
7 60183 127394
8 98257 145514

MAR

0
34416
22643
84084

0
36083
80636

110468

APR

0
280192
267238
154909

5603

0
198545
110658

SURFACE
AREA
77614
78593
81799
83730
83864
81189
81009
84532
87181
87181
87009
87614

MAY

Q
66967
56343

144668

0

98727
141547
71501

1140074
EVAP EVAP
RATE LOSS

32 1899
.20 73461
L34 12962
.37 12880
.56 17872
g3 21175
.88 26338
.88 29797
.68 24543
.65 23461
.55 20240
.35 13060
221568
JUN JuL
0 1475
79733 15062
66538 0
136475  11459%
5478 4]
0 38%61
95218 129567
51532 126752

ALLOCATION OF U,S5. WATER IN AMISTAD AND FALCON RESERVODIRS

MONTH

o ~N o~ SN =

INITIAL
USABLE
STORAGE

3026607
2986866
3118749
3195054
3321570
3321570
3297508
3254984
3321570
3321570
3321570
3350717

TOTAL
WTRSHED
INFLOWS

75000
213000
135000
444000
234000
209000
182000
298000
184000
185000
107000
106000

TOTAL
D-M-I
DEMANDS

1ar7
10399
12296
13983
13858
14517
16242
16742
13617
12930
1762
11574

TOTAL
IRRIG

85924
52734
95857
167863
155272
149670
129653
121591
71803
74199
51794
48640

TOTAL

TOTAL

MAX CONSERVATION PCOL:

MUN&IRR SHORTAGE OTRER

DEMANDS
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

AUG

0
69233
51885

104243

0
107994
197477
205550

SEP

0
49008
38759
61554

Q
37086

104840
155831

PURSUANT TO TNRCC RIC GRANDE RULES

END-MON

SYSTEM RESERVR USABLE
DEMANDS SHORTAGE

O O 0o o000 o000 00 od0

EVAP

17740
17984
32214
36755
51545
68875
78629
72114
61901
48779
43344
28319

STORAGE

2986866
3118749
3195054
3321570
3321570
3297508
3254984
3321570
3321570
3321570
3350717
3436370

o/o
CONS R
POOL §

89.
93,
96,
100,
100.
99.
98,
100.
100.
100.
100.
100.

O O 0O 0 0O O N O O N oo

D-M-1
ESERVE
TORAGE

225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000

1098674
SHORTAGE
DEMANDS S
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 o 1
0 0 0
0 0 0
0 0 0
0 0 D 2
oCcT NOV DEC
0 0 0
44107 23538 19651
33833 15080 13161
63925 43336 42150
0 0 0
17324 10555 9331 .
122428 9071 73286
132864 94942 114650
OPRATNG EXCESS IRRIG
RESERVE USABLE ACCOUNT

DEAD POOL:

FLOOD END-MON
PILLS STORAGE
1037963
1117900
1140074
1041384
882583
833013
936280
1098674
1098674
84621 1098674

0 1140074
19234 1140074

o OO0 OO0 oo

48892
40589

93336

AVG

1229
63642
53055
86828

922
32251
111677
118205

IRRIG
RIVER

STCRAGE STORAGE ALLOCAT DIVERSN

341762
356829
365546
380000
380000
377251
372393
380000
380000
380000
380000
380000

44280
0

0
68931
68931
47618
9952
68931
68931
68931
98078
183731

0
210026
156718
198601
143698
138752
120485
113251

66878
69085
48327
45268

79481
48930
82130
155470
143698
138752
120485
113251
66878
69085
48327
45268

IRRIG
ACCOUNT
BALANCE

2375824
2536920
2604508
2647639
2647639
2647639
2647639
2647639
2647639
2647639
2647639
2647639

1099

TARGET
STORAGE
1140074
1140074
1140074
1098674
1098674
1098674
1098674
1098674
1098674
1098674
1140074
1140074

o/o
IRRIG
POOL

89.

95.

98.
100,
100.
100.
100.
100.
100.
100.
100.
100.

O 0 0O 0 OO0 00 oo &~ ;N



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

SIMULATION YEAR 5

CALENDAR YEAR 1949

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D~M-1I WATER RIGHTS

ADJ. NO. 0849-000
ANNUAL AUTH: 5300 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 382 ¢ 4918
2 353 0 4565
3 412 0 4153
4 474 0 3679
5 459 0 3220
6 477 0 2743
7 532 o 2211
8 550 0 1661
9 450 0 1211
10 426 0 785
" 394 0 391
12 391 0 0
ANNUAL 5300 0

NAME OF WATER RIGHTS QWNER:

D-M-1 WATER RIGHTS
ADJ. NO. 0240-000
ANNUAL AUTH: 3967 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 286 0 3681
2 264 0 3417
3 308 0 3109
4 355 0 2754
5 343 o 2411
6 357 0 2054
7 398 0 1656
8 412 0 1244
? 337 0 a7
10 39 0 588
" 295 0 293
12 293 0 0
ANNUAL 3967 0

UNITED 1.

DEMAND
AMOUNT

5189
3063
5418
9982
9322
8794
7384
6717
3967
4112
2793
2716

69464

0.

CLASS A IRRIGATION WATER RIGHTS
A847-001

ADJ. NO.

ANNUAL AUTH:

SHORT
AMOUNT

<

SANTACRUZ 15

DEMAND
AMOUNT

363
214
379
658
652
615
516
470
277
288
195
190

4857

.00000
11736
08757
.11098
.08030
07753
.06733
.06328
03737
.03840
. 02701
02530

69464 AF

RATE A ALLOC STORAGE
AMOUNT BALANCE

8152
6083
7709
5578
5386
L&77
4396
2596
2682
1876
1757

50892

20949
26038
26703
24430
20686
17278
14571
12250
10879

9442

8525

7566

USABLE
BALANCE

64275
61212
55794
45812
36490
27696
20312
13595
9628
5509
2716
C

CLASS A IRRIGATION WATER RIGHTS

ABJ. NO,

ANNUAL AUTH:

SHORT
AMOUNT

.00000
.11736
. 08757
.11098
.08030
07753
.06733
.06328
03737
.03860
.02701
.02530

0810-000

4857 AF
RATE A ALLOC STQRAGE
AMOUNT BALANCE

570
425
539
390
37T
327
307
182

13
123

3559

1466
1822
1868
1709
1447
1209
1020
as7
762
662
598
53

USABLE
BALANCE

4494
4280
3901
3203
2551
1936
1420
950
673
385
190
0

AMOUNT

299
177
313
576
538
507
426
388
229
238
161
157

4009

DEMAND
AMOUNT

381
213
376
694
648
611
513
467
276
286
194
189

4828

CLASS B IRRIGATION WATER RIGHTS

ADJ.
ANNUAL AUTH:

AMOUNT

70
177
36
369
276
318
243
229
80
150
70
93

21

NO.

. 00000
. 06904
05151
06528
04723
. 04561
.03960
.03723
.02198
.02271
.0158%
.01488

B769-000

4009 AF

DEMAND SHORT RATE B ALLOC STORAGE
AMOUNT BALANCE

277
207
262
189
183
159
149
a8
kA
&4
60

1729

277
207
262
189
183
159
149
88
91
64
60

USABLE
BALANCE

3780
3780
3503
3296
3034
2845
2662
2503
2354
2256
2175
2111

CLASS B IRRIGATION WATER RIGHTS
ADJ. NO,

ANNUAL AUTH:

AMOUNT

85
213
43
445
333
383
293
276
96
180
84
112

2543

.00000
.06504
.05151
.06528
04723
04561
.03%960
.03723
.02198
gazn
.01589
.01488

B804-000

4828 AF

SHORT RATE B ALLOC STORAGE
AMOUNT BALANCE

333
249
315
228
220
191
180
106
110

72

2081

333
249
315
228
220
191
180
106
110

72

USABLE
BALANCE

4552
4552
4219
3970
3655
3427
3207
3016
2838
2730
2620
2543



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

SIMULATION YEAR 5 CALENDAR YEAR 1949

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER: HCIDZ S.JUAN
D-M-1 WATER RIGHTS CLASS A IRRIGATION WATER RIGHTS CLASS B IRRIGATION WATER RIGHTS
ADJ. NC. 0808-001 ADJ. NO. 0808-005 ADJ. NO, 0573-001
ANNUAL AUTH: 6140 AF ANNUAL AUTH: 147775 AF ANNUAL AUTH: 470 AF

MONTH DEMAND SHORT USABLE DEMAND SHORT RATE A ALLOC STORAGE USABLE DEMAND SHORT RATE B ALLOC STORAGE USABLE

AMOUNT AMOUNT BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE

1 442 0 5698 11039 ¢ .00000 C 44566 136736 35 9 .00000 0 0 444

2 409 0 5289 6517 0 .11736 17343 55392 130219 21 21 . 06904 32 32 444

3 477 0 4812 11526 0 .08757 12941 56807 118693 37 5 .05151 24 24 412

4 549 0 4263 21235 0 .11098 16400 51972 97458 68 44 .06528 31 31 388

5 532 0 3737 19831 0 .0D8030 11866 44007 77627 63 32 .04723 22 22 357

6 553 0 3178 18708 0 .07753 11458 36757  5891% 59 37 .04561 21 21 335

7 616 ¥ 2562 15709 0 .06733 9949 30997 43210 20 29 .03960 19 19 314
8 637 0 1925 14290 0 .06328 9352 26059 28920 45 26 .03723 17 17 295
9 522 0 1403 8438 0 .03737 5523 23144 20482 27 10 .02198 10 10 278

10 493 o 910 8763 0 .03860 5705 20086 11719 28 18 .02271 11 1" 268
1 457 Y 453 5941 0 .02701 3991 18136 5778 19 8 .01589 7 7 257
12 453 0 0 5778 0 .02530 3738 16096 0 18 11 .01488 7 7 250

ANNUAL 6140 0 © 147775 0 108266 470 250 201



SIMULATION YEAR &

RESERVOIR NO.

MONTH

1

0o~ O Wt~

?
10
"
12

WTRSHED
INFLOWS
85000
67000
65000
59000
66000
82000
135000
97000
132000
116000
62000
69000

ANNUAL 1035000

RESERVOIR NO. 2

MONTH

1

o~ O~ N S W

?
10
"
12

WTRSHED
INFLOWS
17000
12000
11000
17000
91000
61000

0

10000
8000
20000
1000

0

ANNUAL 248000

RESERVOIR NO. 3

MONTH

1
2
3
A
5
6
7
8

9
10
N
12

WTRSHED
INFLOWS
126000
131000
130000
98000
96000
124000
200000
156000
180000
144000
125000
116000

ANNUAL 1626000

1

HISTORICAL LONG-TERM AMISTAD &% FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

U.S. AMISTAD

RESERVR
INFLOWS
85000
67000
65000
59000
66000
82000
135000
97000
132000
116000
62000
65000
1035000

u.s.

RESERVR
INFLOWS
88615
63235
41324
99978
120548
95756
82567
54017
100323
98932
0

19146
864441

FLOWATR
TRANSFR

0O 0000 0oco0ooo0od0

FALCON

FLOWATR
TRANSFR
0

0

16876

Q
0
0
0
0
0
0
0
0

16876

MEX AMISTAD

RESERVR
INFLOWS
126000
131000
130000
%8000
96000
124000
200000
156000
180000
144000
125000
116000
1626000

FLOWATR
TRANSFR

Q
0
0
0
0
0
0
0
0
Q
0
0
0

CALENDAR YEAR 1950

MAX FLOCD POOQL:

DWNSTRM
RELEASE

18754
11115
5241
0
9920
27985
76372

MAX FLOOD POOL:

DWNSTRM
RELEASE
89527
55865
93796
166084
155493
147725
127141
117218
72179
73962
52636
51375
1203001

MAX FLOOD POOL:

DWNSTRM
RELEASE
0

0

0

5603
5273
5478

5676
64380

86410

SURFACE
AREA
65737
65737
65737
65087
64438
64438
64438
64438
64438
66438
65087
65570

SURFACE
AREA
88021
87158
86993
83640
74879
70480
69740
68954
69360
71204
71146
70800

SURFACE
AREA
65737
65737
65737
65087
64438
64438
64438
66438
64438
64438
65087
65570

1827241
EVAP EVAP
RATE LOSS

.16 5911
.23 8497
.55 20319
45 16460
.63, 22815
.85 30782
.93 33679
.88 31848
73 26436
.66 23901
.59 21514
.42 15429

257611

1613729
EVAP EVAP
RATE LOSS

.49 25578
W45 23349
.58 29187
b4 31206
97 45704
.83 38538
1.19 51596
1.33 52859
.95 35489
.80 29158
76 26582
.52 17061
406307

1424078
EVAP EVAP
RATE LOSS

16 4607
.23 6623
.55 15836
.45 12829
.63 17731
.85 23990
.93 26248
.88 24837
.73 20604
.66 18628
.59 16887
42 12110

200980

MAX CONSERVATION POOL:

O-M-I

DEMANDS
2077
2074
2584
2808
3033
3267
3692
3767
2992
2893
2462
2349
33998

SHORTAGE

00 000 o000 0o oo

IRRIG
DEMANDS
5397
5194
1773
12954
10604
13195
15062
17348
10249
10274
8458
6450
126998

MAX CONSERVATION POOL:

O-M-1
DEMANDS
9000
8325
9712
11175
10825
11250
12550
12975
10625
10037
9300
9225
124599

SHORTAGE

O 000000000000

IRRIG
DEMANDS
80527
47540
34084
154909
144668
136475
114591
104243
61554
63925
43336
42150
1078002

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
5181
4798
4917
5603
5273
5478
6039
6006
5914
5676
5445
5669

65999

O o000 OoOCcCooOoO oo ooo

DEMANDS

OO0 OO0 0000000000

1771041

SHORTAGE

1555129

SHORTAGE

0O 00000000 o0ooo

1380278

SHORTAGE

OO0 0o O o000 00000

DEAD POOL:

FLOGD
SPILLS
7908%
58503
41324
98740
43185
51218
82567
54017
100323
92099
o

0
701065

END-MON
STORAGE
1827241
1827241
1827241
1771041
1771041
1771041
1771041
1771041
1771041
1771043
1801607
1827193

DEAD POOL:

FLOOD
SPILLS

O o OO0 0 C o0 Qo0 000

END-MON
STORAGE
1587239
1571260
1506477
1409165
1328516
1238009
1141839
1025779
1018434
1014246

935028

885738

DEAD PoOL:

FLOCD
SPILLS
121393
124377
114164
123388

72946

54532
173752
131163
159396
1196%6

0
103823
1338610

END-MON
STORAGE
1424078
1424078
1424078
1380278
1380278
1380278
1380278
1380278
1380278
1380278
1424011
1424078

7

TARGET
STORAGE
1827241
1827241
1827241
1771041
1771041
1771041
1771041
1771041
1771041
1771041
1827241
1827241

1555

TARGET
STORAGE
1613729
1613729
1613729
1555129
1555129
1555129
1555129
1166347
1166347
1166347
1210297
1210297

1380

TARGET
STORAGE
1424078
1424078
1424078
1380278
1380278
1380278
1380278
1380278
1380278
1380278
1424078
1424078



SIMULATION YEAR 6

RESERVOIR NO. 4

MONTH

12

ANNUAL

WTRSHED
INFLOWS
16000
10000
8000

0

0

0

24000
7C00
42000
0

11000
10000
128000

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1%245-%96 HYDROLOGY

MEX FALCON

RESERVR

FLDWATR

INFLOWS TRANSFR

132212
129579
117247
123368
72946
94532
191713
132157
195482
119696
69935
108154
1487021

a
0
-16876

O 0O 0 CcC 0o o O O o

~16876

CALENDAR YEAR 195C

MAX FLOOD POOL:

DWNSTRM
RELEASE
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

MONTHLY FLOWS IN SYSTEM LINKS (ACRE-FEET)

MONTH

JAN

LINK NO.

00 =~ On U1 N DY -

0
14923
9526
80527
0
10819
79089
121393

FEB

0

9926
4732
47540
0

5202
58503
126377

MAR

3357
11773
0
84084
0

3083
41324
114164

APR

0
14192
1238
154909
5603
0
98740
123368

SURFACE
AREA
88021
87158
86993
83640
74879
70480
69740
68954
69360
71204
71146
70800

MAY

0
87967
77363

144668
5273

0
43185
72946

1140074
EVAP EVAP
RATE LOSS

49 17552
.45 15872
.58 21249
64 22324

97 26929

.83 19940
1.19 31395
1,35 38850

.95 30403

.80 27805

76 27489

.52 19755

299603
JUN JUL
0 18754
57733 15062
44538 0
136475 114591
5478 0
0 17961
51218 82567
94532 173752

MAX CONSERVATION POOL: 1098674

MUN&IRR SHORTAGE OTHER  SHORTAGE

DEMANDS
195288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

AUG

11115
17348
0
104243
0

994
54017
131163

SEP

5241
10249
0
61554
0
36086
100323
159396

DEMANDS S

0 0 0
1 0 0
0 0 Q
¢ 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
v 0 0
0 0 0
0 0 O

ocT NOV DEC

0 9920 8839

17107 8458 6430

6833 0 Q

63925 43336 42150

5676 0 0

0 5555 4331

92099 0 19146

119696 64380 103823

ALLOCATION OF U.S. WATER IN AMISTAD AND FALCON RESERVQOIRS PURSUANT TQ TNRCC RIOQ GRANDE RULES

MONTH

00 N O NN =

o
No—= O N

INITIAL
USABLE
STORAGE

3436370
3405880
3393301
3329118
3175606
3094957
3004450
2908280
2792220
2784875
2780687
2732035

TOTAL
WTRSHED
INFLOWS

102000
79000
76000
76000

157000

143000

135000

107000

140000

136000
63000
69000

TOTAL
D-M-1
DEMANDS

11077
10399
12296
13983
13858
14517
16242
16742
13617
12930
11762
11574

TOTAL
IRRIG

85924
52734
95857
167863
155272
149670
129653
121591
71803
74199
51794
48640

TOTAL

TOTAL

END-MON

SYSTEM RESERVR USABLE
DEMANDS SHORTAGE

O 00 000 000000

EVAP

31489
31846
49506
47666
68519
69320
85275
84727
61925
53059
48096
32490

STORAGE

3409880
3393901
3329118
3175606
3094957
3004450
2908280
2792220
2784875
2780687
2732035
2708331

ofo
CONS R
PCOL S

100.
100.
100.
95.
93.
90.
87.
84.
a3.
83.
82.
81.

NN O = O N O O O

D-M-1
ESERVE
TORAGE

225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000

OPRATNG
RESERVE
STORAGE

380000
380000
380000
363324
354110
343770
332783
319524
318485
318207
312648
309940

EXCESS [IRRIG
USABLE ACCOUNT
STORAGE ALLOCAT

157241 79481
141262 48930

76479 89130
0 95113

0 72263

0 58585
35302 0
45752 0
0 106124

0 65375
5234 0
29506 o

DEAD

FLOOD E
PILLS 5§
1
1
1

1
1

OO0 o000 oo 0O oOoD oo

AVG

4765
22597
12016
89828

1834

6997
60012

116910

IRRIG
RIVER
DIVERSN

79481
48930
89130
155470
143698
138752
120485
113251
66878
69085
48327
45268

POOL:

ND-MON
TORAGE
056446
090715
140074
945767
667302
661947
786157
807003
944297
994082
021718
086616

1099

TARGET
STORAGE
1140074
1140074
1140074
1098674
1098674

824006

824006

824006

824006
1098674
1140074
1140074

IRRIG o/o
ACCOUNT IRRIG
BALANCE POOL

2647639 100.
2647639 100.
2647639 100.
2587282 97.
2515847 95,
2435680 92,
2315195 8&7.
2201944 83,
2241190 &4,
2237480 84,
2189153 82.
2143885 81.

O NV N0 O NO OO



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1%45-96 HYDROLOGY

SIMULATION YEAR &

CALENDAR YEAR 1950

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS

ADJ. NO. 0849-000
ANNUAL AUTH: 5300 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE
1 382 0 4918
F 353 0 4565
3 412 0 4153
4 474 0 3679
5 459 0 3220
6 477 0 2743
7 532 0 22n
8 550 0 1661
9 450 0 1211
10 426 0 785
13 394 0 391
12 3 0 0
ANNUAL 5300 0

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS

ADJ, NO, 0240-000
ANNUAL AUTH: 3947 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE
1 286 0 3481
2 264 0 3417
3 308 0 3109
4 355 0 2754
5 343 0 2411
6 357 ¢ 2054
7 398 0 1656
8 412 0 1244
9 337 0 907
10 319 0 588
" 295 0 293
12 293 0 0
ANNUAL 3967 0

UNITED I.

DEMAND
AMOUNT

5189
3063
5418
5982
9322
8794
7384
&717
3967
4119
2793
er1é

0.

CLASS A IRRIGATION WATER RIGHTS

USABLE
BALANCE

64275
61212
56914
53454
49762
46957
44683
44683
44683
40564
38026
38026

ADJ. NO. A847-001
ANNUAL AUTH: 63464 AF
SHORT RATE A ALLOC STORAGE
AMOUNT AMOUNT BALANCE

0 04441 3085 5462
0 .02734 1899 4298
1120 .04981 3460 3460
6522 .05315 3692 3692
5630 .04038 2805 2805
5989 Q3274 2274 2274
5110 .00000 0 0
6717 .0000C 0 0
3967 .05930 4119 4119
0 .03453 2538 2538
255 .00000 0 0
2716 .00000 0 0
38026 23872

69464

SANTACRUZ 15

CLASS A IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

DEMAND
AMOUNT

363
214
379
698
652
615
516
470
er7
288
195
150

4857

SHORT
AMOUNT

o o

76
456
394
419
357
470
277

18
190

2657

.04441
.02734
. 04981
.05315
.04038
.03274
.00000
.0c000
.05%30
.03653
.00000
00000

0810-000
4857 AF
RATE A ALLOC STORAGE
AMOUNT BALANCE
216 384
133 303
242 242
258 258
196 196
159 159
0 0
0 0
288 288
177 177
0 0
0 0
1669

USABLE
BALANCE

4494
4280
3977
3735
3477
3281
3122
3122
3122
2834
2657
2657

CLASS B IRRIGATION WATER RIGHTS
ADJ. NQ.

ANNUAL AUTH:

B769-000
4009 AF

RATE B ALLOC STORAGE

DEMAND

SHORT

AMOUNT AMOUNT

299
177
313
576
538
507
426
388
22¢%
238
161
157

4009

239

72
249
459
413
412
349
388
229

98

75
157

3140

.02613
.01608
.02930
.0312¢
.02375
.01926
.0oooo
.000C0
.03488
02149
. 00000
.00000

AMOUNT BALANCE

105
&4
"z
125
95
7
0
0
140
86
Y}

0

809

105
64
117
125
95
7
0

0
140
85
0

0

USABLE
BALANCE

3949
3844
3780
3663
3538
3443
3366
3366
3366
3226
3140
3140

CLASS B IRRIGATION WATER RIGHTS
ADJ, NO,

ANNUAL AUTH:

B804-000
4828 AF

RATE B ALLOC STORAGE
AMOUNT BALANCE

DEMAND
AMOUNT

341
213
376
694
648
611
513
467
276
286
194
189

4828

SHORT
AMOUNT

289

87
298
553
497
496
420
467
276
118

90
189

3780

.02613
.01608
.02930
.03126
.0Q2375
.01%926
.00000
.06000
.03488
.02149
.00000
. 00000

126
78
141
151
115
93
0

0
168
104

976

126
78
141
151
115
93
0

0
168
104

USABLE
BALANCE

4756
4630
4552
4411
4260
4145
4052
4052
4052
3884
3780
3780



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-%6 HYDROLOGY

SIMULATION YEAR 6 CALENDAR YEAR 1950

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER: HCIDZ2 S.JUAN
D-M-1 WATER RIGHTS CLASS A IRRIGATION WATER RIGHTS CLASS B IRRIGATION WATER RIGHTS
ADJ, NO. 0808-001 ADJ. NO. 0808-005 ADJ. NO. 0573-001
ANNUAL AUTH: 6140 AF ANNUAL AUTH: 147775 AF ANNUAL AUTH: 470 AF

MONTH DEMAND SHORT USABLE DEMAND SHORT RATE A ALLOC STORAGE USABLE DEMAND SHORT RATE B ALLOC STORAGE USABLE

AMOUNT AMOUNT BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE
1 442 0 5698 11039 0 .04441 6563 11620 136736 35 28 .02613 12 12 463
2 409 0 5289 6517 0 .02734 4040 9143 130219 21 9 .01s08 8 8 451
3 477 0 4812 11526 2383 .04981 734D 7360 121076 37 29 .02930 14 14 443
4 549 0 4263 21235 13875 .05315 7854 7854 113716 &8 54 .03126 15 15 429
5 532 0 3731 19831 11977 .04038 5967 5967 105862 63 48 .02375 1 " 414
6 553 0 3178 18708 12741 .03274 4838 4838 99895 59 48 .01928 g 9 403
7 616 0 2562 15709 10871 .00000 Q 0 95057 50 41 .000C0 ¥ 0 394
8 637 a 1925 14290 14290 .00000 0 0 95057 45 45 .00000 0 0 394
9 522 0 1403 8438 8438 05930 8763 8763 95057 27 27 .D3488 16 16 394
10 493 0 210 8763 0 .03853 5398 5398 86254 28 12 ,02149 10 10 378
11 457 0 453 5941 543 ,00000 0 0 808% 19 9 .00000 0 0 368
12 453 0 0 5778 5778 .00000 0 0 8089 18 18 .00000 0 a 368

ANNUAL 6140 C 147775 808%6 50783 470 368 95




HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

SIMULATION YEAR 7

RESERVOIR NO.

MONTH

1

Qo ~N O oo W

9
10
N
12

WTRSHED
INFLOWS
64000
55000
63000
46000
79000
84000
55000
45000
57000
53000
52000
38000

ANNUAL 691000

RESERVOIR NO, 2

MONTH

1

00 N O

9
10
1"
12

WTRSHED
INFLOWS
2000

0

4000
5000
87000
59000
0
10000
163000
27000
5000
5000

ANNUAL 371000

RESERVOIR NO. 3

MONTH

1
2
3
4
5
6
7
8

9
10
11
12

WTRSHED
INFLOWS
85000
107000
92000
75000
133000
86000
130000
109000
102600
94000
94000
107000

ANNUAL 1214000

1

U.S. AMISTAD

CALENDAR YEAR 1951

MAX FLOOD POOL: 1827241

RESERVR FLDWATR DWNSTRM
INFLOWS TRANSFR RELEASE

64000
55000
63000
46000
75000
84000
55000
45000
57000
53000
52000
38000
691000

u.s,

RESERVR
INFLOWS
44809
37018
36018
70223
130272
102999
0

0
162670
40355
a

0
624364

]

0
0
0
0
0
0
0
¢
0
0
0
0

FALCON

FLOWATR
TRANSFR

¢
0
4}
0
0
Q
0
0
0
0
Q
0
0

MEX AMISTAD

RESERVR
INFLOWS
85000
107000
92000
75000
133000
86000
130000
109000
102000
$4000
94000
107000
1214000

FLOWATR
TRANSFR

0
0
0
0
¢
0
0
0
0
Q
0
0
0

5474
7268
10357
10762
0

0
18754
11115
12911
Q
1920
3839
82400

MAX FLOGD PQOL:

DWNSTRM
RELEASE
89527
55865
93796
166084
155493
147725
127141
117218
72179
73962
52636
51375
1203001

MAX FLOOD POOL:

DWNSTRM
RELEASE

(o]

o 0o 0o

99236
77070
0

0
37086
0
213392

SURFALE
AREA
65737
65737
65737
65087
64438
64438
64438
84417
64371
64438
65087
65588

SURFACE
AREA
68809
66159
65320
59812
52469
49124
47324
43747
43041
44894
44531
43760

SURFACE
AREA
65737
65737
65737
65087
64438
64438
64438
64417
64371
64438
65087
65588

EVAP EVAP
RATE LOSS
37 13669
.29 10714
.45 16625
.58 21215
61 22091
.65 23539
1.09 39458
1.13 40841
.94 33963
T3 26436
46 16779
.38 13964
279294
1613729
EVAP EVAP
RATE LOSS
.53 16638
.51 15467
.60 17099
.62 15755
.69 16363
.84 18767
1.14 20765
.95 12138
.93 10946
.86 10562
.58 5837
.51 3886
164223
1424078

EVAP EVAP
RATE LOSS
37 10654
.29 8350
.45 12957
.58 16535
.61 17216
.65 18346
1.09 30779
.13 31950
94 26546
.73 20604
46 13141
.38 10959
218057

MAX CONSERVATION PQOL: 1771041

D-M-1

DEMANDS
2077
2074
2584
2808
3033
3267
3692
Te7
2992
2893
2462
2349
33998

SHORTAGE

IRRIG
DEMANDS
5397
5194
11773
12954
10604
13195
15062
17348
10249
10274
8458
6490
126998

MAX CONSERVATION POOL:

D-M-1
DEMANDS
9000
8325
9712
11175
10825
11250
12550
12975
10625
10037
9300
9225
124999

SHORTAGE

O 0O O 00000000 0ood

IRRIG
DEMANDS
80527
47540
84084
154909
144668
136475
114591
104243
61554
63925
43336
42150
1078002

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
5181
4798
4917
5603
5273
5478
6039
6006
5914
5676
5445
5669

65999

O 0 0O 0 00 00000000

DEMANDS

O 0O o o000 ocooooo

SHORTAGE

OO0 o000 o0 0o0ooo

1555129

SHORTAGE

[T e N o I == N o B oo IS o N oo BN o B = B & B o Y e |

1380278

SHORTAGE

[@ I o~ RN = T o B e BN o I o B o I o BN o B o B o I = ]

DEAD PoOL:

FLOOD
SPILLS
44809
37018
36018
70223
56909
60461

331960

END-MCN
STORAGE
1827241
1827241
1827241
1771041
1771041
1771041
1767829
1760873
1770999
1771041
1804342
1824539

DEAD POOL:

FLOOD
SPILLS

o 00 0 00000 o000

END-MON
STORAGE
824382
730068
715191
603575
561991
4984958
350592
221236
300781
256612
198139
142878

DEAD POOL:

FLOQD
SPILLS
74346
98650
79043
102265
115784
67654
0

0
75419
73396
0
95994
782551

END-MON
STORAGE
1424078
1424078
1424078
1380278
1380278
1380278
1380263
1380243
1380278
1380278
1424031
1424078

1771

TARGET
STORAGE
1827241
1827241
1827241
1771041
1771041
1771041
1771041
1771041
1771041
1771041
1827241
1827241

1555

TARGET
STORAGE
1210297
1210297
1210297
1166347
1166347
1166347
1166347
1166347
1166347
1166347
1210297
1210297

1380

TARGET
STORAGE
1424078
1424078
1424078
1380278
1380278
1380278
1380278
1380278
1380278
1380278
1424078
1424078



SIMULATION YEAR 7

RESERVOIR NO. 4

MONTH
1

2
3
4
5
6
7
8
9

10
11
12

ANNUAL

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1%45-%96 HYDROLOGY

MEX FALCON

WTRSHED RESERVR FLDWATR
INFLOWS TRANSFR

INFLOWS
14000
8000
11000
27000
55000
77000
25000
11000
8000
75000
8000
7000
326000

83165
101852
85126
123662
165511
139176
118197
82064
77505
142720
39641
97325
1255944

0
0
0
0
0
0
0
0
0
0
0
0
0

CALENDAR YEAR 1951

MAX FLOOD POOQL:

DWNSTRM
RELEASE
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

MONTHLY FLOWS IN SYSTEM LINKS (ACRE-FEET)

MONTH

JAN

LINK NO.

1
2
3
A
5
6
7
8

5474
53%7
0
80527
0
8819
44809
74346

FEB

7268
5194
0
47540
0
3202
37018
98650

ALLOCATION OF U.S. WATER

MONTH

—_
O O o NN W =

- -
N —

INITIAL  TOTAL

USABLE WTRSHED
STORAGE INFLOWS
2708331 66000
2647023 55000
2612709 670C0
2537832 51000
2370016 166000
2328432 143000
2264939 55000
2113821 55000
1977509 220000
2067180 80000
2023053 61000
1997881 43000

MAR

10357
11773
0
84084
0
6083
36018
79043

APR

10762
12954
0
154909
0
21397
70223
102265

SURFACE
AREA
68809
66159
65320
59812
52469
49124
47324
43747
4304
44894
44531
43760

MAY

0
83967
73363

144668

0
49727
56909

115784

1140074
EVAP EVAP
RATE LOsSS

.53 19831
51 18274
.60 22093
.62 21328
(6% 19841
.84 22497
1.14 33184
.95 29422
.93 29082
.B6 28047
.58 1999
.51 18432
282022
JUN JuL
0 18754
55733 15062
42538 0
136475 114591
0 0
71522 18961
60461 0
67654 99236

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

AUG

11115
17348
g
104243
0
4994
a
77070

SEP

0
16C008
149759

61554
0
2086
12911
75419

IN AMISTAD AND FALCON RESERVCIRS PURSUANT TO TNRCC RIQ GRANDE RULES

TOTAL
D-M-1
DEMANDS

1077
10399
12296
13983
13858
14317
16242
16742
13617
12930
11762
11574

TOTAL
IRRIG

DEMANDS SHORTAGE

85924
52734
95857
167863
155272
149670
125653
121591
71803
74199
51794
48640

TOTAL

TOTAL

END-MON

SYSTEM RESERVR USABLE

O 0O 0 C o O 000000 0o

EVAP

30307
26181
33724
36970
38454
42306
60223
52979
44309
36998
22616
17850

STORAGE

2647023
2612709
2537832
2370016
2328432
2264939
2113821
1977509
2067180
2023053
1997881
1962817

a/o
CONS R
POCL S

79.
78.
76.
71.
70.
68,
63,
59.
62,
61.
60.
59.

= N O WO NN = NN

D-M-1
ESERVE
TORAGE

225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000

1098674
SHORTAGE
DEMANDS ]
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 v
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
ocT NOV DEC
0 1920 3839
24107 8458 6450
13833 0 0
63925 433356 42150
0 0 0
69324 2555 1331
26522 0 0
73396 37086 95994
OPRATNG EXCESS IRRIG
RESERVE USABLE ACCOUNT
STORAGE STORAGE ALLOCAT
302936 0 54683
292016 18536 0
290461 41344 0
275000 44459 0
275000 0 146573
275000 0 75259
244367 0 0
221306 0 0
275000 0 102855
275000 24958 0
275000 48113 0
275000 ¢ 58317

DEAD

FLOOD E
PILLS S

O O Q0000000000

AVG

5787
33868
23288
89828

21660
28735
82988

IRRIG
RIVER
DIVERSN

79481
48930
83130
155470
143698
138752
120485
113257
66878
69085
48327
45268

POOL:

ND-MON
TORAGE
951662
955802
989092
796075
617263
654015
702920
683101
703739
776306
781146
836538

1099

TARGET
STORAGE
1140074
1140074
1140074
1058674

824006

824006

824006

824006

824006

824006

855056

855056

IRRIG o/0o
ACCOUNT IRRIG
BALANCE POOL

2119087 80.
2070157 78.
1981027 74.
1825557 69.
1828432 6£95.
1764535 66
1644454 62,
1531203 57.
1567180 59.
1498095 56.
1445768 54.
1462817 55,

N oo B N 2O O



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION ~ 1945-96 HYDROLOGY

SIMULATION YEAR 7

CALENDAR YEAR 1951

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS
ADJ. NQ, 0849-000
ANNUAL AUTH: 5300 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 382 0 4918
2 353 0 4565
3 412 0 4153
A 474 0 3679
5 459 0 3220
) 477 Q 2743
T 532 0 2211
8 550 0 1661
9 450 0 1211
10 426 0 785
" 394 0 N
12 N 0 0
ANNUAL 5300 0

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS

ADJ. NO. 0240-000
ANNUAL AUTH: 3967 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 286 Q 3681
2 264 0 3817
3 308 0 3109
4 355 0 2754
5 343 0 2411
é 357 c 2054
7 398 0 1656
8 412 0 1244
9 337 0 907
10 319 0 5a8
" 295 0 293
12 293 Q 0
ANNUAL 3967 g

UNITED I.

DEMAND
AMOUNT

5189
3063
5418
9982
9322
8794
7384
6717
3967
4119
2793
2716

69464

D.

CLASS A IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

AMOUNT

5189

940
5418
9982
%322
3105
4463
6717
3967

127
2793
2716

54739

SANTACRUZ 15

DEMAND
AMOUNT

363
214
379
698
652
615
516
470
277
288
195
190

4857

CLASS A IRRIGATION WATER RIGHTS
ADJ, 0810-000

ANNUAL AUTH:

AMOUNT

363
66
379
698
652
217
312
470
277
g
195
190

3828

. 03056
.00000
. 00000
. 00000
08191
. 04205
.00000
.00009
.05748
.00000
.00000
03259

NO.

.03056
. 00000
. 00000
. 00000
.08191
.04205
. 00000
.00000
.05748
.00000
.00000
.03259%

A847-001

69464 AF

SHCRT RATE A ALLOC STORAGE USABLE
AMOUNT BALANCE BALANCE

2123

2123

4857 AF

SHORT RATE A ALLCC STORAGE USABLE
AMOUNT BALANCE BALANCE

148

148

£9464
67341
67341
67341
67341
61652
58731
58731
58731
54739
54739
54739

4857
4709
4709
4709
4709
4311
4107
4107
4107
3828
3828
3828

CLASS B IRRIGATION WATER RIGHTS
B769-000
4009 AF

ADdJ.
ANNUAL AUTH:

NG.

DEMAND SHORT RATE B ALLOC STORAGE USABLE
AMOUNT BALANCE BALANCE

AMOUNT

299
177
313
576
538
507
426
388
229
238
161
157

4009

AMOUNT

299
105
313
576
538
314
327
388
229
102
167
157

3509

CLASS B IRRIGATION WATER RIGHTS

01797
.00000
.00000
. 00000
.04818
02474
.00000
.00000
.03381
. 00000
.Jooaa
01917

ADJ. NO.

ANNUAL AUTH:

72
0

0

0
193
99
0

0
136
0

0
I

577

B804-000
4828 AF

72
0
0
0

193

99
0
0

136

dOO

4009
3937
3937
3937
3937
3744
3645
3645
3645
3509
3509
3509

RATE B ALLOC STORAGE USABLE
AMOUNT BALANCE BALANCE

DEMAND
AMOQUNT

361
213
376
694
648
611
513
467
276
286
194
189

4828

SHORT
AMOUNT

361
126
376
694
648
378
3594
467
276
123
194
189

4226

L1797
. 00000
.00000
.0Q000¢%
.04818
02474
.00000
.00000
.03381
.C000C
.00000
01917

87

695

4828
4741
4741
4741
4741
4508
4389
4389
4389
4226
4226
4226



SIMULATION YEAR 7

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-%6 HYDROLOGY

CALENDAR YEAR 1951

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS
0808-001

ADJ. NO.

ANNUAL AUTH:

6140 AF

MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

442
409
477
549
532
553
616
637
9 522
10 493
" 457
12 453

O ~N O NN -

ANNUAL 6140

O OO0 0000000 o0

5698
5289
4812
4263
3731
3178
2562
1925
1403
910
453
0

DEMAND
AMOUNT

11039
6517
11526
21235
19831
18708
15709
14290
8438
8763
5941
5778

147775

HCIDZ S.JUAN

CLASS A IRRIGATION WATER RIGHTS
0808-005

ADJ. NO.

ANNUAL AUTH:

SHORT
AMOUNT

11039
2001
11526
21235
19831
6604
9494
14290
8438
7o
5941
5778

116447

03056
. 00000
.Qoooo
. 00000
.08191
04205
. 00000
.00000
.05748
.00000
. 00000
.0325%

147775 AF

RATE A ALLOC STORAGE

AMOUNT BA

4516
0

0

0
12104
6215

LANCE

4516

USABLE
BALANCE

147775
143259
143259
143259
143259
131155
124540
124940
124940
116447
116447
116447

CLASS B IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

0573-001
470 AF

DEMAND SHORT RATE 8 ALLOC STORAGE USABLE

AMOUNT AMOUNT

35
21
37
é8
63
59
50
45
27
28
19
18

470

35
13
37
68
63
36
38
45
27
12
19
18

411

01797
. 00000
00000
.00000
.04818
02474
.00000
00000
03381
00000
.00000
01917

AMOUNT BALANCE BALANCE

o O O ™

68

o oo™

o O o

470
462
462
462
462
439
427
427
427
411
411
411



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-%6 HYDROLOGY

SIMULATION YEAR 8

RESERVOIR NO. 1

WTRSHED

MONTH INFLOWS
1 38000
34000
30000
37000
65000
53000
170000
34000
9 27000
10 35000
" 36000
12 39000
ANNUAL 598000

o ~N O VNN

RESERVOIR NO. 2

WTRSHED
MONTH INFLOWS
1 6000

2 0

3 0

4 1000

5 41000

6 17000
7 1000
8 1000

9 24000
10 1000
1 0
12 0

ANNUAL 92000

RESERVOIR NO. 3

WTRSHED

MONTH INFLOWS
1 76000
2 78000
3 77000
4 76000
5 $3000
6 117000
7 248000
8 105000
9 107000
10 98000
1 99000
12 102000

ANNUAL 1276000

U.5. AMISTAD

RESERVR
INFLOWS
380C0
34000
30000
37000
65000
53000
170000
34000
27000
35000
36000
39000
598000

u.S.

RESERVR
INFLOWS
105340
60140

0
258935
163691
3052
275626
133520
10759
146098
63715

C
12208%6

FLDWATR
TRANSFR

0
0
0
0
0
0
0
0
0
0
b}
0
0

FALCON

FLDWATR
TRANSFR

MEX AMISTAD

RESERVR
INFLOWS
76000
78000
77000
76000
93000
117000
248000
105000
107000
98000
99000
102000
1276000

FLDWATR
TRANSFR

0
0
0
0
Q
0
0
0
0
0
a
0
0

CALENDAR YEAR 1952

MAX FLOOD POQOL: 1827241

DWNSTRM
RELEASE
106814
67428
14357
273697
134328
2514
293380
153635
a
158265
74635
8839
1289892

MAX FLCCD POOL:

DWNSTRM
RELEASE
89527
55865
93756
166084
155493
147725
127141
117218
72179
73962
52636
51375
1203001

MAX FLOOD POCL:

DWNSTRM
RELEASE
66930
66353

0
104711
73780
5478
217749
5006
5914
3676
2445
1669
553711

SURFACE
AREA
65174
64336
64017
61975
59272
58851
57977
55734
54670
53631
52449
52634

SURFACE
AREA
41754
39186
37508
34285
27892
15080
22823
28515
27184
27729
29457
29906

SURFACE
AREA
65174
64336
66017
61975
59272
58851
57977
55734
54670
53631
52469
52634

EVAP EVAP
RATE LOSS
L33 11961
.40 14080
.49 17050
54 17668
.64 19073
7T 22525
1.03 28988
.19 30157
.93 22298
.78 17677
45 9328
.29 5926
216731
1613729
EVAP EVAP
RATE LOSS
bé 3141
.53 3882
.53 2739
.69 3604
75 6290
.83 4088
91 4112
1.23 10174
1.03 6917
.93 6118
1 4266
.38 2670
58001
1424078
EVAP EVAP
RATE LOSS
.33 9546
.40 11654
43 14318
.54 15799
.64 18861
A7 22790
1.03 30728
1.19 36166
.93 28545
.78 24155
.45 14283
.29 9338
236183

MAX CONSERVATION POOL:

0-M-1

DEMANDS
2077
2074
2584
2808
3033
3267
3692
3767
2992
2893
2462
2349
33998

SHORTAGE

[RRIG
DEMANDS
5397
5194
11773
12954
10604
13195
15062
17348
10249
10274
8458
6490
126998

MAX CONSERVATION POOL:

D-M-I
DEMANDS
9000
8325
9712
11175
10825
11250
12550
12975
10625
10037
9300
9225
124999

SHORTAGE

IRRIG
DEMANDS
80527
47540
84084
154909
144668
136475
114591
104243
61554
63925
43336
42150
1078002

MAX CONSERVATION POOL:

MUNZIRR SHORTAGE OTHER

DEMANDS
5181
4798
4317
5603
5273
5478
6039
6006
5914
5676
5445
5669

65999

O O 00 a0 00 0o0o

DEMANDS

O 0000000 aooo.o

1771041

SHORTAGE

o O 0o 0000 o000 0o

1555129

SHORTAGE

o0 00000000000

1380278

SHORTAGE

DEAD POOL:

FLOOD
SPILLS

O O 0O g0 0000 0cooco

END-MON
STORAGE
1743764
1696256
1694849
1440484
1350083
1378044
1225676
1075884
1080586

939644

891681

915916

DEAD POOL:

FLOOD
SPILLS

0
0
0
0
0
Q
0
0
0
0
0
0
0

END-MON
STORAGE
155550
155963
59428
148675
150583
1822
146195
152323
83986
150004
156817
102772

DEAD PoOL:

FLOOD
SPILLS

88381
0
63351
72541
70169
38472
90993
486106

END-MON
STORAGE
1423602
1423595
1424078
1379568
1379927
1380278
1379801
1380278
1380278
1380278
1424078
1424078

177

TARGET
STORAGE
1370431
1370431
1827241
1328281
1328281
1771041
1328281
1328281
1771041
1328281
1370431
1827241

1555

TARGET
STORAGE
155725
155725
1210297
150070
150070
1166347
150070
150070
1166347
150070
155725
1210297

1380

TARGET
STORAGE
1424078
1424078
1424078
1380278
1380278
1380278
1380278
1380278
1380278
1380278
1424078
1424078



SIMULATION YEAR 8

RESERVOIR NO. &

MONTH

ANNUAL

WTRSHED
INFLOWS
6000
10000
7000
9000
16000
0

6000
1000

0

2000
3000
4000
64000

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-%6 HYDROLOGY

MEX FALCON

RESERVR
INFLOWS
67749
71555
64282
108108
84507
83381
217710
63351
72541
70169
38472
90993
1037818

FLDWATR
TRANSFR

0
0
0
0
0
0
0
0
0
0
0
0
0

CALENDAR YEAR 1952

MAX FLOCD POOL:

DWNSTRM
RELEASE
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

MONTHLY FLOWS IN SYSTEM LINKS (ACRE-FEET)

MONTH JAN FEB

LINK NO,
1 1474 7268
2 53597 5194
3 a 0
4 80527 47540
5 0 0
6 819 5202
7 105340 60160
8 66930 66353

ALLOCATION OF U.S. WATER

MONTH

@ ~N O N =

[
(S I «n B Ve |

INITIAL
USABLE
STORAGE

1962817
1894714
1847619
1749677
1584559
1496066
1375266
1367271
1223607
1159972
1085048
1043898

TOTAL
WTRSHED
INFLOWS

44000
34000
30000
38000
106000
70000
171000
35000
51000
36000
36000
39000

MAR

14357
11773
0
84084
0
2083
0
62199

APR

14762
12954
0
154909
0
3397
258935
104711

SURFACE
AREA
41754
39186
37508
34285
27892
15080
22823
28515
27184
27729
29457
29906

MAY

0
37967
27363

144668

0

10727
136328
73780

1140074
EVAP EVAP
RATE LOSS

46 16066
.53 16887
53 17140
.69 20053
5 14629
.83 11748
.91 16657
1.23 24899
1.03 21083
.93 19670
.51 10757
.38 8694
198283
JUN JUL
0 17754
13733 15062
538 0
136475 114591
5478 39
Q 0
2514 275626
88381 217710

IN AMISTAD AND FALCON RESERVOIRS

TOTAL
D-M-1
DEMANDS

177
10399
12296
13983
13858
14517
16242
16742
13617
12930
11762
11574

TOTAL
IRRIG

TOTAL

TOTAL

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

AUG

20115
17348
0
104243
5006

0
133520
63351

SEP

0
21008
10759
61554

5914

e

0
72541

PURSUANT TO TNRCC RIO GRANDE RULES

END-MON

SYSTEM RESERVR USABLE

DEMANDS SHORTAGE

85924
52734
95857
167863
155272
149670
129653
121591
71803
74199
51794
48640

O 0 O 00O O Q0 00 oc oo

EVAP

15102
17962
1978%
21272
25363
26613
33100
40331
29215
23795
13594

8596

STORAGE

1894714
1847619
1749677
1584559
1496066
1375266
1367271
1223607
1159972
1085048
1043898
1014088

ofc D-M-1
CONS RESERVE
POOL STORAGE
57.1 225000
55.7 225000
52.7 225000
47.8 225000
45,1 225000
41,5 225000
41,2 225000
36.9 225000
35.0 225000
32.8 225000
31.5 225000
30.6 225000

1098674
SHORTAGE
DEMANDS
0 0 0
0 Q 0
0 0 0
a 0 o]
0 0 0
0 0 0
0 0 0
0 ¢ 0
0 0 0
a 4] 0
0 0 0
0 0 o
0 0 0
ocT NQOv DEC
12167 10920 8839
10274 8458 6490
0 0 0
63925 43336 42150
3676 2445 1669
0 0 0
146098 63715 0
70169 38472 90993
OPRATNG EXCESS IRRIG

]

RESERVE USABLE ACCOUNT
STORAGE STORAGE ALLOCAT DIVERSN

275000
275000
275000
269753
275000
275000
275000
244587
247830
241991
249168
264626

11378

1321
440

4995

3
1
0
8
0
Y
0

o o oo

6791
11249

[=]

0
4]
0

o o oo

DEAD POOL: 1099
FLOOD END-MON  TARGET
PILLS STORAGE STORAGE

0 689933 855056
0 665163 855056
0 682562 855056
0 475266 824006
0 220662 824006
0 217368 824006
0 382313 824006
0 348304 824006
0 371977 824006
0 380370 824006
0 393275 855056
0 452073 855056
0

AVG

8967

13798

3220

89828
2016
1850
98514
84628
IRRIG IRRIG o/e
RIVER  ACCQUNT IRRIG

155470
143698
138752
120485
113251
66878
65085
48327
45268

BALANCE POOL

1383336
1334406
1245276
1089806
946108
875266
867271
754020
687142
618057
569730
524462

52.
50.
47,
41.
35.
33.
32.
28.
26.
23.
21.
19.

o W o W= ~Nno M



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

SIMULATION YEAR 8 CALENDAR YEAR 1952

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS CWNER: UNITED 1.D.
D-M-1 WATER RIGHTS CLASS A IRRIGATION WATER RIGHTS CLASS B IRRIGATION WATER RIGHTS
ADJ. NO.  084%-000 ADJ, NO. AB47-001 ADJ. NO. B8769~-000
ANNUAL AUTH: 5300 AF ANNUAL AUTH: 69464 AF ANNUAL AUTH: 4009 AF

MONTH DEMAND SHORT USABLE DEMAND SHORT RATE A ALLOC STORAGE USABLE DEMAND SHORT RATE B ALLOC STORAGE USABLE

AMOUNT AMOUNT BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE
1 382 0 4918 5189 2925 .0000Q 0 0 67200 299 222 .00000 0 0 3932
2 353 e 4565 3063 3063 .0Q00CO 0 0 67200 177 177 .00000 0 0 3932
3 412 0 4153 5418 5418 .00000 0 0 67200 313 313 .Q00C0 Q 0 3932
4 474 0 3679 5982 9982 .000C0 0 0 67200 576 576 .000C0 0 0 3932
5 459 g 3220 9322 9322 .00000 Q ¢ 67200 538 538 .00000 0 c 3932
6 477 0 2743 8794 8794 .D3795 2636 2636 67200 507 507 .02232 a9 &9 3932
7 532 0 2211 7384 4T4B 06286 4366 4366 64564 426 337 .03698 148 148 3843
8 550 0 1661 6717 2351 .00000 Q 0 60198 338 240 . 00000 0 0 3695
9 450 0 1211 3967 3967 00000 0 o 0198 229 229 .00000 0 0 3695
10 426 0 785 4119 4119 .00000 0 0 60198 238 238 ,00000 0 0 3695
1 394 0 3N 2793 2793 .00C00 0 0 60198 161 161 . 00000 0 0 3695
12 391 0 0 2716 2716 .0000Q 0 0 60198 157 157 .00000 0 0 3695
ANNUAL 5300 o 69464 60198 7002 4009 3695 237
NAME OF WATER RIGHTS OWNER: SANTACRUZ 15
D~-M-1 WATER RIGHTS CLASS A IRRIGATION WATER RIGHTS CLASS B IRRIGATION WATER RIGHTS
ADJ. NO. 0240-000 ADJ. NO. 0810-000 ADJ. NO. B804-000
ANNUAL AUTH: 3967 AF ANNUAL AUTH: 4857 AF ANNUAL AUTH: 4828 AF

MONTH DEMAND SHORT USABLE DEMAND SHORT RATE A ALLOC STORAGE USABLE DEMAND SHORT RATE B ALLOC STORAGE USABLE

AMOUNT AMOUNT BALANCE AMOUNT AMOUNT AMOQUNT BALANCE BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE

1 286 0 3681 363 205 .00000 0 0 4699 361 268 .00000 0 0 4735

2 264 0 3417 214 214 .CQ0000 Q 0 4699 213 213 .00C00 0 ¢ 4735

3 308 0 3109 379 379 .00000 0 0 4699 376 376 .00000 0 0 4735

4 355 0 2754 698 698 .,00000 0 0 4699 694 694 .00000 0 0 4735

5 343 0 2411 652 652 00000 0 0 4699 648 648 .00000 0 0 4735

6 357 0 2054 615 615 .03795 184 184 4699 611 611 .02232 108 108 4735

7 398 0 1656 516 332 .06286 305 305 4515 513 405 .03698 179 179 4627

8 412 0 1244 470 165 ,00000 0 0 4210 467 288 .00000 0 a 4448

9 337 a 907 277 277 .00000 0 C 4210 276 276 .00000 0 0 4448

10 319 0 588 288 288 .0C000 C 0 4210 286 286 .C0CO0 0 0 4448
1 295 0 293 195 195 .00000 0 0 4210 194 194 00000 0 o 4448
12 293 0 0 190 190 .00000 0 0 4210 189 189 .00000Q Q 0 4648

ANNUAL 3967 0 4857 4210 489 4828 4448 287



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

STMULATION YEAR & CALENDAR YEAR 1952

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER: HCIDZ S.JUAN
D-M-1 WATER RIGHTS CLASS A IRRIGATION WATER RIGHTS CLASS B IRRIGATION WATER RIGHTS
ADJ, NO. 0808-001 ADJ. NO. 0808-005 ADJ. NO. 0573-001
ANNUAL AUTH: 6140 AF ANNUAL AUTH: 147775 AF ANNUAL AUTH: 470 AF

MONTH DEMAND SHORT USABLE DEMAND SHORT RATE A ALLOC STORAGE USABLE DEMAND SHORT RATE B ALLOC STORAGE USABLE

AMOUNT AMOUNT BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE AMOUNT AMOUNT AMOUNT BALANCE BALANCE
1 442 0 5698 11039 6223 ,00000 0 0 142959 35 26 00000 0 0 461
2 409 0 5289 6517 6517 .00000 0 0 142939 21 21 .00000 0 0 461
3 477 0 4812 11526 11526 .Q0000 0 0 142959 37 37 .00000 0 0 461
4 549 ¢ 4263 21235 21235 .00000 0 0 142959 68 68 .00000 0 0 461
5 532 0 3731 19831 19831 .00000 0 0 142959 63 63 .000C0 0 0 461
6 553 0 3178 18708 18708 .03795 5408 5608 142959 59 59 .02232 10 10 461
7 616 0 2562 15709 10101 .06286 9289 9289 137351 50 40 .03698 17 17 451
8 637 0 1925 14290 5001 .00000 0 0 128062 45 28 .00000 0 0 434
9 522 0 1403 8438 8438 00000 0 0 128062 27 27 .00000 0 0 434
10 493 0 210 8763 8763 .00000 0 0 128062 28 28 .00000 0 4] 434
11 457 0 453 5941 5941 00000 0 0 128062 19 19 .00000 0 0 434
12 453 0 0 5778 5778 .00000 0 0 128062 18 18 .00000 0 0 434
ANNUAL 614D 0] 147775 128062 14897 470 434 27




HISTORICAL LONG-TERM AMISTAD & FALCON RESERVCIR SIMULATION - 1945-9¢ HYDROLOGY
SIMULATION YEAR 9 CALENDAR YEAR 1953
RESERVOIR NO. 1 U.S. AMISTAD MAX FLOOD POOL: 1827241 MAX CONSERVATION POGL: 1771041 DEAD PQOL: 1771

WTRSHED RESERVR FLDWATR DWNSTRM SURFACE  EVAP EVAP  D-M-1  SHORTAGE IRRIG  SHORTAGE FLOOD END-MON  TARGET
MONTH INFLOWS INFLOWS TRANSFR RELEASE AREA RATE LOSS DEMANDS DEMANDS SPILLS STORAGE STORAGE

1 37000 37000 0 153013 51827 .43 8353 2077 0 5397 g 0 791550 1370431
2 33000 33000 0 67515 50501 .38 6740 2074 0 5194 0 0 750295 1370431
3 43000 43000 0 14357 50356 .37 6491 2584 0 1773 0 0 772447 1827241
4 31000 31000 0 274582 48022 .70 10593 2808 0 12954 0 0 517872 1328281
5 30000 30000 0 174887 43368 .83 8875 3033 0 10604 261 0 364110 1328281
6 24000 24000. 0 4262 41180 1.05 9536 3267 o 13195 12200 0 374312 1771041
7 32000 32000 0 54704 41192 1.24 10904 3692 q 15062 14966 0 340704 1328281
8 50000 50000 0 0 42200 1.08 9559 3767 0 17348 17340 0 381145 1328281
9 58000 58000 0 0 43396 .80 7894 2992 0 10249 0 0 431251 1771041
10 48000 48000 0 0 44229 .66 97 2893 0 10274 0 0 472054 1771041
1 35000 35000 Q 10920 45175 .46 53N 2462 0 8458 0 0 450823 1827241
12 36000 36000 0 8839 45943 .35 4193 2349 0 6490 0 0 513791 1827241

ANNUAL 457000 457000 0 763479 95646 33998 0 126998 44767 0

RESERVOIR NO. 2 U.S. FALCON MAX FLOQD POOL: 1613729 MAX CONSERVATION POOL: 1555129 DEAD POOL: 1535

WTRSHED RESERVR FLOWATR [MWNSTRM SURFACE  EVAP EVAP  D-M-I  SHORTAGE IRRIG SHORTAGE  FLOOD END-MON  TARGET
MONTH INFLOWS INFLOWS TRANSFR RELEASE AREA RATE LOSS DEMANDS DEMANDS SPILLS STORAGE STORAGE

10 59000 45833
1" 0 0
12 0 0
ANNUAL 380000 1027250

73962 47807 .66 9199 10037
52636 48487 .54 6373 9300
51375 48105 .39 3673 9225
855205 81071 12499%

63925 ]
43336 0
42150 0
1078002 347796

307803 1166347
248794 1210297
193746 1210297

1 0 145539 0 89527 28763 hd 3137 9000 0 80527 0 0 155647 155725
2 0 60247 0 55865 27250 37 3280 8325 0 47540 Q 0 156749 155725
3 0 0 0 93796 26262 49 3076 9712 0 84084 0 0 59877 1210297
4 Q0 259220 0 166084 23561 .61 3849 1175 0 154909 0 0 149164 150070
5 1000 16251 0 151933 16743 67 6768 10825 0 144668 3560 0 152974 150070
é 0 0 0 21544 9607 97 9233 11250 0 136475 126181 0 122197 1166347
7 0 50916 0 13278 9489 1,04 9783 12550 0 114591 113863 0 150052 150070
8 97000 93225 0 13026 25533 .99 10761 12975 0 104243 104192 0 219490 150070
9 223000 209759 0 72179 41300 .92 11939 10625 0 61554 0 0 345131 11686347

0 0 a

0 0 0

c 0 0

0 0 0

RESERVOIR NO. 3 MEX AMISTAD MAX FLOOD POOL: 1424078 MAX CONSERVATION POOL: 1380278 DEAD POOL: 1380

WTRSHED RESERVR FLDWATR DWNSTRM SURFACE  EVAP EVAP  MUNAIRR SHORTAGE OTHER  SHORTAGE  FLOOD END-MON  TARGET

MONTH INFLOWS INFLOWS TRANSFR RELEASE AREA RATE LOSS DEMANDS DEMANDS SPILLS STORAGE STORAGE
1 101000  1010Q0 0 0 51827 .43 13933 5181 0 o} 0 87067 1424078 1424078
2 82000 82000 0 0 50501 .38 12450 4738 0 0 0 69550 1424078 1424075
3 104000 104000 0 0 50356 37 12141 4917 0 0 0 91859 1424078 1424078
4 92000 92000 0 0 48022 .70 23022 5603 0 Q 0 112778 1380278 1380278
5 93000 93000 0 131123 43368 .83 27120 5273 0 0 Q 0 1315035 1380278
6 98000 98000 0 84485 41180 1.05 33703 5478 0 0 0 0 1294847 1035209
7 118000 118000 0 33064 41192 1.26 40174 6039 0 0 0 ¢ 1339609 1035209
8 100000 100000 0 0 42200 1,08 36017 6006 0 0 0 23314 1380278 1035209
9 10900¢ 109000 0 0 43396 .80 26823 5914 0 0 0 82177 1380278 1380278
10 21000 91000 ¢ 0 44229 .66 21994 5676 0 0 0 69006 1380278 1380278
i1 100000 100000 0 0 43175 .46 15470 5445 0 0 0 40730 1424078 1424078
12 100000 100000 0 0 45943 .35 11887 5669 0 0 0 88113 1424078 1424078

ANNUAL 1188000 1188000 0 248672 274734 65999 0 0 0 664594



SIMULATION YEAR 9

RESERVOIR NO. 4

MONTH

12

WTRSHED
INFLOWS
6000
5000
11000
22000
7000
1000
9000
566000
215000
118000
26000
17000

ANNUAL 1003000

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVDIR SIMULATION ~ 1945-96 HYDROLOGY

MEX FALCON

RESERVR
INFLOWS
87886
69752
97942
129175
132850
80007
36025
583308
291263
181330
61285
99444
1850267

FLDWATR
TRANSFR

0
0
0
0
0
0
0
0
0
0
0
0
¢

CALENDAR YEAR 1953

MAX FLOCD POOL:

DWNSTRM
RELEASE
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

MONTHLY FLOWS IN SYSTEM LINKS (ACRE-FEET)

MONTH JAN FEB

LINK NO.
1 T4Th 7268
2 5397 5194
3 0 v}
4 80527 47540
5 0 0
6 819 202
7 145539 60247
8 87067 69550

ALLOCATION OF U.S. WATER

MONTH

INITIAL
USABLE
STORAGE

1014088
942597
202444
827724
662436
512484
491909
486156
596035
771782
775257
735017

TOTAL
WTRSHED
INFLOWS

37000
33000
43000
31000
31000
24000
32000
147000
281000
107000
35000
36000

MAR

14357
1773
0
84084
0
6083
0
91859

APR

15762
12954
0
154509
0
16397
259220
112778

SURFACE
AREA
28763
27250
26262
23561
16743

9607
9489
25533
41300
47807
48487
48105

MAY

12376
10343
0
141108
0

1727
162511
131123

1140074
EVAP EVAP
RATE LOSS

b4 9519
W37 6802
.49 9792
.61 10523
.67 4450
97 86
1.04 86
.99 14517
.92 26057

.66 22354

.54 19810

.39 15088

139084
JUN JUuL
4262 3788
995 96
0 0
10254 728
4478 Q
0 2961
0 50916
80007 33064

MUN&IRR SHORTAGE OTHER

MAX CONSERVATION POOL:

DEMANDS
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

AU

932
932

5599

233

G

0
33
25
51

0
94

0
14

SEP

0
220008
209759

61554

0
209086

0

82177

IN AMISTAD AND FALCON RESERVOIRS PURSUANT TQ TNRCC RIO GRANDE RULES

TOTAL
D-M-1
DEMANDS

norr
10399
12296
13983
13858
14517
16242
16742
13617
12930
11762
11574

TOTAL
IRRIG

TOTAL

DEMANDS SHORTAGE

85924
52734
$5857
167863
155272
149670
129653
121591
71803
74199
51794
48640

0
0
0
0

3821
138381
128829
121532

0

TOTAL END-MON
SYSTEM RESERVR USABLE
EVAP  STORAGE
11490 942597
10020 902444
9567 827724
14442 662436
15643 512484
18769 491909
20687 486156
20320 596033
19833 771782
16396 775257
11684 735017
7866 702937

0
0
0

o}
Co
PO

28,
27,
25.
20.
15.
14,
14,
18.
23,
é3.
22.
21.

/o
NS
oL

N P = 00N - O

D-M-1
RESERVE
STORAGE

225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
2250C0

1098674 DEAD PCOL: 1099
SHORTAGE ~ FLOOD END-MON  TARGET
DEMANDS SPILLS STORAGE STORAGE
0 0 0 0 332152 855056
0 0 0 0 315664  B55056
0 0 0 0 374071  B55056
0 0 0 0 197372 824006
0 0 g 0 1290 824006
0 g a G 1284 1099
0 0 0 0 1115 1099
0 0 0 0 497445 1099
0 0 0 0 734866 524006
0 0 0 0 85173 824006
0 0 0 0 878401 855056
0 0 0 0 939256 1140074
0 0 0 0
ocT NOV DEC AVG
0 10920 8839 7083
56107 8458 6490 35914
45833 0 0 29066
63925 43336 42150 60846
0 0 0 373
112324 20555 11331 78450
¢ 0 0 56534
69006 40730 88113 75726
OPRATNG EXCESS IRRIG  IRRIG IRRIG o/a
RESERVE USABLE ACCOUNT RIVER  ACCOUNT IRRIG
STORAGE STORAGE ALLCCAT DIVERSN BALANCE POOL
272616 0 D 79481 444981 16.8
275000 6393 0 48930 396051 15.0
275000 20803 0 89130 306921 11.6
275000 10985 0 155470 151451 5.7
275000 1195 0 140162 11289 W4
266085 0 0 10465 824 .0
261097 0 a 765 59 .0
275000 0 96030 54 96035 3.6
275000 0 242625 66878 271782 10.3
275000 0 72560 69085 275257 10.4
275000 8087 0 48327 226930 8.6
275000 21275 0 45268 181662 6.9




HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

SIMULATION YEAR 9

CALENDAR YEAR 1953

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIO GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS
ADJ, NC. 0849-000
ANNUAL AUTH: 5300 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 382 0 4918
2 353 0 4565
3 412 0 4153
4 474 0 3679
5 459 b} 3220
) &r7 0 2743
7 532 0 221
8 550 0 1661
g 450 0 1211
10 426 0 785
" 394 0 N
12 391 0 ¢
ANNUAL 5300 0

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS
ADJ. NO. 0240-000
ANNUAL AUTH: 3967 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE

1 286 0 3681
2 264 0 3417
3 308 0 3109
4 355 0 2754
5 343 0 2611
6 357 0 2054
7 398 0 1656
8 412 0 1244
9 337 0 907
10 319 0 588
" 295 0 293
12 293 0 Y
ANNUAL 3967 0

UNITED I.D.

DEMAND
AMOUNT

5189
3063
5418
9982
9322
8794
7384
6717
3967
4119
2793
2716

69464

CLASS A IRRIGATION WATER RIGHTS

ADJ. NO.
ANNUAL AUTH:
SHORT
AMQUNT
5189 .00000
3063 .000C0
5418 .00000
9982 .00000
9322 .00000
8794 .00000
7384 ,00000
6717  .05366
239 .13558
0 .04055
0 .0000C
0 .00000
56108

SANTACRUZ 15

DEMAND
AMOUNT

363
214
379
698
652
615
516
470
277
288
195
190

4857

AB4T-001

69464 AF

RATE A ALLOC STORAGE
AMOUNT BALANCE

o0 O O O O OO

3728
9418
2817

15963

o OO o oo

3728
9418
8116
5323
2607

USABLE
BALANCE

69464
69464
69464
69464
69464
69464
69464
69464
65736
61617
58824
56108

CLASS A IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

SHORT
AMOUNT

363
214
379
698
652
615
516
470
16
0

0

0

3923

. 00000
. 00000
. 00000
. 00000
. 00000
.00000
.00000
.05366
. 13558
.04055
.00000
.00000

0810-000

4857 AF

RATE A ALLOC STORAGE
AMOUNT BALANCE

[T o BN oo T o= B o B o I o )

261
659
197

1mMm7

o000 0 o0 o0

261
659
568
373
183

USABLE
BALANCE

4857
4857
4857
4857
4857
4857
4857
4857
4596
4308
4113
3923

CLASS B IRRIGATION WATER RIGHTS
ADJ. NO.

ANNUAL AUTH:

B769-000
4009 AF

RATE B ALLOC STORAGE
AMOUNT BALANCE

DEMAND
AMOUNT

299
177
313
576
538
507
426
388
229
238
161
157

4009

SHORT
AMOUNT

299
77
313
576
538
507
426
388
102

0

0
140

3466

.00000
.000C0
. 00000
.00000
.000co
.00000
.000a0
.03157
.07975
. 02385
.00000
00000

O O 0 O a QO

127
320
96

o

543

o o0 o o oo

127
320
178

17

USABLE
BALANCE

4009
4009
4009
4009
4009
4009
4009
4009
3882
3644
3483
3466

CLASS B IRRIGATION WATER RIGHTS

ADJ.
ANNUAL AUTH:

NO.

B804-000
4828 AF

RATE B ALLOC STORAGE
AMOUNT BALANCE

DEMAND
AMOUNT

381
213
376
694
648
611
513
467
276
286
194
189

4828

SHORT
AMOUNT

361
213
376
694
648
611
513
467
124

)

0
169

4176

.00000
.00000
.00000
.00000
. 00000
.00000
00000
.03157
07975
.02385
.00000
.00coQ

oo o oo oo

152
385
15

652

[ I o B o TR e B o B o T o

152
385
214

20

USABLE
BALANCE

4828
4828
4828
4828
4828
4828
4828
4828
4676
4390
4196
4176



HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

SIMULATION YEAR 9

CALENDAR YEAR 1953

WATER ACCOUNTING FOR SELECTED INDIVIDUAL TEXAS WATER RIGHTS PURSUANT TO TNRCC RIC GRANDE RULES

NAME OF WATER RIGHTS OWNER:

D-M-1 WATER RIGHTS

ADJ. NO, 0808-001
ANNUAL AUTH: 6140 AF
MONTH DEMAND SHORT USABLE
AMOUNT AMOUNT BALANCE
1 442 0 5698
2 409 0 5289
3 477 0 4812
4 549 0 4263
5 532 0 373
6 553 0 3178
7 616 0 2562
8 637 0 1925
9 522 0 1403
10 493 0 910
" 457 0 453
12 453 0 a

ANNUAL 6140 0

HCIDZ S.JUAN

CLASS A IRRIGATION WATER RIGHTS

ADJ. NO.
ANNUAL AUTH:

0808-005
147775 AF

RATE A ALLOC STORAGE
AMOUNT BALANCE

DEMAND
AMOUNT

11039
6517
11526
21235
19831
18708
15709
14290
8438
8763
5941
5778

147775

SHORT
AMOUNT

11039
6517
11526
21235
19831
18708
15709
14250
508

0

0

0

119363

00000 0
. 00000 0
. 00000 0
.0000o Q
.00000 0
.00000 0
.00000 0
.05366 7930
.13558 20035
.04055 5992
.oooce 0
.00000 0

33957

O O 0O o o O O

7930
20035
17264
11323

5545

USABLE
BALANCE

147775
147775
1647775
17775
147775
147775
147775
147775
139845
131082
125141
119363

CLASS B IRRIGATION WATER RIGHTS

ADJ. NO.

ANNUAL AUTH:

0573-001
470 AF

RATE B ALLOC STORAGE USABLE

DEMAND

SHORT

AMOUNT AMOUNT

35
21
37
68
63
59
50
45
27
28
19
18

470

35
21
37
68
63
59
50
45
12

0

0
17

407

.00000
. 00000
{10000
.00000
.00000
.00000
.00000
.03157
.07975
.02385
.00000
.00000

AMOUNT BALANCE BALANCE

[ECR Y ey
oo —- ~NWwoO oo o ooo

o
(8]

o oo o0 oo o

N —
[ I =

470
470
470
470
470
470
470
470
455
427
408
407




SIMULATION YEAR 10

RESERVQIR NO,

MONTH
1

A¥s Bs - B B o LSRR W B o S W VR AV ]

-—
(=]

1
12

WTRSHED
INFLOWS
34614
30275
30977
197344
116639
237073
2622785
141349
96082
84666
57034
55263

ANNUAL 3704101

RESERVOIR NO. 2

MONTH

12

WTRSHED
INFLOWS
120
17036
8316
23722
95001
0
92915
37806
54483
63480
20581
2442

ANNUAL 416402

RESERVOIR NO. 3

MONTH

1
2
3
4
S
6
7
8

9
10
11
12

WTRSHED
INFLOWS
17390
16551
14764
70432
45584
99035
236329
122108
67878
44157
23250
21872

ANNUAL 779350

1

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATION - 1945-96 HYDROLOGY

U.S. AMISTAD

RESERVR FLOWATR
INFLOWS TRANSFR
34614
30275
30977
197344
116639
237073
2622785 761
141349
96082
84666
57034
55263
3704101

Vi O O 0 OO Ww o 0o ooada

-~
o

U.5. FALCON

RESERVR FLDWATR
INFLOWS TRANSFR
Q 0
111194 0
98569 0
19088 0
175018 0
2935 0
1695025 0
117842 Q
97851 0
110353 0
9661 0
7088 0
2444624 0

MEX AMISTAD

RESERVR FLDMATR
INFLOWS TRANSFR
17390 0
16551 0
14764 0
70432 0
45584 0
99035 0
236329 -7615
122108 0
67878 0
44157 0
23250 0
21872 0
779350 -7615

CALENDAR YEAR 1954

MAX

OWNSTRM
RELEASE
7354
101426
104110
Q

93654
19397
1620864
0

0

0

0

13485
1960290

MAX FLOOD POOL:

DWNSTRM
RELEASE
89527
55865
93796
33008
155493
147725
127141
117218
72179
73962
52636
51375
1069925

FLOOD POOL:

SURFACE
AREA
46342
45895
46412
45102
46575
48481
57685
64438
64438
64438
64716
65365

SURFACE
AREA
44155
39495
38656
34838
28407
21143
47825
71232
71256
71927
71684
70205

1827241
EVAP EVAP
RATE LOsS

.25 3124
.39 4652
.56 5699
.43 4948
.65 8987
.88 14238
1.14  3161%
1.11 40198
1.09 39473
.68 24626
.58 21165
.58 21481
220210

1613729
EVAP EVAP
RATE LOSS

.20 1319
43 2964
.55 4050
.63 4602
.80 6398
.82 3927
.90 29351
.89 48386
.70 37300
AT 24844
.36 18762
.33 16776

198679

MAX FLOOD POOL: 1424078

DWNSTRM
RELEASE

S O O O O

5478

o

(= e I o R - B - ]

5478

SURFACE
AREA
46342
45895
44412
45102
46575
48481
57685
64438
64438
64438
64716
65365

EVAP
RATE
.25
.39
.56
43
.65
.88
1.14
1.1
1.09
.68
.58
.58

EVAP
LOSS
B461
13247
19172
16446
21287
28425
34142
31328
30764
19192
16370
16431
253265

MAX CONSERVATION POOL:

0-M-I

DEMANDS
2077
2074
2584
2808
3033
3267
3692
3767
2992
2893
2462
2349
33998

SHORTAGE

IRRIG
DEMANDS
5397
5194
1773
12954
10604
13195
15062
17348
10249
10274
8458
6450
126998

MAX CONSERVATION POOL:

D-M-1
DEMANDS
9000
8325
9712
1175
10825
11250
12550
12975
10625
10037
9300
9225
124999

SHORTAGE

O 0O 0000000 0o oOo oo

IRRIG
DEMANDS
80527
47540
84084
154909
144668
136475
11451
104243
61554
63925
43336
42150
1078002

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
5181
4798
43917
5603
5273
5478
6039
6006
5914
5676
5445
5669

65999

O 00 0 O 00 000000

DEMANDS

O 0O O 0O O 000 000 C O

1771041

SHORTAGE

0

11128

[ I o T wie B o B e B o I o I o0 }

11128

1555129

SHORTAGE

133076

O 0O 0O 0 0 0000

1330746
1380278

SHORTAGE

0
0
0
a0
0
o]
0
0
0
0
0
0
0

DEAD POOL:

FLOGD
SPILLS

o o0 0O 0O 0 oo

101151
56609
60040

0
0
217800

END-MON
STORAGE
537927
462124
383292
575688
589686
793124
1771041
17710413
1771041
1771041
1806910
1827207

DEAD POOL:

FLOQOD
SPILLS

0O 0 00000 0O 0o00 oo

END-MON
STORAGE
102%00
155265
155988
137466
150593
1876
1540409
1492647
1481019
1492566
1430829
1369766

DEAD POOL:

FLOOD
SPILLS
8929
3304

65132
194572
90780
37114
24965
0

0
944471

END-MON
STORAGE
1424078
1424078
1419670
1380278
1280278
1380278
1380278
1380278
1380278
1380278
1387158
1392599

1771

TARGET
STORAGE
1827241
1370431
1370431
17710461
1328281
1771041
1328281
1771041
1771041
1771041
1827241
1827241

1555

TARGET
STORAGE
1210297

155725

155725
1166347

150070
1166347

150070
1555129
1555129
1555129
1613729
1613729

1380

TARGET
STORAGE
1424078
1424078
1424078
1380278
1380278
1380278
1380278
1380278
1380278
1380278
1424078
1424078



SIMULATION YEAR 10

RESERVOIR NO. 4

WTRSHED

MONTH INFLOWS
1 12996

2 24383
3 19969
4 38335
5 135435
é 0
7 73957
8 25816
9 47928
62864
" 21169

12 11213

ANNUAL 474065

10

MONTHLY FLOWS IN

MONTH
LINK NO.

00 ~N O N W =

JAN

7354
5397

0

80527

0

7815

0

8929

HISTORICAL LONG-TERM AMISTAD & FALCON RESERVOIR SIMULATICN - 1945-98 HYDROLOGY

MEX FALCON

RESERVR FLDWATR
INFLOWS TRANSFR

16744
22889
15052
128110
154459
65132
262490
110530
79128
82153
15724
5544
958015

o

CALENDAR YEAR 1954

MAX FLOOD POOL:

DWNSTRM
RELEASE
198288
79438
29743
295351
324482
79927
36108
72461
27785
42106
14810
23501
1224000

SYSTEM LINKS (ACRE-FEET)

FEB

0
14962
9768
47540
0
19585
101426
3304

MAR

5541
1773
0
84084
0
15052
98569
0

APR

0
20914
12088
21833

0
32732

0
95378

SURFACE
AREA
44155
39495
38656
34838
28407
21143
47825
71232
71256
71927
71684
70205

MAY

0
91948
81364

144668
0
130162
93654
24297

1140074
EVAP EVAP
RATE LOSS

.20 7512
W49 16389
.55 172N
.63 17346
.80 16328
.82 13410
.90 136:
.89 15010
70 12579
W47 8962
.36 7044
.33 6392
151874
JUN JUuL
16462 0
13195 89223
0 74161
136475 114591
5478 0
0 67918
2935 1620864
65132 194572

MAX CONSERVATION POOL:

MUN&IRR SHORTAGE OTHER

DEMANDS
198288
79438
29743
295331
324482
79927
36108
72461
27785
42106
14810
23507
1224000

AUG

0
34039
16691

104243

Q

19810
101151
90780

SEP

0
51491
41242
61554

42014
56609
EYARTA

ALLOCATION OF U.S, WATER IN AMISTAD AND FALCON RESERVOIRS PURSUANT TO TNRCC RIO GRANDE RULES

MONTH INITIAL
USABLE

STORAGE

702937
636227
612789
534680
708554
735679
790400
3306850
3259088
3247460
325%007
3233139

O N O un N =

[P —y
N — QN

TOTAL
WTRSHED
INFLOWS

34734
47311
39793
221066
211640
237073
2715700
179155
150565
148146
77615
57705

TOTAL
D-M-1
DEMANDS

11077
10399
12296
13983
13858
14517
16242
16742
13617
12930
11762
11574

TOTAL
IRRIG

DEMANDS SHORTAGE

85924
52734
95857
167863
155272
149670
129653
121591
71803
74199
51794
48640

TOTAL

TOTAL

END-MON

SYSTEM RESERVR USABLE
EVAP  STORAGE

0
0
0
144204

[on I o B TR i BN o B s B o Y o |

4443
7616
9749
9550
15385
18165
60970
88584
76773
49470
39927
38257

636227
612789
534680
708554
735679
790400
3306850
3259088
3247460
3259007
3233139
3192373

o/o
CONS R
POCL S

19.
18.
16.
21.
22.
23.
99.
98.
97.
98.
97.
96.

_— N = 0~ 0NN WO N O W

D-M-1
ESERVE
TORAGE

225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000
225000

1098674 DEAD POOL: 10
SHORTAGE  FLOOD END-MON
DEMANDS SPILLS STORAGE S
0 0 0 0 750200 1
¢ 0 0 0 677262
0 0 0 0 645360
0 0 0 0 460773
0 0 0 0 274422
v} 0 0 0 246217
0 0 0 0 458908
0 0 0 0 482027
0 0 0 0 52079
0 0 0 0 551876
0 0 0 0 545746
0 0 0 0 521397
0 0 0 0
ocT NOv DEC AVG
0 0 6397 2977
60587 18119 6490 34839
50313 9661 0 25187
63925 43336 42150 78738
0 0 0 456
57188 15724 5544 34457
60040 0 7088 178525
24965 0 0 45369
OPRATNG EXCESS IRRIG IRRIG IRRIG
RESERVE USABLE ACCQUNT RIVER  ACCOUNT
STORAGE STORAGE ALLOCAT DIVERSN BALANCE
275000 34046 0 79481 102181
275000 0 59538 48930 112789
275000 11021 0 89130 23659
275000 0 206807 21912 208554
275000 0 170823 143698 235679
275000 0 193473 138752 290400
378318 55893 2477724 120485 2647639
372862 13587 113251 113251 2647639
371533 3288 66878 64878 2847639
372852 13516 69085 69085 2647639
369897 38930 0 48327 2599312
365240 48089 0 45268 2554044

99

TARGET
TORAGE
140074
855056
855056
824006
824006
824006
824006
824006
824006
824006
855056
855056

o/o
IRRIG
POOL

7.
8.
11.
100.